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Pharmacy and Therapeutics (P&T) Committee
Helpful Hints/Reference Document
P&T Charge

As defined by §22-6-122

The Medicaid Pharmacy and Therapeutics (P&T) Committee shall review and recommend classes of drugs to the
Medicaid Commissioner for inclusion in the Medicaid Preferred Drug Plan. Class means a therapeutic group of
pharmaceutical agents approved by the FDA as defined by the American Hospital Formulary Service.

The P&T Committee shall develop its preferred drug list recommendations by considering the clinical efficacy,
safety and cost effectiveness of a product. Within each covered class, the Committee shall review and recommend
drugs to the Medicaid Commissioner for inclusion on a preferred drug list. Medicaid should strive to insure any
restriction on pharmaceutical use does not increase overall health care costs to Medicaid.

The recommendations of the P&T Committee regarding any limitations to be imposed on any drug or its use for a
specific indication shall be based on sound clinical evidence found in labeling, drug compendia and peer reviewed
clinical literature pertaining to use of the drug. Recommendations shall be based upon use in the general population.
Medicaid shall make provisions in the prior approval criteria for approval of non-preferred drugs that address needs
of sub-populations among Medicaid beneficiaries. The clinical basis for recommendations regarding the PDL shall
be made available through a written report that is publicly available. If the recommendation of the P&T Committee
is contrary to prevailing clinical evidence found in labeling, drug compendia and/or peer-reviewed literature, such
recommendation shall be justified in writing.

Preferred Drug List/Program Definitions
Preferred Drug: Listed on the Agency’s Preferred Drug Lists and will not require a prior authorization (PA).

Preferred with Clinical Criteria: Listed on the Agency’s Preferred Drug Lists but will require a prior
authorization. Clinical criteria must be met in order to be approved.

Non Preferred Drug: Covered by the Agency, if it is determined and supported by medical records to be medically
necessary, but will require a PA.

Non Covered Drug: In accordance with Medicaid Drug Amendments contained in the Omnibus Budget
Reconciliation Act of 1990 (OBRA 90 federal legislation), the Agency has the option to not cover (or pay for) some
drugs. Alabama Medicaid does not cover/pay for the following:
e Drugs used for anorexia, weight loss or weight gain, with the exception of those specified by the
Alabama Medicaid Agency
e Drugs used to promote fertility with the exception of those specified by the Alabama Medicaid Agency
e Drugs used for cosmetic purposes or hair growth
e Over-the-counter/non prescription drugs, with the exception of those specified by the Alabama Medicaid
Agency
e Covered outpatient drugs when the manufacturer requires as a condition of sale that associated test and/or
monitoring services be purchased exclusively from the manufacturer or designee
e DESI (Drug Efficacy Study Implementation [less than effective drugs identified by the FDA]) and IRS
(Identical, Related and Similar [drugs removed from the market]) drugs which may be restricted in
accordance with Section 1927(d) (2) of the Social Security Act
e Agents when used for the symptomatic relief of cough and colds except for those specified by the
Alabama Medicaid Agency
e Prescription vitamin and mineral products, except prenatal vitamins and fluoride preparations and others
as specified by the Alabama Medicaid Agency
e Agents when used for the treatment of sexual or erectile dysfunction, unless authorized for pulmonary
hypertension.
(From Alabama Medicaid Agency Administrative Code, Chapter 16 and Alabama Medicaid Agency Provider
Billing Manual, Chapter 27.)
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Prior Authorization (PA): Process that allows drugs that require approval prior to payment to be reimbursed for an
individual patient. Drugs may require PA if they are preferred with clinical criteria, are non-preferred status, or if they
required PA prior to the PDL.

Medicaid may require prior authorization for generic drugs only in instances when the cost of the generic product is
significantly greater than the net cost of the brand product in the same AHFS therapeutic class or when there is a clinical
concern regarding safety, overuse or abuse of the product.

Although a product may require PA, the product is considered a covered product and Medicaid will pay for the product
only once the PA has been approved.

Override: Process where drugs require approval prior to payment to be reimbursed for an individual patient if the claim
falls outside a predetermined limit or criteria. Overrides differ from PA in that drugs or drug classes that require an
override will automatically allow payment of the drug unless something on the claim hits a predetermined limit or criteria.
The different types of overrides include:

Accumulation Edit

Brand Limit Switchover

Dispense As Written Override

Early Refill

Ingredient Duplication

Maximum Unit/Max Cost Limitations

Therapeutic Duplication

Electronic PA (EPA): The EPA system checks patient-specific claims history to determine if pharmacy and medical PA
requirements are met at the Point-of-Sale claim submission for a non-preferred drug. If it is determined that all criteria are
met and the request is approved, the claim will pay and no manual PA request will be required. Electronic PA results in a
reduction in workload for providers because the claim is electronically approved within a matter of seconds with no
manual PA required.

Prior Authorization Criteria Definitions

Appropriate Diagnosis: Diagnosis(es) that justifies the need for the drug requested. Diagnosis(es) or ICD-10 code(s)
may be used. Use of ICD-10 codes provides specificity and legibility and will usually expedite review.

Prior Treatment Trials: Prior authorization requires that two (2) prescribed generic or brand name drugs have been
utilized unsuccessfully relative to efficacy and/or safety within six (6) months prior to requesting the PA. The PA request
must indicate that two (2) generic or other brand drugs have been utilized for a period of at least thirty (30) days each (14
days for Triptans, 3 days for EENT Vasoconstrictor Agents), unless there is an adverse/allergic response or
contraindication. If the prescribing practitioner feels there is a medical reason for which the patient should not be on a
generic or brand drug or drug trial, medical justification may be submitted in lieu of previous drug therapy. One prior
therapy is acceptable in those instances when a class has only one preferred agent, either generic, or brand.

Stable Therapy: Allows for approval of a PA for patients who have been determined to be stable on a medication (same
drug, same strength) for a specified timeframe and who continue to require therapy. Medications provided through a
government or state sponsored drug assistance program for uninsured patients may be counted toward the stable therapy
requirement. Medications paid for through insurance, private pay or Medicaid are also counted toward the requirement.
Providers will be required to document this information on the PA request form and note the program or method through
which the medication was dispensed.

Medical Justification: An explanation of the reason the drug is required and any additional information necessary.
Medical justification is documentation to support the physician’s choice of the requested course of treatment.
Documentation from the patient record (history and physical, tests, past or current medication/treatments, patient’s
response to treatment, etc) illustrates and supports the physician’s request for the drug specified. For example, if a
recommended therapy trial is contraindicated by the patient’s condition or a history of allergy to a first-line drug, and the
physician wants to order a non-preferred drug, documentation from the patient record would support that decision. In
addition, medical justification may include peer reviewed literature to support the use of a non-preferred medication.



External Criteria

Antihistamines (First Generation)

Appropriate Diaghosis

e The patient must have an appropriate diagnosis supported by documentation in the
patient record.

Prior Treatment Trials
e The patient must also have failed 30-day treatment trials with at least two prescribed
and preferred agents in this class, either generic, OTC or brand, within the past 6

months or have a documented allergy or contraindication to all preferred agents in
this class.

Stable Therapy

e Approval may be given for children age 18 years and under who have documented
stable therapy on the requested medication for 60 consecutive days or greater.

Medical Justification

e Maedical justification may include peer-reviewed literature, medical record
documentation, or other information specifically requested.

PA Approval Timeframes
e Approval may be given for up to 12 months.

Electronic Prior Authorization (EPA)
e Antihistamines are included in the electronic PA program.

Verbal PA Requests

e PA requests that meet prior usage requirement for approval may be accepted
verbally.
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Estrogens

Appropriate Diagnosis

e The patient must have an appropriate diagnosis supported by documentation in the
patient record.

Prior Treatment Trials
e The patient must also have failed 30-day treatment trials with at least two prescribed
and preferred estrogens in this class, either generic, OTC or brand, within the past 6

months, or have a documented allergy or contraindication to all preferred agents in
this class.

Stable Therapy

e Approval may be given for children age 18 years and under who have documented
stable therapy on the requested medication for 60 consecutive days or greater.

Medical Justification

e Medical justification may include peer reviewed literature, medical record
documentation, or other information specifically requested.

PA Approval Timeframes
e Approval may be given for up to 12 months.

Electronic Prior Authorization (EPA)
e Estrogens are included in the electronic PA program.

Verbal PA Requests

e PA requests that meet prior usage requirement for approval may be accepted
verbally.
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Antidiabetic Agents

Appropriate Diagnosis

e The patient must have an appropriate diagnosis supported by documentation in the
patient record.

Prior Treatment Trials
e The patient must also have failed 30-day treatment trials with at least two prescribed
and preferred antidiabetic agents, either generic, OTC or brand, within the past 12

months, or have a documented allergy or contraindication to all preferred agents in
this class.

e If the request is for Avandia®, Avandamet®, or Avandaryl®, the patient must also have

failed a 30-day treatment trial with at least two prescribed and preferred antidiabetic
agents (of which one is Actos®), either generic, OTC or brand, within the past 6
months.

e If the request is for Symlin®, the patient must also be on insulin therapy and have a
hemoglobin Aic greater than 7% despite more than 90 days of insulin therapy.

e |If the request is for Korlym®, the patient must be 218 years of age with endogenous
Cushing’s syndrome with type 2 diabetes mellitus or glucose intolerance and have
failed surgery or are not candidates for surgery.

Stable Therapy

e Approval may be given for those who have documented stable therapy on the
requested medication for 60 consecutive days or greater.

Medical Justification

e Medical justification may include peer-reviewed literature, medical record
documentation, or other information specifically requested.

PA Approval Timeframes
e Approval may be given for up to 12 months.

Electronic Prior Authorization (EPA)
e Antidiabetic agents, excluding Symlin®, are included in the electronic PA program.

Verbal PA Requests

e PA requests that meet prior usage requirement for approval may be accepted
verbally.
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Prenatal Vitamins

Appropriate Diagnosis

e The patient must have an appropriate diagnosis supported by documentation in the
patient record.

Prior Treatment Trials
e The patient must also have failed 30-day treatment trials with at least two prescribed
and preferred agents in this class, either generic, OTC or brand, within the past 6

months or have a documented allergy or contraindication to all preferred agents in
this class.

Stable Therapy

e Approval may be given for children age 18 years and under who have documented
stable therapy on the requested medication for 60 consecutive days or greater.

Medical Justification

e Medical justification may include peer-reviewed literature, medical record
documentation, or other information specifically requested.

PA Approval Timeframes
e Approval may be given for up to 12 months.

Electronic Prior Authorization (EPA)
e Not Applicable

Verbal PA Requests

e PA requests that meet prior usage requirement for approval may be accepted
verbally.
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AGENDA

ALABAMA MEDICAID AGENCY
PHARMACY AND THERAPEUTICS (P&T) COMMITTEE

November 3, 2021
1:00 p.m. —3:00 pm

1. Opening r@MATKS. . ... v ettt et et e e e e e e e Chair
2. Approval of May 5, 2021 P&T Committee Meeting minutes. . ..Chair
3. Pharmacy program update... Alabama Medlcald

4. Oral presentations by rnanufacturers/manufacturers representatlves
(prior to each respective class review)
5. Pharmacotherapy class re-reviews from the canceled August meeting....UMass Medical School
Clinical Pharmacy Services
Allylamines — AHFS 081404
Azoles — AHFS 081408
Echinocandins — AHFS 081416
Polyenes — AHFS 081428
Pyrimidines — AHFS 081432
Antifungals, Miscellaneous — AHFS 081492
Antituberculosis Agents — AHFS 081604
Antimycobacterials, Miscellaneous — AHFS 081692
Adamantanes — AHFS 081804
Interferons — AHFS 081820
Neuraminidase Inhibitors — AHFS 081828
Nucleosides and Nucleotide — AHFS 081832
HCV Antivirals — AHFS 081840
Antivirals, Miscellaneous — AHFS 081892
Amebicides — AHFS 083004
Antimalarials — AHFS 083008
Antiprotozoals, Miscellaneous — AHFS 083092
e Urinary anti-infectives — AHFS 083600
6. Pharmacotherapy class re-reviews......... UMass Medical School Clinical Pharmacy Services
e First Generation Antihistamines
o Ethanolamine Derivatives-AHFS 040404
o Ethylenediamine Derivatives-AHFS 040408
o Propylamine Derivatives-AHFS 040420
Estrogens-AHFS 681604
Alpha Glucosidase Inhibitors-AHFS 682002
Amylinomimetics-AHFS 682003
Biguanides-AHFS 682004
Dipeptidyl Peptidase-4 (DPP-4) Inhibitors-AHFS 682005
Incretin Mimetics-AHFS 682006
Insulins-AHFS 682008
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Meglitinides-AHFS 682016

Sodium-glucose Cotransport 1 Inhibitors-AHFS 682017

Sodium-glucose Cotransport 2 Inhibitors-AHFS 682018
Sulfonylureas-AHFS 682020

Thiazolidinediones-AHFS 682028

Antidiabetic Agents, Miscellaneous-AHFS 682092

Multivitamin Preparations: Prenatal Vitamins-AHFS 882800
Immunomodulatory Agents used to treat Multiple Sclerosis-AHFS 922000
Antigout Agents-AHFS 921600

Genitourinary Smooth Muscle Relaxants: Antimuscarinics-AHFS 861204
Genitourinary Smooth Muscle Relaxants: Beta-3 Adrenergic Agents-AHFS 861208

7. Results of voting announced...........c.ooiuiiiiiiiiii e e Chair
8. New business

Election of new Vice-Chair

9. Next meeting dates:

10. Adjourn

February 9, 2022
May 4, 2022
August 10, 2022
November 9, 2022
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First Generation Antihistamines
AHFS Classes 040404, 040408, and 040420

Alabama Medicaid Agency
Pharmacy and Therapeutics Committee Meeting
Pharmacotherapy Review of First Generation Antihistamines
Ethanolamine Derivatives, AHFS Class 040404
Ethylenediamine Derivatives, AHFS Class 040408
Propylamine Derivatives, AHFS Class 040420
November 3, 2021

Overview

The Hs-antihistamines are approved for the treatment of allergic and non-allergic conditions; however, they are
primarily used for the management of allergic rhinitis, urticaria, and angioedema. Allergic rhinitis is a common
disorder that is associated with significant morbidity, including lost school/work days, interference with activities
of daily living, and a decrease in quality of life. Nasal symptoms include sneezing, itching, rhinorrhea, and
congestion. Rhinitis may also be accompanied by symptoms involving the eyes, ears, and throat.! Urticaria is a
common disorder characterized by pruritic, raised, erythematous plaques. Lesions may appear on any part of the
body; however, they frequently appear on the trunk and extremities. As is seen with allergic rhinitis, intense
itching may interfere with sleep, school/work productivity, and quality of life. Angioedema is characterized by
swelling of deeper subcutaneous tissues, with less circumscribed lesions. It often involves the face, eyelids, lips,
and tongue and may be life-threatening if laryngeal edema or tongue swelling obstructs the airway.?

Hs-antihistamines reduce the physiologic effects elicited by histamine at the Hi-receptor; however, they do not
prevent the release of histamine or bind to histamine that has already been released. They are classified as first
generation and second generation agents. First generation antihistamines bind to both central and peripheral H;-
receptors, whereas second generation agents are more selective for peripheral Hi-receptors. As a result, the first
generation antihistamines may cause sedation, performance impairment in school and driving, as well as
anticholinergic effects.®

The first generation antihistamines include ethanolamine derivatives (carbinoxamine, clemastine, and
diphenhydramine), ethylenediamine derivatives (no current agents), and propylamine derivatives
(chlorpheniramine and dexchlorpheniramine). They are available as single entity agents, as well as in combination
with phenylephrine, an oral decongestant.

The first generation antihistamines that are included in this review are listed in Table 1. This review encompasses
all systemic dosage forms and strengths. The eye, ear, nose, and throat anti-allergic agents (American Hospital
Formulary Service 520200) were previously reviewed and are not included in this review. All of the first
generation antihistamines with the exception of dexchlorpheniramine are available in a generic formulation.
Cough and cold products are an excludable/optional drug class in accordance with the Omnibus Budget
Reconciliation Act of 1990 (OBRA 90). Brand cough and cold products are not covered by Alabama Medicaid;
therefore, these products were not included in this review. The second generation antihistamines (acrivastine,
cetirizine, desloratadine, fexofenadine, levocetirizine, and loratadine) are not included on the mandatory preferred
drug list. Brand products currently require prior authorization. Covered generics (unless otherwise specified) do
not require prior authorization. Although the second generation antihistamines may be mentioned throughout this
review, they are not being considered for preferred status at this time. This class was last reviewed in August
2019.

Table 1. First Generation Antihistamines Included in this Review

Generic Name(s) | Formulation(s) | Example Brand Name(s) | Current PDL Agent(s)
Ethanolamine Derivatives
Carbinoxamine extended-release Karbinal ER®, Ryvent® carbinoxamine
suspension, solution*,
tablet*
Clemastine syrup, tablet N/A clemastine
Diphenhydramine elixir, injection N/A diphenhydramine

Propylamine Derivatives
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First Generation Antihistamines
AHFS Classes 040404, 040408, and 040420

chlorpheniramine

Generic Name(s) Formulation(s) Example Brand Name(s) Current PDL Agent(s)
Dexchlorpheniramine syrup Ryclora® none
Phenylephrine and drops N/A phenylephrine and

chlorpheniramine

*Generic is available in at least one dosage form or strength
N/A=Not available; PDL=Preferred Drug List

Evidence-Based Medicine and Current Treatment Guidelines

Current treatment guidelines that incorporate the use of the first generation antihistamines are summarized in

Table 2.

Table 2. Treatment Guidelines Using the First Generation Antihistamines

Clinical Guideline

Recommendation(s)

American Academy of
Allergy, Asthma, and
Immunology/ American
College of Allergy,
Asthma, and
Immunology/ Joint
Council on Allergy,
Asthma, and
Immunology:

The Diagnosis and
Management of
Anaphylaxis: A
Practice Parameter
Update

(2020)*

e Severe anaphylaxis and/or the need for >1 dose of epinephrine to treat
anaphylaxis are risk factors for biphasic anaphylaxis. Additional risk factors
include wide pulse pressure, unknown anaphylaxis trigger, cutaneous signs and
symptoms, and drug trigger in children.

e Extended observation is suggested for patients with resolved severe anaphylaxis
and/or those with need for >1 dose of epinephrine.

e Antihistamines and/or glucocorticoids are not reliable interventions to prevent
biphasic anaphylaxis but may be considered as secondary treatment.

e Evidence supports a role for antihistamine and/or glucocorticoid premedication in
specific chemotherapy protocols and rush aeroallergen immunotherapy.

e Evidence is lacking to support the routine use of antihistamines and/or
glucocorticoid premedication in patients receiving low- or iso-osmolar contrast
material to prevent recurrent radiocontrast media anaphylaxis.

e Administer epinephrine as the first-line pharmacotherapy for uniphasic and/or
biphasic anaphylaxis.

e Do not delay the administration of epinephrine for anaphylaxis.

o After diagnosis and treatment of anaphylaxis, all patients should be kept under
observation until symptoms have fully resolved.

o All patients with anaphylaxis should receive education about anaphylaxis, risk of
recurrence, trigger avoidance, self-injectable epinephrine, and thresholds for
further care, and they should be referred to an allergist for follow-up evaluation.

American Academy of
Dermatology Clinical
Guidelines Task Force:
Guidelines of Care for
the Management of
Atopic Dermatitis
(2014)5¢

Topical corticosteroids

e Topical corticosteroids (TCs) are used in the management of atopic dermatitis in
both adults and children and are the mainstay of anti-inflammatory therapy.

e TCs are typically introduced into the treatment regimen after failure of lesions to
respond to good skin care and regular use of moisturizers alone.

e TCs are used for both active inflammatory disease and for prevention of relapses.

e There are no data to support one or a few specific agents as being more
efficacious than others.

e Most studies involve twice daily application. This is the most common clinical
practice and also the generally recommended frequency. However, there is
evidence to support that once daily application of some potent corticosteroids
may be as effective as twice daily application. Some newer formulations also use
once daily application.

Topical calcineurin inhibitors

e The two available topical calcineurin inhibitors (TCIs), tacrolimus ointment and
pimecrolimus cream, have been shown to be more effective than vehicle in short-
term and long-term studies in adults and children with active disease.
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First Generation Antihistamines
AHFS Classes 040404, 040408, and 040420

Clinical Guideline

Recommendation(s)

Tacrolimus is approved for moderate to severe disease, where pimecrolimus is
indicated for mild to moderate atopic dermatitis, and six-week comparative
studies support a greater effect for tacrolimus for all severities.

Twice daily application of the tacrolimus ointments and pimecrolimus cream are
significantly more effective at decreasing signs of inflammation, affected body
surface area, and associated pruritus of lesional areas on the head/neck and non-
head/neck locations than vehicle or once-daily application in adults, children, and
infants.

Proactive, intermittent application of TCI two to three times weekly to recurrent
sites of disease has also been shown to be effective in reducing relapses.

Topical antimicrobials and antiseptics

Patients with atopic dermatitis are commonly colonized with Staphylococcus
aureus.

No clear benefit for topical antibiotics/antiseptics, antibacterial soaps, or
antibacterial bath additives has been established. Thus, topical antimicrobial
preparations are not generally recommended in the treatment of atopic dermatitis.

Topical antihistamines

Topical antihistamines have been tried doe the treatment of atopic dermatitis but
have demonstrated little utility and are not recommended.

Systemic agents

Systemic agents are recommended in the subset of atopic dermatitis patients in
whom optimized topical regimens and/or phototherapy do not adequately control
the disease, or when quality of life is substantially impacted.

All immunomodulatory agents should be adjusted to the minimal effective dose
once response is attained and sustained.

Adjunctive therapies should be continued to use the lowest dose and duration of
systemic agent possible.

Insufficient data exist to firmly recommend optimal dosing, duration of therapy,
and precise monitoring protocols for any systemic immunomodulating
medication.

Treatment decisions should be based on each individual patient’s atopic
dermatitis status (current and historical), comorbidities, and preferences.
Cyclosporine is effective and recommended as a treatment option for patients
with atopic dermatitis refractory to conventional topical treatment.

Azathioprine is recommended as a systemic agent for the treatment of refractory
atopic dermatitis.

Methotrexate is recommended as a systemic agent for the treatment of refractory
atopic dermatitis. Folate supplementation is recommended during treatment with
methotrexate.

Mycophenolate mofetil may be considered as an alternative, variably effective
therapy for refractory atopic dermatitis.

Interferon gamma is moderately and variably effective and may be considered as
an alternative therapy for refractory atopic dermatitis in adults and children who
have not responded to, or have contraindications to the use of, other systemic
therapies or phototherapy.

Systemic steroids should be avoided if possible for the treatment of atopic
dermatitis. Their use should be exclusively reserved for acute, severe
exacerbations and as a short-term bridge therapy to other systemic, steroid-
sparing therapy.

The use of systemic antibiotics in the treatment of noninfected atopic dermatitis
is not recommended. Systemic antibiotics are appropriate and can be
recommended for use in patients with clinical evidence of bacterial infections in
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First Generation Antihistamines
AHFS Classes 040404, 040408, and 040420

Clinical Guideline

Recommendation(s)

addition to standard and appropriate treatments for atopic dermatitis disease itself
(which may include the concurrent use of topical corticosteroids). Systemic
antiviral agents should be used for the treatment of eczema herpeticum.

There is insufficient evidence to recommend the general use of oral
antihistamines as part of the treatment of atopic dermatitis. Short-term,
intermittent use of sedating antihistamines may be beneficial in the setting of
sleep loss secondary to itch, but should not be substituted for management of
atopic dermatitis with topical therapies. Nonsedating antihistamines are not
recommended as a routine treatment for atopic dermatitis in the absence of
urticaria or other atopic conditions such as rhinoconjunctivitis.

American Academy of
Allergy, Asthma, and
Immunology/ American
College of Allergy,
Asthma, and
Immunology/ Joint
Council on Allergy,
Asthma, and
Immunology:

Disease Management
of Atopic Dermatitis:
An Updated Practice
Parameter

(2013)7

General considerations

The intensity of management and treatment of atopic dermatitis is dictated by the
severity of illness. The clinician should establish treatment goals with the patient,
which may include reduction in number and severity of flares and increase in
disease-free periods.

Clinicians should use a systematic, multipronged approach that includes skin
hydration, topical anti-inflammatory medications, antipruritic therapy,
antibacterial measures, and elimination of exacerbating factors.

Skin hydration

Atopic dermatitis is characterized by reduced skin barrier function, which leads
to enhanced water loss and dry skin; therefore, hydration with warm soaking
baths for at least 10 minutes followed by application of a moisturizer is
recommended as first-line therapy.

Topical corticosteroids

If atopic dermatitis is not controlled by moisturizers alone, a topical
corticosteroid is recommended.

Low-potency corticosteroids are recommended for maintenance therapy, whereas
intermediate and high-potency corticosteroids should be used for the treatment of
clinical exacerbation over short periods of time. Clinicians should not prescribe
potent fluorinated corticosteroids for use on the face, eyelids, genitalia, and
intertriginous areas or in young infants. Ultrahigh-potency corticosteroids are
recommended only for very short periods (1 to 2 weeks) and in nonfacial non-
skinfold areas.

When prescribing topical steroids, clinicians should remember that the degree of
corticosteroid absorption through the skin and hence the potential for systemic
adverse effects are directly dependent on the surface area of the skin involved,
thickness of the skin, the use of occlusive dressing, and the potency of the
corticosteroid preparation.

Topical calcineurin inhibitors

Clinicians can consider the use of tacrolimus ointment, which has been shown to
be effective and safe in both adults and children older than two years for the
treatment of atopic dermatitis, with most patients experiencing a reduction of
pruritus within three days of initiating therapy. Tacrolimus ointment, which,
unlike topical steroids, does not cause atrophy for eczema on the face, eyelid, and
skin folds, is an option for patients unresponsive to low-potency topical steroids.
Topical tacrolimus can cause transient localized burning and itching during the
first week of therapy. This might limit its usefulness in certain patients. Once a
flare is controlled, the clinician might consider prescribing tacrolimus ointment
twice daily, twice weekly to eczema-prone areas to prevent future flares.
Clinicians should consider the use of topical pimecrolimus cream, which is a
calcineurin inhibitor that safely decreases the number of flares, reduces the need
for corticosteroids, does not cause skin atrophy, and controls pruritus.
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First Generation Antihistamines
AHFS Classes 040404, 040408, and 040420

Clinical Guideline

Recommendation(s)

Tar preparations
e Although tar preparations are widely used, there are no randomized controlled

studies that have demonstrated their efficacy. Tar should not be recommended
for acutely inflamed skin because this might result in additional skin irritation.

Antihistamines

e  Some patients may benefit from the use of antihistamines for the relief of
pruritus. Treatment with topical antihistamines is not recommended because of
potential cutaneous sensitization.

Vitamin D
e Patient may benefit from supplementation with vitamin D, particularly if they
have a documented low level or low vitamin D intake.

Dilute bleach baths
e  Consider the addition of dilute bleach baths twice weekly to reduce the severity
of atopic dermatitis, especially in patients with recurrent skin infections.

Microbes

e  Skin infections with Staphylococcus aureus are a recurrent problem in patients
with atopic dermatitis, and patients with moderate-to-severe dermatitis have been
found to make IgE antibodies against staphylococcal toxins present in their skin.

e A sshort course of an appropriate systemic antibiotic should only be prescribed for
patients who are clinically infected with Staphylococcus aureus. In areas with
high levels of methicillin-resistant Staphylococcus aureus, the clinician might
want to obtain a skin culture and initiate treatment with clindamycin,
doxycycline, or sulfamethoxazole-trimethoprim while awaiting culture results.

e  Atopic dermatitis can be complicated by recurrent viral skin infections, such as
herpes simplex, warts, and molluscum contagiosum. Disseminated herpes
simplex or eczema herpeticum should promptly be treated with systemic antiviral
agents.

e Atopic dermatitis patients and their household should not be immunized with the
smallpox vaccine because they can have a severe, widespread, potentially fatal
cutaneous infection called eczema vaccinatum, which is similar in appearance to
eczema herpeticum.

e Consider fungal infections that can contribute to exacerbations. The diagnosis of
dermatophytes can be made by using KOH preparation or culture. Malassezia
species, which is a particular problem in young adults with refractory head and
neck eczema, can be diagnosed clinically or with a KOH preparation. Specific
IgE to Malassezia species might also be obtained.

American Academy of
Ophthalmology
Preferred Practice
Pattern Guidelines:
Conjunctivitis
(2018)8

Seasonal allergic conjunctivitis

o Mild allergic conjunctivitis can be treated with an over-the-counter
antihistamine/vasoconstrictor agent or with the more effective second-generation
topical histamine Hi- receptor antagonists.

o  Mast-cell stabilizers can be utilized if the condition is recurrent or persistent.

e Combination antihistamine and mast-cell stabilizer medications can be utilized
for either acute or chronic disease.

o If the symptoms are not adequately controlled, a brief course (one to two weeks)
of a topical corticosteroid with a low side effect profile can be added to the
regimen.

e Oral antihistamines are commonly used but may induce or worsen dry eye
syndrome, impair the tear film’s protective barrier, and actually worsen allergic
conjunctivitis.

e Concomitant use of cooled artificial tears may alleviate coexisting tear deficiency
and dilute allergens and inflammatory mediators on the ocular surface.
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In severe cases, topical cyclosporine or tacrolimus can be considered.

Use of topical mast-cell stabilizers can also be helpful in alleviating symptoms of
allergic rhinitis, and mast-cell inhibitors formulated as a nasal spray and aerosols
are also helpful in alleviating the symptoms of allergic rhinitis and asthma in
some patients.

Vernal/atopic conjunctivitis

General treatment measures include minimizing exposure to allergens or irritants
and using cool compresses and ocular lubricants.

Topical and oral antihistamines and topical mast-cell stabilizers can be useful to
maintain comfort.

Topical corticosteroids are usually necessary to control severe signs and
symptoms during acute exacerbations.

Topical cyclosporine (2.0%) has demonstrated a reduction in signs and
symptoms compared with placebo after two weeks of use in patients with vernal
keratoconjunctivitis.

Commercially available 0.05% topical cyclosporine has also been shown to be
effective in more frequent dosing for the treatment of severe vernal/atopic
conjunctivitis and it has been shown to be effective in preventing seasonal
recurrences.

Use of cyclosporine may allow for reduced use of topical steroids.

For severe sight-threatening atopic keratoconjunctivitis that is not responsive to
topical therapy, supratarsal injection of corticosteroid can be considered.
Systemic immunosuppression is rarely warranted, but options include
montelukast, aspirin, interferons, and oral T-cell inhibitors, such as cyclosporine
and tacrolimus.

In patients two years of age and older, eyelids can be treated with pimecrolimus
cream (1.0%) or tacrolimus ointment applied to the affected eyelid skin.
Tacrolimus drops/ointment 0.03% is used for children two to 15 years of age;
either 0.03% or 0.1% is used for patients 16 years and older. Both agents are
rarely associated with development of skin cancer or lymphoma.

American Academy of
Allergy, Asthma, and
Immunology/ American
College of Allergy,
Asthma, and
Immunology/ Joint
Council on Allergy,
Asthma, and
Immunology:
Rhinitis: A Practice
Parameter Update
(2020)*

Complete a detailed history and a physical examination in a patient presenting
with symptoms of rhinitis.

For patients presenting with rhinitis symptoms, a review of all current
medications should be completed to assess whether drug-induced rhinitis may be
present.

Aeroallergen skin prick testing or serum-specific IgE testing is recommended to
confirm the diagnosis of allergic rhinitis in a patient with a history consistent
with allergic rhinitis.

Do not perform food skin prick testing or serum-specific IgE for foods in their
routine evaluation of a patient presenting with the signs and symptoms
compatible with the diagnosis of allergic rhinitis.

Use of a validated instrument (e.g., scoring system, scale, or questionnaire)
should be considered to help determine the severity of rhinitis and to monitor the
degree of disease control.

Recommendations are against prescribing a first-generation antihistamine and are
in favor of a second-generation antihistamine when prescribing an oral
antihistamine for the treatment of allergic rhinitis.

Clinicians should not select the oral leukotriene receptor antagonist montelukast
for the initial treatment of allergic rhinitis due to reduced efficacy when
compared with that of other agents. Furthermore, serious neuropsychiatric events
that may include suicidal thoughts or actions have been reported in some patients
taking montelukast. As advised by the FDA, montelukast should be used to treat
allergic rhinitis only in patients who are not treated effectively with or cannot
tolerate other alternative therapies.
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Clinicians should not select an oral leukotriene receptor antagonist for the
treatment of nonallergic rhinitis.

For the treatment of very severe or intractable allergic rhinitis, the clinician may
consider a short course (five to seven days) of oral corticosteroids.

For the treatment of very severe or intractable allergic rhinitis, the clinician
should not prescribe a depot parenteral corticosteroid for allergic rhinitis due to
the potential risks of systemic and local corticosteroid side effects.

Clinicians should offer intranasal antihistamines as an initial treatment option for
patients with seasonal allergic rhinitis.

Clinicians should offer intranasal antihistamines as a first-line monotherapy
option for patients with nonallergic rhinitis.

Clinicians should offer intranasal antihistamines as a first-line option for patients
with intermittent allergic rhinitis.

When choosing monotherapy for persistent allergic rhinitis, intranasal
corticosteroids should be the preferred medication.

For the initial treatment of moderate/severe seasonal allergic rhinitis in patients
>15 y of age, clinicians should use an intranasal corticosteroid over a leukotriene
receptor antagonist.

The use of intranasal decongestants should be short term and used for
intermittent or episodic therapy of nasal congestion.

In patients having severe mucosal edema, which impairs the delivery of other
intranasal agents, an intranasal decongestant should be considered for up to five
days of use.

Oral decongestant agents should be used with caution in older adults and children
younger than four years old, and in patients of any age who have a history of
cardiac arrhythmia, angina pectoris, cerebrovascular disease, uncontrolled
hypertension, bladder outlet obstruction, glaucoma, hyperthyroidism, or Tourette
syndrome.

Oral decongestants should be avoided during the first trimester of pregnancy.
Patients with perennial allergic rhinitis and nonallergic rhinitis who have
rhinorrhea as their main nasal symptom should be offered intranasal ipratropium.
Intranasal cromolyn can be offered as an option to be taken just prior to allergen
exposure to reduce symptoms of allergic rhinitis from episodic allergen
exposures.

Clinicians may consider the combination of an intranasal corticosteroids and an
intranasal antihistamine for the initial treatment of moderate/severe nasal
symptoms of seasonal allergic rhinitis in patients >12 years old.

Clinicians may consider the combination of an intranasal corticosteroids and an
intranasal antihistamine for moderate/severe seasonal allergic rhinitis and
perennial allergic rhinitis that is resistant to pharmacologic monotherapy.
Clinicians should consider the combination of an intranasal corticosteroids and
an intranasal antihistamine for moderate/severe nonallergic rhinitis that is
resistant to pharmacologic monotherapy.

For patients taking an intranasal corticosteroid who have persistent rhinorrhea,
the clinician may consider the addition of intranasal ipratropium.

Patients with persistent nasal congestion unresponsive to an intranasal
corticosteroid or to an intranasal corticosteroids-intranasal antihistamines
combination may be offered combination therapy with addition of an intranasal
decongestant for up to four weeks.

For patients with allergic rhinitis and nasal congestion uncontrolled with an oral
antihistamine, clinicians should consider the addition of pseudoephedrine, when
tolerated.

For seasonal allergic rhinitis clinicians should not combine the oral leukotriene
receptor antagonist montelukast with an oral antihistamine for symptoms not
controlled with an oral antihistamine.
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Clinicians should not prescribe, as initial treatment, a combination of an oral
antihistamine and an intranasal steroid in preference to monotherapy with an
intranasal steroid in patients >12 years of age with symptoms of seasonal allergic
rhinitis.

Clinicians should not prescribe the combination of an oral antihistamine and an
intranasal corticosteroid in preference to monotherapy with an intranasal steroid
in all patients with seasonal allergic rhinitis and perennial allergic rhinitis.

The guideline suggests against the addition of the oral leukotriene receptor
antagonist montelukast to an intranasal corticosteroid for allergic rhinitis, due to
the lack of adequate evidence of improved efficacy and concerns for serious
neuropsychiatric events from montelukast.

Clinicians may offer an intranasal corticosteroid as a first-line therapy for
nonallergic rhinitis.

Clinicians may offer an intranasal antihistamine as a first-line therapy for
nonallergic rhinitis.

Allergen immunotherapy (subcutaneous or sublingual tablets) may be offered
through shared decision making to patients with moderate/severe allergic rhinitis
who (1) are not controlled with allergen avoidance and/or pharmacotherapy or
(2) choose immunotherapy as the preferred method of treatment (e.g., due to the
desire to avoid the adverse effects, costs, or long-term use of pharmacotherapy)
and/or (3) desire the potential benefit of immunotherapy to prevent or reduce the
severity of comorbid conditions, such as asthma.

Allergen immunotherapy (subcutaneous or sublingual tablets) may be considered
for patients with controlled mild/moderate asthma with coexisting allergic
rhinitis.

A recommendation for or against the use of acupuncture for the treatment of
allergic rhinitis cannot be made.

A recommendation for or against the use of specific herbal products for the
treatment of allergic rhinitis cannot be made.

American Academy of
Allergy, Asthma, and
Immunology/ American
College of Allergy,
Asthma, and
Immunology/ Joint
Council on Allergy,
Asthma, and
Immunology:
Treatment of Seasonal
Allergic Rhinitis - An
Evidence-Based
Focused 2017
Guideline Update
(2017)°

For initial treatment of nasal symptoms of seasonal allergic rhinitis in patients
>12 years of age:

o Routinely prescribe monotherapy with an intranasal corticosteroid rather
than a combination of an intranasal corticosteroid with an oral
antihistamine.

o Recommend an intranasal corticosteroid over a leukotriene receptor
antagonist (for >15 years of age). For moderate to severe symptoms, may
recommend the combination of an intranasal corticosteroid and an
intranasal antihistamine.

Global Allergy and
Asthma European
Network:

Allergic Rhinitis and
its Impact on Asthma
(ARIA) Guidelines:
2016 Revision (2016)°

Should a combination of an oral H;-antihistamine and intranasal corticosteroid vs

intranasal corticosteroid alone be used for treatment of allergic rhinitis?

In patients with seasonal allergic rhinitis, utilize either a combination of an
intranasal corticosteroid with an oral Hi-antihistamine or an intranasal
corticosteroid alone.

In patients with perennial allergic rhinitis, utilize an intranasal corticosteroid
alone rather than a combination of an intranasal corticosteroid with an oral H-
antihistamine.

Should a combination of an intranasal Hi-antihistamine and intranasal corticosteroid

vs an intranasal corticosteroid alone be used for treatment of allergic rhinitis?
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e In patients with seasonal allergic rhinitis, utilize either a combination of an
intranasal corticosteroid with an intranasal Hi-antihistamine or an intranasal
corticosteroid alone.

e In patients with perennial allergic rhinitis, utilize either a combination of an
intranasal corticosteroid with an intranasal Hi-antihistamine or an intranasal
corticosteroid alone.

Should a combination of an intranasal H;-antihistamine and intranasal corticosteroid

Vs an intranasal H;-antihistamine alone be used for treatment of allergic rhinitis?

¢ In patients with seasonal allergic rhinitis, utilize a combination of an intranasal
corticosteroid with an intranasal Hi-antihistamine rather than an intranasal Hi-
antihistamine alone.

Should a leukotriene receptor antagonist vs an oral Hi-antihistamine be used for

treatment of allergic rhinitis?

e In patients with seasonal allergic rhinitis, utilize either a leukotriene receptor
antagonist or an oral Hi-antihistamine.

e In patients with perennial allergic rhinitis, utilize an oral Hi-antihistamine rather
than a leukotriene receptor antagonist.

Should an intranasal Hi-antihistamine vs an intranasal corticosteroid be used for

treatment of allergic rhinitis?

¢ In patients with seasonal allergic rhinitis, utilize an intranasal corticosteroid
rather than an intranasal Hi-antihistamine.

¢ In patients with perennial allergic rhinitis, utilize an intranasal corticosteroid
rather than an intranasal Hi-antihistamine.

Should an intranasal H;-antihistamine vs an oral Hi-antihistamine be used for

treatment of allergic rhinitis?

e In patients with seasonal allergic rhinitis, utilize either an intranasal H;-
antihistamine or oral Hi-antihistamine.

e In patients with perennial allergic rhinitis, utilize either an intranasal H1-
antihistamine or oral Hy-antihistamine.

American Academy of
Otolaryngology—Head
and Neck Surgery
Foundation:

Clinical Practice
Guideline: Allergic
Rhinitis

(2015)%

e Advise avoidance of known allergens or environmental controls (e.g., removal of
pets, the use of air filtration systems, bed covers) in allergic rhinitis patients who
have identified allergens that correlate with clinical symptoms.

e Recommend intranasal steroids for patients with a clinical diagnosis of allergic
rhinitis whose symptoms affect their quality of life.

o Recommend oral second-generation/less sedating antihistamines for patients with
allergic rhinitis and primary complaints of sneezing and itching.

e  Offer intranasal antihistamines for patients with seasonal, perennial, or episodic
allergic rhinitis.

o Do not offer oral leukotriene receptor antagonists as primary therapy for patients
with allergic rhinitis.

e Combination pharmacologic therapy may be used in patients with allergic rhinitis
who have inadequate response to pharmacologic monotherapy.

e  Offer immunotherapy (sublingual or subcutaneous) for patients with allergic
rhinitis who have inadequate response to symptoms with pharmacologic therapy
with or without environmental controls.

American Academy of
Otolaryngology—Head
and Neck Surgery
Foundation:

Clinical Practice
Guideline (update):
Adult Sinusitis
(2015)*2

Symptomatic relief of viral rhinosinusitis

e Management of viral rhinosinusitis is primarily symptomatic, with an analgesic
or antipyretic provided for pain or fever, respectively.

e Topical or systemic decongestants may offer additional symptomatic relief.

e Antihistamines have been used to treat viral rhinosinusitis due to their drying
effect; however, no studies have been published that assess the impact of
antihistamines specifically on viral rhinosinusitis outcomes. Adverse effects of
antihistamines, especially first-generation Hi-antagonists, include drowsiness,
behavioral changes, and impaired mucus transport in the nose and sinuses
because of drying.
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Symptomatic relief of acute bacterial rhinosinusitis

e  Symptomatic treatments for acute bacterial rhinosinusitis include analgesics,
saline irrigation, and topical nasal steroids. Use of interventions with
questionable or unproven efficacy (antihistamines, systemic steroids) is
discouraged. Commonly used interventions (decongestants, guaifenesin) with
unknown effects on acute bacterial rhinosinusitis symptoms may be considered.

e Adjunctive treatments for rhinosinusitis that may aid in symptomatic relief
include analgesics, decongestants (a-adrenergic), corticosteroids, saline
irrigation, and mucolytics. None of these products has been specifically approved
by the Food and Drug Administration (FDA) for use in acute rhinosinusitis (as of
March 2014), and only some have data from controlled clinical studies
supporting this use.

¢ Antihistamines have no role in the symptomatic relief of acute bacterial
rhinosinusitis in nonatopic patients. There are no studies that support their use in
an infectious setting, and antihistamines may worsen congestion by drying the
nasal mucosa.

e Antihistamines may be considered in patients with acute bacterial rhinosinusitis
whose symptoms suggest a significant allergic component.

Watchful waiting for acute bacterial rhinosinusitis
e Observation without use of antibiotics is an option for selected adults with
uncomplicated acute bacterial rhinosinusitis (regardless of severity).

Choice of antibiotic for acute bacterial rhinosinusitis

e If adecision is made to treat acute bacterial rhinosinusitis with an antibiotic, the
clinician should prescribe amoxicillin with or without clavulanate as first-line
therapy for five to 10 days for most adults.

Treatment failure for acute bacterial rhinosinusitis

o If the patient worsens or fails to improve with the initial management option by
seven days after diagnosis, the clinician should reassess the patient to confirm
acute bacterial rhinosinusitis, exclude other causes of illness, and detect
complications.

o If acute bacterial rhinosinusitis is confirmed in the patient initially managed with
observation, the clinician should begin antibiotic therapy.

e If the patient was initially managed with an antibiotic, the clinician should
change the antibiotic.

American Academy of
Allergy, Asthma, and
Immunology/ American
College of Allergy,
Asthma, and
Immunology/ Joint
Council on Allergy,
Asthma, and
Immunology:

The Diagnosis and
Management of
Rhinosinusitis: A
Practice Parameter
Update

(2014)=3

Acute bacterial rhinosinusitis

e  Acute bacterial rhinosinusitis is defined as symptoms and signs for less than 12
weeks. The diagnosis of acute rhinosinusitis is based primarily on the clinical
history, the physical examination, and possibly other ancillary evaluations,
including endoscopy or radiographic imaging. In most instances the diagnosis is
made presumptively, and treatment is initiated.

e Patients with obvious acute bacterial rhinosinusitis should be carefully reviewed
for any possible evidence of complicating factors, including the presence of
facial swelling, erythema over an involved sinus, visual changes, abnormal
extraocular movements, proptosis, periorbital inflammation, any suggestion of
intracranial involvement, or central nervous system involvement manifested as
abnormal neurologic signs.

e  Empiric treatment with an antibiotic approved by the FDA should be started once
the diagnosis is made. Empiric therapy is administered for seven to 14 days.
FDA-approved antibiotics include amoxicillin, amoxicillin-clavulanate, cefaclor,
cefprozil, cefuroxime, cefdinir, cefixime, azithromycin, levofloxacin,
trimethoprim-sulfamethoxazole, doxycycline, and clindamycin.
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Fluoroquinolones and doxycycline should be avoided in children. Nasal steroids
may be of benefit, especially in allergic individuals.

A systematic review of antihistamines and decongestants in common colds found
that there is insufficient evidence to suggest that antihistamines or decongestants
are of benefit for the common cold. Antihistamines may slightly alleviate
rhinorrhea and sneezing, but the overall benefit is minimal. Decongestants
decrease congestion over six to 10 hours, but there is no evidence to suggest
benefit for longer than 10 hours.

The following comfort measures might be helpful: adequate rest, adequate
hydration, analgesics as needed, warm facial packs, steamy showers, and
sleeping with the head of the bed elevated. Patients should be instructed to follow
up if symptoms worsen (e.g., especially with headache or high fever) or if
symptoms have not improved within three to five days of treatment.

For partial response, continue antibiotic treatment for another 10 to 14 days or
consider a different antibiotic.

For poor response, which worsens after three to five days, consider broadening
the microbial coverage provided by the antibiotic or switch to a different
antimicrobial that covers resistant bacteria.

Rhinosinusitis that fails to improve after 21 to 28 days of initial antibiotic
treatment might be caused by pathogens not adequately covered by prior
antibiotics, nasal polyps, tumor, or noncompliance.

Chronic rhinosinusitis

Clinicians should use systemic antibiotics for acute exacerbations of chronic
rhinosinusitis. However, in some patients, this may not be necessary.

Consider a three- to six-week course of topical antibiotics for chronic
rhinosinusitis.

Consider the use of systemic antibiotics plus a short course of oral steroids in the
treatment of chronic rhinosinusitis. Greater benefit with antibiotics has been
reported in patients without nasal polyps than with nasal polyps.

Consider a short course of oral steroids for the treatment of patients without nasal
polyps.

Use short-term treatment with oral steroids in patients with nasal polyps because
it decreases nasal polyp size and symptoms.

Use intranasal corticosteroid (INS; sprays and aerosols) for the treatment of
patients with or without nasal polyps.

Use nasal saline irrigation as an adjunctive treatment for the therapy of chronic
rhinosinusitis.

Consider antihistamines for treatment of symptoms associated with acute
rhinosinusitis in patients with coexistent chronic rhinosinusitis.

Neither oral nor topical decongestants are beneficial for maintenance treatment
of chronic rhinosinusitis.

American Academy of
Allergy, Asthma, and
Immunology/ American
College of Allergy,
Asthma, and
Immunology/ Joint
Council on Allergy,
Asthma, and
Immunology:
Diagnosis and
Management of
Urticaria: A Practice
Parameter

Acute urticaria and angioedema

Antihistamines are efficacious in most cases and are recommended as first-line
therapy. Although first-generation antihistamines are rapidly acting and effective,
in both pediatric and adult patients they may be associated with sedation and
impaired motor skills due to their ability to cross the blood-brain barrier, while
these impairments are less evident or not evident with second-generation
antihistamines as a class.

In patients with poor response to antihistamines, a brief course of oral
corticosteroids may also be required while attempting to eliminate suspected
triggers and develop an effective treatment plan.

Chronic urticaria
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(2014)?

H;-antagonists are effective in the majority of patients but may not achieve
complete control in all patients. Second-generation antihistamines are safe and
effective therapies in chronic urticaria and are considered first-line agents.

For patients not responding to monotherapy with a second generation

antihistamine at Food and Drug Administration- approved doses, several

treatment options can be employed. Higher doses of second-generation
antihistamines may provide more efficacy but data are limited and conflicting for
certain agents. Addition of Hp-antagonists or leukotriene receptor antagonists
may be considered for patients with unsatisfactory responses to 2" generation
antihistamine monotherapy. First-generation antihistamines may also be
considered in patients who do not achieve control of their condition with higher
dose second-generation antihistamines.

Treatment with a potent antihistamine, hydroxyzine or doxepin, may be

considered in patients who remain poorly controlled with dose advancement of

second-generation antihistamines, and/or addition of one of more of the
following: Ho-antihistamines, first-generation Hi-antihistamine at bedtime, and/or
anti-leukotrienes.

Systemic corticosteroids are frequently used for refractory patients, but no

controlled studies have demonstrated efficacy. In some patients, short-term use

(e.g., one to three weeks duration) may be required to gain control of their

disease until other therapies can achieve control. Because of the risk of adverse

effects with systemic corticosteroids, long-term use for treatment of chronic
urticaria patients should be avoided. Patients who are not adequately controlled
on maximal antihistamine therapy may be considered to have refractory chronic
urticaria.

A number of alternative therapies have been studied for the treatment of chronic

urticaria; these therapies merit consideration for patients with refractory disease.

o Omalizumab and cyclosporine have the greatest published experience for
efficacy compared to all other alternative agents. The therapeutic utility of
omalizumab for refractory chronic urticaria has been supported by findings
from large double-blind randomized controlled trials and is associated with a
relatively low rate of clinically significant adverse effects.

o There is evidence from observational studies with cyclosporine, including
long-term use that suggests cyclosporine is efficacious for refractory chronic
urticaria and capable of inducing remission. There is also evidence for
efficacy of cyclosporine from randomized controlled trials; however, taken
in the context of study limitations, potential harms and cost, the quality of
evidence from these randomized controlled trials supporting cyclosporine is
low, leading to a weak recommendation for use of cyclosporine.

o Many other alternative therapies have been used in refractory chronic
urticaria; however the level of evidence supporting their use is lower than
with omalizumab or cyclosporine. Anti-inflammatory agents including
dapsone, sulfasalazine, hydroxychloroquine, and colchicine have limited
evidence for efficacy and some require laboratory monitoring for adverse
effects. These agents are generally well tolerated and may be considered for
properly selected patients with antihistamine refractory chronic urticaria.
Other agents have been used in patients with refractory chronic urticaria,
including but not limited to: theophylline, attenuated androgens,
anticoagulants, NSAIDs, beta-agonists, cyclophosphamide, gold,
plasmapheresis, cromolyn, and nifedipine; however, these agents should be
reserved for patients with refractory urticaria who have failed other anti-
inflammatory, immunosuppressant or biologic agents. Other unproven
therapies, which are not recommended, include allergen immunotherapy,
herbal therapies, vitamins, supplements, and acupuncture.

European Academy

Basic considerations
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of Allergy and Clinical
Immunology/ Global
Allergy and Asthma
European Network/
European Dermatology
Forum/ World Allergy
Organization:
Guideline for the
definition,
classification,
diagnosis, and
management of
urticaria: the 2017
revision and update
(2017)%

e Urticaria is a frequent, mast cell-driven disease, presenting with wheals,
angioedema, or both.

o  Urticaria is classified based on its duration as acute (< 6 weeks) or chronic (> 6
weeks).

e Urticaria is classified as spontaneous (no specific eliciting factor involved) or
inducible (specific eliciting factor involved).

Management of urticaria

e The goal of treatment is to treat the disease until it is gone. Treatment should
follow the basic principles of treating as much as needed and as little as possible.

e These general considerations on pharmacotherapy refer to all forms of acute and
chronic urticaria.

e Continuous treatment with Hi-antihistamines.

e Recommendations are against the use of sedating (first-generation)
antihistamines for the routine management of chronic urticaria as first-line
agents.

e Modern second-generation antihistamines (e.g., cetirizine, levocetirizine
loratadine, fexofenadine) should be considered as the first-line symptomatic
treatment for urticaria because of their good safety profile.

e The majority of patients with urticaria not responding to single dose will profit
from up-dosing of antihistamines. Modern second-generation antihistamines at
licensed doses are first-line treatment in urticaria, and up-dosing is second-line
treatment (up to fourfold dose).

e Atrial of omalizumab as add on therapy to modern second generation H;-
antihistamines is recommended as third-line therapy in treatment of urticaria.

e Atrial of cyclosporine A as add on therapy to modern second generation Hi-
antihistamines is recommended as third-line therapy in treatment of urticaria,
after an add-on trial with omalizumab.

e There is inadequate evidence to make a recommendation for montelukast add-on
treatment to second generation Hi-antihistamines in patients with chronic
urticaria unresponsive to Hi-antihistamines.

e Short course (maximum of 10 days) of corticosteroids may also be used as a
third-line therapy or as an option for acute exacerbation. Long-term use of
systemic corticosteroids is not recommended.

e Antagonists of tumor necrosis factor-a (TNF-alpha) and IVIG, which have been
successfully used in case reports, are recommended currently only to be used in
specialized centers as last option (i.e., anti-TNF-alpha for delayed pressure
urticaria and IVIG for chronic spontaneous urticaria).
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The Food and Drug Administration (FDA)-approved indications for the first generation antihistamines are noted in Table 3. While agents within this therapeutic

class may have demonstrated positive activity via in vitro trials, the clinical significance of this activity remains unknown until fully demonstrated in well-

controlled, peer-reviewed in vivo clinical trials. As such, this review and the recommendations provided are based exclusively upon the results of such clinical

trials.

Table 3. FDA-Approved Indications for the First Generation Antihistamines®

Allergic

Upper

chlorpheniramine

. A Allergic Allergic Anaphylactic . Dermato- S - N Vasomotor

Generic Name(s) BF:(?(?;}IF?IZSS rtrﬁ)a o c%ivitis Rhini%is Regct)ilons* Angioedema* graphism Sinusitis Izz:zsnpg:'tai\;%g Urticaria* Rhinitis
Ethanolamine Derivatives
Carbinoxamine v v v v v v v v
Clemastine v v v
Diphenhydramine® v v v v v v v v
Propylamine Derivatives
Dexchlorpheniramine v v v v v v v v
Phenylephrine and y y v

*Mild, uncomplicated allergic skin manifestations.

TAdjunctive to epinephrine and other standard measures after the acute manifestations have been controlled.
i Upper respiratory conditions may include the common cold.
8Diphenhydramine is also approved for Antiparkinsonism, insomnia, motion sickness, and for use as an antitussive.
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IV. Pharmacokinetics

First Generation Antihistamines
AHFS Classes 040404, 040408, and 040420

The pharmacokinetic parameters of the first generation antihistamines are listed in Table 4. There is insufficient
information on the pharmacokinetic properties of the fixed-dose combination products. Therefore, only
information on the individual components was included in the table.

Table 4. Pharmacokinetic Parameters of the First Generation Antihistamines®®

Generic Name(s) Bioavailability _ Pr_otein Metabolism Excretion Half-Life
(%) Binding (%) (%) (%) (hours)
Ethanolamine Derivatives
Carbinoxamine Good Not reported Liver Renal 10to 20
Clemastine 39 Not reported Liver Renal 21
Diphenhydramine 65 to 100 76 to 85 Liver (50) Renal 4108
(50 to 65)
Propylamine Derivatives
Chlorpheniramine Good Not reported Liver, extensive Renal (50) 20
Dexchlorpheniramine Well-absorbed Not reported Liver, extensive Renal (50) 20
Decongestants
Phenylephrine 38 Not reported Intestinal wall, Renal 2t03
extensive; (80 to 86)
Liver, moderate

Drug Interactions

Significant drug interactions with the first generation antihistamines are listed in Table 5. Drug interactions are
due to the individual components of the combination products; therefore, only information on the individual
ingredients was included in the table.

Table 5. Significant Drug Interactions with the First Generation Antihistamine®®

Generic Name(s)

Interaction

Mechanism

First generation
antihistamines

Tranylcypromine

Concurrent use of tranylcypromine and non-selective H;
receptor antagonists may result in increased risk of
anticholinergic effects.

Carbinoxamine

Monoamine oxidase
inhibitors

Carbinoxamine anticholinergic effects (e.g., drying) may be
increased and prolonged with monoamine oxidase inhibitor
coadministration.

Carbinoxamine

CNS Depressants

Concurrent use may result in additive CNS effects.

Chlorpheniramine

Almotriptan

Concurrent use may result in increased risk of serotonin
syndrome (hypertension, hyperthermia, myoclonus, mental
status changes).

Chlorpheniramine

Amitriptyline

Concurrent use may result in an increased risk of serotonin
syndrome (hypertension, hyperthermia, myoclonus, mental
status changes).

Chlorpheniramine

Amoxapine

Concurrent use may result in increased risk of serotonin
syndrome (hypertension, hyperthermia, myoclonus, mental
status changes).

Chlorpheniramine

Fentanyl

Concurrent use may result in increased risk for serotonin
syndrome and CNS depression.

Chlorpheniramine

Hydroxytryptophan

Concurrent use may result in increased risk of serotonin
syndrome (hypertension, tachycardia, hyperthermia,
myoclonus, mental status changes).

Chlorpheniramine

Phenytoin

Concurrent use of chlorpheniramine and phenytoin may result
in an increased risk of phenytoin toxicity (ataxia,
hyperreflexia, nystagmus, tremor).

24

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services




First Generation Antihistamines
AHFS Classes 040404, 040408, and 040420

Generic Name(s) Interaction Mechanism
Chlorpheniramine Tramadol Concurrent use may result in increased risk of seizures and
serotonin syndrome (hypertension, hyperthermia, myoclonus,
mental status changes).
Chlorpheniramine Trazodone Concurrent use may result in increased risk of serotonin

syndrome (hypertension, hyperthermia, myoclonus, mental
status changes).

Diphenhydramine

CNS Depressants

Concurrent use may result in additive CNS effects.

Diphenhydramine

Linezolid

Concurrent use of diphenhydramine and linezolid may result
in increased anticholinergic toxicity effects.

Phenylephrine Monoamine oxidase | Coadministration of a monoamine oxidase inhibitor and an
inhibitors indirect- or mixed-acting sympathomimetic may cause
hypertensive crisis.

Phenylephrine Linezolid Pharmacologic effects of sympathomimetics may be
increased by linezolid. Headache, hyperpyrexia, and
hypertension may occur.

Phenylephrine Rauwolfia alkaloids Reserpine depletes stores of catecholamines, increasing the

(e.g., reserpine) receptor sensitivity to the direct-acting sympathomimetics
while antagonizing the effects of the indirect-acting agents
which release norepinephrine from the neurons.
Coadministration may result in hypertension.

Phenylephrine Tricyclic Tricyclic antidepressants potentiate the pressor response of

antidepressants

the direct-acting sympathomimetics; dysrhythmias have
occurred. The pressor response to the indirect-acting
sympathomimetics is decreased by the tricyclic
antidepressants.
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VI.

Adverse Drug Events

First Generation Antihistamines

AHFS Classes 040404, 040408, and 040420

The most common adverse drug events reported with the first generation antihistamines are listed in Table 6. These agents have the potential to cause sedation,
performance impairment, and anticholinergic adverse effects.'®

Table 6. Adverse Drug Events (%) Reported with the First Generation Antihistamines®

Adverse Events

Ethanolamine Derivatives

Propylamine Derivatives

Decongestants

Carbinoxamine

Clemastin
e

Diphenhydramin

e

Chlorpheniramine

Dexchlorpheniramine

Phenylephrine

Cardiovascular

Arrhythmias

Bradyarrhythmia

Cardiac dysrhythmia

Cardiovascular finding

Hypertension

Hypotension

Myocardial infarction

Myocardial perfusion

Palpitations

Pulmonary edema

Raynaud’s phenomenon

Tachycardia

Central Nervous System

Anxiety

Ataxia

Central nervous system
stimulation

<

Chills

Confusion

<

Dizziness

LR SR

<

Drowsiness

| (<K

Dyskinesia

L QI
1

Dystonia

<

Electro-encephalograph finding

Fatigue

Headache

|«

1K<
<

Hypesthesia

Insomnia

Nervousness
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First Generation Antihistamines

AHFS Classes 040404, 040408, and 040420

Adverse Events

Ethanolamine Derivatives

Propylamine Derivatives

Decongestants

Carbinoxamine

Clemastin
e

Diphenhydramin
e

Chlorpheniramine

Dexchlorpheniramine

Phenylephrine

Neurological finding

v

Myofascial pain

Sedation

|

Somnolence

Vertigo

<<

| [< |

|||
|

Dermatologic

Contact dermatitis

Dermatitis

Dermatologic finding

Diaphoresis

Photosensitivity

| [K[K

|1
<

Pruritus

Rash

<

<
<

Urticaria

/€[ [|K ]|

Endocrine/Metabolic Effects

Acute intermittent porphyria

<

Increased uric acid

<

Gastrointestinal

Anorexia

Constipation

Diarrhea

LSRR

Dry mouth

Epigastric distress

|||

| <[] K

Gastric pain

| (L[ [K|K

Heartburn

Nausea

<

<

|1
<

Vomiting

Hematologic

Agranulocytosis

Hemolytic anemia

Leukocytosis

Thrombocytopenia

Immunologic

Anaphylaxis

Cell-mediated immune reaction
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First Generation Antihistamines
AHFS Classes 040404, 040408, and 040420

Ethanolamine Derivatives Propylamine Derivatives Decongestants
Adverse Events Carbinoxamine Clen;astln Dlphenhg/dramln Chlorpheniramine Dexchlorpheniramine Phenylephrine
Immune hypersensitivity ) i y ) ] ]
reaction
Immune system finding - - v - - -
Musculoskeletal
Fracture of bone - - v - - -
Musculoskeletal finding - - v - - -
Myasthenia gravis - - v - - -
Ophthalmic
Aqueous pigment floater - - - - - v
Conjunctivitis v
Diplopia v v v v v -
Miosis - - - - - v
Mydriasis - - - - - v
Psychiatric
Agitation v - - - - -
Excitability v - v - - -
Hallucinations v - - v - v
Motor nervous system finding - - v - - -
Panic - - - - _ v
Paranoid delusions - - - - - v
Psychiatric sign or symptom - - v - - -
Psychosis - - - - - v
Psychaotic disorder - - v - - -
Toxic psychosis - - - - - v
Renal
Dysuria v v v v v -
Polyuria v v v v v -
Urogenital finding v - - - - -
Respiratory
Nasal dryness v v v v v -
Pulmonary edema - - - - - v
Pulmonary embolism - - - - - v
Respiratory finding - - v - - -
Shortness of breath - v - - v -
Other
Anticholinergic effects | - | - | v | - | ; ;
28
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First Generation Antihistamines
AHFS Classes 040404, 040408, and 040420

Ethanolamine Derivatives Propylamine Derivatives Decongestants
Adverse Events Carbinoxamine Clen;astln Dlphenhg/dramln Chlorpheniramine Dexchlorpheniramine Phenylephrine
Death - - v - - -
Drug abuse - - v - - -
Drug dependence - - v - -
Sense of smell altered - - - - - v
Withdrawal sign or symptom - - v - - -
v Percent not specified.
- Event not reported.
29
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VII.

Dosing and Administration

First Generation Antihistamines
AHFS Classes 040404, 040408, and 040420

The usual dosing regimens for the first generation antihistamines are listed in Table 7. Due to the differences in
dosing with the various salt formulations, the products have been further classified by salt formulation in this table

when necessary.

Table 7. Usual Dosing Regimens for the First Generation Antihistamines®16

Generic Name(s) Usual Adult Dose | Usual Pediatric Dose | Availability
Ethanolamine Derivatives
Carbinoxamine Allergic rhinitis and other Allergic rhinitis and other allergic | Extended-
allergic conditions: conditions: release
Extended-release suspension: Extended-release suspension: suspension:
6 to 16 mg every 12 hours >12 years of age: 6 to 16 mg every | 4 mg/5 mL
12 hours; 6 to 11 years of age: 6 to
Solution, tablet: 4 to 8 mg three | 12 mg every 12 hours; 4 to 5 years | Solution:
to four times daily of age: 3to 8 mg every 12 hours; 2 | 4 mg/5 mL
to 3 years of age: 3 to 4 mg every
12 hours Tablet:
4 mg
Solution, tablet: >12 years of age: | 6 mg
4 to 8 mg three to four times daily
6 to 11 years of age: 2 to 4 mg
three to four times daily
Solution: 2 to 5 years of age: 1to 2
mg three or four times daily
Clemastine Allergic rhinitis: Allergic rhinitis: Syrup:
Syrup, tablet: initial, 1.34 mg Syrup, tablet: >12 years of age: 0.67 mg/5 mL
two times daily or 2.68 mg asa | initial, 1.34 mg two times daily;
single dose; maximum, 8.04 maximum, 8.04 mg/day; 6 to <12 Tablet:
mg/day years of age: initial, 0.67 mg two 2.68 mg
times daily; maximum, 4.02
Allergic urticaria and mg/day
angioedema:
Syrup, tablet: initial, 2.68 mg Allergic urticaria and angioedema:
one to three times daily; Syrup, tablet: >12 years of age:
maximum, 8.04 mg/day initial, 2.68 mg one to three times
daily; maximum, 8.04 mg/day; 6 to
Upper respiratory conditions: <12 years of age: initial, 1.34 mg
Syrup, tablet: 1.34 mg two two times daily; maximum, 4.02
times daily; maximum, 2.68 mg/day
mg/day
Upper respiratory conditions:
Syrup, tablet: >12 years of age:
1.34 mg two times daily;
maximum, 2.68 mg/day
Diphenhydramine Allergic rhinitis and upper Allergic rhinitis and upper Elixir:
respiratory conditions: respiratory conditions: 12.5 mg/5 mL
Oral: 25 to 50 mg three to four | Oral: >12 years of age: 25 to 50
times daily; maximum, 300 mg four to six times daily; Injection:
mg/day maximum, 300 mg/day; 6 to <12 50 mg/mL
years of age: 12.5 to 25 mg four to
Antitussive: six times daily; maximum, 150
Oral: 25 mg six times daily; mg/day
maximum, 150 mg/day
Antitussive:
Insomnia:
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First Generation Antihistamines
AHFS Classes 040404, 040408, and 040420

Generic Name(s) Usual Adult Dose Usual Pediatric Dose Availability
Oral: 50 mg at bedtime Oral: >12 years of age: 25 mg four
to six times daily; maximum, 150
Motion sickness: mg/day
Oral: 25 to 50 mg three to four
times daily; maximum, 300 Motion sickness:
mg/day Oral: >12 years of age: 25 to 50
mg four to six times daily;
Parkinsonian syndrome: maximum, 300 mg/day; 6 to <12
Oral: initial, 25 mg three to four | years of age: 12.5 to 25 mg 30 to
times daily; maintenance, 50 60 minutes prior to travel and four
mg four times daily to six times daily; maximum, 150
mg/day; 2 to <6 years of age: 6.25
Other: mg 30 to 60 minutes prior to travel
Injection: 10 to 15 mg IM or and four to six times daily;
IV; maximum, 400 mg/day maximum, 37.5 mg/day
Insomnia:
Oral: >12 years of age: 1 mg/kg 30
minutes prior to bedtime;
maximum, 50 mg/day
Other:
Injection: 5 mg/kg/day or 150
mg/m?2 IM or 1V; maximum, 300
mg/day
Propylamine Derivatives
Dexchlorpheniramine | Hypersensitivity reactions: Hypersensitivity reactions: Syrup:
Syrup: 2 mg every four to six Syrup: >12 years of age: 2 mg 2 mg/5 mL
hours every four to six hours; 6 to 11
years of age: 1 mg every four to six
hours; 2 to 5 years of age: 0.5 mg
every four to six hours
Phenylephrine HCI Antihistamine/Decongestant: Antihistamine/Decongestant: Drops:
and chlorpheniramine | Drops (2-1 mg/mL): 4 mL Drops (2-1 mg/mL): >12 years of | 2-1 mg/mL

maleate

every four hours; maximum, 24
mL per day

age: 4 mL every four hours;
maximum, 24 mL per day; 6 to
<12 years of age: 2 mL four to six
times daily; maximum, 8 to 12 mL
per day

HCl=hydrochloride, IM=intramuscular, IV=intravenous
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VIII.

Effectiveness

First Generation Antihistamines
AHFS Classes 040404, 040408, and 040420

Clinical studies evaluating the safety and efficacy of the first generation antihistamines are summarized in Table 8.

Table 8. Comparative Clinical Trials with the First Generation Antihistamines

loratadine 10 mg

QD
Vs

placebo

scores, adverse
events

Secondary:
Not reported

. Study Size
D Study apd StUdyBesIgI .and and Study End Points Results
rug Regimen Demographics D :
uration
Allergic Rhinitis
Druce et al.’ DB, MC, PC, PG, N=338 Primary: Primary:
(1998) RCT Global evaluation At day three and day seven, physician and subject global evaluation scores
7 days scores, evaluation for brompheniramine were significantly better than those for loratadine
Brompheniramine Patients >12 years of symptom relief, | (P<0.001) and placebo (P<0.001). Loratadine was more effective than
ER 12 mg BID of age with allergic total symptom placebo; however, this was not statistically significant.
rhinitis severity scores,
VS nasal symptom On the subjects’ daily overall evaluations of symptom relief,

brompheniramine was significantly better than loratadine and placebo on
all seven days (P value not reported). Loratadine was significantly better
than placebo on day four.

The total symptom severity scores improved to a greater degree with
brompheniramine compared to loratadine or placebo at day three, day
seven, and the average over the two visits (P<0.05). Treatment with
loratadine improved symptoms to a greater degree than placebo (P<0.05
only when symptoms were averaged over day three and day seven). The
mean individual symptom severity scores paralleled the pattern seen for
the summed symptom severity scores in the three groups.

Improvement in nasal symptoms was significantly greater in the patients
taking brompheniramine than in those taking loratadine (P<0.01) or
placebo (P<0.001) at day three, day seven, and when averaged over the
two visits. Improvement in nasal symptoms in the loratadine treatment
group was greater than that in the placebo treatment group at day three
(P<0.05).

At visit two, adverse events were reported by 53% of the patients taking
brompheniramine, 33% of those taking loratadine, and 36% of those
taking placebo (P=0.006). At visit three, adverse events were reported by
34% of the patients taking brompheniramine, 20% of those taking
loratadine, and 29% of those taking placebo (P=0.05). At visit two, the
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First Generation Antihistamines
AHFS Classes 040404, 040408, and 040420

. Study Size
D Study apd StUdyBesIgI .and and Study End Points Results
rug Regimen Demographics D :
uration
frequency of somnolence was 28, 9, and 6% in the brompheniramine,
loratadine, and placebo groups, respectively (P<0.001). At visit three, the
frequency of somnolence was reduced to 10, 2, and 3% for the
brompheniramine, loratadine, and placebo groups, respectively (P=0.011).
Secondary:
Not reported
Crawford et al.*® oL, XO N=14 Primary: Primary:
(1998) Nasal-examination | The physician assessed nasal-examination score for each of the four
Patients with 8 weeks score, rhinitis antihistamines was significantly better than the baseline nasal-examination
Chlorpheniramine 8 | perennial allergic symptom score, score (P<0.05).
mg BID for 2 weeks | rhinitis overall efficacy
score, The nasal-examination score for astemizole was significantly better than
VS pseudoephedrine loratadine (P<0.05). No other significant differences in nasal-examination
use, adverse events | score were noted among the treatment groups.
astemizole 10 mg
QD for 2 weeks Secondary: There were no significant differences among antihistamines when
Not reported comparing patient-reported rhinitis symptom scores, overall efficacy
S scores, or pseudoephedrine use.
loratadine 10 mg Sedation was noted most frequently by patients taking chlorpheniramine.
QD for 2 weeks Headache was the most frequent adverse event with terfenadine.
VS Secondary:
Not reported
terfenadinet 60 mg
BID for 2 weeks
Pseudoephedrine
60 mg every 8 hours
as needed was
permitted
throughout the
study.
von Maur et al.*® oL N=782 Primary: Primary:
(1985) Patient preference
5 years and long-term
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First Generation Antihistamines
AHFS Classes 040404, 040408, and 040420

. Study Size
D Study apd StUdyBesIgI .and and Study End Points Results
rug Regimen Demographics D :
uration
Chlorpheniramine 2 | Adults and children choice of The order of antihistamine preference was chlorpheniramine,
to 4 mg QID for 2 with seasonal or antihistamine diphenhydramine, tripelennamine, hydroxyzine, and trimeprazine
weeks perennial allergic (P<0.001).
rhinitis Secondary:
VS Not reported At the end of one year, 78% of patients remained on their preferred
antihistamine. By three years, 71% of patients were still on the
diphenhydramine antihistamine of first choice. By five years, 57% of patients were still on
12.5t0 25 mg QID the antihistamine class that had been selected five years before.
for 2 weeks
Secondary:
VS Not reported
hydroxyzine 10 to
25 mg QID for 2
weeks
Vs
tripelennamine
37.5t050 mg TID
for 2 weeks
Vs
trimeprazinet 2.5
mg TID for 2 weeks
Prevost et al.?® DB, MC, PG, RCT N=134 Primary: Primary:
(1994) Nasal and non- There was a significant decrease from baseline in mean TTSs in both
Patients 18 to 65 14 days nasal symptoms treatment groups (P<0.01).
Chlorpheniramine years of age with
12 mg and seasonal allergic Secondary: On day three, improvement in mean TSS was 54% in the
pseudoephedrine rhinitis Not reported loratadine/pseudoephedrine group and 57% in the chlorpheniramine
120 mg BID /pseudoephedrine group. On day 14, there was a 65% improvement in the
patients treated with loratadine/pseudoephedrine and 64% improvement in
VS the chlorpheniramine/pseudoephedrine group.

34

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services




First Generation Antihistamines
AHFS Classes 040404, 040408, and 040420

Study and
Drug Regimen

Study Design and
Demographics

Study Size
and Study
Duration

End Points

Results

loratadine 5 mg and
pseudoephedrine
120 mg BID

Products were ER
fixed-dose
combinations.

Reduction in mean total nasal and non-nasal symptom scores was
comparable between the two treatment groups. By day 14, nasal symptom
improvement was 60% in the loratadine/pseudoephedrine group and 61%
in the chlorpheniramine/pseudoephedrine group. Improvement was
comparable for nasal discharge (53 vs 45%, respectively), stuffiness (52 vs
44%, respectively), and sneezing (61 vs 54%, respectively) on day three.

Improvement in mean total non-nasal symptom scores was comparable
and not significantly different between the two treatment groups on day
three (P value not reported). At day 14, improvement in non-nasal
symptom scores was 69% in both study groups. Patients in the
chlorpheniramine/pseudoephedrine group showed greater relief of red eyes
at day three (63 vs 54%) and day 14 (75 vs 68%). Patients treated with
loratadine/pseudoephedrine showed greater improvement in ear/palate itch
(60 vs 50%) at day 14.

The most frequently reported side effects were headache (16% in both
groups) and insomnia (16% in the loratadine/pseudoephedrine group and
18% in the chlorpheniramine/pseudoephedrine group). There was a greater
incidence of fatigue (6 vs 25%, P<0.01), dry mouth (7 vs 19%; P=0.07),
and sedation (7 vs 22%; P<0.03) in the group receiving
chlorpheniramine/pseudoephedrine compared to those receiving
loratadine/pseudoephedrine.

Secondary:
Not reported

Gibbs et al.?
(1998)

Study 2
Clemastine 1.34 mg

TID for 5 days
VS

acrivastine 8 mg
TID for 5 days

RCT, XO

Adults with
seasonal allergic
rhinitis

N=54

21 days

Primary:
Nasal and non-
nasal symptoms

Secondary:
Not reported

Primary:

Study 2

The acrivastine was significantly better than placebo for the relief of itchy
nose, blocked nose and watery eyes symptoms, and for calculated overall
symptom score (mean of all seven symptoms). Clemastine was
significantly better than placebo for alleviation of the symptoms of itchy
nose, running nose, itchy eyes and watery eyes, and for calculated overall
symptom score. There were no significant differences between the two
antihistamines.
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First Generation Antihistamines
AHFS Classes 040404, 040408, and 040420

. Study Size
D Study apd StUdyBesIgI .and and Study End Points Results
rug Regimen Demographics D :
uration
In study 2, drowsiness was reported by seven (39%) patients receiving
VS clemastine compared to one patient receiving acrivastine (P<0.05).
placebo for 5 days Study 1
High- and low-dose acrivastine led to significantly lower scores than
Study 1 placebo for all symptoms, except blocked nose (P>0.01). There was no
Acrivastine 4 mg significant difference in symptom scores between the two doses of
TID for 5 days acrivastine.
VS Sixty-three percent of patients rated symptom control as excellent or good
during treatment with 8 mg acrivastine compared with 46% for 4 mg
acrivastine 8 mg acrivastine and 36% for placebo (8 mg acrivastine vs placebo; P=0.058).
TID for 5 days
There were no statistically significant differences in the proportion of
S patients who would have requested further treatment had it been available
on prescription although slightly more patients on 4 mg acrivastine (61%)
placebo for 5 days and 8 mg acrivastine (62%) than on placebo (54%) indicated this desire.
Only 20% of patients preferred treatment with placebo. This is compared
to 40% of patients preferring acrivastine 4 mg and 40% preferring
acrivastine 8 mg.
Secondary:
Not reported
Sheriff et al.? DB, PG, RCT N=51 Primary: Primary:
(1976) Mean total number | The mean number of tablets taken was similar with clemastine (27.8) and
Patients 7 to 40 2 weeks of tablets taken, chlorpheniramine (28.1; P value not significant).

Clemastine 1.34 mg
givenas1to?2
tablets 2 to 3 times
daily

VS

years of age with
seasonal allergic
rhinitis

mean TSSs, mean
number of days the
patient felt drowsy,
investigator’s and
patient’s
assessment of
effectiveness of

The mean TSSs were similar with clemastine (16.2) and chlorpheniramine
(14.0; P value not significant).

The mean number of days drowsy was similar with clemastine (1.58) and
chlorpheniramine (1.08; P value not significant).

chlorpheniramine 4 treatment The effectiveness of clemastine and chlorpheniramine as defined by the
mg given as 1 to 2 investigator’s assessments and by the patients’ daily record forms were
tablets 2 to 3 times Secondary: similar among the two treatment groups.

daily Not reported
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First Generation Antihistamines
AHFS Classes 040404, 040408, and 040420

. Study Size
Study apd StUdyBesIgI .and and Study End Points Results
Drug Regimen Demographics :
Duration
Secondary:
Not reported
Thomas et al.? DB, RCT N=46 Primary: Primary:
(1977) Alteration in Treatment with clemastine and chlorpheniramine resulted in significant
Patients >15 years 1 day airway resistance, changes in the plethysmographic oral resistance evaluations compared to

Clemastine 2.68 mg
as a single dose

VS

chlorpheniramine 4
mg as a single dose

VS

placebo

of age with seasonal
allergic rhinitis

nasal congestion,
nasal obstruction,
nasal airway
patency,
investigator’s and
patient’s subjective
assessments of
improvement

Secondary:
Not reported

baseline. There were no significant differences noted with placebo
compared to baseline. Clemastine was significantly better than placebo for
hours two and six (P<0.10) and for the mean response over all time points
(P<0.05). There were no significant differences for patients receiving
chlorpheniramine compared to placebo.

Differences in nasal resistance and total airway resistance among the three
treatment groups were not significant.

Treatment with clemastine and chlorpheniramine resulted in significant
improvements in nasal congestion compared to baseline. Both clemastine
and chlorpheniramine also demonstrated greater improvements in nasal
congestion compared to placebo at all time points and overall (P<0.05).

There were no significant differences in nasal obstruction among the three
treatment groups.

Treatment with clemastine and chlorpheniramine led to improvements in
the investigator's subjective evaluation of nasal congestion at each time
point. There was no difference noted with placebo. More patients treated
with clemastine showed improvement (64 to 73%) compared to placebo (9
to 18%; P<0.05). There was no significant difference in nasal congestion
with chlorpheniramine compared to placebo.

There were no significant differences in the overall improvement index of
physician-evaluated signs among the three treatment groups.

Patients' self-evaluation of changes in symptoms showed improvement in
all treatment groups.
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First Generation Antihistamines
AHFS Classes 040404, 040408, and 040420

. Study Size
D Study apd StUdyBesIgI .and and Study End Points Results
rug Regimen Demographics :
Duration
The most common adverse reaction was drowsiness. The number of
patients with severe drowsiness was higher in the chlorpheniramine group
than in the placebo group (P<0.10).
Secondary:
Not reported
Todd et al.? DB, PG, RCT Study 1 Primary: Primary:
(1975) N=58 Physician’s Study 1
Study 1 assessment of In the physician’s assessment of improvement, 50% of clemastine-treated
Study 1 Adults with allergic 3 weeks improvement after | patients were to be greatly improved compared to 23% (improved), 13%
Clemastine 1.34 mg | rhinitis treatment (no change), and 13% (worse). This is compared to 28% of patients in the
BID to QID Study 2 chlorpheniramine group who were considered to be greatly improved,
Study 2 N=42 Secondary: 43% (improved), 14% (no change), and 14% (worse). There were no P
VS Children with Not reported values reported.
allergic rhinitis 3 weeks
chlorpheniramine 4 Adverse events were minimal with both preparations. Drowsiness when
mg BID to QID reported was mainly of a transient nature with no significant difference in
incidence or severity between the compounds.
Study 2
Clemastine elixir 0.5 Study 2
mg BID In the physician’s assessment of improvement, 32% of clemastine-treated
patients were to be greatly improved compared to 21% (improved), 11%
VS (no change), and 32% (worse). This is compared to 31% of patients in the
chlorpheniramine group who were considered to be greatly improved,
chlorpheniramine 13% (improved), 4% (no change), and 52% (worse). There were no P
syrup 2 mg BID values reported.
There were no reports of drowsiness or tiredness from any of the 19
patients receiving clemastine. Of the 23 patients receiving
chlorpheniramine, three complained of drowsiness.
Secondary:
Not reported
Dockhorn et al.?® DB, MC, PC, PG, N=330 Primary: Primary:
(1987) RCT Assessment of Improvement in mean total symptoms scores and nasal symptom scores
14 days nasal and non- were significantly greater with loratadine and clemastine than placebo at

nasal symptoms,

each time point (P<0.01). There was no significant difference between the
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Clemastine 1.34 mg | Patients with overall condition loratadine and clemastine treatment groups (P value not significant) at day
BID seasonal allergic or rhinitis, and three, day 14, or study end point. At day seven, the improvement in the
rhinitis therapeutic loratadine group was significantly greater than that of the clemastine
VS response to group (P=0.04 for TSSs and P=0.05 for nasal symptom scores). Non-nasal
treatment symptom scores were not reported.
loratadine 10 mg
QD Secondary: In the physician evaluation of therapeutic response, loratadine and
Not reported clemastine led to a more favorable response to treatment than placebo. By
VS day three, an excellent response was seen in 22% of loratadine-treated
patients, 9% of the clemastine-treated patients, and 3% of the placebo-
placebo treated patients. Likewise, 22, 43, and 23%, respectively, were rated as
have a good response to treatment. In the end point analysis, the
percentage of patients with a good or excellent response to treatment was
29 and 27%, respectively with loratadine; 13 and 42%, respectively with
clemastine; 5 and 27%, respectively with placebo.
A greater percentage of patients reported at least one adverse event with
clemastine (37%) than with loratadine (21%) or placebo (20%; P<0.01).
Sedation was reported by a greater percentage of patients receiving
clemastine (22%) than loratadine (6%) or placebo (5%; P<0.01). There
was no difference in dry mouth among the treatment groups.
Secondary:
Not reported
Frglund et al.2® DB, MC, PG, RCT N=155 Primary: Primary:
(1990) Total, nasal and The loratadine and clemastine groups showed a significant improvement
Patients 18 to 65 3 weeks non-nasal compared to placebo when nasal membranes, secretion, and patency were

Clemastine 1.34 mg
BID

'S

loratadine 10 mg

QD

VS

years of age with
perennial allergic
rhinitis

symptom severity

Secondary:
Not reported

assessed with rhinoscopy (P<0.05).

Loratadine and clemastine significantly reduced patients' total nasal and
total eye symptoms compared to placebo (P<0.05). A similar reduction
was seen for all four nasal symptoms (discharge, stuffiness, itching, and
sneezing). For eye symptoms, this decrease was found for redness and
itching (P<0.05), but no significant decrease was observed for tearing.

Loratadine improved total symptoms scores at day seven compared to
clemastine (P<0.05). Loratadine also improved nasal itching and nasal
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placebo stuffiness more effectively than clemastine at day seven (P<0.05). There
were no significant changes between the treatment groups at other time
points.
The diary cards showed there was a significant onset of relief of symptoms
within the first day of treatment with loratadine and clemastine compared
to placebo. A faster onset of symptom relief was also seen in the
loratadine group compared with the clemastine group within the first day
(P<0.05).
There were fewer adverse events reported with loratadine compared to
clemastine (P<0.05) and placebo (P<0.05).
Secondary:
Not reported
Irander et al.?’ DB, RCT N=107 Primary: Primary:
(1990) Rhino- Loratadine significantly reduced all rhino-conjunctivitis symptoms
Patients >18 years 2 weeks conjunctivitis compared to placebo, except for nasal stuffiness (P value not significant).
Clemastine 1.34 mg | of age with a history symptoms
BID of rhino- Clemastine significantly reduced sneezing, nasal discharge, and tearing
conjunctivitis Secondary: compared to placebo; however, there was no difference in nasal
VS during the birch Not reported itching/stuffiness, ocular itching/redness, or palatal itching (P value not
pollen season significant).
loratadine 40 mg
QD There was no significant difference in the majority of the rhino-
conjunctivitis symptoms between clemastine and loratadine, except for
Vs ocular itching/redness (P<0.05).
placebo Sedation was the most common adverse event. There was no difference in
sedation with loratadine compared to placebo; however, a significantly
higher incidence was noted in patients treated with clemastine (P<0.05).
Dizziness, headache, insomnia, dryness of the mouth and nausea were
reported rarely.
Secondary:
Not reported
Boner et al.?8 RCT N=40 Primary: Primary:
40

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services




First Generation Antihistamines
AHFS Classes 040404, 040408, and 040420

. Study Size
D Study apd StUdyBesIgI .and and Study End Points Results
rug Regimen Demographics D :
uration
(1989) Symptom severity | Symptom severity (on physical exam and subjective symptoms) improved
Children 4 to 12 14 days with both drugs during the 14-day treatment period (P<0.01). There was
Dex- years of age with Secondary: no significant difference between the dexchlorpheniramine or loratadine
chlorpheniramine 1 | moderate-to-severe Not reported treatment groups (P=0.295).
mg every 8 hours seasonal allergic
rhinitis Rhinoscopy showed a reduction in nasal secretions/stuffiness with both
VS treatments and there was no significant difference between the treatment
groups (P value not significant).
loratadine 5 mg QD
The evaluation of therapeutic results by both the investigator and the
Children under 6 patient/parent had similar positive results with both drugs at each visit
years and those (P>0.05).
weighing less than
20 kg received half Four children receiving dexchlorpheniramine had somnolence on day one,
the dose. two other patients complained of mild epistaxis during the first three days
of treatment. Two children in the loratadine group had two episodes of
moderate epistaxis, one on days one to two and the other on days six to
eight, no child reported drowsiness.
Secondary:
Not reported
Raphael et al.?® DB, MC, PC, PG, N=610 Primary: Primary:
(2006) RCT Change from Diphenhydramine had a 46.7% greater reduction in patient TNSSs
1 week baseline in the compared with desloratadine (-1.81; P<0.001). Investigator TNSS results

Diphenhydramine
50 mg TID

'S

desloratadine 5 mg

QD
Vs

placebo

Patients 12 to 65
years of age with
moderate-to-severe
seasonal allergic
rhinitis

TNSS

Secondary:
Change from
baseline in TSS,
individual
symptom scores,
global evaluation
of response to
treatment

were similar to those recorded by patients.

Secondary:

Diphenhydramine had a 45.5% greater reduction in patient TSS compared
with desloratadine (-3.35; P<0.001). Investigator TSS results were similar
to those recorded by patients.

Treatment with diphenhydramine led to significant reductions in all eight
individual symptom scores compared to placebo and desloratadine,
including nasal congestion. Treatment with desloratadine led to a greater
reduction in six of the eight individual symptoms compared to placebo
(nasal congestion, rhinorrhea, sneezing, nasal itching, redness of eyes, and
itching ears/palate); however, only sneezing was significant (-027;
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P=0.04). Similar results were observed for investigator-scored individual
symptoms.

The daily nasal congestion scores were significantly reduced with
diphenhydramine compared to desloratadine and placebo throughout the
seven-day treatment period.

Percentage improvement in the patient mean global response to treatment
scores over placebo were 134.5% (P<0.001) for diphenhydramine and
29.4% (P=0.20) for desloratadine. Diphenhydramine had an 81.2%
(P<0.001) greater improvement in the patient mean global response to
treatment score compared with desloratadine.

Adverse events were observed in 35.3, 16.3, and 8.3% of patients who
received diphenhydramine, desloratadine, and placebo, respectively. The
most common adverse events were somnolence, dry mouth, asthenia,
headache, and dizziness.

Park et al.®®
(2011)

Diphenhydramine 1
mg/kg

DB, RCT

Patients 3 to 19
years of age
experiencing an

N=64
70 allergic
reactions

Duration not

Primary:
Proportion of
patients
experiencing
sedation (sedation

Primary:

Overall, 28.6 and 17.1% of patients receiving diphenhydramine and
cetirizine experienced sedation, reflecting a nonsignificant difference in
sedation of 11.4% (95% ClI, -8.4 to 30.2%).

allergic reaction specified score of 1 or 2) Secondary:
Vs during oral food The mean time to resolution of urticaria and pruritus was similar between
challenge Secondary: the two treatments. Among patients receiving diphenhydramine, mean
cetirizine 0.25 Mean resolution of | time to resolution was 42.3+13.15 minutes compared to 40.8+22.11
mg/kg urticaria and minutes among patients receiving cetirizine (P=0.86). For pruritus the
pruritus, corresponding times were 28.6+20.54 and 31.3+20.07 minutes (P=0.67).
administration of Furthermore, the mean time to first onset of resolution of urticaria and
other medications pruritus was similar between the two treatments.
There was no difference in the administration of other medications
between the two treatments. Other treatments included steroid and/or
epinephrine.
Connell et al.3* DB, PC, RCT N=184 Primary: Primary:
(1982) TARs, nasal There was no difference in the mean TARs among the four treatment
2 days congestion scores, | groups. Triprolidine/pseudoephedrine was better than triprolidine
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Triprolidine 2.5 mg | Patients >16 years hay fever symptom | (P<0.025) at 12.30 hours, 13.30 hours and 15.30 hours (borderline) on

and of age with seasonal complex score, Day 1, and at 15.30 hours on Day 2.

pseudoephedrine 60 | allergic rhinitis patient’s

mg given every 6 perception of For the end point of mean nasal congestion scores vs hour after dosing,

hours as a fixed- overall therapeutic | triprolidine/pseudoephedrine was better (P<0.025) than: (1) triprolidine at

dose combination benefit 13.30 hours and 15.30 hours on Day 2; and (2) placebo at 10.30 hours,
11.30 hours (borderline), 12.30 hours (borderline), 13.30 hours

VS Secondary: (borderline), 14.30 hours, 15.30 hours (borderline), and 16.30 hours on

Not reported Day 2.

triprolidine 2.5 mg

given every 6 hours For the end point of hay fever symptom complex score,
triprolidine/pseudoephedrine was better (P<0.025) than: (1)

VS pseudoephedrine at 12.30-14.30 hours, and 16.30 hours on Day 1, and at
13.30 hours (borderline), 15.30 and 16.30 hours on Day 2; and (2) placebo

pseudoephedrine 60 at 12.30-14.30 hours, and 15.30 hours (borderline) on Day 1, and at 08.30

mg given every 6 hours, 10.30-11.30 hours (borderline) and 12.30-16.30 hours on Day 2.

hours The mean symptom complex score was also better with
triprolidine/pseudoephedrine compared to pseudoephedrine and placebo

S (P=0.01, respectively).

placebo The patients' perception of overall therapeutic benefit was assessed at
08.30 hours on Day 2 by the question “'Did the medication help?”
For patients receiving triprolidine/pseudoephedrine, 52% said they noticed
marked improvement compared to those receiving triprolidine (22%),
pseudoephedrine (17%), or placebo (9%).
The three most frequently reported adverse events were dry nose,
drowsiness and headache.
Secondary:
Not reported

Diamond et al.*? DB, PC, RCT N=151 Primary: Primary:

(1981) NAR, symptom Treatment with triprolidine/pseudoephedrine resulted in a greater

Patients >18 years 1 day complex score, reduction in NAR compared to triprolidine at all time points after one hour

Triprolidine 2.5 mg
and
pseudoephedrine 60

of age with seasonal
allergic rhinitis

nasal congestion
score, adverse
events

(P<0.025) and a greater reduction in NAR compared to placebo at hours
six and seven (P<0.025). There was no statistical comparison with
pseudoephedrine alone for this end point. When the area under the NAR-
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mg as a fixed-dose time curves were compared, the overall response to treatment was greater

combination given Secondary: with triprolidine/pseudoephedrine than triprolidine or placebo (P<0.025).

at 10:00 AM, 1:00 Not reported

PM, and 4:00 PM (3 Reduction in the nasal congestion scores were greater with

doses) triprolidine/pseudoephedrine compared to placebo (hours six, seven and
eight; P<0.025) and triprolidine (hours six and eight; P<0.025). There was

VS no difference in nasal congestion scores between
triprolidine/pseudoephedrine and pseudoephedrine alone.

triprolidine 2.5 mg

given at 10:00 AM, For the end point of symptom complex scores, triprolidine/

1:00 PM, and 4:00 pseudoephedrine resulted in a greater reduction in symptoms compared to

PM (3 doses) pseudoephedrine alone at hours three, six, seven and eight and a greater
reduction in symptoms compared to placebo at hours three, four, six,

VS seven and eight (P<0.025, respectively). The mean symptom complex
score was also better with triprolidine/pseudoephedrine compared to

pseudoephedrine 60 pseudoephedrine and placebo (P<0.025, respectively). There was no

mg given 10:00 AM, difference in symptom complex scores between

1:00 PM, and 4:00 triprolidine/pseudoephedrine and triprolidine alone.

PM (3 doses)
Drowsiness was the most frequently reported adverse event.

Vs
Secondary:

placebo Not reported

Empey et al.*® DB, PC, XO N=40 Primary: Primary:

(1975) Symptoms (daily The mean number of days sneezing occurred was lower with

Adults with 10 weeks diary card), triprolidine/pseudoephedrine (4.05 days) compared to triprolidine (6.1

Triprolidine 2.5 mg
and

pseudoephedrine 60
mg TID for 2 weeks

VS

triprolidine 2.5 mg
TID for 2 weeks

VS

seasonal allergic
rhinitis

patient’s overall
impression of
improvement,
adverse events

Secondary:
Not reported

days), pseudoephedrine (6.53 days) and placebo (7.33 days; P<0.05 for all
comparisons). Triprolidine/pseudoephedrine was also more effective than
pseudoephedrine and placebo in reducing the severity of sneezing
(P<0.05). There was no difference in severity of sneezing between
triprolidine/pseudoephedrine and triprolidine alone.

The three active treatment groups were more effective than placebo in
reducing the number of days of rhinorrhea and eye irritation occurred, as
well as the severity of these symptoms (P<0.05 for all comparisons with
placebo). There were no significant differences noted among the three
active treatment groups.
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pseudoephedrine There was no significant difference in the number of days of nasal
TID for 2 weeks blockage, or the severity of this symptom, among the 4 treatment groups.
Vs Overall scores on the “better or worse than usual” assessment and the
patient’s choices of “best or joint best period” showed
placebo for 2 weeks triprolidine/pseudoephedrine was preferred to triprolidine alone,
pseudoephedrine alone, or placebo.
Drowsiness, dry mouth and dizziness were the most commonly reported
adverse events.
Secondary:
Not reported
Urticaria
Jolliffe et al.3* PC, XO N=24 Primary: Primary:
(1985) Symptom severity | Investigators and patients found that both brompheniramine and
Patients 18 to 62 12 weeks and degree of clemastine were more effective than placebo with regards to symptom
Brompheniramine years of age with improvement severity.
SR 12 mg BID for 4 | chronic urticaria
weeks (with or without Secondary: In those patients who expressed a positive preference for one therapy,
dermatographism) Not reported more patients preferred brompheniramine treatment to either clemastine
VS (P<0.025) or placebo treatment (P<0.005).
clemastine 1 mg Drowsiness was experienced by four patients taking brompheniramine
BID for 4 weeks compared to three patients taking clemastine.
VS Secondary:
Not reported
placebo for 4 weeks
Gale et al.*® DB, RCT, XO N=20 Primary: Primary:
(1989) Patients' and There were no significant differences between acrivastine and
Patients >16 years 48 days physician's chlorpheniramine in relieving itching, wheal, or overall discomfort in the

Chlorpheniramine 4
mg TID for 24 days

of age with chronic
idiopathic urticaria

assessment of
treatment of

patient assessment (P value not reported).
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VS chronic idiopathic | There were no significant differences between acrivastine and
urticaria chlorpheniramine in itching or wheal in the physician's assessment (P
acrivastine value not reported).
8 mg TID for 24 Secondary:
days Not reported Secondary:
Not reported
Upper Respiratory Conditions
Bye et al.*¢ DB, PC, RCT N=466 Primary: Primary:
(1980) (243 colds) Symptoms (daily The sneezing score was reduced with triprolidine/pseudoephedrine
Adults with diary card), compared to placebo on days two, three and four of the cold (P<0.01).
Triprolidine 2.5 mg | symptoms of the 8to 10 days | adverse events, Sneezing was also reduced by pseudoephedrine on days two and three
and common cold overall impression | compared to placebo (P<0.01).
pseudoephedrine 60 of improvement
mg 1 tablet TID Nasal obstruction was improved with pseudoephedrine and
Secondary: triprolidine/pseudoephedrine on day one only (P<0.01).
VS Not reported
The other specific symptoms were not significantly affected by the
triprolidine 2.5 mg 1 treatments.
tablet TID
Difficulty in sleeping was significantly higher for patients taking
S pseudoephedrine compared to placebo.
pseudoephedrine 60 Significantly more patients receiving pseudoephedrine and
mg 1 tablet TID triprolidine/pseudoephedrine reported “improvement” improved in
symptoms compared to placebo (P<0.01).
Vs
Secondary:
placebo Not reported
Tablets were taken
for as long as
needed.
Central Nervous System Adverse Effects
Seppala et al.¥’ DB, RCT, XO N=9 Primary: Primary:
(1981) Psychomotor No significant drug effects were seen on divided attention, tracking or on
Healthy men 20 to 5 weeks performance, the speed anticipation test.
Brompheniramine 25 years of age subjective
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12 mg for 3 doses assessments, sleep | The reaction times quickened during the study (P<0.01). The reactions of
estimates the subjects were slower (P<0.05 vs placebo) two hours after the first dose
VS of carbinoxamine on day one, but reactions returned to normal thereafter.
Secondary: Phenylpropanolamine improved reaction times (P<0.05) compared to
carbinoxamine Not reported placebo, carbinoxamine and brompheniramine.
12 mg for 3 doses
Clemastine and brompheniramine slightly decreased and
VS phenylpropanolamine significantly decreased (P<0.001) reaction mistakes
compared to placebo.
clemastine 1.34 mg
for 3 doses On both treatment days, phenylpropanolamine enhanced the ability to
distinguish between two discrete flashes of light. The effect was
VS significant in comparison with placebo, carbinoxamine and
brompheniramine (P<0.01).
phenyl-
propanolamine No treatment significantly affected the subjective feeling of performance.
50 mg for 3 doses On the first day of treatment, antihistamines were estimated to be a
tranquilizer more often than placebo, but only clemastine differed
S significantly from placebo (P<0.05). On day two, no active treatment
differed from placebo.
placebo
Diurnal variation in the alertness-drowsiness scale was seen during
Doses were placebo administration. Antihistamines tended to cause drowsiness.
administered at 8:30 Significant differences in drowsiness were seen with brompheniramine
AM and 9:00 PM on (six hours after dose) and clemastine (12 hours after dose) compared to
the first day, and at placebo. Drowsiness was felt only on the first day of antihistamine
8:30 AM on the treatment. Phenylpropanolamine increased alertness.
following day.
Secondary:
Not reported
Nicholson et al .38 DB, PC, RCT, XO N=6 Primary: Primary:
(1979) Visuomotor Brompheniramine IR (4 mg) impaired performance at 1.5 hours and 3.0
Healthy volunteers >4 weeks coordination and hours (P<0.05). Brompheniramine SR (12 mg) impaired performance at
Brompheniramine 4 subjective 1.5 hours (P<0.001).

mg IR as a single
dose

assessments of
performance, well-
being and sleep
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Vs Triprolidine IR (2.5 mg) had an immediate effect on performance

Secondary: (P<0.001) which persisted for 3.0 hours (P<0.01). Triprolidine SR (10 mg)
brompheniramine 12 Not reported impaired performance from 1.5 hours (P<0.001) to 5.0 hours (P<0.01).
mg SR as a single
dose Performance reached placebo level about seven hours after triprolidine

(2.5 and 10 mg), and about five hours after brompheniramine (4 and 12
VS mQ).
triprolidine 2.5 mg There were no consistent changes in the assessments of well-being, sleep
IR as a single dose and performance among any of the antihistamines compared to placebo.
VS Secondary:

Not reported
triprolidine 10 mg
SR as a single dose
Vs
placebo
Ng et al.% DB, PC, RCT, XO N=24 Primary: Primary:
(2004) P300 event-related | There was an increase in P300 latency for chlorpheniramine (P=0.04) and

Children 7 to 14 >3 weeks potential (objective | cetirizine (P=0.03) compared to baseline, but this was not demonstrated
Chlorpheniramine 4 | years of age with measure of with placebo. However, the mean percentage change in P300 latency for
mg as a single dose | allergic rhinitis sedation) and cetirizine and chlorpheniramine did not differ significantly from placebo.
sleepiness or

Vs somnolence using There was no significant increase in VAS scores for chlorpheniramine,

a VAS (subjective | cetirizine or placebo compared to baseline (P>0.05). The mean percentage
cetirizine 10 mg as a measure of change in VAS scores for cetirizine and chlorpheniramine did not differ
single dose sedation) significantly from placebo.

S Secondary: Secondary:

Not reported Not reported
placebo
Kamei et al.* DB, PC, RCT, XO N=11 Primary: Primary:

(2003) CFF, CRT, CTT, There was no significant difference in CFF or CRT among the treatment
Healthy volunteers 4 weeks RVIP, LARS, WA | groups.

Chlorpheniramine
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4 mg as a single Secondary: Chlorpheniramine significantly reduced the tracking ability in the CTT
dose Not reported compared to placebo (P<0.01).
VS There was no significant difference in RVIP among the treatment groups.
fexofenadine 120 There was no significant difference in LARS among the treatment groups.
mg as a single dose
In the WA analysis, chlorpheniramine and olopatadine caused a significant
VS reduction in behavioral activity compared to placebo (P<0.05 and P<0.01,
respectively). There was also a significant difference between
olopatadine 10 mg fexofenadine and olopatadine groups (P<0.01).
as a single dose
Secondary:
VS Not reported
placebo
Hindmarch et al.* DB, PC, XO N=21 Primary: Primary:
(1976) Car driving ability, | There was no significant difference in car driving ability (garaging a car,
Healthy volunteers 11 days personality and controlled braking ability, estimation of width at a distance, maneuvering
Clemastine 1.34 mg subjective feeling ability, reverse parking) with clemastine compared to placebo.
BID for 3 days states
There was no significant difference in the Middlesex Hospital
VS Secondary: Questionnaire between clemastine and placebo, which assessed
Not reported personality and subjective feeling states.
placebo
Secondary:
Not reported
Cohen et al.*2 DB, PC, XO Study 1 Primary: Primary:
(1987) N=12 Adaptive tracking Study 1
Healthy volunteers test, reaction time, | Alcohol alone and acrivastine alone produced no impairment in tracking
Study 1 Single dose body sway, eye performance at any time during the study. Diphenhydramine alone (50
Diphenhydramine movement tests mg) reduced tracking performance at 2.5 hours after drug administration
50 mg Study 2 (Study 1) compared to placebo. At one hour, the effects of diphenhydramine plus
N=12 alcohol were significantly different from placebo, but not from alcohol
VS Secondary: alone. At 2.5 hours, diphenhydramine plus alcohol (50 mg) caused
Single dose Not reported impairment of performance compared to all other treatment groups.
Acrivastine plus alcohol (8 mg) impaired tracking at 2.5 hours compared
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diphenhydramine 50 with placebo and single treatments, but produced significantly less

mg and alcohol 32 impairment than diphenhydramine plus alcohol (50 mg).

mL
No single treatment prolonged reaction time at any time, with the

VS exception of alcohol alone. It significantly increased reaction time
compared to placebo at one hour. At one hour, diphenhydramine plus

acrivastine 8 mg alcohol (50 mg) increased reaction time compared to placebo and all other
treatments. At 2.5 hours, diphenhydramine plus alcohol (50 mg) was

VS different from all of the single treatments (including placebo), but did not
differ from the acrivastine and alcohol (8 mg) combination. The

acrivastine 8 mg and acrivastine plus alcohol (8 mg) differed from placebo and acrivastine

alcohol 32 ml alone at one hour, but not from alcohol alone. At 2.5 hours, acrivastine
plus alcohol (8 mg) prolonged reaction time compared with placebo,

Vs alcohol and acrivastine alone.

alcohol 32 ml With regards to body sway, the main effects occurred at one hour.
Impairment after the diphenhydramine plus alcohol (50 mg) combination

S was significantly different from all single treatments (excluding
diphenhydramine alone). The acrivastine plus alcohol (8 mg) combination

placebo differed from placebo, alcohol alone and acrivastine alone.

Study 2 The eye movement analyses included smooth pursuit velocity, as well as

Acrivastine 4 mg PSV duration and reaction time. Diphenhydramine plus alcohol (50 mg)

and alcohol 32 mL impaired PSV compared with placebo and alcohol at 1 and 2.5 hour(s). At
2.5 and 7.5 hours, PSV was also decreased by diphenhydramine alone (50

S mg). No significant differences were seen after acrivastine (8 mg) or
alcohol, either alone or in combination. The duration of the saccades of

acrivastine 8 mg and 30° showed similar effects to the PSV. Diphenhydramine plus alcohol (50

alcohol 32 mL mg) was different from placebo, alcohol alone, and acrivastine alone (8
mg) at one hour and from all the other treatments at 2.5 hours. At 2.5

S hours, diphenhydramine alone (50 mg) was different from placebo. Both
acrivastine (8 mg) and alcohol alone produced no effects, but their

terfenadinet 60 mg combination increased the duration of saccade at 1 and 2.5 hour(s)

and alcohol 32 mL compared with placebo, but not with alcohol alone. Diphenhydramine
alone (50 mg) and the combination with alcohol produced prolongation in

VS the duration of saccade at 1 and 2.5 hour(s) compared with placebo. At 2.5
hours, diphenhydramine plus alcohol (50 mg) also produced significant
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terfenadinet 120 mg
and alcohol 32 mL

S
alcohol 32 mL
S

placebo

impairment compared to alcohol alone. None of the other single treatments
produced impairment compared with placebo. Acrivastine plus alcohol (8
mg) impaired reaction time at 1 and 2.5 hour(s) compared with placebo,
but not with alcohol. Smooth pursuit velocity was significantly reduced
after alcohol and acrivastine plus alcohol (8 mg) compared with placebo,
but acrivastine plus alcohol (8 mg) was not different from alcohol alone.
There were no differences between placebo and any of the other
treatments.

Study 2

At 1 hour, alcohol alone and all drug/alcohol combinations prolonged
reaction time and there were no differences between the combination
treatments and alcohol alone. At 2.5 hours, the combination treatments had
prolonged reaction time compared with placebo, but alcohol did not. There
were no differences between alcohol-containing treatments and alcohol
alone.

With regards to body sway, at 1 and 2.5 hour(s), all drug/alcohol
combinations and alcohol alone differed significantly from placebo.
However, there was no difference between any of the active treatments.

Secondary:
Not reported

Ramaekers et al.*®
(1994)

Diphenhydramine-
50 mg as a single
dose

DB, RCT, XO

Healthy female
volunteers 21 to 45
years of age

N=18

10 to 11 weeks

Primary:

Two repetitions of
the highway
driving test and
car-following test
given 1.51t0 2.75
hours (first trial)

Primary:

Highway Driving

All acrivastine doses significantly impaired driving (P<0.05) in the first
trial. Only the 24 mg dose remained significant in the second trial
(P=0.014). The combination of acrivastine (8 mg) with pseudoephedrine
(60 mg) had no significant effect on highway driving in either trial. There
was no significant effect of any terfenadine dose in either trial.

S and 3.25t0 4.50 Diphenhydramine significantly impaired driving in both trials (P=0.000
hours (second trial) | and 0.001, respectively).
acrivastine 8 mg as a post dosing
single dose The effect of diphenhydramine differed from all other treatments in both
Secondary: trials, except acrivastine 16 and 24 mg. In the first trial, the effect of 16
VS Not reported mg acrivastine differed significantly from that of all three terfenadine
doses. In the second trial, the effect of 24 mg acrivastine differed
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acrivastine 16 mg as significantly from that of terfenadine (120 and 60 mg). No other pair of

a single dose treatment effects differed significantly.

VS The difference in driving impairment was significant between placebo and
diphenhydramine in both trials (P=0.010 and P=0.020, respectively);

acrivastine 24 mg as between placebo and acrivastine (16 mg) and terfenadine (60 mg) in the

a single dose first trial (P=0.001 and P=0.031, respectively); between placebo and
acrivastine (24 mg) in the second trial (P=0.018). The combination of

VS acrivastine and pseudoephedrine had no significant effect on driving
impairment compared to placebo.

acrivastine 8 mg

and Car-Following Test

pseudoephedrine 60 The combined effect of all acrivastine doses on reaction time was

mg as a single dose significant in the first trial (P=0.046). The effects were also significant
specifically for the 16 mg dose (P=0.027) and the 24 mg dose (P=0.04)

S compared to placebo. The effect of 24 mg dose remained significant in the
second trial (P=0.025). The combination of acrivastine with

terfenadine 60 mg as pseudoephedrine had no significant effect on reaction time in either trial

a single dose compared to placebo. There was no significant effect of any terfenadine
dose (or combination of doses) in either trial. Diphenhydramine

VS significantly affected reaction time in both trials (P=0.000 and P=0.042,
respectively).

terfenadine 120 mg

as a single dose Secondary:
Not reported

Vs

terfenadine 180 mg

as a single dose

Vs

placebo

Vuurman et al.*4 DB, PG, RCT N=104 Primary: Primary:

(1996) Symptom scores, There were significant improvements in symptoms on day 1 with

Atopic subjects 16 14 days memory test, diphenhydramine and acrivastine plus pseudoephedrine compared to

to 25 years of age

learning test,

placebo (P=0.024 and P=0.029, respectively). There were no significant
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Diphenhydramine
50 mg QD

Vs
acrivastine 8 mg and
pseudoephedrine 60
mg QD administered
as a fixed-dose
combination

VS

placebo

with seasonal
allergic rhinitis
requiring
antihistamine
therapy and
matched controls
who did not require
antihistamine
therapy

examination
performance

Secondary:
Not reported

treatment effects on day two or day three. At examination, symptom
scores were not significantly different between groups.

There was no overall treatment effects regarding the number of words
during immediate recall (P=0.761); however, there was a significant
increase over time in overall performance (P<0.001). Analysis of the
scores for each day showed no significant differences between the groups
on any day. There was no overall effect of treatment found on any day, or
over all days, in mean delayed recall results; however, there was a
significant increase over time (P<0.001).

Training and examination scores increased in all groups. Atopic subjects
had significantly lower scores than the control group (P=0.043). There was
a significant performance deficiency noted after administration of
diphenhydramine in atopic subjects compared to controls (P<0.001).
Performance after acrivastine plus pseudoephedrine was significantly
better than after administration of diphenhydramine (P=0.001). The
difference between placebo and diphenhydramine was not significant
(P=0.067). Performance after acrivastine plus pseudoephedrine was not
significantly different from placebo (P=0.13) or controls (P=0.87).

Atopic subjects performed significantly worse than controls in the
performance at examination analysis (P=0.012). There was a significant
performance deficiency noted after administration of diphenhydramine in
atopic subjects compared to controls (P<0.001). The mean performance
after acrivastine plus pseudoephedrine was significantly better than after
administration of diphenhydramine (P=0.001). Performance after
acrivastine plus pseudoephedrine was not significantly different from the
control group (P=0.73).

Secondary:
Not reported

Simons et al.*
(1996)

DB, PC, RCT, XO

Healthy men 18 to
40 years of age

N=15

>7 weeks

Primary:

Cognitive function
assessed using the
P300-event-related

Primary:

The percent change in the P300 latency from baseline from least to
greatest was: terfenadine, placebo, cetirizine, ketotifen, loratadine,
astemizole and diphenhydramine. Diphenhydramine increased the P300
latency significantly compared with baseline and with placebo.
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Diphenhydramine potential, and
50 mg as a single subjective The mean change in the visual analogue scale for somnolence from least
dose assessment of to greatest was: placebo, astemizole, terfenadine, loratadine, cetirizine,
somnolence using ketotifen and diphenhydramine. Somnolence was significantly greater than
Vs a VAS baseline after astemizole, terfenadine and loratadine. It was also
significantly greater than baseline and placebo after cetirizine, ketotifen
astemizole 10 mg as Secondary: and diphenhydramine.
a single dose Not reported
The effect of terfenadine, cetirizine, ketotifen, loratadine, and astemizole
VS on the P300 latency and the visual analogue scale did not differ
significantly from that of diphenhydramine.
cetirizine 10 mg as a
single dose Secondary:
Not reported
Vs
ketotifen 2 mg as a
single dose
S
loratadine 10 mg as
a single dose
S
terfenadinet 60mg
as a single dose
Vs
placebo
Schweitzer et al.* DB, RCT, XO N=12 Primary: Primary:
(1994) MSLT, SALT, MSLT
Healthy atopic >28 days VAS sleepiness Mean sleep latencies were 7.5, 5.5, and 7.8 minutes on day one for

adults

ratings, global
sleepiness and

cetirizine, diphenhydramine, and placebo, respectively, and 8.0, 8.3, and
8.3 minutes on day three.
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Diphenhydramine
50 mg TID for 3
consecutive days
&

cetirizine 10 mg for
3 consecutive days

QD

VS

placebo

performance
ratings

Secondary:
Not reported

On day one, diphenhydramine produced significant sedation at 1:00 PM
and 5:00 PM relative to placebo (P<0.05) and at 11:00 AM (P=0.056) and
1:00 PM (P<0.05) compared with cetirizine. There were no differences
between placebo and cetirizine on treatment day 1 and no differences
among the three conditions on treatment day three.

There was a significant decrease in physiologic sleepiness with
diphenhydramine on day three compared with day one (P<0.05). During
both treatment days, physiologic sleepiness was maximal at 11:00 AM and
generally decreased as the day progressed for all conditions.

SALT

On day 1, subjects made fewer correct responses with diphenhydramine
(83.1%) than with cetirizine (87.8%) or placebo (88.9%; P<0.05 for both).
On day 3, correct response rate was equivalent among the three treatment
groups.

Performance improved on day three (compared with day one) in the
diphenhydramine group (P<0.05), whereas performance remained stable
on day three in the other two treatment groups. Performance was most
impaired on day one during the two morning test periods after
diphenhydramine administration and was impaired to a lesser extent in the
afternoon after the second diphenhydramine dose.

On treatment day one, subjects responded twice as quickly to assembly
line malfunctions in the cetirizine and placebo groups (1.3 seconds and 1.2
seconds, respectively) compared with diphenhydramine (2.6 seconds,
P<0.05 for both). Response time with diphenhydramine improved on day
3 (1.7 seconds, P<0.05 compared with day one).

VAS Sleepiness Ratings

Subjects rated themselves as 20% sleepier with diphenhydramine
compared with placebo (P<0.05) and 14% sleepier compared with
cetirizine (P=0.08). Subjective ratings of sleepiness did not differ between
cetirizine and placebo.
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Subjects rated themselves as slightly more alert on day three compared
with day one. Subjects judged that they were sleepiest at 11:00 AM and
3:00 PM. On day one, diphenhydramine produced significantly more
subjective sleepiness than placebo at 11:00 AM, 1:00 PM, 3:00 PM, and
5:00 PM (P<0.05).

Global Sleepiness and Performance Ratings

Subjects rated themselves as being more sleepy at the end of
diphenhydramine treatment on day one compared with cetirizine and
placebo (P<0.05 for both), which did not differ from each other. On
treatment day three, there were no significant differences among the three
groups.

Subjects rated themselves as being significantly more alert at the end of
day three in the diphenhydramine condition compared with treatment day
one (P<0.001), whereas alertness ratings were similar on both treatment
days for cetirizine and placebo.

Performance was poorer on day one with diphenhydramine compared with
cetirizine (P<0.01) and placebo (P=0.083), which did not differ from each
other. Performance ratings improved on day 3 with diphenhydramine
compared to day one (P<0.01). Performance ratings during the cetirizine
and placebo conditions were similar on both treatment days. There were
no significant differences among the three groups on day three.

Secondary:
Not reported

Simons et al.*
(1999)

Diphenhydramine
50 mg as a single
dose

VS

DB, PC, RCT, XO

Healthy subjects
>65 years of age

N=15

>5 weeks

Primary:
Cognitive function
assessed using the
P300-event-related
potential, and
subjective
assessment of
somnolence using
a VAS

Primary:

The change in the P300 latency from baseline from least to greatest was:
cetirizine, placebo, loratadine, diphenhydramine, and chlorpheniramine.
However, there were no significant differences in the in P300 latency
measurements at 2 to 2.5 hours after dosing compared to predose values
(P>0.05).

The change in VAS for somnolence from least to greatest was: placebo,
loratadine, cetirizine, chlorpheniramine, and diphenhydramine. There were
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chlorpheniramine 8 Secondary: no significant differences in the subjective assessment of somnolence 2 to

mg as a single dose Not reported 2.5 hours after dosing compared to predose values (P>0.05).

VS Secondary:
Not reported

cetirizine 10 mg as a

single dose

Vs

loratadine 10 mg as

a single dose

Vs

placebo

Vuurman et al.*® AC, DB, PC, RCT, N=18 Primary: Primary:

(2004) X0 Driving In the highway driving test, significantly more weaving behavior occurred

>3 weeks performance following treatment with diphenhydramine (P<0.001 vs desloratadine or

Diphenhydramine Healthy volunteers (SDLP) and placebo). The mean SDLP was comparable following treatment with

50 mg as a single psychomotor desloratadine or placebo. Subjects maintained a more constant speed with

dose performance desloratadine than with diphenhydramine treatment (P=0.045); there was
no significant difference between desloratadine and placebo.

VS Secondary:

Not reported In the car-following test, mean brake reaction time was significantly

desloratadine 5 mg shorter with desloratadine than with placebo (P=0.033) or

as a single dose diphenhydramine (P=0.001). No significant difference was observed
between the diphenhydramine and placebo groups. No significant

S differences were observed among the groups with regard to headway
variability.

placebo
Subjects treated with diphenhydramine demonstrated a significantly
greater increase in sleepiness score from baseline compared with
desloratadine (P<0.001) or placebo (P<0.001). No difference was
observed between the desloratadine and placebo groups.
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Mean tracking error significantly increased from baseline following
treatment with diphenhydramine compared with desloratadine and placebo
(P=0.002 and P=0.001, respectively). Diphenhydramine significantly
increased mean reaction time compared with desloratadine (P=0.014).
There was no significant difference between desloratadine and placebo for
either of these parameters.

Secondary:
Not reported

Wilken et al.#®
(2003)

Diphenhydramine
50 mg as a single
dose

VS

desloratadine 5 mg
as a single dose

VS

placebo

DB, PC, PG, RCT

Healthy adults 18 to
60 years of age with
ragweed induced
allergic rhinitis

N=248

1 week

Primary:
Vigilance and
cognitive
performance
battery; symptom
evaluation

Secondary:
Not reported

Primary:

Subjects taking diphenhydramine performed significantly worse on all
parameters of vigilance compared with subjects taking either desloratadine
or placebo.

Subjects taking diphenhydramine performed significantly worse on
measures across other cognitive domains (working memory, psychomotor
speed, reasoning/computation, divided attention) compared with subjects
taking either desloratadine or placebo. There were no statistically
significant differences between subjects taking placebo and those taking
desloratadine on any of the measures of cognitive functioning.

Subjects taking diphenhydramine reported significantly worse functioning
on the performance battery (P<0.001) compared with subjects taking
desloratadine or placebo. Subjects in the diphenhydramine group reported
a significantly greater degree of sedation (P<0.001) following the
completion of the Stanford Sleepiness Scale test battery than subjects
taking either desloratadine or placebo. Subjects taking diphenhydramine
reported being significantly drowsier, more lethargic, and less clear-
headed, quick-witted, attentive, coordinated, and proficient than subjects
taking desloratadine or placebo. Subjects in the desloratadine group
reported being significantly more clear-headed (P=0.05) and less drowsy
(P=0.046) than those in the placebo group.

Desloratadine and diphenhydramine treatment led to significant reductions
in TTSs (P<0.001 and P<0.04, respectively) and TNSSs (P<0.001 and
P<0.046, respectively) compared to placebo. There was a significant
improvement in nonnasal symptoms for subjects taking diphenhydramine
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(P<0.001) compared with subjects taking placebo; however, this finding
was not significant for desloratadine. Self-reported global therapeutic
response was significantly better in subjects taking either desloratadine
(P=0.03) or diphenhydramine (P<0.001) compared with placebo.

Secondary:
Not reported

Mansfield et al.>°
(2003)

Diphenhydramine
50 mg as a single
dose

VS

fexofenadine 180
mg as a single dose

'S

placebo

DB, PC, RCT, XO

Healthy volunteers

N=44

<40 days

Primary:
Cognitive
performance using
the Test of
Variables of
Attention

Secondary:
Not reported

Primary:

Mean response time was significantly longer with diphenhydramine than
with placebo (P=0.0230). There was no significant difference between
fexofenadine and placebo (P=0.5264), nor was there a significant
difference between fexofenadine and diphenhydramine (P=0.1258).

There was a significant difference in the average omission error values
between diphenhydramine and placebo (P=0.0398). Fexofenadine and
placebo were not statistically different (P=0.6389) nor was fexofenadine
and diphenhydramine (P=0.1028).

The frequency of commission errors was not significantly different for
diphenhydramine or fexofenadine compared to placebo (P=0.4975 and
P=0.1483, respectively). However, diphenhydramine was associated with
significantly more commission errors than fexofenadine (P=0.0354).

Diphenhydramine was associated with significantly more drowsiness than
placebo (P=0.0004). Fexofenadine was not statistically different from
placebo for drowsiness scores (P=0.0810). There was no significant
difference in drowsiness with diphenhydramine compared to fexofenadine
(P=0.0742).

Secondary:
Not reported

Weiler et al.>!
(2000)

Diphenhydramine
50 mg as a single
dose

DB, RCT, XO

Licensed drivers
with seasonal
allergic rhinitis

N=41

4 weeks

Primary:

Driving
performance (using
the lowa Driving
Simulator) and

Primary:

Phase 1

After taking diphenhydramine, participants performed car-following with
significantly less coherence than after taking alcohol, fexofenadine, or
placebo (95% CI excludes zero).
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VS

fexofenadine 60 mg
as a single dose

&

alcohol (~0.1%
blood alcohol
concentration)

VS

placebo

self-reported
drowsiness

Secondary:
Not reported

Significant differences in minimum following distance were observed
among the four treatments. When participants performed car-following
after consuming alcohol, they had significantly smaller minimum
following distances than they did after taking fexofenadine or placebo.
There was no significant difference in car-following after taking
diphenhydramine and alcohol.

After participants took fexofenadine, they had significantly less steering
instability than after taking diphenhydramine or alcohol, but not placebo.
After participants took placebo, they had significantly less steering
instability than after consuming alcohol or diphenhydramine.

Phase 2
After completing phase 1, participants drove the remaining 30 miles of the
course "as you normally would drive."

After participants took fexofenadine, they had significantly less steering
instability than after taking diphenhydramine or alcohol, but not placebo.
After participants took placebo, they had significantly less steering
instability than after consuming alcohol or diphenhydramine. After
participants consumed alcohol, they had the same or less steering
instability than after taking diphenhydramine.

No significant differences for lane excursions to the right were noted
among the four treatments. Significant differences were noted the four
treatments for excursions to the left. After participants took
diphenhydramine, they crossed the center line significantly more often
than after taking fexofenadine or placebo. After participants took alcohol,
they crossed the center line significantly more often than after taking
fexofenadine and placebos. Fexofenadine and placebo did not differ
significantly.

There were no significant differences among the treatment groups on
response time to a blocking vehicle. However, after consuming alcohol,
participants responded more slowly to the event than after they took
fexofenadine. Responses to the blocking vehicle were categorized as clear
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avoidance, potentially unsafe avoidance, or collision. The overall
differences were not significant.

Drowsiness scores on the second visual analogue scale (given 1 hour after
treatment administration) were not significantly different among the
treatment groups. At the time of the third visual analogue scale (just before
the drive), participants were significantly more drowsy after taking
diphenhydramine and least drowsy after taking fexofenadine or placebo.
The differences between diphenhydramine and fexofenadine or placebo
were significant. After the drive, participants were most drowsy with
diphenhydramine and least drowsy with placebo. The difference between
fexofenadine and placebo was not significant. Participants reported
significantly higher levels of drowsiness with diphenhydramine than with
fexofenadine and placebo.

Secondary:
Not reported

Gandon et al.52
(2002)

Diphenhydramine
50 mg QD for 5
consecutive days
Vs

levocetirizine 5 mg
QD for 5
consecutive days

'S

placebo

X0

Healthy volunteers

N=19

>1 month

Primary:
CFF

Secondary:

CRT, body sway,
LMT, and
subjective
assessments of
alertness

Primary:

The mean CFF values for levocetirizine and placebo were not significantly
different from each other globally across all time points (P=0.292) or at
any specific time point. Mean CFF values after diphenhydramine
administration was significantly different than placebo across all time
points (P=0.019) and at one, two and three hours after dosing (P<0.04).

Secondary:
Mean CRT scores were comparable over time for the three treatments,
with no significant differences for groups on day five.

With regards to body sway, results on distance and surface displacement
from the center of gravity (measured with eyes open or closed) were
similar for levocetirizine and placebo. An increase in total displacement
distance was demonstrated up to three hours after dosing with
diphenhydramine on day one (eyes closed: 16.35 cm (95% Cl, 5.61 to
27.10).
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Scores of alertness increased after levocetirizine and placebo. A decrease
in alertness was observed after diphenhydramine administration on day
one compared with placebo.
There was a similar evolution of contentedness in all three treatments on
days one and five. There was no consistent decrease in calmness observed
with any treatment. There was no significant difference in LMT among the
three treatment groups.
Verster et al.5 DB, PC, RCT, XO N=48 Primary: Primary:
(2003) Memory, On the word learning test, learning was not significantly impaired after
Healthy volunteers >3 weeks psychomotor administration of either levocetirizine or diphenhydramine compared to

Diphenhydramine
50 mg as a single
dose on 4
consecutive days

Vs
levocetirizine 5 mg
as a single dose on 4
consecutive days

VS

placebo

performance, mood

Secondary:
Not reported

placebo on day one or day four.

On the Sternberg Memory Scanning Test, there were no significant
differences in reaction time or percentage of errors made during test
performance between the treatments and placebo on day one. On day four,
there were no significant differences on memory-scanning parameters
between the treatments and placebo.

On the tracking test, tracking ability after administration of
diphenhydramine was significantly impaired in both the easy and hard
versions of the test on day one (P<0.0001 for both). Tracking ability after
administration of levocetirizine was not significantly impaired compared
to placebo. On day four, there were no significant differences between the
treatments and placebo.

On the divided attention test, tracking ability after administration of
diphenhydramine was significantly different from that after placebo on
day one (P<0.0001). Tracking ability after administration of levocetirizine
was not significantly different from that after placebo. Compared to
placebo, reaction times after administration of diphenhydramine were
significantly increased (P<0.0001). Reaction times with levocetirizine did
not change. On day four, there were no significant differences between
treatments and placebo on divided attention test parameters.

After administration of diphenhydramine, scores on the ARCI-49
guestionnaire indicated significantly increased sedation on days one and
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four. Euphoria, intellectual efficacy and energy were significantly
decreased with diphenhydramine. The effects of levocetirizine on all
ARCI-49 scales were not significantly different from the effects of
placebo.

Secondary:
Not reported

Verster et al.>*
(2003)

Diphenhydramine
50 mg as a single
dose on 4
consecutive days

Vs

levocetirizine 5 mg
as a single dose on 4
consecutive days

VS

placebo

DB, PC, RCT, XO

Healthy volunteers

N=48

>3 weeks

Primary:
Driving
performance
(SDLP) and
subjective
assessments

Secondary:
Not reported

Primary:

When assessing the acute effects of treatment, the majority of individual
SDLPs after levocetirizine were similar to placebo (P=not significant).
Only 16.7% of subjects drove worse than the acceptance limit. For those
receiving diphenhydramine, 43.8% drove worse than the legal limit (for
driving in The Netherlands; P<0.0001). The SDLP of diphenhydramine
differed significantly from placebo (P<0.0001). No significant effects
were found for the other parameters of the driving test.

When assessing the sub-chronic effects of treatment, the majority of
individual SDLPs after levocetirizine were similar to placebo (P=not
significant). Only 16.7% of subjects drove worse than the acceptance
limit. For those receiving diphenhydramine, 31.1% of subjects drove
worse than the legal limit (for driving in The Netherlands; P<0.001). The
SDLP of diphenhydramine differed significantly from placebo
(P<0.0003). No significant effects were found for the other parameters of
the driving test.

In the subjective assessment (acute treatment), diphenhydramine
significantly reduced driving quality (P<0.0001), increased mental effort
during driving (P<0.0001), and reduced alertness (P<0.0001). There were
no significant differences found between levocetirizine and placebo.

In the subjective assessment (sub-chronic treatment), driving quality and
mental effort during driving did not differ significantly between the
treatments. Alertness was significantly reduced after diphenhydramine
compared to placebo (P<0.005). The level of alertness did not differ
between levocetirizine and placebo.

Secondary:
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Not reported
Bender et al.%® DB, PC, PG, RCT N=63 Primary: Primary:
(2001) Total Verbal In the Verbal Instruction Score, no significant treatment-group differences
Children 8 to 10 15 days Instruction Score, were found. Errors decreased significantly with age (P<0.0001) and over

Diphenhydramine
25 mg twice daily (6
hours apart) on 3
different school days

Vs
loratadine 10 mg

QD on 3 different
days

years of age with
allergic rhinitis
requiring an
antihistamine

(4 laboratory
school days)

Total Reading
Recall Score, Total
Average Reaction
Time, and
Somnolence Scale
using a computer-
administered
neuropsychologic
test battery
(administered on
four school days)

time (P<0.0001) as familiarity with materials and testing situations
increased.

In the Reading Test Score, no significant treatment-group differences were
found. Both age and baseline reading ability were significant covariates
(P<0.0001), and errors decreased markedly over time (P<0.0001).

For Average Reaction Time, no treatment-group differences were found
for reaction time or performance scores on any of the four visits. Average
reaction time to computer tasks decreased over all four visits (P<0.0001).

S For Somnolence Scale ratings, there was no significant differences
Secondary: between treatment groups (P=0.17).
placebo Not reported
Secondary:
Not reported
Kay et al.> DB, RCT N=98 Primary: Primary:
(1997) Cognitive and Day 1
Healthy volunteers 5 days psychomotor test Subjects receiving diphenhydramine performed poorly compared with

Diphenhydramine
50 mg for 1 dose on
day 1, then 25 mg

QID
VS

loratadine 10 mg

QD
VS

placebo

performance on
day one, day three,
and day five, as
well as self-
reported measures

Secondary:
Not reported

subjects receiving loratadine or placebo on measures of divided attention,
working memory, and vigilance. Compared to placebo, loratadine did not
adversely affect performance on any of these measures.

Subjects receiving diphenhydramine demonstrated poorer performance on
a measure of tracking accuracy under divided attention conditions (Cog
Screen Dual Task Test) compared with subjects taking loratadine or
placebo. Subjects taking loratadine outperformed subjects taking placebo
(P=0.02).

Subjects taking diphenhydramine were less efficient in their performance
on the Complex Cognitive Assessment Battery Mark Numbers Test than
subjects taking loratadine (P=0.002).
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Subjects taking diphenhydramine obtained lower accuracy scores on the
ANAM Running Memory Test compared with subjects taking loratadine
(P=0.008). ANAM Math throughput scores were also lower for subjects
taking diphenhydramine (P<0.001).

The CogScreen Shifting Attention Test-Instruction Condition throughput
score was higher for subjects who received loratadine (P<0.05) than for
subjects taking diphenhydramine.

On the Kay Continuous Performance Test, subjects taking
diphenhydramine were more likely to make errors of commission and
errors of omission (P=0.05 and P=0.002, respectively).

Ratings of sleepiness on the Stanford Sleepiness Scale were higher after
diphenhydramine than after administration of loratadine (P=0.02).
Subjects receiving diphenhydramine reported higher levels of fatigue than
subjects receiving loratadine (P<0.001). Subjects receiving
diphenhydramine also had lower levels of motivation (P<0.001) and rated
the quality of their test performance as lower (P<0.001), compared with
subjects receiving loratadine.

Days three and five

There were no differences among the treatment groups for the cognitive
and psychomotor tests performed on days three and five. However,
subjects who received diphenhydramine performed less well than subjects
who received placebo on days three and five on a test of tracking errors.
There were no differences between loratadine and placebo on the
cognitive and psychomotor tests on day five.

Subjects who received diphenhydramine reported greater fatigue
(P=0.001) and rated the quality of their test performance as lower
(P=0.007) compared with subjects who received loratadine. Subjects in the
diphenhydramine group also reported lower motivation than subjects
taking loratadine (P=0.001). Loratadine did not differ significantly from
placebo with respect to level of motivation, mood, or self appraised quality
of performance on day five.
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Not reported
Vuurman et al.%’ RCT N=52 Primary: Primary:
(1993) Factual knowledge | For factual knowledge scores, atopic children were significantly less
Children 10 to 12 14 days scores, conceptual | knowledgeable than children in the control group (P<0.01). Paired
Diphenhydramine years of age with knowledge scores, | comparisons of the atopic group with controls showed a significant effect
25 mg BID (4 hours | seasonal allergic composite learning | of diphenhydramine (P=0.012).
apart) for 2 weeks rhinitis requiring scores
antihistamine For conceptual knowledge scores, atopic children were significantly less
VS therapy and Secondary: knowledgeable than children in the control group (P=0.001). Paired
matched controls Not reported comparisons of the atopic group with controls showed a significant effect
loratadine 10 mg who did not require of diphenhydramine (P=0.001).
QD for 2 weeks antihistamine
therapy Geometric mean survival years (knowledge application scores) were
VS significantly lower in children receiving antihistamines compared to the
control group (P<0.02).
placebo
The composite learning scores were significantly lower in atopic children
compared to the control group (P<0.003). Composite learning scores were
also lower in atopic children receiving placebo or diphenhydramine
compared to the control group (P=0.007 and P=0.002, respectively).
Secondary:
Not reported
Roth et al 58 DB, RCT, XO N=16 Primary: Primary:
(1987) Measures of The nocturnal polysomnogram did not detect any difference among the
Healthy adults 19 to 28 days performance and treatments on any parameter evaluated, including total sleep time, latency

Diphenhydramine
50 mg TID for 2
days

Vs

loratadine 10 mg
QD for 2 days

VS

35 years of age

daytime sleepiness

Secondary:
Not reported

to sleep, number and duration of awakenings after sleep onset, and
percentages of various sleep stages.

There was a significant reduction (increased sleepiness) in mean latency to
sleep (P<0.01) with diphenhydramine compared to placebo (P<.01) and
both loratadine doses (P<0.01 and P<0.02). The low loratadine dose did
not differ from the placebo dose or from the large loratadine dose.
Although the high loratadine dose did not differ from the low loratadine
dose, it did differ from the placebo dose (P<0.04).
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Subjects rated themselves as being sleepier with diphenhydramine.
loratadine 40 mg
QD for 2 days The vigilance and reaction time tasks demonstrated no effect of
treatments. On the performance battery at 9:30 A.M., diphenhydramine
VS produced decrements in digit symbol substitution (P<0.05), whereas both
loratadine doses had no effects. The afternoon performance battery (1:30
placebo P.M.) demonstrated no effects of the treatments.
Secondary:
Not reported
Witek et al.>® DB, PC, RCT, XO Study1 Primary: Primary:
(1995) N=18 Subjective Study 1
Healthy volunteers assessments and In the subjective assessments, diphenhydramine-induced sleepiness was
Studyl 18 to 45 years of >1 week psychomotor significantly greater than that reported after terfenadine or placebo
Diphenhydramine age performance (P<0.05). There was no difference in sleepiness between terfenadine and
50 mg as a single Study 2 placebo. In the VAS analysis, subjects receiving diphenhydramine
dose N=20 Secondary: reported significantly higher levels of sleepiness at three and five hours
Not reported after taking the dose than after taking terfenadine or placebo (P<0.05). No
S >1 week significant differences were noted between terfenadine and placebo.
Significant reductions in alertness were reported with diphenhydramine
terfenadinet 60 mg compared to terfenadine or placebo at three hours after dosing (P<0.05).
as a single dose The difference between diphenhydramine and terfenadine was still evident
five hours after dosing (P<0.05).
Vs
CRT significantly increased one and three hours after diphenhydramine
placebo compared with terfenadine. Diphenhydramine produced significant
increases in reaction time relative to placebo three hours after drug. No
Study 2 significant differences between terfenadine and placebo were found. There
Diphenhydramine were significant impairments with diphenhydramine in tracking ability
25 mg as a single compared to terfenadine or placebo at one and three hours.
dose
Study 2
VS In the subjective assessments, all antihistamine treatments resulted in
significantly higher scores on the Stanford Sleepiness Scale three hours
diphenhydramine 50 after dosing than those reported after placebo (P<0.05). Sleepiness scores
mg as a single dose were significantly higher with diphenhydramine 50 mg than
diphenhydramine 25 mg three hours after dosing and significantly higher
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VS

chlorpheniramine 4
mg as a single dose

VS

placebo

than chlorpheniramine five hours after dosing. In the VAS analysis, all
three antihistamines produced significantly higher sleepiness compared to
placebo three hours after drug administration (P<0.05). Significant
reductions in alertness were reported with diphenhydramine 50 mg. There
were no significant differences among treatments in jitteriness self-
assessments.

All three antihistamines impaired reaction relative to placebo one and
three hours after dosing (P<0.05). Chlorpheniramine resulted in prolonged
reaction time seven hours after dosing, which was significantly greater
than the response following diphenhydramine 25 mg.

Tracking was significantly impaired with diphenhydramine (25 and 50
mg) compared to placebo one hour after dosing. At three hours after
dosing, diphenhydramine 25 mg significantly impaired tracking relative to
placebo and chlorpheniramine.

Secondary:
Not reported

Cohen et al.%0
(1985)

Triprolidine 2.5 mg
as a single dose

VS

triprolidine 5 mg as
a single dose

'S

acrivastine 4 mg as a
single dose

VS

DB, PC, XO

Healthy volunteers

N=12

1 days

Primary:
10-minute tracking
test score, reaction
time, subjective
effects using a
VAS

Secondary:
Not reported

Primary:

Triprolidine (2.5 and 5 mg) decreased the time tracking score at 1.5 hours
after drug dosing compared with placebo and all the acrivastine
treatments. The mean tracking score continued to be impaired three hours
after triprolidine (5 mg). None of the acrivastine treatments caused any
significant impairment compared to placebo.

Reaction time was increased at 1.5 hours after triprolidine (2.5 and 5 mg)
compared with placebo, and at three hours (triprolidine 5 mg). None of the
treatments were different from placebo 5 hours after drug dosing. None of
the acrivastine treatments caused a significant change in reaction time
compared with placebo at any time during the study.

Triprolidine (2.5 and 5 mg) made subjects feel drowsy, clumsy, lethargic,
mentally slow, dreamy, and bored at 1.5 hours after drug dosing compared
to placebo. Triprolidine (5 mg) also made them feel muzzier and more
incompetent. No effects were noted after any of the acrivastine doses.
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acrivastine 8 mg as a

Effects were seen 3 hours after triprolidine (5 mg) as the subjects felt

single dose clumsy, lethargic, and mentally slow.
S Secondary:
Not reported
acrivastine 16 mg as
a single dose
Vs
placebo

TAgent not available in the United States.
Drug regimen abbreviations: BID=twice daily, ER=extended-release, IR=immediate-release, QD=once daily, QID=four times daily, SR=sustained-release, TID=three times daily

Study design abbreviations: AC=active control, DB=double-blind, MC=multicenter, OL=open-label, PC=placebo-controlled, PG=parallel-group, RCT=randomized-controlled trial, XO=cross-over
Miscellaneous abbreviations: ANAM=Automated Neuropsychological Assessment Metrics, ARCI=Addiction Research Center Inventory, CFF=critical flicker fusion, Cl=confidence interval, CRT=choice
reaction time, CTT=compensatory tracking test, LARS=line analogue rating scale, LMT=learning memory test, MSLT=multiple sleep latency test, NAR=nasal airway resistance, PSV=peak saccade
velocity, RVIP=rapid visual information processing, SALT=simulated assembly line task, SDLP=standard deviation of lateral position, TAR=total airflow rates, TNSS=total nasal symptom scores,

TSS=total symptom scores, VAS=visual rating scale, WA=wrist actigraphy
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Additional Evidence

Dose Simplification
A search of Medline and PubMed did not reveal data pertinent to this topic.

Stable Therapy
A search of Medline and PubMed did not reveal data pertinent to this topic.

Impact on Physician Visits
A search of Medline and PubMed did not reveal data pertinent to this topic.

Cost

A "relative cost index" is provided below as a comparison of the average cost per prescription for medications
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims
history and the average cost per prescription as paid at the retail pharmacy level. For brand or generic products
with little or no recent utilization data, the average cost per prescription is calculated by using the Alabama
Medicaid average acquisition cost (AAC) and the standard daily dosing per product labeling. Please note that the
relative cost index does not factor in additional cost offsets available to the Alabama Medicaid program via
pharmaceutical manufacturer rebating.

The relative cost index scale for this class is as follows:

Relative Cost Index Scale
$ $0-$30 per Rx
$$ $31-$50 per Rx
$33$ $51-$100 per Rx
$$$$ $101-$200 per Rx
$$5$$ Over $200 per Rx

Rx=prescription

Table 9. Relative Cost of the First Generation Antihistamines

. . Brand Generic
Generic Name(s) Formulation(s) Example Brand Name(s) Cost Cost
Ethanolamine Derivatives
Carbinoxamine extended-release Karbinal ER®, Ryvent® $ $
suspension, solution*,
tablet*
Clemastine syrup, tablet N/A N/A $
Diphenhydramine elixir, injection N/A N/A $3$
Propylamine Derivatives
Dexchlorpheniramine | syrup Ryclora® $ N/A
Phenylephrine and drops N/A N/A $
chlorpheniramine

*Generic is available in at least one dosage form or strength.

N/A=Not available

Conclusions

The first generation antihistamines are approved for the treatment of allergic and non-allergic conditions;

however, they are primarily used for the management of allergic rhinitis, urticaria, and angioedema. They are
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available as single entity agents, as well as in combination with oral decongestants. Many of the products are
available in a generic formulation.

There are several organizations that provide recommendations on the use of first generation antihistamines. There
are a variety of effective treatment options for allergic rhinitis, including Hi-antihistamines. The second
generation antihistamines are preferred over first generation agents because they have a lower tendency to cause
sedation, anticholinergic effects, and performance impairment.21® Due to their pharmacokinetic properties
(prolonged half-life and active metabolites), the central nervous system effects cannot be eliminated by
administering these agents at bedtime.! For the treatment of urticaria, antihistamines are the cornerstone of
therapy. Second generation antihistamines are generally preferred; however, first generation agents can also be
effective and well-tolerated by patients. The addition of a sedating first generation antihistamine to a second
generation antihistamine may help patients sleep better.? For the treatment of atopic dermatitis, topical
corticosteroids are the standard of care.>® Antihistamines may help relieve pruritic symptoms, especially in those
with concomitant urticaria or allergic rhinitis.® First generation antihistamines may also be useful in patients with
sleep disturbances due to pruritus.>’ For the management of allergic/atopic conjunctivitis, topical antihistamines
are an effective treatment option; however, oral antihistamines may also be considered.” Antihistamines are not
recommended for the treatment of acute sinusitis. They may have a role in the management of chronic sinusitis if
allergic rhinitis is an underlying risk factor.®1>1® The available guidelines do not give preference to one particular
first generation antihistamine over another.-2414

There are very few studies that directly compare the first generation antihistamines. Clemastine and
chlorpheniramine were found to be equally effective for the treatment of allergic rhinitis.?>2* The first generation
antihistamines have also been shown to be as effective as second generation antihistamines in multiple
studies.820-28.3035 The fixed-dose combination of triprolidine-pseudoephedrine was shown to be more effective
than monotherapy with triprolidine or pseudoephedrine.®-3* However, there were no studies found in the medical
literature that directly compared the efficacy of the fixed-dose combination product to the coadministration of
each component as separate formulations. Several clinical trials have evaluated the central nervous system effects
of antihistamines. The first generation antihistamines have been shown to adversely affect cognitive and
psychomotor functions, as well as impair driving performance,37-¢°

Oral decongestants (pseudoephedrine and phenylephrine) help to relieve nasal congestion and are available in
combination with some first generation antihistamines. Pseudoephedrine has been used to make
methamphetamine and there are restrictions on the sale of this product in the United States. Many over-the-
counter products now contain phenylephrine; however, phenylephrine appears to be less effective than
pseudoephedrine as it is extensively metabolized in the gut.

There is insufficient evidence to support that one brand first generation antihistamine is safer or more efficacious
than another within its given indication. Formulations without a generic alternative should be managed through
the medical justification portion of the prior authorization process.

Therefore, all brand products within the class reviewed are comparable to each other and to the generic products
in the class (if applicable) and offer no significant clinical advantage over other alternatives in general use.

Recommendations
No brand first generation antihistamine is recommended for preferred status. Alabama Medicaid should accept

cost proposals from manufacturers to determine the most cost effective products and possibly designate one or
more preferred brands.
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Overview

The estrogens are approved for the treatment of vasomotor symptoms associated with menopause, vulvar and
vaginal atrophy, abnormal uterine bleeding, hypoestrogenism, prevention of postmenopausal osteoporosis, as well
as for the palliative treatment of prostate and breast cancer.! The menopausal transition period is associated with
irregular or heavy bleeding, hot flashes, sleep disturbance, vaginal dryness, sexual dysfunction, incontinence,
urinary tract infections, depression, and other clinical manifestations. For most women, these symptoms are
usually mild and of short duration. The use of hormone therapy helps to alleviate these symptoms. Estrogen can
be used alone in women who have had a hysterectomy; however, a progestin should be added to the regimen for
women with an intact uterus as it reduces the risk of endometrial cancer.**

For over 20 years, studies have examined the role of hormone therapy in the prevention of chronic diseases.’
Observational studies suggested that there was a lower risk of cardiovascular disease, colorectal cancer, and
osteoporotic fractures with the use of hormone therapy.'® The Women’s Health Initiative (WHI) studies were
designed to further assess the effects of hormone therapy on these end points. Women with an intact uterus were
enrolled in the estrogen-plus-progestin therapy (EPT) trial, whereas women without a uterus were enrolled in the
estrogen-alone therapy (ET) study. The EPT substudy was stopped early due to an increased risk for
cardiovascular events, stroke, pulmonary emboli, venous thromboembolic events, and invasive breast cancer.®
The ET substudy was also stopped early due to an increased risk of stroke and no benefit with regards to
cardiovascular disease.?’ Two additional long-term trials (HERS and HERS I1) also failed to show a benefit with
hormone therapy for the primary or secondary prevention of cardiovascular disease.?* The Food and Drug
Administration requested that the manufacturers of estrogen products revise their product labeling to include
updated safety information from the WHI studies.?® Many organizations recommend the use of hormone
therapy only for the short-term treatment of menopausal symptoms. The long-term use of hormone therapy is no
longer recommended for the prevention of chronic diseases.” 317

The estrogens are available in a variety of dosage forms, including injectable, oral, topical, transdermal, and
vaginal preparations. Oral estrogens have a greater effect on the liver than topical formulations due to first-pass
metabolism following gastrointestinal absorption. Oral estrogens may increase the production of cholesterol
(triglycerides and high density lipoprotein cholesterol) and clotting factors, which is only minimally affected by
topical, transdermal, and vaginal preparations.?*

Conjugated estrogens-bazedoxifene bind to and activate estrogen receptors alpha and beta, which vary in
proportion from tissue to tissue. Bazedoxifene is a third generation selective estrogen receptor modulator which
acts as an agonist in some tissues and as an antagonist in the uterus. The pairing of conjugated estrogens with
bazedoxifene produces a composite effect specific to each tissue. The addition of bazedoxifene reduces the risk
of endometrial hyperplasia associated with the conjugated estrogens component.*

The estrogens that are included in this review are listed in Table 1. This review encompasses all dosage forms and
strengths. Estradiol, estradiol valerate, estradiol-norethindrone, and norethindrone-ethinyl estradiol are available
in a generic formulation. This class was last reviewed in August 2019.

Table 1. Estrogens Included in this Review

Generic Name(s) Formulation(s) Example Brand Name(s) | Current PDL Agent(s)
Estradiol tablet, topical gel, Alora®*, Climara®*, estradiol
topical spray, Divigel®, Elestrin®,
transdermal patch, Estrace®*, Estring®,
vaginal cream, vaginal | Evamist®, Menostar®,
ring, vaginal tablet Minivelle®*, Vagifem®*,
Vivelle-Dot®*
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Generic Name(s) Formulation(s) Example Brand Name(s) | Current PDL Agent(s)
Estradiol acetate vaginal ring Femring® none
Estradiol cypionate injection Depo-Estradiol® none
Estradiol valerate injection Delestrogen®* estradiol valerate
Estradiol and drospirenone tablet Angelig® none
Estradiol and levonorgestrel transdermal patch Climara Pro® none

Estradiol and norethindrone

tablet, transdermal Activella®*, Amabelz®*, | estradiol and

patch Combipatch® Mimvey®* | norethindrone
Estradiol and norgestimate tablet Prefest® none
Estradiol and progesterone capsule Bijuva® none
Estrogens, conjugated injection, tablet, Premarin® Premarin® (tablets only)
vaginal cream
Estrogens, conjugated and tablet Duavee® none
bazedoxifene
Estrogens, conjugated and tablet Premphase®, Prempro® Prempro®
medroxyprogesterone
Estrogens, esterified tablet Menest® none
Norethindrone and ethinyl tablet Jinteli®* norethindrone and

estradiol

ethinyl estradiol

*Generic is available in at least one dosage form or strength.
N/A=not applicable, PDL=Preferred Drug List

Evidence-Based Medicine and Current Treatment Guidelines

Current treatment guidelines that incorporate the use of the estrogens are summarized in Table 2.

Table 2. Treatment Guidelines Using the Estrogens

Clinical Guideline

Recommendation(s)

The International
Menopause Society, The
North American
Menopause Society, The
Endocrine Society, The
European Menopause
and Andropause Society,
The Asia Pacific
Menopause Federation,
The International
Osteoporosis
Foundation, and The
Federation of Latin
American Menopause
Societies:

Revised Global
Consensus Statement
on Menopausal
Hormone Therapy
(2016)*

Benefit/risk profile of menopausal hormone therapy (MHT)

MHT (including tibolone and the combination of conjugated equine estrogens
and bazedoxifene) is the most effective treatment for vasomotor symptoms
associated with menopause at any age, but benefits are more likely to outweigh
risks for symptomatic women before the age of 60 years or within 10 years after
menopause.

If MHT is contraindicated or not desired for treatment of vasomotor symptoms,
selective serotonin reuptake inhibitors and serotonin-norepinephrine reuptake
inhibitors such as paroxetine, escitalopram, venlafaxine and desvenlafaxine,
which have been shown to be effective in randomized controlled trials (RCTSs),
may be considered. Gabapentin may also be considered.

Quality of life, sexual function and other menopause-related complaints, such as
joint and muscle pains, mood changes and sleep disturbances, may improve
during MHT.

MHT is effective in the prevention of bone loss and has been shown to
significantly lower the risk of hip, vertebral and other osteoporosis-related
fractures in postmenopausal women.

MHT is the only therapy available with RCT-proven efficacy of fracture
reduction in a group of postmenopausal women not selected for being at risk of
fracture and with mean T-scores in the normal to osteopenic range.

MHT, including tibolone, can be initiated in postmenopausal women at risk of
fracture or osteoporosis before the age of 60 years or within 10 years after
menopause.

Initiation of MHT after the age of 60 years for the indication of fracture
prevention is considered second-line therapy and requires individually
calculated benefit/risk, compared to other approved drugs. If MHT is elected,
the lowest effective dose should be used.
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MHT, including tibolone, is effective in the treatment of vulvovaginal atrophy
(VVA), now also considered as a component of the genitourinary syndrome of
menopause (GSM). Local low-dose estrogen therapy is preferred for women
whose symptoms are limited to vaginal dryness or associated discomfort with
intercourse or for the prevention of recurrent urinary tract infections.
Ospemifene, an oral selective estrogen receptor modulator, is also licensed in
some countries for the treatment of dyspareunia attributed to VVA.

RCTs and observational data as well as meta-analyses provide evidence that
standard-dose estrogen-alone MHT may decrease the risk of myocardial
infarction and all-cause mortality when initiated in women younger than 60
years of age and/or within 10 years of menopause. Data on estrogen plus
progestogen MHT initiated in women younger than age 60 years or within 10
years of menopause show a less compelling trend for mortality benefit, and
evidence on cardioprotection is less robust with inconsistent results compared to
the estrogen-alone group.

The risk of venous thromboembolism (VTE) and ischemic stroke increases with
oral MHT, although the absolute risk of stroke with initiation of MHT before
age 60 years is rare. Observational studies and a meta-analysis point to a
probable lower risk of VTE and possibly stroke with transdermal therapy (0.05
mg twice weekly or lower) compared to oral therapy.

The risk of breast cancer in women over 50 years of age associated with MHT is
a complex issue with decreased risk reported from RCTs for estrogen alone
(conjugated equine estrogens in the Women’s Health Initiative (WHI)) in
women with hysterectomy and a possible increased risk when combined with a
progestin (medroxyprogesterone acetate in the WHI) in women without
hysterectomy. The increased risk of breast cancer thus seems to be primarily,
but not exclusively, associated with the use of a progestin with estrogen therapy
in women without hysterectomy and may be related to the duration of use.

The risk of breast cancer attributable to MHT is rare. It equates to an incidence
of <1.0 per 1000 women per year of use. This is similar or lower than the
increased risk associated with common factors such as sedentary lifestyle,
obesity and alcohol consumption. The risk may decrease after treatment is
stopped, but data are inconsistent.

Women experiencing a spontaneous or iatrogenic menopause before the age of
45 years and particularly before 40 years are at a higher risk for cardiovascular
disease and osteoporosis and may be at increased risk of affective disorders and
dementia. In such women, MHT reduces symptoms and preserves bone density.
Observational studies that suggest MHT is associated with reduced risk of heart
disease, longer lifespan, and reduced risk of dementia require confirmation in
RCTs. MHT is advised at least until the average age of menopause.

MHT initiated in early menopause has no substantial effect on cognition, but,
based on observational studies, it may prevent Alzheimer’s disease in later life.
In RCTs, oral MHT initiated in women aged 65 years or older also has no
substantial effect on cognition and increases the risk of dementia.

MHT may be beneficial in improving mood in early postmenopausal women
with depressive and/or anxiety symptoms. MHT may also be beneficial for
perimenopausal women with major depression but antidepressant therapy
remains first-line treatment in this setting.

General principles governing the use of MHT

The option of MHT is an individual decision in terms of quality of life and
health priorities as well as personal risk factors such as age, time since
menopause, and the risk of venous thromboembolism, stroke, ischemic heart
disease, and breast cancer. MHT should not be recommended without a clear
indication for its use.
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e Consideration of MHT for symptom relief or osteoporosis prevention should be
a part of an overall strategy including lifestyle recommendations regarding diet,
exercise, smoking cessation and safe levels of alcohol consumption for
maintaining the health and quality of life of peri- and postmenopausal women.

e  MHT includes a wide range of hormonal products and routes of administration,
including tibolone (where available) or conjugated equine
estrogens/bazedoxifene, with potentially different risks and benefits. However,
evidence regarding differences in risks and benefits between different products
is limited.

e The type and route of administration of MHT should be consistent with
treatment goals, patient preference and safety issues and should be
individualized. The dosage should be titrated to the lowest appropriate and most
effective dose.

e Duration of treatment should be consistent with the treatment goals of the
individual, and the benefit/risk profile needs to be individually reassessed
annually. This is important in view of new data indicating longer duration of
vasomotor symptoms in some women.

e Estrogen as a single systemic agent is appropriate in women after hysterectomy
but concomitant progestogen is required in the presence of a uterus for
endometrial protection with the exception that conjugated equine estrogens can
be combined with bazedoxifene for uterine protection.

e The use of continuous testosterone therapy, either alone or with MHT, is
supported in carefully selected postmenopausal women with sexual
interest/arousal disorder (in countries with regulatory approval).

e The use of custom-compounded hormone therapy is not recommended because
of lack of regulation, rigorous safety and efficacy testing, batch standardization,
and purity measures.

e Current safety data do not support the use of MHT in breast cancer survivors.

The British Menopause
Society, International
Menopause Society,
European Menopause
and Andropause Society,
Royal College of
Obstetricians and
Gynaecologists, and
Australasian Menopause
Society:

Joint Statement on
menopausal

hormone therapy
(MHT) and breast
cancer risk (2020)°

Menopausal symptoms

e The menopause transition can have a significant impact on many women, with
more than 75% experiencing menopausal symptoms, a quarter describing severe
symptoms, and a third experiencing long-term symptoms.

Treatments

e MHT, compared with placebo, has been consistently shown to improve
menopausal symptoms and overall quality of life and remains the most effective
treatment for menopausal symptoms. For some women, MHT may not be
suitable, and alternative treatments are available.

MHT and breast cancer risk - The Collaborative Group on Hormonal Factors in

Breast Cancer meta-analysis

o Duration-dependent increase in the risk of breast cancer diagnosis with both
unopposed estrogen and combined MHT.

e The risk is higher with continuous combined MHT regimens compared to
cyclical.

e The risk of breast cancer remains elevated more than 10 years after
discontinuing MHT.

e No estrogen dosage effect on the risk of breast cancer with MHT.

e Vaginal estrogen exposure did not increase the risk of breast cancer diagnosis.

e  Only a small number of women on micronized progesterone were included.
Therefore, conclusions regarding its impact on the risk of breast cancer
diagnosis could not be determined from this meta-analysis.

e  The decision whether to take MHT, the dose of MHT and the duration of its use
should be made on an individualized basis after discussing the benefits and risks
with women to help them make an informed choice about their health and care.
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Osteoporosis

Evidence from RCTs and meta-analysis shows that women using MHT have a
significant reduction in the risk of any fracture compared with women not using
MHT.

Cardiovascular disease (CVD)

The timing MHT is initiated, referred to as the ‘timing hypothesis’ and ‘the
cardiovascular window of opportunity’, can have a significant impact on the risk
of CVD with MHT intake.

Cochrane data-analysis shows that MHT initiated within 10 years of the
menopause is likely to be associated with a reduction in coronary heart disease
and cardiovascular mortality.

Evidence from the Cochrane data-analysis and that from the long-term follow-
up data of the WHI showed no increase in cardiovascular events, cardiovascular
mortality or all-cause mortality in women who initiated MHT more than 10
years after the menopause.

Risk of venous thromboembolism

Compared with women not on MHT, the risk of venous thromboembolism is
increased by oral intake MHT.

Transdermal administration of estradiol is unlikely to increase the risk of venous
thrombosis above that in non-users and is associated with a lower risk compared
with oral administration of estradiol.

North American
Menopause Society:
Management of
Osteoporosis in
Postmenopausal
Women: 2010 Position
Statement

(2010)®

The primary indication for estrogen therapy (ET) and combined estrogen-
progestogen therapy (EPT) is to treat moderate-to-severe menopausal
symptoms.

The primary goal of osteoporosis therapy is fracture prevention. This is
accomplished by slowing or stopping bone loss, maintaining bone strength, and
minimizing or eliminating factors that may contribute to fractures.

ET/EPT should be used at the lowest effective dose consistent with treatment
goals. Lower doses of ET/EPT than used in the Women’s Health Initiative have
not been examined with regard to fracture efficacy.

Extended use of hormone therapy is an option for women who have established
reduction in bone mass, regardless of menopause symptoms, for prevention of
further bone loss and/or reduction of osteoporotic fracture when other therapies
are not appropriate or cause side effects, or when the benefits of extended use
are expected to exceed the risks.

North American
Menopause Society:
The 2017 Hormone
Therapy Position
Statement

(2017)7

General Guidance

Hormone therapy (HT) is the most effective treatment for vasomotor symptoms
and genitourinary syndrome of menopause and has been shown to prevent bone
loss and fracture.

Benefits are most likely to outweigh risks for symptomatic women who initiate
HT when <60 years of age or who are within 10 years of menopause onset.
Hormone therapy should be individualized, taking into account the indication(s)
or evidence-based treatment goals, consideration of the woman’s age and/or
time since menopause in relation to initiation or continuation, the woman’s
personal health risks and preferences, and the balance of potential benefits and
risks of HT versus nonhormone therapies or options.

The risks of HT in the Women’s Health Initiative and other studies differ overall
for estrogen therapy and estrogen-progestogen therapy, with a more favorable
safety profile for estrogen therapy.

Practitioners should use an appropriate HT type, dose, formulation, route of
administration, and duration of use to meet treatment objectives, with periodic
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reassessment of changes in a woman’s health, and anticipated benefits, risks,
and treatment goals over time.

Assessment of risk for estrogen-sensitive cancers, bone loss, heart disease,
stroke, and venous thromboembolism is appropriate when counseling
menopausal women.

Decision making about HT should be incorporated into a broader discussion of
lifestyle modification to manage symptoms and risks for chronic diseases of

aging.

FDA-approved indications

Vasomotor symptoms: Hormone therapy is recommended as first-line therapy
for bothersome vasomotor symptoms in women without contraindications.
Prevention of bone loss: Hormone therapy may be considered as a primary
therapy for prevention of bone loss and fracture in postmenopausal women at
elevated risk of osteoporosis or fractures, primarily for women <60 years of age
or who are within 10 years of menopause onset. Bone-specific medications are
also options; each has potential benefits and risks.

Hypoestrogenism: For women with hypoestrogenism caused by hypogonadism,
primary ovarian insufficiency, or premature surgical menopause without
contraindications, HT is recommended until at least the median age of
menopause (52 years).

The genitourinary syndrome of menopause/Vulvovaginal atrophy: When
isolated genitourinary symptoms caused by menopause are present, low-dose
vaginal estrogen therapy is recommended over systemic estrogen therapy as
first-line medical therapy.

Hormone therapy: type, dose, regimen, and duration of use

Type, dose, and regimen

o The type of HT, specific options, dose, and regimen should be
individualized, using shared decision making and determined on the basis of
known adverse event profiles and safety information, along with an
individual woman’s health risks and personal preferences.

o Endometrial protection — For women with a uterus using systemic estrogen,
endometrial protection requires an adequate dose and duration of a
progestogen or use of the combination conjugated equine estrogens with
bazedoxifene.

o Endometrial protection — Progestogen therapy is not recommended with
low-dose vaginal estrogen therapy, but appropriate evaluation of the
endometrium should be performed if vaginal bleeding occurs, given the
limits of safety data.

o Lowering doses and/or changing to transdermal HT may be appropriate as
women age or in those with metabolic syndromes such as
hypertriglyceridemia with risk of pancreatitis or fatty liver.

o Compounded bioidentical HT should be avoided, given concerns about
safety, including the possibility of overdosing or underdosing, lack of
efficacy and safety studies, and lack of a label providing risks. If
compounded bioidentical HT is prescribed, concerns about safety should be
discussed, and the indication for prescribing compounded rather than
government-approved bioidentical HT should be documented (e.g., allergy,
medical need for lower-than-available dose, different preparation).

Duration of use

o Decisions about duration of HT require individualization, including
consideration of personal preferences, balancing potential ongoing benefits
and risks, and decisions to continue HT for preventive and/or quality of life
purposes.
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In women with primary ovarian insufficiency or early natural or induced
menopause or who have had surgical menopause before age 45, and
particularly before age 40, and who are otherwise appropriate candidates for
HT, early initiation of HT and continued use at least until the median age of
menopause (52 years) is recommended. This is based on observational
evidence of potential prevention of risks related to early estrogen loss on
coronary heart disease, osteoporosis, affective disorders, sexual
dysfunction, genitourinary syndrome of menopause, and lowered cognitive
function.
Discussions of duration of therapy should account for the woman’s health
risks and the more favorable safety profile of conjugated equine estrogens
alone compared with the conjugated equine
estrogens+medroxyprogesterone acetate seen in the Women’s Health
Initiative overall cohort.
=  Decision making about HT duration should take into account the
woman’s risk (personal or familial) of breast cancer, coronary heart
disease, venous thromboembolism, and stroke.
= There is more flexibility for duration of estrogen therapy use because
reduced incidence of breast cancer was found with conjugated equine
estrogens in the Women’s Health Initiative and seen with estradiol in
the less-powered, open-label Danish Osteoporosis Prevention Study.
This reduced effect has not been shown in all other observational
studies, and some show increased risk with long duration of use.
=  For estrogen-progestogen therapy, discussions of duration should
include information about the potential of increased (rare) risk of
breast cancer (absolute risk < 1 additional case/1,000 person-years of
use) that began after three years of standard-dose conjugated equine
estrogens+medroxyprogesterone acetate in the Women’s Health
Initiative. This increased risk was not seen in the subanalysis of the
cohort without prior use of HT but was seen in past users. An
increased risk of breast cancer over time has not been observed
uniformly in other (less-powered) RCTs of HT using various
estrogen-progestogen therapy regimens.
= Discussion of benefits and risks of HT should include heart disease
and all-cause mortality, particularly the reduced risk if started in
women <60 years of age or within 10 years of menopause onset and
greater risks if initiated further from menopause onset or in women
>60 years of age.
= Prevention of bone loss and fracture may be an indication for
extended duration in select women after appropriate counseling about
benefits and risks, recognizing that rapid bone loss is seen on
discontinuation, but no rebound increase in fracture.
= Benefits and risks after withdrawing HT require consideration when
deciding duration of therapy.
= The recommendation using the Beers criteria to routinely discontinue
systemic HT in women >65 years of age is not supported by data.
Decisions regarding whether to continue systemic HT in women >60
years of age should be made on an individual basis for quality of life,
persistent vasomotor symptoms, or prevention of bone loss and
fracture, after appropriate evaluation of medical risks and counseling
about potential benefits and risks of HT and with ongoing
surveillance.

Special populations

o

Early menopause: For women with primary ovarian insufficiency or
premature surgical menopause without contraindications, HT is
recommended until at least the median age of menopause (52 years),
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because observational studies suggest that benefits outweigh the risks for
effects on bone, heart, cognition, genitourinary syndrome of menopause,
sexual function, and mood.

Family history of breast cancer: Observational evidence suggests that use of
HT does not further alter the risk for breast cancer in women with a family
history of breast cancer, although family history is one risk, among many,
that should be assessed when counseling women regarding HT.

Women who are BRCA-positive without breast cancer are at higher genetic
risk of breast cancer, primarily estrogen-receptor-negative. For those who
have undergone surgical menopause (bilateral oophorectomy), benefits of
estrogen to decrease health risks caused by premature loss of estrogen need
to be considered. On the basis of limited observational studies, consider
offering systemic HT until the median age of menopause (52 years).
Discussions about longer use should be individualized.

Breast and endometrial cancer survivors—systemic or vaginal hormone therapy

Bothersome vasomotor symptoms —consideration of systemic HT

= Survivors of endometrial and breast cancer with bothersome
vasomotor symptoms should be encouraged to consider nonhormone
therapies that have been studied in RCTs in this population and found
to be effective.

= For survivors of endometrial cancer with prior early endometrial
cancer treated with hysterectomy and with bothersome vasomotor
symptoms not well controlled with nonhormone therapies, decisions
about use of systemic HT should be made in conjunction with an
oncologist.

=  For survivors of breast cancer, particularly estrogen-sensitive cancers,
for which systemic HT is generally not offered, decisions about
systemic HT should be made for compelling reasons after
nonhormone or complementary options have been unsuccessful and
after detailed counseling, with shared decision making and in
conjunction with an oncologist.

Bothersome genitourinary syndrome of menopause symptoms—

consideration of low-dose vaginal estrogen therapy

= Low-dose vaginal estrogen therapy used for the genitourinary
syndrome of menopause has minimal systemic absorption (blood
levels in the postmenopause range) and, on the basis of limited
observational data, appears to hold minimal to no demonstrated risk
for recurrence of endometrial or breast cancer.

= For women with early endometrial cancer who have completed
successful treatment, including hysterectomy, consideration may be
given for low-dose vaginal estrogen therapy for relief of genitourinary
syndrome of menopause if nonhormone options are not successful,
based on limited short-term safety trials.

=  For women who are survivors of breast cancer, decisions about low-
dose vaginal estrogen therapy should involve the woman’s oncologist,
particularly for women using Als who have lowered overall estradiol
levels.

Conclusion—overall benefit-to-risk ratio

HT is the most effective treatment for vasomotor symptoms and genitourinary
syndrome of menopause and has been shown to prevent bone loss and fracture.
Risks of HT differ for women, depending on type, dose, duration of use, route of
administration, timing of initiation, and whether a progestogen is needed.
Treatment should be individualized using the best available evidence to
maximize benefits and minimize risks, with periodic reevaluation for the
benefits and risks of continuing HT.
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For women <60 years of age or who are within 10 years of menopause onset and
have no contraindications, the benefit-risk ratio appears favorable for treatment
of bothersome vasomotor symptoms and for those at elevated risk of bone loss
or fracture. Longer duration may be more favorable for estrogen therapy than for
estrogen-progestogen therapy, based on the Women’s Health Initiative RCTs.
For women who initiate HT more than 10 or 20 years from menopause onset or
when >60 years of age, the benefit-risk ratio appears less favorable than for
younger women because of greater absolute risks of coronary heart disease,
stroke, venous thromboembolism, and dementia.

For genitourinary syndrome of menopause symptoms not relieved with over-the-
counter or other therapies, low-dose vaginal estrogen therapy is recommended.

The North American
Menopause Society:
Statement on
Continuing

Use of Systemic
Hormone

Therapy After Age 65
(2015)®

Provided that the woman has been advised of the increase in risks associated
with continuing hormone therapy beyond age 60 years and has clinical
supervision, extending hormone therapy use with the lowest effective dose is
acceptable under some circumstances, such as for the woman who has persistent
bothersome menopausal symptoms and for whom her clinician has determined
that the benefits of menopause symptom relief outweigh the risks.

Use of hormone therapy should be individualized and not discontinued solely
based on a woman’s age.

The decision to continue or discontinue hormone therapy should be made jointly
by the woman and her healthcare provider.

European Menopause

and Andropause Society:

Maintaining post-
reproductive health: A
care pathway

(2016)°

Menopausal hormone therapy (MHT) general considerations

Administration of systemic MHT has a favorable risk—benefit profile for women
under the age of 60 years or within 10 years after menopause for menopausal
symptoms and osteoporosis.

MHT at very low doses or non-estrogen-based therapies should be considered
for older women.

Symptoms due to the genitourinary syndrome of the menopause can be managed
with low-dose topical estrogens or hon-hormonal therapies.

Prevention and management of cardiovascular disease should be undertaken in
accordance with international and national guidelines.

MHT should not be used primarily for the primary or secondary prevention of
cognitive decline or dementia.

Estrogen alone is given to hysterectomized women. Progestogens and the
selective estrogen receptor modulator bazedoxifene are added in regimens for
non-hysterectomized women to reduce the increased risk of endometrial
hyperplasia and carcinoma which occurs with unopposed estrogen. Tibolone is a
synthetic steroid compound that is in itself inert, but whose metabolites have
estrogenic, progestogenic and androgenic actions. It is classified as MHT.

The main benefits of MHT

MHT is the most effective treatment for vasomotor symptoms.

Systemically administered MHT and topical estrogens are effective in the
management of symptoms of vulvar and vaginal atrophy.

MHT prevents postmenopausal bone loss.

MHT may aid in the management of low mood that results from menopause.
Standard-dose estrogen-alone MHT may decrease coronary heart disease and
all-cause mortality in women younger than 60 years of age and within 10 years
of menopause.

The main risks of MHT

Estrogen-alone MHT increases the risk of endometrial cancer.
Oral, but not transdermal, estrogens increase the risk of venous
thromboembolism.
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e Combined MHT, but not estrogen-alone MHT, may be associated with an
increased risk of breast cancer; this risk seems to be lost when MHT is
discontinued.

e MHT may confer a small increased risk of stroke: there is a suggestion that
transdermal preparations have less impact on the risk of stroke than oral
preparations

e MHT use over the age of 65 years may cause deterioration in cognitive function.

e Initiation of standard-dose oral MHT in women over the age of 60 years who
have established atherosclerosis may not result in a decreased risk of coronary
heart events.

National Osteoporosis
Foundation:
Clinician’s Guide to
Prevention and
Treatment of
Osteoporosis
(2014)%°

Universal recommendations for all patients
e Adequate intake of calcium and vitamin D: If adequate dietary calcium cannot
be obtained, dietary supplementation is indicated up to the recommended daily
intake.
o Recommendations are for men age 50 to 70 to consume 1,000 mg per day
of calcium and that women age >51 and men age >71 to consume 1,200
mg per day of calcium. There is no evidence that calcium intake in excess
of these amounts confers additional bone strength.
o Vitamin D recommended daily intake for adults age 50 and older is 800 to
1,000 international units.
e Regular weight-bearing and muscle-strengthening exercises reduce the risk of
falls and fractures.
e Tobacco smoking and excessive alcohol intake should be avoided.

Pharmacologic therapy

e Postmenopausal women and men age 50 and older presenting with the following
should be considered for treatment:

o A hip or vertebral fracture.

o T-score <-2.5 at the femoral neck, total hip, or lumbar spine.

o Low bone mass (T-score between -1.0 and -2.5 at the femoral neck or
lumbar spine and a 10 year probability of a hip fracture >3% or a 10 year
probability of a major osteoporosis-related fracture >20%.

e Current FDA-approved pharmacologic options for osteoporosis are
bisphosphonates (alendronate, ibandronate, risedronate and zoledronic acid),
calcitonin, estrogen agonist/antagonist (raloxifene), estrogens and/or hormone
therapy, tissue-selective estrogen complex (conjugated estrogens/bazedoxifene),
parathyroid hormone (teriparatide), and RANK ligand inhibitor (denosumab).

¢ No pharmacologic therapy should be considered indefinite in duration. After the
initial treatment period, which depends on the pharmacologic agent, a
comprehensive risk assessment should be performed. There is no uniform
recommendation that applies to all patients and duration decisions need to be
individualized.

e Sequential treatment with anabolic therapy followed by an antiresorptive agent
is generally preferred. Combination therapy with teriparatide and an
antiresorptive can be considered in a few clinical settings in patients with very
severe osteoporosis such as spine and hip fractures. There are few indications for
combining two antiresorptive treatments, but such options could be considered
in the short-term in women who are experiencing active bone loss while on low
dose HT for menopausal symptoms or raloxifene for breast cancer prevention.

North American
Menopause Society:
The 2020
Genitourinary
Syndrome of

e Education about and screening for genitourinary syndrome of menopause
(GSM) is recommended for perimenopausal and postmenopausal women.

e  GSM describes the symptoms and signs resulting from the effect of estrogen
deficiency on the female genitourinary tract, including the vagina, labia, urethra,
and bladder. This syndrome includes genital symptoms of dryness, burning, and
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Menopause Position
Statement
(2020)*

irritation; urinary symptoms and conditions of dysuria, urgency, and recurrent
urinary tract infections (UTIs); and sexual symptoms of pain and dryness.
First-line therapies for women with GSM include nonhormone lubricants with
sexual activity and regular use of long-acting vaginal moisturizers.
For women with moderate to severe GSM and those who do not respond to
lubricants and moisturizers, several safe and effective options are available:

o Low-dose vaginal estrogen therapy (ET)

o Vaginal dehydroepiandrosterone (DHEA)

o Ospemifene

o Systemic ET (when vasomotor symptoms (VMS) are also present)
For women with a history of breast or endometrial cancer, management depends
on a woman’s preferences, symptom severity, and understanding of potential
risks after consultation with her oncologist.
Although product labeling for low-dose vaginal ET notes risks associated with
systemic hormone therapy (including CHD, stroke, VTE, breast and endometrial
cancer), these risks are highly unlikely given minimal systemic absorption and
reassuring findings from clinical trials and observational studies.
Use of a progestogen is not recommended with low-dose vaginal ET, although
women at increased risk of endometrial cancer may warrant endometrial
surveillance. Endometrial safety clinical trial data are not available for use
longer than 1 year, although observational studies are reassuring regarding
longer-term use.
Routine endometrial surveillance is not recommended for asymptomatic women
using low dose vaginal ET. Transvaginal ultrasound or intermittent progestogen
therapy may be considered for women at increased risk of endometrial cancer.
Spotting or bleeding in a postmenopausal woman requires a thorough evaluation
that may include transvaginal ultrasound (TVU) and/or endometrial biopsy.
Energy-based therapies, including vaginal laser and radiofrequency devices,
require long-term, sham-controlled safety and efficacy studies before their
routine use can be recommended.
Therapy for GSM should be continued, with appropriate clinical follow up, for
as long as bothersome symptoms are present.

American Heart
Association:
Effectiveness-Based
Guidelines for the
Prevention of
Cardiovascular Disease
in Women: 2011

Hormone therapy and selective estrogen-receptor modulators (SERMs) should
not be used for the primary or secondary prevention of cardiovascular disease
(CVD).

Other approaches such as lowering cholesterol and controlling blood pressure
should be considered for cardiovascular disease prevention.

Update

(2011)*?

International Menopause MHT remains the most effective therapy for vasomotor symptoms and
Society: urogenital atrophy.

Updated 2013
Recommendations on
women’s midlife
health and menopause
hormone therapy
(2016)=2

Other menopause-related complaints, such as joint and muscle pains, mood
swings, sleep disturbances and sexual dysfunction (including reduced libido)
may improve during MHT. Quality of life and sexual function may also
improve.

The administration of individualized MHT (including androgenic preparations
when appropriate) may improve both sexuality and overall quality of life.
Consideration of MHT should be part of an overall strategy including lifestyle
recommendations regarding diet, exercise, smoking cessation and safe levels of
alcohol consumption for maintaining the health of peri- and postmenopausal
women.
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MHT must be individualized and tailored according to symptoms and the need
for prevention, as well as personal and family history, results of relevant
investigations, the woman’s preferences and expectations.

The risks and benefits of MHT differ for women during the menopause
transition compared to those for older women.

MHT includes a wide range of hormonal products and routes of administration,
with potentially different risks and benefits. Thus, the term ‘class effect’ is
confusing and inappropriate. However, evidence regarding differences in risks
and benefits between different products is limited.

Women experiencing a spontaneous or iatrogenic menopause before the age of
45 years and particularly before 40 years are at higher risk for cardiovascular
disease and osteoporosis and may be at increased risk of affective disorders and
dementia. MHT may reduce symptoms and preserve bone density and is advised
at least until the average age of menopause.

Counselling should convey the benefits and risks of MHT in clear and
comprehensible terms, e.g., as absolute numbers rather than, or in addition to,
percentage changes from baseline expressed as a relative risk. This allows a
woman and her physician to make a well-informed decision about MHT.
Written information about risks and benefits as well as decision aids may be
useful.

MHT should not be recommended without a clear indication for its use, i.e.,
significant symptoms or physical effects of estrogen deficiency.

Women taking MHT should have at least an annual consultation to include a
physical examination, update of medical and family history, relevant laboratory
and imaging investigations, a discussion on lifestyle, and strategies to prevent or
reduce chronic disease. There is currently no indication for increased
mammographic or cervical smear screening.

There are no reasons to place mandatory limitations on the duration of MHT.
Data from the WHI trial and other studies support safe use for at least five years
in healthy women initiating treatment before age 60 years.

Whether or not to continue therapy should be decided at the discretion of the
well-informed woman and her health professional, dependent upon the specific
goals and an objective estimation of ongoing individual benefits and risks.

The dosage should be titrated to the lowest effective dose.

Lower doses of MHT than previously used may reduce symptoms sufficiently
and maintain quality of life for many women. However, long-term data on lower
doses regarding fracture or cancer risks and cardiovascular implications are still
lacking.

American Association of
Clinical
Endocrinologists:
Medical Guidelines for
Clinical Practice for
the Diagnosis and
Treatment of
Menopause

(2011)*

Menopausal hormone therapy may be appropriate for the relief of severe
menopausal symptoms in selected postmenopausal women, on the basis of
individually determined benefit-vs-risk prolife.

Menopausal hormone therapy may be prescribed during the perimenopause and
early menopause for relief of menopausal symptoms and treatment of
vulvovaginal atrophy.

The use of the transdermal route of estrogen administration should be
considered in order to avoid the hepatic “first-pass effect,” which may
theoretically reduce the risk of thromboembolic disease.

The use of transvaginal estrogen may be considered to provide topical effects
with less systemic absorption.

The dose of menopausal hormone therapy may be reduced with advancing age.
Because of the increased risk of endometrial cancer, unopposed estrogen should
not be used in women with an intact uterus.

Progestational agents should be used for a minimum of 10 to 14 days per month
in women treated with estrogen who have an intact uterus.
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Long-cycle therapy with use of a progestogen for 14 days every three months
may be considered, in an effort to reduce breast exposure to progestogens,
despite lack of definitive assessment of efficacy.

Amenorrhea may be achieved by using a low dose of progestogen administered
continuously (daily) in conjunction with estrogen. Because recent trials suggest
adverse breast outcomes with continuous progesterone exposure, this form of
therapy is not recommended.

Menopausal hormone therapy should be used in the lowest dose and for the
shortest period necessary to control menopausal symptoms.

Therapeutic trials of nonhormonal prescription medications (e.g., clonidine,
antidepressants, gabapentin) may also be considered for the relief of menopausal
symptoms in women with no specific contraindications.

Over-the-counter supplements should be used with caution because they are not
regulated by the United States FDA and have the potential for interactions with
drugs and for causing harm.

Phytoestrogens, including soy-derived isoflavonoids, result in inconsistent relief
of symptoms. Because these compounds may have estrogenic effects, women
with a personal or strong family history of hormone-dependent cancers,
thromboembolic events, or cardiovascular events should not use soy-based
therapies.

Custom compounded “biochemical hormone therapy” is not recommended.
FDA-approved bioidentical hormone preparations may be considered, but
evidence is lacking that they are safer or more effective compared to traditional
forms of hormone therapy.

Menopausal hormone therapy should be used for the prevention and treatment
of osteoporosis within the context of the overall benefit-vs-risk analysis of each
patient. Data from multiple randomized-controlled trials substantiate the
efficacy of estrogens in preserving bone mass, and less consistently, preventing
fractures, but nonhormonal therapeutic options for bone health exist.

Hormone therapy for the prevention or treatment (or both) of dementia is not
recommended.

Menopausal hormone therapy should be prescribed to women in conjunction
with a thorough discussion of the possible relationship of menopausal hormone
therapy to breast cancer. Current evidence suggests that estrogen/progestogen
regimens are associated with a possible higher risk of breast cancer compared to
estrogen therapy.

Concordant with current FDA warnings, it is recommended that women who are
at increased risk of thromboembolic disease should not take estrogen-containing
therapy.

Women should be advised that smoking increases the risk of cardiovascular and
venous thromboembolic disease when taking estrogen, and aggressive smoking
cessation programs should be advised.

Menopausal hormone therapy is not recommended for primary or secondary
prevention of cardiovascular disease.

Lipid profiles, smoking history, and diabetes as well as family history should be
assessed to assist in the determination of individual cardiovascular risk.

Women should be advised that cerebrovascular accidents occur with increased
frequency in patients with estrogen alone or estrogen/progesterone therapy in an
age-dependent manner.

Women should be advised that there may be an increase in ovarian epithelial
tumors with the use of estrogen for more than ten years.

Women may be advised that several trials, including the WHI, have
demonstrated a lower risk of colon cancer in women treated with
estrogen/progesterone therapy.
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The FDA has approved the use of menopausal hormone therapy for the
following:

o Treatment of moderate to severe vasomotor symptoms associated with
menopause. Estrogen-containing products are the most effective
approved therapies for these symptoms.

o Treatment of moderate to severe symptoms of vulvar and vaginal
atrophy associated with menopause. When estrogen is prescribed solely
for the treatment of symptoms of vulvar and vaginal atrophy, topical
vaginal preparations should be considered.

Prevention of postmenopausal osteoporosis. When menopausal hormone therapy
is being prescribed solely for the prevention of postmenopausal osteoporosis,
approved non-estrogen treatments should be carefully considered. Estrogen
therapy and estrogen/progesterone therapy should be considered only in women
with substantial risk of osteoporosis that outweighs the potential drug-related
risks.

American Association of
Clinical
Endocrinologists and
American College of
Endocrinology:

Position Statement on
Menopause-2017
Update

(2017)%

New information available from randomized clinical trials and epidemiologic
studies reported after 2011 was critically reviewed.

No previous recommendations from the 2011 menopause clinical practice
guidelines have been reversed or changed.

New recommendations in this position statement include:

o The use of menopausal hormone therapy in symptomatic postmenopausal
women should be based on consideration of all risk factors for
cardiovascular disease, age, and time from menopause.

o The use of transdermal as compared with oral estrogen preparations may
be considered less likely to produce thrombotic risk and perhaps the risk of
stroke and coronary artery disease.

o When the use of progesterone is necessary, micronized progesterone is
considered the safer alternative.

o Insymptomatic menopausal women who are at significant risk from the
use of hormone replacement therapy, the use of selective serotonin re-
uptake inhibitors and possibly other nonhormonal agents may offer
significant symptom relief.

o AACE does not recommend use of bioidentical hormone therapy.

o AACE fully supports the recommendations of the Comité de I'Evolution
des Pratiques en Oncologie regarding the management of menopause in
women with breast cancer.

o HRT is not recommended for the prevention of diabetes.

o In women with previously diagnosed diabetes, the use of HRT should be
individualized, taking into account age, metabolic, and cardiovascular risk
factors.

Agency for Healthcare
Research and Quality,
United States Preventive
Services Task Force:
Hormone Therapy for
the Primary Prevention
of Chronic Conditions
in Postmenopausal
Women

(2017)6

This recommendation statement applies to asymptomatic, postmenopausal
women who are considering hormone therapy for the primary prevention of
chronic medical conditions. It does not apply to women who are considering
hormone therapy for the management of menopausal symptoms, such as hot
flashes or vaginal dryness. It also does not apply to women who have had
premature menopause (primary ovarian insufficiency) or surgical menopause.
The use of combined estrogen and progestin has no net benefit for the primary
prevention of chronic conditions in most postmenopausal women with an intact
uterus.
The use of estrogen alone has no net benefit for the primary prevention of
chronic conditions in most postmenopausal women who have had a
hysterectomy.
Benefits of preventative medicine
o Use of combined estrogen and progestin has a moderate benefit in
reducing the risk of fractures in postmenopausal women and adequate
evidence that it has a small benefit in reducing the risk of diabetes.
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(o]

The use of estrogen without progestin has generally been restricted to
women who have had a hysterectomy, because unopposed estrogen use
increases the risk of endometrial cancer in women with an intact uterus.
Use of estrogen alone has a moderate benefit in reducing the incidence
of fractures in postmenopausal women. There is adequate evidence that
the use of estrogen alone has a moderate benefit in reducing the risk of
developing or dying of invasive breast cancer and a small benefit in
reducing the risk of diabetes. There is convincing evidence that estrogen
use does not have a beneficial effect on risk of coronary heart disease.

Harms of preventative medicine

(0]

Use of combined estrogen and progestin is associated with moderate
harms, including increased risk of invasive breast cancer and venous
thromboembolism, and a small to moderate harm of increased risk of
coronary heart disease. There is also adequate evidence of other
moderate harms, such as increased risk of stroke, dementia, gallbladder
disease, and urinary incontinence.

There is adequate evidence that use of estrogen alone is associated with
moderate harms, including increased risk of stroke, dementia,
gallbladder disease, urinary incontinence, and venous
thromboembolism.

American College of
Obstetricians and
Gynecologists:
Committee Opinion:
Hormone Therapy and
Heart Disease

(2013)Y7

(Reaffirmed 2020)

Menopausal hormone therapy should not be used for the primary or secondary
prevention of coronary heart disease at the present time. Evidence is insufficient
to conclude that long-term estrogen therapy or hormone therapy use improves
cardiovascular outcomes.
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The Food and Drug Administration (FDA)-approved indications for the estrogens are noted in Tables 3 and 4. While agents within this therapeutic class may have

demonstrated positive activity via in vitro trials, the clinical significance of this activity remains unknown until fully demonstrated in well-controlled, peer-

reviewed in vivo clinical trials. As such, this review and the recommendations provided are based exclusively upon the results of such clinical trials.

Table 3. FDA-Approved Indications for the Estrogens-Single Entity Products'?

atrophy associated with menopause

Estring®, Vagifem®, Vivelle-Dot®)

Indications Estradiol Estradiol Estljadiol Estradiol _Estrogens, _ Estroggns,
Acetate Cypionate Valerate Conjugated Equine | Esterified
Palliative treatment of advanced v (Estrace®™) v v * v
prostate cancer
Palliative treatment of metastatic breast " *
cancer v (Estrace®*) v v
Prevention of postmenopausal v (Alora®, Climara®, Estrace®*, v *
osteoporosis Menostar®, Vivelle-Dot®)
Treatment of abnormal uterine bleeding
due to hormonal imbalance in the vt
absence of organic pathology
Treatment of atrophic vaginitis and vy
kraurosis vulvae
Treatment of hypoestrogenism due to .
hypogonadism?lgastratign, or primary Y (Alora®,_Cllmara®,®Estrace®*, v v v * v
. - Vivelle-Dot®)
ovarian failure
Treatment of vasomotor symptoms v (Alora®, Climara®, Divigel®,
associated with menopause Elestrin®, Estrace®*, Estrasorb®, v v v v * v
Evamist®, Vivelle-Dot®)
Treatment of vulvar and vaginal v (Alora®, Climara®, Estrace®*, v y y y

Treatment of vulvar and vaginal
atrophy

v (Estrace®})

*Tablet formulation.
tInjection formulation.
iCream formulation.
8Vaginal ring formulation
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Table 4. FDA-Approved Indications for the Estrogens-Combination Products®?®

Indications Estradiol and Estradiol and Estradiol and Estradiol and | Estradiol and CoE's:rZ%eegsén d Estro%enji,nio:r{cl;gated EstIrEatlz:glyzm d
Drospirenone | Levonorgestrel | Norethindrone | Norgestimate | Progesterone jugate d -
Bazedoxifene Medroxyprogesterone | Norethindrone
Prevention of v
postmenopausal y (Activella®, . y y
osteoporosis Amabelz®,
Mimvey®)
Treatment of
hypoestrogenism due v
to hypogonadism, (Combipatch®)
castration, or primary
ovarian failure
Treatment of moderate
to severe symptoms of y
vulvar and vaginal v v v
1/0.5m
atrophy due to ( 9
menopause
Treatment of moderate
to severe vasomotor y y y v v v y
symptoms due to
menopause
IV. Pharmacokinetics
The pharmacokinetic parameters of the estrogens are listed in Table 5.
Table 5. Pharmacokinetic Parameters of the Estrogens!
Generic Name(s) | Bioavailability Protein Binding | Metabolism Excretion Half-Life

Single Entity Agents

Estradiol

Transdermal: 20 times
higher bioavailability
compared to oral dosage
forms

Vaginal ring: 8%.

Primarily bound to
SHBG and to albumin

Liver (primary) and skin
(minimal). Estradiol,
estrone, and estriol are all
active metabolites

Urine (estradiol,
estrone, and estriol
along with glucuronide
and sulfate conjugates)
and bile (biliary
secretion of conjugates
into the intestine)

Transdermal (gel):
Divigel®: 10 hours
Estrogel®: 36 hours

Transdermal (patch):
Alora®:1.75 hours
Vivelle®: 4.4 hours

Vivelle-Dot®: 5.9 to 7.7
hours
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Generic Name(s)

Bioavailability

Protein Binding

Metabolism

Excretion

Half-Life

Estradiol acetate

Vaginal: rapidly absorbed
for the first hour,
followed by a decline to
constant rate for the
remaining three months

Primarily bound to
SHBG and to albumin

Liver (primary). Estradiol,
estrone, and estriol are all
active metabolites

Urine (estradiol,
estrone, and estriol
along with glucuronide
and sulfate conjugates)
and bile (biliary
secretion of conjugates
into the intestine)

Not reported

Estradiol cypionate

Intramuscular: absorbed
over several weeks

Primarily bound to
SHBG and to albumin

Liver (primary). Estrone and
estriol are both active
metabolites

Urine (estradiol,
estrone, and estriol
along with glucuronide
and sulfate conjugates)
and bile (biliary
secretion of conjugates
into the intestine,
hydrolyzed, and
reabsorbed)

Not reported

Estradiol valerate

Intramuscular: absorbed
over several weeks

Primarily bound to
SHBG and to albumin

Liver (primary). Estrone and
estriol are both active
metabolites

Urine (estradiol,
estrone, and estriol
along with glucuronide
and sulfate conjugates)
and bile (biliary
secretion of conjugates
into the intestine,
hydrolyzed, and
reabsorbed)

Not reported

Estrogens, conjugated
Equine

Oral: well absorbed

Bound to albumin,
SHBG, cortisol binding
globulin, and a-1-
glycoproteins

Liver (primary). Estradiol,
estrone, and estriol are all
active metabolites

Urine (estradiol,
estrone, and estriol
along with glucuronide
and sulfate conjugates)
and bile (biliary
secretion of conjugates
into the intestine)

Oral (estrone): 26.5 to
26.7 hours

Estrogens, esterified

Not reported

Primarily bound to
SHBG and to albumin

Liver (primary). Estradiol,
estrone, and estriol are all
active metabolites

Urine (estradiol,
estrone, and estriol
along with glucuronide
and sulfate conjugates)
and bile (biliary
secretion of conjugates
into the intestine)

Not reported
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Estrogens
AHFS Class 681604

Generic Name(s)

Bioavailability

Protein Binding

Metabolism

|

Excretion

Half-Life

Combination Products

Estradiol and
drospirenone

Drospirenone: 76 to 85%

Estradiol: 53%

Drospirenone: 97%
bound to serum proteins

Estradiol: primarily
bound to SHBG and to
albumin

Drospirenone: liver
(extensive) and cytochrome
P450 3A4 isoenzyme
(minor). No active
metabolites

Estradiol: liver (primary)
and skin (minimal).
Estradiol, estrone, and estriol
are all active metabolite

Drospirenone: urine
(3810 47% as
glucuronide and sulfate
conjugates) and feces
(17 to 20% as
glucuronide and sulfate
conjugates)

Estradiol: urine
(estradiol, estrone, and
estriol along with
glucuronide and sulfate
conjugates) and bile
(biliary secretion of
conjugates into the
intestine)

Drospirenone: 36 to 42
hours

Estradiol: not reported

Estradiol and
levonorgestrel

Estradiol (transdermal):
20 times higher
bioavailability compared
to oral dosage forms

Levonorgestrel: not
reported

Estradiol: primarily
bound to SHBG and to
albumin

Levonorgestrel: bound
to SHBG and to albumin
(97.5 to 99%)

Estradiol: liver (primary)
and skin (minimal).
Estradiol, estrone, and estriol
are all active metabolites

Levonorgestrel: blood
(extent unspecified).
Activity of three metabolites
not specified

Estradiol: urine
(estradiol, estrone, and
estriol along with
glucuronide and sulfate
conjugates) and bile
(biliary secretion of
conjugates into the
intestine)

Levonorgestrel: urine
(45% of levonorgestrel
and metabolites are
excreted in the urine,
mostly as glucuronide
conjugates) and feces
(32% of levonorgestrel
and metabolites are
excreted in the urine,
mostly as glucuronide
conjugates)

Estradiol:
1.75 to 77 hours

Levonorgestrel:
Not reported
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Estrogens
AHFS Class 681604

Generic Name(s) Bioavailability Protein Binding Metabolism Excretion | Half-Life
Estradiol and Estradiol (oral): 53% Estradiol (oral): SHBG Estradiol (oral): liver Estradiol (oral): urine Estradiol (oral): 12 to
norethindrone (37%), albumin (61%), (primary) (metabolites as 14

Norethindrone (oral):
100%

and unbound (1 to 2 %)

Norethindrone: SHBG
(369%) and albumin
(61%)

Norethindrone: liver
(primary)

glucuronide and sulfate
conjugates

Norethindrone (oral):
liver (primary).

Estradiol (transdermal):
2 to 3 hours

Norethindrone (oral): 8
to 11 hours

Norethindrone
(transdermal): 6 to 8
hours

Estradiol and
norgestimate

Not reported

Estradiol: primarily
bound to SHBG and to
albumin

Norgestimate (17-
deacetyl-norgestimate):
primarily bound to
serum proteins (99%)

Estradiol: liver (primary).
Estradiol, estrone, and estriol
are all active metabolites

Norgestimate: liver
(extensive) and
gastrointestinal tract
(extensive). 17-
deacetylnoregestimate is an
active metabolite

Estradiol: urine
(estradiol, estrone,
estriol, and glucuronide
and sulfate conjugates)

Norgestimate: urine
and feces

Estradiol: 16 hours

Norgestimate (17-
deacetyl-norgestimate):
37 hours

Estradiol and
progesterone

Not reported

Estradiol: primarily
bound to SHBG and to
albumin

Progesterone: albumin
(50 to 54%), transcortin
(43 to 48%)

Estradiol: liver (primary).
Estradiol, estrone, and estriol
are all active metabolites

Progesterone: liver
(extensive)

Estradiol: urine
(estradiol, estrone,
estriol, and glucuronide
and sulfate conjugates)

Progesterone: urine,
feces, bile

Estradiol: 26 hours

Progesterone: 10 hours

Estrogens, conjugated
and bazedoxifene

Bazedoxifene: 6%

Estrogens, conjugated:

Well absorbed

Bazedoxifene: 98 to
99% bound to plasma
proteins

Estrogens, conjugated:
Primarily bound to
SHBG and to albumin

Bazedoxifene: liver
(extensive) via
glucuronidation

Estrogens, conjugated: liver
(primary). Estradiol, estrone,
and estriol are all active
metabolites

Bazedoxifene: urine
(<1%), feces (85%),
and bile (major)

Estrogens, conjugated:
urine (estradiol,
estrone, estriol, and
glucuronide and sulfate
conjugates)

Bazedoxifene: 30 hours

Estrogens, conjugated:
17 hours

94

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services




Estrogens
AHFS Class 681604

Generic Name(s)

Bioavailability

Protein Binding

Metabolism

Excretion |

Half-Life

Estrogens, conjugated
equine and
medroxyprogesterone

Well absorbed

Estrogens, conjugated:
largely bound to SHBG
and albumin

Medroxyprogesterone:
primarily bound to
plasma proteins (99%)

Estrogens, conjugated: liver
(primary). Estradiol, estrone,
and estriol are all active
metabolites

Medroxyprogesterone: liver
(primary)

Estrogens, conjugated:
urine (estradiol,
estrone, estriol, and
glucuronide and sulfate
conjugates)

Medroxyprogesterone:
urine (most metabolites
excreted as glucuronide
conjugates with only
minor amounts
excreted as sulfates)

Estrogens, conjugated:
(estrone): 20.7 to 23.6
hours

Medroxyprogesterone:
26.2 to 46.3 hours

Ethinyl estradiol and
norethindrone

Ethinyl estradiol: 55%

Norethindrone: 64%

Ethinyl estradiol: largely
bound to albumin
(>95%)

Norethindrone: largely
bound to albumin and
SHBG (>95%)

Ethinyl estradiol: liver
(primary)

Norethindrone acetate: liver
(primary)

Ethinyl estradiol: urine
and feces (primarily as
metabolites)

Norethindrone: urine
and feces (primarily as
metabolites)

Ethinyl estradiol: 24
hours

Norethindrone: 13
hours

SHBG=sex hormone binding globulin
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Estrogens
AHFS Class 681604

Drug Interactions
Major drug interactions with the estrogens are listed in Table 6.

Table 6. Major Drug Interactions with the Estrogens’3

Generic Name(s) Interaction Mechanism
Estrogens CYP3A4 inducers or Inducers or inhibitors of CYP3A4 may affect estrogen drug
inhibitors metabolism. Inducers of CYP3A4 such as St. John’s wort

(Hypericum perforatum) preparations, phenobarbital,
carbamazepine, and rifampin may reduce plasma
concentrations of estrogens, possibly resulting in a decrease in
therapeutic effects and/or changes in the uterine bleeding
profile. Inhibitors of CYP3A4 such as erythromycin,
clarithromycin, ketoconazole, itraconazole, ritonavir and
grapefruit juice may increase plasma concentrations of
estrogens and result in side effects.

96
Prepared by University of Massachusetts Medical School Clinical Pharmacy Services



VI.

Adverse Drug Events

The most common adverse drug events reported with the estrogens are listed in Tables 7 and 8. The boxed warning for the estrogens is listed in Table 9.

Table 7. Adverse Drug Events (%) Reported with the Estrogens-Single Entity Agents’-2

Estrogens

AHFS Class 681604

; ; Estradiol Estradiol Estrogens, Conjugated Estrogens,
Adverse Event Estradiol Estradiol Acetate Cypionate* Valerate* 9 Equine*l 9 Esteri%ie o>
Breasts
Breast cancer - - v v ¥ (injection) v
Enlargement 1.110 6.7 (Alora®) - v v ¥ (injection) v
Fibrocystic breast changes - - v v ¥ (injection) v
Galactorrhea - - v v ¥ (injection) v
Neoplasm 1.1 t0 5.6 (Alora®) - - - -
Nipple discharge - - v v ¥ (injection)
Nipple pain 1 to 7 (Evamist®) - - -
Pain 6.9 to 34.8 (Alora®)/5.0 to 29.0 (Climara®)/1.0 ] y y Y ('"Je"t('t‘;g)l’e Z)}O t011.0 }
(Estring®)/5.0 (Menostar®) 2.1 0 4.9 (vaginal cream)
Tenderness 2.5 t0 8.8 (Divigel®)/5.0 to 7.0 (Evamist®)/6.5 to 12.9 6.2 t0 y y  (injection) v
(Minivelle®/Vivelle®)/6.5 to 17.0 (Vivelle-Dot®) 10.7 (vaginal ring) J
Cardiovascular
Cardiovascular 10 (Menostar®) - - - - -
Chest pain 1.1 10 4.5 (Alora®)/1.0 to 3.0 (Estring®) - - - - -
tl?ﬁgmggizuperﬁual venous ) ) v v v (injection) v
Increase in blood pressure 0.0 to 6.7 (Alora®)/0.0 to 2.9 ) y y v (it y
(Minivelle®/Vivelle®)/0.0 to 4.3 (Vivelle-Dot®) (injection)
Myocardial infarction - - v v ¥ (injection)
Pulmonary embolism - - v v ¥ (injection)
Stroke - - v v ¥ (injection)
Syncope 1 to 3 (Estring®) - - - - -
Thrombophlebitis - - v v ¥ (injection) v
Vasodilation 010 6.7 (Alora®) ) ) ) 2:8 t02.9 )
(vaginal cream)
Central Nervous System
Anxiety 0 to 10.0 (Alora®)/1.0 to 3.0 (Estring®)/0.0 to 3.8 . ) ) ) )
(Minivelle®/Vivelle®)/1.5 to 6.4 (Vivelle-Dot®)
Asthenia 0to 7.9 (Alora®) - - - 7 to 8 (tablet) -
Chorea - - v v -
Dementia - - v v ¥ (injection)
Depression 1.1 to 3.4 (Alora®)/1.0 to 8.0 (Climara®)/0.0 to 6.8 ) v v v (injection)/ y
(Minivelle®/Vivelle®)/3.0 to 10.6 (Vivelle-Dot®) 5 to 8 (tablet)
Dizziness v (injection)/
0.6 to 7.8 (Alora®)/5.0 (Menostar®) - v v 4 tf) é (tableg) Y
Exacerbation of chorea - - - - ¥ (injection) -
Exacerbation of epilepsy - - v v ¥ (injection) v
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Estrogens

AHFS Class 681604

Adverse Event Estradiol Estradiol Acetate Cli/;tiza:'nda:?el* 5;};?2;:1 Estrogeg;,u(i:noerljugated E::zer?i?‘?er(‘js”f
Headache 5.6 to 21.3 (Alora®)/15.0 to 18.0 (Climara®)/13.0 PP
i ® G ; (injection)/
(Estring®)/1.0 to 12.0 (Evamist®)/25.8 to 50.0 7.1t0 9.8 (vaginal v v 26 10 32 (tablet)/ v
(Minivelle®/Vivelle®)/9.0 (Vagifem®)/14.9 to 50.0 ring) 211035 inal
(Vivelle-Dot®) .1to 3.5 (vaginal cream)
Hypesthesia 0 to 3.4 (Alora®) - - - - -
Insomnia 1.1 to 4.6 (Alora®)/4.0 (Estring®)/1.5 to 4.6
(MiniveIIe®/(\/ivelle2@)/1.5(to 6.49(\3ivelle-Dot®) - - - 6107 (tablet) -
Irritability - - v v - v
Migraine 0t0 6.7 (Alora®)/1.0 to 3.0 (Estring®) - v v v (injection) v
Mood disturbances - - v v - v
Nervousness ) ) y v ¥ (injection)/ v
210 5 (tablet)
Possible growth potentiation of R
benign mgeningioll?na ) ) ¥ (injection)
Eyes
Conjunctivitis 0 to 3.3 (Alora®) - - - - -
Intolerance to contact lenses - - v v v (injection) v
Retinal vascular thrombosis - - v v ¥ (injection) v
Steepening of corneal curvature - - v - - v
Gastrointestinal
Abdominal cramps - - v v ¥ (injection) v
Abdominal distention ) 2.7t0 7.1 (vaginal ) ) ) )
ring)
Abdominal pain 1.1to 7.9 (Alora®)/0 to 16.0 (Climara®)/4.0
P (Estring®)(/8.0 (M?enostar®)/7(.0 (Vagife)m®) ) ) ) 151017 (tablet) )
Bloating - - v v ¥ (injection) v
Cholestatic jaundice - - v v ¥ (injection) v
Constipation 1.1t0 6.7 (Alora®)/5.0 (Menostar®)/1.5 to 6.5 i ) ) i )
(Minivelle®/Vivelle®)/1.5 to 6.5 (Vivelle-Dot®)
Diarrhea 1.1 to 3.3 (Alora®)/1 to 3 (Estring®)/5 (Vagifem®) - - - 6 to 7 (tablet) -
Dyspepsia 1.1 10 9.0 (Alora®)/1.0 to 3.0 (Estring®)/5.0
(Menostar®)/0.0 to 9.2 (Minivelle®/Vivelle®)/2.9 to - - - 9to 11 (tablet) -
9.2 (Vivelle-Dot®)
emangionas : - . . “ (injection) .
Flatulence 1.1 to 4.6 (Alora®)/1 to 7 (Climara®)/1 to 3 (Estring®) - - - 6 to 7 (tablet) -
Gastritis 1 to 3 (Estring®) - - - - -
Gastroenteritis 0 to 4.4 (Alora®) - - - - -
Increased incidence of L
gallbladder disease ) ) v v ¥ (injection) v
Ischemic colitis - - - - ¥ (injection) -
Nausea 3.410 6.7 (Alora®)/1.0 to 6.0 (Climara®)/3.0 . L
(Estring®§ll.0 to)3.0 (Evami§t®)/0.0 to)6.2 1.8102.7 (vaginal v v v (injection)/ v
(Minivelle®/Vivelle®)/3.9 to 6.2 (Vivelle-Dot®) ring) 6109 (tablet)
Pancreatitis - - v v ¥ (injection)

Vomiting

¥ (injection)
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Estrogens
AHFS Class 681604

Adverse Event Estradiol Estradiol Acetate Cli/;tiza:'nda:?el* 5;};?2;:1 Estrogeg;,u(i:noerljugated E::zer?i?‘?er(‘js”f
Genitourinary System
/g\rzmﬁtomatlc genital bacterial 4 (Estring®) ) ) ) ) )
Breakthrough bleeding - - v v - -
Cervical polyps 6 (Menostar®) - - - - -
Change in amount of cervical ) ) v v ) )
secretion
Changes in cervical ectropion v v
Changes in vaginal bleeding
pattern and abnormal - - v v - -
withdrawal bleeding or flow
Cystitis 1 to 3 (Estring®) - - - - -
Dysmenorrhea 0.0t06.5 (Minivelle®/Viv®eIIe®)/O t0 6.5 (Vivelle- ) y y ) )
Dot®)
Dysuria 1 to 3 (Estring®) - - - 1.4 (vaginal cream) -
Endometrial cancer v v
Endometrial hyperplasia v v
Genital eruption 1 to 3 (Estring®) - - - - -
Increase in size of uterine ) ) y y ) )
leiomyomata
Intermenstrual bleeding 0.0 to 10.6 (Minivelle®/Vivelle®)/0 to 10.6 (Vivelle- 8.0 t0 9.8 (vaginal
Dot®) ring) ) ) ) ]

Leukorrhea 1.7 to 4.5 (Alora®)/1.0 to 7.0 (Climara®)/7.0 4.010 7.0 (tablet)/2.1 to

(Estring®)/11.0 (Menostar®) ) ] ] 2.9 (vaginal cream) ]
Metrorrhagia 4.110 9.6 (Divigel®) - - - - -
Ovarian cancer v v
Spotting - - v v - -

Urinary incontinence

1 to 3 (Estring®)

Urinary tract infection

1.7 10 5.6 (Alora®)/2.0 (Estring®)

0.9 to 3.6 (vaginal
ring)

Urogenital pruritus

1 to 3 (Estring®)

Uterine pain

1.8 to 4.5 (vaginal

Vaginal bleeding

8.7 t0 33.3 (Alora®)

ring)

Vaginal candidiasis

6.2 to 10.7 (vaginal
ring)

Vaginal discharge

(vaginal ring)

Vaginal hemorrhage

4 (Estring®)

2.0 to 14.0 (tablet)/0.7 to
1.4 (vaginal cream)

Vaginal irritation

0.9 to 1.8 (vaginal
ring)

Vaginal moniliasis

5.0 to 6.0 (tablet)/1.4
(vaginal cream)

Vaginal mycosis

2.4 10 6.4 (Divigel®)

Vaginal pain/discomfort

5 (Estring®)

Vaginitis

0 to 8.0 (Alora®)/5.0 (Estring®)

5.0 to 7.0 (tablet)/1.4 to
2.1 (vaginal cream)
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Estrogens

AHFS Class 681604

. . Estradiol Estradiol Estrogens, Conjugated Estrogens,
Adverse Event Estradiol Estradiol Acetate Cypionate* Valerate* Equine* Esterified*
Vulvovaginal disorder ) ) ) ) 21t028 )
(vaginal cream)
Vulvovaginal mycotic infection 8 (Vagifem®) - - - - -
Vulvovaginal pruritus 8 (Vagifem®) - - - - -
Vulvovaginitis ) 0.9 to 5.3 (vaginal ) ) ) )
ring)
Respiratory
Asthma 1.1 to 3.4 (Alora®) - - - - -
Bronchitis 3.4 10 7.9 (Alora®)/1.0 to 3.0 (Estring®)/6.0 i ) ) i )
(Menostar®)
Cough increased 1.1 to 4.4 (Alora®) - - - 4 to 7 (tablet) -
Nasopharyngitis 4.1105.7 (Divigel®)/1.0 to 5.0 (Evamist®)/8.3 to 19.6 Lo ) ) ) )
(Minivelle®/Vivelle®)/6.4 to 19.6 (Vivelle-Dot®) 1.8 (vaginal ring)
iti ® F ®
Pharyngitis 2.2t0 4.5 (Alora ()E/(s)tflr:(g)‘%o (Climara®)/1.0 } ) ) 1010 12 (tablet) )
Pneumonia 0.6 to 4.5 (Alora®) - - - - -
Respiratory infection 16.1 to 24.7 (Alora®) - - - - -
Rhinitis 2 t0 6 (Climara®) - - - 6 to 10 (tablet) -
Sinus congestion 2.9 10 6.5 (Minivelle®/Vivelle®)/0 to 6.5 (Vivelle-
Dot®) ) ) ) ) )
Sinusitis 6.7 to 12.2 (Alora®)/4.0 to 5.0 (Climara®)/4.0 .
(Estring®)/5.3 0 13.1 (Minivelle®/Vivelle®)5 310 | 11036 (vaginal . . 6 t0 11 (tablet) .
13.1 (Vivelle-Dot?) ring)
Upper respiratory tract 6.0 to 17.0 (Climara®)/1.6 to 5.7 (Divigel®)/5.0 3.6 to 4.4 (vaginal
infection (Estring®)/16.0 (Menostar®)/5.0 (Vagifem®)/4.5 to : fin ) 9 - - 9 to 12 (tablet) -
10.7 (Minivelle®/Vivelle®)/4.5 to 10.7 (Vivelle-Dot®) 9
Skin
Acne - - - - 1.4 (vaginal cream) -
Application site reaction 5.7 t0 56.7 (Alora®)/9.0 (Menostar®) - - - - -
Chloasma or melasma that may
persist when drug is - - v v ¥ (injection) v
discontinued
Cyst 0 to 6.7 (Alora®) - - - - -
Dermatitis 1 to 3 (Estring®) - - - - -
Erythema multiforme - - v v ¥ (injection) v
Erythema nodosum - - v v ¥ (injection) v
Hemorrhagic eruption - - v v ¥ (injection) v
Hemorrhoids 1 to 3 (Estring®) - - - - -
Hirsutism 0.6 to 4.5 (Alora®) - v v ¥ (injection) v
Loss of scalp hair - - v v ¥ (injection) v
Pruritus ¥ (injection)/
® . ® ) 4.0 t0 5.0 (tablet)/
1.1t0 6.7 (Alora®)/0.5 to 6.0 (Climara®) v v 071014 v
(vaginal cream)
Rash 2.9 t0 8.9 (Alora®) - v v ¥ (injection) v
Skin hypertrophy 1 to 3 (Estring®) - - - - -
100
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Estrogens

AHFS Class 681604
Adverse Event Estradiol Estradiol Acetate Cli/;tiza:'nda:?el* 5;};?2;:1 Estrogeg;,u(i:noerljugated IIEESSgSi?‘?er(‘jS”‘
Other
Accidental injury 4.5 10 8.9 (Alora®)/14.0 (Menostar®) - - - 6 to 12 (tablet) -
Aggravation of porphyria - - v v ¥ (injection) v
Allergy 1 (Estring®) - - - - -
Allergic reaction 0.6 to 4.5 (Alora®) - - - - -
Anaphylactoid/ A
anap%y%actic reactions ) ) v v ¥ (injection) Y
Angioedema - - v v ¥ (injection) v
Arthralgia 1.1 to 12.4 (Alora®)/1.0 to 5.0 (Climara®)/3.0 v (i
ing® it ® ® ; ; (injection)/
(Estring )_/1_.Oto 4.0 _(Evamlst )/12.0 (Me_nostar )/3.8 1.8 (vaginal ring) v v 710 14 (tablet) v
to 8.5 (Minivelle®/ Vivelle®)/3.8 to 8.5 (Vivelle-Dot®)
Arthritis 4 (Estring®)/5 (Menostar®) - - - - -
Back pain 3.3t0 7.9 (Alora®)/4.0 to 9.0 (Climara®)/6.0
Estring®)/3.0 to 5.0 (Evamist®)/7.7 to 10.6 3.6 t0 6.2 (vaginal
(Mgnivellg®l)\/ivelle®)/7.(0 (Vagife2n®)/7.7 0106 ring() ’ - - 1310 14 (tablet) -
(Vivelle-Dot®)
Bone fracture spontaneous 0 to 3.3 (Alora®) - - - - -
Changes in libido - - v v ¥ (injection) v
Changes in weight - - v v ¥ (injection) v
Edema 0.5 t0 13.0 (Climara®) - v v ¥ (injection) v
Exacerbation of asthma - - v v ¥ (injection) v
Family stress 2 (Estring®) - - - - -
Flu syndrome 3.4 10 13.3 (Alora®)/3.0 (Estring®)/0.0to 7.8
Y §Minive)||e®/\(/iveueg)) - - - 1010 11 (tablet) -
Fungal infection 0 t0 10.0 (Alora®) - - - - -
Genital disorder - 2.7 (vaginal ring) - - - -
Glucose intolerance - - - - ¥ (injection) -
Hot flashes 2 (Estring®)/0.0 to 2.9 (Minivelle®/Vivelle®)/0 to 6.4 . ) ) ) .
(Vivelle-Dot®)
Hypocalcemia - - ¥ (injection)
Increased triglycerides - - ¥ (injection)
Increased weight 0.6 to 4.5 (Alora®)/0.0 to 4.3 ) ) ) ) )
(Minivelle®/Vivelle®)/1.9 to 8.5 (Vivelle-Dot®)
Infection 1.1 to 3.4 (Alora®)/5.0 (Menostar®) - - - 18 to 23 (tablet) -
Influenza 0.0 to 7.6 (Minivelle®/Vivelle®)/2.3 to 8.5 (Vivelle- ) ) ) ) )
Dot®)
Injection site edema - - - - ¥ (injection) -
Injection site pain - - - - ¥ (injection) -
Injection site phlebitis - - - - ¥ (injection) -
Joint disorder 1.1 to0 4.5 (Alora®) - - - - -
Leg cramps ) ) v v v (injection)/ v
310 7 (tablet)
Leg edema 1 to 3 (Estring®) - - - - -

Metabolic and nutritional
disorders

12 (Menostar®)

Moniliasis

6 (Estring®)/5 (Vagifem®)

0.7 to 1.4 (vaginal cream)
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Estrogens

AHFS Class 681604

Adverse Event Estradiol Estradiol Acetate Clisp}i?:'nda:?el* 5;};?2;:1 Estrogegz,u(i:noerljugated E::zer?i?‘?er(‘js”f
Muscle cramp - - - - 1.4 (vaginal cream) -
Myalgia 1.7 t0 5.6 (Alora®)/5.0 (Menostar®) - - - 5 to 9 (tablet) -
Neck pain 0.0 to 4.5 (Minivelle®/Vivelle®)/3.1 to 6.4 (Vivelle- i ) ) i )
Dot®)
Otitis media 0 to 3.4 (Alora®)/1.0 to 3.0 (Estring®) - - - - -
Pain 5.6 t0 10.1 (Alora®)/1.0 to 11.0
(CIimara®)/13.C()(Menoltar®)/0.0 t0 6.2 - - - 17.010 20.0 (table)/0.7 to -
(Minivelle®/Vivelle®)/4.3 to 6.2 (Vivelle-Dot?) 1.4 (vaginal cream)
Pain in limb 4.3 10 7.7 (Minivelle®/Vivelle®)/4.3 to 7.7 (Vivelle- 0.9 to 2.7 (vaginal
Dot®) ring) ) ) ) )
Pelvic pain 281029
) ) ] ] (vaginal cream) ]
Peripheral edema 1.7 t0 4.4 (Alora®) - - - - -
Reduced carbohydrate ) ) y y ) y
tolerance
Sinus headache 1.5t010.9 (Minivelle®/Vive®IIe®)/1.5 to 10.9 (Vivelle- ) ) ) ) )
Dot®)
Skeletal pain 2 (Estring®) - - - - -
Tooth disorder 1 to 3 (Estring®) - - - - -
Toothache 1 to 3 (Estring®) - - - -
Urticaria - - v v ¥ (injection) v
*Adverse events have been reported with estrogen and/or progestin therapy (estrogens, conjugated equine injection formulation only).
-Incidence not reported or <1%
¥ Incidence not specified.
Table 8. Adverse Drug Events (%) for the Estrogens-Combination Products’3
Adverse Event EstraQioI and Estradiol and Estrad_iol and Estradiql and Estradiol and mﬁﬁﬁggsén d Estro?zegji,n(éo;r{ggated EthlnyLE(sitradlol
Drospirenone | Levonorgestrel Norethindrone | Norgestimate Progesterone Bazedoxifene Medroxyprogesterone Norethindrone
Abdominal pain - 4.2 6 to 14* - - 7 131023 5.31010.2
Accidental injury - 3.3 3to 17 - - - 41010 -
Acne - - 410 5* - : - - -
Anxiety - - - - - - 2t05 -
Application site reaction - 40.6 210 23* - - - - -
Arthralgia - 4.2 6* 9 - - 71013 29t05.8
Asthenia - - 8to 13* - - - 6t010 -
Back pain - 6.1 3t015 12 - - 13t0 16 47t05.3
Breast enlargement - - 2to 7* - - - 2t05 -
Breast pain or discomfort 3.3t017.9 18.9 171048 16 10 - 1210 38 5.3109.0
Bronchitis - 4.2 3to5* - - - - -
Cervical polyp 1.2 - - - - - - -
Cervix disorder - - - - - - 4t05 -
Constipation - - 2to 5* - - - - -
Cough - - - 5 - - 5t08 -
Depression - 5.7 3t09* 5 - - 5to0 11 371058
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. . . . ; Estrogens, Estrogens, Conjugated Ethinyl Estradiol
P 9 9 9 Bazedoxifene Medroxyprogesterone Norethindrone
Diarrhea 2.2 - 41014 - - 8 5t07 39t05.7
Dizziness - - 6to 7* 5 - 5 3to5 -
Dysmenorrhea - - 20 to 31* 8 - - 3t013 -
Dyspepsia - - 1to08* - - 7 5t08 3.11t05.3
Edema - 3.8 - - - - - 15.7t0 16.9
Emotional lability 1.2 - 0 to 6T - - - - -
Endometrial thickening - - 101 - : - -
Fatigue - - - 6 - - - -
Female genital tract bleeding 14 - - - - - - -
Flatulence - 3.8 4to7* 5 - - 5t09 -
Gastroenteritis - - 0 to 61 - - - - -
Gastrointestinal and 6.01065 ) ) 12 1 } } )
abdominal pains
Headache 6 5.2 11t0 25 23 3 - 28 to 37 5.71018.2
Hypertension - 3.3 - - - - - -
Hypertonia - - - - - - 3t04 -
Infection - 3.3 3to 5* - - - 16to0 21 -
Influenza-like symptoms - 4.7 510 9* 11 - - 81012 -
Insomnia - - 0to8 - - - 6to7 -
Leg cramps - - - - - - 3to7 -
Leukorrhea - - 5to 10* - - - 3t09 -
Menorrhagia - - 2to 5* - - - - -
Menstrual disorder - - 6 to 19* - - - - -
Migraine 1 - - - - - - -
Moniliasis, genital - 0 to 61 - - - 4108 -
Muscle spasms - - - - - 9 - -
Myalgia - - - 5 - - 4t05 7.8t08.6
Nasopharyngitis - - 217 - - - - -
Nausea 3.3 - 3012 6 - 8 7to11 5.31033.0
Neck pain - - - - - 5 - -
Nervousness - - 3to 6* - - - 2t03 16t054
Oropharyngeal pain - - - - - 7 - -
Ovarian cyst - - 0to 71 - - - - -
Pain - 5.2 4 to 19* 6 - - 11t0 20 -
Pain in extremity - - 5t - - - - -
Papa_nl_colaou smear ) ) 410 8% ) 1 ) ) )
suspicious
Pelvic pain - - - - 3 - 4t05 -
Peripheral edema 2.2 - 6* - - - 3t04 -
Pharyngitis - - 4 to 10* 7 - - 81013 -
Post-menopausal bleeding - - S5tollt - - - - -
Pruritus - - - - - - 41010 -
Rash - 24 5 to 6* - - - 4t06 -
Respiratory disorder - - 71013* - - - - -
Rhinitis - - 7 to 22* - - - 6to 10 12.7t015.1
103

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services




Estrogens

AHFS Class 681604

Estradiol and

Estradiol and

Estradiol and

Estradiol and

Estradiol and

Estrogens,

Estrogens, Conjugated

Ethinyl Estradiol

Adverse Event - - - Conjugated and Equine and and
Drospirenone | Levonorgestrel Norethindrone | Norgestimate Progesterone Bazedoxifene Medroxyprogesterone NorER e

Sinusitis - 3.8 41015 8 - - 71010 8.1t094
Tooth disorder - - 4 to 6* 5 H - - -
Upper respiratory tract - 132 10 to 187 21 I ; 9to 11 -
infection
Urinary tract infection - 33 - - - - 3.7106.2
Uterine fibroid - - 0to 5T - - - - -
Vaginal bleeding 9 36.8 - - - - - -
Vaginal discharge - - - - 3 - - -
Vaginal hemorrhage - - 31026 - 3 - 1t06 -
Vaginitis - 1.9 6to 13* 7 - - 4t07 541045
Viral infection - - 0 to 61 6 - - - 7.0t08.6
Vomiting - - - - - - 5.31033.0
Vulvovaginal fungal
Vo 5.5 - - - - - - -
infections
Weight increase - 2.8 0to 9F - - - - -

*Transdermal patch only.

+Oral therapy only.

-Incidence not reported or <1.0%

¥ Incidence not specified.
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Table 9. Boxed Warning for the Estrogjens2

WARNING

Estrogen-alone therapy:

Endometrial cancer: There is an increased risk of endometrial cancer in a woman with a uterus who uses
unopposed estrogens. Adding a progestin to estrogen therapy has been shown to reduce the risk of endometrial
hyperplasia, which may be a precursor to endometrial cancer. Adequate diagnostic measures, including directed
or random endometrial sampling when indicated, should be undertaken to rule out malignancy in postmenopausal
women with undiagnosed persistent or recurring abnormal genital bleeding.

Cardiovascular disorders and probable dementia:

Estrogen-alone therapy should not be used for the prevention of cardiovascular disease or dementia. The
Women's Health Initiative (WHI) estrogen-alone substudy reported increased risks of stroke and deep vein
thrombosis in postmenopausal women (50 to 79 years of age) during 7.1 years of treatment with daily oral
conjugated estrogens 0.625 mg alone, relative to placebo.

The WHI Memory Study (WHIMS) estrogen-alone ancillary study of WHI reported an increased risk of
developing probable dementia in postmenopausal women 65 years or older during 5.2 years of treatment with
daily CE 0.625 mg alone, relative to placebo. It is unknown whether this finding applies to younger
postmenopausal women.

In the absence of comparable data, these risks should be assumed to be similar for other doses of conjugated
estrogens and other dosage forms of estrogens. Estrogens with or without progestins should be prescribed at the
lowest effective doses and for the shortest duration consistent with treatment goals and risks for the individual
woman.

Estrogen plus progestin therapy:

Cardiovascular disorders and probable dementia: Estrogen plus progestin therapy should not be used for the
prevention of cardiovascular disease or dementia. The WHI estrogen plus progestin substudy reported increased
risks of DVT, pulmonary embolism, stroke and myocardial infarction in postmenopausal women (50 to 79 years
of age) during 5.6 years of treatment with daily oral conjugated estrogen 0.625 mg combined with
medroxyprogesterone 2.5 mg, relative to placebo. The WHIMS estrogen plus progestin ancillary study of the
WHI reported an increased risk of developing probable dementia in postmenopausal women 65 years or older
during 4 years of treatment with daily conjugated estrogen 0.625 mg combined with medroxyprogesterone 2.5
mg, relative to placebo. It is unknown whether this finding applies to younger postmenopausal women.

Breast cancer: The WHI estrogen plus progestin substudy also demonstrated an increased risk of invasive breast
cancer. In the absence of comparable data, these risks should be assumed to be similar for other doses of
conjugated estrogen and medroxyprogesterone, and other combinations and dosage forms of estrogens and
progestins. Estrogens with or without progestins should be prescribed at the lowest effective doses and for the

shortest duration consistent with treatment goals and risks for the individual woman.

Dosing and Administration
The usual dosing regimens for the estrogens are listed in Table 10.

Table 10. Usual Dosing Regimens for the Estrogens®?

; Usual S
Generic Name Usual Adult Dose Pediatric Dose Availability
Single Entity Agents
Estradiol Palliative treatment of advanced androgen-dependent Safety and Tablet

carcinoma of the prostate: efficacy in (Estrace®):
Tablet (Estrace®): 1to 2 mg TID children have 0.5mg
not been 1mg
Palliative treatment of breast cancer in appropriately established. 2mg
selected women and men with metastatic breast cancer:
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Usual

Generic Name Usual Adult Dose o Availability
Pediatric Dose
Tablet (Estrace®): 10 mg TID for >3 months Transdermal gel
(Divigel®):

Prevention of postmenopausal osteoporosis:
Tablet (Estrace®): initial, 0.5 mg/day; maintenance,
adjust dose as necessary

Transdermal patch (Alora®): initial, 0.025 mg/day
applied twice weekly; maintenance, adjust dose as
necessary

Transdermal patch (Climara®): initial, 0.025 mg/day
applied once weekly; maintenance, adjust dose as
necessary

Transdermal patch (Menostar®): 14 pg/day applied
once weekly

Transdermal patch (Vivelle-Dot®, Minivelle®): initial,
0.025 mg/day applied twice weekly; maintenance,
adjust dose as necessary

Treatment of hypoestrogenism due to hypogonadism,
castration, or primary ovarian failure:

Tablet (Estrace®): initial, 1 to 2 mg/day; maintenance,
adjust dose as necessary

Transdermal patch (Alora®): initial, 0.05 mg/day
applied twice weekly; maintenance, adjust dose as
necessary

Transdermal patch (Climara®): initial, 0.025 mg/day
applied once weekly; maintenance, adjust dose as
necessary

Transdermal patch (Vivelle-Dot®, Minivelle®): initial,
0.025 mg/day applied twice weekly; maintenance,
adjust dose as necessary

Treatment of moderate to severe vasomotor symptoms

associated with menopause:

Tablet (Estrace®): initial, 1 to 2 mg/day administered
cyclically (three weeks on and one week off);
maintenance, adjust dose as necessary

Transdermal gel (Divigel®): initial, 0.25 g/day;
maintenance, adjust dose as necessary

0.25 mg (0.1%)
0.5 mg (0.1%)
1 mg (0.1%)

Transdermal gel
(Elestrin®):
0.87 gm/pump
(0.06%)

Transdermal
patch (Alora®):
0.025 mg/day
0.05 mg/day
0.075 mg/day
0.1 mg/day

Transdermal
patch
(Climara®):
0.025 mg/day
0.0375 mg/day
0.05 mg/day
0.06 mg/day
0.075 mg/day
0.1 mg/day

Transdermal
patch
(Menostar®):
14 ng/day

Transdermal
patch
(Minivelle®):
0.025 mg/day
0.0375 mg/day
0.05 mg/day
0.075 mg/day
0.1 mg/day

Transdermal
patch (Vivelle-
Dot®):

0.025 mg/day
0.0375 mg/day

Transdermal gel (Elestrin®): initial, 0.87 g/day (one 0.05 mg/day

pump); maintenance, adjust dose as necessary 0.075 mg/day
0.1 mg/day

Transdermal patch (Alora®): initial, 0.05 mg/day

applied twice weekly; maintenance, adjust dose as Transdermal

necessary spray
(Evamist®):
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Generic Name

Usual Adult Dose

Usual
Pediatric Dose

Availability

Transdermal patch (Climara®): initial, 0.025 mg/day
applied once weekly; maintenance, adjust dose as
necessary

Transdermal patch (Vivelle-Dot®, Minivelle®): initial,
0.0375 mg/day applied twice weekly; maintenance,
adjust dose as necessary

Transdermal spray (Evamist®): initial, one spray daily;
maintenance, adjust dose as necessary

Treatment of moderate to severe vulvar and vaginal
atrophy associated with menopause:

Tablet (Estrace®): initial, 1 to 2 mg/day administered
cyclically (three weeks on and one week off);
maintenance, adjust dose as necessary

Transdermal patch (Alora®): initial, 0.05 mg/day
applied twice weekly; maintenance, adjust dose as
necessary

Transdermal patch (Climara®): initial, 0.025 mg/day
applied once weekly; maintenance, adjust dose as
necessary

Transdermal patch (Vivelle-Dot®, Minivelle®): initial,
0.0375 mg/day applied twice weekly; maintenance,
adjust dose as necessary

Treatment of atrophic vaginitis due to menopause:
Vaginal tablet (Vagifem®): one tablet administered
intravaginally for two weeks, followed by one tablet
intravaginally twice weekly; in general start treatment
with 10 pg

Treatment of moderate to severe urogenital symptoms
due to postmenopausal atrophy of the vagina and/or the
lower urinary tract:

Vaginal ring (Estring®): 2 mg vaginal ring inserted as
deeply as possible into the upper one-third of the
vaginal vault; the ring is to remain in place
continuously for three months

Treatment of vulvar and vaginal atrophy:

Vaginal cream (Estrace®): 2 to 4 g/day administered
intravaginally for one to two weeks, followed by % the
initial dose for a similar period; maintenance, 1 g
administered intravaginally one to three times per week
(may be used after restoration of the vaginal mucosa
has been achieved)

1.53 mg/spray
(1.7%)

Vaginal cream
(Estrace®):

0.1 mg/g
(0.01%)

Vaginal ring
(Estring®):
2mg (7.5
ng/day)

Vaginal tablet
(Vagifem®):
10 pg

Estradiol
acetate

Treatment of moderate to severe vasomotor symptoms
associated with menopause:

Vaginal ring: initial, 0.05 mg/day; maintenance, 0.05 to
0.1 mg/day

Safety and
efficacy in
children have
not been
established.

Vaginal ring
(Femring®):
0.05 mg/day
0.1 mg/day
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Usual

Generic Name Usual Adult Dose Pediatric Dose Availability
Treatment of moderate to severe vulvar and vaginal
atrophy associated with menopause:
Vaginal ring: initial, 0.05 mg/day; maintenance, 0.05 to
0.1 mg/day
Estradiol Treatment of hypoestrogenism due to hypogonadism, Safety and Injection
cypionate castration, or primary ovarian failure: efficacy in (intramuscular):
Injection: 1.5 to 2 mg intramuscularly at monthly children have 5 mg/mL
intervals not been
established.
Treatment of vasomotor symptoms associated with
menopause:
Injection: 1 to 5 mg intramuscularly every three to four
weeks
Estradiol Palliative treatment of advanced prostate cancer: Safety and Injection
valerate Injection: 30 mg or more intramuscularly every one to | efficacy in (intramuscular):
two weeks children have 10 mg/mL
not been 20 mg/mL
Treatment of hypoestrogenism due to hypogonadism, established. 40 mg/mL
castration, or primary ovarian failure:
Injection: 10 to 20 mg intramuscularly every four
weeks
Treatment of vasomotor symptoms associated with
menopause:
Injection: 10 to 20 mg intramuscularly every four
weeks
Treatment of vulvar and vaginal atrophy associated
with menopause:
Injection: 10 to 20 mg intramuscularly every four
weeks
Estrogens, Palliative treatment of advanced androgen-dependent Safety and Injection
conjugated carcinoma of the prostate: efficacy in (intramuscular
equine Tablet: 1.25t0 2.5 mg TID children have and intravenous):
not been 25mg
Palliative treatment of breast cancer in appropriately established.

selected women and men with metastatic disease:
Tablet: 10 mg TID for >3 months

Prevention of postmenopausal osteoporosis:

Tablet: initial, 0.3 mg/day; maintenance, subsequent
dosage adjustment may be made based upon the
individual clinical and bone mineral density responses

Treatment of abnormal uterine bleeding due to
hormonal imbalance in the absence of organic
pathology:

Injection: 25 mg intramuscularly or intravenously
once; repeat in six to 12 hours if necessary

Treatment of atrophic vaginitis and kraurosis vulvae:
Vaginal cream: initial, 0.5 g/day intravaginally
administered cyclically (three weeks on and one week
off); maintenance, 0.5t02 g

Tablet:
0.3 mg
0.45 mg
0.625 mg
0.9 mg
1.25 mg

Vaginal cream:
0.625 mg/g (30
or42.59)
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Generic Name

Usual Adult Dose

Usual
Pediatric Dose

Availability

Treatment of hypoestrogenism due to hypogonadism,
castration, or primary ovarian failure:

Tablet: 0.3 or 0.625 mg/day administered cyclically
(three weeks on and one week off); maintenance, doses
are adjusted depending on the severity of symptoms
and responsiveness of the endometrium

Treatment of moderate to severe vasomotor symptoms
associated with menopause:

Tablet: initial, 0.3 mg/day; maintenance, subsequent
dosage adjustment may be made based upon the
individual patient response

Treatment of moderate to severe dyspareunia, a
symptom of vulvar and vaginal atrophy, due to
menopause:

Vaginal cream: 0.5 mg/day intravaginally in a twice-
weekly continuous regimen or in a cyclic regimen of
21 days of therapy followed by seven days off of
therapy

Treatment of moderate to severe vaginal dryness
symptoms of vulvar and vaginal atrophy associated
with menopause:

Tablet: initial, 0.3 mg/day; maintenance, subsequent
dosage adjustment may be made based upon the
individual patient response

Estrogens,
esterified

Palliative treatment of breast cancer in appropriately
selected women and men with metastatic disease:
Tablet: 10 mg TID for >3 months

Palliative therapy of advanced prostatic carcinoma:
Tablet: 1.25t0 2.5 mg TID

Treatment of hypoestrogenism due to hypogonadism,
castration, or primary ovarian failure:

Tablet (hypogonadism): 2.5 to 7.5 mg/day, in divided
doses for 20 days, followed by a rest period of 10 days’
duration

Tablet (female castration, primary ovarian failure):
1.25 mg/day administered cyclically (three weeks on
and one week off)

Treatment of moderate to severe vasomotor symptoms
associated with menopause:

Tablet: 1.25 mg/day administered cyclically (three
weeks on and one week off)

Treatment of vulval and vaginal atrophy associated
with menopause:

Tablet: 0.3 to 1.25 mg or more daily administered
cyclically (three weeks on and one week off)

Safety and
efficacy in
children have
not been
established.

Tablet:
0.3 mg
0.625 mg
1.25mg

Combination Products

109

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services




Estrogens

AHFS Class 681604

. Usual o
Generic Name Usual Adult Dose Pediatric Dose Availability
Estradiol and Treatment of moderate to severe symptoms of vulvar Safety and Tablet™:
drospirenone and vaginal atrophy due to menopause: efficacy in 0.5-0.25 mg

Tablet: 0.5-0.25 mg or 1-0.5 mg QD children have 1.0-0.5mg
not been
Treatment of moderate to severe vasomotor symptoms | established.
due to menopause:
Tablet: 1-0.5 mg QD
Estradiol and Prevention of postmenopausal osteoporosis and Safety and Transdermal
levo-norgestrel | treatment of moderate to severe vasomotor symptoms efficacy in patch:
due to menopause: children have 0.045-0.015
Transdermal patch: 0.045-0.015 mg transdermal patch | not been mg/day
worn continuously for seven days; maintenance, a new | established.
0.045-0.015 mg transdermal patch should be applied
weekly during a 28-day cycle
Estradiol and Prevention of postmenopausal osteoporosis: Safety and Tablet]:
norethindrone | Tablet: 0.5-0.1 or 1-0.5 mg QD efficacy in 0.5-0.1 mg
children have 1.0-0.5 mg
Treatment of hypoestrogenism due to hypogonadism, not been
castration, or primary ovarian failure: established. Transdermal
Transdermal patch: 0.05-0.014 or 0.05-0.25 mg patch:
transdermal patch worn continuously; maintenance, a 0.05-0.14 mg
new 0.05-0.014 or 0.05-0.25 mg transdermal system 0.05-0.25 mg
should be applied twice weekly during a 28-day cyclet
Treatment of moderate to severe symptoms of vulvar
and vaginal atrophy due to menopause:
Tablet: 1-0.5 mg QD
Transdermal patch: 0.05-0.014 or 0.05-0.25 mg
transdermal patch worn continuously; maintenance, a
new 0.05-0.014 or 0.05-0.25 mg transdermal system
should be applied twice weekly during a 28-day cyclet
Treatment of moderate to severe vasomotor symptoms
due to menopause:
Tablet: 0.5-0.1 or 1-0.5 mg QD
Transdermal patch: 0.05-0.014 or 0.05-0.25 mg
transdermal patch worn continuously; maintenance, a
new 0.05-0.014 or 0.05-0.25 mg transdermal system
should be applied twice weekly during a 28-day cyclet
Estradiol and Prevention of postmenopausal osteoporosis, treatment | Safety and Tablet§:
norgestimate of moderate to severe symptoms of vulvar and vaginal | efficacy in 1 mg (estradiol)
atrophy due to menopause, and treatment of moderate children have and 1-0.09 mg
to severe vasomotor symptoms due to menopause: not been (estradiol/
Tablet: one tablet QD established. norgestimate)
Estradiol and Treatment of moderate to severe vasomotor symptoms | Safety and Capsule:
progesterone due to menopause: efficacy in 1-100 mg
Capsule: one tablet orally each evening with food children have
not been
established.
Estrogens, Prevention of postmenopausal osteoporosis and Safety and Tablet:
conjugated and | treatment of moderate to severe vasomotor symptoms efficacy in 0.45-20 mg

bazedoxifene

due to menopause:

children have
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. Usual o
Generic Name Usual Adult Dose Pediatric Dose Availability
Tablet: one tablet QD not been
established.
Estrogens, Prevention of postmenopausal osteoporosis, treatment | Safety and Tablet|[:
conjugated of moderate to severe symptoms of vulvar and vaginal | efficacy in 0.3-1.5mg
equine and atrophy due to menopause, and treatment of moderate children have (Prempro®)
medroxy- to severe vasomotor symptoms due to menopause: not been 0.45-1.5mg
progesterone Tablet: one tablet QD established. (Prempro®)
0.625-2.5 mg
(Prempro®)
0.625-5mg
(Prempro®)
0.625 mg
(estrogen,
conjugated
equine) and
0.625-5mg
(estrogen,
conjugated
equine/
medroxy-
progesterone)
(Premphase®)
Ethinyl Prevention of postmenopausal osteoporosis and Safety and Tablet:
estradiol and treatment of moderate to severe vasomotor symptoms efficacy in 2.5 ng-0.5 mg
norethindrone | due to menopause: children have 5 ug-1mg
Tablet: one tablet QD not been
established.

QD=once daily, TID=three times daily
*Available in three blisters of 28 tablets.
tCan also be administered in combination with an estradiol transdermal patch. With this regimen, estradiol transdermal patch (0.05 mg) is
administered for the first 14 days of a 28-day cycle, followed by estradiol/norethindrone 0.05/0.14 or 0.05/0.25 mg transdermal patch for the
remaining 14 days of the 28-day cycle.

TActivella®: available as 28 tablets in a calendar dial pack dispenser.
§Auvailable in cartons of six pouches. Each pouch consists of a blister card containing three 1 mg estradiol tablets followed by three 1.0/0.9 mg
estradiol/norgestimate tablets. The pattern of three estradiol tablets and three combination tablets repeats for a total of 30 tablets per blister
card. Each blister card contains 15 tablets of each of the two tablets. The three day phases are alternated continuously during treatment.

|| Prempro®: available as one or three blisters of 28 tablets. Premphase®: available as one blister of 28 tablets.
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Clinical studies evaluating the safety and efficacy of the estrogens are summarized in Table 11.

Table 11. Comparative Clinical Trials with the Estrogens

. Study Size
D Study apd StUdyBesIgI .and and Study End Points Results
rug Regimen Demographics D :
uration
Comparative Trials of Estrogens
WHI Steering DB, MC, PC, RCT N=10,739 Primary: Primary:
Committee? Rate of CHD Treatment with CEE did not significantly affect the incidence of CHD or
(2004) Postmenopausal 6.8 years (nonfatal M1 or overall mortality. The estimated HR for CHD was 0.91 (95% CI, 0.75 to
WHI women, 50 to 79 (mean CHD death), 1.12), breast cancer was 0.77 (95% Cl, 0.59 to 1.01), and death was 1.04
years of age, with duration of invasive breast (95% ClI, 0.88 to 1.22). There were an estimated seven fewer cases of
CEE 0.625 mg once | prior hysterectomy follow-up) cancer breast cancer among the women treated with CEE compared to the women
daily taking placebo, but that did not reach statistical significance.
Secondary:
S Stroke, PE, Secondary:
colorectal cancer, Treatment with CEE increased the risk of stroke and reduced the risk of
placebo hip fracture, and hip and other fractures. The estimated HR for breast cancer was 0.77 (95%
deaths from other Cl, 0.59 to 1.01), stroke was 1.39 (95% CI, 1.10 to 1.77), PE was 1.34
causes (95% Cl, 0.87 to 2.06), colorectal cancer was 1.08 (95% ClI, 0.75 to 1.55),
hip fracture was 0.61 (95% ClI, 0.41 to 0.91), and global index was 1.01
(95% Cl, 0.91 to 1.12). Thus, there was an absolute excess risk of 12
additional strokes per 10,000 person-years and an absolute risk reduction
of 6 fewer hip fractures per 10,000 person-years.
Stefanick et al.?> DB, MC, PC, RCT N=10,739 Primary: Primary:
(2006) Breast cancer Treatment with CEE did not increase the risk of breast cancer compared to
WHI Postmenopausal 7.1 years incidence, tumor placebo. The HR for invasive breast cancer was 0.80 (95% ClI, 0.62 to
women, 50 to 79 (mean characteristics, 1.04; P=0.09) and 0.82 (95% ClI, 0.65 to 1.04; P=0.10) for total breast
CEE 0.625 mg years of age, with duration of mammogram cancer.
prior hysterectomy follow-up) findings
VS However, breast cancer that developed in patients who had received CEE
Secondary: was associated with larger tumor size (P=0.03) and higher percentage of
placebo Not reported positive nodes (P=0.07) compared to placebo.
The risk of invasive breast cancer was significantly lower in women who
had no prior hormone use. The HR was 0.65 (95% Cl, 0.46 to 0.92) for
women with no prior hormone use and 1.02 (95% Cl, 0.70 to 1.50) for
women with prior hormone use (P=0.09).
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. Study Size
D Study apd StUdyBesIgI .and and Study End Points Results
rug Regimen Demographics D :
uration
There were larger numbers of mammograms with abnormalities that
required primarily short interval follow-ups in the CEE group compared to
placebo (P<0.001).
Secondary:
Not reported
Hsia et al.?8 DB, MC, PC, RCT N=10,739 Primary: Primary:
(2006) CHD events (Ml or | There were 201 CHD events reported among the women assigned to
WHI Postmenopausal 7.1 years coronary death) estrogen treatment compared to 217 events in the placebo group (HR,
women 50 to 79 (mean 0.95; 95% CI, 0.79 to 1.16).
CEE 0.625 mg once | years of age at duration of Secondary:
daily baseline, who had follow-up) CABG or PCl, The HR was 0.61 (95% CI, 0.25 to 1.50) for the 50 to 59 years age group,
undergone prior angina, 0.86 (95% ClI, 0.60 to 1.25) for the 60 to 69 years age group, and 1.10
VS hysterectomy hospitalized CHF, | (95% CI, 0.69 to 1.73) for the 70 to 79 years of age group; P=0.35.
acute coronary
placebo syndrome There was no significant trend in risk of primary outcome over time
(P=0.14).
Secondary:
Coronary revascularization was less frequent among the 50 to 59 years age
group that was assigned to estrogen treatment (HR, 0.55; 95% ClI, 0.35 to
0.86). Composite outcomes were less frequent with estrogen treatment in
this age group (HR, 0.66; 95% ClI, 0.45 to 0.96).
There were no differences in secondary coronary outcomes between
treatment groups in the women 60 to 69 years of age or women 70 to 79
years of age.
Chlebowski et al.?” DB, MC, PC, RCT N=16,608 Primary: Primary:
(2016) Endometrial cancer | Over cumulative follow-up, continuous combined estrogen plus progestin
WHI Postmenopausal 5.6 years incidence use decreased endometrial cancer incidence (66 case patients, 0.06% per
women 50 to 79 (mean year) compared with placebo (95 case patients, 0.10% per year; HR, 0.65;
CEE 0.625 mg once | years of age at duration of Secondary: 95% ClI, 0.48 to 0.89; P=0.007). While there were somewhat fewer
daily plus baseline, with an follow-up) Not reported endometrial cancers during intervention (25 vs 30, respectively; HR, 0.77;
medroxyprogeste- intact uterus 95% Cl, 0.45 to 1.31), the difference became statistically significant
rone acetate 2.5mg Extension postintervention (41 vs 65, respectively; HR, 0.59; 95% ClI, 0.40 to 0.88;
once daily (as a phase: P=0.008), but hazard ratios did not differ between phases (Paitterence=0.46).
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single pill: N=12,788 There was a statistically nonsignificant reduction in deaths from
Prempro®) endometrial cancer in the estrogen plus progestin group (5 vs 11 deaths,
13.2 years HR, 0.42; 95% Cl, 0.15 to 1.22).
VS (mean
duration of Secondary:

placebo follow-up) Not reported
Manson et al.? OBS follow-up N=27,347 Primary: Primary:
(2017) All-cause mortality | During cumulative 18-year follow-up, all-cause mortality in the overall
WHI US multiethnic Cumulative pooled cohort was 27.1% with hormone therapy vs 27.6% with placebo

postmenopausal 18-year Secondary: (HR, 0.99; 95% Cl, 0.94 to 1.03; P=0.60). For the individual trials, all-
CEE 0.625 mg once | women aged 50 to follow-up Cause-specific cause mortality was 26.4% for CEE plus MPA vs 26.0% for placebo (HR,
daily 79 years enrolled in mortality 1.02; 95% ClI, 0.96 to 1.08; P=0.51), and for CEE alone it was 28.3% vs

two randomized (cardiovascular 30.0% for placebo (HR, 0.94; 95% CI, 0.88 to 1.01; P=0.11).
or clinical trials disease mortality,

between 1993 and cancer mortality, Secondary:
CEE 0.625 mg once | 1998 and followed and other major In the pooled cohort for cardiovascular mortality, the HR was 1.00 (95%
daily plus up through 2014 causes of Cl, 0.92 to 1.08 [8.9 % with hormone therapy vs 9.0% with placebo]); for
medroxyprogeste- mortality) total cancer mortality, the HR was 1.03 (95% CI, 0.95 to 1.12 [8.2 % with
rone acetate 2.5mg hormone therapy vs 8.0% with placebo]); and for other causes, the HR
once daily (as a was 0.95 (95% ClI, 0.88 to 1.02 [10.0% with hormone therapy vs 10.7%
single pill: with placebo]), and results did not differ significantly between trials.
Prempro®)
Vs
placebo
LaCroix et al.?® DB, MC, PC, RCT N=7,645 Primary: Primary:
(2011) CHD, invasive The post-intervention risk (annualized risk) for CHD among patients

Postmenopausal 10.7 years breast cancer receiving CEE was 0.64% compared to 0.67% with patients receiving
CEE 0.0625 mg women 50 to 79 (mean placebo (HR, 0.97; 95% CI, 0.75 to 1.25) and 0.26 vs 0.34%, respectively,
once daily years of age with duration of Secondary: for breast cancer (HR, 0.75; 95% ClI, 0.51 to 1.09).

prior hysterectomy follow-up) Stroke, PE,
VS colorectal cancer, Over the entire follow-up, lower breast cancer incidence with CEE

hip fracture, death | persisted and was 0.27% compared to 0.35% with placebo (HR, 0.77; 95%

placebo Cl, 0.62 to 0.92). Health outcomes were more favorable for younger

compared to older women for CHD (P=0.05).
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Secondary:

The risk of stroke was no longer evaluated during the post-intervention
follow-up period and was 0.36 and 0.41% among patients receiving CEE
and placebo (HR, 0.89; 95% Cl, 0.64 to 1.24).

The risk of deep vein thrombosis was 0.17 and 0.27%, respectively,
among patients receiving CEE and patients receiving placebo (HR, 0.63;
95% ClI, 0.41 to 0.98) and the risk of hip fracture did not differ
significantly between the two treatments (0.36 vs 0.28%; HR, 1.27; 95%
Cl, 0.88to0 1.28).

The post-intervention risk (annualized risk) for total mortality among
patients receiving CEE was 1.47% compared to 1.48% with placebo (HR,
1.00; 95% Cl, 0.84 to 1.18).

Health outcomes were more favorable for younger compared to older
patients for total M1 (P=0.007), colorectal cancer (P=0.04), total mortality
(P=0.04), and global index of chronic disease (P=0.009).

Espeland et al.®
(2004)
WHIMS

CEE 0.625 mg once
daily

DB, MC, PC, RCT

Postmenopausal
women, 65 to 79
years of age, with
prior hysterectomy

N=2,808

5.4 years
(mean follow-
up duration)

Primary:

Global cognitive
function as
measured by
3MSE

Primary:
The mean 3MSE scores were 0.26 units lower in the estrogen treatment
group compared to placebo group (P=0.04).

In the group of women with lower cognitive function at baseline, there
were significant decreases in 3MSE scores in the estrogen group compared

Secondary: with placebo (P<0.01).

VS Not reported

The RR of having a 10-unit decrease in 3MSE scores, or greater than 2
placebo standard deviations below the mean, was estimated to be 1.47 (95% ClI,

1.04 to 2.07).

Secondary:

Not reported
Chen et al.®! PRO N=28,835 Primary: Primary:
(2006) Diagnosis of The risk of invasive breast cancer was significantly elevated with longer
Nurses” Health Postmenopausal 20 years invasive breast durations of use (P<0.001). The RRs for invasive breast cancer with
Study women who had a (mean cancer unopposed estrogen use is 0.96 (95% ClI, 0.75 to 1.22) with less than 5

hysterectomy years of use, 0.90 (95% CI, 0.73 to 1.12) with 5 to 9.9 years of use, 1.06
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Conjugated duration not | Secondary: (95% Cl, 0.87 to 1.30) with 10 to 14.9 years of use, 1.18 (95% Cl, 0.95 to
estrogens, with specified) Not reported 1.48) with 15.0 to 19.9 years of use, and 1.42 (95% Cl, 1.13 to 1.77) with
various doses but >20 years of use.
mostly 0.625 mg
once daily The risk of estrogen receptor and progesterone receptor positive breast
cancer was significantly higher after 15 or more years of unopposed
VS estrogen use (P<0.001).
placebo Secondary:
Not reported
Jackson et al.*? RCT N=10,739 Primary: Primary:
(2006) Hip fractures and CEE reduced the risk of hip (HR, 0.65; 95% ClI, 0.45 to 0.94), clinical
Postmenopausal 7.1 years all other fractures vertebral (HR, 0.64; 95% Cl, 0.44 to 0.93), wrist/lower arm (HR, 0.58;
CEE 0.625 mg daily | women 50 to 79 95% Cl, 0.47 to 0.72), and total fracture (HR, 0.71; 95% Cl, 0.64 to 0.80).
years of age with Secondary: This reduction did not differ among strata according to age, oophorectomy
S hysterectomy Not reported status, past hormone use, race/ethnicity, fall frequency, physical activity,
or fracture history.
placebo
Total fracture reduction was lower in women at the lowest predicted
fracture risk in both absolute and relative terms (HR, 0.86; 95% ClI, 0.68 to
1.08). The HRs of the global index for CEE were relatively balanced. The
summary of fracture is as follows: lowest risk: HR, 0.81; 95% CI, 0.62 to
1.05; midrisk: HR, 1.09; 95% ClI, 0.92 to 1.30; highest risk: HR, 1.04;
95% Cl, 0.88 to 1.23 (P=0.42).
Secondary:
Not reported
Schaefers et al.*® AC, DB, MC, RCT N=500 Primary: Primary:
(2009) Percent change Lumbar spine bone mineral density increased by 2.4% (95% CI, 1.9 to
Osteopenic 2 years from baseline in 2.9) with transdermal 17-estradiol versus 3.0% (95% CI, 2.5 to 3.5) with
Transdermal 17f- postmenopausal bone mineral raloxifene after two years.
estradiol 0.014 women density at the
mg/day (Menostar®) lumbar spine Secondary:
Of those patients taking transdermal 17p-estradiol, 77.3% had no bone
VS Secondary: loss in the lumbar spine compared to 80.5% of those taking raloxifene.

Proportion of
women with no
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raloxifene 60 loss of bone Both treatments were well tolerated. Most women (99% in the transdermal
mg/day mineral density in 17B-estradiol group and 100% in the raloxifene group) showed no
lumbar spine, histological evidence of endometrial stimulation after two years. Mean
change in bone dense area in breast mammograms was 19.8% in the transdermal 17f-
mineral density at | estradiol group vs 19.0% in the raloxifene group after two years.
hip, biochemical
markers of bone
turnover, and
safety parameters.
Haines et al.®* DB, MC, PC, RCT N=165 Primary: Primary:
(2009) Relative change in | There was a greater relative reduction in the mean weekly number of all
Symptomatic 12 weeks the frequency of all | hot flushes at week 12 with estradiol transdermal patch (55%) compared to
Transdermal postmenopausal hot flushes from placebo (40%; P<0.01), as well as at weeks four and eight.
estradiol patch Asian women 40 to baseline to week
(0.014 mg/day) 65 years of age, had 12 Secondary:
undergone natural The relative change in the number of moderate and severe hot flushes per
S menopause, and had Secondary: week at week 12 was greater with estradiol transdermal patch compared to
>24 hot flushes Relative changes in | placebo (-58 vs -39%). The reductions of moderate and severe hot flushes
placebo frequency of all and in any hot flushes were significant (P<0.05) at weeks four, eight, and

hot flushes from
baseline to weeks
four and eight and
frequency of
moderate to severe
hot flushes from
baseline to weeks
four, eight, and 12;
absolute changes in
vaginal pH;
vaginal maturation
value; Menopause
QOL scores;
occurrence of
urogenital
symptoms; vaginal
bleeding profiles;
safety

12.

Vaginal pH had fallen significantly with estradiol transdermal patch by
week four (5.60+0.76 to 5.10+0.72) and then remained stable throughout
the trial. There were no significant changes with placebo. Vaginal pH
decreased significantly more with estradiol transdermal patch compared to
placebo (P<0.001).

The vaginal maturation value had increased significantly more with
estradiol transdermal patch compared to placebo (absolute change at week
12: 17.40421.85 vs 5.00+£17.04; P<0.001).

Of the patients with an intact uterus (53 and 46), few had vaginal bleeding
or spotting. Any bleeding/spotting was reported by three patients receiving
estradiol transdermal patch and four patients receiving placebo in cycle 1,

by two and two in cycle 2, by five and two in cycle 3.
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The absolute mean change in the Menopause QOL scores from baseline to
week 12 were not difference between the treatments (-1.00£1.25 and -
1.00+1.06, respectively; P value not reported). All subscores improved
with both treatments; vasomotor and sexual subscores improved more with
estradiol transdermal patch compared to placebo, while the physical
subscore improved more with placebo.

There was considerable improvement from baseline in certain urogenital
symptoms with both treatments; however, there were no differences
between the two treatments for any symptoms assessed.

Of the 55 patients who experienced an adverse event, 41.3 and 27.5%
received estradiol transdermal patch and placebo. Most events were mild
to moderate. The most frequent primary system organ classes with adverse
events were the same with both treatments: infections and infestations
reproductive system and breast disorders.

Buster et al.3®
(2008)

Transdermal
estradiol spray

VS

placebo

DB, MC, PG, RCT

Postmenopausal
women with at least
eight moderate-to-
severe hot flushes
per day

N=454

12 weeks

Primary:

Mean change from
baseline in
frequency and
severity of
moderate-to-severe
hot flushes at
weeks four and 12

Secondary:
Safety

Primary:

All three dosing regimen groups (one, two or three sprays daily) of the
estradiol group showed a significant decrease in hot flushes at weeks four
and 12 compared with their placebo groups (P<0.010). The mean change
in frequency at week 12 was eight fewer flushes per day for women in the
estrogen groups and between four and six fewer flushes for women in the
placebo groups.

Women in the three- and two-estrogen spray groups demonstrated
significant (P<0.050) reductions in severity score at weeks four and 12;
women in the one-spray group showed significant reductions at week five.
At week 12, the majority (74 to 85%) of women on estrogen showed at
least a 50% hot flush frequency reduction as compared with 46% in the
placebo group. The systemic estrogen delivery rates at week 12 were
approximately 0.021, 0.029, and 0.040 mg/d for the one-, two-, and three-
spray doses, respectively.

Secondary:

Common adverse events were similar to those previously reported with
other transdermal products. Treatment-related application site reaction rate
was similar to placebo (1.3 compared to 1.8%).
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Hodis et al.%® DB, PC, RCT N=643 Primary: Primary:
(2016) Rate of change in After a median 5-year intervention, the effect of hormone therapy on
ELITE Healthy Median of 5 | carotid-artery CIMT progression differed between the early and late postmenopause
postmenopausal years intima-media strata (P=0.007 for the interaction). In the early-postmenopause stratum,

Oral 17B-estradiol
(1 mg per day, plus
progesterone [45
mg] vaginal gel
administered
sequentially [i.e.,

women, stratified
according to time
since menopause
(<6 years [early
postmenopause] or
>10 years [late

thickness (CIMT)

Secondary:
Coronary
atherosclerosis by
cardiac computed

the rate of CIMT progression was significantly lower in the estradiol
group than in the placebo group; the absolute difference between the
estradiol and placebo groups in the mean progression rate was —0.0034
mm per year (95% CI, —0.0062 to —0.0008; P=0.008). In the late-
postmenopause stratum, the rates of CIMT progression were similar in the
estradiol and placebo groups (difference, 0.0012 mm per year; 95% ClI,

once daily for 10 postmenopause]) tomography (CT) —0.0009 to 0.0032; P=0.29). The effect of hormone therapy on the
days of each 30-day absolute value of CIMT at five years also differed significantly between
cycle] for women the early and late postmenopause strata (P=0.03 for the interaction).
with a uterus)
Secondary:
S Although the measures of coronary atherosclerosis were significantly
greater among women in the late-postmenopause stratum than among
placebo (plus those in the early-postmenopause stratum, the CT measures did not differ
sequential placebo significantly between the placebo and estradiol groups within either
vaginal gel for postmenopause stratum.
women with a
uterus)
Comparative Trials of Estrogens with Same Delivery Route
Mizunuma et al.¥’ DB, MC, PC, RCT N=309 Primary: Primary:
(2010) Percentage change | A total of 241 patients completed all assessments. Combined data of
Japanese women 45 2 years in lumbar BMD at | patients receiving monotherapy and combination therapy revealed that the

Estradiol 0.5 mg/day
S

estradiol 1 mg/day

to 75 years of age
who had
experienced natural
menopause or
undergone bilateral

52 weeks, serial
percentage change
in lumbar BMD
during 104 weeks

percentage change in lumbar BMD at 52 weeks was significantly greater
with estradiol 1 (P<0.001) and 0.5 mg (P<0.001) compared to placebo.
The increase in BMD was nonsignificantly greater with estradiol 1 mg
compared to estradiol 0.5 mg (P value not reported). Lumbar BMD did not
change with placebo.

oophorectomy >1 Secondary:
VS year prior to trial Change in Mean percentage changes in lumbar BMD continued to increase for 104
enrollment with amenorrhea rate; weeks, reaching 8.0 and 10.2% at 104 weeks with estradiol 0.5 and 1 mg,
placebo osteoporosis; incidence of respectively. At this point, the difference between estradiol 0.5 and 1 mg
patients with an endometrial was significant (P=0.008). There was a greater percentage change in BMD
intact uterus had a hyperplasia at 52 with estradiol 1 mg compared to estradiol 0.5 mg, both overall and in
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Patients originally
randomized to
placebo were
switched to estradiol
1 mg/day after 52
weeks for ethical
reasons.

Patients with an
intact uterus,
received estradiol/
levonorgestrel 0.5
mg/40 pg or 1
mg/40 pg daily.

All patients received
daily calcium and
vitamin D
supplementation.

diagnostically valid
negative
endometrial biopsy
or, for those from
whom no tissue was
obtained or tissue
was insufficient for
diagnosis, an
endometrial
thickness <4 mm on
transvaginal
ultrasound

and 104 weeks;
percentage change
in bone turnover
markers; changes
in calcium,
inorganic
phosphate, and
creatinine levels;
fractures

patients receiving combination therapy. In repeated measurement analysis,
neither the estradiol dose nor the presence or absence of levonorgestrel
had a significant effect (P=0.058 and P=0.192, respectively).

The osteoporosis cure rate (percentage of patients with BMD >-2.5 SD of
young adult mean) was greater with estradiol 1 mg (44, 50, and 60% of
patients at 28, 52, and 104 weeks, respectively) compared to estradiol 0.5
mg (35, 44, and 50%, respectively).

Secondary:

The amenorrhea rate was greater with estradiol/levonorgestrel 0.5 mg/40
pg compared to estradiol/levonorgestrel 1 mg/40 pg at both 52 and 104
weeks.

Levonorgestrel effectively suppressed possible endometrial proliferation
due to estradiol administration. Neither endometrial hyperplasia nor cancer
was observed at 52 and 104 weeks among patients who received
estradiol/levonorgestrel 1 mg/40 pg. There was no clear difference in the
incidence rates of atrophic/inactive endometrium between placebo and
combination therapy. Endometrial thickness increased slightly over time
with combination therapy without clinical significance.

Intact osteocalcin, bone alkaline phosphatase, type 1 collagen cross-linked
N-telopeptide, and deoxypyridinoline all decreased with estradiol
treatment to within the reference range, and changes were consistent with
the change in BMD. Bone resorption markers decreased first, followed by
bone formation markers. Urine type 1 collagen cross-linked N-telopeptide,
urine deoxypyridinoline, and serum bone alkaline phosphatase achieved
the minimum significant change. Changes in bone formation markers were
greater with estradiol 1 mg compared to estradiol 0.5 mg at 52 and 104
weeks, but this was not significant. There was no difference between
active treatments in changes in bone resorption markers. There was no
excessive suppression of bone turnover markers with active treatment.

Six patients experienced new fractures in the 104 weeks; four patients
receiving placebo, one patient receiving estradiol 0.5 mg, and one patient
receiving estradiol 1 mg. Levonorgestrel had no effect on the fracture rate.
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Good et al.® DB, DD, PG, RCT N=273 Primary: Primary:
(1996) Reduction in the There was a significant reduction in the frequency of moderate-to-severe
Postmenopausal 12 weeks frequency and hot flashes by week three of treatment with the 50 pg/day dose (P<0.02)
Transdermal women >21 years of severity of hot and by week two of treatment with the 100 pg/day dose (P<0.001)
estradiol patch age if surgically flashes compared with placebo.
(Alora®) 50 pg/day | menopausal or >45
years of age if Secondary: At the end of the study, there was a reduction in frequency of moderate-to-
Vs naturally Changes in serum | severe hot flashes by 86.6% with the 50 pg/day dose and by 92.5% with
menopausal, concentrations of the 100 pg/day dose.
transdermal amenorrheic for >6 estradiol, estrone,
estradiol patch months, estrone sulfate, and | Forty eight percent of the 50 ug/day group and 68% of the 100 pg/day
(Alora®) 100 pg/day | experiencing >60 FSH; group did not experience any hot flashes by week 12.
moderate or severe improvements in
VS hot flashes weekly vaginal cytology; Secondary:
global impressions; | The changes in estradiol, estrone, and estrone sulfate were increased in a
placebo adverse events dose-dependent manner.
Serum FSH levels were reduced in a dose-dependent manner.
Both treatment groups showed improvement in vaginal cytology.
Both treatment groups reported improvement in vaginal dryness, itching
and dyspareunia. Greater improvement was reported with the 100 pg/day
group.
The median assessment scores showed patients and investigators rated
active treatment as good or excellent and placebo treatment as fair.
The number of systemic adverse experiences was similar (71.4% of
patients on active treatment and 73.6% of patients on placebo).
Bowen et al.% OL, RCT, XO N=24 Primary: Primary:
(1998) Serum estradiol Peak estradiol levels were similar (127.1 for Alora® vs 128.6 for
Postmenopausal 30 days concentrations; Fl Estraderm®; P=0.5228). However, Alora® had fewer fluctuations in
Transdermal women between 35 (11 days of defined as [Cmax — | steady-state levels. Alora® had an FI of 0.970+0.226, while Estraderm®
estradiol patch to 65 years of age treatment with | Cpin]/Cav had an FI of 1.684+0.452 (P=0.0001).
(Alora®) 0.1 mg/day first drug, then
7 days of Secondary: Secondary:
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VS washout Monitoring The peak estrone levels (47.7 vs 36.4) and estrone sulphate levels (1,383.7

interval, then | metabolism of vs 1,085.9) were higher with Alora® than Estraderm®.
transdermal crossoverto | estradiol to estrone

estradiol patch

second drug

and estrone

There were fewer fluctuations in steady-state levels of estrone (FI of

(Estraderm®) 0.1 for 11 days of | sulphate, local skin | 0.955+0.338 vs 1.351+0.467) and estrone sulphate (FI of 1.031+0.386 vs
mg/day treatment) tolerability defined | 1.483+0.366) with Alora® than Estraderm®.

as application site

reactions such as The incidences of erythema (45.8 vs 25%) and pruritus (45.8 vs 29%)

erythema and were higher in the Estraderm® group than in the Alora® group.

pruritus

There were no severe adverse events reported for either treatment.
Ibarra de Palacioset | OL, RCT N=100 Primary: Primary:
al.4 Skin irritation and | The Estradot® group had lower erythema scores and lower incidences of
(2002) Healthy 7 days adhesion, estradiol | very slight erythema (P=0.0028) than the Climara® group.
postmenopausal delivery
Transdermal women There was more adherence and fewer incidences of detachment with the
estradiol patch Secondary: Estradot® than with Climara® (not statistically significant).
(Estradot®*) 50 Not reported
pg/day Both transdermal patches had similar delivery of estradiol.
S Secondary:
Not reported
transdermal
estradiol patch
(Climara®)
50 pg/day
Archer et al.4 DB, MC, RCT N=1,724 Primary: Primary:
(1994) Bleeding patterns Amenorrhea occurred in 40% of the patients in Group A, 50% of the
Postmenopausal 1 year patients in Group B, 5% of the patients in Group C or D, and 50% of the

CEE 0.625 mg once | women Secondary: patients in Group E.
daily plus MPA 2.5 Not reported

mg (Group A) or 5
mg (Group B) once
daily

VS

Regular withdrawal bleeding or spotting occurred in 81.3% of Group C
and 77.0% of Group D. There was no bleeding or spotting in 75.5% of
Group E.

Secondary:
Not reported
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CEE 0.625 mg once
daily plus MPA 5
mg (Group C) or 10
mg (Group D) once
daily on the last 14
days of each 28 day
cycle
Vs
placebo once daily
(Group E)
Archer et al.*? DB, MC, RCT N=625 Primary: Primary:
(1999) Incidences of There were significantly fewer cases of endometrial hyperplasia in the
Postmenopausal 1 year endometrial estradiol/norethindrone acetate group than in the estradiol group

Transdermal women, 40 to 70 hyperplasia, (P<0.001).
estradiol 50 pg/day | years of age, with bleeding and/or
(Vivelle®) an intact uterus spotting, There was a longer mean duration of irregular bleeding or spotting in the

vasomotor events estradiol group compared to the estradiol/norethindrone acetate group.
Vs

Secondary: There was a higher incidence of no uterine bleeding in the
transdermal Not reported estradiol/norethindrone acetate group than in the estradiol group.
estradiol 50 pg plus
norethindrone Similar reductions in mean number of hot flashes and intensity of sweating
acetate 140, 250, or were observed with all treatment groups.
400 pg/day
(Combipatch®) Secondary:

Not reported
Harrison et al.*® OL, RCT, XO N=42 Primary: Primary:
(2002) Estradiol, estrone, The Cmax levels for the two treatments were outside the interval of 0.80
Postmenopausal 7 days and estrone sulfate | and 1.25, suggesting non-bioequivalence when the patches are applied to

Transdermal
estradiol patch
(generic) 0.1 mg/24
hours once weekly,
applied to buttocks

women, 45 to 70
years of age

levels, application
site irritation, patch
adhesion

Secondary:
Not reported

the buttocks.

Treatment with the generic estradiol patch vs Climara® resulted in more
application site reactions (19.5 vs 2.4%) and skin irritations (three
incidences of moderate erythema with generic patch vs 1 incidence of
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VS intense erythema with Climara®; P=0.039). Both patches resulted in a
score of 0 or no visible reaction by day 5 of treatment.
transdermal
estradiol patch Higher incidences of detachment (3 vs 1) and patch lifting (22 vs 6) were
(Climara®) 0.1 reported with the generic patch vs Climara®. Thus, the OR for detachment
mg/24 hours once or lifting of the patch was 6.95 (P<0.001) for the generic estradiol patch
weekly, applied to compared to Climara®.
buttocks
Secondary:
Not reported
Pornel et al.* MC, OL, PG, RCT N=205 Primary: Primary:
(1995) Mean number of Both treatments resulted in significant improvement in number of hot
Postmenopausal 12 weeks hot flashes per day, | flashes per day at week 12 (P=0.005). There was no statistically
Transdermal women with severity of significant difference in mean number of hot flashes between treatment
estradiol patch moderate-to-severe menopausal groups at week 12.
(Menorest®t) 50 vasomotor symptoms,
Hg/24 hours twice symptoms, 39 to 64 erythema and Both treatments showed improvement in the severity of sweats, sleep
weekly years of age pruritus at disturbances, urogenital symptoms, and depression.
application sites
S There were less topical adverse events, such as erythema and pruritus, in
Secondary: the Menorest® group compared with the Estraderm® group, which did not
transdermal Not reported reach statistical significance (P=0.15).
estradiol patch
(Estraderm®) 50 pg Secondary:
/24 hours twice Not reported
weekly
Toole et al.® OL, RCT N=208 Primary: Primary:
(2002) Skin irritation as There was significantly less skin irritation with Estradot® than Menorest®
Healthy 5 weeks measured by (P=0.0001).
Transdermal postmenopausal erythema
estradiol patch women, 40 to 70 Secondary:
(Estradot®*) 50 years of age Secondary: There were more skin reactions with Menorest® than Estradot® (2.40 vs

pg/24 hours

VS

Skin reaction,

patch adherence,
adhesive residue
and sensitization

0.48%).

There was a higher number of patches that detached in the Menorest®
group compared to Estradot® group (P=0.0253).
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transdermal There was a significantly higher percentage of patients with residue in the

estradiol patch Menorest® than Estradot® group (10.10 vs 1.92%; P<0.0001).

(Menorest®t) 50

Mg/24 hours There were no differences between groups in sensitization.

Erianne et al.* MC, OL N=275 Primary: Primary:

(1997) Skin irritation, There were fewer incidences of skin irritation with Estraderm® compared

Normal healthy 21 days pruritus (by direct | with Menorest® (11.9 vs 15.9% on the buttocks and 13.7 vs 18.6% on the

Menorest®f matrix females over 40 questioning), and abdomen).

(without drug) twice | years of age adhesion

weekly There were fewer incidences of pruritus with Estraderm® compared with

Secondary: Menorest® (92.5 vs 95.9% on the buttocks and 88.7 vs 96.3% on the

VS Not reported abdomen).

Estraderm® matrix There were similar percentages of patches that were fully adhered to the

(without drug) twice buttocks application sites during treatment for both groups. There were

weekly more patches fully adhered to the abdomen application sites with the
Menorest® group compared to the Estraderm® group (88.7 vs 75.8%).
Secondary:
Not reported

Andersson et al.* OL, RCT, XO N=20 Primary: Primary:

(2000) Bioavailability, There were no differences between the groups in AUC, Cmax, Cmin, average

Healthy 8 weeks pharmacokinetics, | concentrations, or fluctuations.

Transdermal postmenopausal tolerability

estradiol patch women There were three cases of erythema with Menorest® and 21 cases of skin

(Menorest®t) 50 Secondary: reactions in 15 subjects treated with Climara®.

ug/24 hours twice Not reported

weekly There were eight systemic adverse events in 8 subjects treated with
Menorest® and 13 systemic adverse events in 10 subjects treated with

Vs Climara®.

transdermal Secondary:

estradiol (Climara®) Not reported

50 ng/24 hours once
weekly
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Suckling et al.*® MA N=4,162 Primary: Primary:
(2006) (19 trials) Efficacy The estradiol ring showed an improvement of pruritus (two RCTs: OR,
Postmenopausal (improvement in 2.71; 95% ClI, 1.66 to 4.43) when compared to estrogen cream. In the ring

Intravaginal women with >3 months vaginal atrophy versus tablets trials, there were significant improvements in the tablet

estrogens (creams,
tablets, pessaries,
and an estradiol-
releasing ring)

vaginitis or vaginal
atrophy

measured both
objectively and
subjectively),
safety (assessment
of endometrial
stimulations, breast
pain) and
acceptability
(measures of
withdrawal,
adherence,
acceptability of
treatment to
women)

Secondary:
Not reported

group for vaginal dryness (two RCTs: OR, 0.40; 95% Cl, 0.24 to 0.64),
dyspareunia (two RCTs: OR, 0.53; 95% ClI, 0.36 to 0.78), and frequency
(two RCTs: OR, 0.63; 95% CI, 0.41 to 0.95). Compared to the cream
group, the tablet group showed an improvement for vaginal dryness (one
RCT: OR, 7.00; 95% ClI, 1.64 to 29.85).

The estradiol ring versus placebo ring showed an improvement for
freedom of symptoms of dyspareunia (one RCT: OR, 12.67; 95% ClI, 3.23
to 49.67). The estrogen tablets versus placebo showed an improvement for
burning and itching symptoms (two RCTs: OR, 0.15; 95% Cl, 0.10 to
0.20) and dyspareunia (two RCTs: OR, 0.17; 95% CI, 0.12 to 0.23). An
improvement in vaginal dryness was seen in the vaginal tablet group when
compared to placebo (three RCTs: OR, 0.08; 95% CI, 0.06 to 0.10).

There were no significant differences between groups (estradiol ring
versus estrogen cream, estradiol ring versus estrogen tablets, estriol tablets
versus placebo) for the following outcomes: dysuria, nocturia, urgency,
urge incontinence, participant symptom improvement in dryness, urge
incontinence, soreness and irritation, loss of sexual desire and vaginitis.

Significant findings for the relief of vaginal atrophy favored the cream,
ring, and tablets when compared to placebo.

One trial showed significant adverse effects (including uterine bleeding,
breast pain and perineal pain) of CEE cream compared to estradiol tablets
(OR, 0.18; 95% CI, 0.07 to 0.50). Two trials showed endometrial
overstimulation with CEE cream compared to the ring (OR, 0.29; 95% CI,
0.11 t0 0.78).

Secondary:
Not reported
Comparative Trials of Estrogens with Different Delivery Routes
Yang et al.*® | PRO | N=82 | Primary: | Primary:
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(2007) BMD evaluated by | At 12-month posttreatment of Oestrogel® versus estriol 2 mg/day,
Postmenopausal 1 year 1 QCT at baseline | Oestrogel® showed the following BMD changes at the respected doses:
Oestrogel® gel (1.25 | women (before treatment), | 1.25 g/day showed BMD change of 4.82%; P=0.017; 2.5 g/day BMD
g daily; 2.5 g daily; then at six-month change of 2.72%; P=0.226; and 5.0 g/day BMD change of 8.69%;
5.0 g daily) intervals P=0.051).
VS Secondary: At 6 months, all Oestrogel® groups showed significant increases in lumbar
Not reported spine BMD after treatment (P<0.05), except for the Oestrogel® gel 1.25
control (Estriol g/day group (P=0.232).
[Ovestin®] 2
mg/day) Secondary:
Not reported
All women received
calcium carbonate,
500 mg/day of
elemental calcium.
Polvani et al.>® MC, RCT N=460 Primary: Primary:
(1991) Menopausal There were similar improvements in menopausal symptoms and similar
Postmenopausal 6 months symptoms, effects on the endometrium with both treatments.
Oral CEE, dose not | women bleeding
specified The quality and duration of bleeding were considered more physiological
Secondary: in the transdermal group than in the oral group.
VS Not reported
The transdermal estradiol group showed better compliance and fewer
transdermal dropoults.
estradiol, dose not
specified Secondary:
Not reported
Cortellaro et al.* OL,RCT N=45 Primary: Primary:
(1991) Menopausal Both treatments provided similar relief in postmenopausal symptoms.
Postmenopausal 4 months symptoms, lipid
Transdermal women profile, serum Both treatments resulted in similar reductions in serum TC and LDL-C.
estradiol 0.05 estradiol levels There was a significant decrease in serum TG levels with the transdermal
mg/day estradiol treatment only.
Secondary:
VS Not reported There were no differences between treatment groups in plasma calcium

and phosphorus levels or clotting factors.
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CEE 0.625 mg
orally once daily Only transdermal estradiol resulted in early follicular-phase plasma
estradiol levels.
Both groups in
combination with Secondary:
MPA 10 mg once Not reported
daily on the last 8
days of each cycle
Pattison et al.>? DB, XO N=25 Primary: Primary:
(1989) Menopausal Both treatments improved menopausal symptoms and vaginal cytology.
Postmenopausal Duration not | symptoms, vaginal
Transdermal women specified cytology, Both treatments lowered gonadotrophin levels and urinary calcium loss.
estradiol patch 50 gonadotropin
ug/24 hours levels, urinary Transdermal estradiol did not have an effect on hepatic function, while
calcium levels, oral ethinyl estradiol had adverse effects on hepatic proteins (sex-
S menstrual pattern, hormone-binding globulin, plasma renin substrate, and lipoproteins).
hepatic proteins
ethinyl estradiol 20 Secondary:
Kg orally once daily Secondary: Not reported
Not reported
Hirvonen et al.>® DB, XO N=36 Primary: Primary:
(1987) Menopausal There were no differences in relief of menopausal symptoms between
Postmenopausal Duration not | symptoms, lipid treatment groups.
Estradiol plus MPA, | women specified profile, bleeding
dose not specified episodes Women on the estradiol/MPA treatment significantly improved the
atherogenic index, which is the LDL-C:HDL-C. Women on the
VS Secondary: estradiol/levonorgestrel treatment showed deterioration in the atherogenic
Not reported index.
estradiol plus
levonorgestrel, dose There was more withdrawal bleeding in the estrogen plus progestin group
not specified than in the unopposed estrogen group (78 vs 22%).
VS Secondary:
Not reported
estradiol valerate 2
mg daily
Place et al.% DB, MC, PG, RCT N=124 Primary: Primary:
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(1985) Menopausal There were no significant differences between the treatment groups in hot

Postmenopausal

Duration not

symptoms, adverse

flashes, other postmenopausal symptoms such as sweating, insomnia,

Oral CEE women whose specified effects headache, vaginal symptoms, urinary urgency, global assessment scores or
(Premarin®) 0.625 symptoms were estrogen-related side effects.
mg or 1.25 mg once | satisfactorily Secondary:
daily controlled with CEE Not reported There were minor topical reactions reported with the transdermal estradiol
for about 20% of the study period.
Vs
Secondary:
transdermal 17p- Not reported
estradiol
(Estraderm®) 0.1
mg/day
Al-Azzawi et al.®® DB, MC, PG, PRO, N=159 Primary: Primary:
(2003) RCT Hot flashes, night Both treatments resulted in significant improvement in hot flashes and
24 weeks sweats, urogenital night sweats at 12 and 24 weeks from baseline.
Estradiol acetate Healthy symptoms, adverse
vaginal ring postmenopausal events Reduction in urogenital symptoms was seen with both treatments.
(Menoring®%) that women, <65 years,
releases 50 pg/day with moderate-to- Secondary: Both groups reported similar incidences of adverse events, including local
of estradiol plus severe vasomotor Not reported effects.
placebo oral tablet symptoms (defined
once daily as >20 hot Secondary:
flashes/night sweats Not reported
Vs per week)
oral estradiol 1 mg
once daily plus
placebo vaginal ring
Nachtigall .5 MC, OL, PG, RCT N=196 Primary: Primary:
(1995) Urogenital The vaginal ring and creams produced similar improvements in vaginal
Postmenopausal 15 weeks atrophy/ dryness, vaginal burning, dyspareunia, and vaginal pH.

Estradiol vaginal women with symptoms,
ring that releases 7.5 | estrogen-deficiency- physicians’ and Physicians’ and patients’ assessment of both treatments were similar.
ug/24 hours of derived atrophic patients’
estradiol vaginitis assessment of Secondary:

symptoms
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VS More patients treated with the cream demonstrated signs of endometrial
Secondary: proliferation or hyperplasia than with the ring (10 vs 5%).
conjugated estrogen Frequency of
vaginal cream, 2 g endometrial over There were more episodes of bleeding with the progestogen challenge test
three times a week stimulation as in the vaginal cream group than the vaginal ring group.
determined by
progestogen
challenge test after
treatment period
Hilditch et al.> DB, RCT N=74 Primary: Primary:
(1996) QOL, determined There were significant improvements in QOL scores, but no differences
Women 2 to 7 years 112 days using the between treatment groups were observed in scores for vasomotor,
Oral CEE after menopause, (four 28-day | Menopause- physical, psychosocial, or sexual domains (P>0.05).
(Premarin®) 0.625 with intact uterus cycles) Specific QOL
mg once daily and ovaries, not Questionnaire There was a significant improvement from baseline to 10 weeks in scores
currently on for vasomotor and physical domains (P<0.001), while changes from 10
S hormone therapy, Secondary: weeks to 14 weeks were not statistically significant.
and on average Not reported
transdermal severely There was significant improvement from baseline to six weeks in scores
estradiol-17p symptomatic for psychosocial and sexual domains (P<0.01), while changes from six
(Estraderm®) 50 pg weeks to the end of study were not statistically significant.
twice weekly
Secondary:
Both groups in Not reported
combination with
oral MPA
(Provera®) 10 mg
once daily for the
last 12 days of each
cycle
Blanc et al.>® MC, OL, PRO, N=54 Primary: Primary:
(1998) RCT Rate of The amenorrhea rates after one month of treatment were 67 to 83% for
168 days amenorrhea Group A, 25 to 56% for Group B, and 53 to 61% for Group C, which were
Percutaneous 17p- Postmenopausal (six 28-day significantly different between groups for the fourth (P=0.008) and fifth
estradiol gel 1.5 women, mean, cycles) Secondary: (P=0.003) treatment cycles.
mg/day (Group A) 54.9+0.6 years of Climacteric
age symptoms
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Vs The overall rate of cycles with no bleeding was 78% for Group A, 48% for
Group B, and 60% for Group C (P=0.001).

transdermal 17f-

estradiol patch 50 Secondary:

pg/day (Group B) There were no significant differences between groups in relief of
climacteric symptoms by the end of the third cycle.

VS

oral estradiol

valerate 2 mg once

daily (Group C)

All groups in

combination with a

progestin,

nomegestrol acetate

2.5 mg once daily

Polatti et al.>® PRO, RCT N=240 Primary: Primary:

(2000) Risk of uterine Among the patients without uterine myomas at baseline, 5% of the

Postmenopausal 2 years myoma onset or transdermal estradiol/MPA group developed new onset of myomas while

Oral estradiol women with and progression no new cases of uterine myomas were reported in the oral estradiol

valerate 2 mg once without uterine valerate/cyproterone acetate group (P<0.01).

daily for 21 days myomas Secondary:

plus cyproterone Not reported Among the patients with uterine myomas at baseline, treatment with

acetate 1 mg once transdermal estradiol/MPA resulted in a mean increase in myoma volumes

daily for 21 days of of 25.3% compared with initial volume of myoma (P<0.01). On the

each 28-day cycle contrary, treatment with oral estradiol valerate/cyproterone acetate
resulted in no significant changes in myoma volumes.

Vs
Secondary:

transdermal Not reported

estradiol 50 pg for

21 days plus MPA

10 mg orally once

daily for 10 days of

each 28-day cycle

Jarvinen et al.5° OL, RCT, XO N=24 Primary: Primary:
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(2001) Estradiol levels There were no significant differences in peak estradiol levels (Crmax) Or
Healthy 18 days area under the time-concentration curve (AUC) between groups.
Transdermal postmenopausal Secondary:
estradiol patch women Not reported Estradiol levels fluctuated more with the patch. The total coefficient of
(Evorel®t) 50 ug/24 variability for AUC was 39% for the patch versus 35% for the gel.
hours
Secondary:
VS Not reported
transdermal
estradiol gel
(Divigel®) 1.0 mg
Nelson et al.5! MA N=32 trials | Primary: Primary:
(2004) Efficacy as The numbers of hot flashes per week were significantly reduced with all
Postmenopausal Duration measured by relief | forms of estrogen compared with placebo. Treatment with oral CEE
Oral CEE women with hot varied of hot flashes, resulted in a mean change in the number of hot flashes per week of -19.1
flashes adverse effects (95% Cl, -33.0 to -5.1). Treatment with oral 173-estradiol group resulted
S in a mean change of -16.8 (95% CI, -23.4 to -10.2). Treatment with
Secondary: transdermal 17f-estradiol group resulted in a mean change of -22.4 (95%
oral 17p-estradiol Not reported Cl, -35.9to -10.4). There was no significant difference between the agents
in treatment of menopausal hot flashes.
Vs
The estrogen agents showed similar short-term adverse effects. Breast
transdermal 17f- tenderness and atypical vaginal bleeding were the most frequently reported
estradiol adverse effects.
Secondary:
Not reported
Studd et al.®? DB, DD, MC, PG, N=214 Primary: Primary:
(1995) RCT Number of hot The number of daily hot flashes decreased significantly in both treatment
12 weeks flashes per day groups compared with baseline (7.14 to 0.92 in the Menorest® group and
Transdermal Postmenopausal 6.66 to 0.54 in the Premarin® group). No statistically significant difference
estradiol patch women 40 to 65 Secondary: was observed between the two treatment groups at 12 weeks (P=0.36).
(Menorest®t) 50 years of age, with Other menopausal
ug/24 hours twice moderate-to-severe symptoms, severity | Secondary:
weekly plus vasomotor of hot flashes, Menopausal symptoms significantly improved in both treatment groups,

dydrogesterone 20

symptoms (defined

with 98% of the patients reporting no severe vasomotor symptoms at 12
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mg for 12 days of as >21 hot flashes global assessment, | weeks. There was no statistically significant difference in menopausal
every 28-day cycle per week) and hormone levels | symptoms improvements between the groups.
VS There was no statistically significant difference in global assessment
scores between groups as reported by the investigator (P=0.63) or the
CEE (Premarin®) patient (P=0.71).
0.625 mg orally
once daily plus There was no significant difference between the groups in mean plasma
dydrogesterone 20 estradiol (P=0.37) or estrone (P=0.56) levels at posttreatment. The mean
mg for 12 days of estradiol to estrone ratio was similar in both groups (0.72 for Menorest®
every 28-day cycle and 0.70 for Premarin®).
The number of severe adverse events was similar in both groups (7% for
Menorest® and 9% for Premarin®).
Good et al.%® DB, DD, PG, RCT N=321 Primary: Primary:
(1999) Frequency and There were no significant differences in the frequency of hot flashes or the
Highly symptomatic 12 weeks severity of hot frequency of moderate-to-severe hot flashes between the Alora® 0.05
Transdermal postmenopausal flashes mg/day and CEE 0.625 mg groups or Alora® 0.1 mg/day and CEE 1.25
estradiol patch women mg groups at week 12,
(Alora®) 0.05 Secondary:
mg/day Not reported There were no significant differences in vaginal cytology, breast

administered twice
weekly

VS

transdermal
estradiol patch
(Alora®) 0.1 mg/day
administered twice
weekly

VS

CEE 0.625 mg once
daily

tenderness, and unexpected vaginal bleeding between the transdermal and
oral estrogen groups. However, there was a lower incidence of bleeding in
the Alora® 0.05 mg/day group.

Secondary:
Not reported
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Vs
CEE 1.25 mg once
daily
Chetkowski et al.®* | Dose-response N=23 Primary: Primary:

(1986) study Levels of estradiol | Transdermal estradiol increased levels of circulating estradiol and estrone,
Duration not | and estrone, renin while oral estrogens increased levels of estrone.
Transdermal Postmenopausal specified substrate, SHBG,
estradiol 25, 50, women TBG, CBG, There were significant increases in circulating levels of renin substrate,
100, or 200 pg per lipoproteins SHBG, TBG, and CBG with the oral estrogens, but there was no effect
24 hours with transdermal estradiol.
Secondary:
VS Not reported The oral estrogens at higher doses showed significant improvement in the
concentrations of LDL-C and HDL-C, while transdermal estradiol did not.
oral conjugated
estrogens 0.625 or Secondary:
1.25 mg once daily Not reported
Manonai et al.® RCT N=53 Primary: Primary:
(2001) Urogenital There was improvement from baseline to four weeks of treatment with
Postmenopausal 12 weeks symptoms, vaginal | both groups in urogenital symptoms, vaginal health index, and vaginal
Estradiol vaginal women health index, cytology.
tablet 25 pg vaginal cytology,
endometrial There were significant improvements in vaginal dryness and dyspareunia
VS thickness, estradiol | with the conjugated estrogen cream compared to vaginal tablet.
level
conjugated estrogen Secondary:
creamlg Secondary: Not reported
Not reported
Slater et al.% RETRO N=33 Primary: Primary:
(2001) Serum estrone There were higher levels of serum estrone sulfate after long-term
Healthy 9to 16 months | sulfate levels treatment with oral estradiol than transdermal estradiol. The serum estrone
Oral micronized postmenopausal sulfate levels were 38.8 ng/mL at 15 months for oral estradiol, 1.8 ng/mL
estradiol 1 mg daily | women Secondary: at nine months for transdermal estradiol 0.05 mg/day, and 3.2 ng/mL at
for 16 months Not reported nine months for transdermal estradiol 0.1 mg/day.

VS

The increase in serum estrone sulfate level was only significant in the oral
estradiol group when compared to baseline (P<0.01).
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transdermal
estradiol patch 0.05 Secondary:
mg/day or 0.1 Not reported
mg/day, changed
twice weekly for 9
months
Vs
placebo for 9
months
Pornel®” DB, PG, RCT N=214 Primary: Primary:
(1996) (Study 1); OL, PG (Study 1) Hot flashes and There were improvements in menopausal symptoms with all treatment
(Study 2) other menopausal groups.
Transdermal N=205 symptoms, serum
estradiol patch Postmenopausal (Study 2) estradiol, lipid There were no significant differences in serum estradiol levels or systemic
(Menorest®t) 50 women profile, adverse adverse events between treatment groups.

1g/24 hours Duration not | events

specified There were small reductions in cholesterol in both studies.
S Secondary:

Not reported Menorest® was better tolerated and had a lower incidence of erythema,
CEE (Premarin®) and pruritus.
0.625 mg/day
(Study 1) or Secondary:
transdermal Not reported
estradiol patch
(Estraderm®) 50
pg/24 hours (Study
2)
Ayton et al.%8 MC, OL, PG, RCT N=194 Primary: Primary:
(1996) Urogenital No significant difference was noted between treatment groups in
Postmenopausal 12 weeks symptoms improvement of vaginal dryness and dyspareunia, resolution of atrophic

Estradiol vaginal women with signs, vaginal mucosal maturation indices, and vaginal pH.
ring (Estring®) symptoms and signs Secondary:

VS

of urogenital
atrophy

Patient preference

No significant difference was noted between treatment groups in
incidences of intercurrent bleeding episodes.
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CEE vaginal cream Secondary:
(Premarin®), 1 g The vaginal ring was significantly preferred and accepted by more patients
(0.625 mg of CEE) than the vaginal cream (P<0.0001).
Studd et al.®® RCT N=32 Primary: Primary:
(1996) Menopausal Both treatments resulted in similar relief of menopausal symptoms
Postmenopausal 1 year symptoms, bone (vasomotor, psychological, and urogenital symptoms) and reduction of hot
Transdermal women loss prevention as | flashes.
estradiol patch measured by bone
(Menorest®t) 50 mineral density Both treatments resulted in similar lumbar spine and hip densitometry
ug/24 hours twice results.
weekly Secondary:
Not reported Both treatments resulted in similar incidences of adverse events.
Vs
Secondary:
CEE (Premarin®) Not reported
0.625 mg orally
once daily
Both groups in
combination with
dydrogesterone 20
mg orally for the last
12 days of each 28
day cycle
Gordon et al.”™ RCT N=24 Primary: Primary:
(1995) Frequency and There were significant improvements from baseline in frequency and
Healthy 18 days severity of hot severity of hot flashes and higher global assessment scores with all
Study 1: postmenopausal flashes, subjects’ treatments in both studies.

Estradiol patch 0.05
or 0.1 mg/day

women with hot
flashes

and investigators’
global assessment

In Study 2, there was more improvement that did not reach statistical

changed once of treatment significance in hot flashes with the estradiol patch 0.1 mg/day than with
weekly CEE and less improvement with estradiol patch 0.05 mg/day than with
Secondary: CEE.

VS Not reported

The patches were generally well tolerated.
placebo

Secondary:
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Study 2: Not reported
Estradiol patch 0.05
or 0.1 mg/day
changed once
weekly
&
CEE 0.625 mg
orally once daily
Shifren et al.”™ oL, XO N=27 Primary: Primary:
(2008) CRP, IL-6, E-and | Nine parameters changed significantly during oral CEE: CRP (192%;
Naturally 24 weeks P-selectin, ICAM- | P<0.001); E-selectin (-16.3%; P=0.003); P-selectin (-15.3%; P=0.012);
CEE 0.625 mg/day menopausal women 1 and vascular cell | ICAM-1 (-5%; P=0.015); transferrin (5.3%; P=0.024); IGF-I (-30.5%;
plus micronized adhesion molecule- | P<0.001); SHBG (113%; P<0.001); TBG (38%; P<0.001); and CBG
progesterone 100 1, serum amyloid (20%; P<0.001).
mg/day for 12 A, transferrin,
weeks prealbumin, IGF-I, | With transdermal estradiol, only three parameters changed significantly
SHBG, TBG, CBG | and to a lesser degree: ICAM-1 (-2.1%; P=0.04); IGF-I (-12.5%;
Vs P<0.001); and SHBG (2.6%; P=0.042).
Secondary:

transdermal Not reported During oral CEE the intrasubject changes in CRP correlated strongly with
estradiol 0.05 the changes in serum amyloid A (r=0.805; P<0.001), and were only
mg/day plus weakly associated with the changes in SHBG (r=0.248; non-significant),
micronized TBG (0.430; P=0.031), and CBG (r=0.072; non-significant).
progesterone 100
mg/day for 12 The log-log relationship between CRP and IL-6 observed at baseline
weeks showed a parallel shift during oral CEE, suggesting an amplified hepatic

response or a greater sensitivity to IL-6 stimulation.

Secondary:

Not reported
Santoro et al.” DB, MC, RCT N=727 Primary: Primary:
(2017) The proportion of At screening, 86% of all participants reported at least mild hot flashes,

Women, aged 42 to 48 months women who were while moderate-severe hot flashes were reported by 44%. By six months

Oral CEE 0.45 mg
daily

58, within three

symptomatic
(reported

post-randomization, moderate-severe hot flashes had decreased to 28.3%
of women randomized to placebo, 7.4% of women randomized to
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years of their final moderate/severe transdermal estradiol and 4.2% of women randomized to oral CEE
VS menstrual period symptoms) at each | (P<0.001 for each active treatment vs placebo). Night sweats were
follow-up visit reported by 68% of women at screening, with 35% being moderate-severe.
transdermal At six months, moderate-severe night sweats declined to 19% with
estradiol 50 mcg Secondary: placebo, 5.3% with transdermal and 4.7% with oral CEE (P<0.0001 for
daily Differences in each active treatment vs placebo). This initial magnitude of symptom
treatment effect by | reduction was maintained throughout the study in all treatment groups.
VS race/ethnicity and
body mass index At baseline, the proportion of women reporting insomnia did not differ
placebo between treatment groups (placebo 34%, oral CEE 29%, and transdermal
35%, P=0.3). Insomnia decreased substantially and comparably by six
both with oral months in all groups and this decrease was maintained throughout the trial.
micronized At 36 and 48 months, oral CEE was significantly more effective in
progesterone 200 reducing insomnia vs placebo (P=0.002 and 0.05), and at 48 months
mg daily for 12 days transdermal estradiol was more effective than placebo (P=0.004). Baseline
each month reports of irritability were similar between treatment groups (placebo 15%,
oral CEE 17%, and transdermal estradiol 19%, P=0.6) and decreased
comparably by about half in all groups at six months, to 7.5%, 6.9% and
5.8%, respectively, and did not differ between treatment groups at any
time point.
Secondary:
For each symptom, the relationship of race/ethnicity and BMI to treatment
effect was calculated. Due to small numbers of women for some of the
time points, a fully-interacted model could not be constructed for night
sweats or irritability. The effects of oral CEE as well as transdermal
estradiol vs placebo on hot flashes and insomnia showed no significant
interaction by BMI or race/ethnicity.
Vrablik et al.” oL, XO N=41 Primary: Primary:
(2008) Plasma lipid and Oral estrogen replacement therapy resulted in a significant increase in
Hysterectomized 24 weeks lipoprotein levels, HDL-C and apolipoprotein A-1 levels, whereas it significantly decreased

Oral 17B-estradiol
for 12 weeks

VS

women

AIP

Secondary:
Not reported

TC and LDL-C and increased TG concentrations. Transdermal estrogen
replacement therapy had no such effect.

Oral estrogen replacement therapy led to a significant TG enrichment of
HDL-C (0.19+0.06 vs 0.27+0.07 mmol/L, P<0.001) and LDL particles
(0.23+0.08 vs 0.26+0.10 mmol/L, P<0.001) compared with baseline,
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transdermal 1783- whereas transdermal therapy did not have any effect on lipoprotein
estradiol for 12 subclasses composition.
weeks
The difference between the two treatments was statistically significant for
HDL-C:TG and LDL-C:TG (0.27+0.07 vs 0.19+0.05 mmol/L, P<0.001
and 0.26+0.10 vs 0.22+0.07 mmol/L, P<0.001, respectively).
The transdermal but not oral estrogen replacement therapy significantly
reduced the AIP compared with baseline (-0.17+0.26 vs -0.23+0.25;
P=0.023), making the difference between the therapies statistically
significant (-0.23£0.25 vs -0.18+0.22; P=0.017).
Oral administration of estrogen replacement therapy resulted in TG
enrichment of LDL and HDL particles. Transdermal estrogen replacement
therapy did not change the composition of the lipoproteins and produced a
significant improvement of AIP. Compared with transdermal estrogen
replacement therapy, orally administered estrogen replacement therapy
changes negatively the composition of plasma lipoproteins.
Secondary:
Not reported
Gupta et al.”™ RCT N=24 Primary: Primary:
(2008) Serum estradiol, The estradiol patch significantly increased serum estrone and estradiol
Postmenopausal 12 weeks estrone, estrone levels at six and 12 weeks (P<0.01); there was no significant increase in
Transdermal women sulfate, FSH, serum estrone and estradiol levels with the estradiol ring.
estradiol patch luteinizing
hormone, and Both the patch and the ring significantly reduced vaginal pH at six
S SHBG were (P<0.001) and 12 (P<0.001) weeks and significantly reduced the
measured by percentage of vaginal parabasal cells at 12 weeks with no significant
vaginal estradiol immunoassay at difference between the two groups.
ring baseline and six
and 12 weeks Both preparations increased the proportion of superficial cells; the increase
was significant only with the estradiol patch (P=0.04).
Secondary:
Not reported Secondary:
Not reported
Lethaby etal.”® MA (30 RCTs) N=6,235 Primary: Primary:
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(2016) Efficacy There was no evidence of a difference in the proportions of women who
Postmenopausal >12 weeks (improvement in reported improvement in symptoms of vaginal atrophy between the
Intravaginal women symptoms) and following treatment comparisons: estrogen ring and estrogen cream,
estrogen safety (endometrial | estrogen ring and estrogen tablets, estrogen tablets and estrogen cream,
preparations (ring, thickness) estrogen cream and isoflavone gel. However, a higher proportion of
tablets, cream) women reported improvement in symptoms in the following active
Secondary: treatments compared with placebo: estrogen ring vs placebo, estrogen
Improvement in tablets vs placebo, and estrogen cream vs placebo. In the case of estrogen
symptoms tablets vs placebo and using a random-effect model for analysis of the data
(clinician- because of substantial heterogeneity, there was no longer evidence of a
assessed), other difference in effect on improvement in symptoms.
adverse events
(breast disorders With respect to safety, a higher proportion of women who received
e.g., breast pain, estrogen cream showed evidence of increase in endometrial thickness
enlargement or compared to those who were treated with estrogen ring, which may have
engorgement, total | been due to the higher doses of cream used. However, there was no
adverse events, evidence of a difference in the proportions of women with increase in
excluding breast thickness of the lining of the womb between estrogen tablets and estrogen
disorders) and cream.
adherence to
treatment Secondary:
From the overall body of the findings, there was no conclusive evidence of
a difference in efficacy between the various estrogenic preparations
compared with each other. For safety, there was no conclusive evidence of
a difference in the main adverse events (endometrial thickness, breast
disorders and total adverse events) between estrogenic preparations vs
each other or placebo.
Trials of Combination Estrogen Products
Hulley et al.” DB, MC, PC, RCT N=2,763 Primary: Primary:
(1998) Occurrence of There were no significant differences between groups in occurrences of
Postmenopausal 4.1 years nonfatal Ml or MI or CHD death (HR, 0.99; 95% CI, 0.80 to 1.22).
CEE 0.625 mg plus | women with (average CHD death
MPA 2.5 mg, inone | established coronary follow-up There were more CHD events in the hormone-treated group compared
tablet, once daily disease, younger duration) Secondary: with placebo in the first year of treatment and fewer events in years four
than 80 years of age Coronary and five. The HR was 1.52 in year one, 1.00 in year two, 0.87 in year

VS

(mean age was 66.7

revascularization,
unstable angina,

three, and 0.67 in years four and five (P=0.009).
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placebo years), with an CHF, cardiac Secondary:
intact uterus arrest, stroke or There were no significant differences between groups in the rates of
transient ischemic | fractures (P=0.59 to 0.82), cancers (P=0.33 to 0.60), and total mortality
attack, peripheral (P=0.56).
arterial disease, all-
cause mortality, There were more of the following outcomes in the hormone group
fractures, cancers, | compared with the placebo group: venous thromboembolic events
thromboembolic (P=0.002), deep vein thromboses (P=0.004), pulmonary emboli (P=0.08),
events, gallbladder | and gallbladder diseases (P=0.05).
disease
Hulley et al.” DB, PC, RCT N=2,321 Primary: Primary:
(2002) followed by OL, OS Thromboembolic The percentages of patients that reported >80% adherence to hormone
HERS and HERSII 4.1 years events, biliary tract | therapy were 81, 78, 74, 67, 50, and 45% for years one through six,
Postmenopausal (HERS) surgery, cancer, respectively.
CEE 0.625 mg once | women with followed by | fracture, total
daily plus MPA 2.5 | coronary disease 2.7 years of mortality Hormone therapy was associated with a significant increase in the
mg once daily and average of 67 open-label incidence of deep vein thrombosis compared with placebo (4.5 events per
years of age at observational | Secondary: 1,000 person-years vs 2.2; P=0.02).
S enrollment in study study (HERS | Not reported
)] Hormone therapy was associated with a significant increase in the
placebo incidence of PE compared with placebo (2.0 events per 1,000 person-years
vs 0.7; P=0.03).
The incidence of biliary tract surgery was significantly increased with
hormone therapy compared with placebo (19.1 events per 1,000 person-
years vs 12.9; P=0.005).
The rate of cancer was 19% higher in the hormone therapy group than in
the placebo group, but did not reach statistical significance (P=0.08 to
0.48).
There were no significant differences in the rates of fractures or death
between the groups (P>0.05 for both).
Secondary:
Not reported
Grady et al.”® DB, MC, PC, RCT N=2,763 Primary: Primary:
141

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services




Estrogens
AHFS Class 681604

. Study Size
D Study apd StUdyBesIgI .and and Study End Points Results
rug Regimen Demographics D :
uration
(2002) Nonfatal MI and There were no significant differences in the rates of CHD events between
HERS and HERSII Postmenopausal 6.8 years (4.1 | CHD death groups. The HR was 0.99 (95% ClI, 0.81 to 1.22) in HERS, 1.00 (95% ClI,
women with CHD, years for 0.77 t0 1.29) in HERS 11, and 0.99 (95% ClI, 0.84 to 1.17) overall.
CEE 0.625 mg plus | average 67 years of HERS, then Secondary:
MPA 2.5 mg once age at enrollment 2.7 years of Coronary There were no significant differences between groups for nonfatal Ml
daily follow-up for | revascularization, (P>0.05).
HERS II) hospitalization for

VS unstable anginaor | Secondary:

CHF, nonfatal There were no significant differences between groups for any of the
placebo for HERS ventricular secondary cardiovascular outcomes (P>0.05 for all) with the exception of
trial, followed by arrhythmia, sudden | higher incidence of nonfatal ventricular arrhythmia in the hormone group
hormone therapy death, stroke or compared to the placebo group (HR, 3.30; 95% CI, 1.08 to 10.1).
prescribed at transient ischemic
personal physicians’ attack, and There was no trend of lower risk for CHD events with longer duration of
discretion for HERS peripheral arterial hormone therapy (P=0.18) during the follow-up period of HERS II.

Il study disease

Maki et al.” DB, MC, PC, RCT N=158 Primary: Primary:

(2007) Change from Except for an increase in sexual thoughts and sexual interest with hormone
Generally healthy, 22 months baseline of therapy (P=0.10 and P=0.006, respectively), there were no significant

CEE 0.625 mg plus | postmenopausal memory, attention, | differences on any cognitive or QOL measures.

MPA 2.5 mg daily women with an and subjective
intact uterus cognition Secondary:

VS Compared to placebo, symptomatic women in the hormone therapy group

Secondary: showed an improvement in vasomotor symptoms (P=0.001). Specific data
placebo daily Change from was not provided; however, when compared to baseline and placebo,

baseline at month hormone therapy was associated with an improvement in both the
Treatments were four on additional incidence and severity of vasomotor symptoms.
given for 4 months. measures of

cognitive function,

emotional status,

sexuality, and

sleep
Manson et al & RCT N=16,608 Primary: Primary:

(2003) CHD (nonfatal Ml | Hormone therapy was associated with an increase in the risk of CHD. The
WHI Postmenopausal 5.2 years or death due to risk of CHD was highest after the first year of hormone use, with a HR of
women, 50 to 79 (planned CHD) 1.81 (95% Cl, 1.09 to 3.01).
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CEE 0.625 mg once | years of age at duration was | Secondary: There was a trend toward a decreasing risk of CHD over time with
daily plus MPA 2.5 | baseline 8.5 years) Not reported hormone use, which was statistically significant. The HR for CHD was
mg, in one tablet, 1.34 (95% Cl, 0.821 to 2.18) after 2 years of hormone therapy, 1.27 (95%
once daily Cl, 0.64 to 2.50) after 3 years, 1.25 (95% CI, 0.74 to 2.12) after 4 years,
1.45 (95% Cl, 0.81 to 2.59) after 5 years, and 0.70 (95% ClI, 0.42 to 1.14)
Vs after 6 years or longer.
placebo Secondary:
Not reported
WHI Writing DB, MC, PC, RCT N=16,608 Primary: Primary:
Group® CHD (nonfatal Ml | The estimated HR for CHD was 1.29 (95% Cl, 1.02 to 1.63) and breast
(2002) Healthy 5.2 years and CHD death), cancer was 1.26 (95% Cl, 1.00 to 1.59).
postmenopausal (mean follow- | invasive breast

CEE 0.625 mg plus
MPA 2.5 mg, in one
tablet, once daily

Vs

placebo

women, 50 to 79
years of age with an
intact uterus

up duration)

cancer

Secondary:

Stroke, PE,
endometrial
cancer, colorectal
cancer, hip
fracture, and death
due to other causes

Thus, there were absolute excess risk of an additional seven CHD events
and eight invasive breast cancers per 10,000 person-years of treatment
with CEE plus MPA.

Secondary:

The estimated HR for stroke was 1.41 (95% CI, 1.07 to 1.85), PE was 2.13
(95% ClI, 1.39 to 3.25), colorectal cancer was 0.63 (95% CI, 0.43 to 0.92),
endometrial cancer was 0.83 (95% Cl, 0.47 to 1.47), hip fracture was 0.66
(95% Cl, 0.45 to 0.98), and death due to other causes was 0.92 (95% ClI,
0.74 t0 1.14).

Thus, there were absolute excess risks of an additional eight strokes and
eight PEs per 10,000 person-years of treatment with CEE plus MPA.
There were absolute risk reductions of six fewer colorectal cancers and
five fewer hip fractures per 10,000 person-years of treatment with
hormone therapy.

Reeves et al.® ES, OS N=14,102 Primary: Primary:
(2006) registered with | Incidence of breast | 14,102 breast cancers were diagnosed and 11,869 (86%) were invasive.
Postmenopausal incident breast | cancer and risk of

Estrogen (dose not women registered cancer breast cancer The RRs of invasive breast cancer in current users compared with never
specified) with incident breast users of hormone therapy varied according to tumor histology overall

2.7 years Secondary: (P<0.0001), for users of estrogen-only therapy (P=0.0001), and for users
VS (mean time for | Not reported of estrogen-progesterone therapy (P<0.0001).

all women
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estrogen plus from date of RRs for both estrogen-only and estrogen- progesterone therapy were
progesterone (dose last contact to greatest for invasive lobular, mixed ductal-lobular and lobular cancer.
not specified) end of follow- These risks were generally higher in current users of combined hormone
up) therapy compared with estrogen-only therapy.
Vs
At estimated duration of use of <5 years, five to nine years, and >10 years,
tibolone estrogen-only therapy was associated with a lower RR of invasive ductal,
lobular, and tubular breast cancer when compared to estrogen plus
Vs progesterone therapy.
non estrogen therapy Secondary:
Not reported
Rossouw et al.® DB, MC, PC, RCT N=27,347 Primary: Primary:
(2007) CHD (nonfatal MI, | In women with less than 10 years since the start of menopause, the HR for
Healthy 5.2 years CHD death, or CHD was 0.76 (95% ClI, 0.50 to 1.16); with 10 to 19 years, 1.10 (95% ClI,
CEE 0.625 mg/day postmenopausal (mean follow- | silent MI) and 0.84 to 1.45); and 20 or more years, 1.28 (95% CI, 1.03 to 1.58) (P=0.02).
or placebo (women women, 50 to -79 up duration stroke, mortality In women of 50 to 59 years of age, the HR for CHD was 0.93 (95% ClI,
post hysterectomy) years of age based and a global index | 0.65 to 1.33). Hormone therapy increased the risk of stroke (HR, 1.32;
on hysterectomy for trial monitoring | 95% CI, 1.12 to 1.56), but risk did not vary significantly by age or time
OR status since menopause.
Secondary:
CEE 0.625 mg/day Not reported The effects of hormone therapy on total mortality favored younger women
plus MPA 2.5 (HR of 0.70 for 50 to 59 years; 1.05 for 60 to 69 years, and 1.14 for 70 to
mg/day or placebo 79 years; P=0.06).
(women without
hysterectomy) Secondary:
Not reported
Saltpeter et al. MA N=33,315 Primary: Primary:
(2006) (107 trials) Net treatment Subgroup analyses showed that oral agents produced greater reductions in
Postmenopausal effects for each LDL-C:HDL-C (-17.4%; 95% ClI, -20.0 to -14.9) than transdermal agents
CEE, oral esterified | women 1.5 years analysis were (-8.4%; 95% ClI, -13.8 to -2.8; P=0.004). Conjugated estrogens produced
estrogens or (mean trial pooled using greater reductions (-22.4%; 95% Cl, -25.6 to -19.1) than oral esterified
transdermal duration; random effects estrogens (-11.3%; 95% ClI, -13.2 to -9.4; P<0.0001). Unopposed
estrogen, alone or in range 0.15 to 5 | model, subgroup estrogens and combined hormone therapy produced similar results.
combination with a years) analysis evaluated

progestin

the effects of
transdermal and
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VS oral treatment and | Only conjugated estrogens reduced BP (-2.2%; 95% Cl, -4.1 to -0.3).
treatment in Transdermal agents (-0.8%; 95% ClI, -3.3 to -1.6) and oral esterified
placebo, calcium diabetic and estrogens (-1.3%; 95% CI, -3.1 to -0.5) were not significant.
supplementation, or nondiabetic
no treatment women In women without diabetes, hormone therapy reduced abdominal fat (-
6.8%; 95% Cl, -11.8 to -1.9), HOMA-IR (-12.9%; 95% Cl, -17.1 to -8.6)
Secondary: and new-onset diabetes (RR, 0.7; 95% ClI, 0.6 to 0.9). Subgroup analyses
Not reported showed no significant difference in calculated insulin resistance (HOMA-
IR) between transdermal agents and oral agents, conjugated and esterified
estrogens, or unopposed and combined treatment.
In women with diabetes, hormone therapy reduced fasting glucose (-
11.5%; 95% Cl, -18.0 to -5.1), HOMA-IR (-35.8%; 95% CI, -51.7t0 -
19.8), LDL-C:HDL-C (-15.7%; 95% ClI, -18.0 to -13.5), lipoprotein(a)
(-25.0%; 95% Cl, -32.9 to -17.1), mean BP (-1.7%; 95% CI, -2.9to -
0.5), E-selectin (-17.3%; 95% ClI, -22.4 to -12.1), fibrinogen (-5.5%; 95%
Cl, -7.8 to -3.2) and plasminogen activator inhibitor-1 (-25.1%; 95% ClI, -
33.6 to -15.5).
Secondary:
Not reported
Chlebowski et al.® | DB, MC, PC, RCT N=16,608 Primary: Primary:
(2003) Breast cancer There were more cases of total (HR, 1.24; P<0.001) and invasive (HR,
WHI Postmenopausal 5.2 years number and 1.24; P=0.003) breast cancer in the hormone-treated group than in the
women 50 to 79 (mean follow- | characteristics, placebo group.

CEE 0.625 mg plus

years of age, with

up duration)

frequency of

MPA 2.5 mg, inone | an intact uterus abnormal Invasive breast cancers in the hormone-treated group compared to placebo
tablet, once daily mammaograms group were larger (P=0.04), more likely to be node positive (P=0.03), and
diagnosed at a significantly more advanced stage (P=0.04).
S Secondary:
Not reported There was a higher percentage of abnormal mammograms in the hormone-
placebo treated group than in the placebo group after the first year in all age groups
(P<0.001) and in women 50 to 59 years of age (P<0.001) as well.
Secondary:
Not reported
Hays et al.® DB, MC, PC, RCT N=16,608 Primary: Primary:
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(2003) (at baseline QOL measures that | There were significant improvement with hormone therapy compared to
WHI Postmenopausal and at one included functional | placebo from baseline to year one in sleep quality (P<0.001), physical
women 50 to 79 year) status, depression functioning (P<0.001), and bodily pain (P<0.001).
CEE 0.625 mg plus | years of age, with N=1,511 score, sleep
MPA 2.5 mg, inone | an intact uterus (for subgroup | quality, sexual Among the 574 women 50 to 54 years of age with moderate-to-severe
tablet, once daily analysis at functioning, vasomotor symptoms at baseline, hormone therapy at year 1 was
three years) cognitive associated with significant improvement in sleep (P=0.02) only. All other
VS functioning, and changes in QOL scores from baseline to year one were nonsignificant
3 years menopausal (P>0.05 for all).
placebo symptoms
There were no clinically significant effects on health-related QOL
Secondary: measures at three years of treatment with hormone therapy (P>0.05 for all
Not reported measures).
Secondary:
Not reported
Shumaker et al .8 RCT N=4,532 Primary: Primary:
(2003) Incidence of The rate of probable dementia in the estrogen plus progestin group was
Women 65 years of 5 years probable dementia | significantly higher than in the placebo group (HR, 2.05; 95% CI, 1.21 to
CEE 0.625 mg plus | age or older, with an 3.48; 45 vs 22 per 10,000 person-years; P=0.01).
MPA 2.5 mg intact uterus, free of Secondary:
probable dementia Incidence of mild Secondary:
VS cognitive There was no significant difference in the rate of mild cognitive
impairment impairment between the treatment and placebo groups (HR, 1.07; 95% Cl,
placebo 0.74 to 1.55; 63 vs 59; P=0.72).
Cravioto et al.8® DB, PC,RCT N=106 Primary: Primary:
(2011) Severity of Vasomotor factor decreased significantly over time (P=0.002) with
Women with 24 months menopausal differential patterns in relation to treatment (P=0.027); with combination
CEE/MPA 0.625/5.0 | systemic lupus symptoms hormone therapy, the reduction was more pronounced compared to
mg daily for the first | erythematosus with placebo, at between 1.5 and 2.0 vs between 0.35 and 0.80 points,
10 days of every any 2 of the Secondary: respectively (scale of 0 to 6). The score reductions with both treatments
month following criteria: Treatment were observed since the first month of follow-up. Psychological,
amenorrhea >6 discontinuation subjective-somatic, and organic-somatic factors also showed significant
VS months, serum FSH rates and reasons, reductions along time (P<0.001), but their patterns were similar with
>30 IU/L, safety respect to treatment (0.123<P<0.727). With these three factors, baseline
placebo menopausal scores decreased with both treatments since the first month of follow-up,

but a tendency for returning to baseline scores was observed after one
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symptoms, and >48 year. The sensory-somatic factors did not change significantly over time
years of age (P=0.065), nor did the pattern differ between treatments (P=0.968). During
the two year follow-up period, global mean scores for all the factors
except for subjective-somatic tended to be smaller with combination HT
compared to placebo; however, the effect size of this treatment did not
reach significance in any of the five factors.
Secondary:
Three patients receiving combination hormone therapy and one patient
receiving placebo discontinued the trial due to thrombosis. One patient
from each treatment group died due to sepsis. However, neither this
medical reason nor the other withdrawal causes were significantly
different between the two treatments.
Few patients reported adverse events during the trial. Headache, nausea,
melasma, galactorrhea, and dysmenorrhea were reported with each
treatment, intermittently and at low frequency (<6%). Mastalgia was more
common with combination hormone therapy compared to placebo at one
and six months of treatment (10.20 vs 13.33%; P<0.03).
Van de Weijer et MC, RCT, XO N=468 Primary: Primary:
al.¥ Bleeding patterns Higher frequencies of cyclic bleeds, intermittent bleeding, and mean
(2002) Postmenopausal 1 year duration of cyclic bleeding were reported with higher dosages of
women Secondary: estradiol/levonorgestrel.
17B-estradiol 50, 75, Not reported
or 100 pg/24 hours Recurrence of cyclic bleeds was acceptable for 90% of the subjects.
for 2 weeks
followed by 17p- Secondary:
estradiol/ Not reported
levonorgestrel
(50/10, 75/15, or
100/20 pg/24 hours)
for 2 weeks of each
month
Sanada et al .8 RCT N=36 Primary: Primary:
(2004) TG, VLDL-C, There was a significant decrease in TG and VLDL levels compared with
Postmenopausal 3 months LDL-C, HDL-C baseline (226.0+43.9 to 110.5+44.1 mg/dL; P<0.01) in the transdermal

Japanese women

estradiol group.
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CEE 0.625 mg once | who developed Secondary:
daily plus MPA 2.5 | serum TG Not reported There were no significant changes in the LDL-C and HDL-C levels in the
mg once daily concentrations >150 transdermal estradiol group compared with CEE group.
mg/dL after taking
VS CEE plus MA for Secondary:
12 months Not reported
transdermal
estradiol plus MPA
2.5 mg once daily
Cunha et al.®° DB, PC, PRO, RCT N=60 Primary: Primary:
(2010) Climacteric For both the Blatt-Kupperman Menopause Index and hot flush score, a
Postmenopausal 6 months symptoms statistically significant increase in the values were observed at the first
Group 1: women receiving evaluated by the evaluation after withdrawing the combination hormone therapy (i.e., after
Placebo estrogen/ Blatt-Kupperman two, four, and six months for Groups 1, 2, and 3), respectively. The hot
progestogen Menopause Index flush score was statistically different between groups that had already
S hormone therapy in and hot flush score | discontinued combination hormone therapy compared to patients who
full doses at two, four, and were still receiving treatment at the time of observation; however, there
Group 2: (CEE/MPA, or six months was no significant difference in the first evaluation subsequent to
estradiol/ progesterone withdrawing combination hormone therapy (two months: Group 1 vs
norethindrone 1/0.5 | equivalents) for >6 Secondary: Group 2; P<0.001; Group 1 vs Group 3; P=0.006; and Group 2 vs Group
mg/day for 2 months, wanting to Not reported 3; P=0.485; four months: Group 1 vs Group 2; P=1.000; Group 1 vs Group
months, followed by | discontinue 3; P=0.003; and Group 2 vs Group 3; P=0.010; and six months: Group 1
placebo combination vs Group 2, Group 1 vs Group 3, and Group 2 vs Group 3; P=1.000 for
hormone therapy all).
VS due to personal
reasons, and Secondary:
Group 3: combination Not reported
estradiol/ hormone therapy
norethindrone 1/0.5 | was prescribed to
mg/day for 4 treat climacteric
months, followed by | vasomotor
placebo symptoms
Simon et al.® DB, MC, PG, RCT N=357 Primary: Primary:
(2003) Incidence and There were significantly lower incidences of bleeding in the ethinyl
Healthy 1 year duration of vaginal | estradiol/norethindrone treatment group compared with CEE/MPA group
Ethinyl estradiol 5 postmenopausal bleeding (P<0.05 at all time points).

pg plus
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norethindrone women with an Secondary: There was no difference in bleeding incidences in the ethinyl
acetate 1 mg, inone | intact uterus Not reported estradiol/norethindrone treatment group and placebo group at months four,
tablet, once daily five, and seven through 12 (P>0.05).
VS The duration of bleeding and/or spotting was significantly shorter in the
ethinyl estradiol/norethindrone group than in the CEE/MPA group
placebo (P<0.05).
VS There was a larger percentage of amenorrhea in the ethinyl
estradiol/norethindrone group than in the CEE/MPA group (P<0.05).
CEE 0.625 mg plus
MPA 2.5 mg, in one Secondary:
tablet, once daily Not reported
(OL arm)
Simon et al.™! DB, PC, RCT N=945 Primary: Primary:
(2001) Incidences of There were significantly higher percentages of amenorrhea with ethinyl
Postmenopausal 1 year bleeding and/or estradiol/norethindrone acetate treatment than CEE/MPA treatment. At the
Ethinyl estradiol 5 women spotting end of six months, the incidence of amenorrhea was significantly lower
pg once daily with 5 pg ethinyl estradiol plus 1 mg NA (P=0.009) and 10 pg ethinyl
Secondary: estradiol plus 1 mg norethindrone acetate (P=0.006) compared with
S Not reported CEE/MPA.

ethinyl estradiol 5
pg plus
norethindrone
acetate 0.25 mg
once daily

VS

ethinyl estradiol 5

pg plus
norethindrone
acetate 1 mg once
daily

VS

Secondary:
Not reported
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ethinyl estradiol 10
pg once daily

VS

ethinyl estradiol 10

ug plus
norethindrone
acetate 0.5 mg once
daily

VS

ethinyl estradiol 10

ug plus
norethindrone
acetate 1 mg once
daily

S
CEE 0.625 mg plus

MPA 2.5 mg once
daily

Simon et al.
(2003)

1 mg norethindrone
acetate/5 pg ethinyl
estradiol

RETRO

Women who were
new users of six
hormone therapy
regimens

N=7,120

9 months

Primary:
Treatment
continuation rates

Secondary:
Not reported

Primary:
The treatment continuation rate was significantly higher among women
taking FemHRT® compared to Prempro®.

Significantly higher rates of treatment continuation were observed in
women >55 years of age, those who did not switch hormone therapy

(FemHRT®) during the nine months study period, those who received care in the
central and northeast regions of the United States, and those who received
VS treatment from obstetricians/gynecologists versus primary care physicians.
Secondary:
Not reported
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0.625 mg CEE/2.5
mg or 5 mg MPA
(Prempro®)
Archer et al.% DB, MC, RCT N=625 Primary: Primary:
(1999) Incidence of There were significantly fewer cases of endometrial hyperplasia in the
Postmenopausal 1 year endometrial estradiol/norethindrone acetate treated group than in the estradiol group
Transdermal women, aged 40 to hyperplasia, (P<0.001).
estradiol 50 pg/day | 70, with an intact bleeding and/or
(Vivelle®) uterus spotting, There was a longer mean duration of irregular bleeding or spotting in the
vasomotor events estradiol group compared to the estradiol/norethindrone acetate.
Vs
Secondary: There was a higher incidence of no uterine bleeding in the

transdermal Not reported estradiol/norethindrone acetate group than in the estradiol group.
estradiol 50 pg plus
norethindrone Similar reductions in mean number of hot flashes and intensity of sweating
acetate 140, 250, or were observed with all treatment groups.
400 pg/day
(Combipatch®) Secondary:

Not reported
Johnson et al.® DB, MC, PRO, N=438 Primary: Primary:
(2002) RCT Bleeding profiles Treatment with Activella® resulted in a larger percentage of women with

6 months no bleeding and no spotting (P=0.001) compared to treatment with

CEE 0.625 mg plus | Healthy Secondary: Prempro®.
MPA 2.5 mg, in one | postmenopausal Lipid profiles
tablet, daily women Secondary:
(Prempro®) There was a significant improvement in TG (-8.5 vs 11.7%; P<0.001) and

TC (-9.1 vs -6.9%) in the Activella® group compared to Prempro® group.
Vs
17B-estradiol 1 mg
plus norethindrone
acetate 0.5 mg, in
one tablet, daily
(Activella®)
Godsland et al.% PC,RCT N=61 Primary: Primary:
(1993) Intravenous There were no changes in glucose or insulin concentrations with

18 months glucose tolerance transdermal therapy.
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Oral therapy with Postmenopausal tests, plasma
CEE 0.625 mg daily | women glucose, insulin, Oral hormone therapy lowered glucose tolerance and increased plasma
plus levonorgestrel and C-peptide insulin response. There was greater insulin resistance compared with
0.075 mg daily for concentrations baseline during the combined estrogen/progestin phase than in the
12 days of each 28 estrogen only phase.
day cycle Secondary:
Not reported Secondary:
VS Not reported
transdermal therapy
with continuous
17B-estradiol plus
norethindrone
acetate 0.25 mg
daily for 14 days of
each 28-day cycle
Vs
placebo
Whitcroft et al.% PC,RCT N=61 Primary: Primary:
(1994) Fasting serum lipid | Both oral and transdermal hormone therapy significantly reduced serum
Healthy 3 years and lipoprotein TC (P<0.001) and LDL-C (P<0.01) from three months of treatment and
Oral therapy with postmenopausal concentrations effects were maintained at three years of treatment.
CEE 0.625 mg daily | women

plus dl-norgestrel
0.15 mg daily for 12
days of each cycle

'S

transdermal therapy
with 17B-estradiol
0.05 mg daily plus
norethindrone
acetate 0.25 mg

Secondary:
Not reported

Both oral and transdermal hormone therapy significantly reduced serum
TG concentrations (P<0.05) from six months of treatment and effects were
maintained over three years of treatment only with the transdermal group.

HDL-C declined in both oral and transdermal treatment groups, as well as
placebo group (P<0.05 for all).

Secondary:
Not reported
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daily for 14 days of
each cycle
VS
placebo
Hirvonen et al.®’ DB, XO N=36 Primary: Primary:
(1987) Menopausal There were no differences in relief of menopausal symptoms between
Postmenopausal Duration not | symptoms, lipid treatment groups.
Estradiol plus MPA, | women specified profile, bleeding
dose not specified episodes Women on the estradiol/MPA treatment significantly improved the
atherogenic index, which is the LDL-C:HDL-C. Women on the
VS Secondary: estradiol/levonorgestrel treatment showed deterioration in the atherogenic
Not reported index.
estradiol plus
levonorgestrel, dose There was more withdrawal bleeding in the estrogen plus progestin groups
not specified than in the unopposed estrogen group (78 vs 22%).
S Secondary:
Not reported
estradiol valerate
2 mg daily
White et al.%® DB, MC, PC, RCT N=750 Primary: Primary:
(2006) Mean change from | While the mean reduction in clinic BP in the 17§ estradiol alone group and
Postmenopausal Study duration | baseline at week Img drospirenone plus 17 estradiol group was not statistically

Drospirenone 1, 2,
or 3 mg with 17p

women, 45 to 75
years of age, with

not specified;
placebo phase

eight in clinic and
in ambulatory SBP

significant, the mean reductions in clinic BP in the 3 and 2 mg
drospirenone plus 17 estradiol groups were statistically significant. These

estradiol 1 mg or mean seated clinic was 3to 4 reductions were, -13.8/ -8.5 and -12.1/-9.2 mm Hg, in the 3 and 2 mg
once daily in the SBP 140 to 179 mm weeks and Secondary: drospirenone plus 17f estradiol groups, respectively, while the reductions
morning Hg and DBP treatment Changes from for placebo were -8.7/-5.0 mm Hg (SBP reductions; P=0.0004 and 0.0195
between 90 to 109 phase was 8 baseline in the for 3 and 2 mg doses; and for DBP reductions; P<0.0001 for both).
VS mm Hg in the weeks clinic and 24-hour
untreated state DBP, assessment Secondary:
17 estradiol 1 mg of the hourly Measures of ambulatory BP showed significant reductions from baseline
alone once daily changes in at a mean of 24-hour SBP in both the 2 and 3 mg drospirenone plus 17§
each morning ambulatory SBP estradiol treatment groups compared to placebo. These reductions were, -
and DBP 6.1 and -4.7 mm Hg in the 3 and 2 mg drospirenone plus 178 estradiol
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VS groups respectively, compared to a mean SBP change in the placebo group
of -1.2 mm Hg. (P values for SBP reductions vs placebo were <0.0001 and
placebo 0.009 respectively). There were no differences in ambulatory BP for 1 mg
drospirenone plus 17 estradiol and 17p estradiol alone vs placebo.
Preston et al.%° DB, MC, PC, RCT N=230 Primary: Primary:
(2005) Number and No statistical differences were observed in the overall number and
Postmenopausal 28 days percentage subjects | percentage of subjects with hyperkalemia for drospirenone with 17f
Drospirenone with women, 44 to 70 who developed estradiol versus placebo.
17 estradiol daily years of age, with or hyperkalemia (K
for 28 days without type 2 >5.5 mEq/L) and No subject had symptoms or electrocardiographic changes related to
diabetes mellitus changes from hyperkalemia.
VS and using an baseline in seated
angiotensin- clinic BP A reduction in BP was observed at -8.6/-5.8 mm Hg in patients receiving
placebo daily for 28 | converting enzyme drospirenone with 17f estradiol vs -3.7/-2.9 mm Hg in the placebo group;
days or angiotensin |1 Secondary: P<0.01 for both SBP and DBP.
receptor antagonist Not reported
Secondary:
Not reported
Lobo et al.1® DB, MC, RCT N=1,835 Primary: Primary:
(2018) Incidence of No cases of endometrial hyperplasia were observed with any estradiol—
REPLENISH Women 40 to 65 12 months endometrial progesterone dose (0% incidence; primary safety endpoint).
years of age with hyperplasia; mean
17B-estradiol/ vasomotor changes in The coprimary outcomes of vasomotor symptom frequency significantly
progesterone symptoms and a frequency and decreased (P<0.05) from baseline to weeks four and 12 with all doses of
(Bijuva®) (1/100, uterus severity of estradiol-progesterone compared with placebo (except for 0.5 mg estradiol
0.5/100, 0.5/50, or moderate-to-severe | and 50 mg progesterone at week four) in the modified intent-to-treat
0.25/50 mg) vasomotor vasomotor symptoms population.
symptoms from
VS baseline to weeks Secondary:
four and 12 with The incidence of treatment-emergent adverse events was low in all
placebo active treatments treatment groups; differences in treatment-emergent adverse events with

compared with
placebo in the
modified intent-to-
treat vasomotor
symptoms
population (n=726)

estradiol—progesterone compared with placebo were not clinically
important. Most treatment-emergent adverse events were mild or moderate
in severity. The most common treatment-related, treatment-emergent
adverse events (3% or greater of women) with an incidence numerically
higher for estradiol-progesterone (at any dose) than with placebo were
breast tenderness, headache, nausea, pelvic pain, vaginal bleeding, and
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vaginal discharge. Adverse events leading to discontinuation occurred in
Secondary: 7.3 to 11% with estradiol—progesterone vs 6.6% with placebo.
Adverse events;
mean changes from | Significantly more women had clinically meaningful reductions in
baseline in vasomotor symptom frequency with estradiol-progesterone compared
frequency and with placebo (P<0.05 to P<0.001) at week four (46 to 59% vs 33%) and
severity of week 12 (68 to 73% vs 52%).
moderate-to-severe
vasomotor
symptoms at each
week up to week
12
Kaunitz et al.1% DB, MC, RCT N=726 Primary: Primary:
(2020) Responder rate Compared with placebo, significantly more women randomized to the
REPLENISH Women 40 to 65 12 months (responders treatment group responded to treatment at weeks four and 12. At week
years of age with defined as women | four, approximately half of the women (49% to 62%) on treatment had at
17p-estradiol/ vasomotor who had at least least a 50% reduction in their weekly moderate to severe VMS (vs 33%
progesterone symptoms, a uterus, 50% or 75% for placebo; all, P<0.01), this proportion increased to approximately three
(Bijuva®) (1/100, and with moderate reductions in quarters of women (73% to 81%) by week 12 (vs 58% for placebo; all,
0.5/100, 0.5/50, or to severe hot flushes moderate to severe | P<0.05). The proportion of women with at least a 75% reduction in their
0.25/50 mg) (>7/day or VMS frequency) weekly moderate to severe VMS was 23% to 41% for those randomized to
>50/week) treatment compared with 12% for placebo at week four (all, P<0.05),
VS increasing to 50% to 68% with the treatment group, and 32% with placebo
Secondary: at week 12 (all, P<0.01).
placebo Moderate to severe
VMS-free days; Secondary:
proportion of At week 12, women in the treatment groups had significantly more days
women with no per week without moderate to severe VMS compared with placebo (1.9 to
severe VMS 3.0 days for treatment groups vs 1.3 days for placebo; all, P<0.05).
Significant differences (P<0.05) were detected as early as week three for
the highest dose (1/100), at week four for the 0.5/100 and 0.25/50 doses
and at week six for the 0.5/50 dose. The proportion of women without
severe hot flushes at week 12 was 43% to 56% for all treatment doses
versus 26% for placebo (P<0.01).
White et al 1% DB, MC, PC, RCT N=213 Primary: Primary:
(2005)
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Drospirenone 3 mg Postmenopausal Duration not | Mean change from | Mean reductions in clinic BP in the drospirenone with 17p estradiol group
with 1 mg 178 women, aged 45 to specified baseline at week averaged -14.1/-7.9 mm Hg, and the respective reductions for the placebo
estradiol daily in the | 80 years, with 12 in clinic BP group were -7.1/-4.3 mm Hg (P<0.001 for both SBP and DBP).
morning seated clinic SBP of
140 to 159 mm Hg Secondary: Secondary:
VS and/or the DBP was Changes from Drospirenone with 17f estradiol significantly lowered pulse pressure
90 to 99 mm Hg baseline in the 24- | compared to the placebo group by -3.5 mm Hg (P=0.007). No significant
placebo daily in the hour systolic and changes were observed in heart rate.
morning diastolic BPs and
heart rate, as well
as other
ambulatory
monitoring
parameters and
mean changes from
baseline of serum
potassium
Archer et al 1% DB, MC, PG, RCT N=1,142 Primary: Primary:
(2005) Endometrial Compared to estradiol alone, the combinations of drospirenone and
1 year hyperplasia estradiol were effective in protecting against endometrial hyperplasia. The
Estradiol 1.0 mg Postmenopausal probability of hyperplasia was 0.060 (95% CI, 0.043 to 0.078) for the
women with an Secondary: estradiol monotherapy group, 0.007 for the 2 mg estradiol plus
Vs intact uterus (42 to Bleeding patterns, | drospirenone group, and nonsignificant for the remaining
75 years of age) hot flush frequency | drospirenone/estradiol groups.
estradiol 1.0 mg plus and severity,
0.5,1.0,2.0,0r3.0 urogenital Secondary:
mg of drospirenone symptoms, and A greater proportion of women in all estradiol plus drospirenone treatment
(estradiol plus health-related QOL | groups had bleeding in cycles one through three compared to women in
drospirenone) the estradiol monotherapy group (P<0.001). Beginning at week two, there
was a decrease in hot flushes from baseline at all time points (P<0.008 in
all treatment groups). At cycle 13, a decrease in mean body weight from
baseline was observed in the 2 mg estradiol plus drospirenone and 3 mg
estradiol plus drospirenone groups (P<0.001 for both), while the decrease
was not statistically significant in the 0.5 mg estradiol plus drospirenone
and 1 mg estradiol plus drospirenone groups.
Schurmann et al.’** | MC, PC, RCT N=225 Primary: Primary:

(2004)
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Healthy post- 16 weeks of | Change in the Hot flushes significantly decreased in frequency for all treatment groups
Drospirenone 1, 2 or | menopausal treatment; frequency and the (range, 86 to 90%) in comparison to placebo (45%; P<0.001) and
3 mg combined with | Caucasian women, followed with | intensity of hot remained suppressed at study end, 16 weeks.
estradiol (1 mg) 45 to 66 years of 2 weeks of flushes from
age, who follow-up baseline Secondary:
VS complained of at Drospirenone and estradiol treatment decreased the intensity and severity
least five moderate- Secondary: of sweating, sleep problems, depression, nervousness, and urogenital
placebo to-severe hot Other menopausal | symptoms. The majority of the adverse events were mild or moderate, and
flushes per day on symptoms similar rates were observed in all groups. Furthermore, no serious adverse
at least 7 of the 14 (sweating periods, | events or clinically significant laboratory abnormalities were attributed to
days preceding the sleep problems, the treatment.
study depressed mood,
nervousness, and
urogenital
symptoms),
vaginal bleeding,
and adverse events
Lin et al.1% DB, MC, PC, PG, N=249 Primary: Primary:
(2011) RCT Relative change in | The number of hot flushes per week decreased progressively with both
16 weeks number of hot treatments over the 16 week period, but was consistently lower with
Estradiol/ Chinese (2 weeks of flushes per week, combination therapy compared to placebo from week two onward. Over
drospirenone daily postmenopausal follow-up) absolute changes in | the treatment period weeks three to 16, the number of hot flushes per week

VS

placebo

women 45 to 65
years of age with
moderate to severe
vasomotor
symptoms;
documentation of
>24 moderate to
severe hot flushes
over 7 consecutive
days during a 3
week screening
period; an intact
uterus with
endometrial
thickness <5 mm, or

the severity of
moderate to severe
hot flushes and in
the severity of all
hot flushes from
baseline to weeks
three to 16

Secondary:
Changes in other
climacteric
symptoms from
baseline to week
16, safety

was 11.1+15.1 and 22.4+17.3 with combination therapy and placebo,
representing absolute decreases of 45.9+29.3 and 27.5£28.1, respectively.
These absolute changes corresponded to relative decreases in the number
of hot flushes per week of 80.4 and 51.9% with combination therapy and
placebo, a significant treatment difference of 28.5% in favor of
combination therapy (P<0.0001).

Combination therapy was associated with numerically greater reductions
in the severity of moderate to severe hot flushes over weeks three to 16
compared to placebo. The change in severity of all hot flushes between
baseline and treatment (weeks three to 16) was -0.61 and -0.43 with
combination therapy and patients receiving placebo (P<0.05).

Secondary:
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a normal Among patients who experienced moderate to severe sweating at baseline,

endometrial biopsy 4.1 (7/169) and 22.2% (12/45) of patients receiving combination therapy

if endometrial and placebo continued to experience moderate to severe sweating at week

thickness >5 mm; 16. A significantly higher proportion of patients were free of sweating

last menstrual bleed symptoms after 16 weeks with combination therapy (48.1 vs 73.4%;

>1 year before, or P<0.0001).

bilateral

oophorectomy >6 Among patients who experienced vaginal dryness at baseline, a

weeks before, or significantly greater proportion of patients receiving combination therapy

last natural no longer had this symptom compared to placebo (87.7 [93/106] vs 60.0%

menstrual bleed >6 [21/35]; P<0.001).

months previously,

with a serum FSH Depressive moods, nervousness and pollakiuria followed a similar trend of

>40 mIU/mL; a greater reductions in frequency after 16 weeks of combination therapy

negative urinary compared to placebo, but these differences did not reach significance.

pregnancy test; and Incidences of depressive mood were reduced from 42.1% at baseline to

a negative bilateral 4.0% after combination therapy, and from 49.2 to 12.5% with placebo.

mammography Corresponding values for nervousness were from 50 to 51% with both

result treatments to 6.9 and 17.9% with combination therapy and placebo. At
baseline, pollakiuria was present in 29 to 32% of patients and of these,
90.2 and 72.2% no longer experienced this symptom with combination
therapy and placebo.
Mild to moderate insomnia was present at baseline in 71.6 and 65.6% of
patients randomized to combination therapy and placebo. At week 16,
similar proportions of patients (17.9 and 19.6%, respectively) continued to
experience insomnia with both treatments. Occurrences of nocturia were
similar between the two treatments at baseline (33.3 and 37.7%), and of
these patient, 75.9 and 81.0% of patients were free from this symptom at
week 16.
The proportion of patients free from arthralgia increased from 44.3% at
baseline to 75.1% after combination therapy, and from 29.5 to 58.9% with
placebo. Proportion of patients free from myalgia increased from 69.9 to
86.1% with combination therapy, and from 57.4 to 78.6% with placebo.
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Results for the Clinical Global Impressions scale assessment in patients
available at week 18 showed a more favorable effect for combination
therapy compared to placebo; 87.9 vs 47.3% of patients were ‘much
improved’ or ‘very much improved’ (P<0.001).

A higher proportion of patients receiving combination therapy experienced
bleeding and spotting compared to placebo (number of bleeding/spotting
days in each 28-day period: 1.7 to 4.8 vs 0.2 to 0.9 days). The cumulative
amenorrhea rate in patients who completed the trial increased from 34.4%
after cycle one to 67.2% after cycle four with combination therapy, and
from 85.2 to 93.4% with placebo.

A total of 71 patients (29.1 vs 26.2%) reported at least one adverse event,
including 46 patients reporting a possibly treatment-related event (20.8 vs
13.1%). The most common adverse event was breast tenderness (8.7 vs
1.6%). The majority of events were mild to moderate in severity, with
severe events including breast tenderness, headache, breast swelling, ankle
fracture, increased blood TGs, joint swelling, and abdominal neoplasm.
Three serious adverse events were reported and were considered to be
nontreatment-related.

Rowan et al.10¢
(2006)

Study 1:
Norethindrone
acetate/ethinyl
estradiol at either
0.2 mg/1 pg, 0.5
mg/2.5 pug, 1 mg/5
pg, or 1 mg/10 g,
or placebo

Study 2:
norethindrone
acetate/ethinyl
estradiol 0.5 mg/2.5
ug, 1 mg/5 ug, orl

Post-hoc analysis of
3 studies

Study 1=DB, MC,
PC, PG;
postmenopausal
women

Study 2=DB, MC,
PG; postmenopausal
women

Study 3=DB, MC,
PC, PG;
postmenopausal
women

N= 220,531

Study 1=16
weeks

Study 2=12
weeks

Study 3=24
months

Primary:
Postmenopausal
symptoms, the
effects on bone and
endometrium

Secondary:
Not reported

Primary:

In study 1, norethindrone acetate/ethinyl estradiol 0.5 mg/2.5 ug was
associated with significant reductions from baseline in mean weekly total
hot flush frequency from week 4 (63.6%) through week 16 (73.7%;
P<0.05).

In study 2, the frequency of moderate or severe hot flushes was decreased
by 61.1% at week 4 (P<0.05) and by 82.2% at week 12 (P<0.001) with
norethindrone acetate/ethinyl estradiol 0.5 mg/2.5 pg. Furthermore, the
mean intensity score was significantly lower than that with placebo at
weeks eight and 12 (for both; P=0.001).

In study 3, the cumulative amenorrhea rates were approximately 90% in
the norethindrone acetate/ethinyl estradiol 0.5 mg/2.5 pg and placebo
groups at 12 months. At 24 months, lumbar spine bone mineral density
was maintained with norethindrone acetate/ethinyl estradiol 0.5 mg/2.5 nug,
but was significantly decreased from baseline at 7.4% in the placebo group
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mg/10 pg, or (P<0.001). At 24 months, endometrial hyperplasia was not observed in the
placebo group receiving norethindrone acetate/ethinyl estradiol 0.5 mg/2.5 pg.
Study 3: Secondary:
Progestin/estrogen Not reported
therapy
(norethindrone
acetate/ethinyl
estradiol 0.2 mg/1
pg, 0.5 mg/2.5 ug, 1
mg/5 pg, or 1 mg/10
ug), unopposed
estrogen
monotherapy
(ethinyl estradiol 1,
2.5,5,or 10 pg), or
placebo
Battaglia et al.1%’ RCT N=30 Primary: Primary:
(2009) Effects on BP and The basal pulsatility index and the back pressure of the ophthalmic artery
Postmenopausal 6 months other surrogate were similar in groups 1 and 2. After six months, no changes were
Estradiol/ women markers of observed.
drospirenone cerebrovascular
1 mg/2mg and cardiovascular | The nitrites/nitrates values were not different between groups 1 and 2 both
risk. in basal conditions and after therapy.
Vs
Secondary: The brachial artery flow-mediated vasodilatation and the pulsatility index
estradiol/ Not reported of the brachial artery did not show any difference in groups 1 and 2 both in
norethisterone basal conditions and after the therapy.
acetate
1 mg/0.5mg The 24-hour BP monitoring showed no significant differences in the 24-

hour time, daytime, and nighttime values either in basal conditions or after
therapy.

All participants were found to be dippers normally (nocturnal reduction
>10% in comparison with diurnal values). The wake-up BP values were
similar in the studied participants.

160

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services




Estrogens
AHFS Class 681604

. Study Size
D Study apd StUdyBesIgI .and and Study End Points Results
rug Regimen Demographics D :
uration
Secondary:
Not reported
Furness et al 1% MA N = 38,702 Primary: Primary:
(2009) (45 RCT) Frequency of Unopposed estrogen was associated with increased risk of endometrial
Postmenopausal endometrial hyperplasia at all doses, and durations of therapy between one and three
Estrogen therapy, women 40 to 75 >12 months hyperplasia (of any | years.
combined years of age type) or
continuous estrogen- adenocarcinoma For women with a uterus, the risk of endometrial hyperplasia with
progestin therapy, (assessed by hormone therapy comprising low dose estrogen continuously combined
sequential estrogen- endometrial with a minimum of 1 mg norethisterone acetate or 1.5 mg MPA is not
progestin therapy biopsy) significantly different from placebo (1 mg estradiol/norethindrone acetate:
OR, 0.04; 95% ClI, 0 to 2.8; 1.5 mg MPA: no hyperplasia events).
Secondary:
Adherence to Secondary:
therapy, rates of Adherence was greater in both continuous and sequentially combined
additional regiments than in unopposed estrogen regimens. There were significant
interventions, and numbers of participants in most of the trials included who withdrew from
withdrawals due to | the trial prior to completion (10 to 50%) due to adverse events, lack of
adverse events efficacy, or other reasons. Only one study assessed the rate of unscheduled
biopsies and found a significant increase associated with moderate dose
unopposed estrogen therapy (1 RCT: OR, 11.8; 95% CI 7.0 to 19.9).
Canonico et al. 1% MA of 8 0S and 9 N=not Primary: Primary:
(2008) RCT reported Risk of VTE MA of OS showed that oral estrogen but not transdermal estrogen
increased the risk of VTE. Compared to nonusers of estrogen, the OR of
Oral estrogen with Women using Duration Secondary: first-time VTE in current users of oral estrogen was 2.5 (95% CI, 1.9 to
or without hormone varied Not reported 3.4) and in current users of transdermal estrogen was 1.2 (0.9 to 1.7). Past
progestogen replacement therapy users of oral estrogen had a similar risk of VTE to never users (P values
(age not reported) were not reported).
Vs

transdermal estrogen
with or without
progestogen

The risk of VTE in women using oral estrogen was higher in the first year
of treatment compared to treatment for more than one year (P<0.05).

No noticeable difference in the risk of VTE was observed between
unopposed oral estrogen and opposed oral estrogen.

Results from nine RCTs confirmed the increased risk of VTE among
women using oral estrogen (2.1; 95% CI, 1.4 to 3.1; P value not reported).
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The combination of oral estrogen and thrombogenic mutations or obesity
further enhanced the risk of VTE, whereas transdermal estrogen did not
seem to confer additional risk in women at high risk of VTE.
Secondary:
Not reported

Morch et al.11° PRO cohort study N=909,949 Primary: Primary:

(2009) Incidence of Compared to women who never took hormone therapy, current users of

Danish women 50 Average ovarian cancer hormones had incidence rate ratios for all ovarian cancers of 1.38 (95%

Oral, transdermal, to 79 years of age follow-up 8 Cl, 1.26 to 1.51) and 1.44 (95% Cl, 1.30 to 1.58) for epithelial ovarian

and vaginal estrogen | from 1995 through years Secondary: cancer (P values not reported).

products with or 2005 who had no Not reported

without a hormone-related The risk declined with years since last use: 0 to 2 years, 1.22; >2to 4

progestogen cancers before study years, 0.98; >4 to 6 years, 0.72, and >6 year, 0.63.

component entry
For current users the risk of ovarian cancer did not differ significantly with
different hormone therapies or duration of use.
The incidence rates in current and never users of hormones were 0.52 and
0.40 per 1,000 years, respectively, for an absolute risk increase of 0.12
(95% Cl, 0.01 to 0.17 per 1,000 years; P value not reported). This
approximates one extra ovarian cancer for roughly 8,300 women taking
hormone therapy each year.
Regardless of the duration of use, the formulation, estrogen dose, regimen,
progestin type, and route of administration, hormone therapy was
associated with an increased risk of ovarian cancer.
Secondary:
Not reported

Jaakkola et al.** Cohort, PRO N=243,857 Primary: Primary:

(2012) Incidence of Among patients receiving combination hormone therapy, there were 210

Women who had Duration not | cervical patients with squamous lesions (178 precancerous, 32 cancerous) and

Estrogen plus
progesterone

used estrogen/
progesterone
therapy in 1994 to

specified

precancerous or
cancerous lesions

there were 79 patients with glandular lesions (14 precancerous, 65
adenocarcinomas). The use of combination hormone therapy was not
associated with incidence of precancerous lesions, but the risk for
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Patient population 2008 for >6 months, Secondary squamous cell carcinoma decreased (standardized incidence ratio, 0.41;
was compared to >50 years of age Not reported 95% ClI, 0.28 to 0.58) and that for adenocarcinoma increased (1.31; 95%
background were identified Cl, 1.01 to 1.67).
population.
After use of combination hormone therapy for five years, the risk for
squamous cell carcinoma decreased (standardized incidence ratio, 0.34;
95% ClI, 0.16 to 0.65), and the risk for adenocarcinomas increased (1.83;
95% Cl, 1.24 to 2.59).
Secondary:
Not reported
Lobo et al.1*2 AC, DB, MC, PC, N=3,397 Primary: Primary:
(2009) RCT Hot flushes, breast | All doses of BZA/CEE provided significantly better relief of hot flushes
SMART-1 2 years pain, vaginal than placebo at most time points (P<0.01). BZA/CEE groups also
Healthy, atrophy, metabolic | demonstrated significant decreases in hot flush number and severity
Single tablets of postmenopausal parameters, compared to raloxifene.

BZA (10, 20, or 40
mg), each with CEE
(0.625 or 0.45 mg)
daily

S

raloxifene 60 mg
daily

VS

placebo taken daily

women age 40 to 75
with an intact uterus

adverse events

Secondary:
Not reported

Treatment with BZA (10 mg)/CEE (0.625 or 0.45 mg) and BZA

(20 mg)/CEE (0.625 or 0.45 mg) was significantly more effective than
placebo in increasing the mean proportion of superficial cells from
baseline to most time points (P<0.001).

Breast pain occurred with similar frequency for subjects in the BZA/CEE,
raloxifene, and placebo groups, and there were no significant differences
in the incidence of breast pain among the groups for any 28-day interval.

Reductions in LDL cholesterol for all BZA/CEE doses (range, -5.7 to -
10.9%) were significantly greater compared to placebo (range, -0.1 to
2.2%) at all time points (P<0.01). Increases in HDL cholesterol for all
BZAJ/CE doses (range, 7.0 to 13.5%) were significantly greater compared
to placebo (range, 1.3 to 5.4%) at all time points (P<0.05), and
significantly greater compared to raloxifene (range, 3.1 to 6.6%) at most
time points (P<0.05).

Overall, the incidence of adverse events and serious adverse events was
similar among treatment groups. There were no significant differences in
the incidence of treatment-emergent adverse events among groups.
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Overall, the incidence of VTEs was similar for subjects treated with
BZA/CEE or placebo (0.76 vs 1.56 per 1,000 women-years, respectively;
RR, 0.48; 95% CI, 0.05 to 4.66). The cardiovascular adverse events of
interest included myocardial infarction, coronary artery disease, and
coronary artery insufficiency. The incidence of cardiovascular adverse
events was low (<1%) across all treatment groups, with no significant
differences among groups.
Secondary:
Not reported
Pickar et al.'*® AC, DB, MC, PC, N=3,397 Primary: Primary:
(2009) RCT Incidence of At month 12, the incidence of endometrial hyperplasia for all BZA/CEE
SMART-1 2 years endometrial doses was <1% (predefined acceptable limit was <2%), except for BZA
Healthy, hyperplasia at 12 (10 mg)/CEE (0.625 mg) (3.81%; ClI, 2.27 to 5.99). No hyperplasia was
Single tablets of postmenopausal months in the observed with BZA (40 mg)/CEE (0.625 mg), BZA (20 or 40 mg)/CEE
BZA (10, 20, or 40 women age 40 to 75 efficacy evaluable | (0.45 mg), raloxifene, and placebo. The lowest effective dose of BZA that
mg), each with CEE | with an intact uterus population (EEP) protected the endometrium from the stimulatory effects of CEE (0.45 and
(0.625 or 0.45 mg) 0.625 mg) was 20 mg, as indicated by acceptable rates of endometrial
daily Secondary: hyperplasia after one year (primary endpoint) and two years of exposure.
Adverse events
S Secondary:
The incidence of treatment-emergent adverse effects was not significantly
raloxifene 60 mg different among treatment groups (P=0.696).
daily
Vs
placebo taken daily
Archer et al .} AC, DB, MC, PC, N=3,397 Primary: Primary:
(2009) RCT Cumulative Cumulative amenorrhea profiles for subjects treated with BZA 20 or 40
SMART-1 2 years amenorrhea mg with CEE 0.625 or 0.45 mg were similar to those observed for
Healthy, profiles and the placebo-treated subjects during the first and second year of therapy and
Single tablets of postmenopausal incidence of were similar to those with raloxifene 60 mg during year one of treatment,
BZA (10, 20, or 40 women age 40 to 75 bleeding or with the exception of a lower rate of amenorrhea during cycles one
mg), each with CEE | with an intact uterus spotting through 13 for BZA 20 mg/CEE 0.45 mg compared to raloxifene 60 mg
(0.625 or 0.45 mg) (83 vs 88%, respectively; P<0.05).
daily Secondary:
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Not reported Treatment with BZA 20 or 40 mg with CEE 0.625 or 0.45 mg was
VS associated with a low incidence of bleeding or spotting events that was not
significantly different compared to placebo.
raloxifene 60 mg
daily Secondary:
Not reported
VS
placebo taken daily
Lindsay et al.1%® AC, DB, MC, PC, N=3,397 Primary: Primary:
(2009) RCT Change in BMD of | In substudies | and 11, all BZA/CEE doses significantly increased
SMART-1 2 years the lumbar spine at | (P<0.001) the adjusted mean percent change in BMD from baseline to 12
Healthy, month 12 and 24 months vs decreases observed with placebo. Compared to
Single tablets of postmenopausal raloxifene, the percent increase in lumbar spine BMD from baseline to
BZA (10, 20, or 40 women age 40 to 75 Secondary: month 24 was significantly higher for all BZA/CEE treatment groups
mg), each with CEE | with an intact uterus BMD of the hip, (P<0.05) for women one to five years postmenopause. Among women >5
(0.625 or 0.45 mg) bone turnover years postmenopause, BMD significantly improved relative to raloxifene
daily Osteoporosis biomarkers (BTM) | (P<0.05) for all BZA/CEE doses, except those with BZA (40 mg).
Prevention |
S Substudy: Women Secondary:
>5 years In substudy I, total hip BMD was significantly higher (P<0.001) with all
raloxifene 60 mg postmenopause BZA/CEE doses from baseline to months 12 and 24 compared to the
daily (N=1,454) decreases observed with placebo. Compared to raloxifene, mean percent
increases in total hip BMD were significantly higher (P<0.05) from
Vs Osteoporosis baseline to month 24 with BZA (10 mg)/CEE (0.625 or 0.45 mg) and BZA
Prevention Il (20 mg)/CEE (0.625 mg). In substudy I, all BZA/CEE doses were
placebo taken daily | Substudy: Women 1 significantly higher (P<0.01) for total hip BMD than with placebo at
to 5 years months 12 and 24. Total hip BMD was significantly better (P<0.05) than
postmenopause with raloxifene for BZA (10 mg)/CEE (0.625 or 0.45 mg), and BZA (20
(N=861) mg)/CEE (0.45 mg) at month 24.
In substudy I, at all time points, median percent changes from baseline in
serum osteocalcin and C—telopeptide were significantly greater with all
BZA/CEE doses than with placebo (P<0.001).
Pinkerton et al.11® DB, MC, PC, RCT N= 332 Primary: Primary:
(2009) Changes from All groups demonstrated a significant reduction (P<0.001) from baseline
SMART-2 12 weeks baseline in the for the mean daily number of moderate and severe hot flushes at all time
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Healthy average daily points. At weeks four and 12, these decreases were significantly greater
BZA 20 mg/CEE postmenopausal number of with both BZA/CEE doses than with placebo (P<0.001). At week 12, BZA
0.45 mg once daily women, 40 to 65 moderate and 20 mg/CEE 0.45 mg and BZA 20 mg/CEE 0.625 mg reduced hot flushes
years of age with an severe hot flushes | from baseline by 74% (10.3 [baseline] vs 2.8 [week 12]) and 80% (10.4 vs
VS intact uterus, with and the severity of | 2.4), respectively, compared to 51% (10.5 vs 5.4) for placebo. Similarly,
moderate to severe hot flushes at the mean daily severity of hot flushes significantly improved (P<0.001)
BZA 20 mg/CEE hot flushes (>7/day weeks 4 and 12 from baseline with BZA 20 mg/CEE 0.45 or 0.625 mg at all time points.
0.625 mg once daily | or 50/week)
Secondary: Secondary:
VS Participants who Overall, significantly more (P<0.001) BZA/CEE-treated women
had at least a 50% | responded at both the 75% and 50% level compared to placebo at weeks
placebo once daily or 75% reduction four and 12. Significantly more women taking BZA 20 mg/CEE 0.625 mg
in the number of compared to BZA 20 mg/CEE 0.45 mg were 75% responders. Similarly at
hot flushes from weeks four and 12, significantly more participants treated with BZA/CEE
baseline, time to than with placebo had at least a 75% (P<0.01) or 50% (P<0.001) decrease
reach a 50% when mild, moderate, and severe hot flushes were assessed. The median
decrease from time to reach a 50% reduction in hot flushes for at least three consecutive
baseline in the days was significantly shorter for BZA 20 mg/CEE 0.45 mg (15 days) and
number of hot BZA 20 mg/CEE 0.625 mg (14 days) compared to placebo (30 days;
flushes for at least | P<0.001).
3 consecutive days,
the MOS sleep Compared to placebo-treated participants, those receiving BZA/CEE
scale, Menopause- | treatment had significant improvements from baseline (P<0.001) at week
Specific Quality of | 12 for time to fall asleep, sleep adequacy, sleep disturbance, and sleep
Life (MENQOL), problem indices | and |1, as assessed by the MOS sleep scale. A significant
and the presence of | improvement (P<0.010) in the number of hours slept each night was also
breast pain observed in participants taking BZA 20 mg/CEE 0.625 mg compared to
placebo.
Utian et al.**’ DB, MC, PC, RCT N= 332 Primary: Primary:
(2009) Medical Outcomes | At Week 12, both doses of BZA/CEE showed significant improvements
SMART-2 Healthy 12 weeks Study (MOS) sleep | (P<0.001) in scores for time to fall asleep, sleep disturbance, sleep
postmenopausal scale and adequacy, and sleep problems indexes | and 11 compared to placebo.
BZA 20 mg/CEE women, 40 to 65 Menopause-
0.45 mg once daily years of age with an Specific Quality of | Both BZA/CEE treatment groups showed significant improvements in
intact uterus, with Life (MENQOL) vasomotor and total scores on the MENQOL questionnaire relative to

VS

moderate to severe

questionnaires and
the Menopause

placebo (P<0.001).
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BZA 20 mg/CEE hot flushes (>7/day Symptoms Results of the MS-TSQ showed that BZA/CEE-treated subjects reported
0.625 mg once daily | or 50/week) Treatment significantly greater satisfaction compared to placebo-treated subjects in
Satisfaction the following 4 categories: ability to control hot flushes during the day
VS Questionnaire (P<0.001) and night (P<0.001), effect on quality of sleep (P<0.001), and
(MS-TSQ) effect on mood or emotions (P<0.05).
placebo once daily
Secondary:
Not reported
Yu et al. 18 DB, MC, PC, RCT N= 332 Primary: Primary:
(2013) Number of days From baseline to week 12, the mean number of days per week without
SMART-2 Healthy 12 weeks per week without moderate-to-severe hot flushes steadily increased for both doses of
postmenopausal hot flushes from BZA/CEE compared to placebo. These effects were significant for both
BZA 20 mg/CEE women, 40 to 65 baseline to week doses starting at week three (P<0.05 for BZA 20 mg/CEE 0.45 mg and
0.45 mg once daily years of age with an 12, percentage of P<0.01 for BZA 20 mg/CEE 0.625 mg) and sustained through week 12. A
intact uterus, with women who significantly higher number of days per week without moderate-to-severe
S moderate to severe experienced hot flushes was seen for BZA 20 mg/CEE 0.625 mg compared to BZA
hot flushes (>7/day no hot flushes at 20 mg/CEE 0.45 mg (P<0.05) starting at week four.
BZA 20 mg/CEE or 50/week) week 12
0.625 mg once daily At week 12, the mean number of days per week without moderate-to-
Secondary: severe hot flushes was higher for both BZA/CEE treatment groups (2.8
S Not reported and 3.7 days for BZA 20 mg/CEE 0.45 and 0.625 mg, respectively)
compared to the placebo group (1.0 days). Similarly, the mean number of
placebo once daily days without any hot flushes at week 12 was higher for the BZA/CEE
treatment groups (1.8 and 2.8 days for BZA 20 mg/CEE 0.45 and 0.625
mg, respectively) than for the placebo group (0.6 days).
At week 12, the percentage of women who had no moderate-to-severe hot
flushes was significantly higher for both BZA/CEE doses compared to
placebo (25.0% for BZA 20 mg/CEE 0.45 mg (P<0.01) and 40.6% for
BZA 20 mg/CEE 0.625 mg (P<0.001) versus 5.8% for placebo.
Secondary:
Not reported
Pinkerton et al.1%° DB, MC, PC, RCT N= 332 Primary: Primary:
(2017) Time to transient At baseline, women had an average of about 10 hot flushes per day.
SMART-2 Healthy 12 weeks and stable
postmenopausal

167

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services




Estrogens
AHFS Class 681604

Study and
Drug Regimen

Study Design and
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Study Size
and Study
Duration

End Points

Results

BZA 20 mg/CEE
0.45 mg once daily

VS

BZA 20 mg/CEE
0.625 mg once daily

VS

placebo once daily

women, 40 to 65
years of age with an
intact uterus, with
moderate to severe
hot flushes (>7/day
or 50/week)

reductions in hot
flush frequency

Secondary:
Not reported

All three treatment groups experienced transient 10% reductions in hot
flushes within one day of treatment, 20% reductions within one to two
days, and 30% reductions within three days. Median time to a transient
50% reduction in hot flushes was eight days with CEE 0.45 mg/BZA 20
mg, 9.5 days with CEE 0.625 mg/BZA 20 mg, and 10 days with placebo
(test of equality over strata log-rank test, P=0.026). Median time to a 90%
reduction was 32 days with CEE 0.45 mg/BZA 20 mg, 22.5 days with
CEE 0.625 mg/BZA 20 mg, and more than 12 weeks (i.e., not reached
during the study) for placebo (P<0.001)

Shorter times to stable response relative to placebo were observed within
the first three to seven days of treatment. For example, median time to a
stable 50% reduction was nine days with CEE 0.45 mg/BZA 20 mg, 10
days with CEE 0.625 mg/BZA 20 mg, and 38 days with placebo (test of
equality over strata log-rank test, P<0.001). Median time to a 90%
reduction was 83 days with CE 0.45 mg/BZA 20 mg, 29 days with CEE
0.625 mg/BZA 20 mg, and more than 12 weeks (i.e., not reached during
the study) for placebo (P<0.001). Stable improvements of 60% to 100%
took longer to achieve with CEE 0.45 mg/BZA 20 mg than with the higher
dose of CEE 0.625 mg/BZA 20 mg. Women treated with CEE 0.45
mg/BZA 20 mg did not achieve a median time to a 100% reduction in hot
flushes during the 12-week trial.

Secondary:
Not reported

Kagan et al.*?°
(2010)
SMART-3

BZA 20 mg/CEE
0.45 mg once daily

VS

BZA 20 mg/CEE
0.625 mg once daily

AC, DB, MC, PC,
RCT

Healthy
postmenopausal
women, 40 to 65
years of age with an
intact uterus,
vaginal cytological
smear showing
vaginal pH >5.0,
and moderate to

N=652

12 weeks

Primary:
Proportion of
vaginal superficial
cells, proportion of
parabasal cells,
vaginal pH,
severity of the
most bothersome
vulvar/vaginal
symptom at 12
weeks

Primary:

Mean increases in percentage of superficial cells from baseline to week 12
were significantly greater with BZA 20 mg/CEE 0.625 or 0.45 mg
compared to placebo (P<0.01) and BZA 20 mg (P<0.001). Mean decreases
from baseline to week 12 in percentage of parabasal cells were also
significantly greater with both BZA/CEE doses than with placebo
(P<0.001) or BZA 20 mg (P<0.001). Mean vaginal pH significantly
decreased from baseline to week 12 with both BZA/CEE doses (P<0.001).
No significant change from baseline was observed with placebo or BZA
20 mg. The mean vaginal pH decrease was significantly lower than that of
the placebo group for the BZA 20 mg/CEE 0.625 group (P<0.001) but not
the BZA 20 mg/CEE 0.45 mg group (P<0.116). Compared to BZA 20 mg,
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Vs severe symptoms of Secondary: the mean vaginal pH change at week 12 was significantly lower than that
vulvovaginal Not reported with both BZA/CEE doses (P<0.001).
BZA 20 mg once atrophy at screening
daily At week 12, participants treated with BZA 20 mg/CEE 0.625 mg, but not
those treated with BZA 20 mg/CEE 0.45 mg, had significantly greater
VS improvements in their most bothersome symptom compared to
participants treated with placebo (P=0.048). The most bothersome
placebo once daily symptom improved significantly more with both BZA/CEE doses
compared to BZA 20 mg at week 12.
Bachmann et al.1? AC, DB, MC, PC, N=652 Primary: Primary:
(2010) RCT Arizona Sexual Treatment with BZA 20 mg/CEE 0.45 or 0.625 mg was associated with
SMART-3 12 weeks Experiences improvement in sexual function at week 12, based on individual item
Healthy (ASEX) Scale, scores and the total ASEX score. Compared to BZA 20 mg, there was
BZA 20 mg/CEE postmenopausal Menopause- significant improvement in total ASEX scores with BZA/CEE at week 12
0.45 mg once daily women, 40 to 65 Specific Quality of | (p<0.001), as well as in scores for ease of arousal, orgasm, and lubrication
years of age with an Life (MENQOL) (p<0.05).
S intact uterus, questionnaire, and
vaginal cytological Menopause Both doses of BZA/CEE significantly improved vasomotor function,
BZA 20 mg/CEE smear showing Symptoms sexual function and total scores on the MENQOL questionnaire at week
0.625 mg once daily | vaginal pH >5.0, Treatment 12 compared to placebo or BZA 20 mg (p<0.05). Subjects treated with
and moderate to Satisfaction BZA 20 mg/CEE 0.625 mg also reported significant improvement in
VS severe symptoms of Questionnaire physical function scores compared to placebo (p<0.05).
vulvovaginal (MS-TSQ)
BZA 20 mg once atrophy at screening Subjects in the BZA/CEE treatment groups reported significantly greater
daily Secondary: overall satisfaction on the MS-TSQ compared to subjects in the placebo
Not reported group (p<0.05) or the BZA 20-mg group (p<0.001).
Vs
Secondary:
placebo once daily Not reported
Mirkin et. al.*? DB, MC, PC, AC, N= 1,061 Primary: Primary:
(2013) PG, RCT Endometrial At one year, no cases of endometrial hyperplasia were identified in the
SMART-4 12 months hyperplasia, BZA 20 mg/CEE 0.45 mg group, while three cases (1.1%) were confirmed
Healthy lumbar spine BMD | for the BZA 20 mg/CEE 0.625 mg group.
BZA 20 mg/CEE postmenopausal

0.45 mg once daily | women, 40 to 65 Secondary: All active treatment groups showed significant increases from baseline in
years of age with an lumbar spine BMD at one year (P<0.001) compared to placebo, which
VS intact uterus showed significant decreases from baseline (P<0.001). The increases for
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Hip BMD, BZA 20 mg/CEE 0.45 and 0.625 mg were significantly greater than those
BZA 20 mg/CEE amenorrhea, breast | for placebo (P<0.001 for all) but were significantly less than those
0.625 mg once daily pain observed for CEE 0.45 mg/MPA 1.5 mg (P<0.001).
VS Secondary:
For BMD at the total hip, BZA 20 mg/CEE 0.45 and 0.625 mg showed
CEE 0.45 mg/MPA significantly greater increases from baseline compared to placebo
1.5 mg once daily (P<0.001). The increase for BZA 20 mg/CEE 0.625 mg was not
statistically different from that for CEE 0.45 mg/MPA 1.5 mg.
Vs
Based on subject daily diary reporting, both BZA/CEE groups showed
placebo once daily high rates of cumulative amenorrhea over one year of treatment (ranges of
85.3 10 99.2% and 82.9 to 96.5% for BZA 20 mg/CEE 0.45 and 0.625 mg,
respectively). These rates were generally similar to those for placebo (82.0
to 95.4%) but were significantly higher than those for CEE 0.45 mg/MPA
1.5 mg (48.9 to 83.2%; P<0.001).
The percentage of subjects in the BZA/CEE treatment groups who
reported >1 day of breast pain during 4-week cycles over the first three
months of therapy (ranges of 5.7 t0 9.2% and 5.0 to 6.7% for BZA 20
mg/CEE 0.45 and 0.625 mg, respectively) was similar to that for placebo
(4.6 to 9.8%). Compared to CEE 0.45 mg/MPA 1.5 mg (13.3 to 14.6%),
significantly lower incidences of breast pain were observed for BZA 20
mg/CEE 0.45 mg (weeks 5 to 8 and 9 to 12; P<0.05) and for BZA 20
mg/CEE 0.625 mg (weeks 1 to 4, 5t0 8, and 9 to 12; P<0.01).
Pinkerton et al.1?® DB, MC, PC, AC, N= 1,843 Primary: Primary:
(2013) PG, RCT (N=940 for Change from At 12 months, there were no significant differences between the BZA-CE
SMART-5 breast density | baseline in percent | or BZA and placebo groups in change from baseline in percent dense
Healthy substudy) dense breast tissue | breast tissue as determined by mammography. The CEE-MPA group
BZA 20 mg/CEE postmenopausal demonstrated a significant (P<0.001) increase in percent dense breast
0.45 mg once daily women, 40 to 65 12 months Secondary: tissue compared to placebo in the modified intent-to-treat population. BZA
years of age with an Not reported 20 mg-conjugated estrogens 0.45 and 0.625 mg demonstrated
VS intact uterus, no noninferiority compared to placebo in the change from baseline in percent
endometrial dense breast tissue at 12 months.
BZA 20 mg/CEE hyperplasia or
0.625 mg once daily | breast cancer at Secondary:
screening or use of Not reported
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VS HT or SERM-
containing
BZA 20 mg once medications within
daily eight weeks of
screening.
Vs
CEE 0.45 mg/MPA
1.5 mg once daily
VS
placebo once daily
Pinkerton et al.1?* DB, MC, PC, AC, N= 1,843 Primary: Primary:
(2014) PG, RCT BMD at 12 CEE 0.45 mg/BZA 20 mg, BZA 20 mg, and CEE 0.45 mg/MPA 1.5 mg
SMART-5 12 months months, significantly increased lumbar spine, total hip, and femoral neck BMD
Healthy endometrial compared to placebo (P<0.01 for all) and showed significantly greater
BZA 20 mg/CEE postmenopausal hyperplasia at 12 decreases from baseline in serum bone turnover markers compared to
0.45 mg once daily women, 40 to 65 months, breast placebo (P<0.01 for all) at 12 months. There were no differences among
years of age with an density at 12 groups in the incidence of fractures.
VS intact uterus, no months
endometrial Rates of endometrial hyperplasia were <1% and similar for CEE 0.45
BZA 20 mg/CEE hyperplasia or Secondary: mg/BZA 20 mg, BZA 20 mg, CEE 0.45 mg/MPA 1.5 mg, and placebo.
0.625 mg once daily | breast cancer at Cumulative CEE 0.45 mg/BZA 20 mg (P<0.05) and CEE 0.45 mg/MPA 1.5 mg

VS

BZA 20 mg once
daily

'S

CEE 0.45 mg/MPA
1.5 mg once daily

VS

screening or use of
HT or SERM-
containing
medications within
eight weeks of
screening.

amenorrhea, breast
pain

(P<0.001) showed significantly greater increases from baseline in
endometrial thickness compared to placebo.

Secondary:

The percentage of subjects reporting at least one day of breast tenderness
was similar for CEE 0.45 mg/BZA 20 mg, BZA alone, and placebo but
significantly lower than that for CEE/MPA (P<0.001 versus placebo and
P<0.01 versus CEE/BZA or BZA alone for all time periods).

Rates of cumulative amenorrhea were similar for CEE 0.45 mg/BZA 20
mg, BZA 20 mg, and placebo over one year of treatment and significantly
higher than those for CEE/MPA at each time point (P<0.001). Incidences
of adverse events and treatment-emergent adverse events were similar
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placebo once daily with CEE/BZA and placebo; more subjects in the CEE/MPA group
discontinued the study due to adverse events compared to other groups.
Pinkerton et al.*? PH N=1,592 Primary: Primary:
(2014) Frequency and In both the SMART-1 and SMART-2 trials, BZA 20mg/CEE 0.45 and
Subgroups of 12 weeks severity of hot 0.625 mg treatment showed a significantly greater decrease in the average
BZA 20mg/CEE women from the flushes, health- daily number of moderate-to-severe hot flushes in both the <5 and >5
0.45 SMART-1 and related quality of YSM subgroups at three months compared to placebo.
SMART-2 trials life (HRQolL),
VS who were either <5 sleep, satisfaction The BZA 20 mg/CEE 0.45 and 0.625 mg groups in both studies showed
or >5 years since with treatment, significantly greater improvement from baseline in total MENQOL scores
BZA 20mg/CEE menopause (YSM) cumulative at three months compared to placebo (P<0.05). There was no difference
0.625 mg amenorrhea, and between subjects who were <5 or >5 YSM.
breast pain
VS In the SMART-1 trial, both the <5 and >5 YSM subgroups showed
Secondary: significant improvement from baseline in some sleep parameters with
placebo Not reported BZAJ/CEE treatment compared to placebo at three months. Similarly, in
the SMART-2 trial, both BZA/CEE doses showed significantly greater
improvement from baseline in various sleep parameters for the <5 and >5
YSM subgroups compared to placebo at three months.
Satisfaction with treatment was assessed in the SMART-2 trial. BZA 20
mg/ CEE 0.45 and 0.625 mg improved subjects’ satisfaction with
treatment compared to placebo in both the <5 and >5 YSM subgroups. A
significantly greater percentage of BZA/CEE-treated subjects in both the
<5 and >5 YSM subgroups were satisfied with treatment overall (range, 69
to 83%) at month three compared to placebo (range, 32 to 51%; P<0.05).
Overall, treatment with BZA 20mg/CEE 0.45 and 0.625 mg in the
SMART-1 and SMART-2 trials was associated with low rates of breast
pain (range, 2 to 13%), similar to that for placebo (range, 0 to 9%), in both
subgroups.
Secondary:
Not reported
Komm et al.1? MA of the SMART N=6109 Primary: Primary:
(2015) trials
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SMART trials Upto 2 years | VTEs, CHD, and The incidence of VTEs with CE 0.45 mg/BZA 20 mg was low (0.2%) and
Healthy, non- cerebrovascular similar to placebo (0.1%), as was the incidence in the group of women
BZA 20 mg/CEE hysterectomized, events given any dose of CE/BZA (0.1%). There were no VTES in any
0.45 mg once daily postmenopausal participants given CE 0.625 mg/BZA 20 mg.
women Secondary:

S Not reported Stroke occurred in one (0.06%) participant in the CE 0.45 mg/BZA 20 mg
group, one (<0.06%) in the CE 0.625 mg/BZA 20 mg group, and four

BZA 20 mg/CEE (0.08%) among all participants who received any CE/BZA dose. There

0.625 mg once daily were two adjudicated TIAs in the CE 0.45 mg/BZA 20 mg group and eight
(0.2%) among participants treated with any CE/BZA dose. None occurred

VS in the CE 0.625 mg/BZA 20 mg or placebo groups.

BZA/CEE any dose Adjudicators confirmed CHD events in four (0.3%) participants given CE
0.45 mg/BZA 20 mg, four (0.3%) given CE 0.625 mg/BZA 20 mg, a total

S of 14 (0.3%) given any CE/BZA dose, and three (0.2%) with placebo.
Rates of MI were 0.2%, 0.1%, 0.1%, and 0.2%, respectively.

placebo
Secondary:
Not reported

*Estradot® is marketed in the United States as Vivelle-Dot®.
+Menorest® is marketed in the United States as Vivelle®.
tProduct is not available in the United States.

Study design abbreviations: AC=active-controlled, DB=double-blind, DD=double-dummy, ES=extension study, MA=meta-analysis, MC=multicenter, OL=0pen-label, OS=observational study,
PC=placebo-controlled, PG=parallel-group, PH=post-hoc analysis, PRO=prospective, RCT=randomized controlled trial, RETRO=retrospective, XO=cross-over

Miscellaneous abbreviations: 3MSE= Modified Mini-Mental State Examination, AlP=atherogenic index of plasma, AUC=area under the curve, BMD=bone mineral density, BP=blood pressure, BZA=
bazedoxifene, CABG= coronary artery bypass graft, CBG=cortisol binding globulin, CEE=conjugated equine estrogen, CHD=coronary heart disease, CHF= congestive heart failure, Cl=confidence
interval, CRP=C-reactive protein, DBP=diastolic blood pressure, FI=fluctuation index, FSH= follicle-stimulating hormone, HDL-C= high-density lipoprotein cholesterol, HR=hazard ratio, HOMA-
IR=homeostasis model assessment of insulin resistance, ICAM=intracellular adhesion molecule, IGF-1=insulin-like growth factor 1, IL-6=interleukin-6, LDL-C= low-density lipoprotein cholesterol, M=
myocardial infarction, MPA=medroxyprogesterone, OR=0dds ratio, PCI= percutaneous coronary interventions, PE=pulmonary embolism, QCT=quantitative computed tomography, QOL=quality of life,
RR=relative risk, SBP=systolic blood pressure, SHBG=sex hormone binding globulin, SMART= selective estrogens, menopause, and response to therapy trials, TBG=thyroxine binding globulin, TC=total
cholesterol, TG=triglyceride, VLDL-C=very-low-density lipoprotein cholesterol, VTE=venous thromboembolism, WHI=Women’s Health Initiative, WHIMS=Women’s Health Initiative Memory Study
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Additional Evidence

Dose Simplification

Two studies demonstrated that continuous administration of hormone therapy was better tolerated than sequential
administration, which led to an improvement in compliance. Doren et al. found that women who were treated with
continuous estrogen and progestin therapy (estradiol 2 mg, estriol 1 mg, and norethisterone 1 mg) had better
compliance than women who were treated sequentially with estradiol valerate 2 mg daily and
medroxyprogesterone acetate 5 mg daily for 12 days of the month (93 vs 66%, respectively). The most frequent
reason for discontinuation of therapy was uterine bleeding.'?” Eiken et al. found that the continuous administration
of estradiol and norethisterone improved compliance compared to the sequential administration of the same
product. The eight year compliance rate for the continuous combination regimen was 46% compared to 32% for
the sequential regimen. The difference in compliance rates was due to monthly bleeding associated with the
sequential regimen.1?8

Stable Therapy
Place et al. evaluated women whose menopausal symptoms were satisfactorily controlled on conjugated

estrogens. Participants were randomly selected to continue with oral therapy or to switch to transdermal estradiol.
The results showed that women who switched to transdermal therapy had similar relief of menopausal symptoms
as the women who remained on oral conjugated estrogens.>*

Impact on Physician Visits
A search of Medline and PubMed did not reveal data pertinent to this topic.

Cost

A "relative cost index" is provided below as a comparison of the average cost per prescription for medications
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims
history and the average cost per prescription as paid at the retail pharmacy level. For brand or generic products
with little or no recent utilization data, the average cost per prescription is calculated by using the Alabama
Medicaid average acquisition cost (AAC) and the standard daily dosing per product labeling. Please note that the
relative cost index does not factor in additional cost offsets available to the Alabama Medicaid program via
pharmaceutical manufacturer rebating.

The relative cost index scale for this class is as follows:

Relative Cost Index Scale
$ $0-$30 per Rx
$$ $31-$50 per Rx
$$$ $51-$100 per Rx
$$$$ $101-$200 per Rx
$$5$$ Over $200 per Rx

Rx=prescription

Table 12. Relative Cost of the Estrogens

Generic Name(s) Formulation(s) Example Brand Name(s) | Brand Cost | Generic Cost

Estradiol tablet, topical gel, | Alora®, Climara®=, $$553 $

topical spray, Divigel®*, Elestrin®,

transdermal patch, | Estrace®*, Estring®,

vaginal cream, Evamist®, Menostar®,

vaginal ring, Minivelle®*, Vagifem®*,

vaginal tablet Vivelle-Dot®*
Estradiol acetate vaginal ring Femring® $3553 N/A
Estradiol cypionate injection Depo-Estradiol® $$$$ N/A
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estradiol

Generic Name(s) Formulation(s) Example Brand Name(s) | Brand Cost | Generic Cost
Estradiol valerate injection Delestrogen®* $$ $$33$
Estradiol and drospirenone | tablet Angelig® $$$$ N/A
Estradiol and levonorgestrel | transdermal patch | Climara Pro® $$$$ N/A
Estradiol and norethindrone | tablet, transdermal | Activella®*, Amabelz®*, $35$$ $3$

patch Combipatch®, Mimvey®*
Estradiol and norgestimate tablet Prefest® $$$$ N/A
Estradiol and progesterone capsule Bijuva® 33353 N/A
Estrogens, conjugated injection, tablet, Premarin® $355$ N/A
vaginal cream
Estrogens, conjugated and tablet Duavee® $355$ N/A
bazedoxifene
Estrogens, conjugated and tablet Premphase®, Prempro® $355$ N/A
medroxyprogesterone
Estrogens, esterified tablet Menest® $$$ N/A
Norethindrone and ethinyl tablet Jinteli®* $$%$ $3$

*Generic is available in at least one dosage form or strength.

N/A=Not available

Conclusions

The estrogens are approved for the treatment of vasomotor symptoms associated with menopause, vulvar and
vaginal atrophy, abnormal uterine bleeding, hypoestrogenism, prevention of postmenopausal osteoporosis, as
well as for the palliative treatment of prostate and breast cancer.'® They are available in a variety of dosage
forms, including injectable, oral, topical, transdermal, and vaginal preparations. Estradiol, estradiol valerate,

estradiol-norethindrone, and norethindrone-ethinyl estradiol are available in a generic formulation.

The recommendations for the use of hormone therapy have changed since the Women’s Health Initiative studies
were published.*” The use of hormone therapy was associated with an increased risk of myocardial infarction,
stroke, invasive breast cancer, pulmonary emboli, and deep vein thrombosis.**% The long-term use of hormone
therapy is no longer recommended for the prevention of chronic diseases, such as cardiovascular disease,
cerebrovascular disease, or dementia. “*3>*” Hormone therapy may be considered for the prevention of
osteoporosis when other therapies are not appropriate or when the benefits outweigh the risks.®"4 Hormone

therapy remains the most effective treatment for moderate-to-severe menopausal symptoms.>6-7:9.14

It is recommended that the lowest possible dose be used for the shortest amount of time.*"134 Vaginal
formulations are recommended for women who only have symptoms of vulvar and vaginal atrophy.”4 Systemic
progestogen is required for endometrial protection of unopposed estrogen therapy.* 7314

A variety of clinical trials have been conducted with the estrogens, which have evaluated efficacy, safety,
tolerability, as well as pharmacokinetic and pharmacodynamic end points. Numerous studies have demonstrated a
similar improvement in menopausal symptoms with the various estrogen preparations,’-8:11:42:44,48,50-56,61-63,67-
70.727597 There were no studies found in the medical literature that compared the continuous administration of a
combination product versus the concomitant administration of the individual components. There is no evidence
that natural estrogens are more or less hazardous than synthetic estrogens at equivalent doses.*3

The efficacy and safety of bazedoxifene with conjugated estrogens have been evaluated in the phase 3 Selective
estrogens, Menopause And Response to Therapy (SMART) trials conducted in generally healthy postmenopausal
women.'?124 Bazedoxifene-conjugated estrogens have shown an improvement in menopausal symptoms and
bone loss and a favorable safety profile when compared to placebo.''12¢ There were no studies found that
compared bazedoxifene-conjugated estrogens to another selective estrogen receptor modifier and estrogen

combination regimen.
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There is insufficient evidence to support that one brand estrogen is safer or more efficacious than another within
its given indication. Formulations without a generic alternative should be managed through the medical
justification portion of the prior authorization process.

Therefore, all brand products within the class reviewed are comparable to each other and to the generic products
in the class (if applicable) and offer no significant clinical advantage over other alternatives in general use.

Recommendations

No brand estrogen is recommended for preferred status. Alabama Medicaid should accept cost proposals from
manufacturers to determine the most cost effective products and possibly designate one or more preferred brands.
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Overview

Diabetes mellitus is a chronic condition which results in hyperglycemia. It is differentiated into four main classes:
1) type 1 diabetes; 2) type 2 diabetes; 3) gestational diabetes; and 4) other types (drug- or chemical-induced,
genetic defects in B-cell function or insulin action, and diseases of the exocrine pancreas). Type 2 diabetes is the
most prevalent form of the disease in the United States. Inadequate glycemic control may lead to both acute and
long-term complications, including microvascular and macrovascular events. There are a variety of oral and
injectable antidiabetic agents currently available to treat diabetes. The antidiabetic agents are categorized into 12
different American Hospital Formulary Service (AHFS) classes, which differ with regards to their mechanism of
action, efficacy, safety profiles, tolerability, and ease of use.

The alpha-glucosidase inhibitors are approved for use as an adjunct to diet and exercise to improve glycemic
control in adults with type 2 diabetes mellitus. The antihyperglycemic action of acarbose results from a
competitive, reversible inhibition of pancreatic alpha-amylase and membrane-bound intestinal alpha-glucoside
hydrolase enzymes. The antihyperglycemic action of miglitol results from a reversible inhibition of membrane-
bound intestinal alpha-glucoside hydrolase enzymes. This enzyme inhibition leads to a delay in glucose
absorption and subsequent lowering of postprandial hyperglycemia.’

The alpha-glucosidase inhibitors that are included in this review are listed in Table 1. This review encompasses all
dosage forms and strengths. Acarbose and miglitol are available in a generic formulation. This class was last
reviewed in August 2019.

Table 1. Alpha-Glucosidase Inhibitors Included in this Review

Generic Name(s)

Formulation(s)

Example Brand Name(s)

Current PDL Agent(s)

Acarbose

tablet

Precose®*

acarbose

Miglitol

tablet

N/A

miglitol

*Generic is available in at least one dosage form or strength.
PDL=Preferred Drug List

Evidence-Based Medicine and Current Treatment Guidelines

Current clinical guidelines are summarized in Table 2. Please note that guidelines addressing the treatment of type
2 diabetes are presented globally, addressing the role of various medication classes.

Table 2. Treatment Guidelines Using the Alpha-Glucosidase Inhibitors

Clinical Guideline Recommendation(s)

American Diabetes Current criteria for the diagnosis of diabetes

Association: o The following are the criteria for a diagnosis of diabetes: glycosylated hemoglobin
Standards of Medical (HbA1c) >6.5%, or a fasting plasma glucose (FPG) >126 mg/dL, or a two-hour
Care in Diabetes plasma glucose >200 mg/dL during an oral glucose tolerance test or patients with
(2021)® classic symptoms of hyperglycemia, or classic symptoms of hyperglycemia or
hyperglycemic crisis (random plasma glucose 2200 mg/dL).

Prevention or delay of type 2 diabetes

e An ongoing support program for weight loss of 7% of body weight and an increase
in physical activity to >150 minutes/week of moderate activity should be
encouraged in patients with impaired glucose tolerance, impaired fasting glucose,
or an HbA¢ 5.7 to 6.4%.
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Clinical Guideline

Recommendation(s)

Metformin therapy for prevention of type 2 diabetes should be considered in those
with prediabetes, especially in those with BMI >35 kg/m? those aged <60 years,
and women with prior gestational diabetes mellitus.

Diabetes self-management education and support programs are appropriate venues
for people with prediabetes to receive education and support to develop and
maintain behaviors that can prevent or delay the onset of diabetes.

Glycemic goals in adults

Lowering HbA. to below or around 7.0% has been shown to reduce
microvascular complications of diabetes, and if implemented soon after the
diagnosis of diabetes is associated with long term reduction in macrovascular
disease. A reasonable HbA1c goal for many nonpregnant adults is <7.0%.

It may be reasonable for providers to suggest more stringent Hb A1 goals (<6.5%)
for selected patients, if this can be achieved without significant hypoglycemia or
other adverse effects of treatment. Such patients may include those with short
duration of diabetes, type 2 diabetes treated with lifestyle or metformin only, long
life expectancy, and no significant cardiovascular disease.

Conversely, less stringent HbA¢ goals (<8.0%) may be appropriate for patients
with a history of severe hypoglycemia, limited life expectancy, advanced
microvascular or macrovascular complications, extensive comorbid conditions,
and those with longstanding diabetes in whom the general goal is difficult to attain
despite diabetes self-management education, appropriate glucose monitoring, and
effective doses of multiple glucose-lowering agents including insulin.

Pharmacologic therapy for type 1 diabetes

Most individuals with type 1 diabetes should be treated with multiple dose insulin
injections (three to four injections per day of basal and pre-prandial insulin) or
continuous subcutaneous (SC) insulin infusion therapy.

Most patients should use rapid-acting insulin analogs to reduce hypoglycemia risk.
Patients with type 1 diabetes should receive education on how to match prandial
insulin doses to carbohydrate intake, premeal blood glucose, and anticipated
physical activity.

Pharmacologic therapy for type 2 diabetes

At the time of diagnosis, initiate metformin therapy along with lifestyle
interventions, unless metformin is contraindicated. Metformin is the preferred
initial pharmacologic agent for the treatment of type 2 diabetes, and once initiated
metformin should be continued as long as it is tolerated and not contraindicated.
Early combination therapy can be considered in some patients at treatment
initiation to extend the time to treatment failure.

The early introduction of insulin should be considered if there is evidence of
ongoing catabolism (weight loss), symptoms of hyperglycemia, HbA:. >10%, or
blood glucose >300 mg/dL.

A patient-centered approach should be used to guide the choice of pharmacologic
agents. Considerations include effect on cardiovascular and renal comorbidities,
efficacy, hypoglycemia risk, impact on weight, cost, risk for side effects, and
patient preferences.

In patients with type 2 diabetes who have established atherosclerotic
cardiovascular disease (ASCVD) or indicators of high risk, established kidney
disease, or heart failure, a SGLT2 inhibitor or GLP-1 receptor agonist with
demonstrated cardiovascular disease benefit.

In patients with type 2 diabetes, a GLP-1 receptor agonist is preferred to insulin
when possible.

Recommendation for treatment intensification for patients not meeting treatment
goals should not be delayed.
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The medication regimen and medication-taking behavior should be evaluated
every three to six months and adjusted as needed based on new patient risk factors.
Clinicians should be aware of the potential for overbasalization with insulin
therapy. Clinical signals that may prompt evaluation of overbasalization include
basal dose more than ~0.5 1U/kg, high bedtime-morning or post-preprandial
glucose differential, hypoglycemia (aware or unaware), and high variability.
Indication of overbasalization should prompt reevaluation to further individualize
therapy.

Management of diabetes in pregnancy

Provide preconception counseling, starting at puberty and continuing through
reproductive years, that addresses the importance of glycemic control as close to
normal as is safely possible, ideally Aic <6.5%, to reduce the risk of congenital
anomalies, preeclampsia, macrosomia, and other complications.

Family planning should be discussed and effective contraception (with
consideration of long-acting, reversible contraception) should be prescribed and
used until a woman is prepared and ready to become pregnant.

Women with preexisting type 1 or type 2 diabetes who are planning pregnancy
should ideally be managed beginning in preconception in multidisciplinary clinic
including an endocrinologist, maternal-fetal medicine specialist, registered
dietitian nutritionist, and diabetes care and education specialist, when available.

In addition to focused attention on achieving glucemic targets, standard
preconception care should be augmented with extra focus on nutrition, diabetes
education, and screening for diabetes comorbidities and complications.

Women with preexisting type 1 or type 2 diabetes who are planning pregnancy or
who have become pregnant should be counseled on the risk of development and/or
progression of diabetic retinopathy. Dilated eye examinations should occur before
pregnancy or in the first trimester and then be monitored every trimester and for
one year postpartum as indicated by degree of retinopathy.

Fasting and postprandial self-monitoring of blood glucose are recommended in
both gestational diabetes mellitus and preexisting diabetes in pregnancy to achieve
glucose levels. Glucose targets are fasting plasma glucose <95 mg/dL and either 1-
hour postprandial glucose <140 mg/dL or 2-hour postprandial glucose <120
mg/dL. Some women with preexisting diabetes should also test blood glucose
preprandially.

Due to increased red blood cell turnover, Aic is lower in normal pregnancy than in
normal nonpregnant women. Ideally, the Ajctarget in pregnancy is <6% if this can
be achieved without significant hypoglycemia, but the target may be relaxed to
<7% if necessary to prevent hypoglycemia.

When used in addition to pre- and postprandial self-monitoring of blood glucose,
continuous glucose monitoring can help achieve A targets in diabetes and
pregnancy. It can also reduce macrosomia and neonatal hypoglycemia in
pregnancy complicated by type 1 diabetes.

Commonly used estimated Aic and glucose management indicator calculations
should not be used in pregnancy as estimates of Aic.

Lifestyle change is an essential component of management of gestational diabetes
mellitus and may suffice for treatment for many women. Insulin should be added
if needed to achieve glycemic targets.

Insulin is the preferred medication for treating hyperglycemia in gestational
diabetes as it does not cross the placenta to a measurable extent. Metformin and
glyburide should not be used as first-line agents since both cross the placenta to
the fetus. Other oral and noninsulin injectable glucose-lowering medications lack
long-term safety data.

Metformin, when used to treat polycystic ovarian syndrome and induce ovulation
should be discontinued by the end of the first trimester.
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Insulin is the preferred agent in both type 1 and type 2 diabetes in pregnancy
because it does not cross the placenta and because oral agents are generally
insufficient to overcome the insulin resistance in type 2 diabetes and are
ineffective in type 1 diabetes. Either multiple daily injections or insulin pump
technology can be used in pregnancy complicated by type 1 diabetes.

Women with type 1 or type 2 diabetes should be prescribed low dose aspirin (100
to 150 mg/day) from the end of the first trimester until the baby is born in order to
lower the risk of preeclampsia.

In pregnant patients with diabetes and chronic hypertension, blood pressure targets
of 110 to 135/85 are suggested to optimize long-term maternal health and
minimize impaired fetal growth.

Potentially teratogenic medications (ACE inhibitors, angiotensin receptor
blockers, statins, etc.) should be avoided in sexually active women of childbearing
age who are not using reliable contraception.

American Diabetes
Association/ European
Assaciation for the
Study of Diabetes:
Management of
Hyperglycemia in
Type 2 Diabetes. A
consensus report by
the American
Diabetes Association
and the European
Assaciation for the
Study of Diabetes
(2012, 2015, 2018,
and 2019 Update)*’

Key points

Glycemic targets and glucose-lowering therapies must be individualized.

Diet, exercise, and education remain the foundation of any type 2 diabetes
treatment program.

Unless there are prevalent contraindications, metformin is the optimal first line
drug.

After metformin, there are limited data to guide treatment decisions. Combination
therapy with an additional one to two oral or injectable agents is reasonable,
aiming to minimize side effects where possible.

Ultimately, many patients will require insulin therapy alone or in combination
with other agents to maintain glucose control.

All treatment decisions, where possible, should be made in conjunction with the
patient, focusing on his/her preferences, needs, and values.

Comprehensive cardiovascular risk reduction must be a major focus of therapy.

Principles of Care

Providers should prioritize the delivery of patient centered care.

All patients with type 2 diabetes should have access to ongoing diabetes self-
management education and support programs.

Facilitating medication adherence should be specifically considered when selecting
glucose-lowering medications.

Initial drug therapy

It is generally agreed that metformin, if not contraindicated and if tolerated, is the
preferred and most cost-effective first agent.

Metformin should be initiated at, or soon after, diagnosis, especially in patients in
whom lifestyle intervention alone has not achieved, or is unlikely to achieve,
HbA:. goals.

Patients with high baseline HbA1¢ (e.g., 29.0%) have a low probability of
achieving a near-normal target with monotherapy; therefore, it may be justified to
start directly with a combination of two non-insulin agents or with insulin itself in
this circumstance.

If a patient presents with significant hyperglycemic symptoms and/or has
dramatically elevated plasma glucose concentrations or HbA. (e.g., >10.0 to
12.0%), insulin therapy should be strongly considered from the outset. Such
therapy is mandatory when catabolic features are exhibited or, of course, if
ketonuria is demonstrated, the latter reflecting profound insulin deficiency.

If metformin cannot be used, another oral agent could be chosen, such as a
sulfonylurea/glinide, pioglitazone, or a dipeptidyl peptidase 4 (DPP-4) inhibitor; in
occasional cases where weight loss is seen as an essential aspect of therapy, initial
treatment with a glucagon-like peptide (GLP)-1 receptor agonist might be useful.
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Where available, less commonly used drugs (alpha-glucosidase inhibitors,
colesevelam, bromocriptine) might also be considered in selected patients, but
their modest glycemic effects and side effect profiles make them less attractive
candidates.

Specific patient preferences, characteristics, susceptibilities to side effects,
potential for weight gain, and hypoglycemia should play a major role in drug
selection.

The stepwise addition of glucose-lowering medication is generally preferred to
initial combination therapy.

Advancing to dual combination therapy

If monotherapy alone does not achieve/maintain HbA 1 target over approximately
three months, the next step would be to add a second oral agent, a GLP-1 receptor
agonist or basal insulin. Notably the higher the HbA ., the more likely insulin will
be required.

The selection of medication added to metformin is based on patient preference and
clinical characteristics. Important clinical characteristics include the presence of
established atherosclerotic cardiovascular disease (ASCVD) and other
comorbidities such as HF or CKD; the risk for specific adverse medication effects,
particularly hypoglycemia and weight gain; as well as safety, tolerability, and cost.
On average, any second agent is typically associated with an approximate further
reduction in HbA;. of approximately 1.0%.

If no clinically meaningful glycemic reduction is demonstrated, then adherence
having been investigated, that agent should be discontinued, and another with a
different mechanism of action substituted.

Uniform recommendations on the best agent to be combined with metformin
cannot be made, thus advantages and disadvantages of specific drugs for each
patient should be considered.

It remains important to avoid unnecessary weight gain by optimal medication
selection and dose titration.

For all medications, consideration should also be given to overall tolerability.

Advancing to triple combination therapy

Some trials have shown advantages of adding a third non-insulin agent to a two
drug combination that is not yet or no longer achieving the glycemic target.
However, the most robust response will usually be with insulin.

Intensification of treatment beyond dual therapy to maintain glycemic targets
requires consideration of the impact of medication side effects on comorbidities,
as well as the burden of treatment and cost.

Many patients, especially those with long standing disease, will eventually need to
be transitioned to insulin, which should be favored in circumstances where the
degree of hyperglycemia (e.g., HbA1c >8.5%) makes it unlikely that another drug
will be of sufficient benefit.

In using triple combinations the essential consideration is to use agents with
complementary mechanisms of action.

Increasing the number of drugs heightens the potential for side effects and drug-
drug interactions which can negatively impact patient adherence.

Addition of Injectable Medications

In patients who need the greater glucose-lowering effect of an injectable
medication, GLP-1 receptor agonists are the preferred choice to insulin. For
patients with extreme and symptomatic hyperglycemia, insulin is recommended.
In patients who cannot maintain glycemic targets with combination basal insulin
and oral medications treatment may be intensified by the addition of a GLP-1
receptor agonist, SGLT2 inhibitor, or prandial insulin.
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Anti-hyperglycemia Therapy in Type 2 Diabetes: General Recommendations

First-line therapy:

e First-line therapy is metformin and comprehensive lifestyle change (including
weight management and physical activity).

If HbA. is above target goal, select additional therapy as follows:
e Established ASCVD or heart failure or chronic kidney disease:
o ASCVD predominates:
= GLP-1 receptor agonist or SGLT2 inhibitor with proven cardiovascular
benefit.
= If HbA. targets are still not met, consider adding, a GLP-1 receptor
agonist or SGLT2 inhibitor (whichever has not already been added), DPP-
4 inhibitor (if not using a GLP-1 receptor agonist), basal insulin,
thiazolidinedione, or sulfonylurea.
o If heart failure or chronic kidney disease predominates:
=  SGLT?2 inhibitor with evidence of reducing heart failure and/or chronic
kidney disease progression is preferred.
= Use GLP-1 receptor agonists with proved cardiovascular benefit if SGLT2
inhibitors are contraindicated.
= If HbA . targets are still not met, consider adding a GLP-1 receptor
agonist or SGLT2 (whichever has not already been added), DPP-4
inhibitor (if not using a GLP-1 receptor agonist), basal insulin, or
sulfonylurea.
e Without established ASCVD or heart failure or chronic kidney disease:
o Compelling need to minimize hypoglycemia:
=  Consider adding a DPP-4 inhibitor, GLP-1 receptor agonist, SGLT2
inhibitor, or thiazolidinedione.
= If HbA . targets are still not met, consider adding one of the agents listed
above.
e Itis not recommended to combine DPP-4 inhibitors and GLP-1
receptor agonists.
o If three of the above agents are added and HbA. targets are not
met, consider adding a sulfonylurea or basal insulin.
o Compelling need to minimize weight gain or promote weight loss:
=  Consider adding GLP-1 receptor agonist or SGLT2 inhibitor.
= If HbAy is above target, consider adding the alternative agent from

above.

= If GLP-1 receptor agonist is not tolerated or contraindicated add a DPP-4
inhibitor.

= If needed add a sulfonylurea, thiazolidinedione, and/or basal insulin with
caution.

o If costis a major issue:
= Consider adding a sulfonylurea or thiazolidinedione.
= If HbA¢ target is still not met, consider adding the alternative from the
agents above.
= If HbA target is still not met, consider adding a DPP-4 inhibitor, SGLT2
inhibitor, or insulin available at the lowest acquisition cost.

Changes to consensus recommendations - 2019

e  Guidelines previously recommended that, in the setting of type 2 diabetes,
established CVD was a compelling indication for treatment with a GLP-1
receptor agonist or SGLT2 inhibitor. Guidelines now further suggest the
following:

o General consideration
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= In appropriate high-risk individuals with established type 2
diabetes, the decision to treat with a GLP-1 receptor agonist
or SGLT2 inhibitor to reduce MACE, hHF, CV death, or
CKD progression should be considered independently of
baseline HbA. or individualized HbA . target.

=  Providers should engage in shared decision making around
initial combination therapy in new-onset cases of type 2
diabetes.

o GLP-1 receptor agonist recommendations

= For patients with type 2 diabetes and established
atherosclerotic CV disease (such as those with prior
myocardial infarction, ischemic stroke, unstable angina with
ECG changes, myocardial ischemia on imaging or stress
test, or revascularization of coronary, carotid, or peripheral
arteries) where MACE is the gravest threat, the level of
evidence for MACE benefit is greatest for GLP-1 receptor
agonists.

= To reduce risk of MACE, GLP-1 receptor agonists can also
be considered in patients with type 2 diabetes without
established CVD with indicators of high risk, specifically,
patients aged 55 years or older with coronary, carotid, or
lower extremity artery stenosis >50%, left ventricular
hypertrophy, eGFR <60 mL/min/1.73 m?, or alouminuria.

o SGLT2 inhibitor recommendations

=  For patients with or without established atherosclerotic
CVD, but with HFrEF (EF <45%) or CKD (eGFR 30 to <60
mL/min/1.73 m? or urinary albumin-to-creatinine ratio
(UACR) >30 mg/g, particularly UACR >300 mg/g), the
level of evidence for benefit is greatest for SGLT2
inhibitors.

= SGLT2 inhibitors are recommended in patients with type 2
diabetes and HF, particularly those with HFrEF, to reduce
hHF, MACE, and CV death.

= SGLT?2 inhibitors are recommended to prevent the
progression of CKD, hHF, MACE, and CV death in patients
with type 2 diabetes with CKD.

= Patients with foot ulcers or at high risk for amputation
should only be treated with SGLT2 inhibitors after careful
shared decision making around risks and benefits with
comprehensive education on foot care and amputation
prevention.

American Association
of Clinical
Endocrinologists/
American College of
Endocrinology:
Clinical Practice
Guidelines for
Developing a
Diabetes Mellitus
Comprehensive Care
Plan

(2015)8

Antihyperglycemic pharmacotherapy for type 2 diabetes

The choice of therapeutic agents should be based on their differing metabolic
actions and adverse effect profiles as described in the 2018 American Association
of Clinical Endocrinologists Comprehensive Diabetes Management Algorithm
Consensus Statement.

Initiate therapy with metformin, a glucagon-like peptide 1 (GLP-1) receptor
agonist, a dipeptidy| peptidase 4 (DPP-4) inhibitor, a sodium glucose cotransporter
2 (SGLT?2) inhibitor, or an a-glucosidase inhibitor for patients with an entry Aic
<7.5%.

A TZD, sulfonylurea, or glinide may be considered as alternative therapies but
should be used with caution due to side-effect profiles.

For patients with entry Asc levels >7.5%, initiate treatment with metformin (unless
contraindicated) plus a second agent, with preference given to agents with a low
potential for hypoglycemia that are weight neutral or associated with weight loss.
This includes GLP-1 receptor agonists, SGLT2 inhibitors, or DPP-4 inhibitors as
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the preferred second agents; TZDs and basal insulin may be considered as
alternatives. Colesevelam, bromocriptine, or an a-glucosidase inhibitor have
limited glucose-lowering potential but also carry a low risk of adverse effects and
may be useful for glycemic control in some situations. Sulfonylureas and glinides
are considered the least desirable alternatives due to the risk of hypoglycemia.
For patients with an entry Aic >9.0% who have symptoms of hyperglycemia,
insulin therapy alone or in combination with metformin or other oral agents is
recommended.

Pramlintide and the GLP-1 receptor agonists can be used as adjuncts to prandial
insulin therapy to reduce postprandial hyperglycemia, Aic, and weight. The long-
acting GLP-1 receptor agonists also reduce fasting glucose.

Insulin should be considered for T2D when noninsulin antihyperglycemic therapy
fails to achieve target glycemic control or when a patient, whether drug naive or
not, has symptomatic hyperglycemia.

Therapy with long-acting basal insulin should be the initial choice in most cases.
The insulin analogs glargine and detemir are preferred over intermediate-acting
neutral protamine Hagedorn (NPH) because analog insulins are associated with
less hypoglycemia.

When control of postprandial hyperglycemia is needed, preference should be
given to rapid-acting insulins (the analogs lispro, aspart, and glulisine or inhaled
insulin) over regular human insulin because the former have a more rapid onset
and offset of action and are associated with less hypoglycemia.

Premixed insulin formulations (fixed combinations of shorter- and longer-acting
components) of human or analog insulin may be considered for patients in whom
adherence to more intensive insulin regimens is problematic; however, these
preparations have reduced dosage flexibility and may increase the risk of
hypoglycemia compared with basal insulin or basal-bolus regimens.

Basal-bolus insulin regimens are flexible and recommended for intensive insulin
therapy.

Intensification of pharmacotherapy requires glucose monitoring and medication
adjustment at appropriate intervals (e.g., every three months) when treatment goals
are not achieved or maintained.

American Association
of Clinical
Endocrinologists/
American College of
Endocrinology:
Consensus Statement
on the
Comprehensive Type
2 Diabetes
Management
Algorithm

(2020)°

Principles underlying the algorithm

Lifestyle optimization is essential for all patients with diabetes; however, it should
not delay needed pharmacotherapy, which can be initiated simultaneously and
adjusted based on patient response to lifestyle efforts. The need for medical
therapy should not be interpreted as a failure of lifestyle management, but as an
adjunct to it.

Minimizing the risk of both severe and nonsevere hypoglycemia is a priority.
Minimizing risk of weight gain and abnormal adiposity and promoting weight loss
in those patients with adiposity-based chronic disease (ABCD; the medical
diagnostic term for overweight/obesity), are high priorities for long-term health.
Given its ability to prevent progression to diabetes and promote a favorable
therapeutic profile in diabetes, weight loss should be strongly considered in all
patients with prediabetes and T2D who also have ABCD. Weight-loss therapy
should consist of a specific lifestyle prescription that includes a reduced-calorie
healthy meal plan, physical activity, and behavioral interventions. Weight-loss
medications approved for the chronic management of obesity should also be
considered if needed to obtain the degree of weight loss required to achieve
therapeutic goals in prediabetes and T2D.

The hemoglobin Axc (Aic) target should be individualized based on numerous
factors, such as age, life expectancy, comorbid conditions, duration of diabetes,
risk of hypoglycemia or adverse consequences from hypoglycemia, patient
motivation, and adherence.

190

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services




Alpha-Glucosidase Inhibitors
AHFS Class 682002

Clinical Guideline

Recommendation(s)

Achieving an HbA1c <6.5% is considered optimal if it can be achieved in a safe
and affordable manner; however, higher targets may be appropriate for certain
individuals and may change for a given individual over time.

The choice of diabetes therapies must be individualized based on attributes
specific to both patients and the medications themselves. Medication attributes
that affect this choice include initial Aic, duration of T2D, and obesity status.
Other considerations include antihyperglycemic efficacy; mechanism of action;
risk of inducing hypoglycemia; risk of weight gain; other adverse effects;
tolerability; ease of use; likely adherence; cost; and safety or risk reduction in
heart, kidney, or liver disease.

The choice of therapy depends on the patient's cardiac, cerebrovascular, and renal
status. Combination therapy is usually required and should involve agents with
complementary mechanisms of action.

Therapeutic effectiveness must be evaluated frequently until stable (e.g., every
three months).

Safety and efficacy should be given higher priority than the initial acquisition cost
of medications, as medication cost is only a small part of the total cost of diabetes
care. In assessing the cost of a medication, consideration should be given to
monitoring requirements and risks of hypoglycemia and weight gain.

The therapeutic regimen should be as simple as possible to optimize adherence.

Monotherapy

Patients with recent-onset diabetes and those with mild hyperglycemia (HbA1c
<7.5%), initial monotherapy with metformin (at doses of 1,500 to 2,000 mg/day)
and life-style modifications is recommended.

o Independent of glycemic control, if established atherosclerotic
cardiovascular disease (ASCVD) or high risk, chronic kidney disease
stage 3, or heart failure with reduced ejection fraction (HFrEF), start
long-acting GLP-1 receptor agonist or SGLT2 inhibitor with proven
efficacy.

In patients with intolerance or contraindications to metformin, acceptable
therapeutic alternatives that reduce glucose without weight gain or hypoglycemia
(in order based on suggested hierarchy of usage) include:

o  GLP-1 receptor agonists.

SGLT?2 inhibitors.

DPP-4 inhibitors.

TZDs (use with caution).
Alpha-glucosidase inhibitors.

o Sulfonylureas/glinides (use with caution)

Sulfonylureas and glinides (in order based on suggested hierarchy of usage) may
be used but with caution due to possible weight gain and hypoglycemia.

O O O O

Combination therapy

Patients who present with an initial HbA1c >7.5% or who do not reach their target
HbA . with metformin in three months should be started on a second agent to be
used in combination with metformin.
Patients who present with an initial HbA1c >9.0% with no symptoms should be
started on combination therapy or three-drug combination therapy.
In metformin-intolerant patients, two drugs from other classes with complimentary
mechanisms of action should be used.
Combination (in order based on suggested hierarchy of usage) include metformin
(or other first-line agent) plus:

o  GLP-1 receptor agonists.

o SGLT2 inhibitors.

o DPP-4 inhibitors.
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TZD (use with caution).

Sulfonylureas and glinides (use with caution).
Basal insulin (use with caution).
Colesevelam.

Bromaocriptine quick release.
Alpha-glucosidase inhibitors.

O O O O O O

Three-drug combination therapy

Generally, the efficacy of a third antidiabetic agent added to dual therapy is
reduced compared to the efficacy of the same drug used as monotherapy or
combination therapy with one other agent.
Patients who present with an initial HbA1c >9.0% with no symptoms should be
started on combination therapy or three-drug combination therapy.
Patients who present with an HbA1c >9.0% who are symptomatic would likely
derive greatest benefit from the addition of insulin but if these patients present
without significant symptoms treatment may be initiated with the maximum doses
of two to three other agents.
Continuation with noninsulin therapies while starting basal insulin is common and
does not increase cardiovascular risk, but may increase risk of hypoglycemia when
sulfourea are used in conjunction with insulin.
Three-drug combination (in order based on suggested hierarchy of usage) include
metformin (or other first-line agent), a second-line agent plus:

o  GLP-1 receptor agonists.
SGLT?2 inhibitors.
TZD (use with caution).
Sulfonylureas and glinides (use with caution).
Basal insulin (use with caution).
DPP-4 inhibitors.
Colesevelam.
Bromocriptine quick release.
Alpha-glucosidase inhibitors.

O O O O O O O O

Insulin therapy algorithm

Patients who present with an initial HbA:. >9.0% and are symptomatic, should
initiate therapy with insulin with or without other antidiabetic agents.

Start insulin if a patient has marked hyperglycemia despite treatment with several
oral antidiabetic agents and is symptomatic with polyuria and weight loss.
Patients who are not at target HbA1. despite the use of oral antidiabetic agents or
GLP-1 therapy should be considered for insulin therapy.

Patients with an HbA1 level >8.0% while receiving >2 antidiabetic agents,
particularly individuals with long duration of diabetes, have significant
impairment of beta cell insulin secretory capacity and are unlikely to reach the
recommended target by the addition of further oral antidiabetic drugs.

Basal insulin

Patients with an HbA1 level >8.0% while receiving >2 oral antidiabetic agents or
GLP-1 therapy can be started on single daily dose of basal insulin as an add-on to
the patient’s existing regimen.

Titrate insulin dose every two to three days to reach glycemic goals.

Basal insulin analogues (glargine and detemir) are preferred over protamine
Hagedorn insulin because they have been shown to provide a relatively flat serum
insulin concentration for up to 24 hours from a single daily injection.

Patients who fail to achieve glucose control with basal insulin or premixed insulin
formulations can also be considered for basal intensification with a DPP-4
inhibitor, SGLT2 inhibitor, or GLP-1 receptor agonist if the glucose level is not
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markedly elevated, because this approach tends to not cause weight gain or
additional hypoglycemia.

Basal-bolus insulin regimens

e Patients who fail to achieve glucose control with basal insulin or premixed insulin
formulations and those with symptomatic hyperglycemia and HbA;c >10% often
respond better to combined basal and mealtime bolus insulin.

e Prandial insulin should d be considered when the total daily dose of basal insulin
is >0.5 U/kg. Beyond this dose the risk of hypoglycemia increases without
significant benefit in HbA1c reduction.

e  Afull basal-bolus program with an insulin basal analogue once or twice daily and
a rapid-acting analogue at each meal is most effective and provides flexibility for
patients with variable mealtimes and meal carbohydrate content.

o Doses of insulin may be titrated every two to three days to reach glycemic goals.

Basal insulin and incretin therapy regimens

e  Use of the amylin analog pramlintide in conjunction with bolus insulin improves
both glycemia and weight in patients with type 2 diabetes.

e The incretin therapies (GLP-1 receptor agonists and DPP-4 inhibitors) have
similar properties, and also increase endogenous insulin secretion. Therefore, the
combination of basal insulin and incretin therapy decreases basal and postprandial
glucose and may minimize the weight gain and hypoglycemia risk observed with
basal-bolus insulin replacement.

American Academy of
Pediatrics:
Management of
Newly Diagnosed
Type 2 Diabetes
Mellitus (T2DM) in
Children and
Adolescents

(2013)%°

o Clinicians must ensure that insulin therapy is initiated for children and adolescents
with T2DM who are ketotic or in diabetic ketoacidosis and in whom the
distinction between types 1 and 2 diabetes mellitus is unclear and, in usual cases,
should initiate insulin therapy for patients

o Who have random venous or plasma blood glucose (BG) concentrations
>250 mg/dL.
o Whose HbA;c is >9%.

¢ In all other instances, clinicians should initiate a lifestyle modification program,
including nutrition and physical activity, and start metformin as first-line therapy
for children and adolescents at the time of diagnosis of T2DM.

¢  Monitoring of HbA1. concentrations is recommended every three months and
intensifying treatment is recommended if treatment goals for finger-stick BG and
HbA . concentrations are not being met.

e Advise patients to monitor finger-stick BG concentrations in patients who:

o Are taking insulin or other medications with a risk of hypoglycemia; or
o Areinitiating or changing their diabetes treatment regimen; or

o Have not met treatment goals; or

o Have intercurrent illnesses.

e Incorporate the Academy of Nutrition and Dietetics’ Pediatric Weight
Management Evidence-Based Nutrition Practice Guidelines in dietary or nutrition
counseling of patients with T2DM at the time of diagnosis and as part of ongoing
management.

e Encourage children and adolescents with T2DM to engage in moderate-to-
vigorous exercise for at least 60 minutes daily and to limit nonacademic “screen
time” to less than two hours a day.

American Diabetes
Association:

Type 1 Diabetes in
Children and
Adolescents: A
Position Statement

Blood Glucose Management: Monitoring and Treatment

e Most children with type 1 diabetes should be treated with intensive insulin
regimens via either multiple daily injections of prandial insulin and basal insulin or
continuous subcutaneous insulin infusion.

e An HbA target of <7.5% should be considered in most children and adolescents
but should be individualized based on the needs and situation of the patient and
family.
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by the American
Diabetes Association
(2018)1*

e Children and adolescents with type 1 diabetes should have blood glucose levels
monitored up to six to ten times/day including premeal, pre-bedtime, and as needed
for safety (e.g., exercise, driving, illness, or the presence of symptoms of
hypoglycemia).

e Continuous blood glucose monitoring should be considered in all children and
adolescents whether using insulin injections or an insulin pump.

e In pediatric patients with type 1 diabetes automated insulin delivery systems can
improve glycemic control and reduce hypoglycemia.

Lifestyle Management

¢ Individualized medical nutrition therapy is recommended for children and
adolescents with type 1 diabetes.

e Monitoring carbohydrate intake, whether by carbohydrate counting or experience-
based estimation, is key to achieving optimal glycemic control.

e Exercise if recommended for all children and adolescents with type 1 diabetes. The
suggested goal is 60 minutes of moderate to vigorous aerobic activity daily with
muscle-strengthening and bone-strengthening activities three times a week.

e Children and adolescents with type 1 diabetes should be educated about prevention
and management of potential hypoglycemia during and after exercise.

e Strategies to prevent hypoglycemia during exercise, after exercise, and overnight
following exercise include reducing prandial insulin dosing for the meal/snack
preceding exercise, increasing carbohydrate intake, eating bedtime snacks, using
continuous blood glucose monitoring, and/or reducing basal insulin doses.

Behavioral Aspects of Self-Management

e Children and adolescents with diabetes should be assessed for psychosocial issues
and family stresses that could impact diabetes management at diagnosis and
routine follow-up.

e Consider including children in consent processes as early as cognitive development
indicates understanding of health consequences of behavior.

o Offer adolescents time by themselves with their care provider(s) starting at age 12
years, or when developmentally appropriate.

Complications and Comorbidities
¢ Diabetic Ketoacidosis
o Allindividuals with type 1 diabetes should have access to an uninterrupted
supply of insulin. Lack of access and insulin omissions are major causes of
diabetic ketoacidosis.
o Patients with type 1 diabetes should have continuous access to medical support
for sick-day management.
e Hypoglycemia
o The recommended treatment of hypoglycemia (blood glucose <70 mg/dL) in
conscious patients is 15 g of glucose, although any form of carbohydrate can
be used. If hypoglycemia continues after 15 minutes, treatment should be
repeated. Once blood glucose has returned to normal patients should consider
consuming a meal/snack and/or reduce insulin.
o Allindividuals with type 1 diabetes should be prescribed glucagon and
families/caregivers should be educated on administration.
o Treatment regimens should be reevaluated in those with hypoglycemia
unawareness or one or more episodes of severe hypoglycemia.
e Diabetic Kidney Disease
o Annual screening for albuminuria with a random spot urine sample for
albumin-to-creatinine ratio should be considered at puberty or at age >10
years, whichever is earlier, once the child has had diabetes for 5 years.
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o Anangiotensin-converting-enzyme (ACE) inhibitor or angiotensin Il receptor
blocker (ARB), titrated to normalization of aloumin excretion, may be
considered when elevated urinary albumin-to-creatinine ratio is documented.

Retinopathy

o Aninitial dilated and comprehensive eye examination is recommended at age
10 years or after puberty has started, whichever is earlier, once the patient has
had diabetes for three to five years.

o Annual routine follow-up is recommended but may be given every two years
based on the advice of an eye care professional.

Neuropathy

o Consider an annual comprehensive foot exam for adolescents at the start of
puberty or at age 10 years, whichever is earlier, once the patient has had type 1
diabetes for 5 years.

Hypertension

o Children and adolescents with type 1 diabetes should have blood pressure
monitored at each visit. Elevated blood pressure should be confirmed on three
separate days.

o Initial treatment of high-normal blood pressure should include dietary
modification and increased exercise. Pharmacologic treatment should be
considered if blood pressure is not controlled after three to six months.

o In patients with conformed hypertension pharmacologic treatment should be
added to lifestyle modification at diagnosis.

o ACE inhibitors and ARBs should be considered for initial treatment.

Dyslipidemia

o A fasting lipid profile should be taken in children >10 years of age or older
after the diagnosis of diabetes. Obtain a fasting lipid profile in children 10
years of age or older as soon as convenient after the diagnosis of diabetes

o If lipids are abnormal, initial therapy should consist of optimizing glucose
control and medical nutrition therapy using a Step 2 American Heart
Association diet that restricts saturated fat to 7% of total calories and dietary
cholesterol to 200 mg/day.

o If lipids remain abnormal after six months of lifestyle intervention, consider
adding a statin in children at least 10 years of age.

Indications

The Food and Drug Administration (FDA)-approved indications for the alpha-glucosidase inhibitors are noted in
Table 3. While agents within this therapeutic class may have demonstrated positive activity via in vitro trials, the
clinical significance of this activity remains unknown until fully demonstrated in well-controlled, peer-reviewed
in vivo clinical trials. As such, this review and the recommendations provided are based exclusively upon the

results of such clinical trials.

Table 3. FDA-Approved Indications for the Alpha-Glucosidase Inhibitors®?

Indication(s) Acarbose Miglitol

Adjunct to diet and exercise to improve glycemic control

in adults with type 2 diabetes mellitus

v v

Pharmacokinetics

The pharmacokinetic parameters of the alpha-glucosidase inhibitors are listed in Table 4.
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Table 4. Pharmacokinetic Parameters of the Alpha-Glucosidase Inhibitors'?

Generic Name(s) Bioavailability | Protein Binding Metabolism Excretion Half-Life
(%) (%) (%) (%) (hours)
Acarbose 0.5t02.0 Negligible (% not Intestinal wall Renal (2), 2
reported) (extensive, % not Feces (51)
reported)
Miglitol 100 <4 Hepatic (% not Renal (>95) 2
reported)

V. Drug Interactions

Major drug interactions with the alpha-glucosidase inhibitors are listed in Table 5.

Table 5. Major Drug Interactions with the Alpha-Glucosidase Inhibitors'?

Generic Name(s)

Interaction

Mechanism

Acarbose

Digoxin

Impaired digoxin absorption is suspected; therefore, serum digoxin
concentrations may be reduced, decreasing its therapeutic effects.

V1. Adverse Drug Events
The most common adverse drug events reported with the alpha-glucosidase inhibitors are listed in Table 6.
Table 6. Adverse Drug Events (%) Reported with the Alpha-Glucosidase Inhibitors'?
Adverse Events Acarbose | Miglitol

Dermatologic
Hypersensitive skin reactions v -
Rash v 4.3
Gastrointestinal
Abdominal pain 19 11.7
Diarrhea 31 28.7
Flatulence 74 41.5
Ileus/subileus v -
Hepatic
Fulminant hepatitis - -
Hepatitis v -
Jaundice v -
Transaminases increased <4 -
Other
Edema v -
Low serum iron - 9.2

¥ Percent not specified.

- Event not reported.

VII. Dosing and Administration

The usual dosing regimens for the alpha-glucosidase inhibitors are listed in Table 7.

Table 7. Usual Dosing Regimens for the Alpha-Glucosidase Inhibitors®??3

S;rr:]eer(g Usual Adult Dose Usual Pediatric Dose | Availability
Acarbose Adjunct to diet and exercise to improve glycemic Safety and effectiveness | Tablet:
control in adults with type 2 diabetes mellitus: in pediatric patients 25 mg
have not been 50 mg
established. 100 mg
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ﬁaegeer('s‘; Usual Adult Dose Usual Pediatric Dose | Availability

Tablet: initial, 25 mg TID with meals; maintenance,
25 to 50 mg TID; maximum, 50 mg TID (<60 kg)
or 100 mg TID (>60 kg)

Miglitol Adjunct to diet and exercise to improve glycemic Safety and effectiveness | Tablet:
control in adults with type 2 diabetes mellitus: in pediatric patients 25 mg
Tablet: initial, 25 mg TID with meals; maintenance, | have not been 50 mg
50 mg TID; maximum, 100 mg TID established. 100 mg

TID=three times daily
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VIII.

Effectiveness

Clinical studies evaluating the safety and efficacy of the alpha-glucosidase inhibitors are summarized in Table 8.

Table 8. Comparative Clinical Trials with the Alpha-Glucosidase Inhibitors

Alpha-Glucosidase Inhibitors

AHFS Class 682002

Acarbose 50 mg
TID

VS

placebo

with coronary heart
disease and
impaired glucose
tolerance

death, non-fatal
MI, non-fatal
stroke, hospital
admission for
unstable angina,
and hospital
admission for heart
failure

Secondary:
Three-point
composite outcome
(cardiovascular
death, non-fatal
MI, and non-fatal
stroke), death from
any cause,
cardiovascular
death, fatal or non-
fatal M, fatal or
non-fatal stroke,
hospital admission
for unstable
angina, hospital
admission for heart
failure,
development of

1.11, P=0.73).

Secondary:

. Study Size
Study apd StUdyBesIgI .and and Study End Points Results
Drug Regimen Demographics D :
uration
Cardiovascular Qutcomes Trials
Holman et al.14 DB, MC, PC, RCT N=6,522 Primary: Primary:
(2017) Five-point The primary five-point composite outcome occurred in 14% (3.33 per 100
ACE Chinese patients Median of 5.0 | composite of person-years) of acarbose group participants and in 15% (3.41 per 100
>50 years of age years cardiovascular person-years) of placebo group participants (HR, 0.98; 95% CI, 0.86 to

No significant differences were seen between treatment groups for the
secondary three-point composite outcome, death from any cause,
cardiovascular death, fatal or non-fatal Ml, fatal or non-fatal stroke,
hospital admission for unstable angina, hospital admission for heart
failure, or impaired renal function. Diabetes developed less frequently in
the acarbose group (13%; 3.17 per 100 person-years) compared with the
placebo group (16%; 3.84 per 100 person-years; rate ratio, 0.82; 95% ClI,

0.71 to 0.94; P=0.005).
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. Study Size
D Study apd StUdyBesIgI .and and Study End Points Results
rug Regimen Demographics :
Duration
diabetes, and
development of
impaired renal
function
Chiasson et al.*® DB, MC, PC, RCT N=1,429 Primary: Primary:
(2003) Number of patients | Fifteen patients receiving acarbose and 32 patients receiving placebo
Patients 40 to 70 3.3 years who developed experienced any cardiovascular event. Acarbose was associated with a
Acarbose 100 mg years of age, with a (mean major 49% RR reduction in the development of any cardiovascular event (HR,
TID BMI 25 to 40 kg/m? duration) cardiovascular 0.51; 95% ClI, 0.25 to 0.95; P=0.03) and a 2.5% absolute risk reduction.

VS

placebo

with impaired
glucose tolerance
test and a FPG 100
to 140 mg/dL

events

Secondary:
New cases of
hypertension

There was a significant reduction in the risk of Ml associated with
acarbose treatment; one patient experienced a MI with acarbose and 12
patients with placebo (HR, 0.09; 95% Cl, 0.01 to 0.72; P=0.02).

Five patients receiving acarbose experienced angina compared to 12
patients receiving placebo (P=0.13). Eleven patients receiving acarbose
experienced revascularization procedures and 20 patients receiving
placebo (P=0.18). One patient receiving acarbose experienced
cardiovascular death compared to two patients receiving placebo (P=0.63).
No patient receiving acarbose and two patients receiving placebo
experienced congestive heart failure. Two patients receiving acarbose and
four patients receiving placebo experienced a cerebrovascular event or
stroke (P=0.51). One patient in each group experienced peripheral vascular
disease (P=0.93).

Secondary:

Seventy eight (11%) of the 682 patients receiving acarbose developed
hypertension compared to 115 (17%) of the 686 patients receiving
placebo. There was a 34% RR decrease in the incidence of new
hypertension cases associated with acarbose (HR, 0.66; 95% CI, 0.49 to
089; P=0.006) and a 5.3% absolute risk reduction.

Reduction in the risk of cardiovascular events (HR, 0.47; 95% ClI, 0.24 to
0.90; P=0.02) and hypertension (HR, 0.62; 95% Cl, 0.45 to 0.86; P=0.004)
associated with acarbose was significant after adjusting for the major risk
factors.

Diabetes Prevention Trials
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Chiasson et al.® DB, MC, PC, RCT N=1,429 Primary: Primary:
(2002) The development One hundred seventeen (17%) patients developed diabetes in the acarbose
Patients 40 to 70 3.3 years of diabetes on the group compared to 178 (26%) patients in the placebo group (HR, 0.68;
Acarbose 100 mg years of age, with a (mean basis of a yearly 95% ClI, 0.54 to 0.85; P=0.0010), resulting in an absolute reduction of
TID BMI 25 to 40 duration) oral glucose 8.7% and a relative reduction of 32.4% when a FPG of 7.0 mmol/L or
kg/m?, and impaired tolerance test greater was reported on two consecutive visits as the criterion for the
VS glucose tolerance development of diabetes.
test according to the Secondary:
placebo WHO criteria, and a Not reported When any two positive oral glucose tolerance tests with a two-hour plasma
FPG 100 to 140 glucose of 11.1 mmol/L or greater, 105 (15%) patients converted to
mg/dL diabetes in the acarbose group compared to 165 (24%) patients in the
placebo group (HR, 0.64; 95% ClI, 0.4981 to 0.8129; P=0.003) for an
absolute reduction of 8.7% and a relative reduction of 36.4%.
Based on one abnormal plasma glucose concentration, cumulative
incidence of diabetes was 221 (32%) patients in the acarbose group and
285 (42%) patients in the placebo group (relative hazard, 0.75; 95% ClI,
0.63 to 0.90; P=0.0015).
Probability of reverting to normal glucose tolerance over time was
significantly higher in patients on acarbose than in those on placebo
(P<0.001).
Secondary:
Not reported
Van de Laar etal.’’ | MA (5 trials) N=2,360 Primary: Primary:
(2006) Occurrence of type | In the comparison of acarbose to placebo, the incidence of or conversion
Patients with 1 to 6 years 2 diabetes to type 2 diabetes was reduced (RR, 0.78; 95% CI, 0.68 to 0.90).
Acarbose impaired glucose
tolerance or Secondary: Neither acarbose nor metformin had significant effects on the incidence of
S impaired fasting Cardiovascular type 2 diabetes when compared to one another. However, when compared

placebo, metformin,
diet and exercise, or
both

blood glucose

morbidity and
mortality, glycemic
control, lipids, BP,
body weight

to diet and exercise, acarbose had beneficial effects on the incidence of
type 2 diabetes (RR, 0.40; 95% CI, 0.17 to 0.96).

Secondary:
There were no significant effects on total mortality or mortality due to
cardiovascular causes in trials comparing acarbose to placebo. In one trial
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Results

(STOP-NIDDM), a decreasing effect on the incidence of cardiovascular
disease as a combined end point (MI, angina, revascularization
procedures, cardiovascular death, congestive heart failure, cerebrovascular
events, and peripheral vascular disease) was reported (RR, 0.47; 95% Cl,
0.26 to 0.86).

Acarbose decreased PPG by 0.61 mmol/L (95% CI, 0.27 to 0.95)
compared to placebo. In the EDIT study, acarbose significantly decreased
FPG and PPG in comparison to placebo (P=0.0043 and P=0.0075,
respectively). In comparison to metformin, acarbose showed a decreasing
effect on PPG (1.40 mmol/L; 95% ClI, 0.55 to 2.25). Similarly, acarbose vs
diet and exercise also showed significant reductions in FPG and PPG (-
1.37 [95% Cl, -0.50 to -2.24] and -2.79 mmol/L [95% ClI, -1.79 to -3.79]).

There were no significant effects on DBP and SBP in trials comparing
acarbose to placebo. However, metformin showed significant decreases in
both TC and DBP in comparison to acarbose (0.90 mmol/L [95% CI, 0.19
to 1.61] and 6 mm Hg [95% CI, 2.81 to 9.19], respectively).

Acarbose decreased body weight by 1.2 kg (95% CI, 0.5 to 1.8) and BMI
by 0.3 kg/m? (95% Cl, 0.1 to 0.5) compared to placebo.

Type 2 Diabetes — Monotherapy

Buse et al.1®
(1998)
PROTECT

Acarbose 25 to 50
mg TID

The dose remained
at 50 mg TID, or the
dose was increased
to 100 mg TID, or a
sulfonylurea was
added, or the dose of
the sulfonylurea was
increased.

MC, OL, PRO

Patients >21 years
of age with type 2
diabetes who were
inadequately
controlled with
either diet alone or
dietand a
sulfonylurea

N=6,142

28 weeks

Primary:
Change in baseline
HbA]_c

Secondary:
Change in baseline
PPG

Primary:
Mean HbA . after 28 weeks was 8.41%. The mean change from baseline
in HbA1. at trial end was -0.66% (P<0.001).

Secondary:
Mean PPG level was 208.1 mg/dL after 28 weeks of therapy. The mean
PPG level decreased by 41 mg/dL at trial end (P<0.001).
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Hwu et al.?® DB, MC, PC, PG, N=117 Primary: Primary:
Asian Acarbose RCT Change in baseline | HbA:c improved with acarbose (-0.5+1.3%) and worsened with placebo
Study Group 18 weeks HbA ¢ (0.2£1.2%). The comparison between the two treatments showed a
(2003) Asian patients 35 to difference of -0.69% (95% Cl, -1.18 to -0.20; P=0.008) in favor of
70 years of age with Secondary: acarbose.
Acarbose type 2 diabetes Changes in
50 mg TID for 6 receiving insulin baseline FPG, Secondary:
weeks, titrated up to | with inadequate PPG, and lipids FPG decreased with acarbose by trial end, but there was not a significant
100 mg TID for 12 control, an HbA¢ difference between placebo (0.04 mmol/L; 95% CI, -1.28 to 1.66;
weeks 8.0 to 11.0%, P=0.094).
requiring >2
VS injections of Differences between the two treatments were significant for the PPG data
intermediate insulin (-1.89 mmol/L; 95% ClI, -3.50 to -0.28; P=0.029), but was not significant
placebo per day, and a BMI for the two-hour post-prandial data (-1.83 mmol/L; 95% ClI, -3.67 to 0.00;
<35 kg/m? P=0.051).
There were no differences between the two treatments, from baseline to
trial end, for TG, TC, and LDL-C (P=0.378, P=0.935, P=0.294,
respectively). There was a small decrease in HDL-C with acarbose
(P=0.049).
Josse et al.® DB, PC, RCT N=192 Primary: Primary:
(2003) Change in HbA1c, Differences in the change from baseline in HbAc between acarbose and
Patients >65 years 1 year FPG, fasting placebo was -0.6% (P<0.05). Acarbose 100 mg TID resulted in a greater

Acarbose 50 to 100
mg TID

of age with type 2
diabetes treated
with diet alone

insulin, relative
insulin sensitivity,
and glucose;

HbA. treatment effect compared to acarbose 50 TID (-0.9 vs -0.2%; P
value not reported).

VS insulin incremental | Change in FPG level was greater with acarbose compared to placebo (-0.7
AUC mmol/L; P<0.05).
placebo
Secondary: Change in fasting insulin was -9+4 and -9 pmol/L with acarbose and
Not reported placebo; the difference was not significant (P value not reported).
Acarbose showed a significant reduction in glucose and insulin
incremental AUC compared to placebo (glucose, -2.1 mmol/h | [P<0.05]
and insulin, -45 pmol/h I; [P<0.05]).
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Acarbose showed a significant reduction in relative insulin resistance
compared to placebo (-0.8; P<0.05).
Secondary:
Not reported
Lam et al.% DB, MC, RCT N=90 Primary: Primary:
(1998) Change in baseline | Acarbose was associated with greater reductions in HbA. (-0.5£0.2 vs
Patients with type 2 24 weeks HbA:., FPG, PPG, | 0.1+0.2%; P=0.038), one-hour PPG (-2.3 +£0.4 vs 0.7+£0.4 mmol/L;
Acarbose 50 mg diabetes, BMI <30 insulin levels, and P<0.001) and body weight (-0.54+0.32 vs 0.42+0.29 kg; P<0.05).
TID for 4 weeks, kg/m?, HbA 8.4 to fasting lipid levels
titrated up to 100 mg | 10.8%, and on No significant differences between the two treatments with regards to
TID for 20 weeks maximal doses of Secondary: FPG, lipids, or fasting and postprandial insulin levels (P values not
glibenclamide* or Not reported reported).
VS gliclazidet and
metformin for >6 Gastrointestinal symptoms were the most common side effects with
placebo months flatulence occurring the most compared to placebo (P<0.05).
Secondary:
Not reported
Lin et al.? DB, MC, PC, RCT N=69 Primary: Primary:
(2003) Change in baseline | Acarbose was associated with significantly greater reductions in HbA ¢ (-
Asian patients 35 to 24 weeks HbA. 0.91 vs 0.13%; P=0.0018) and PPG levels (-2.84 vs 0.28 mmol/L;
Acarbose 100 mg 70 years of age with P=0.002).
TID type 2 diabetes for Secondary:
>3 months, HbA 1. Change in baseline | Secondary:
VS 7.0 to 10.0%, stable blood glucose There were no significant differences between the treatment groups
body weight (<35 (FPG and PPG), regarding changes in FPG (P=0.1941), fasting insulin (P=0.5003), insulin
placebo kg), and serum insulin PPG (P=0.2799), urinary glucose (P value not reported), and body weight
uncontrolled by diet (fasting and one- (P value not reported).
and sulfonylureas hour postprandial),
urinary glucose, Change in blood glucose (FPG and PPG) was significant for acarbose
safety compared to placebo (P=0.0020).
Adverse events occurred with similar frequency with both treatments
except for drug-related gastrointestinal side effects with acarbose (48.5 vs
12.5%; P value not reported).
Mori et al.? SA N=10 Primary: Primary:
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(2011) Glucose During treatment, significant decreases in median of 24-hour mean blood
Adults with type 2 4 days fluctuations glucose (22.48 vs 32.78 mg/dL; P=0.004), 24-hour mean blood glucose
Acarbose 300 diabetes fluctuations (453.27 vs 677.05 mgh/dL; P=0.002), and mean amplitude of
mg/day, Secondary: glycemic excursions (65.00 vs 97.09; P=0.010) were achieved with
administered on 2 of Not reported acarbose compared to no treatment.
4 days
Secondary:
VS Not reported
no treatment
Jian-bin et al.?* PRO N=106 Primary: Primary:
(2011) (includes 20 | Glycemic Among the 86 patients, the mean amplitude of glycemic excursions and
Type 2 diabetics control variability, mean of daily differences of type 2 diabetes groups were all higher
Acarbose 50 mg receiving premixed subjects who | hypoglycemia compared to control patients (P<0.01).
TID insulin BID for >3 had normal
consecutive months glucose Secondary: Twenty-four percent of patients in the high group (n=11) had a total of 13
S and HbA1 <6.5% regulation) Not reported hypoglycemic events, and 10 of the 13 events occurred at night. Five
percent of patients in the low group (n=2) had a total of two hypoglycemic
no treatment 3 days events, and both occurred at night (24 vs 5%; P<0.01). Mean amplitude of
glycemic excursion value was correlated with hypoglycemia value and
All patients received two-hour PPG value (P<0.05).
existing insulin
regimens. After further treatment with acarbose and second continuous glucose
monitoring, mean amplitude of glycemic excursions and mean of daily
After an initial 3 day differences values in the high group were all significantly decreased (40%;
continuous glucose P<0.01, and 15%; P<0.05, respectively), but remained higher compared to
monitoring test, control patients (P<0.05). Two percent of patients (n=1) had a total of one
patients with mean hypoglycemic event.
amplitude of
glycemic excursions Secondary:
>3.4 mmol/L Not reported
received acarbose
for 2 weeks (high
group); patients with
values <3.4 mmol/L
did not receive
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(low group).
Feinbock et al.?® MC, OL, PG, RCT N=219 Primary: Primary:
(2003) Number of Glimepiride treatment was associated with a significant responder rate
Patients from 36 to 20 weeks responders in each | compared to acarbose, 61 vs 34% respectively (P<0.001).
Acarbose 50 to 200 | 80 years of age with group (defined as a
mg TID type 2 diabetes FPG <7.8 mmol/L | Glimepiride resulted in significant decreases in HbA. (2.5+2.2%) as
uncontrolled on diet at the final visit) compared to acarbose (1.8+2.2%; P=0.014).
Vs alone, with an
HbA;c >7.8%, and Secondary: Secondary:
glimepiride 1 to 6 BMI 24 to 35 kg/m? Changes in HbAs., | FPG levels were significantly decreased with glimepiride as compared to
mg QD weight, PPG, and acarbose (2.6£2.6 vs 1.4+2.8 mmol/L; P=0.004).
C-peptide levels
from baseline There was a greater reduction in HbA. in the glimepiride group
(2.5+2.2%) compared to the acarbose group (1.8+2.2%; P=0.014).
Decreased glucose response to breakfast was significant for glimepiride
compared to acarbose (P=0.0001).
Weight loss was observed in the acarbose group (P=0.001) and
glimepiride group (P=0.8) from baseline.
C-peptide levels were higher in the glimepiride group compared to the
acarbose group at study end point (5.44+2.26 vs 4.57+1.93 ng/mL;
P=0.0004; intra-individual difference, 0.53 £1.7 vs -0.31 +1.72 ng/mL;
P=0.002).
Zhou et al.® AC, ML, OL, PG, N=103 Primary: Primary:
(2013) RCT Incremental area Both treatment groups showed a significant decrease in the AUCpp of
2 weeks under the curve of | treatment (vs baseline, P<0.001), but the decrease achieved by the two

Acarbose 50 mg
TID

nateglinide 120 mg
TID

Patients 18 to 75
years who were
antihyperglycemic
agent—naive with
type 2 diabetes
(HbA 6.5 t0 9.0%)

postprandial blood
glucose (AUCpp)
during continuous
glucose monitoring
(CGM)

Secondary:

therapies was not significantly different (nateglinide vs acarbose,
P=0.691).

Secondary:

No significant differences between treatment groups occurred for
secondary efficacy outcomes, except for therapy-mediated effects on
insulin levels. The insulin concentrations in the nateglinide group
increased at 30 minutes (P<0.0001) and at 120 minutes (P=0.0012),
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Additional CGM with statistical differences between pretreatment and posttreatment. In
measures, serum contrast, compared with baseline, the insulin concentrations at the end
glycated albumin, point in the acarbose group decreased at 30 minutes and at 120 minutes
safety with statistical differences between pretreatment and post-treatment (both
P<0.0001).
Both treatments were well-tolerated.
van de Laar et al.?’ DB, RCT N=96 Primary: Primary:
(2004) Change in HbA1c Both treatment groups showed a decrease in HbAzc. The HbA;. change
Newly diagnosed 30 weeks from baseline from baseline for the acarbose group was -1.1 vs -1.8% for the
Acarbose titrated to | patients with type 2 tolbutamide group. The difference between the groups was 0.6% in favor
100 mg TID diabetes between 40 Secondary: of tolbutamide (90% ClI, 0.3 to 0.9 and 95% Cl, 0.2 to 1.0).
to 70 years of age Change in fasting
VS and a FPG level and postload blood | Secondary:
between 6.7 and glucose and insulin | Difference in mean decrease of FPG was 1.0 mmol/L in favor of
tolbutamide titrated | 20.0 mmol/L after levels, plasma tolbutamide (95% ClI, 0.3 to 1.7).
2,000 mg daily in 3 | an 8-week dietary lipids, tolerability
divided doses treatment period No significant differences were seen in postload blood glucose, fasting and
postload insulin levels, or lipids.
Wagner et al.?8 RCT N=62 Primary: Primary:
(2006) Change in baseline | At trial end, acarbose resulted in no effects on HbA1., FPG, M value, BMI,
Patients 45 to 60 12 weeks HbA, insulin body composition, or Vozmax. However, fasting plasma proinsulin level
Acarbose 100 mg years of age with sensitivity (M was significantly reduced (P=0.009).

TID
VS

aerobic/anaerobic
exercise group
training for 50
minutes 3 times
weekly

VS

acarbose 100 mg
TID plus exercise

type 2 diabetes for
>3 months, HbA 1.
<7.5%, and BMI 25
to 30 kg/m?

value), regional fat
distribution, V0zmax
(a measure of
physical fitness)

Secondary:
Not reported

With exercise there were significant reductions in BMI, waist
circumference, total and truncal fat, and total and intra-abdominal fat area.
Although Vozmax Was unchanged, there was an increase in maximal
workload (P=0.005) and in the M value (P=0.017). HbA1c was unchanged.

Acarbose plus exercise resulted in significant decreases in BMI, waist
circumference, total and truncal fat, and total and intra-abdominal fat.
Maximal workload, Voamax, and M values were all increased (P=0.028,
P=0.046, and P=0.002, respectively). Additionally, fasting plasma
proinsulin levels were significantly reduced (P=0.013), as well as HbA .
(P value not reported).

Secondary:
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Not reported
de Luis Romanetal | OL N=33 Primary: Primary:
(abstract).? Change in weight, | Blood glucose and HbA:. decreased 4.8 and 5.8%, respectively.
(2004) Patients with type 2 3 months height, BMI, SBP,
diabetes DBP, HbAc, There was a decrease in the number of hypoglycemia episodes (39.4%
Miglitol 50 mg BID | inadequately number of episodes | previous quarter vs 3% during the miglitol quarter).
for 1 week, followed | controlled (HbAc of peripheral
by 50 mg TID >7.5%) on hypoglycemia, The required dose of sulfonylureas decreased (86.2+24.3 vs 64.6 £21.9
sulfonylureas and basal glucose, mg/day; P<0.05).
insulin albuminuria, TC,
LDL-C, HDL-C, TC, HDL-C, and LDL-C were not modified. There was a reduction in TG
TG, and from 145.2 £111.0 to 133.1+79.0 mg/dL (P<0.05).
transaminases
Fifteen percent of patients experienced digestive discomfort, which
Secondary: disappeared two or three weeks after beginning the treatment.
Not reported
Secondary:
Not reported
Aoki et al.® X0 N=13 Primary: Primary:
(2007) Effect of plasma At 30 and 60 minutes, plasma glucose levels were significantly decreased
Adult patients with 180 minutes | glucose at 0, 30, in those who took miglitol just before breakfast compared to control
Miglitol, type 2 diabetes, 60, 120, and 180 (P<0.05).

administered prior to
breakfast

BMI 26.7 kg/m?
(mean), HbA1; 9.3%

minutes after
breakfast; effect on

At 60 and 120 minutes, plasma glucose levels were significantly decreased

(mean), and an serum insulin in those taking miglitol 15 minutes after breakfast (P<0.05) while those
VS average duration of taking miglitol 30 minutes after breakfast had significant reductions at 120
diabetes of 7.4 years Secondary: and 180 minutes (P<0.05) compared to control.
miglitol, Not reported
administered 15 There were no significant differences between groups.
minutes after the
start of breakfast The AUC of serum insulin was lower with all three groups compared to
control.
Vs
Secondary:
miglitol, Not reported
administered 30
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minutes after the

start of breakfast

VS

placebo

Johnston el al.3 DB, MC, PC, PG, N=411 Primary: Primary:

(1998) RCT Change in baseline | Mean placebo-subtracted HbA;¢ reduction from baseline was -0.50% with

1 year HbAc miglitol 25 mg TID (P<0.05 vs glyburide), -0.41% with miglitol 50 mg
Miglitol 25 to 50 mg | Patients >60 years TID (P<0.05 vs glyburide), -0.93% for glyburide QD, and -0.01% for
TID of age with type 2 Secondary: placebo (P<0.05 vs all active treatments).
diabetes treated Change in baseline
VS with diet alone for plasma glucose, Secondary:
>12 weeks, HbA1¢ serum insulin, and | Changes in mean plasma glucose (AUC) were +716 mg-min/dL with

glyburide 1.25t0 20 | 6.5t0 10.0%, and TG placebo (P<0.05 vs all active treatments), -3,361 mg-min/dL with miglitol

mg QD FPG >140 mg/dL 25 mg TID, -5,462 mg-min/dL with miglitol 50 mg TID, and -3,615
mg-min/dL with glyburide (P=0.0001 for miglitol 50 mg TID vs placebo).

Vs
Postprandial insulin levels were significantly greater with glyburide

placebo compared to placebo and miglitol (P<0.01).
Mean changes from baseline to end point for fasting TG were 1.01 with
placebo and miglitol 25 mg TID, 0.98 with miglitol 50 mg TID, and one
with glyburide (P=0.573 for miglitol 50 mg vs placebo).
Mean changes from baseline to end point for TG (AUC) were 1.01 with
placebo, 1.03 with miglitol 25 mg TID, 1.00 with miglitol 50 mg TID, and
1.06 with glyburide (P=0.8559 miglitol 50 mg TID vs placebo).
Hypoglycemia, weight gain, and routine and serious cardiovascular events
were more frequent in the glyburide group (P<0.05 vs placebo and
miglitol).

Tsujino et al.3? RCT, XO N=10 Primary: Primary:

Glucose variability | No significant differences in regard to the range of increase in glucose
Acarbose 50 mg, Patients 20 to 79 4 days levels from baseline to peak, time to peak PPG levels from the preprandial

administered before
each meal on day 2

years of age with
type 2 diabetes,

Secondary:
Not reported

period, and AUC for glycemic variability from the preprandial period to
three hours after each meal between the two treatments were observed.
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taking o- The range of increase in glucose levels at 30 minutes (0.4 vs 30.7 mg/dL;
VS glucosidase P<0.0001) and 60 minutes (32.8 vs 67.5 mg/dL; P<0.0001) after lunch and
inhibitors without 30, 60, and 90 minutes after dinner (3.3 vs 22.2 mg/dL; P=0.0249, 36.6 vs
miglitol 100 mg, any other 67.5 mg/dL; P<0.0001, and 60.5 vs 81.6 mg/day; P=0.0073, respectively)
administered before | antidiabetic were significantly smaller with miglitol compared to acarbose.
each meal on day 2 medications
Secondary:
Alternative Not reported
treatments were
administered on day
3 in a XO design.
van de Laar et al.® MA (41 trials) N=8,130 Primary: Primary:
(2005) Mortality, There was only limited data on mortality, morbidity, and quality of life.
Patients with type 2 >12 weeks morbidity, quality | Three trials reported mortality outcomes and found no differences between
a-glucosidase diabetes who of life, glycemic treatments.
inhibitor received no other control, insulin, or
monotherapy antidiabetic C-peptide levels, Acarbose demonstrated an effect on glycemic control compared to
medication lipids, body placebo: HbA:c, -0.8% (95% CI, -0.9 to -0.7); FPG, -2.3 mmol/L (95% ClI,
weight, safety -2.7 t0 -1.9); and post-load glucose, -2.3 mmol/L (95% CI, -2.7 to -1.9).
The effect on HbA from acarbose 50 to 300 mg TID was not dose-
Secondary: dependent. There seemed to be a dose dependency with miglitol in regards
Not reported to HbA1¢: miglitol 25, 50, 100, and 200 mg TID decreased HbA:. by 0.46,
0.58, 0.79, and 1.26%, respectively.
A decreasing effect on post-load insulin was found.
There were no clinically relevant effects on lipids or body weight found.
Adverse events were generally of gastrointestinal origin and dose
dependent.
Secondary:
Not reported
Bolen et al.3 MA (Analysis of N=136 Primary: Primary:
(2007) 216 controlled trials (articles on Intermediate Results from clinical trials showed that most oral agents including TZDs,
and cohort studies, intermediate | outcomes: HbA, metformin, and repaglinide improved glycemic control to the same degree
Biguanides and 2 SRs) outcomes) body weight, BP, as sulfonylureas (absolute decrease in HbA 1 level of about 1%).

209

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services




Alpha-Glucosidase Inhibitors
AHFS Class 682002

. Study Size
D Study apd StUdyBesIgI .and and Study End Points Results
rug Regimen Demographics D :
uration
lipid panels, all- Nateglinide and a-glucosidase inhibitors have slightly weaker effects, on
VS Patients with type 2 N=167 cause mortality, the basis of indirect comparisons of placebo-controlled trials.
diabetes (articles on cardiovascular
meglitinides adverse morbidity and TZDs were the only class with beneficial effect on HDL-C (mean relative
events) mortality, increase, 3 to 5 mg/dL) but a harmful effect on LDL-C (mean relative
VS microvascular increase, 10 mg/dL) compared to other oral agents. Metformin decreased
N=68 outcomes LDL-C levels by about 10 mg/dL, whereas other oral agents had no effects
TZDs (articles on on LDL-C.
microvascular | Secondary:
VS outcomes and | Adverse events: TZDs, second-generation sulfonylureas, and metformin had similarly

a-glucosidase
inhibitors

VS

second-generation
sulfonylureas

mortality)

Duration
varied

hypoglycemia,
gastrointestinal
problems,
congestive heart
failure, edema or
hypervolemia,
lactic acidosis,
elevated liver
enzymes, allergic
reactions requiring
hospitalization,
other serious
adverse events

minimal effects on SBP.
Most agents except metformin increased body weight by 1 to 5 kg.

In the ADOPT (A Diabetes Outcome Progression Trial), the incidence of
cardiovascular events was lower with glyburide compared to rosiglitazone
or metformin (1.8, 3.4, and 3.2%, respectively; P<0.05).

In the RECORD study (Rosiglitazone Evaluated for Cardiac Outcomes
and Regulation of glycemia in Diabetes), rosiglitazone plus metformin or a
sulfonylurea compared to metformin plus a sulfonylurea had a HR of 1.08
(95% Cl, 0.89 to 1.31) for the primary end point of hospitalization or
death from cardiovascular disease. The HR was driven by more congestive
heart failure in the rosiglitazone plus metformin group compared to the
control group of metformin plus sulfonylurea (absolute risk, 1.7 vs 0.8%,
respectively).

Too few comparisons were made to draw firm comparative conclusions on
microvascular outcomes.

Secondary:

According to several RCTs and some OS trials, sulfonylureas and
repaglinide were associated with greater risk for hypoglycemia. In many
RCTs, TZDs were associated with a higher risk for edema than
sulfonylureas or metformin (absolute risk difference, 2 to 21%).

210

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services




Alpha-Glucosidase Inhibitors
AHFS Class 682002

. Study Size
D Study apd StUdyBesIgI .and and Study End Points Results
rug Regimen Demographics D :
uration

In cohort studies, TZDs were associated with higher risk for congestive
heart failure although absolute risks were small (1 to 3%) and higher risk
for mild anemia yet produced similarly low rates of elevated
aminotransferase levels (<1%) compared to sulfonylureas and metformin.
In many trials and a few OS trials, metformin was associated with greater
risk for gastrointestinal problems compared to other oral diabetes agents.
According to a SR of 176 comparative trials, lactic acidosis events were
similar between metformin and other oral diabetes agents.

Saenz et al.*®® MA (29 RCTs) N=5,259 Primary: Primary:

(2005) Incidence of any Obese patients receiving metformin showed a greater benefit than

Adult patients with >3 months diabetes-related chlorpropamide, glibenclamide*, or insulin for any diabetes-related
Metformin type 2 diabetes outcomes (sudden | outcomes (P=0.009) and for all-cause mortality (P=0.03).
monotherapy death, death from
hyperglycemia or Obese patients receiving metformin showed a greater benefit than
S hypoglycemia, overweight patients on conventional treatment (diet) for any diabetes-
fatal or nonfatal related outcomes (P=0.004), diabetes-related death (P=0.03), all cause
placebo, MI, angina, heart mortality (P=0.01), and MI (P=0.02).

sulfonylureas,
TZDs, meglitinides,
a-glucosidase
inhibitors, diet, any
other oral
antidiabetic
intervention, insulin

failure, stroke,
renal failure,
amputation [of at
least one digit],
vitreous
hemorrhage,
retinopathy
requiring
photocoagulation,
blindness in one
eye, or cataract
extraction);
diabetes-related
death (death from
M, stroke,
peripheral vascular
disease, renal
disease, hypo-

Secondary:

Patients receiving metformin monotherapy showed a significant benefit
for glycemic control, weight, dyslipidemia, and DBP. Metformin presents
a strong benefit for Hb A when compared to diet and placebo.
Additionally, metformin showed a moderate benefit for glycemic control,
LDL-C, and BMI or weight when compared to sulfonylureas.
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glycemia or
hyperglycemia,
and sudden death);
all-cause mortality
Secondary:
Changes in HbAc,
FPG, quality of
life, weight, BMI,
lipids, insulin, C-
peptide, BP, micro-
albuminuria,
glomerular
filtration rate, renal
plasma flow
Richter et al.®® MA of DB (15) or 22 trials Primary: Primary:
(2006) OL (4) RCTs (last Patient-oriented Only one trial (PROactive Study) evaluated mortality and morbidity as an
search conducted in N=6,200 outcomes end point. The primary composite end point (time from randomization to
Pioglitazone August 20086, randomized to | including all-cause mortality, nonfatal Ml, stroke, acute coronary syndrome,
monotherapy (16 included PROactive pioglitazone | mortality, endovascular or surgical intervention on the coronary or leg arteries, or
trials) vs acarbose (1 | Study), PG treatment morbidity and amputation above the ankle) did not show statistically significant
trial), metformin (4 (total N not adverse effects differences between the pioglitazone and placebo group (HR, 0.90; 95%
trials), placebo (4 Adults with type 2 reported) Cl, 0.80 to 1.02; P=0.095).
trials), repaglinide diabetes, trial Secondary:
(1 trial), duration of at least 24 weeks to Health-related Time to the first event of the composite end point of death from any cause,
rosiglitazone (1 24 weeks 34.5 months | quality of life and MI and stroke indicated a statistically significant difference between
trial), or a HbA1¢ pioglitazone and placebo (HR, 0.84; 95% ClI, 0.72 to 0.98; P=0.027). The
sulfonylurea (8 individual components of the primary composite end point did not disclose
trials) statistically significant differences between the intervention and control
groups. Significantly more patients developed heart failure requiring
or hospitalization following administration of pioglitazone (6 vs 4% on
placebo; P=0.007).
pioglitazone
combination therapy The percentage of overall and serious adverse events was comparable
vs a similar between the intervention and control groups. Six trials reported a more

combination with
another compound

pronounced (sometimes dose-related) decrease of hemoglobin after
pioglitazone intake in comparison to other active compounds or placebo;
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(9 trials including 2 hemoglobin reductions ranged between -0.50 and- 0.75 g/dL. Fifteen trials
trials vs evaluated body weight and observed an increase up to 3.9 kg after
rosiglitazone) pioglitazone treatment; seven trials described a rise in BMI up to 1.5
kg/m?. Eleven of the 22 included trials showed data on hypoglycemic
Some studies had episodes: compared to the active monotherapy control, pioglitazone
more than one treatment resulted in somewhat lower rates of hypoglycemia (P value not
treatment arm. reported). The RR for development of edema with pioglitazone compared
to the control was 2.86 (95% CI, 2.14 to 3.18; P<0.00001) when results
from 18 trials were pooled.
Secondary:
No study investigated health-related quality of life.
Active glucose-lowering compounds like metformin, glibenclamide,
gliclazide* or glimepiride resulted in similar reductions of HbA1¢
compared to pioglitazone treatment (P values not reported).
Monami et al.*’ MA N=7,890 Primary: Primary:
(2008) (27 RCT) Reduction in Combining the results of different placebo-controlled trials, sulfonylurea,
Patients with type 2 HbAcat 16 to 36 a-glucosidase inhibitors, and TZDs led to a reduction in HbA1c by -0.85%
Metformin diabetes mellitus Variable months (95% ClI, 0.78 to 0.94], -0.61% (95% ClI, 0.55 to 0.67), and -0.42% (95%
duration Cl, 0.40 to 0.44), respectively when combined with metformin.
VS Secondary:

Not reported In direct comparisons, sulfonylureas led to a greater reduction in HbA .
sulfonylureas, (0.17%; 95% ClI, 0.16 to 0.18; P<0.05) than TZDs. Differences between
a-glucosidase sulfonylureas and a-glucosidase inhibitors, and between a-glucosidase
inhibitors, TZDs, inhibitors and TZDs, were not statistically significant.
glinides,

GLP-1 agonists Secondary:
Not reported
Type 2 Diabetes — Combination Therapy
Zhang et al.® MC, OS, PRO N=15,034 Primary: Primary:
(2013) (efficacy); Efficacy (2-hour Mean 2-hour PPG was reduced from 241.8 mg/dL at the initial visit to
Patients aged >18 15,661 PPG, HbA and 170.2 mg/dL at the final visit. Mean HbA. decreased from 8.2% at the
36.8% of patients years and had (safety) FBG at initial visit | initial visit to 7.2% at the final visit. FBG decreased from 157.4 mg/dL at
received acarbose untreated or when acarbose was | the initial visit to 124.8 mg/dL at the final follow-up visit.
(25 to 600 mg/day) pre-treated type 2 3 months prescribed vs up to

as monotherapy;

diabetes or an

3 months later),
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63.2% of patients indication for safety (adverse The most common adverse events and drug-related adverse events were
received acarbose treatment events) gastrointestinal disorders, mainly flatulence, abdominal distension, and
combination and no acarbose diarrhoea. No other type of adverse event occurred in more than 0.5% of
therapy, with treatment within the Secondary: patients.
acarbose being 3 months before Not reported
administered with study inclusion Efficacy was rated as ‘good’ or ‘very good’ by 85.8% of physicians,
one (37.5%), ‘sufficient’ by 12.1%, and ‘insufficient’ by 2.1% of physicians (data were
two (20.3%) or more missing for 57 patients). The overall tolerability of acarbose was rated by
(5.4%) anti-diabetic physicians as ‘very good’ or ‘good’ by 85.7% of physicians, ‘sufficient’
medications by 13.5%, and ‘insufficient’ by 0.9% of physicians (data were missing for
144 patients). Overall, 95.7% of physicians and 95.3% of patients were
‘very satisfied’ or ‘satisfied” with treatment.
Halimi et al.%° DB, PC, PG, RCT N=152 Primary: Primary:
(2000) HbA. at trial end Mean difference in HbA1 from baseline to trial end was -0.7+£1.2% with
Patients 30 to 70 6 months acarbose compared to 0.2+1.3% with placebo (P=0.0001).
Acarbose 50 to 100 | years of age with Secondary:
mg TID and type 2 diabetes, Blood glucose, Patients were classified as responders if their HbA;c values at trial end
metformin 850 mg BMI 25 to 35 insulin profiles, were <7.0% or had decreased by <15% relative to baseline. The total
BID to TID kg/m?, having poor TG numbers of responders were 25 of 49 (42%) patients receiving acarbose
glycemic control and 12 of 70 (17%) patients receiving placebo (P=0.002).
S despite receiving
metformin >2 Secondary:
metformin 850 mg months before the Mean difference in the fasting blood glucose level from baseline to trial
BID to TID and study start end was -1.0£2.8 mmol/L with acarbose compared to 1.3+2.8 mmol/L
placebo with placebo (P=0.0001).
Mean difference in two-hour PPG level from baseline to trial end was -
1.4+3.8 mmol/L with acarbose compared to 1.1+3.5 mmol/L with placebo
(P=0.0001).
Mean changes between acarbose compared to placebo for TG, fasting and
postprandial serum insulin were not significant (P value not significant).
Phillips et al.*° DB, MC, PC, PG, N=83 Primary: Primary:
(2003) RCT Change in baseline | Mean HbA. increased with placebo from 7.82+0.83% at baseline to
24 weeks HbA . 8.10+1.06% at week 12 and 8.50+1.44% at trial end. The mean increase

Acarbose 50 mg to
100 mg BID and

Patients >40 years
of age with type 2

Secondary:

after 24 weeks was 0.68+1.17%, with a significant overall time effect
(P=0.0001).

214

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services




Alpha-Glucosidase Inhibitors
AHFS Class 682002

. Study Size
D Study apd StUdyBesIgI .and and Study End Points Results
rug Regimen Demographics D :
uration
metformin (existing | diabetes for >6 Change in baseline
therapy) months, BMI 25 to FPG With acarbose, mean HbA;. decreased from 8.02+0.85% at baseline to
35 kg/m?, HbAc 7.0 7.78+1.00% at week 12 (P=0.0261). At the trial end, mean HbA .
VS t0 10.0% at increased to 7.97+1.10%. There was no significant overall time effect for
screening week and acarbose (P value not reported).
metformin (existing | 6.8 to 10.2% at
therapy) and placebo | baseline, and Adjusted least square means for the change in HbA; from baseline to trial
inadequately end showed a decrease of 0.16+0.18% with acarbose compared to an
controlled by increase of 0.86+0.16% with placebo. There was a significant difference
metformin between the treatment groups of 1.02% (95% CI, 0.543 to 1.497;
P=0.0001).
Secondary:
Mean FPG levels increased with placebo from baseline (9.41+1.99
mmol/L) to week four (10.06£2.43 mmol/L) to trial end (10.77+3.39
mmol/L). The levels only changed slightly with acarbose.
Mean FPG increases were 1.36£2.88 mmol/L with placebo and 0.08+1.98
mmol/L with acarbose. The adjusted least square means showed increase
at trial end with both treatments of 0.34+0.42 mmol/L with acarbose vs
1.48+0.39 mmol/L with placebo, with a significance of 1.132 mmol/L
between the two treatments (95% ClI, 0.056 to 2.208; P=0.0395).
Bayraktar et al.* RCT, XO N=18 Primary: Primary:
(1996) Changes in FPG, Mean FPG, PPG, and HbA;. decreased at the end of each combination
Patients from 30 to 20 weeks PPG, HbA, TG, treatment period as compared with baseline levels (P<0.05).

Acarbose 50 to 100
mg TID and a
sulfonylurea

VS

63 years of age with
type 2 diabetes for 2
to 20 years, HbAc
>8.5%, FPG>7.7
mmol/L, or a
PPG>10 mmol/L on

cholesterol,
fibrinogen, insulin
levels, and C-
peptide levels from
baseline

PPG level in the acarbose group was lower than the level achieved by the
group using metformin (P<0.05).

There was a significant decrease between pre- and posttreatment 2-hour
PPG levels in each group (-5.3+0.4 for acarbose vs -2.9+0.3 for

metformin 500 mg maximum doses of Secondary: metformin; P<0.05).
TID and a gliclazidet (240 mg Not reported
sulfonylurea daily) There were small reductions in fibrinogen, insulin, and C-peptide levels in
each group, but the differences were not statistically significant.
Secondary:
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Not reported
Du et al.*2 MC, OL, PG, RCT N=488 Primary: Primary:
(2017) Absolute change Saxagliptin was non-inferior to acarbose for glycemic control (HbA ¢
SMART Chinese patients 24 weeks from baseline in change from baseline, -0.82% and -0.78%, respectively; difference, -0.04;
>18 years of age HbAc at week 24 | 95% ClI, -0.22 to 0.13%).
Acarbose 50 mg with type 2 diabetes
TID (could be inadequately Secondary: Secondary:
titrated to 100 mg controlled with Proportion of At week 24, 38.3% of patients receiving saxagliptin and 41.5% of patients
TID after 7 days of metformin patients achieving receiving acarbose had achieved a therapeutic glycemic response. In the
treatment) monotherapy with a therapeutic full analysis set, 5.5% of patients receiving saxagliptin and 24.7% of
an HbA. between glycemic response | patients receiving acarbose reported gastrointestinal adverse events (risk
VS 7.5 and 11.0% at (defined as ratio, 0.22; P<0.0001). This lower risk of gastrointestinal adverse events
screening, and an HbA1: <7.0%), the | was also observed in the per protocol population (saxagliptin, 5.0% vs
saxagliptin 5 mg QD | HbA:c between 7.0 proportion of acarbose, 26.0%; risk ratio, 0.19; P<0.0001). Overall, 37.0% of patients
and 11.0% and an patients with any and 28.8% of patients receiving saxagliptin and acarbose, respectively,
All patients FPG <13.3 mmol/L gastrointestinal achieved a therapeutic glycemic response without gastrointestinal adverse
continued on their at the pre- adverse events, the | events.
existing dose and randomization visit proportion of
regimen of patients achieving There was no significant difference between treatment groups for change
metformin therapeutic from baseline to week 24 in FPG, 2-hour PPG and HOMA-B; however,
throughout the study glycemic response | greater weight loss was observed with acarbose compared with saxagliptin
without (P=0.0078).
gastrointestinal
adverse events, and
the change from
baseline in FPG, 2-
hour PPG, B-cell
function, and body
weight
Bao et al.*® AC, OL, RCT N=40 Primary: Primary:
(2010) Glycemic control, | After eight weeks, FPG, two-hour post-oral glucose tolerance test plasma
Newly diagnosed 8 weeks improvements in glucose, mean blood glucose, HbA., glycated albumin, and HOMA-IR
Glipizide XL type 2 diabetics, 30 insulin secretion were significantly decreased with both treatments. HOMA-B increased
to 70 years of age, and sensitivity, significantly compared to baseline (P<0.01 for both). Compared to
VS with HbAs: 7.0 to glycemic glipizide XL, combination therapy had significantly lower mean blood
9.8%, and no prior variability, glucose and HOMA-IR values after eight weeks (P<0.05 for both). Mean

hypoglycemia

changes in mean blood glucose, HbA., and glycated albumin were all
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Study Size
and Study
Duration

End Points

Results

glipizide XL plus
acarbose

use of antidiabetic
medications

Secondary:
Not reported

greater with combination therapy compared to monotherapy, with only
differences in mean blood glucose reaching significant. The overall
glucose-lowering and -stabilizing effects were more pronounced with
combination therapy.

Over the duration of the trial, the decreases in mean amplitude of glycemic
excursions and AUCpostprandial incremental Were significant with both treatments
(P<0.01). There was also a significant decrease in mean of daily
differences with combination therapy compared to baseline (P<0.01).
Patients receiving combination therapy had significantly lower mean of
daily differences, mean amplitude of glycemic outcomes, and

AUC ostprandial incremental Values compared to patients receiving monotherapy
after eight weeks (P<0.05 for all).

There were no significant between-group differences in either the
frequency or the duration of hypoglycemia. The mean duration of
hypoglycemia was 88.8+£84.7 minute per event with monotherapy and
176.3+123.5 minute per event with combination therapy (P=0.114).
Patients receiving monotherapy had 0.7£0.4 events per day compared to
0.8+0.4 events per day in patients receiving combination therapy
(P=0.612). There was no difference in total instances of severe
hypoglycemia reported.

Secondary:
Not reported

Lopez-Alvarenga et
a|.44
(1999)

Acarbose 100 mg
TID,
chlorpropamide 500
mg daily, and
metformin 1,200 mg
daily

VS

DB, RCT, XO

Patients with type 2
diabetes from 35 to
70 years of age with
BMI 23 to 35
kg/m?, with a FPG
>8.8 mmol/L
despite maximal
doses of
chlorpropamide and

N=46

42 weeks

Primary:

Change in FPG
from baseline,
body weight,
HbAc, fasting
insulin, fasting C-
peptide,
intravenous
glucose tolerance
test (incremental
area), glucose meal

Primary:
Changes in FPG from baseline were not significant for placebo (P=0.62),
but were significant for acarbose (P=0.05) and insulin (P=0.003).

Changes in HbA;. from baseline were not significant for placebo (P=0.62)
and acarbose (P=0.3), but were significant for insulin (P=0.008).

Changes in body weight were not significant in any group (P=0.2 vs
baseline).

Changes in fasting insulin from baseline were not significant for placebo
(P=0.38), but were significant for acarbose (P=0.03) and insulin (P=0.02).
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metformin for at tests (incremental
NPH insulin at least 2 months area) Changes in fasting C-peptide from baseline were not significant in any
bedtime, group, placebo (P=0.7), acarbose (P=0.5), and insulin (P=0.24).
chlorpropamide 500 Secondary:
mg daily, and Not reported Changes in intravenous glucose tolerance test (incremental area) from
metformin 1,200 mg baseline were not significant in any group, placebo (P=0.36), acarbose
daily (P=0.91), and insulin (P=0.94).
VS Changes in glucose meal tests (incremental area) from baseline were not
significant for placebo (P=0.84) and insulin (P=0.08), but were for
chlorpropamide acarbose (P=0.02).
(500 mg daily),
metformin (1,200 Changes in insulin (incremental area) from baseline were not significant
mg daily), and for any group, placebo (P=0.92), acarbose (P=0.3), and insulin (P=0.43).
placebo
Thirty-seven percent of patients developed severe bloating during
acarbose use. This was significant (P<0.05) compared to acarbose and
placebo or insulin.
Secondary:
Not reported
Nemoto et al.* DB, PC, RCT N=107 Primary: Primary:
(2011) Change in baseline | The mean decrease in PPG with miglitol was significantly larger
Patients >20 years 12 weeks PPG and HbA1c compared to placebo (-60.3+70.1 vs 5.1+68.2 mg/dL; P<0.001). The
Miglitol 50 mg TID | of age with type 2 (plus an decrease in plasma glucose AUC was significantly larger with miglitol
diabetes receiving additional 4 to | Secondary: compared to placebo (-102.84122.2 vs 8.7+121.1 mgh/dL; P<0.001).
VS insulin therapy, 10 week Safety
plasma glucose observation Miglitol exhibited a significantly lower HbA1. compared to placebo from
placebo level at either 1 or 2 period) week eight to trial end. The decrease from baseline in HbA ;. at week 12
hours after a meal was significantly greater with miglitol compared to placebo (-0.37+0.68 vs
All patients received | was >180 mg/dL, 0.04+0.56%; P<0.001).
existing insulin and HbA1c >6.5%
regimens. Secondary:
The total incidence of adverse events was 78.5 and 76.0% with miglitol
and placebo. Adverse events with high incidence included flatulence (20.6
vs 12.0%), abdominal distension (15.0 vs 4.0%), diarrhea (14.0 vs 4.0%),
and hypoglycemia (39.3 vs 35.0%). The incidences of abdominal
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distention and diarrhea were significantly higher with miglitol (P<0.05 for
both). All hypoglycemic events were mild and improved without
treatment, by ingestion of glucose, supplements, or meals.
Hsieh et al.*6 DB, MC, PC, RCT N=105 Primary: Primary:
(2011) Change in baseline | Mean change in HbA; with miglitol was -0.85+0.12% compared to -
Chinese patients 24 weeks HbA ¢ 0.19+0.11% with placebo (P<0.001).
Miglitol 50 mg TID, | >20 years of age
titrated up to 100 mg | with type 2 Secondary: Secondary:
TID diabetes, FPG 100 Change in baseline | No significant differences in the changes in FPG and post-prandial serum
to 240 mg/dL, FPG, PPG, and insulin were observed (P=0.052 and P=0.364).
VS HbA: 6.5 to 10.0%, post-prandial
history of serum insulin; There was a significant difference in the change in PPG between the two
placebo uncontrolled type 2 safety treatments (P<0.001).
diabetes despite
Patients received prior nutrition Among the population, 49 (94.2%) patients receiving miglitol and 42
existing therapy; and stable (79.3%) patients receiving placebo experienced at least one adverse event
sulfonylurea dosing with a during the trial. A total of 59 and 39 adverse events occurred with miglitol
regimens. sulfonylurea for >8 and placebo, respectively. The most frequently reported adverse events
weeks were abdominal discomfort, diarrhea, hypoglycemia, and other; and there
were no differences in the incidences of these events between the two
treatments.
Standl et al.*’ DB, MC, PC, PG, N=154 Primary: Primary:
(2001) RCT Change in baseline | Miglitol produced a significant reduction in Hb Ay (-0.55%; P=0.04) and
24 weeks HbA1¢ PPG (-2.6 mmol/L; P=0.0009) compared to placebo.

Miglitol 25 mg to
100 mg TID,
glibenclamide*
3.5to 5 mg BID to
QID, and metformin
500 to 850 mg daily

Vs
glibenclamide*

3.5to5mg BID to
QID, metformin 500

Patients 30 to 70
years of age with
type 2 diabetes for
>3 years; HbA1c
>7.5 t0 <10.5%;
BMI <35 kg/m?;
stable body weight
over the previous 3
months; and
inadequately
controlled on
combination therapy
of diet,

Secondary:

FPG, PPG, fasting
and postprandial
serum insulin, TG,
urinary glucose

Secondary:
FPG decreased with miglitol and was almost unchanged with placebo; the
difference was not significant (P=0.10).

Fasting insulin levels were unchanged with both treatments throughout the
trial, with no significant difference between them (P=0.79).

Postprandial insulin decreased from baseline to trial end, but the difference
between the groups was not significant (P=0.26).

Postprandial TG decreased slightly with miglitol and remained unchanged
with placebo, and the difference was not significant (P=0.47).
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to 850 mg daily, and | glibenclamide* and
placebo metformin
Van Gaal et al.*® DB, MC, PC, PG, N=152 Primary: Primary:
(2001) RCT Change in baseline | There was a significant decrease in HbA1c with miglitol compared to
32 weeks HbA ¢ placebo (-0.21 vs 0.22%; P=0.011).
Miglitol 25 to 100 Patients 30 to 75
mg TID and years of age with Secondary: Secondary:
metformin 500 mg type 2 diabetes for Change in FPG, PPG decreased with both treatments, but the reduction was more
TID or 850 mg BID | >1 year, HbA1c >7.5 PPG, serum significant with miglitol (from 16.5£3.8 mmol/L at baseline to 13.8+5.0
or TID to <10.5%, BMI 23 insulin, fasting and | mmol/L at trial end) compared to placebo (from 16.3+3.4 mmol/L at
to 40 kg/m?, stable one-hour baseline to 15.7+3.8 mmol/L at trial end). The baseline adjusted means
VS body weight over postprandial TG were 13.8 mmol/L with miglitol vs 15.8 mmol/L with placebo (P=0.0007).
the previous 3 levels
metformin 500 mg months, and whose Fasting insulin levels decreased more with miglitol compared to placebo,
TID or 850 mg BID | diabetes was the difference was not significant (P value not reported).
or TID and placebo inadequately
controlled by diet FPG, fasting and postprandial TG levels showed a descriptive advantage
and metformin for miglitol, but did not reach a statistical difference. Mean FPG levels fell
more with miglitol (baseline, 11.5£2.7 mmol/L; end of treatment, 10.8+3.6
mmol/L) compared to placebo (baseline, 11.6£3.1 mmol/L; end of
treatment, 11.5+3.4 mmol/L; difference of adjusted means; P=0.15).
Fasting TG levels fell with miglitol (treatment effect, -16.3 mg/dL)
compared to placebo (treatment effect, 3.77 mg/dL; P=0.26). Similar
results were seen for postprandial TG.
Chiasson et al.* DB, MC, PC, RCT N=324 Primary: Primary:
(2001) Change in baseline | Mean change in HbA1 from baseline was 0.38+0.12% with placebo,
Patients >40 years 36 weeks HbA. 0.02+0.10% with miglitol, -0.85+0.12% with metformin, and -1.39+£0.11%

Miglitol 100 mg
TID

VS

metformin 500 mg
TID

VS

of age with type 2
diabetes
inadequately
controlled by diet
alone, HbA1c 7.2 to
9.5%

Secondary:
Change in baseline
FPG and PPG,
insulin levels, and
TG

with combination therapy. A reduction in mean placebo-subtracted HbA;.
of -1.78% was seen with combination therapy, and this was significantly
different from metformin

(-1.25%; P=0.002).

Mean reductions in HbA;. compared to placebo were -0.37% with
miglitol, -1.25% with metformin, and -1.78% with combination therapy.
The end of treatment mean HbAc was 8.5% with placebo, 8.2% with
miglitol, 7.3% with metformin, and 6.9% with combination therapy.
Significantly more patients (P=0.0014) receiving combination therapy
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miglitol 200 mg TID (70.6%) were classified as responders (i.e., showed >15% reduction from
plus metformin 500 baseline in HbA;. or achieved an HbA. <7.0%) compared to metformin
mg TID (45.5%).
VS Secondary:
Combination therapy resulted in better metabolic control compared to
placebo metformin for FPG (P=0.0025) and two-hour PPG AUC (P=0.0001).
Changes in TG levels from baseline to trial end did not differ significantly
between combination therapy compared to metformin, and showed no
consistent trend (P value not reported).
Kheirbek et al.>° 0S, RETRO N=17,773 Primary: Primary:
(2013) All-cause mortality | After adjustments were made for severity of illness and patient
Veterans with Variable demographics, the remaining variance in mortality was explained by
Hypoglycemic diabetes cared for at duration Secondary: exposure to five medications, listed in order of impact on risk-adjusted
medications a Veterans Not reported mortality: glipizide (OR=1.566), glyburide (OR=1.804), rosiglitazone
(metformin, Administration (OR=1.805), insulin (OR=2.382), and chlorpropamide (OR=3.026). None
glyburide, glipizide, | Capital area medical of the other medications (metformin, acarbose, glimepiride, pioglitazone,
rosiglitazone, center tolazamide, repaglinide, troglitazone, and DPP-4 inhibitors) were
acarbose, associated with excess mortality beyond what could be expected from the
chlorpropamide, patients’ severity of illness or demographic characteristics. Insulin,
glimepiride, glyburide, glipizide, and rosiglitazone continued to be associated with
pioglitazone, statistically significant increased mortality after controlling for possible
tolazamide, drug interactions.
repaglinide,
troglitazone, Secondary:
insulin, and DPP-4 Not reported
inhibitors)
*Defined as any
use of the
medication
independent of dose
or days of use
Mearns et al.>! Network MA (62 N=32,185 Primary: Primary:

(2015)

RCTs)

3 to 12 months

Changes in HbAc,
body weight, and
SBP; risk of

All agents significantly reduced HbA1. vs placebo; although, not to the
same extent (range, 0.43% for miglitol to 1.29% for glibenclamide).
Glargine, sulfonylureas, and nateglinide were associated with increased
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medications (Alpha-
glucosidase
inhibitors, DPP-4
inhibitors,
colesevelam,
meglitinides, GLP-1
analogs, long-acting,
once-daily basal
insulin, SGLT2
inhibitors,
sulfonylureas,
TZDs, and
combinations of the
above agents)

inadequately
controlled type 2
diabetes on
metformin alone

hypoglycemia and
urinary and genital
tract infection

Secondary:
Not reported

. Study Size
Study apd StUdyBesIgI .and and Study End Points Results
Drug Regimen Demographics Duration
Hypoglycemic Patients with developing hypoglycemia risk vs placebo. SGLT2 inhibitors, GLP-1 analogs, miglitol,

and empagliflozin/linagliptin significantly reduced body weight (range,
1.15 to 2.26 kg) whereas sulfonylureas, TZDs, glargine, and
alogliptin/pioglitazone caused weight gain (range, 1.19 to 2.44 kg).
SGLT2 inhibitors, empagliflozin/linagliptin, liraglutide, and sitagliptin
decreased SBP (range, 1.88 to 5.43 mmHg). No therapy increased UTI
risk vs placebo; however, SGLT2 inhibitors were associated with an
increased risk of genital tract infection (RR range, 2.16 to 8.03).

Secondary:
Not reported

*Synonym for glyburide.

TAgent not available in the United States.
Drug regimen abbreviations: BID=twice daily, QD=once daily, QID=four times a day, TID=three times daily, XL=extended-release
Study abbreviations: AC=active comparator, DB=double-blind, MA=meta-analysis, MC=multicenter, OL=open-label, OS=0bservational study, PC=placebo-controlled, PG=parallel-group,

PRO=prospective, RCT=randomized controlled trial, SA=single arm, SR=systematic review, XO=crossover

Miscellaneous abbreviations: AUC=area under the curve, BMI=body mass index, BP=blood pressure, Cl=confidence interval, DBP=diastolic blood pressure, DPP-4=dipeptidyl peptidase-4; FPG=fasting
plasma glucose, GLP-1=glucagon-like peptide=1, HbA;.= glycosylated hemoglobin, HOMA-B=homeostasis model assessment-beta cell function, HOMA-IR=homeostasis model assessment-estimated
insulin resistance, HDL-C=high density lipoprotein cholesterol, HR=hazard ratio, LDL-C=low density lipoprotein cholesterol, MI=myocardial infarction, M value=insulin sensitivity, NPH=neutral
protamine Hagedorn, PPG=postprandial plasma glucose, RR=risk ratio, SBP=systolic blood pressure, SGLT2= Sodium-glucose co-transporter 2, TC=total cholesterol, TG=triglyceride,
TZD=thiazolidinedione, Voauax=regional fat distribution, WHO=World Health Organization
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Additional Evidence

Dose Simplification

One small study by Aoki et al. concluded that the effects of alpha-glucosidase inhibitors on glycosylated
hemoglobin (HbA:c) were similar to those who took it prior to meals (as recommended) and those who took it
after meals. Thirty-one type 2 diabetic patients who had never been treated with insulin injections or alpha-
glucosidase inhibitors were randomized into two groups. One group took miglitol prior to meals, and the other
group took miglitol after meals. After three months, the reduction in HbA; between the two groups was similar.
The authors concluded that for those patients who could not remember to take their alpha-glucosidase inhibitor
prior to meals could do so after their meal without a noticeable difference in HbA;c.5

Stable Therapy
A search of Medline and PubMed did not reveal data pertinent to this topic.

Impact on Physician Visits
A search of Medline and PubMed did not reveal data pertinent to this topic.

Cost

A "relative cost index™ is provided below as a comparison of the average cost per prescription for medications
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims
history and the average cost per prescription as paid at the retail pharmacy level. For brand or generic products
with little or no recent utilization data, the average cost per prescription is calculated by using the Alabama
Medicaid average acquisition cost (AAC) and the standard daily dosing per product labeling. Please note that the
relative cost index does not factor in additional cost offsets available to the Alabama Medicaid program via
pharmaceutical manufacturer rebating.

The relative cost index scale for this class is as follows:

Relative Cost Index Scale
$ $0-$30 per Rx
$3$ $31-$50 per Rx
$$3$ $51-$100 per Rx
$$3$ $101-$200 per Rx
$$5$$ Over $200 per Rx

Rx=prescription

Table 9. Relative Cost of the Alpha-Glucosidase Inhibitors

Generic Name(s) Formulation(s) Example Brand Brand Cost | Generic Cost
Name(s)
Acarbose tablet Precose®* $$$$ $
Miglitol tablet N/A $$$$ $33

*Generic is available in at least one dosage form or strength.
N/A=Not available

Conclusions

The alpha-glucosidase inhibitors are approved for use as an adjunct to diet and exercise to improve glycemic
control in adults with type 2 diabetes mellitus.>2 Acarbose and miglitol are available in a generic formulation.

According to current clinical guidelines for the management of type 2 diabetes, metformin remains the
cornerstone to most antidiabetic treatment regimens. Additionally, patients with a high glycosylated hemoglobin
(HbAc) will most likely require combination or triple therapy in order to achieve glycemic goals. At this time,
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uniform recommendations on the best agent to be combined with metformin cannot be made; therefore,
advantages and disadvantages of specific antidiabetic agents for each patient should be considered. In general, the
a-glucosidase inhibitors are not recommended for use in the management of patients with a high HbA 1. (7.6 to
9.0%), mainly due to the limited HbA:. lowering potential associated with the medication class compared to other
available antidiabetic medications. The a-glucosidase inhibitors may be utilized as monotherapy in the
management of patients with a low HbA¢ (6.5 to 7.5%); however, metformin remains the most appropriate initial
choice for monotherapy in all patients. In addition, clinical guidelines recognize the potential use of a-glucosidase
inhibitors when postprandial hyperglycemia is present. Among all current clinical guidelines, preference of one o-
glucosidase inhibitor over another is not stated.31°

A variety of clinical trials have been conducted with the alpha-glucosidase inhibitors. A clinical trial directly
comparing acarbose and miglitol does not evaluate glycemic control among type 2 diabetics; rather the results
demonstrate that there is no significant difference between the two agents with regards to glucose variability
during pre- and post-prandial periods.®?> The majority of the clinical trials have compared active treatment to
placebo or compared combination therapy to monotherapy. In these studies, the more aggressive treatment
regimens improved glycemic parameters to a greater extent than the less-intensive treatment regimens,1%-22:30-32,3%-
404345-49 \When comparing similar monotherapy treatment regimens, sulfonylureas have been shown to be more
effective than the alpha-glucosidase inhibitors.?>%’

There have been no clinical studies establishing conclusive evidence of macrovascular risk reduction with the
alpha-glucosidase inhibitors.*?

There is insufficient evidence to support that one brand alpha-glucosidase inhibitor is safer or more efficacious
than another within its given indication. Formulations without a generic alternative should be managed through
the medical justification portion of the prior authorization process.

Therefore, all brand products within the class reviewed are comparable to each other and to the generic products
in the class (if applicable) and offer no significant clinical advantage over other alternatives in general use.

Recommendations
No brand alpha-glucosidase inhibitor is recommended for preferred status. Alabama Medicaid should accept cost

proposals from manufacturers to determine the most cost effective products and possibly designate one or more
preferred brands.
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Overview

Diabetes mellitus is a chronic condition which results in hyperglycemia. It is differentiated into four main classes:
1) type 1 diabetes; 2) type 2 diabetes; 3) gestational diabetes; and 4) other types (drug- or chemical-induced,
genetic defects in B-cell function or insulin action, and diseases of the exocrine pancreas). Type 2 diabetes is the
most prevalent form of the disease in the United States. Inadequate glycemic control may lead to both acute and
long-term complications, including microvascular and macrovascular events. There are a variety of oral and
injectable antidiabetic agents currently available to treat diabetes. The antidiabetic agents are categorized into 12
different American Hospital Formulary Service (AHFS) classes, which differ with regards to their mechanism of
action, efficacy, safety profiles, tolerability, and ease of use.

Pramlintide is the only amylinomimetic agent that is currently available. It is approved for use as an adjunctive
treatment in patients with type 1 and type 2 diabetes mellitus who use mealtime insulin therapy and who have
failed to achieve desired glucose control despite optimal insulin therapy.*3 Amylin is co-secreted with insulin by
pancreatic beta cells in response to food intake. It affects postprandial glucose levels by slowing gastric emptying,
suppressing glucagon secretion, and regulating food intake via modulation of appetite.! Patients with type 1 and
type 2 diabetes have dysfunctional beta cells, which leads to a reduced secretion of insulin and amylin in response
to food.! Pramlintide is a synthetic analog of human amylin, which has been shown to modulate gastric emptying,
decrease postprandial glucagon concentrations in patients using insulin, and reduce caloric intake.

The amylinomimetics that are included in this review are listed in Table 1. This review encompasses all dosage
forms and strengths. There are no generic products available. This class was last reviewed in August 2019.

Table 1. Amylinomimetics Included in this Review

Generic Name(s) Formulation(s) Example Brand Name(s) | Current PDL Agent(s)

Pramlintide injection SymlinPen® none

PDL=Preferred Drug List

Evidence-Based Medicine and Current Treatment Guidelines

Current clinical guidelines are summarized in Table 2. Please note that guidelines addressing the treatment of type
1 and 2 diabetes are presented globally, addressing the role of various medication classes.

Table 2. Treatment Guidelines Using the Amylinomimetics

Clinical Guideline Recommendation(s)
American Diabetes Current criteria for the diagnosis of diabetes
Association: e The following are the criteria for a diagnosis of diabetes: glycosylated hemoglobin
Standards of Medical (HbA1c) >6.5%, or a fasting plasma glucose (FPG) >126 mg/dL, or a two-hour
Care in Diabetes plasma glucose >200 mg/dL during an oral glucose tolerance test or patients with
(2021)* classic symptoms of hyperglycemia, or classic symptoms of hyperglycemia or

hyperglycemic crisis (random plasma glucose >200 mg/dL).

Prevention or delay of type 2 diabetes

e An ongoing support program for weight loss of 7% of body weight and an increase
in physical activity to >150 minutes/week of moderate activity should be
encouraged in patients with impaired glucose tolerance, impaired fasting glucose,

or an HbA1. 5.7 to 6.4%.
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Clinical Guideline

Recommendation(s)

Metformin therapy for prevention of type 2 diabetes should be considered in those
with prediabetes, especially in those with BMI >35 kg/m? those aged <60 years,
and women with prior gestational diabetes mellitus.

Diabetes self-management education and support programs are appropriate venues
for people with prediabetes to receive education and support to develop and
maintain behaviors that can prevent or delay the onset of diabetes.

Glycemic goals in adults

Lowering HbA. to below or around 7.0% has been shown to reduce
microvascular complications of diabetes, and if implemented soon after the
diagnosis of diabetes is associated with long term reduction in macrovascular
disease. A reasonable HbA1c goal for many nonpregnant adults is <7.0%.

It may be reasonable for providers to suggest more stringent Hb A1 goals (<6.5%)
for selected patients, if this can be achieved without significant hypoglycemia or
other adverse effects of treatment. Such patients may include those with short
duration of diabetes, type 2 diabetes treated with lifestyle or metformin only, long
life expectancy, and no significant cardiovascular disease.

Conversely, less stringent HbA1¢ goals (<8.0%) may be appropriate for patients
with a history of severe hypoglycemia, limited life expectancy, advanced
microvascular or macrovascular complications, extensive comorbid conditions,
and those with longstanding diabetes in whom the general goal is difficult to attain
despite diabetes self-management education, appropriate glucose monitoring, and
effective doses of multiple glucose-lowering agents including insulin.

Pharmacologic therapy for type 1 diabetes

Most individuals with type 1 diabetes should be treated with multiple dose insulin
injections (three to four injections per day of basal and pre-prandial insulin) or
continuous subcutaneous (SC) insulin infusion therapy.

Most patients should use rapid-acting insulin analogs to reduce hypoglycemia risk.
Patients with type 1 diabetes should receive education on how to match prandial
insulin doses to carbohydrate intake, premeal blood glucose, and anticipated
physical activity.

Pharmacologic therapy for type 2 diabetes

At the time of diagnosis, initiate metformin therapy along with lifestyle
interventions, unless metformin is contraindicated. Metformin is the preferred
initial pharmacologic agent for the treatment of type 2 diabetes, and once initiated
metformin should be continued as long as it is tolerated and not contraindicated.
Early combination therapy can be considered in some patients at treatment
initiation to extend the time to treatment failure.

the early introduction of insulin should be considered if there is evidence of
ongoing catabolism (weight loss), symptoms of hyperglycemia, HbA1. >10%, or
blood glucose >300 mg/dL.

A patient-centered approach should be used to guide the choice of pharmacologic
agents. Considerations include effect on cardiovascular and renal comorbidities,
efficacy, hypoglycemia risk, impact on weight, cost, risk for side effects, and
patient preferences.

In patients with type 2 diabetes who have established atherosclerotic
cardiovascular disease (ASCVD) or indicators of high risk, established kidney
disease, or heart failure, a SGLT2 inhibitor or GLP-1 receptor agonist with
demonstrated cardiovascular disease benefit.

In patients with type 2 diabetes, a GLP-1 receptor agonist is preferred to insulin
when possible.

Recommendation for treatment intensification for patients not meeting treatment
goals should not be delayed.
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Clinical Guideline

Recommendation(s)

The medication regimen and medication-taking behavior should be evaluated
every three to six months and adjusted as needed based on new patient risk factors.
Clinicians should be aware of the potential for overbasalization with insulin
therapy. Clinical signals that may prompt evaluation of overbasalization include
basal dose more than ~0.5 1U/kg, high bedtime-morning or post-preprandial
glucose differential, hypoglycemia (aware or unaware), and high variability.
Indication of overbasalization should prompt reevaluation to further individualize
therapy.

Management of diabetes in pregnancy

Provide preconception counseling, starting at puberty and continuing through
reproductive years, that addresses the importance of glycemic control as close to
normal as is safely possible, ideally Aic <6.5%, to reduce the risk of congenital
anomalies, preeclampsia, macrosomia, and other complications.

Family planning should be discussed and effective contraception (with
consideration of long-acting, reversible contraception) should be prescribed and
used until a woman is prepared and ready to become pregnant.

Women with preexisting type 1 or type 2 diabetes who are planning pregnancy
should ideally be managed beginning in preconception in multidisciplinary clinic
including an endocrinologist, maternal-fetal medicine specialist, registered
dietitian nutritionist, and diabetes care and education specialist, when available.

In addition to focused attention on achieving glucemic targets, standard
preconception care should be augmented with extra focus on nutrition, diabetes
education, and screening for diabetes comorbidities and complications.

Women with preexisting type 1 or type 2 diabetes who are planning pregnancy or
who have become pregnant should be counseled on the risk of development and/or
progression of diabetic retinopathy. Dilated eye examinations should occur before
pregnancy or in the first trimester and then be monitored every trimester and for
one year postpartum as indicated by degree of retinopathy.

Fasting and postprandial self-monitoring of blood glucose are recommended in
both gestational diabetes mellitus and preexisting diabetes in pregnancy to achieve
glucose levels. Glucose targets are fasting plasma glucose <95 mg/dL and either 1-
hour postprandial glucose <140 mg/dL or 2-hour postprandial glucose <120
mg/dL. Some women with preexisting diabetes should also test blood glucose
preprandially.

Due to increased red blood cell turnover, Aic is lower in normal pregnancy than in
normal nonpregnant women. ldeally, the Ajctarget in pregnancy is <6% if this can
be achieved without significant hypoglycemia, but the target may be relaxed to
<7% if necessary to prevent hypoglycemia.

When used in addition to pre- and postprandial self-monitoring of blood glucose,
continuous glucose monitoring can help achieve Axc targets in diabetes and
pregnancy. It can also reduce macrosomia and neonatal hypoglycemia in
pregnancy complicated by type 1 diabetes.

Commonly used estimated Aic and glucose management indicator calculations
should not be used in pregnancy as estimates of Aic.

Lifestyle change is an essential component of management of gestational diabetes
mellitus and may suffice for treatment for many women. Insulin should be added
if needed to achieve glycemic targets.

Insulin is the preferred medication for treating hyperglycemia in gestational
diabetes as it does not cross the placenta to a measurable extent. Metformin and
glyburide should not be used as first-line agents since both cross the placenta to
the fetus. Other oral and noninsulin injectable glucose-lowering medications lack
long-term safety data.

Metformin, when used to treat polycystic ovarian syndrome and induce ovulation
should be discontinued by the end of the first trimester.
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Insulin is the preferred agent in both type 1 and type 2 diabetes in pregnancy
because it does not cross the placenta and because oral agents are generally
insufficient to overcome the insulin resistance in type 2 diabetes and are
ineffective in type 1 diabetes. Either multiple daily injections or insulin pump
technology can be used in pregnancy complicated by type 1 diabetes.

Women with type 1 or type 2 diabetes should be prescribed low dose aspirin (100
to 150 mg/day) from the end of the first trimester until the baby is born in order to
lower the risk of preeclampsia.

In pregnant patients with diabetes and chronic hypertension, blood pressure targets
of 110 to 135/85 are suggested to optimize long-term maternal health and
minimize impaired fetal growth.

Potentially teratogenic medications (ACE inhibitors, angiotensin receptor
blockers, statins, etc.) should be avoided in sexually active women of childbearing
age who are not using reliable contraception.

American Diabetes
Association/ European
Assaciation for the
Study of Diabetes:
Management of
Hyperglycemia in
Type 2 Diabetes. A
consensus report by
the American
Diabetes Association
and the European
Assaciation for the
Study of Diabetes
(2012, 2015, 2018,
and 2019 Update)>®

Key points

Glycemic targets and glucose-lowering therapies must be individualized.

Diet, exercise, and education remain the foundation of any type 2 diabetes
treatment program.

Unless there are prevalent contraindications, metformin is the optimal first line
drug.

After metformin, there are limited data to guide treatment decisions. Combination
therapy with an additional one to two oral or injectable agents is reasonable,
aiming to minimize side effects where possible.

Ultimately, many patients will require insulin therapy alone or in combination
with other agents to maintain glucose control.

All treatment decisions, where possible, should be made in conjunction with the
patient, focusing on his/her preferences, needs, and values.

Comprehensive cardiovascular risk reduction must be a major focus of therapy.

Principles of Care

Providers should prioritize the delivery of patient centered care.

All patients with type 2 diabetes should have access to ongoing diabetes self-
management education and support programs.

Facilitating medication adherence should be specifically considered when selecting
glucose-lowering medications.

Initial drug therapy

It is generally agreed that metformin, if not contraindicated and if tolerated, is the
preferred and most cost-effective first agent.

Metformin should be initiated at, or soon after, diagnosis, especially in patients in
whom lifestyle intervention alone has not achieved, or is unlikely to achieve,
HbA:. goals.

Patients with high baseline HbA1c (e.g., >9.0%) have a low probability of
achieving a near-normal target with monotherapy; therefore, it may be justified to
start directly with a combination of two non-insulin agents or with insulin itself in
this circumstance.

If a patient presents with significant hyperglycemic symptoms and/or has
dramatically elevated plasma glucose concentrations or HbA. (e.g., >10.0 to
12.0%), insulin therapy should be strongly considered from the outset. Such
therapy is mandatory when catabolic features are exhibited or, of course, if
ketonuria is demonstrated, the latter reflecting profound insulin deficiency.

If metformin cannot be used, another oral agent could be chosen, such as a
sulfonylurea/glinide, pioglitazone, or a dipeptidyl peptidase 4 (DPP-4) inhibitor; in
occasional cases where weight loss is seen as an essential aspect of therapy, initial
treatment with a glucagon-like peptide (GLP)-1 receptor agonist might be useful.
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Where available, less commonly used drugs (alpha-glucosidase inhibitors,
colesevelam, bromocriptine) might also be considered in selected patients, but
their modest glycemic effects and side effect profiles make them less attractive
candidates.

Specific patient preferences, characteristics, susceptibilities to side effects,
potential for weight gain, and hypoglycemia should play a major role in drug
selection.

The stepwise addition of glucose-lowering medication is generally preferred to
initial combination therapy.

Advancing to dual combination therapy

If monotherapy alone does not achieve/maintain HbA 1 target over approximately
three months, the next step would be to add a second oral agent, a GLP-1 receptor
agonist or basal insulin. Notably the higher the HbA ., the more likely insulin will
be required.

The selection of medication added to metformin is based on patient preference and
clinical characteristics. Important clinical characteristics include the presence of
established atherosclerotic cardiovascular disease (ASCVD) and other
comorbidities such as HF or CKD; the risk for specific adverse medication effects,
particularly hypoglycemia and weight gain; as well as safety, tolerability, and cost.
On average, any second agent is typically associated with an approximate further
reduction in HbA;. of approximately 1.0%.

If no clinically meaningful glycemic reduction is demonstrated, then adherence
having been investigated, that agent should be discontinued, and another with a
different mechanism of action substituted.

Uniform recommendations on the best agent to be combined with metformin
cannot be made, thus advantages and disadvantages of specific drugs for each
patient should be considered.

It remains important to avoid unnecessary weight gain by optimal medication
selection and dose titration.

For all medications, consideration should also be given to overall tolerability.

Advancing to triple combination therapy

Some trials have shown advantages of adding a third non-insulin agent to a two
drug combination that is not yet or no longer achieving the glycemic target.
However, the most robust response will usually be with insulin.

Intensification of treatment beyond dual therapy to maintain glycemic targets
requires consideration of the impact of medication side effects on comorbidities,
as well as the burden of treatment and cost.

Many patients, especially those with long standing disease, will eventually need to
be transitioned to insulin, which should be favored in circumstances where the
degree of hyperglycemia (e.g., HbA1c >8.5%) makes it unlikely that another drug
will be of sufficient benefit.

In using triple combinations the essential consideration is to use agents with
complementary mechanisms of action.

Increasing the number of drugs heightens the potential for side effects and drug-
drug interactions which can negatively impact patient adherence.

Addition of Injectable Medications

In patients who need the greater glucose-lowering effect of an injectable
medication, GLP-1 receptor agonists are the preferred choice to insulin. For
patients with extreme and symptomatic hyperglycemia, insulin is recommended.
In patients who cannot maintain glycemic targets with combination basal insulin
and oral medications treatment may be intensified by the addition of a GLP-1
receptor agonist, SGLT2 inhibitor, or prandial insulin.

232

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services




Amylinomimetics
AHFS Class 682003

Clinical Guideline

Recommendation(s)

Anti-hyperglycemia Therapy in Type 2 Diabetes: General Recommendations

First-line therapy:

e First-line therapy is metformin and comprehensive lifestyle change (including
weight management and physical activity).

If HbA. is above target goal, select additional therapy as follows:
e Established ASCVD or heart failure or chronic kidney disease:
o ASCVD predominates:
= GLP-1 receptor agonist or SGLT2 inhibitor with proven cardiovascular
benefit.
= If HbA. targets are still not met, consider adding, a GLP-1 receptor
agonist or SGLT2 inhibitor (whichever has not already been added), DPP-
4 inhibitor (if not using a GLP-1 receptor agonist), basal insulin,
thiazolidinedione, or sulfonylurea.
o If heart failure or chronic kidney disease predominates:
=  SGLT?2 inhibitor with evidence of reducing heart failure and/or chronic
kidney disease progression is preferred.
= Use GLP-1 receptor agonists with proved cardiovascular benefit if SGLT2
inhibitors are contraindicated.
= If HbA . targets are still not met, consider adding a GLP-1 receptor
agonist or SGLT2 (whichever has not already been added), DPP-4
inhibitor (if not using a GLP-1 receptor agonist), basal insulin, or
sulfonylurea.
e Without established ASCVD or heart failure or chronic kidney disease:
o Compelling need to minimize hypoglycemia:
=  Consider adding a DPP-4 inhibitor, GLP-1 receptor agonist, SGLT2
inhibitor, or thiazolidinedione.
= If HbA . targets are still not met, consider adding one of the agents listed
above.
e Itis not recommended to combine DPP-4 inhibitors and GLP-1
receptor agonists.
o If three of the above agents are added and HbA. targets are not
met, consider adding a sulfonylurea or basal insulin.
o Compelling need to minimize weight gain or promote weight loss:
=  Consider adding GLP-1 receptor agonist or SGLT2 inhibitor.
= If HbAy is above target, consider adding the alternative agent from

above.

= If GLP-1 receptor agonist is not tolerated or contraindicated add a DPP-4
inhibitor.

= If needed add a sulfonylurea, thiazolidinedione, and/or basal insulin with
caution.

o If costis a major issue:
= Consider adding a sulfonylurea or thiazolidinedione.
= If HbA¢ target is still not met, consider adding the alternative from the
agents above.
= If HbA target is still not met, consider adding a DPP-4 inhibitor, SGLT2
inhibitor, or insulin available at the lowest acquisition cost.

Changes to consensus recommendations - 2019

e  Guidelines previously recommended that, in the setting of type 2 diabetes,
established CVD was a compelling indication for treatment with a GLP-1
receptor agonist or SGLT2 inhibitor. Guidelines now further suggest the
following:

o General consideration
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= In appropriate high-risk individuals with established type 2
diabetes, the decision to treat with a GLP-1 receptor agonist
or SGLT2 inhibitor to reduce MACE, hHF, CV death, or
CKD progression should be considered independently of
baseline HbA. or individualized HbA . target.

=  Providers should engage in shared decision making around
initial combination therapy in new-onset cases of type 2
diabetes.

o GLP-1 receptor agonist recommendations

= For patients with type 2 diabetes and established
atherosclerotic CV disease (such as those with prior
myocardial infarction, ischemic stroke, unstable angina with
ECG changes, myocardial ischemia on imaging or stress
test, or revascularization of coronary, carotid, or peripheral
arteries) where MACE is the gravest threat, the level of
evidence for MACE benefit is greatest for GLP-1 receptor
agonists.

= To reduce risk of MACE, GLP-1 receptor agonists can also
be considered in patients with type 2 diabetes without
established CVD with indicators of high risk, specifically,
patients aged 55 years or older with coronary, carotid, or
lower extremity artery stenosis >50%, left ventricular
hypertrophy, eGFR <60 mL/min/1.73 m?, or alouminuria.

o SGLT2 inhibitor recommendations

=  For patients with or without established atherosclerotic
CVD, but with HFrEF (EF <45%) or CKD (eGFR 30 to <60
mL/min/1.73 m? or urinary albumin-to-creatinine ratio
(UACR) >30 mg/g, particularly UACR >300 mg/qg), the
level of evidence for benefit is greatest for SGLT2
inhibitors.

= SGLT2 inhibitors are recommended in patients with type 2
diabetes and HF, particularly those with HFrEF, to reduce
hHF, MACE, and CV death.

= SGLT?2 inhibitors are recommended to prevent the
progression of CKD, hHF, MACE, and CV death in patients
with type 2 diabetes with CKD.

= Patients with foot ulcers or at high risk for amputation
should only be treated with SGLT2 inhibitors after careful
shared decision making around risks and benefits with
comprehensive education on foot care and amputation
prevention.

American Association
of Clinical
Endocrinologists/
American College of
Endocrinology:
Clinical Practice
Guidelines for
Developing a
Diabetes Mellitus
Comprehensive Care
Plan

(2015)°

Antihyperglycemic pharmacotherapy for type 2 diabetes

The choice of therapeutic agents should be based on their differing metabolic
actions and adverse effect profiles as described in the 2018 American Association
of Clinical Endocrinologists Comprehensive Diabetes Management Algorithm
Consensus Statement.

Initiate therapy with metformin, a glucagon-like peptide 1 (GLP-1) receptor
agonist, a dipeptidyl peptidase 4 (DPP-4) inhibitor, a sodium glucose cotransporter
2 (SGLT?2) inhibitor, or an a-glucosidase inhibitor for patients with an entry Aic
<7.5%.

A TZD, sulfonylurea, or glinide may be considered as alternative therapies but
should be used with caution due to side-effect profiles.

For patients with entry Asc levels >7.5%, initiate treatment with metformin (unless
contraindicated) plus a second agent, with preference given to agents with a low
potential for hypoglycemia that are weight neutral or associated with weight loss.
This includes GLP-1 receptor agonists, SGLT2 inhibitors, or DPP-4 inhibitors as
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the preferred second agents; TZDs and basal insulin may be considered as
alternatives. Colesevelam, bromocriptine, or an a-glucosidase inhibitor have
limited glucose-lowering potential but also carry a low risk of adverse effects and
may be useful for glycemic control in some situations. Sulfonylureas and glinides
are considered the least desirable alternatives due to the risk of hypoglycemia.
For patients with an entry Aic >9.0% who have symptoms of hyperglycemia,
insulin therapy alone or in combination with metformin or other oral agents is
recommended.

Pramlintide and the GLP-1 receptor agonists can be used as adjuncts to prandial
insulin therapy to reduce postprandial hyperglycemia, Aic, and weight. The long-
acting GLP-1 receptor agonists also reduce fasting glucose.

Insulin should be considered for T2D when noninsulin antihyperglycemic therapy
fails to achieve target glycemic control or when a patient, whether drug naive or
not, has symptomatic hyperglycemia.

Therapy with long-acting basal insulin should be the initial choice in most cases.
The insulin analogs glargine and detemir are preferred over intermediate-acting
neutral protamine Hagedorn (NPH) because analog insulins are associated with
less hypoglycemia.

When control of postprandial hyperglycemia is needed, preference should be
given to rapid-acting insulins (the analogs lispro, aspart, and glulisine or inhaled
insulin) over regular human insulin because the former have a more rapid onset
and offset of action and are associated with less hypoglycemia.

Premixed insulin formulations (fixed combinations of shorter- and longer-acting
components) of human or analog insulin may be considered for patients in whom
adherence to more intensive insulin regimens is problematic; however, these
preparations have reduced dosage flexibility and may increase the risk of
hypoglycemia compared with basal insulin or basal-bolus regimens.

Basal-bolus insulin regimens are flexible and recommended for intensive insulin
therapy.

Intensification of pharmacotherapy requires glucose monitoring and medication
adjustment at appropriate intervals (e.g., every three months) when treatment goals
are not achieved or maintained.

American Association
of Clinical
Endocrinologists/
American College of
Endocrinology:
Consensus Statement
on the
Comprehensive Type
2 Diabetes
Management
Algorithm

(2020)%°

Principles underlying the algorithm

Lifestyle optimization is essential for all patients with diabetes; however, it should
not delay needed pharmacotherapy, which can be initiated simultaneously and
adjusted based on patient response to lifestyle efforts. The need for medical
therapy should not be interpreted as a failure of lifestyle management, but as an
adjunct to it.

Minimizing the risk of both severe and nonsevere hypoglycemia is a priority.
Minimizing risk of weight gain and abnormal adiposity and promoting weight loss
in those patients with adiposity-based chronic disease (ABCD; the medical
diagnostic term for overweight/obesity), are high priorities for long-term health.
Given its ability to prevent progression to diabetes and promote a favorable
therapeutic profile in diabetes, weight loss should be strongly considered in all
patients with prediabetes and T2D who also have ABCD. Weight-loss therapy
should consist of a specific lifestyle prescription that includes a reduced-calorie
healthy meal plan, physical activity, and behavioral interventions. Weight-loss
medications approved for the chronic management of obesity should also be
considered if needed to obtain the degree of weight loss required to achieve
therapeutic goals in prediabetes and T2D.

The hemoglobin Axc (Aic) target should be individualized based on numerous
factors, such as age, life expectancy, comorbid conditions, duration of diabetes,
risk of hypoglycemia or adverse consequences from hypoglycemia, patient
motivation, and adherence.
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Achieving an HbA1c <6.5% is considered optimal if it can be achieved in a safe
and affordable manner; however, higher targets may be appropriate for certain
individuals and may change for a given individual over time.

The choice of diabetes therapies must be individualized based on attributes
specific to both patients and the medications themselves. Medication attributes
that affect this choice include initial Aic, duration of T2D, and obesity status.
Other considerations include antihyperglycemic efficacy; mechanism of action;
risk of inducing hypoglycemia; risk of weight gain; other adverse effects;
tolerability; ease of use; likely adherence; cost; and safety or risk reduction in
heart, kidney, or liver disease.

The choice of therapy depends on the patient's cardiac, cerebrovascular, and renal
status. Combination therapy is usually required and should involve agents with
complementary mechanisms of action.

Therapeutic effectiveness must be evaluated frequently until stable (e.g., every
three months).

Safety and efficacy should be given higher priority than the initial acquisition cost
of medications, as medication cost is only a small part of the total cost of diabetes
care. In assessing the cost of a medication, consideration should be given to
monitoring requirements and risks of hypoglycemia and weight gain.

The therapeutic regimen should be as simple as possible to optimize adherence.

Monotherapy

Patients with recent-onset diabetes and those with mild hyperglycemia (HbA1c
<7.5%), initial monotherapy with metformin (at doses of 1,500 to 2,000 mg/day)
and life-style modifications is recommended.

o Independent of glycemic control, if established atherosclerotic
cardiovascular disease (ASCVD) or high risk, chronic kidney disease
stage 3, or heart failure with reduced ejection fraction (HFrEF), start
long-acting GLP-1 receptor agonist or SGLT2 inhibitor with proven
efficacy.

In patients with intolerance or contraindications to metformin, acceptable
therapeutic alternatives that reduce glucose without weight gain or hypoglycemia
(in order based on suggested hierarchy of usage) include:

o  GLP-1 receptor agonists.

SGLT?2 inhibitors.

DPP-4 inhibitors.

TZDs (use with caution).
Alpha-glucosidase inhibitors.

o Sulfonylureas/glinides (use with caution)

Sulfonylureas and glinides (in order based on suggested hierarchy of usage) may
be used but with caution due to possible weight gain and hypoglycemia.

O O O O

Combination therapy

Patients who present with an initial HbA1c >7.5% or who do not reach their target
HbA . with metformin in three months should be started on a second agent to be
used in combination with metformin.
Patients who present with an initial HbA1c >9.0% with no symptoms should be
started on combination therapy or three-drug combination therapy.
In metformin-intolerant patients, two drugs from other classes with complimentary
mechanisms of action should be used.
Combination (in order based on suggested hierarchy of usage) include metformin
(or other first-line agent) plus:

o  GLP-1 receptor agonists.

o SGLT2 inhibitors.

o DPP-4 inhibitors.
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TZD (use with caution).

Sulfonylureas and glinides (use with caution).
Basal insulin (use with caution).
Colesevelam.

Bromaocriptine quick release.
Alpha-glucosidase inhibitors.

O O O O O O

Three-drug combination therapy

Generally, the efficacy of a third antidiabetic agent added to dual therapy is
reduced compared to the efficacy of the same drug used as monotherapy or
combination therapy with one other agent.
Patients who present with an initial HbA:c >9.0% with no symptoms should be
started on combination therapy or three-drug combination therapy.
Patients who present with an HbA1c >9.0% who are symptomatic would likely
derive greatest benefit from the addition of insulin but if these patients present
without significant symptoms treatment may be initiated with the maximum doses
of two to three other agents.
Continuation with noninsulin therapies while starting basal insulin is common and
does not increase cardiovascular risk, but may increase risk of hypoglycemia when
sulfourea are used in conjunction with insulin.
Three-drug combination (in order based on suggested hierarchy of usage) include
metformin (or other first-line agent), a second-line agent plus:

o  GLP-1 receptor agonists.
SGLT?2 inhibitors.
TZD (use with caution).
Sulfonylureas and glinides (use with caution).
Basal insulin (use with caution).
DPP-4 inhibitors.
Colesevelam.
Bromocriptine quick release.
Alpha-glucosidase inhibitors.

O O O O O O O O

Insulin therapy algorithm

Patients who present with an initial HbA:. >9.0% and are symptomatic, should
initiate therapy with insulin with or without other antidiabetic agents.

Start insulin if a patient has marked hyperglycemia despite treatment with several
oral antidiabetic agents and is symptomatic with polyuria and weight loss.
Patients who are not at target HbA1. despite the use of oral antidiabetic agents or
GLP-1 therapy should be considered for insulin therapy.

Patients with an HbA1 level >8.0% while receiving >2 antidiabetic agents,
particularly individuals with long duration of diabetes, have significant
impairment of beta cell insulin secretory capacity and are unlikely to reach the
recommended target by the addition of further oral antidiabetic drugs.

Basal insulin

Patients with an HbA1 level >8.0% while receiving >2 oral antidiabetic agents or
GLP-1 therapy can be started on single daily dose of basal insulin as an add-on to
the patient’s existing regimen.

Titrate insulin dose every two to three days to reach glycemic goals.

Basal insulin analogues (glargine and detemir) are preferred over protamine
Hagedorn insulin because they have been shown to provide a relatively flat serum
insulin concentration for up to 24 hours from a single daily injection.

Patients who fail to achieve glucose control with basal insulin or premixed insulin
formulations can also be considered for basal intensification with a DPP-4
inhibitor, SGLT2 inhibitor, or GLP-1 receptor agonist if the glucose level is not
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markedly elevated, because this approach tends to not cause weight gain or
additional hypoglycemia.

Basal-bolus insulin regimens

Patients who fail to achieve glucose control with basal insulin or premixed insulin
formulations and those with symptomatic hyperglycemia and HbA;c >10% often
respond better to combined basal and mealtime bolus insulin.

Prandial insulin should d be considered when the total daily dose of basal insulin
is >0.5 U/kg. Beyond this dose the risk of hypoglycemia increases without
significant benefit in HbA1c reduction.

A full basal-bolus program with an insulin basal analogue once or twice daily and
a rapid-acting analogue at each meal is most effective and provides flexibility for
patients with variable mealtimes and meal carbohydrate content.

Doses of insulin may be titrated every two to three days to reach glycemic goals.

Basal insulin and incretin therapy regimens

Use of the amylin analog pramlintide in conjunction with bolus insulin improves
both glycemia and weight in patients with type 2 diabetes.

The incretin therapies (GLP-1 receptor agonists and DPP-4 inhibitors) have
similar properties, and also increase endogenous insulin secretion. Therefore, the
combination of basal insulin and incretin therapy decreases basal and postprandial
glucose and may minimize the weight gain and hypoglycemia risk observed with
basal-bolus insulin replacement.

American Academy of
Pediatrics:
Management of
Newly Diagnosed
Type 2 Diabetes
Mellitus (T2DM) in
Children and
Adolescents

(2013)1*

Clinicians must ensure that insulin therapy is initiated for children and adolescents
with T2DM who are ketotic or in diabetic ketoacidosis and in whom the
distinction between types 1 and 2 diabetes mellitus is unclear and, in usual cases,
should initiate insulin therapy for patients

o Who have random venous or plasma blood glucose (BG) concentrations

>250 mg/dL.

o Whose HbA;c is >9%.
In all other instances, clinicians should initiate a lifestyle modification program,
including nutrition and physical activity, and start metformin as first-line therapy
for children and adolescents at the time of diagnosis of T2DM.
Monitoring of HbA1¢ concentrations is recommended every three months and
intensifying treatment is recommended if treatment goals for finger-stick BG and
HbA . concentrations are not being met.
Advise patients to monitor finger-stick BG concentrations in patients who:

o Are taking insulin or other medications with a risk of hypoglycemia; or

o Areinitiating or changing their diabetes treatment regimen; or

o Have not met treatment goals; or

o Have intercurrent illnesses.
Incorporate the Academy of Nutrition and Dietetics’ Pediatric Weight
Management Evidence-Based Nutrition Practice Guidelines in dietary or nutrition
counseling of patients with T2DM at the time of diagnosis and as part of ongoing
management.
Encourage children and adolescents with T2DM to engage in moderate-to-
vigorous exercise for at least 60 minutes daily and to limit nonacademic “screen
time” to less than two hours a day.

American Diabetes
Association:

Type 1 Diabetes in
Children and
Adolescents: A
Position Statement

Blood Glucose Management: Monitoring and Treatment

Most children with type 1 diabetes should be treated with intensive insulin
regimens via either multiple daily injections of prandial insulin and basal insulin or
continuous subcutaneous insulin infusion.

An HbA; target of <7.5% should be considered in most children and adolescents
but should be individualized based on the needs and situation of the patient and
family.
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by the American
Diabetes Association
(2018)*2

e Children and adolescents with type 1 diabetes should have blood glucose levels
monitored up to six to ten times/day including premeal, pre-bedtime, and as needed
for safety (e.g., exercise, driving, illness, or the presence of symptoms of
hypoglycemia).

e Continuous blood glucose monitoring should be considered in all children and
adolescents whether using insulin injections or an insulin pump.

e In pediatric patients with type 1 diabetes automated insulin delivery systems can
improve glycemic control and reduce hypoglycemia.

Lifestyle Management

¢ Individualized medical nutrition therapy is recommended for children and
adolescents with type 1 diabetes.

e Monitoring carbohydrate intake, whether by carbohydrate counting or experience-
based estimation, is key to achieving optimal glycemic control.

e Exercise if recommended for all children and adolescents with type 1 diabetes. The
suggested goal is 60 minutes of moderate to vigorous aerobic activity daily with
muscle-strengthening and bone-strengthening activities three times a week.

e Children and adolescents with type 1 diabetes should be educated about prevention
and management of potential hypoglycemia during and after exercise.

e Strategies to prevent hypoglycemia during exercise, after exercise, and overnight
following exercise include reducing prandial insulin dosing for the meal/snack
preceding exercise, increasing carbohydrate intake, eating bedtime snacks, using
continuous blood glucose monitoring, and/or reducing basal insulin doses.

Behavioral Aspects of Self-Management

e Children and adolescents with diabetes should be assessed for psychosocial issues
and family stresses that could impact diabetes management at diagnosis and
routine follow-up.

e Consider including children in consent processes as early as cognitive development
indicates understanding of health consequences of behavior.

o Offer adolescents time by themselves with their care provider(s) starting at age 12
years, or when developmentally appropriate.

Complications and Comorbidities
¢ Diabetic Ketoacidosis
o Allindividuals with type 1 diabetes should have access to an uninterrupted
supply of insulin. Lack of access and insulin omissions are major causes of
diabetic ketoacidosis.
o Patients with type 1 diabetes should have continuous access to medical support
for sick-day management.
e Hypoglycemia
o The recommended treatment of hypoglycemia (blood glucose <70 mg/dL) in
conscious patients is 15 g of glucose, although any form of carbohydrate can
be used. If hypoglycemia continues after 15 minutes, treatment should be
repeated. Once blood glucose has returned to normal patients should consider
consuming a meal/snack and/or reduce insulin.
o Allindividuals with type 1 diabetes should be prescribed glucagon and
families/caregivers should be educated on administration.
o Treatment regimens should be reevaluated in those with hypoglycemia
unawareness or one or more episodes of severe hypoglycemia.
e Diabetic Kidney Disease
o Annual screening for albuminuria with a random spot urine sample for
albumin-to-creatinine ratio should be considered at puberty or at age >10
years, whichever is earlier, once the child has had diabetes for 5 years.
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e Retinopathy
had diabetes for three to five years.
based on the advice of an eye care professional.

e Neuropathy

diabetes for 5 years.
e Hypertension

separate days.

added to lifestyle modification at diagnosis.

e Dyslipidemia

cholesterol to 200 mg/day.

adding a statin in children at least 10 years of age.

o Anangiotensin-converting-enzyme (ACE) inhibitor or angiotensin Il receptor
blocker (ARB), titrated to normalization of aloumin excretion, may be
considered when elevated urinary albumin-to-creatinine ratio is documented.

o Aninitial dilated and comprehensive eye examination is recommended at age
10 years or after puberty has started, whichever is earlier, once the patient has

o Annual routine follow-up is recommended but may be given every two years

o Consider an annual comprehensive foot exam for adolescents at the start of
puberty or at age 10 years, whichever is earlier, once the patient has had type 1

o Children and adolescents with type 1 diabetes should have blood pressure
monitored at each visit. Elevated blood pressure should be confirmed on three

o Initial treatment of high-normal blood pressure should include dietary
modification and increased exercise. Pharmacologic treatment should be
considered if blood pressure is not controlled after three to six months.

o In patients with conformed hypertension pharmacologic treatment should be

o ACE inhibitors and ARBs should be considered for initial treatment.

o A fasting lipid profile should be taken in children >10 years of age or older
after the diagnosis of diabetes. Obtain a fasting lipid profile in children 10
years of age or older as soon as convenient after the diagnosis of diabetes

o If lipids are abnormal, initial therapy should consist of optimizing glucose
control and medical nutrition therapy using a Step 2 American Heart
Association diet that restricts saturated fat to 7% of total calories and dietary

o If lipids remain abnormal after six months of lifestyle intervention, consider

Indications

The Food and Drug Administration (FDA)-approved indications for the amylinomimetics are noted in Table 3.

While agents within this therapeutic class may have demonstrated positive activity via in vitro trials, the clinical
significance of this activity remains unknown until fully demonstrated in well-controlled, peer-reviewed in vivo
clinical trials. As such, this review and the recommendations provided are based exclusively upon the results of

such clinical trials.

Table 3. FDA-Approved Indications for the Amylinomimetics®

Indication Pramlintide
Type 1 diabetes, as an adjunct treatment in patients who use mealtime insulin therapy and y
who have failed to achieve desired glucose control despite optimal insulin therapy
Type 2 diabetes, as an adjunct treatment in patients who use mealtime insulin therapy and y

who have failed to achieve desired glucose control despite optimal insulin therapy

Pharmacokinetics

The pharmacokinetic parameters of the amylinomimetics are listed in Table 4.
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Table 4. Pharmacokinetic Parameters of the Amylinomimetics®3

Amylinomimetics
AHFS Class 682003

Generic Name(s) Bioavailability Protein Binding Metabolism Half-Life
(%) (%) (%) (hours)
Pramlintide 30 to 40 Not extensively protein bound Renal 0.50 t0 0.83

Drug Interactions

There are no significant drug interactions reported with the amylinomimetics.’ Due to its effects on gastric
emptying, pramlintide should not be considered for patients taking drugs that alter gastrointestinal motility (e.g.,
anticholinergic agents) and agents that slow the intestinal absorption of nutrients (e.g., alpha-glucosidase
inhibitors).! Pramlintide has the potential to delay the absorption of concomitantly administered oral medications.
When the rapid onset of a concomitant administered oral agent is a critical determinant of effectiveness, the agent

should be administered at least one hour prior to or two hours after pramlintide injection.*

Adverse Drug Events

The most common adverse drug events reported with the amylinomimetics are listed in Table 5. The boxed
warning for pramlintide is listed in Table 6. When used alone, pramlintide does not cause hypoglycemia;
however, when co-administered with insulin, there is an increased risk of insulin-induced severe hypoglycemia.
Severe hypoglycemia occurs within the first three hours following administration of pramlintide.

Table 5. Adverse Drug Events (%) Reported with the Amylinomimetics'®

Adverse Event Pramlintide*
Central Nervous System
Dizziness 2106
Fatigue 3to7
Headache 510 13
Gastrointestinal
Abdominal pain 2108
Anorexia Oto17
Nausea 28 to 48
Vomiting 7t011
Respiratory
Coughing 2106
Pharyngitis 3t05
Other
Allergic reaction <lto6
Avrthralgia 2t0 7
Inflicted injury 8to 14
Severe hypoglycemia (medically assisted) 04t07.3
Severe hypoglycemia (patient-ascertained) 0.6t0 16.8

*In combination with insulin therapy.

Table 6. Boxed Warning for the Amylinomimetics®3

WARNING

Pramlintide use with insulin and has been associated with an increased risk of insulin-induced severe
hypoglycemia, particularly in patients with type 1 diabetes. When severe hypoglycemia associated with
pramlintide use occurs, it is seen within three hours following a pramlintide injection. If severe hypoglycemia
occurs while operating a motor vehicle, heavy machinery, or while engaging in other high-risk activities,
serious injuries may occur. Appropriate patient selection, careful patient instruction, and insulin dose
adjustments are critical elements for reducing this risk.
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VIl. Dosing and Administration
The usual dosing regimens for the amylinomimetics are listed in Table 7.

Table 7. Usual Dosing Regimens for the Amylinomimetics?

Generic Usual

Name Usual Adult Dose Pediatric Dose Availability
Pramlintide Type 1 diabetes, as an adjunct treatment in patients who | Safety and Pen injector:
use mealtime insulin therapy and who have failed to efficacy in 2700 pg/ 2.7 mL
achieve desired glucose control despite optimal insulin children have 1500 pg/ 1.5 mL
therapy: not been

Multi-dose pen: initial, 15 pg SC immediately prior to established.
major meals; maintenance, 30 to 60 pg SC immediately
prior to major meals

Type 2 diabetes, as an adjunct treatment in patients who
use mealtime insulin therapy and who have failed to
achieve desired glucose control despite optimal insulin
therapy:

Multi-dose pen: initial, 60 pg SC immediately prior to
major meals; maintenance, 60 to 120 pg SC
immediately prior to major meals

SC=subcutaneous
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Effectiveness

Amylinomimetics
AHFS Class 682003

Clinical studies evaluating the safety and efficacy of the amylinomimetics are summarized in Table 8.

Table 8. Comparative Clinical Trials with the Amylinomimetics

Pramlintide 30 to 60
pg QID and insulin
(existing regimen)

VS

patients

Secondary:
Change from
baseline HbA:¢ and
body weight at

. Study Size
D Study apd StUdyBesIgI .and and Study End Points Results
rug Regimen Demographics :
Duration
Type 1 Diabetes
Edelman et al.13 DB, MC, PC, RCT N=296 Primary: Primary:
(2006) Safety Both treatments resulted in a similar number of nonsevere hypoglycemic
Type 1 diabetic 29 weeks events. The event rate per patient years was 0.57 with pramlintide
Pramlintide 15 to 60 | patients <18 years Secondary: compared to 0.30 with placebo (P<0.05).
pg with meals and of age with an Change from
insulin (existing HbA¢ 7.5 t0 9.0%, baseline in HbA1., | Secondary:
regimen) intensely or PPG Baseline HbA1c was 8.1% with both treatments and at week 29 had
continuously treated concentrations, decreased comparably (-0.50; 95% CI, -0.61 to -0.33 vs -0.50%; 95% CI, -
S with insulin for the insulin, and 0.63 to -0.35; P value not reported).
past year, and with weight; tolerability
placebo and insulin no severe Among pramlintide-treated patients, a significantly greater number were
(existing regimen) hypoglycemic event able to achieve a PPG concentration of 9.9 mmol/L at breakfast (68 vs
over the preceding 6 51%), lunch (71 vs 61%), and dinner (70 vs 58%; P<0.0001 for each
months meal).
At week 29 the total insulin dose with pramlintide decreased by -12%
compared to an increase of 1% with placebo.
Between weeks 0 through 29, the reduction in body weight was significant
with pramlintide compared to placebo (-1.3 vs 1.2 kg; P<0.0001).
Reduced appetite, vomiting, and sinusitis occurred at twice the level with
pramlintide compared to placebo (P<0.01).
Whitehouse et al.'* | DB, PC, RCT N=480 Primary: Primary:
(2002) Change from Significantly greater reductions in HbAc were observed with pramlintide
Type 1 diabetic 52 weeks baseline HbA ¢ (-0.39%) compared to placebo (-0.12%; P=0.0071) at 52 weeks.

Secondary:

Significantly greater reductions in HbA1c with pramlintide were achieved
at weeks 13 (-0.67 vs -0.16%; P<0.0001), 26 (-0.58 vs -0.18%; P=0.0001),
and 52 (-0.39 vs -0.12%; P=0.0071).
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. Study Size
D Study apd StUdyBesIgI .and and Study End Points Results
rug Regimen Demographics D :
uration
weeks 13, 26, and
placebo and insulin 52 Pramlintide-treated patients had sustained reductions in body weight that
(existing regimen) were significantly different compared to placebo-treated patients
(P<0.001) from week 13 onward (data reported in graphical form only).
The most commonly reported side effects with pramlintide were nausea
(46.5 vs 21.9%; P values not reported) and anorexia (17.7 vs 2.1%; P
values not reported). Withdrawal due to adverse event(s) occurred in 31
(12.8%) and 19 (8.0%) pramlintide- and placebo-treated patients.
Ratner et al.*® DB, PC, RCT N=651 Primary: Primary:
(2004) Change from Significantly greater reductions in HbA;. were achieved with pramlintide
Type 1 diabetics 52 weeks baseline HbA at 60 pg TID compared to placebo (-0.41 vs -0.18%; P=0.012) after 26

Pramlintide 60 pg
TID, 60 pg QID, or
90 ug TID and
insulin (existing
regimen)

VS

placebo and insulin
(existing regimen)

week 26

Secondary:
Change from
baseline HbA at
week 52,
proportion of
patients achieving
HbA1: <7.0%,
safety

weeks. In addition, significantly greater reductions in HbA1c were
achieved with pramlintide 60 pg QID compared to placebo (-0.39 vs -
0.18%; P=0.013).

Secondary:

Significantly greater reductions in HbA;c were achieved with pramlintide
60 pg TID compared to placebo (-0.29 vs -0.04%; P=0.011) after 52
weeks. In addition, significantly greater reductions in HbA1c were
achieved with pramlintide 60 pg QID compared to placebo (-0.34 vs -
0.04%; P=0.001).

A threefold greater proportion of pramlintide-treated patients achieved
HbA:. <7.0% compared to placebo treated patients (P value not reported;
data was reported in graphical form only). Pramlintide 90 pg was excluded
from the analysis when results from a separate trial indicated the dose had
an adverse tolerability profile. Patients originally randomized to this
treatment continued to receive 90 pg to preserve the trial design.

During the first four weeks of therapy, pramlintide-treated patients had a
fourfold increase in severe hypoglycemic event rate compared to placebo-
treated subjects (3.78 vs 0.87 events/year; no P value reported). The most
commonly reported adverse event with pramlintide was nausea.
Withdrawal due to adverse event(s) occurred in 38 (22.1%) patients
receiving pramlintide 90 pg TID, 22 (13.7%) patients receiving
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. Study Size
D Study apd StUdyBesIgI .and and Study End Points Results
rug Regimen Demographics D :
uration
pramlintide 60 pug QID, 32 (19.5%) patients receiving pramlintide 60 pg
TID, and six (3.9%) patients receiving placebo.
Marrero et al.1 Post hoc analysis N=266 Primary: Primary:
(2007) Patient response to | For the following topics the survey ratings favored pramlintide: Study
Type 1 diabetic 29 weeks satisfaction medication (1) “made my blood glucose control more even or
Pramlintide 15 to 60 | patients who questionnaire predictable,” (2) “provided me with more flexibility in what I can eat,” (3)
pg with meals and completed a 29 “made it easier to control my weight,” and (4) “made it easier to control
insulin (existing week DB, Secondary: my appetite” (P<0.05 for all).
regimen) noninferiority, dose- Not reported
finding pramlintide There was no difference between treatments in the response to the
VS trial following statements: Study medication (1) “made it easier to avoid low
blood sugar reactions (hypoglycemia)” and (2) “I would like to continue
placebo and insulin taking the study medication” (P value not significant).
(existing regimen)
Secondary:
Not reported
Ratner et al.’ MA (3 trials) N=477 Primary: Primary:
(2005) Change from Significant baseline reductions in HbA:¢ (-0.3%) and body weight (-1.8
Type 1 diabetic 26 weeks baseline in HbA . kg) at endpoint were achieved with pramlintide (P<0.0009 for both).
Pramlintide and patients with HbA ¢ and body weight,
insulin (existing 7.0t08.5% adverse events The risk of severe hypoglycemia was 1.40 with pramlintide compared to
regimen) (hypoglycemia) 1.86 with placebo.
Vs Secondary: Secondary:
Not reported Not reported
placebo and insulin
(existing regimen)
Heptulla et al.*® RCT N=13 Primary: Primary:
(2009) PPG, glucagon, Postprandial hyperglycemia was reduced by 26% with pramlintide
Adolescents with 24 hours and insulin compared to placebo (P<0.008).

Pramlintide 3to 5
pg /hour as a basal
dose and insulin
infusion (existing
regimen was
reduced by 30%)

type 1 diabetes
mellitus on insulin
pump therapy

concentrations

Secondary:
Not reported

Postprandial glucagon concentrations were suppressed with pramlintide
compared to placebo (P<0.003).

The plasma insulin concentrations were unchanged.

Secondary:
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VS Not reported
insulin infusion
(existing regimen)
Type 2 Diabetes
Singh-Franco et al.® | MA (8 trials) N=1,616 Primary: Primary:

(2011)

Pramlintide 120 to
150 pg SC BID or
TID with meals

Type 2 diabetic
patients (4 trials)
and obese patients
without diabetes (4
trials)

6 to 52 weeks

Change from
baseline in HbA.

Secondary:
Likelihood of
achieving HbA.
<7.0%; change
from baseline in

Pooled analysis revealed that compared to placebo, pramlintide was
associated with a baseline reduction in HbA;. of -0.33% (P=0.0004).

Secondary:

After 52 weeks, pramlintide-treated patients were 1.52 times (95% ClI,
0.83 to 2.78) more likely to achieve an HbA1c <7.0% compared to placebo
treated patients; however, this difference was not significant (P=0.18).

FPG, PPG, and Treatment with pramlintide was associated with a reduction from baseline
weight in FPG of -6.34 mg/dL (95% CI, -24.96 to 12.28) over 24 weeks of
treatment, but the difference was not significant (P=0.50).
Treatment with pramlintide was associated with a reduction from baseline
in PPG of -7.20 mg/dL (95% ClI, -40.12 to 25.75) over 24 weeks of
treatment, but the difference was not significant (P=0.67).
Pramlintide was associated with a significant change in body weight in
patients with type 2 diabetes compared to placebo (-2.21 kg; P<0.000001).
Karl et al.?0 MC, OL N=166 Primary: Primary:
(2007) Change from Pramlintide resulted in significant HbA1. reductions at months three and
Type 2 diabetics 12 months baseline in HbAz,, | six (-0.66 and -0.56%; P<0.05). At some point during the initial six
Pramlintide 120 pg | >18 years of age (all results FPG, PPG, body months after initiating therapy, 28.1% of the patients who had a baseline
before meals and currently receiving reportedat 6 | weight, and HbA1. >7.0% achieved an HbA . <7.0%.
insulin (existing insulin therapy with months) insulin; safety

regimen) or without oral Compared to baseline, both fasting and PPG concentrations were
antidiabetics, and Secondary: significantly reduced (P<0.05).
HbA.>7.0 to Not reported
<11.0% Significant baseline reductions in weight were noted at months three and
six (-2.3 and -2.8 kg; P<0.05).
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At months three and six, mealtime and total insulin doses remained
significantly lower compared to baseline (P<0.05).
Nausea (29.5%), vomiting (7.2%), and diarrhea (5.4%) were the most
commonly reported adverse events. There was an overall incidence of
12% for hypoglycemia, with two patients experiencing severe
hypoglycemia during the six month treatment period.
Secondary:
Not reported
Riddle et al.?* DB, MC, PC, RCT N=212 Primary: Primary:
(2007) Change from Pramlintide-treated patients experienced significantly greater baseline
Type 2 diabetics 25 16 weeks baseline HbA at reductions in HbA;. at week 16 compared to placebo —treated patients (-

Pramlintide 60 pg
SC BID or TID with
meals, titrated to
120 pg SC

Vs
placebo
All patients also

received existing
insulin regimens.

to 75 years of age
not achieving
adequate glycemic
control

with insulin
glargine (no
mealtime insulin),
with or without oral
antidiabetic therapy,
and an HbA;¢ >7.0
to 10.5% and BMI
25 to 45 kg/m?

week 16,
proportion of
patients

meeting all of the
following
prespecified
criteria at week 16:
HbA1c <7.0% or an
HbA . baseline
reduction >0.5%,
mean daily PPG
increments

<40 mg/dL, no
weight gain, and
no severe
hypoglycemia

Secondary:
Individual
components of the
composite
endpoint;
proportion of

0.70 vs -0.36%; P<0.05).

At week 16, significantly more pramlintide-treated patients achieved the
composite endpoint compared to placebo-treated patients (25 vs 7%;
P<0.001).

Secondary:

The proportion of patients who achieved an HbA1c <7.0% or who had a
reduction in HbA1: >0.5% was not different between pramlintide and
placebo (54 vs 45%; P value not reported).

Significantly more pramlintide-treated patients achieved mean PPG
increments <40 mg/dL (P<0.0001) and did not experience weight gain
(P<0.0001) compared to placebo-treated patients.

Compared to placebo-treated patients, more pramlintide-treated patients
achieved both HbA;1 and PPG components (P<0.005), more patients
reached the HbA;¢ goal without weight gain (P<0.0001), and more patients
had well controlled PPG without weight gain (P<0.0001).

The proportion of patients achieving an HbA1c <7.0 or <6.5% was 23 and
11% with pramlintide compared to 13 and 4% with placebo, respectively
(P values not reported).
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D Study apd StUdyBesIgI .and and Study End Points Results
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Duration
patients achieving The insulin glargine dosage increased steadily throughout the trial. The
HbA1 <7.0 or mean increase in insulin glargine dosage at week 16 was 11.7+1.9 and
<6.5%; 13.1+1.6 units with pramlintide and placebo, respectively (P value not
changes from reported).
baseline to each
time point in The average change from baseline in FPG was -28.3 and -12.0 mg/dL at
HbA, seven-point | week 16 with pramlintide and placebo, respectively (P value not reported).
glucose profiles,
PPG increments, At week 16, PPG was significantly decreased from baseline with
FPG, weight, and pramlintide compared to placebo (-24.4 vs -0.4 mg/dL; P<0.0001).
insulin glargine
dose By week 16, pramlintide was associated with weight loss compared to
weight gain with placebo (-1.6 vs 0.7 kg; P<0.0001) By the end of
treatment, 68% of pramlintide-treated patients had lost weight compared
to approximately 35% of placebo-treated patients (P<0.0001).
Hollander et al.? DB, MC, PC, PG, N=656 Primary: Primary:
(2003) RCT Change from After 26 weeks, pramlintide 120 pug was associated with a significant
12 months baseline in HbA . reduction in HbA. compared to placebo (-0.68; P<0.05), but no difference
Pramlintide 60, 90, Type 2 diabetics atweek 26 in the baseline reduction of HbA1 was reported between the pramlintide
or 120 pg SC BID >18 years of age 90 pg and placebo (-0.54%; P value not reported).
and insulin (existing | requiring insulin Secondary:
regimen) therapy for > 6 Absolute change in | Secondary:
months prior to trial HbA at other After 52 weeks, pramlintide 120 ug was associated with a significant
VS initiation with an time points, baseline reduction in HbA;c compared to placebo (-0.62; P<0.05), but no
HbA1 >8.0%, and proportion of difference in the baseline reduction of HbA;c was reported between
placebo and insulin | without patients who pramlintide 90 pg and placebo (-0.35%; P value not reported).
(existing regimen) hypoglycemia in the achieved an HbA¢
2 weeks preceding <7.0 or <8.0% More patients receiving pramlintide (either dose) achieved an HbA ¢
Data for patients the trial <7.0% compared to patients receiving placebo (9.4 and 12.2 vs 4.1%,
randomized to respectively; P value not reported). Similarly, 42.4, 45.7, and 27.6% of
pramlintide 60 pg patients receiving pramlintide 90 pg, pramlintide 120 pg, and placebo,
SC BID are not respectively, achieved an HbA. <8.0% (P value not reported).
reported.
Ratner et al.® DB, PC, RCT N=538 Primary: Primary:
(2002) Change in baseline | Significantly greater reductions in HbAsc were achieved with pramlintide
Type 2 diabetic 52 weeks HbA1. and body 75 ng compared to placebo (-0.9%; P=0.0004) after 13 weeks. In addition,

patients
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Pramlintide 30 to weight at weeks HbA. was significantly lower for the majority of the study periods with
150 pg TID and 13, 26, and 52 the exception of week 52 (P value not reported).
insulin (existing
regimen) Secondary: Significantly greater reductions in HbA;. were achieved with pramlintide
Proportion of 150 pg compared to placebo (-1.0%; P=0.0002). After 13 weeks, HbA ¢
VS patients achieving | remained significantly lower for the rest of the trial (-0.6%; P=0.0068).
HbA1:<7.0 or
placebo and insulin 8.0%, relative Reductions in HbA1¢ with pramlintide 30 pg were not different compared
(existing regimen) change of insulin to placebo at any point during the trial.
use, safety
Significant baseline reductions (P<0.05) in body weight were achieved
with all pramlintide doses throughout the trial when compared to placebo.
Secondary:
The proportions of patients achieving an HbA1.<7.0% were 12.7, 13.4,
and 19.2% in patients receiving pramlintide 30, 75, and 150 pg compared
to 11.1% in patients receiving placebo (P values not reported).
The proportions of patients achieving an HbA1. <8.0% were 45.1, 46.4,
and 54.0% in patients receiving pramlintide 30, 75, and 150 pg compared
to 37.6% in patients receiving placebo (P values not reported).
Insulin use increased with all treatments. With pramlintide, insulin use
increased by 7.9 to 10.9%, while insulin use increased by 15.4% with
placebo (P values not reported).
The most commonly reported side effect with pramlintide was nausea.
Hollander et al.?* Post hoc analysis N=186 Primary: Primary:
(2003) Change in baseline | At week 26, the difference in HbA1. baseline reduction with pramlintide
Type 2 diabetic 26 and HbA:c, body compared to placebo was- 0.43% (P<0.0009). The proportion of patients
Pramlintide 120 pg patients who 52 weeks weight, insulin use, | who achieved an HbA. <7.0% at week 26 was 14% in the pramlintide

BID and insulin
(existing regimen)

VS

completed a 26 or
52 week, DB, PC,
RCT

and the rate of
severe
hypoglycemia at
week 26; safety

Secondary:

group compared to 2% in the placebo group (P value was not reported).

At week 26, the difference in weight baseline reduction with pramlintide
compared to placebo was 2 kg (P<0.0003).
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placebo and insulin Not reported No significant change in insulin dose or the number of insulin injections

(existing regimen) was noted between the treatments (P value not reported).
At week 26, no significant difference was noted between the treatments in
rates of severe hypoglycemia as reported in event rate per subject year
(0.13 vs 0.19; P value not reported).
No serious adverse events were reported with either treatment.
Secondary:
Not reported

Maggs et al.?® Post hoc analysis N=410 Primary: Primary:

(2003) Change in baseline | A significantly greater baseline reduction in HbA;c was achieved with

Type 2 diabetic 52 weeks in HbA1; and pramlintide compared to placebo at week 52 (P<0.0001). This result was

Pramlintide 120 pg patients who weight at week 52, | seen across the following ethnic groups: African Americans (-0.7%),

BID or pramlintide completed a 52 safety Caucasians (-0.5%), and Hispanics (-0.3%).

150 pg TID and week, DB, PC, RCT

insulin (existing Secondary: A significant baseline reduction in body weight was achieved with

regimen) Not reported pramlintide compared to placebo at week 52 (-2.6 kg; P<0.0001).

S Nausea was more common with pramlintide, and hypoglycemia was
reported to a similar extent with both treatments.

placebo and insulin

(existing regimen) Secondary:
Not reported

Hollander et al. % Post hoc analysis N=498 Primary: Primary:

(2004) Change in baseline | At week 26, mean baseline reductions in HbA1c with pramlintide

Type 2 diabetic 26 and HbA1c, insulin compared to placebo (-0.59 vs -0.18%; P<0.0001).
Pramlintide 120 pg patients who 52 weeks dose, and body

BID and insulin
(existing regimen)

VS

placebo and insulin
(existing regimen)

completed a 26 or
52 week, DB, PC,
RCT

weight

Secondary:
Not reported

There was no difference in the change in total daily insulin requirements
between the two treatments.

At week 26, pramlintide-treated patients achieved a significant baseline
reduction in weight compared to placebo (-1.5 vs 0.3 kg; P<0.0001).

Secondary:
Not reported
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Riddle et al.?’ MC, OL N=113 Primary: Primary:
(2009) Proportion of Thirty percent of pramlintide-treated patients achieved an HbA1c <7%
Type 2 diabetic 24 weeks patients achieving | compared to 11% of the patients receiving rapid-acting insulin analogs

Pramlintide 120 ug
prior to meals and
basal insulin (QD to
BID)

VS

rapid-acting insulin
analogs

5 units before meals
(titrated) and basal
insulin

(QD to BID)

patients who were
inadequately
controlled using
basal insulin and
prior oral
antihyperglycemic
agents

an HbA1 <7.0%

Secondary:
Individual
components of the
composite end
point, insulin dose,
HbA:, change in
HbAc,

proportion of
patients reaching
HbAc <6.5%,
FPG, PPG
increments,
changes in weight,
changes in waist
circumference, and
adverse events
including the
incidence, severity,
and time courses of
hypoglycemia and
nausea

(P=0.018) with a similar dose of basal insulin.

Secondary:

Mean HbA. at 24 weeks was 7.2% with addition of pramlintide and 7.0%
with addition of a rapid acting insulin analog. The least squares mean
reduction of HbA;. from baseline was -1.1% for pramlintide and -1.3% for
rapid acting insulin analogs (P=0.46 between groups).

HbA1: <6.5% at 24 weeks was achieved by 29% of patients treated with
pramlintide and by 34% of patients treated with a rapid-acting insulin
analog (P=0.68 between groups).

At week 24, mean weights were 106 kg (pramlintide) versus

109 kg (rapid-acting insulin analog). Least squares mean changes in
weight from baseline were 0.0kg (pramlintide) versus 4.7 kg (rapid-acting
insulin analog; P<0.0001).

Differences in waist measurements were consistent with weight
differences. Waist circumferences at week 24 were 115 cm and 120 cm for
the pramlintide and rapid-acting insulin analog groups, respectively. Least
squares mean changes in waist circumference from baseline were -0.6 cm
and 2.2 cm, respectively (P=0.016)

Similar basal insulin titration in both treatment arms resulted in similar
mean FPG concentrations at week 24: 122 mg/dl (pramlintide) and 123
mg/dl (rapid-acting insulin analog) The least squares mean change of FPG
from baseline was -31 mg/dl (pramlintide) and -34 mg/dl (rapid-acting
insulin analog; P=0.65).

An FPG concentration <100 mg/dl was achieved at week 24 by 30% of
pramlintide-treated and 27% of rapid-acting insulin analog-treated patients
(P=0.83).
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PPG increments were similar between study groups at week 24. No
significant difference in the least squares mean change in postprandial
increment from baseline to week 24 was found between treatment groups
(-17 mg/dl [pramlintide] vs -27 mg/dl [rapid-acting insulin analog];
P=0.17).

The most common adverse events were hypoglycemia and nausea. Mild or
moderate hypoglycemia occurred more frequently than nausea in both
study groups and was observed in more patients treated with rapid acting
insulin analog (82%) than with pramlintide (55%). Hypoglycemic events
occurred more frequently in the pramlintide treatment group in the first 4
weeks but were more common in the rapid acting insulin analog treatment
group from 18 to 24 weeks. Nausea was reported only in the pramlintide
group (21%), most often early in treatment and declined over time.

Drug regimen abbreviations: BID=twice daily, QD=once daily, QID=four times daily, SC=subcutaneous, TID=three times daily
Study abbreviations: DB=double-blind, MA=meta-analysis, MC=multicenter, OL=open label, PC=placebo-controlled, PG=parallel-group, RCT=randomized controlled trial
Miscellaneous abbreviation: BMI=body mass index, Cl=confidence interval, FPG=fasting plasma glucose, HbA;.=glycosylated hemoglobin, PPG=post-prandial glucose
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Additional Evidence

Dose Simplification
A search of Medline and PubMed did not reveal data pertinent to this topic.

Stable Therapy
A search of Medline and PubMed did not reveal data pertinent to this topic.

Impact on Physician Visits
A search of Medline and PubMed did not reveal data pertinent to this topic.

Cost

A "relative cost index" is provided below as a comparison of the average cost per prescription for medications
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims
history and the average cost per prescription as paid at the retail pharmacy level. For brand or generic products
with little or no recent utilization data, the average cost per prescription is calculated by using the Alabama
Medicaid average acquisition cost (AAC) and the standard daily dosing per product labeling. Please note that the
relative cost index does not factor in additional cost offsets available to the Alabama Medicaid program via
pharmaceutical manufacturer rebating.

The relative cost index scale for this class is as follows:

Relative Cost Index Scale

$ $0-$30 per Rx
$$ $31-$50 per Rx
$33$ $51-$100 per Rx
$$$$ $101-$200 per Rx
$$5$$ Over $200 per Rx

Rx=prescription

Table 9. Relative Cost of the Amylinomimetics

Generic Name(s) Formulation(s) Example Brand Brand Cost | Generic Cost
Name(s)
Pramlintide injection SymlinPen® 33335 N/A

N/A=Not available

Conclusions

Pramlintide is the only amylinomimetic agent that is currently available. It is approved for use as an adjunctive
treatment in patients with type 1 and type 2 diabetes mellitus who use mealtime insulin therapy and who have
failed to achieve desired glucose control despite optimal insulin therapy.*? It is not available in a generic
formulation.

According to current clinical guidelines for the management of type 2 diabetes, metformin remains the
cornerstone to most antidiabetic treatment regimens. Additionally, patients with a high glycosylated hemoglobin
(HbA1c) will most likely require combination or triple therapy in order to achieve glycemic goals. At this time,
uniform recommendations on the best agent to be combined with metformin cannot be made; therefore,
advantages and disadvantages of specific antidiabetic agents for each patient should be considered.**? The use of
pramlintide in conjunction with bolus insulin improves both glycemia and weight in patients with type 2 diabetes
and can be used as adjuncts to prandial insulin therapy to reduce postprandial hyperglycemia, HbA, and
weight.>10 In general, current clinical guidelines do not support the use of amylin analogs in the management of
type 2 diabetes.*12
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For the treatment of type 1 diabetes, the American Diabetes Association recommends the use of multiple dose
insulin injections or continuous subcutaneous insulin infusion therapy. The addition of pramlintide to intensive
insulin therapy may be considered to enhance glycemic control and to assist with weight management.*

Several clinical trials have been conducted with pramlintide in patients with type 1 and type 2 diabetes mellitus.**
1518.21-23 Data from clinical trials demonstrate that treatment with pramlintide is associated with significant
baseline reductions in HbA;. compared to treatment with placebo in type 1 and 2 diabetics already receiving
insulin.*2” Furthermore, treatment with pramlintide is associated with significant baseline reductions in fasting
plasma glucose levels, post-prandial glucose levels, insulin use, and body weight.*3?” However, compared to other
available antidiabetic agents, pramlintide is associated with modest HbA ¢ lowering ability, and its use is often
limited by adverse events.%”

Pramlintide does not cause hypoglycemia when used alone; however, it is intended to be coadministered with
insulin therapy. In this setting, pramlintide increases the risk of insulin-induced severe hypoglycemia, especially
in patients with type 1 diabetes mellitus.® To minimize this risk, patients must be carefully selected, proper
education must be provided, and glucose levels must be carefully monitored.* Therapy should only be considered
in patients with insulin-using type lor type 2 diabetes who fulfill the following criteria: 1) have failed to achieve
adequate glycemic control despite individualized insulin management; and 2) are receiving ongoing care under the
guidance of a healthcare professional skilled in the use of insulin and supported by the services of diabetes
educator(s).

There is insufficient evidence to support that one brand amylinomimetic is safer or more efficacious than another
within its given indication. Since pramlintide is only approved for use as an adjunctive treatment in patients with
type 1 and type 2 diabetes mellitus, it should be managed through the existing medical justification portion of the
prior authorization process.

Therefore, all brand products within the class reviewed are comparable to each other and to the generic products
in the class (if applicable) and offer no significant clinical advantage over other alternatives in general use.

Recommendations
No brand amylinomimetic is recommended for preferred status. Alabama Medicaid should accept cost proposals

from manufacturers to determine the most cost effective products and possibly designate one or more preferred
brands.
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Overview

Diabetes mellitus is a chronic condition which results in hyperglycemia. It is differentiated into four main classes:
1) type 1 diabetes; 2) type 2 diabetes; 3) gestational diabetes; and 4) other types (drug- or chemical-induced,
genetic defects in B-cell function or insulin action, and diseases of the exocrine pancreas). Type 2 diabetes is the
most prevalent form of the disease in the United States. Inadequate glycemic control may lead to both acute and
long-term complications, including microvascular and macrovascular events. There are a variety of oral and
injectable antidiabetic agents currently available to treat diabetes. The antidiabetic agents are categorized into 12
different American Hospital Formulary Service (AHFS) classes, which differ with regards to their mechanism of
action, efficacy, safety profiles, tolerability, and ease of use.

Metformin in the only biguanide that is currently available and it is approved for use as an adjunct to diet and
exercise to improve glycemic control in patients with type 2 diabetes mellitus. Metformin decreases hepatic
glucose production, decreases intestinal absorption of glucose, and improves insulin sensitivity by increasing
peripheral glucose uptake and utilization. Insulin secretion remains unchanged; however, fasting insulin levels and
day-long plasma insulin response may decrease.'

The biguanides that are included in this review are listed in Table 1. This review encompasses all dosage forms
and strengths. Both the immediate-release and sustained-release tablets are available in a generic formulation.
This class was last reviewed in August 2019.

Table 1. Biguanides Included in this Review

Generic Name(s) Formulation(s) Example Brand Name(s) Current PDL Agent(s)
Metformin Extended-release tablet, Fortamet®*, Glumetza®*, metformin, metformin
solution, tablet Riomet® extended-release

*Generic is available in at least one dosage form or strength.
PDL=Preferred Drug List

Evidence-Based Medicine and Current Treatment Guidelines

Current clinical guidelines are summarized in Table 2. Please note that guidelines addressing the treatment of type
2 diabetes are presented globally, addressing the role of various medication classes.

Table 2. Treatment Guidelines Using the Biguanides

Clinical Guideline Recommendation(s)
American Diabetes Current criteria for the diagnosis of diabetes
Association: e The following are the criteria for a diagnosis of diabetes: glycosylated hemoglobin
Standards of (HbA1c) >6.5%, or a fasting plasma glucose (FPG) >126 mg/dL, or a two-hour
Medical Care in plasma glucose >200 mg/dL during an oral glucose tolerance test or patients with
Diabetes classic symptoms of hyperglycemia, or classic symptoms of hyperglycemia or
(2021)° hyperglycemic crisis (random plasma glucose >200 mg/dL).

Prevention or delay of type 2 diabetes

e Anongoing support program for weight loss of 7% of body weight and an increase
in physical activity to >150 minutes/week of moderate activity should be
encouraged in patients with impaired glucose tolerance, impaired fasting glucose,

or an HbA1. 5.7 to 6.4%.
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Clinical Guideline

Recommendation(s)

Metformin therapy for prevention of type 2 diabetes should be considered in those
with prediabetes, especially in those with BMI >35 kg/m? those aged <60 years,
and women with prior gestational diabetes mellitus.

Diabetes self-management education and support programs are appropriate venues
for people with prediabetes to receive education and support to develop and
maintain behaviors that can prevent or delay the onset of diabetes.

Glycemic goals in adults

Lowering HbA to below or around 7.0% has been shown to reduce microvascular
complications of diabetes, and if implemented soon after the diagnosis of diabetes
is associated with long term reduction in macrovascular disease. A reasonable
HbAc goal for many nonpregnant adults is <7.0%.

It may be reasonable for providers to suggest more stringent HbA1¢ goals (<6.5%)
for selected patients, if this can be achieved without significant hypoglycemia or
other adverse effects of treatment. Such patients may include those with short
duration of diabetes, type 2 diabetes treated with lifestyle or metformin only, long
life expectancy, and no significant cardiovascular disease.

Conversely, less stringent HbA¢ goals (<8.0%) may be appropriate for patients
with a history of severe hypoglycemia, limited life expectancy, advanced
microvascular or macrovascular complications, extensive comorbid conditions, and
those with longstanding diabetes in whom the general goal is difficult to attain
despite diabetes self-management education, appropriate glucose monitoring, and
effective doses of multiple glucose-lowering agents including insulin.

Pharmacologic therapy for type 1 diabetes

Most individuals with type 1 diabetes should be treated with multiple dose insulin
injections (three to four injections per day of basal and pre-prandial insulin) or
continuous subcutaneous (SC) insulin infusion therapy.

Most patients should use rapid-acting insulin analogs to reduce hypoglycemia risk.
Patients with type 1 diabetes should receive education on how to match prandial
insulin doses to carbohydrate intake, premeal blood glucose, and anticipated
physical activity.

Pharmacologic therapy for type 2 diabetes

At the time of diagnosis, initiate metformin therapy along with lifestyle
interventions, unless metformin is contraindicated. Metformin is the preferred
initial pharmacologic agent for the treatment of type 2 diabetes, and once initiated
metformin should be continued as long as it is tolerated and not contraindicated.
Early combination therapy can be considered in some patients at treatment
initiation to extend the time to treatment failure.

the early introduction of insulin should be considered if there is evidence of
ongoing catabolism (weight loss), symptoms of hyperglycemia, HobA1c >10%, or
blood glucose >300 mg/dL.

A patient-centered approach should be used to guide the choice of pharmacologic
agents. Considerations include effect on cardiovascular and renal comorbidities,
efficacy, hypoglycemia risk, impact on weight, cost, risk for side effects, and
patient preferences.

In patients with type 2 diabetes who have established atherosclerotic cardiovascular
disease (ASCVD) or indicators of high risk, established kidney disease, or heart
failure, a SGLT2 inhibitor or GLP-1 receptor agonist with demonstrated
cardiovascular disease benefit.

In patients with type 2 diabetes, a GLP-1 receptor agonist is preferred to insulin
when possible.

Recommendation for treatment intensification for patients not meeting treatment
goals should not be delayed.
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The medication regimen and medication-taking behavior should be evaluated every
three to six months and adjusted as needed based on new patient risk factors.
Clinicians should be aware of the potential for overbasalization with insulin
therapy. Clinical signals that may prompt evaluation of overbasalization include
basal dose more than ~0.5 1U/kg, high bedtime-morning or post-preprandial
glucose differential, hypoglycemia (aware or unaware), and high variability.
Indication of overbasalization should prompt reevaluation to further individualize
therapy.

Management of diabetes in pregnancy

Provide preconception counseling, starting at puberty and continuing through
reproductive years, that addresses the importance of glycemic control as close to
normal as is safely possible, ideally Aic <6.5%, to reduce the risk of congenital
anomalies, preeclampsia, macrosomia, and other complications.

Family planning should be discussed and effective contraception (with
consideration of long-acting, reversible contraception) should be prescribed and
used until a woman is prepared and ready to become pregnant.

Women with preexisting type 1 or type 2 diabetes who are planning pregnancy
should ideally be managed beginning in preconception in multidisciplinary clinic
including an endocrinologist, maternal-fetal medicine specialist, registered dietitian
nutritionist, and diabetes care and education specialist, when available.

In addition to focused attention on achieving glucemic targets, standard
preconception care should be augmented with extra focus on nutrition, diabetes
education, and screening for diabetes comorbidities and complications.

Women with preexisting type 1 or type 2 diabetes who are planning pregnancy or
who have become pregnant should be counseled on the risk of development and/or
progression of diabetic retinopathy. Dilated eye examinations should occur before
pregnancy or in the first trimester and then be monitored every trimester and for
one year postpartum as indicated by degree of retinopathy.

Fasting and postprandial self-monitoring of blood glucose are recommended in
both gestational diabetes mellitus and preexisting diabetes in pregnancy to achieve
glucose levels. Glucose targets are fasting plasma glucose <95 mg/dL and either 1-
hour postprandial glucose <140 mg/dL or 2-hour postprandial glucose <120 mg/dL.
Some women with preexisting diabetes should also test blood glucose
preprandially.

Due to increased red blood cell turnover, Aic is lower in normal pregnancy than in
normal nonpregnant women. Ideally, the Aic target in pregnancy is <6% if this can
be achieved without significant hypoglycemia, but the target may be relaxed to
<7% if necessary to prevent hypoglycemia.

When used in addition to pre- and postprandial self-monitoring of blood glucose,
continuous glucose monitoring can help achieve Aic targets in diabetes and
pregnancy. It can also reduce macrosomia and neonatal hypoglycemia in pregnancy
complicated by type 1 diabetes.

Commonly used estimated Aic and glucose management indicator calculations
should not be used in pregnancy as estimates of Aic.

Lifestyle change is an essential component of management of gestational diabetes
mellitus and may suffice for treatment for many women. Insulin should be added if
needed to achieve glycemic targets.

Insulin is the preferred medication for treating hyperglycemia in gestational
diabetes as it does not cross the placenta to a measurable extent. Metformin and
glyburide should not be used as first-line agents since both cross the placenta to the
fetus. Other oral and noninsulin injectable glucose-lowering medications lack long-
term safety data.

Metformin, when used to treat polycystic ovarian syndrome and induce ovulation
should be discontinued by the end of the first trimester.
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Insulin is the preferred agent in both type 1 and type 2 diabetes in pregnancy
because it does not cross the placenta and because oral agents are generally
insufficient to overcome the insulin resistance in type 2 diabetes and are ineffective
in type 1 diabetes. Either multiple daily injections or insulin pump technology can
be used in pregnancy complicated by type 1 diabetes.

Women with type 1 or type 2 diabetes should be prescribed low dose aspirin (100
to 150 mg/day) from the end of the first trimester until the baby is born in order to
lower the risk of preeclampsia.

In pregnant patients with diabetes and chronic hypertension, blood pressure targets
of 110 to 135/85 are suggested to optimize long-term maternal health and minimize
impaired fetal growth.

Potentially teratogenic medications (ACE inhibitors, angiotensin receptor blockers,
statins, etc.) should be avoided in sexually active women of childbearing age who
are not using reliable contraception.

American Diabetes
Assaciation/
European Association
for the Study of
Diabetes:
Management of
Hyperglycemia in
Type 2 Diabetes. A
consensus report by
the American
Diabetes Association
and the European
Assaciation for the
Study of Diabetes
(2012, 2015, 2018,
and 2019 Update)”°

Key points

Glycemic targets and glucose-lowering therapies must be individualized.

Diet, exercise, and education remain the foundation of any type 2 diabetes
treatment program.

Unless there are prevalent contraindications, metformin is the optimal first line
drug.

After metformin, there are limited data to guide treatment decisions. Combination
therapy with an additional one to two oral or injectable agents is reasonable, aiming
to minimize side effects where possible.

Ultimately, many patients will require insulin therapy alone or in combination with
other agents to maintain glucose control.

All treatment decisions, where possible, should be made in conjunction with the
patient, focusing on his/her preferences, needs, and values.

Comprehensive cardiovascular risk reduction must be a major focus of therapy.

Principles of Care

Providers should prioritize the delivery of patient centered care.

All patients with type 2 diabetes should have access to ongoing diabetes self-
management education and support programs.

Facilitating medication adherence should be specifically considered when selecting
glucose-lowering medications.

Initial drug therapy

It is generally agreed that metformin, if not contraindicated and if tolerated, is the
preferred and most cost-effective first agent.

Metformin should be initiated at, or soon after, diagnosis, especially in patients in
whom lifestyle intervention alone has not achieved, or is unlikely to achieve, HbA 1.
goals.

Patients with high baseline HbA1. (e.g., >9.0%) have a low probability of achieving
a near-normal target with monotherapy; therefore, it may be justified to start
directly with a combination of two non-insulin agents or with insulin itself in this
circumstance.

If a patient presents with significant hyperglycemic symptoms and/or has
dramatically elevated plasma glucose concentrations or HbA4. (e.g., >10.0 to
12.0%), insulin therapy should be strongly considered from the outset. Such
therapy is mandatory when catabolic features are exhibited or, of course, if
ketonuria is demonstrated, the latter reflecting profound insulin deficiency.

If metformin cannot be used, another oral agent could be chosen, such as a
sulfonylurea/glinide, pioglitazone, or a dipeptidyl peptidase 4 (DPP-4) inhibitor; in
occasional cases where weight loss is seen as an essential aspect of therapy, initial
treatment with a glucagon-like peptide (GLP)-1 receptor agonist might be useful.
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Where available, less commonly used drugs (alpha-glucosidase inhibitors,
colesevelam, bromocriptine) might also be considered in selected patients, but their
modest glycemic effects and side effect profiles make them less attractive
candidates.

Specific patient preferences, characteristics, susceptibilities to side effects, potential
for weight gain, and hypoglycemia should play a major role in drug selection.

The stepwise addition of glucose-lowering medication is generally preferred to
initial combination therapy.

Advancing to dual combination therapy

If monotherapy alone does not achieve/maintain HbA . target over approximately
three months, the next step would be to add a second oral agent, a GLP-1 receptor
agonist or basal insulin. Notably the higher the HbAc, the more likely insulin will
be required.

The selection of medication added to metformin is based on patient preference and
clinical characteristics. Important clinical characteristics include the presence of
established atherosclerotic cardiovascular disease (ASCVD) and other
comorbidities such as HF or CKD; the risk for specific adverse medication effects,
particularly hypoglycemia and weight gain; as well as safety, tolerability, and cost.
On average, any second agent is typically associated with an approximate further
reduction in HbA of approximately 1.0%.

If no clinically meaningful glycemic reduction is demonstrated, then adherence
having been investigated, that agent should be discontinued, and another with a
different mechanism of action substituted.

Uniform recommendations on the best agent to be combined with metformin
cannot be made, thus advantages and disadvantages of specific drugs for each
patient should be considered.

It remains important to avoid unnecessary weight gain by optimal medication
selection and dose titration.

For all medications, consideration should also be given to overall tolerability.

Advancing to triple combination therapy

Some trials have shown advantages of adding a third non-insulin agent to a two
drug combination that is not yet or no longer achieving the glycemic target.
However, the most robust response will usually be with insulin.

Intensification of treatment beyond dual therapy to maintain glycemic targets
requires consideration of the impact of medication side effects on comorbidities, as
well as the burden of treatment and cost.

Many patients, especially those with long standing disease, will eventually need to
be transitioned to insulin, which should be favored in circumstances where the
degree of hyperglycemia (e.g., HbA1c >8.5%) makes it unlikely that another drug
will be of sufficient benefit.

In using triple combinations the essential consideration is to use agents with
complementary mechanisms of action.

Increasing the number of drugs heightens the potential for side effects and drug-
drug interactions which can negatively impact patient adherence.

Addition of Injectable Medications

In patients who need the greater glucose-lowering effect of an injectable
medication, GLP-1 receptor agonists are the preferred choice to insulin. For patients
with extreme and symptomatic hyperglycemia, insulin is recommended.

In patients who cannot maintain glycemic targets with combination basal insulin
and oral medications treatment may be intensified by the addition of a GLP-1
receptor agonist, SGLT2 inhibitor, or prandial insulin.
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Anti-hyperglycemia Therapy in Type 2 Diabetes: General Recommendations

First-line therapy:

o First-line therapy is metformin and comprehensive lifestyle change (including
weight management and physical activity).

If HbA. is above target goal, select additional therapy as follows:
e Established ASCVD or heart failure or chronic kidney disease:
o ASCVD predominates:
= GLP-1 receptor agonist or SGLT2 inhibitor with proven cardiovascular
benefit.
= If HbA targets are still not met, consider adding, a GLP-1 receptor
agonist or SGLT2 inhibitor (whichever has not already been added), DPP-
4 inhibitor (if not using a GLP-1 receptor agonist), basal insulin,
thiazolidinedione, or sulfonylurea.
o If heart failure or chronic kidney disease predominates:
= SGLT?2 inhibitor with evidence of reducing heart failure and/or chronic
kidney disease progression is preferred.
= Use GLP-1 receptor agonists with proved cardiovascular benefit if SGLT2
inhibitors are contraindicated.
= If HbA . targets are still not met, consider adding a GLP-1 receptor agonist
or SGLT2 (whichever has not already been added), DPP-4 inhibitor (if not
using a GLP-1 receptor agonist), basal insulin, or sulfonylurea.
o Without established ASCVD or heart failure or chronic kidney disease:
o Compelling need to minimize hypoglycemia:
= Consider adding a DPP-4 inhibitor, GLP-1 receptor agonist, SGLT2
inhibitor, or thiazolidinedione.
= If HbA. targets are still not met, consider adding one of the agents listed
above.
e Itis not recommended to combine DPP-4 inhibitors and GLP-1
receptor agonists.
o If three of the above agents are added and HbA . targets are not met,
consider adding a sulfonylurea or basal insulin.
o Compelling need to minimize weight gain or promote weight loss:
= Consider adding GLP-1 receptor agonist or SGLT2 inhibitor.
= If HbA. is above target, consider adding the alternative agent from above.
= If GLP-1 receptor agonist is not tolerated or contraindicated add a DPP-4
inhibitor.
= If needed add a sulfonylurea, thiazolidinedione, and/or basal insulin with
caution.
o If cost is a major issue:
= Consider adding a sulfonylurea or thiazolidinedione.
= If HbA target is still not met, consider adding the alternative from the
agents above.
= If HbA target is still not met, consider adding a DPP-4 inhibitor, SGLT?2
inhibitor, or insulin available at the lowest acquisition cost.

Changes to consensus recommendations - 2019

e Guidelines previously recommended that, in the setting of type 2 diabetes,
established CVD was a compelling indication for treatment with a GLP-1
receptor agonist or SGLT2 inhibitor. Guidelines now further suggest the
following:

o General consideration
= In appropriate high-risk individuals with established type 2
diabetes, the decision to treat with a GLP-1 receptor agonist
or SGLT2 inhibitor to reduce MACE, hHF, CV death, or
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CKD progression should be considered independently of
baseline HbA. or individualized HbA. target.

= Providers should engage in shared decision making around
initial combination therapy in new-onset cases of type 2
diabetes.

o GLP-1 receptor agonist recommendations

=  For patients with type 2 diabetes and established
atherosclerotic CV disease (such as those with prior
myocardial infarction, ischemic stroke, unstable angina with
ECG changes, myocardial ischemia on imaging or stress test,
or revascularization of coronary, carotid, or peripheral
arteries) where MACE is the gravest threat, the level of
evidence for MACE benefit is greatest for GLP-1 receptor
agonists.

=  To reduce risk of MACE, GLP-1 receptor agonists can also
be considered in patients with type 2 diabetes without
established CVD with indicators of high risk, specifically,
patients aged 55 years or older with coronary, carotid, or
lower extremity artery stenosis >50%, left ventricular
hypertrophy, eGFR <60 mL/min/1.73 m?, or albuminuria.

o SGLT2 inhibitor recommendations

=  For patients with or without established atherosclerotic
CVD, but with HFrEF (EF <45%) or CKD (eGFR 30 to <60
mL/min/1.73 m? or urinary albumin-to-creatinine ratio
(UACR) >30 mg/g, particularly UACR >300 mg/g), the level
of evidence for benefit is greatest for SGLT2 inhibitors.

= SGLT?2 inhibitors are recommended in patients with type 2
diabetes and HF, particularly those with HFrEF, to reduce
hHF, MACE, and CV death.

= SGLT?2 inhibitors are recommended to prevent the
progression of CKD, hHF, MACE, and CV death in patients
with type 2 diabetes with CKD.

=  Patients with foot ulcers or at high risk for amputation
should only be treated with SGLT2 inhibitors after careful
shared decision making around risks and benefits with
comprehensive education on foot care and amputation
prevention.

American Association
of Clinical
Endocrinologists/
American College of
Endocrinology:
Clinical Practice
Guidelines for
Developing a
Diabetes Mellitus
Comprehensive
Care Plan

(2015)1*

Antihyperglycemic pharmacotherapy for type 2 diabetes

The choice of therapeutic agents should be based on their differing metabolic
actions and adverse effect profiles as described in the 2018 American Association
of Clinical Endocrinologists Comprehensive Diabetes Management Algorithm
Consensus Statement.

Initiate therapy with metformin, a glucagon-like peptide 1 (GLP-1) receptor
agonist, a dipeptidyl peptidase 4 (DPP-4) inhibitor, a sodium glucose cotransporter
2 (SGLT?2) inhibitor, or an a-glucosidase inhibitor for patients with an entry Aic
<7.5%.

A TZD, sulfonylurea, or glinide may be considered as alternative therapies but
should be used with caution due to side-effect profiles.

For patients with entry Ac levels >7.5%, initiate treatment with metformin (unless
contraindicated) plus a second agent, with preference given to agents with a low
potential for hypoglycemia that are weight neutral or associated with weight loss.
This includes GLP-1 receptor agonists, SGLT2 inhibitors, or DPP-4 inhibitors as
the preferred second agents; TZDs and basal insulin may be considered as
alternatives. Colesevelam, bromocriptine, or an a-glucosidase inhibitor have
limited glucose-lowering potential but also carry a low risk of adverse effects and
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may be useful for glycemic control in some situations. Sulfonylureas and glinides
are considered the least desirable alternatives due to the risk of hypoglycemia.

For patients with an entry Aic >9.0% who have symptoms of hyperglycemia,
insulin therapy alone or in combination with metformin or other oral agents is
recommended.

Pramlintide and the GLP-1 receptor agonists can be used as adjuncts to prandial
insulin therapy to reduce postprandial hyperglycemia, Aic, and weight. The long-
acting GLP-1 receptor agonists also reduce fasting glucose.

Insulin should be considered for T2D when noninsulin antihyperglycemic therapy
fails to achieve target glycemic control or when a patient, whether drug naive or
not, has symptomatic hyperglycemia.

Therapy with long-acting basal insulin should be the initial choice in most cases.
The insulin analogs glargine and detemir are preferred over intermediate-acting
neutral protamine Hagedorn (NPH) because analog insulins are associated with less
hypoglycemia.

When control of postprandial hyperglycemia is needed, preference should be given
to rapid-acting insulins (the analogs lispro, aspart, and glulisine or inhaled insulin)
over regular human insulin because the former have a more rapid onset and offset
of action and are associated with less hypoglycemia.

Premixed insulin formulations (fixed combinations of shorter- and longer-acting
components) of human or analog insulin may be considered for patients in whom
adherence to more intensive insulin regimens is problematic; however, these
preparations have reduced dosage flexibility and may increase the risk of
hypoglycemia compared with basal insulin or basal-bolus regimens.

Basal-bolus insulin regimens are flexible and recommended for intensive insulin
therapy.

Intensification of pharmacotherapy requires glucose monitoring and medication
adjustment at appropriate intervals (e.g., every three months) when treatment goals
are not achieved or maintained.

American Association
of Clinical
Endocrinologists/
American College of
Endocrinology:
Consensus
Statement on the
Comprehensive
Type 2 Diabetes
Management
Algorithm

(2020)*?

Principles underlying the algorithm

Lifestyle optimization is essential for all patients with diabetes; however, it should
not delay needed pharmacotherapy, which can be initiated simultaneously and
adjusted based on patient response to lifestyle efforts. The need for medical therapy
should not be interpreted as a failure of lifestyle management, but as an adjunct to
it.

Minimizing the risk of both severe and nonsevere hypoglycemia is a priority.
Minimizing risk of weight gain and abnormal adiposity and promoting weight loss
in those patients with adiposity-based chronic disease (ABCD; the medical
diagnostic term for overweight/obesity), are high priorities for long-term health.
Given its ability to prevent progression to diabetes and promote a favorable
therapeutic profile in diabetes, weight loss should be strongly considered in all
patients with prediabetes and T2D who also have ABCD. Weight-loss therapy
should consist of a specific lifestyle prescription that includes a reduced-calorie
healthy meal plan, physical activity, and behavioral interventions. Weight-loss
medications approved for the chronic management of obesity should also be
considered if needed to obtain the degree of weight loss required to achieve
therapeutic goals in prediabetes and T2D.

The hemoglobin Axc (Asc) target should be individualized based on numerous
factors, such as age, life expectancy, comorbid conditions, duration of diabetes, risk
of hypoglycemia or adverse consequences from hypoglycemia, patient motivation,
and adherence.

Achieving an HbA1c <6.5% is considered optimal if it can be achieved in a safe and
affordable manner; however, higher targets may be appropriate for certain
individuals and may change for a given individual over time.
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The choice of diabetes therapies must be individualized based on attributes specific
to both patients and the medications themselves. Medication attributes that affect
this choice include initial Aic, duration of T2D, and obesity status. Other
considerations include antihyperglycemic efficacy; mechanism of action; risk of
inducing hypoglycemia; risk of weight gain; other adverse effects; tolerability; ease
of use; likely adherence; cost; and safety or risk reduction in heart, kidney, or liver
disease.

The choice of therapy depends on the patient's cardiac, cerebrovascular, and renal
status. Combination therapy is usually required and should involve agents with
complementary mechanisms of action.

Therapeutic effectiveness must be evaluated frequently until stable (e.g., every
three months).

Safety and efficacy should be given higher priority than the initial acquisition cost
of medications, as medication cost is only a small part of the total cost of diabetes
care. In assessing the cost of a medication, consideration should be given to
monitoring requirements and risks of hypoglycemia and weight gain.

The therapeutic regimen should be as simple as possible to optimize adherence.

Monotherapy

Patients with recent-onset diabetes and those with mild hyperglycemia (HbA ¢
<7.5%), initial monotherapy with metformin (at doses of 1,500 to 2,000 mg/day)
and life-style modifications is recommended.

o Independent of glycemic control, if established atherosclerotic
cardiovascular disease (ASCVD) or high risk, chronic kidney disease
stage 3, or heart failure with reduced ejection fraction (HFrEF), start long-
acting GLP-1 receptor agonist or SGLT2 inhibitor with proven efficacy.

In patients with intolerance or contraindications to metformin, acceptable
therapeutic alternatives that reduce glucose without weight gain or hypoglycemia
(in order based on suggested hierarchy of usage) include:

o GLP-1 receptor agonists.

SGLT2 inhibitors.

DPP-4 inhibitors.

TZDs (use with caution).
Alpha-glucosidase inhibitors.

o Sulfonylureas/glinides (use with caution)

Sulfonylureas and glinides (in order based on suggested hierarchy of usage) may be
used but with caution due to possible weight gain and hypoglycemia.

(@)
(@)
(@)
(@)

Combination therapy

Patients who present with an initial HbAic >7.5% or who do not reach their target
HbA:1 with metformin in three months should be started on a second agent to be
used in combination with metformin.
Patients who present with an initial HbA1c >9.0% with no symptoms should be
started on combination therapy or three-drug combination therapy.
In metformin-intolerant patients, two drugs from other classes with complimentary
mechanisms of action should be used.
Combination (in order based on suggested hierarchy of usage) include metformin
(or other first-line agent) plus:

o GLP-1 receptor agonists.
SGLT2 inhibitors.
DPP-4 inhibitors.
TZD (use with caution).
Sulfonylureas and glinides (use with caution).
Basal insulin (use with caution).
Colesevelam.

O O O O O O
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o Bromocriptine quick release.
o Alpha-glucosidase inhibitors.

Three-drug combination therapy

Generally, the efficacy of a third antidiabetic agent added to dual therapy is
reduced compared to the efficacy of the same drug used as monotherapy or
combination therapy with one other agent.
Patients who present with an initial HbAc >9.0% with no symptoms should be
started on combination therapy or three-drug combination therapy.
Patients who present with an HbA1c >9.0% who are symptomatic would likely
derive greatest benefit from the addition of insulin but if these patients present
without significant symptoms treatment may be initiated with the maximum doses
of two to three other agents.
Continuation with noninsulin therapies while starting basal insulin is common and
does not increase cardiovascular risk, but may increase risk of hypoglycemia when
sulfourea are used in conjunction with insulin.
Three-drug combination (in order based on suggested hierarchy of usage) include
metformin (or other first-line agent), a second-line agent plus:

o GLP-1 receptor agonists.
SGLT2 inhibitors.
TZD (use with caution).
Sulfonylureas and glinides (use with caution).
Basal insulin (use with caution).
DPP-4 inhibitors.
Colesevelam.
Bromocriptine quick release.
Alpha-glucosidase inhibitors.

O OO O O O O O

Insulin therapy algorithm

Patients who present with an initial HbAzc >9.0% and are symptomatic, should
initiate therapy with insulin with or without other antidiabetic agents.

Start insulin if a patient has marked hyperglycemia despite treatment with several
oral antidiabetic agents and is symptomatic with polyuria and weight loss.

Patients who are not at target HbA1c despite the use of oral antidiabetic agents or
GLP-1 therapy should be considered for insulin therapy.

Patients with an HbA¢ level >8.0% while receiving >2 antidiabetic agents,
particularly individuals with long duration of diabetes, have significant impairment
of beta cell insulin secretory capacity and are unlikely to reach the recommended
target by the addition of further oral antidiabetic drugs.

Basal insulin

Patients with an HbA1¢ level >8.0% while receiving >2 oral antidiabetic agents or
GLP-1 therapy can be started on single daily dose of basal insulin as an add-on to
the patient’s existing regimen.

Titrate insulin dose every two to three days to reach glycemic goals.

Basal insulin analogues (glargine and detemir) are preferred over protamine
Hagedorn insulin because they have been shown to provide a relatively flat serum
insulin concentration for up to 24 hours from a single daily injection.

Patients who fail to achieve glucose control with basal insulin or premixed insulin
formulations can also be considered for basal intensification with a DPP-4
inhibitor, SGLT2 inhibitor, or GLP-1 receptor agonist if the glucose level is not
markedly elevated, because this approach tends to not cause weight gain or
additional hypoglycemia.

Basal-bolus insulin regimens
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Patients who fail to achieve glucose control with basal insulin or premixed insulin
formulations and those with symptomatic hyperglycemia and HbA. >10% often
respond better to combined basal and mealtime bolus insulin.

Prandial insulin should d be considered when the total daily dose of basal insulin is
>0.5 U/kg. Beyond this dose the risk of hypoglycemia increases without significant
benefit in HbA1. reduction.

A full basal-bolus program with an insulin basal analogue once or twice daily and a
rapid-acting analogue at each meal is most effective and provides flexibility for
patients with variable mealtimes and meal carbohydrate content.

Doses of insulin may be titrated every two to three days to reach glycemic goals.

Basal insulin and incretin therapy regimens

Use of the amylin analog pramlintide in conjunction with bolus insulin improves
both glycemia and weight in patients with type 2 diabetes.

The incretin therapies (GLP-1 receptor agonists and DPP-4 inhibitors) have similar
properties, and also increase endogenous insulin secretion. Therefore, the
combination of basal insulin and incretin therapy decreases basal and postprandial
glucose and may minimize the weight gain and hypoglycemia risk observed with
basal-bolus insulin replacement.

American Academy
of Pediatrics:
Management of
Newly Diagnosed
Type 2 Diabetes
Mellitus (T2DM) in
Children and
Adolescents
(2013)

Clinicians must ensure that insulin therapy is initiated for children and adolescents
with T2DM who are ketotic or in diabetic ketoacidosis and in whom the distinction
between types 1 and 2 diabetes mellitus is unclear and, in usual cases, should
initiate insulin therapy for patients

o Who have random venous or plasma blood glucose (BG) concentrations

>250 mg/dL.

o Whose HbA; is >9%.
In all other instances, clinicians should initiate a lifestyle modification program,
including nutrition and physical activity, and start metformin as first-line therapy
for children and adolescents at the time of diagnosis of T2DM.
Monitoring of HbA1. concentrations is recommended every three months and
intensifying treatment is recommended if treatment goals for finger-stick BG and
HbA. concentrations are not being met.
Advise patients to monitor finger-stick BG concentrations in patients who:

o Are taking insulin or other medications with a risk of hypoglycemia; or

o Areinitiating or changing their diabetes treatment regimen; or

o Have not met treatment goals; or

o Have intercurrent illnesses.
Incorporate the Academy of Nutrition and Dietetics’ Pediatric Weight Management
Evidence-Based Nutrition Practice Guidelines in dietary or nutrition counseling of
patients with T2DM at the time of diagnosis and as part of ongoing management.
Encourage children and adolescents with T2DM to engage in moderate-to-vigorous
exercise for at least 60 minutes daily and to limit nonacademic “screen time” to less
than two hours a day.

American Diabetes
Association:

Type 1 Diabetes in
Children and
Adolescents: A
Position Statement
by the American
Diabetes Association
(2018)*

Blood Glucose Management: Monitoring and Treatment

Most children with type 1 diabetes should be treated with intensive insulin regimens
via either multiple daily injections of prandial insulin and basal insulin or
continuous subcutaneous insulin infusion.

An HbA target of <7.5% should be considered in most children and adolescents
but should be individualized based on the needs and situation of the patient and
family.

Children and adolescents with type 1 diabetes should have blood glucose levels
monitored up to six to ten times/day including premeal, pre-bedtime, and as needed
for safety (e.g., exercise, driving, illness, or the presence of symptoms of
hypoglycemia).
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Continuous blood glucose monitoring should be considered in all children and
adolescents whether using insulin injections or an insulin pump.

In pediatric patients with type 1 diabetes automated insulin delivery systems can
improve glycemic control and reduce hypoglycemia.

Lifestyle Management

Individualized medical nutrition therapy is recommended for children and
adolescents with type 1 diabetes.

Monitoring carbohydrate intake, whether by carbohydrate counting or experience-
based estimation, is key to achieving optimal glycemic control.

Exercise if recommended for all children and adolescents with type 1 diabetes. The
suggested goal is 60 minutes of moderate to vigorous aerobic activity daily with
muscle-strengthening and bone-strengthening activities three times a week.
Children and adolescents with type 1 diabetes should be educated about prevention
and management of potential hypoglycemia during and after exercise.

Strategies to prevent hypoglycemia during exercise, after exercise, and overnight
following exercise include reducing prandial insulin dosing for the meal/snack
preceding exercise, increasing carbohydrate intake, eating bedtime snacks, using
continuous blood glucose monitoring, and/or reducing basal insulin doses.

Behavioral Aspects of Self-Management

Children and adolescents with diabetes should be assessed for psychosocial issues
and family stresses that could impact diabetes management at diagnosis and routine
follow-up.

Consider including children in consent processes as early as cognitive development
indicates understanding of health consequences of behavior.

Offer adolescents time by themselves with their care provider(s) starting at age 12
years, or when developmentally appropriate.

Complications and Comorbidities

Diabetic Ketoacidosis

o Allindividuals with type 1 diabetes should have access to an uninterrupted
supply of insulin. Lack of access and insulin omissions are major causes of
diabetic ketoacidosis.

o Patients with type 1 diabetes should have continuous access to medical support
for sick-day management.

Hypoglycemia

o The recommended treatment of hypoglycemia (blood glucose <70 mg/dL) in
conscious patients is 15 g of glucose, although any form of carbohydrate can be
used. If hypoglycemia continues after 15 minutes, treatment should be
repeated. Once blood glucose has returned to normal patients should consider
consuming a meal/snack and/or reduce insulin.

o Allindividuals with type 1 diabetes should be prescribed glucagon and
families/caregivers should be educated on administration.

o Treatment regimens should be reevaluated in those with hypoglycemia
unawareness or one or more episodes of severe hypoglycemia.

Diabetic Kidney Disease

o Annual screening for albuminuria with a random spot urine sample for
albumin-to-creatinine ratio should be considered at puberty or at age >10 years,
whichever is earlier, once the child has had diabetes for 5 years.

o An angiotensin-converting-enzyme (ACE) inhibitor or angiotensin 1l receptor
blocker (ARB), titrated to normalization of albumin excretion, may be
considered when elevated urinary albumin-to-creatinine ratio is documented.

Retinopathy
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o Aninitial dilated and comprehensive eye examination is recommended at age
10 years or after puberty has started, whichever is earlier, once the patient has
had diabetes for three to five years.

o Annual routine follow-up is recommended but may be given every two years
based on the advice of an eye care professional.

o Neuropathy

o Consider an annual comprehensive foot exam for adolescents at the start of
puberty or at age 10 years, whichever is earlier, once the patient has had type 1
diabetes for 5 years.

e Hypertension

o Children and adolescents with type 1 diabetes should have blood pressure
monitored at each visit. Elevated blood pressure should be confirmed on three
separate days.

o Initial treatment of high-normal blood pressure should include dietary
modification and increased exercise. Pharmacologic treatment should be
considered if blood pressure is not controlled after three to six months.

o In patients with conformed hypertension pharmacologic treatment should be
added to lifestyle modification at diagnosis.

o ACE inhibitors and ARBs should be considered for initial treatment.

e Dyslipidemia

o A fasting lipid profile should be taken in children >10 years of age or older
after the diagnosis of diabetes. Obtain a fasting lipid profile in children 10
years of age or older as soon as convenient after the diagnosis of diabetes

o If lipids are abnormal, initial therapy should consist of optimizing glucose
control and medical nutrition therapy using a Step 2 American Heart
Association diet that restricts saturated fat to 7% of total calories and dietary
cholesterol to 200 mg/day.

o If lipids remain abnormal after six months of lifestyle intervention, consider
adding a statin in children at least 10 years of age.

Indications

The Food and Drug Administration (FDA)-approved indications for the biguanides are noted in Table 3. While
agents within this therapeutic class may have demonstrated positive activity via in vitro trials, the clinical
significance of this activity remains unknown until fully demonstrated in well-controlled, peer-reviewed in vivo
clinical trials. As such, this review and the recommendations provided are based exclusively upon the results of
such clinical trials.

Table 3. FDA-Approved Indications for the Biguanides'3

Indication Metformin
Adjunct to diet and exercise to improve glycemic control in patients with type 2 diabetes

. v
mellitus
Pharmacokinetics
The pharmacokinetic parameters of the biguanides are listed in Table 4.
Table 4. Pharmacokinetic Parameters of the Biguanides*
. Bioavailability Protein Binding Excretion Half-Life
Generic Name(s) (%) (%) (%) (hours)
Metformin 50 to 607 Negligible (% not reported) Renal (90) 1.510 6.2 (plasma)
17.6 (blood)

fTImmediate-release formulations
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VI.

Significant drug interactions with the biguanides are listed in Table 5.

Table 5. Significant Drug Interactions with the Biguanides*

Biguanides
AHFS Class 682004

Generic Name(s) Interaction Mechanism
Metformin lodinated contrast lodinated contrast materials-induced renal failure can interfere
materials with the renal elimination of metformin; therefore, there is an
increased risk of metformin-induced lactic acidosis.

Adverse Drug Events

The most common adverse drug events reported with the biguanides are listed in Table 6. The boxed warning for
metformin-containing products are listed in Table 7.

Table 6. Adverse Drug Events (%) Reported with the Biguanides®

Adverse Events

Metformin
Immediate-Release Formulations

Metformin
Sustained-Release Formulations

Cardiovascular

Chest discomfort - 1to 5*
Hypertension - 1to 5*
Palpitations 1to5 -
Central Nervous System
Asthenia 9.2 1to 5*
Dizziness - 1t05
Headache 5t06 4.7t05.0
Lightheadedness 1to5 -
Gastrointestinal
Abdominal discomfort 6.4 -
Abdominal pain - 1t05
Abnormal stools 1t05 1to 5*
Constipation - 1t05
Diarrhea 12 to 53 9.6t0 16.7
Distention abdomen - 1t05
Dyspepsia/heartburn - 1t05
Flatulence 12.1 1t05
Indigestion 7.1 -
Loose stools - 1to 5*
Nausea/vomiting 25.5 6.51t08.5
Respiratory
Dyspnea 1to5 -
Rhinitis - 4.2
Upper respiratory infection - 1t05
Miscellaneous
Accidental injury - 5.6t07.3
Contusion - 1to 5*
Ear pain - 1to 5*
Flu syndrome 1t05 1to 5*
Hypoglycemia 1t05 13.7*
Increased sweating 1t05 -
Infection 20.9 20.5, 1 to 5*
Myalgia 1t05 1to 5*
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AN BV . Metformin . - Metformin -
Immediate-Release Formulations | Sustained-Release Formulations

Nail disorder 1to5 -

Rash 1to5 -

Seasonal allergy - 1to 5*
Taste disorder 1to5 1to5
Toothache - 1to 5*
Tonsillitis - 1to 5*
Tremor - 1to 5*

- Event not reported
*Reported with Glumetza®

Table 7. Boxed Warning for metformin products®

WARNING

Postmarketing cases of metformin-associated lactic acidosis have resulted in death, hypothermia, hypotension,
and resistant bradyarrhythmias. The onset of metformin-associated lactic acidosis is often subtle, accompanied
only by nonspecific symptoms such as malaise, myalgias, respiratory distress, somnolence, and abdominal pain.
Metformin-associated lactic acidosis was characterized by elevated blood lactate levels (>5 mmol/Liter),

anion gap acidosis (without evidence of ketonuria or ketonemia), an increased lactate/pyruvate ratio; and
metformin plasma levels generally >5 mcg/mL.

Risk factors for metformin-associated lactic acidosis include renal impairment, concomitant use of certain drugs
(e.g., carbonic anhydrase inhibitors such as topiramate), age 65 years old or greater, having a radiological study
with contrast, surgery and other procedures, hypoxic states (e.g., acute congestive heart failure), excessive
alcohol intake, and hepatic impairment. Steps to reduce the risk of and manage metformin-associated lactic
acidosis in these high risk groups are provided.

If metformin-associated lactic acidosis is suspected, immediately discontinue metformin and institute general
supportive measures in a hospital setting. Prompt hemodialysis is recommended.

Dosing and Administration
The usual dosing regimens for the biguanides are listed in Table 8.

Table 8. Usual Dosing Regimens for the Biguanides™*

Generic Name(s) Usual Adult Dose Usual Pediatric Dose Availability
Metformin Adjunct to diet and exercise to Adjunct to diet and exercise to | Oral solution
improve glycemic control in improve glycemic control in (Riomet®):
adults with type 2 diabetes children 10 to 16 years of age 500 mg/5 mL
mellitus: with type 2 diabetes mellitus:
Oral solution, tablet: initial, 500 | Oral solution, tablet: initial, 500 | Sustained-release
mg BID or 850 mg QD; mg BID; maximum, 2,000 tablet:
maintenance, 2,000 mg/day mg/day 500 mg (Fortamet®,
administered in divided doses; Glumetza®)
maximum, 2,550 mg/day 750 mg
1,000 mg
Sustained-release tablet (Fortamet®,
(Fortamet®, Glumetza®): initial, Glumetza®)
500 mg QD; maximum, 2,000
mg QD Tablet:
500 mg
850 mg
1,000 mg

BID=twice daily, QD=once daily
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Effectiveness

Table 9. Comparative Clinical Trials with the Biguanides
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Clinical studies evaluating the safety and efficacy of the biguanides are summarized in Table 9.

. Study Size
Study a_nd Sl DS _and and Study End Points Results
Drug Regimen Demographics Duration
Type 2 Diabetes — Monotherapy
Jones et al.*® DB, MC, PC, RCT N=82 Primary: Primary:
(2002) Change in baseline | Adjusted mean change from baseline in FPG for metformin was -2.4
Patients 8 to 16 16 weeks FPG mmol/L compared to 1.2 mmol/L for placebo (P<0.001).
Metformin 1,000 to | years of age with
2,000 mg daily type 2 diabetes, Secondary: Secondary:
FPG 7.0t0 13.3 Change in baseline | Mean HbA levels, adjusted for baseline levels, were significantly lower
VS mmol/L, HbA:¢ HbA:c, body for metformin compared to placebo (7.5 vs 8.6%, respectively; P<0.001).
>7.0%, stimulated weight, height,
placebo C-peptide >0.5 BMI, lipid Mean TC decreased from baseline in the metformin group (-0.25 mmol/L
nmol/L, and BMI stimulated C- [-9.7 mg/dL]) compared to a slight increase in the placebo group (0.01
>50" percentile for peptide levels mmol/L [0.7 mg/dL]; P=0.043).
age
Mean LDL-C decreased more with metformin (-0.11 mmol/L [-4.2 mg/dL]
vs -0.10 mmol/L [4 mg/dL]; P=0.053).
No between-group differences were seen in the mean adjusted changes in
HDL-C or TGs.
Mean weight changes and mean BMI changes from baseline were
comparable between the treatment groups.
There was no between-group difference seen in the adjusted mean
stimulated C-peptide change from baseline (-0.2 nmol/L for both groups [-
0.7 vs -0.6 ng/mL]).
The most common reported adverse events were abdominal pain, diarrhea,
nausea/vomiting, and headache. Patients receiving metformin experienced
more abdominal pain (25%) vs placebo (12%) and more nausea/vomiting
(17%) vs placebo (10%).
Bhansali et al.® oL N=40 Primary: Primary:

(2005)
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. Study Size
Study apd SHLEE7 DSl .and and Study End Points Results
Drug Regimen Demographics D :
uration
Patients >40 years 7 months Changes in four- Mean fasting glucose was <120 mg/dL in 80, 63, 73, and 90% of patients

Month 1:

After a lead-in
period of 3 months
on their usual
metformin IR
regimen, patients
were evaluated (visit
0, baseline) and
started on a specific
brand of metformin
IR at their usual
dose, 1,000 to 2,000
mg daily, and
continued on this
regimen for 1 month
until visit 1.

Month 2:

patients were
evaluated (visit 1)
and changed over to
metformin ER as a
single dose at

of age with type 2
diabetes, BMI >20
kg/m?, HbA .
<8.5%, and a fasting
capillary glucose
<120 mg/dL who
had achieved
moderate or good
glycemic control
with metformin IR
alone or in
combination with
other antihyper-
glycemic agents

(3 month lead-
in and 4 month
observation)

point glucose
profile at each visit
and in HbA;. at the
end of the study
period, changes in
weight and lipid
profiles,
compliance was
assessed by
reviewing the
tablet counts
conducted at each
study visit and
patients were asked
to confirm their
compliance with
therapy at each
visit (acceptable
compliance was
defined as >80% of
expected study
drug consumption)

at visits one, two, three, and four, respectively; these differences were not
significant.

Mean post-breakfast glucose was 149, 165 (P=0.009), 158 (P=0.159), and
159 mg/dL (P=0.111) at visits one, two, three, and four, respectively (P
values are when compared to visit one).

Mean post-lunch glucose was 130, 154 (P=0.003), 151 (P=0.012), and 138
mg/dL (P=0.076) at visits one, two, three, and four, respectively (P values
are when compared to visit one).

Mean post-dinner glucose was 138, 161 (P=0.020), 138 (P=0.967), and
128 mg/dL (P=0.264) at visits one, two, three, and four, respectively (P
values are when compared to visit one).

Mean PPG was 139, 160 (P=0.001), 149 (P=0.065), and 142 mg/dL
(P=0.289) at visits one, two, three, and four, respectively (P values are
when compared to visit one).

Mean HbA after three months of metformin ER (visit 4) was 6.3%
compared to baseline HbA;. of 6.9% with metformin IR (P=0.008). No
other HbA 1 values were reported. Patients switched over to the ER
formulation, once re-established at doses equivalent to their baseline

dinner, at a dose 500 Secondary: metformin IR doses, and achieved glycemic control comparable to
mg less than the Not reported baseline levels.
baseline dose of
metformin IR; they Mean weight at the end of three months of metformin ER (visit four) was
continued on this 68.7+£10.2 kg as compared to 69.6+£10.8 kg at baseline (P=0.020).
regimen for 1 month
Lipid profile after three months of metformin XR was the following: mean

Month 3: TC (182429 mg/dL), LDL-C (113+26 g/dL), HDL-C (45+8 mg/dL), and
patients were TG (119455 mg/dL). These were not statistically significant from
evaluated (visit 2) baseline.
and changed over to
metformin XR 1,000 Two patients complained of diarrhea and one had loss of appetite and
to 2,000 mg daily at complained of diarrhea during the new metformin XR regimen.
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bedtime, keeping the
dose the same as
their baseline
metformin IR dose;
they continued on
this regimen for 1
month

Month 4:

patients were
evaluated (visit 3)
and changed over to
metformin XR 1,000
to 2,000 mg daily in
two divided doses
keeping the dose the
same as baseline
metformin IR dose;
they continued on
this regimen for 1
month

Patients were
evaluated at the end
of the study (visit 4).

Secondary:
Not reported

Blonde et al.Y’
(2004)

Metformin XR 500
to 2,500 mg daily

VS

metformin IR 500 to
2,500 mg daily

MC, RETRO

Patients >17 years
of age with type 2
diabetes who were
started on
metformin XR
(Glucophage XR®),
or switched from
metformin IR or
another oral
antidiabetic agent to

N=468

1 year

Primary:
Gastrointestinal
tolerability and
frequency of
diarrhea for
metformin XR
compared to
metformin IR
during the first
year of treatment

Primary:

Overall metformin XR vs metformin IR cohorts:

The frequency of gastrointestinal events was similar between metformin
XR and metformin IR (11.94 vs 11.39%, respectively; P=0.86).

The RR of any gastrointestinal adverse event for metformin XR compared
to metformin IR was 1.05 (95% ClI, 0.62 to 1.78).

The percentages of patients with individual gastrointestinal adverse events
in the metformin XR and metformin IR groups, respectively were as
follows: diarrhea (6.77 vs 7.59%), nausea (2.26 vs 3.80%), dyspepsia
(1.61 vs 1.27%), abdominal pain (1.61 vs 0.63%), constipation (0.97 vs

Secondary:
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metformin XR
within the previous
2 years

Not reported

0.63%), vomiting (0.65 vs 0.63%), abdominal distention (0.32 vs 0.00%),
fecal abnormality (0.32 vs 0.63%), blood in stools (0.00 vs 063%), and
flatulence (0.00 vs 0.63%).

Patients switched from metformin IR to metformin XR:

Significantly more patients experienced a gastrointestinal adverse event
during the first year of treatment with metformin IR (26.34%, 54/205;
P=0.006) than after switching to metformin XR (11.71%, 24/205). The
mean daily dose of metformin XR was 1,184 mg (range, 500 to 2,500 mg)
during the first year of therapy and 1,047 mg (range, 500 to 2,550 mg) for
the metformin IR groups.

A significantly higher percentage of patients reported diarrhea (18.05%,
37/205) while taking metformin IR than after switching to metformin XR
(8.29%, 17/205; P=0.0084).

More patients reported nausea (2.93%), dyspepsia (3.41%), abdominal
distention (2.44%), and flatulence (2.44%) while taking the metformin IR
than after switching to metformin XR (1.95, 1.46, 0.49, and 0.0%,
respectively); however, the differences were not significant.

Patients new to metformin XR vs metformin IR:

A greater percent of patients reported a gastrointestinal adverse event
during the first year of treatment with metformin IR (19.83%, 72/363) than
during the first year of therapy with metformin XR (9.23%, 6/65;
P=0.0414).

A greater percent of patients taking metformin IR reported diarrhea
(13.5%, 49/363) as compared to the metformin XR group (3.08%, 2/65;
P=0.0169).

Secondary:
Not reported

Fujioka et al.*®
(2003)

DB, MC, PG, RCT

Patients to 27 to 77
years of age with

N=217

24 weeks

Primary:

Change in baseline
HbA: from
baseline to week

Primary:
Mean changes from baseline in HbAc values at week 12 were small and
similar in the three treatment groups. At week 12, the mean change from
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Metformin XR
(Glucophage XR®)
1,000 mg QD with
the evening meal

VS

metformin XR 1,000
mg QD with the
evening meal for 1
week, then increased
to 1,500 mg QD

type 2 diabetes for
>2 months to <10
years, HbA1¢
<8.5%, FPG <200
mg/dL, and
receiving metformin
IR 500 mg BID for
>8 weeks

12 with the switch
from metformin IR
to metformin XR

Secondary:
Change in baseline
HbA . to week 24,
changes in FPG,
mean daily blood
glucose
concentrations,
fructosamine,

baseline was 0.15% for metformin IR, 0.23% for metformin XR 1,000 mg,
and 0.04% for metformin XR 1,500 mg.

Secondary:

The corresponding changes in HbA1. values at week 24 were small and
similar among the three treatment groups: 0.06% for metformin IR, 0.25%
for metformin XR 1,000 mg, and 0.14% for metformin XR 1,500 mg. The
distribution of HbA ¢ values in the specified categories (<7.0, 7.0 to <8.0,
and >8.0%, respectively) was not significant between the groups during
the study.

Mean FPG concentrations had also increased in all three treatment groups

serum insulin at week 12 and 24. The mean increases were smaller in the metformin XR
VS levels, lipid levels, | groups compared to the metformin IR group.
body weight,
continued safety No clinically relevant significant changes from baseline were seen in
metformin IR 500 HDL-C or TC levels in any treatment group. LDL-C decreased in all
mg BID treatment groups, with a mean change of -4 mg/dL in the metformin IR
group (95% CI, -9 to 1), and -6 mg/dL in both XR groups (1,000 mg XR,
Note: after 12 95% Cl, -11 to -1; 1,500 mg XR, 95% Cl, -12 to 0). There were small
weeks, the daily increases from baseline in TG levels in patients receiving metformin IR
dose of metformin (mean change, 1 mg/dL; 95% CI, -14 to 17). There were significant
could be increased increases in TGs in patients receiving metformin XR. Patients in the 1,000
by 500 mg in any mg group had an increase of 34 mg/dL (95% CI, 15 to 53) and patients in
group if HbA;c was the 1,500 mg group had an increase of 42 mg/dL (95% Cl, 6 to 78).
>8.0% at that time.
Mean daily blood glucose concentration, fructosamine, serum insulin
levels, and body weight showed similar changes in each group.
Twenty-five percent of patients in the metformin IR group, 29% of
patients in the metformin XR 1,000 mg group, and 34% of patients in the
metformin XR 1,500 mg group experienced adverse drug events
(occurring in >3% of patients). Diarrhea, flatulence, abdominal pain, and
nausea/vomiting were the most common adverse events reported among
all groups combined. Three percent of metformin IR, 5% of metformin XR
1,000 mg, and 15% of metformin 1,500 mg patients experienced diarrhea.
Flatulence was reported in 1% of metformin IR patients, 4% of metformin
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XR 1,000 mg patients, and 3% of metformin XR 1,500 mg patients.
Abdominal pain was reported in 1% of metformin IR patients and
metformin XR 1,500 mg patients and in 4% of metformin XR 1,000 mg
patients. Nausea/vomiting were reported in 4% of metformin IR patients
and 3% in both metformin XR groups. Headache was reported in 4% of
metformin IR and metformin XR 1,000 mg patients. Dyspepsia/heartburn
was reported in 6% of metformin IR and 3% of metformin XR 1,000 mg
patients. The study was not statistically powered to detect differences in
tolerability between the groups.

Schwartz et al.*®
(2006)

Metformin XR

AC, DB, MC, RCT

Patients 18 to 79
years of age with

N=750

24 weeks

Primary:
Change in baseline
HbA]_c

Primary:

Reductions in mean HbA;. were significant by week 12 for all groups,
continued to decline until week 20, and were maintained for the duration
of the study. The change from baseline was significant for each group

1,500 mg QD type 2 diabetes, Secondary: (P<0.001).
HbA: 7.0 t0 12.0% Change in baseline
S (drug-naive FPG, fructosamine, | Mean changes in HbA1 from baseline to end point in all metformin XR
patients) or 6.5 to TC, HDL-C, LDL- | groups were similar to the metformin IR groups. Mean changes in HbA1¢
metformin XR 1,500 | 10.0% (prior drug C,and TG from baseline to end point in the two groups given 1,500 mg metformin
mg daily in 2 therapy patients), XR (-0.73% and -0.74%) were not significantly different from the change
divided doses FPG 120 to 400 in the metformin IR group (-0.70%), whereas the 2,000 mg metformin XR
mg/dL (drug-naive group showed a greater decrease in HbA 1 levels (-1.06%).
VS patients) or 120 to
250 mg/dL (prior Secondary:
metformin XR 2,000 | drug therapy Reductions in mean FPG were significant in all groups by the end of week
mg QD patients), C-peptide one, declined until week eight, and these levels were maintained until the
levels >1 ng/mL, end of the study. The change from baseline was significant for each group
VS and BMI 22 to 50 (P<0.001). The mean changes from baseline to end point within each of
kg/m? the metformin XR groups were comparable with or greater than that in the
metformin IR 1,500 metformin IR group (P=0.051 for overall comparison among groups).
mg daily in 2
divided doses Mean fructosamine levels decreased from baseline within all groups.
There was a significant difference among groups for fructosamine levels at
the end point, with the lowest level observed with the 2,000 mg once daily
metformin XR group.
TC, LDL-C, and HDL-C levels were similar at baseline and end point with
all treatment groups, except for differences with treatment groups for final
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LDL-C (P=0.015) and TG (P=0.030). The lowest mean concentrations for
LDL-C and TG occurred with 2,000 mg QD metformin XR and metformin
IR, respectively.

Overall incidence of gastrointestinal adverse events was low and
comparable among treatment groups during the first week of treatment.
There was a higher incidence of nausea in the metformin IR group than in
the metformin XR groups (P=0.05) during the first week.

Overall incidence of adverse events considered possibly or probably
related to the study drug was similar for all groups. The only events
reported for >5% of patients in any group during the entire study were
gastrointestinal (diarrhea, nausea, dyspepsia, upper abdominal pain).

Jietal.®
(2018)

Metformin XR 500
to 2,000 mg daily
(administered once
daily)

VS

metformin IR 500 to
2,000 mg daily
(administered in
three divided doses)

MC, OL, PRO,
RCT

Treatment-naive
Chinese patients
with T2DM

N=532

16 weeks

Primary:

Change in HbA.
from baseline and
gastrointestinal
(GI) tolerability

Secondary:
Proportion of
patients achieving
HbA1: < 7%, GI
tolerability across
individual GI
adverse events
(frequencies of
diarrhea, nausea,
abdominal pain,
abdominal
distension,
constipation,
dyspepsia and
flatulence) during
the entire treatment
period, and

Primary:

Metformin XR was non-inferior to metformin IR for the primary efficacy
endpoint in the per-protocol population (n=419). The HbA least squares
mean change was -1.61% and -1.58% in each group, respectively (least
squares mean difference, 0.03; 95% CI, -0.10 to 0.17). Sensitivity analyses
of the intent-to-treat population were performed and the results were
consistent with the primary analysis.

Metformin XR was not superior to metformin IR for overall Gl adverse
events incidence during the entire treatment period in the safety
population. Sixty-two patients (23.8%) in the metformin IR group and 59
(22.3%) in the metformin XR group reported Gl adverse events. The
difference in incidence rate of overall Gl adverse events was —1.52 (95%
Cl, —8.60 to 5.56; P=0.674); thus, the superiority criterion was not met for
metformin XR vs metformin IR.

Secondary:

The percentage of patients who achieved the target of HbAc < 7% at week
16 was similar between groups in the intent-to-treat population (metformin
IR, 68.50%; 95% ClI, 62.60 to 74.06%; metformin XR, 69.80%; 95% ClI,
63.90 to 75.28; P=0.742). Incidences of individual Gl adverse events were
similar between treatment groups, with diarrhea (metformin IR, 16.50%;
metformin XR, 12.50%), abdominal distension (metformin IR, 6.10%;
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incidence of metformin XR, 6.40%) and nausea (metformin IR, 6.10%; metformin XR,
hypoglycemia 4.50%) being the most frequently reported.
No difference in incidence of hypoglycemia was noted between treatment
groups. Incidence rates of hypoglycemia were 1.10% vs 3.00% (95% ClI,
1.32 to 5.88%) in metformin IR and metformin XR groups, respectively.
The difference in incidence rates between treatment groups was 1.88%.
No significant differences were noted for reduction of mean FPG and PPG
levels from baseline to endpoint between groups.
Aggarwal et al.? DB, MC, PG, RCT N=539 Primary: Primary:
(2018) Change in HbA;. The adjusted mean change in HbA;. from baseline to week 24 was similar
Patients >18 years 24 weeks after 24 weeks between treatment arms (metformin XR, —0.93%; metformin IR, —0.96%),
Metformin XR of age who had type resulting in a non-significant difference of 0.03% between groups (95%
2000 mg once daily | 2 diabetes and Secondary: CL —0.10 t0 0.17).
inadequate glycemic Change in FPG,
S control with diet mean daily Secondary:
and lifestyle advice glucose, and Baseline adjusted changes in mean FPG and mean daily glucose levels,
metformin IR alone percentage of and percentage of patients with Hb A4 <7.0% were similar between
1000 mg twice daily | (pharmacotherapy- patients with treatment arms, as were changes in body weight, waist circumference and
naive, defined as no HbA. <7.0% serum lipid profiles.
prior
pharmacotherapy
for glucose
lowering within
90 days prior to
enrolment and no
more than 14 days
of glucose-lowering
medication) and
HbA;c of 7.0 to
9.2%
Pavo et al.?? DB, MC, RCT N=205 Primary: Primary:
(2003) Change in HbA. Each treatment group had a significant reduction in HbA;. from baseline
Recently diagnosed 32 weeks from baseline (P<0.0001 for each group). The difference between pioglitazone and

Metformin 850 to
2,550 mg daily

(<12 months) type 2
diabetic patients
>40 years of age,

Secondary:

metformin was not significant (P=0.280).

Secondary:
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VS HbA;c of 7.5 to Changes in FPG, Each treatment group had a significant reduction in FPG (P<0.0001 for
11.0%, and naive to fasting serum each group). The difference between pioglitazone and metformin was not
pioglitazone 30 to oral insulin, and insulin | significant (P=0.620).
45 mg daily antihyperglycemic sensitivity
medications Pioglitazone reduced fasting serum insulin significantly (P<0.0001). The
change in fasting serum insulin was not significant for metformin
(P=0.803).
Pioglitazone was significantly more effective than metformin in improving
indicators of insulin sensitivity, as determined by reduction of fasting
serum insulin (P=0.003) and by analysis of HOMA-S (P=0.002).
Cryer et al.? MC, OL, PG, RCT N=8,732 Primary: Primary:
(2005) Incidence of Serious adverse reactions were reported in 10.3% (95% Cl, 9.6 to 11.1) of
Type 2 diabetic 1 year serious adverse patients in the metformin group and by 11.0% (95% CI, 9.5 to 12.7) of

Metformin 500 mg
BID to 2,500 mg
daily in 3 divided
doses

'S

usual care

patients >18 years
of age with
glycemia
inadequately
controlled with diet
or a sulfonylurea

events, death,
hospitalization

Secondary:
Plasma lactate
levels after one
year of treatment
in a substudy

patients in the usual care group (P=0.43), with similar pattern of serious
adverse events between groups according to body system. Serious
cardiovascular adverse events were the most common, which included
coronary artery disease (1.0 vs 1.1%) for metformin vs usual care,
respectively, chest pain (0.7 vs 1.0%), congestive heart failure (0.7 vs
0.6%), M1 (0.7 vs 0.7%), and cerebrovascular accident (0.4 vs 0.7%).
There was not an excess of serious adverse events observed in the
metformin group in all patients regardless of age.

The incidence of all-cause hospitalization, hospitalization for metabolic
causes (other than lactic acidosis), and all-cause mortality did not differ
between metformin and usual care in the overall population (P=0.229,
P=1.0, P=0.596, respectively) or in patients >65 years old (P=0.178,
P=1.0, P=0.878, respectively), or in younger patients (P=0.945, P=0.835,
P=0.21, respectively). There were no patients that were hospitalized or
that died from lactic acidosis.

Secondary:

Mean plasma lactate was 1.7+0.6 mmol/L in the metformin group and
1.6+0.6 mmol/L in the usual care group after 12 months of therapy
(P=0.137). Plasma lactate >3 mmol/L occurred in 4% of metformin
patients and 1% in the usual care group. There was no significant
difference between the groups.
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Gottschalk et al.?* AC, MC, PG, SB, N=285 Primary: Primary:
(2007) RCT Mean change in Significant reductions from baseline HbA: were seen in both the
24 weeks HbAc from glimepiride (-0.54%; P=0.001) and metformin (—0.71%; P=0.0002)

Metformin 500 to
1,000 mg BID

VS

glimepiride 1to 8
mg QD

Pediatric subjects 8
to 17 years of age
with type 2 diabetes
(HbAs >7.1 and
<12.0%) with
inadequate control
despite treatment
with either diet and
exercise alone for at
least 2 weeks prior
to randomization or
diet and exercise
combined with 3
months of ongoing
or previous oral
antidiabetic
monotherapy

baseline to week
24

Secondary:

Mean change in
HbA; from
baseline to week
12, proportion of
patients achieving
an HbA;. <7.0% at
week 24, mean
change in fasting
self-monitoring of
blood glucose from
baseline to weeks
four, eight, 12, 18,
and 24, mean
changes in serum
lipid
concentrations
from baseline to
week 24 and
changes in BMI,
safety, adverse
events,
hypoglycemic
episodes and vital
signs

groups. No significant differences were observed between groups in
reductions in HbAc.

Secondary:

Significant reductions in the adjusted mean change from baseline HbA1. to
week 12 were —0.69 and —0.76% in patients receiving glimepiride and
metformin, respectively (P<0.05).

A total of 42.4 and 48.1% of patients in the glimepiride and metformin
groups, respectively, achieved HbA1: <7.0% at week 24 (P=0.347).

Significant reductions were seen in fasting self-monitoring of blood
glucose levels from baseline to weeks 18 and 24 in patients receiving
metformin (P<0.05) but no similar reductions were reported in the
glimepiride group.

There were no significant differences between the glimepiride and
metformin groups in the mean change from baseline in any of the serum
lipid concentrations.

Significant between-group differences were observed in the mean change
from baseline BMI to week 24. Values were 0.26 and 0.33 kg/m? in
patients receiving glimepiride and metformin, respectively (P=0.003).

No deaths occurred during the study. The proportions of patients
experiencing >1 adverse event were comparable between both treatment
groups, with the most common adverse events being hyperglycemia, upper
abdominal pain, diarrhea, nausea and headache. Two patients experienced
serious adverse events that were considered possibly related to treatment:
one patient in the glimepiride group had hyperglycemia, diabetic
ketoacidosis and increased serum osmolarity and one patient in the
metformin group had a non-hypoglycemic convulsion.
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The incidence of clinically relevant hypoglycemia was similar in both
groups (P=0.554).
No clinically significant differences in vital signs were seen between
treatment groups.
Hong et al.?® DB, MC, PC, RCT N=304 Primary: Primary:
(2013) Composite of A total of 103 composite primary end points occurred in 91 during the
SPREAD-DIMCAD | Patients 80 years of 3 years recurrent whole study period: 60 events in the glipizide group (14 deaths from any

Metformin 0.75 to
1.5 grams daily

VS

glipizide 15 to 30
mg daily

age or below with
coronary artery
disease (CAD) and
type 2 diabetes

cardiovascular
events (myocardial
infarction [MI],
nonfatal stroke,
arterial
revascularization,
death)

Secondary:

New or worsening
angina, new or
worsening heart
failure, new critical
cardiac arrhythmia,
and new peripheral
vascular events.

causes [including 11 deaths from cardiovascular events and 3 from sudden
death; autopsies were not performed to confirm the 3 patients’ precise
causes of death], 6 nonfatal myocardial infarctions, 15 nonfatal strokes,
and 25 arterial revascularizations), as compared with 43 events in the
metformin group (7 deaths from any causes [all were deaths from
cardiovascular events], 5 nonfatal myocardial infarctions, 10 nonfatal
strokes, and 21 arterial revascularizations). As compared with the patients
treated with glipizide, the HR for the composite cardiovascular events for
metformin treatment was 0.54 (95% CI 0.30 to 0.90; P=0.026) after
adjustment for the duration of diabetes, duration of CAD, age, sex, and
smoking history at baseline. No significant difference in the mortality rate
between the two groups was found (P=0.55).

Secondary:
During the study drug administration, the following secondary end points
occurred:

e new or worsening heart failure: 10 (6.8%) patients in the glipizide
group and 9 (5.8%) patients in the metformin group (adjusted HR,
0.82; 95% Cl, 0.31 t0 2.13; P=0.677)

e new critical cardiac arrhythmia: 27 (18.2%) patients in the glipizide
group and 30 (19.2%) patients in the metformin group (HR, 1.01; Cl,
0.60 to 1.72; P=0.958)

e new or worsening angina: 71 (48%) patients in the glipizide group and
77 (49.4%) patients in the metformin group (HR, 1.07; Cl, 0.77 to
1.48; P=0.696)

e new peripheral vascular events: 6 (4.1%) patients in the glipizide group
and 1 (0.6%) patient in the metformin group (HR, 0.13; CI, 0.02 to
1.08; P=0.059)

Furthermore, the two groups did not differ significantly with respect to the

282

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services




Biguanides
AHFS Class 682004

. Study Size
D Study apd StUdyBesIgI .and and Study End Points Results
rug Regimen Demographics D :
uration
number of patients who reported one or more hypoglycemic attacks during
study drug administration.
Lund et al.?® DD, XO N=96 Primary: Primary:
(2008) Cardiovascular Levels of TNF-a, plasminogen activator inhibitor-1 antigen, tissue-type
Non-obese (BMI 8 months with | disease biomarkers | plasminogen activator antigen, von Willebrand factor, soluble intercellular
Repaglinide <27 kg/m?), insulin- 1 month and metabolic adhesion molecule-1 and soluble E-selectin were significantly lower
2mg TID for 4 naive patients with washout regulation during metformin treatment compared with repaglinide treatments.
months type 2 diabetes
mellitus Secondary: Amadori albumin and heart rate were higher during metformin compared
VS Not reported with repaglinide.
metformin Both treatment groups experienced similar levels of interleukin-6,
1,000 mg BID for 4 fibrinogen, soluble vascular cell adhesion molecule-1, asymmetric
months dimethylarginine and advanced glycation end products as well as glycemic
levels and 24 hour BP.
Secondary:
Not reported
Lund et al.?” DD, XO N=192 Primary: Primary:
(2008) Postprandial Both treatment groups equally changed fasting levels and total AUC for
Non-obese (BMI 8 months with | metabolism with plasma glucose, TGs and FFA.
Repaglinide <27 kg/m?), insulin- 1 month blood sampling 0
2mg TID for 4 naive patients with washout to six hours The metformin treatment group obtained lower fasting levels and AUC of
months type 2 diabetes postprandially TC, LDL-C, and non-HDL-C and serum insulin compared with
mellitus repaglinide. After adjusting for fasting levels, AUC differences still
Vs Secondary: remained significant.
Not reported
metformin Secondary:
1,000 mg BID for 4 Not reported
months
Fang et al.?® OL, PG, RCT N=60 Primary: Primary:
(2014) Change in HbA. At week 15, mean changes in HbAi. from baseline were -1.8+1.5% in the
Chinese drug-naive 15 weeks from baseline repaglinide group (P<0.01) and -1.6+1.5% in the metformin group
Repaglinide patients aged 20 to (P<0.01). No significant difference was found with regard to change in
90 years with newly Secondary: HbA . level between the two groups (P=0.739).
VS diagnosed type 2 Changes in
diabetes mellitus glycemic Secondary:
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metformin with a BMI of 18.5 variability, insulin | No significant differences in secondary outcomes were found between the
to 30 kg/m? and sensitivity, B-cell groups.
with an HbA1¢ function
<10.0%
Sullivan et al.?® PRO N=6,005 Primary: Primary:
(2011) Cardiovascular Patients receiving monotherapy with either metformin or a sulfonylurea
FIELD Patients with type 2 5 years disease outcomes appeared to be at greater risk of cardiovascular disease compared to those
diabetes on diet alone, but results were only significant for the sulfonylurea group,
Metformin Secondary: ranging from 42% higher risk of coronary revascularization to a doubled
Hypoglycemic risk of coronary heart disease death. However, adjustment for the duration
VS therapy and intensity of diabetes and the severity of other cardiovascular risk
factors abolished the significance of this effect. Total revascularization
sulfonylurea and total mortality were significantly higher in the sulfonylurea group
compared to the metformin group, but all differences became non-
VS significant on adjustment.
diet alone Secondary:
Use of oral hypoglycemic agents increased progressively as the trial
proceeded. Over five years, treatment with diet alone decreased from 31 to
15%, and dual therapy with metformin plus a sulfonylurea increased from
29 to 36%. Insulin therapy was introduced at a rate of 4% per year.
Metformin monotherapy declined from 21 to 18% but the sulfonylurea
monotherapy rate declined from 20 to 12%. Patients on sulfonylurea
monotherapy were more likely to progress to dual therapy.
Kahn et al.%° DB, MC, RCT N=4,360 Primary: Primary:
(2006) Time from At five years, 15% of patients receiving rosiglitazone, 21% of those on
Recently diagnosed 4 10 6 years randomization to metformin, and 34% of those on glyburide had failed monotherapy. This
Metformin 500 to (within 3 years) (median treatment failure represents a risk reduction of 32% for rosiglitazone as compared with
1,000 mg BID type 2 diabetic treatment (defined as FPG metformin and 63% for rosiglitazone as compared with glyburide
patients between 30 durations 3.3 | >180 mg/dL on (P<0.001 for both comparisons).
S to 75 years of age years for consecutive testing
who had not glyburide and | after at least six Secondary:
rosiglitazone 4 mg received previous 4 years for weeks of treatment | Progression to a confirmed FPG >140 mg/dL was seen in 79 of 511
QD to 4 mg BID pharmacologic rosiglitazone | at the maximum patients in the rosiglitazone group as compared with 127 of 520 patients in
treatment, with FPG and tolerated dose) the metformin group (P=0.002) and 160 of 480 patients in the glyburide
Vs levels ranging from metformin) group (P<0.001).

126 to 180 mg/dL

Secondary:

284

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services




Biguanides
AHFS Class 682004

. Study Size
D Study apd StUdyBesIgI .and and Study End Points Results
rug Regimen Demographics D :
uration
glyburide 2.5to0 7.5 | while their only Time from At the four-year evaluation, 40% of the patients in the rosiglitazone group
mg BID treatment was randomization to a | achieved an HbA;. <7.0% compared with 36% of the patients in the
lifestyle confirmed FPG metformin group (P=0.03) and 26% of the patients in the glyburide group
management >140 mg/dL after (P<0.001).
at least six weeks
of treatment at the | The annual rate of B-cell function decline after six months was greatest in
maximum tolerated | the glyburide group (6.1% decreased), followed by the metformin group
dose (for patients (3.1% decreased) and rosiglitazone group (2.0% decreased) (P<0.001 for
who entered the rosiglitazone vs glyburide and P=0.02 for rosiglitazone vs metformin).
study with FPG
<140 mg/dL); Over a period of five years, the mean weight increased in the rosiglitazone
FPG, HbA, group but decreased in the metformin group. In the glyburide group,
weight, measures weight gain occurred in the first year then remained stable.
of insulin
sensitivity, B-cell Treatment with glyburide was associated with lower risk of cardiovascular
function, and events (including congestive heart failure) than was seen in the
adverse events rosiglitazone and metformin groups (P<0.05). Rosiglitazone was
associated with more weight gain and edema than either metformin or
glyburide, but fewer gastrointestinal events were reported with
rosiglitazone compared to metformin and fewer hypoglycemic events were
seen with rosiglitazone compared to with glyburide (P<0.001 for all
comparisons).
Aschner et AC, DB, RCT N=1,050 Primary: Primary:
al.*¥(2010) Change in HbA;. In the per protocol population, the change in HbA. (least squares mean)
Patients 18 to 78 24 weeks from baseline from baseline at week 24 was -0.43% in the sitagliptin group and -0.57%

Metformin 1,000 mg
BID

'S

sitagliptin 100 mg
QD

years of age with
type 2 diabetes
mellitus who were
treatment naive with
an HbAc of 6.5 to
9.0%

Secondary:
Proportions of
patients with
HbA. <7.0% or
<6.5%, change in
FPG, fasting serum
insulin, fasting
serum proinsulin,
and lipid
parameters

in the metformin group (difference, 0.14%; 95% CI, 0.06 to 0.21), which
demonstrated the non-inferiority of sitagliptin to metformin.

In the full analysis set, the HbA;. change from baseline at week 24 was -
0.38% (95% Cl, -0.43 to -0.32) in the sitagliptin group and -0.55% (95%
Cl, -0.61 to -0.50) in the metformin group (difference, 0.18%; 95% ClI,
0.10 to 0.25), which demonstrated the non-inferiority of sitagliptin to
metformin.

Secondary:
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The proportion of patients with an HbAc <7.0% at week 24 was greater
with metformin (76%) compared with sitagliptin (69%; difference, -7.1%;
95% ClI, -12.9 to -1.2).

The proportion of patients with an HbA. <6.5% was not statistically
different between the metformin (39%) and sitagliptin (34%) groups
(difference, -5.6%; 95% CI, -11.8 to 0.8).

The change from baseline in FPG was greater with metformin (-19.4
mg/dL compared with sitagliptin (-11.5 mg/dL).

The reduction in fasting proinsulin was greater in the metformin group,
which resulted in a larger reduction in the proinsulin/insulin ratio at week
24,

Both treatments produced similar increases in p-cell function and
reductions in insulin resistance over 24 weeks.

HDL-C was improved with both treatments. TGs were slightly reduced
with sitagliptin. Small increases in TC were observed for each group, with
a slightly greater increase for sitagliptin. Modest increases in LDL-C and
non-HDL-C were observed with sitagliptin, but not metformin over 24
weeks.

The incidence of drug-related adverse events was lower in the sitagliptin
group than in the metformin group. The incidence of gastrointestinal
adverse events overall was lower in the sitagliptin group compared with
the metformin group (11.6 vs 20.7%, respectively). Hypoglycemia
occurred at a low rate in both groups (1.7% with sitagliptin and 3.3% with
metformin; P=0.116). Body weight was reduced from baseline in both the
sitagliptin (-0.6 kg) and metformin (-1.9 kg; P<0.001).

Nichols et al.%2
(2007)

Metformin

VS

MC, OS, RETRO

Patients who
initiated metformin,
sulfonylurea, insulin
or TZDs between

N=9,546

>12 months

Primary:
Weight changes

Secondary:
Not reported

Primary:

Patients treated with metformin lost an average of 2.4 kg, sulfonylurea-
treated patients gained 1.8 kg, insulin-treated patients gained 3.3 kg, and
thiazolidinedione-treated patients gained 5.0 kg. All comparisons with
metformin were statistically significant.
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1996 and 2002 and Secondary:
sulfonylurea continued use of Not reported
that drug for at least
& 12 months without
adding other
insulin therapies
Vs
TZDs
Russell-Jones et al.** | DB, DD, MC, PG, N=820 Primary: Primary:
(2012) RCT Change in baseline | Decreases in HbAc were -1.53+0.07, -1.48+0.07, -1.63+0.08, and -
DRUATION-4 26 weeks HbA . 1.15+0.08% with exenatide ER, metformin (P=0.620 vs exenatide ER),

Exenatide ER 2 mg
SC once weekly

VS

metformin 2,000
mg/day

VS

pioglitazone 45
mg/day

'S

sitagliptin 100
mg/day

Drug-naive (patients
excluded if treated
with any
antihyperglycemic
drug for >7 days
within 3 months of
screening) adult
type 2 diabetics
with HbAx. 7.1 to
11.0%, BMI 23 to
45 kg/m?, and stable
weight

Secondary:
Proportion of
patients achieving
HbA. <7.0 and
<6.5%, fasting
serum glucose,
seven-point self-
monitored glucose
concentrations,
weight, lipid
profile, insulin
profile, safety and
tolerability,
patient-reported
QOL

pioglitazone (P=0.328 vs exenatide ER), and sitagliptin (P<0.001 vs
exenatide ER). The HbA . at trial end was 6.94+0.07, 6.99+0.07,
6.84+0.08, and 7.32+0.08% with exenatide ER, metformin, pioglitazone,
and sitagliptin, respectively.

Secondary:

Similar proportions of patients receiving exenatide ER and metformin
achieved HbA1 <7.0% (63 vs 55%; P value not reported). A significantly
greater proportion of patients receiving exenatide ER achieved HbA ¢
<7.0% compared to patients receiving sitagliptin (63 vs 43%; P<0.001),
and <6.5% compared to patients receiving metformin (49 vs 36%;
P=0.004) and sitagliptin, respectively (49 vs 26%; P<0.001).

Decreases in fasting serum glucose at weeks 16 and 26 were significantly
greater with exenatide ER compared to sitagliptin (P<0.001 for both).
There were no differences observed with exenatide ER compared to
metformin (P=0.155 at week 26) and pioglitazone (P=0.153 at week 26).

Seven-point self-monitored glucose concentrations demonstrated similar
decreases with exenatide ER, metformin, and pioglitazone. Exenatide ER
demonstrated greater decreases at all time points compared to sitagliptin.
Mean decreases in post-meal excursions after 26 weeks were similar
among all treatments.
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Decreases in weight were significantly greater with exenatide ER
compared to pioglitazone and sitagliptin by weeks four and eight, and the
effect was sustained through 26 weeks (P<0.003 for all). There was no
difference between exenatide ER and metformin after 26 weeks (-2.0 vs -
2.0 kg; P=0.892).

No clinically significant changes in serum lipids were observed with any
treatment.

Mean HOMA-B was significantly improved with exenatide ER compared
to metformin, pioglitazone, and sitagliptin (P<0.001 for all). HOMA-S
significantly improved with metformin and pioglitazone compared to
exenatide ER (P<0.001 for both), and the change with exenatide ER was
similar to sitagliptin (P=0.329).

Serious adverse events were reported in 1.6, 5.3, 5.5, and 1.8% of patients
receiving exenatide ER, metformin, pioglitazone, and sitagliptin,
respectively. No serious adverse event was reported by more than one
patient. Treatment-emergent adverse events reported by at least five
percent of patients in any group included headache (highest with
metformin), diarrhea (highest with metformin), injection site nodule
(highest with exenatide ER), nasopharyngitis (highest with sitagliptin),
nausea (highest with exenatide ER), dyspepsia (highest with exenatide
ER), constipation (highest with exenatide ER), back pain (highest with
metformin), arthralgia (highest with exenatide ER), hypertension (highest
with pioglitazone), and peripheral edema (highest with pioglitazone). No
major hypoglycemia was reported. One patient receiving sitagliptin with
elevated lipase at screening experienced moderate chronic pancreatitis
after eight days and discontinued from study treatment.

All treatments resulted in improvements in perceived treatment
satisfaction, weight-related quality of life, and binge eating behavior. All
treatments, except pioglitazone, resulted in significant improvements in
health status. Significant improvements in weight-related quality of life,
binge eating behavior, and health status were reported with exenatide ER
compared to pioglitazone (P values not reported).

Simpson et al.%*

RETRO

N=5,95

Primary:

Primary:
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(2006) Mortality An increased risk of death was associated with higher daily doses of first-
New users of one ~4.6 years generation sulfonylureas (adjusted HR, 2.1; 95% CI, 1.0 to 4.7) and
First-generation oral diabetic agent Secondary: glyburide (HR, 1.3; 95% ClI, 1.2 to 1.4) compared to metformin (HR, 0.8;
sulfonylurea Not reported 95% ClI, 0.7 to 1.1).
VS Secondary:
Not reported
glyburide
Vs
metformin
Bolen et al.® MA (Analysis of N=136 Primary: Primary:
(2007) 216 controlled trials (articles on Intermediate Results from clinical trials showed that most oral agents including TZDs,
and cohort studies, intermediate | outcomes: HbA, metformin, and repaglinide improved glycemic control to the same degree
Biguanides and 2 SR) outcomes) body weight, BP, as sulfonylureas (absolute decrease in HbA¢ level of about 1%).
lipid panels, all- Nateglinide and a-glucosidase inhibitors have slightly weaker effects, on
S Patients with type 2 N=167 cause mortality, the basis of indirect comparisons of placebo-controlled trials.
diabetes (articles on cardiovascular
meglitinides adverse morbidity and TZDs were the only class with beneficial effect on HDL-C (mean relative
events) mortality, increase, 3 to 5 mg/dL) but a harmful effect on LDL-C (mean relative
VS microvascular increase, 10 mg/dL) compared to other oral agents. Metformin decreased
N=68 outcomes LDL-C levels by about 10 mg/dL, whereas other oral agents had no effects
TZDs (articles on on LDL-C.
microvascular | Secondary:
Vs outcomes and | Adverse events: TZDs, second-generation sulfonylureas, and metformin had similarly

a-glucosidase
inhibitors

'S

second-generation
sulfonylureas

mortality)

Duration
varied

hypoglycemia,
gastrointestinal
problems,
congestive heart
failure, edema or
hypervolemia,
lactic acidosis,
elevated liver
enzymes, allergic
reactions requiring
hospitalization,

minimal effects on SBP.
Most agents except metformin increased body weight by 1 to 5 kg.

In the ADOPT (A Diabetes Outcome Progression Trial), the incidence of
cardiovascular events was lower with glyburide compared to rosiglitazone
or metformin (1.8, 3.4, and 3.2%, respectively; P<0.05).

In the RECORD study (Rosiglitazone Evaluated for Cardiac Outcomes
and Regulation of glycemia in Diabetes), rosiglitazone plus metformin or a
sulfonylurea compared to metformin plus a sulfonylurea had a HR of 1.08
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other serious
adverse events

(95% CI, 0.89 to 1.31) for the primary end point of hospitalization or
death from cardiovascular disease. The HR was driven by more congestive
heart failure in the rosiglitazone plus metformin group compared to the
control group of metformin plus sulfonylurea (absolute risk, 1.7 vs 0.8%,
respectively).

Too few comparisons were made to draw firm comparative conclusions on
microvascular outcomes.

Secondary:

According to several RCTs and some OS trials, sulfonylureas and
repaglinide were associated with greater risk for hypoglycemia. In many
RCTs, TZDs were associated with a higher risk for edema than
sulfonylureas or metformin (absolute risk difference, 2 to 21%).

In cohort studies, TZDs were associated with higher risk for congestive
heart failure although absolute risks were small (1 to 3%) and higher risk
for mild anemia yet produced similarly low rates of elevated
aminotransferase levels (<1%) compared to sulfonylureas and metformin.

In many trials and a few OS trials, metformin was associated with greater
risk for gastrointestinal problems compared to other oral diabetes agents.

According to a SR of 176 comparative trials, lactic acidosis events were
similar between metformin and other oral diabetes agents.

Saenz et al .38
(2005)

Metformin
monotherapy

VS

placebo,
sulfonylureas,
TZDs, meglitinides,
a-glucosidase

MA (29 RCTs)

Adult patients with
type 2 diabetes

N=5,259

>3 months

Primary:
Incidence of any
diabetes-related
outcomes (sudden
death, death from
hyperglycemia or
hypoglycemia,
fatal or nonfatal
MI, angina, heart
failure, stroke,
renal failure,
amputation [of at

Primary:

Obese patients receiving metformin showed a greater benefit than
chlorpropamide, glibenclamide*, or insulin for any diabetes-related
outcomes (P=0.009) and for all-cause mortality (P=0.03).

Obese patients receiving metformin showed a greater benefit than
overweight patients on conventional treatment (diet) for any diabetes-
related outcomes (P=0.004), diabetes-related death (P=0.03), all cause
mortality (P=0.01), and MI (P=0.02).

Secondary:
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inhibitors, diet, any
other oral
antidiabetic
intervention, insulin

least one digit],
vitreous
hemorrhage,
retinopathy
requiring
photocoagulation,
blindness in one
eye, or cataract
extraction);
diabetes-related
death (death from
M, stroke,
peripheral vascular
disease, renal
disease, hypo-
glycemia or
hyperglycemia,
and sudden death);
all-cause mortality

Secondary:
Changes in HbAc,
FPG, quality of
life, weight, BMI,
lipids, insulin, C-
peptide, BP, micro-
albuminuria,
glomerular
filtration rate, renal
plasma flow

Patients receiving metformin monotherapy showed a significant benefit
for glycemic control, weight, dyslipidemia, and DBP. Metformin presents
a strong benefit for Hb A1 when compared to diet and placebo.
Additionally, metformin showed a moderate benefit for glycemic control,
LDL-C, and BMI or weight when compared to sulfonylureas.

Monami et al.%’
(2008)

Metformin

VS

MA

Patients with type 2
diabetes mellitus

N=7,890
(27 RCT)

Variable
duration

Primary:
Reduction in
HbAcat 16 to 36
months

Secondary:
Not reported

Primary:

Combining the results of different placebo-controlled trials, sulfonylurea,
a-glucosidase inhibitors, and TZDs led to a reduction in HbA1¢ by -0.85%
(95% ClI, 0.78 t0 0.94], -0.61% (95% Cl, 0.55 to 0.67), and -0.42% (95%
Cl, 0.40 to 0.44), respectively when combined with metformin.
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sulfonylureas, In direct comparisons, sulfonylureas led to a greater reduction in HbA1¢
a-glucosidase (0.17%; 95% ClI, 0.16 to 0.18; P<0.05) than TZDs. Differences between
inhibitors, TZDs, sulfonylureas and a-glucosidase inhibitors, and between a-glucosidase
glinides, inhibitors and TZDs, were not statistically significant.
GLP-1 agonists
Secondary:
Not reported
Amori et al.® MA (29 RCTs) N=12,996 Primary: Primary:
(2007) Change in baseline | Pooled analysis of trials comparing GLP-1 analogues to placebo
Type 2 diabetics Duration HbA . demonstrated a significant difference in the decrease in HbA. favoring
Incretin-based varied GLP-1 analogues (WMD, -0.97; 95% ClI, -1.13 to -0.81).
therapies (exenatide, (12 to 52 Secondary:
liraglutide, weeks) FPG, proportion of | Specifically, no difference in the HbA;c was found in OL, non-inferiority
sitagliptin, and patients achieving | trials between exenatide and insulin glargine or biphasic aspart (WMD, -
vildagliptinT) an HbA.<7.0% 0.06; 95% ClI, -0.22 to 0.10). Liraglutide demonstrated similar HbA 1.
efficacy compared to OL glimepiride titrated to glycemic goals or DB
S maximum dose metformin (data not reported).
non-incretin-based Secondary:
therapy (placebo or Compared to placebo, FPG was significantly decreased with GLP-1
hypoglycemic analogues (WMD, -27 mg/dL; 95% ClI, -33 to -21).
agent)
Exenatide-treated patients were more likely to achieve an HbA1c <7.0%
compared to placebo treated patients (45 vs 10%, respectively; RR, 4.2;
95% Cl, 3.2 to 5.5), while no difference in the proportions of patients
achieving this goal was observed between exenatide and insulin therapy in
non-inferiority trials (39 vs 35%, respectively; RR, 1.1; 95% ClI, 0.8 to
1.5). Data with liraglutide were not reported.
Frederich et al.%° SR N=4,607 Primary: Primary:
(2010) Composite of There were 38 (1.1%) cardiovascular events with saxagliptin compared to
Inadequately 16to 116 cardiovascular 23 (1.8%) with the comparator drugs (RR, 0.59; 95% CI, 0.35 to 1.00).
Saxagliptin 2.5 to 10 | controlled type 2 weeks events, There were 23 (0.7%) cardiovascular deaths, Mls, and stroke events with
mg QD diabetics cardiovascular saxagliptin compared to 18 (1.4%) with the comparator drugs (RR, 0.44;
death, Ml, and 95% ClI, 0.24 to 0.82). There were seven (0.2%) cardiovascular deaths
VS stroke with saxagliptin compared to 10 (0.8%) with comparator drugs (RR, 0.24;
95% Cl, 0.09 to 0.63).
Secondary:
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glyburide, Not reported Secondary:
metformin, or Not reported
placebo
Singh et al.% MA, SR (13 RCTs) N=17,627 Primary: Primary:
(2011) Any pneumonia or | TZDs are associated with a significantly increased risk for any pneumonia
Type 2 diabetics 1to 5.5 years | lower respiratory or lower respiratory tract infection compared to control (130/8,163 vs
TZDs (pioglitazone, (follow-up) tract infection 100/9,464; RR, 1.40; 95% CI, 1.08 to 1.82; P=0.01). In addition TZDs
rosiglitazone) reported as an were associated with a significantly increased risk of serious pneumonia or
adverse event, lower respiratory tract infection compared to control (111/7,391 vs
VS pneumonia or 87/8,692; RR, 1.39; 95% ClI, 1.05 to 1.83; P=0.02).
lower respiratory
placebo, tract infection Secondary:
sulfonylurea, or reported as a Not reported
metformin serious adverse
event
Secondary:
Not reported
Louisa et al.** MA (37 RCTs) N=3,000 Primary: Primary:
(2011) Glycemic Both pioglitazone (WMD, -0.12%; 95% ClI, -0.38 to -0.16) and
Type 2 diabetics >3 months outcomes rosiglitazone (WMD, -0.47%; 95% ClI, -0.62 to -0.33) significantly
TZDs (pioglitazone, decreased HbA.. Pioglitazone only demonstrated a significant decrease
rosiglitazone) Secondary: compared to placebo, while rosiglitazone significantly decreased HbA ¢

VS

placebo or other
hypoglycemic
agents

Change in baseline
BMI, lipid profile,
BP, high-
sensitivity CRP,
and insulin
sensitizing effect;
cardiovascular and
clinical endpoints

compared to placebo and a sulfonylurea.

Both pioglitazone (WMD, -9.16 mg/dL; 95% ClI, -15.60 to -2.72) and
rosiglitazone (WMD, -16.10 mg/dL; 95% ClI, -22.20 to -10.01)
significantly decreased FPG compared to control. Pioglitazone
demonstrated a significant decrease compared to placebo, metformin, and
vogliboset, while rosiglitazone significantly decreased FPG compared to
placebo, metformin, and a sulfonylurea.

Secondary:

Pioglitazone and rosiglitazone had similar effects on BMI (pioglitazone:
WMD, 0.57; 95% ClI, 0.34 to 0.80 and rosiglitazone: WMD, 0.72; 95% ClI,
0.29 to 1.14).
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Pioglitazone demonstrated a neutral effect of LDL-C (WMD, 3.89 mg/dL;
95% Cl, -0.04 to 7.83) and TC (WMD, 2.30 mg/dL; 95% Cl, -3.81 to
8.41).
Rosiglitazone significantly increased LDL-C (WMD, 11.30 mg/dL; 95%
Cl, 7.80 to 14.79) and TC (WMD, 7.34 mg/dL; 95% Cl, 2.34 to 12.31).
Both agents had favorable effects on HDL-C and TGs.
Pioglitazone produced a small decrease in DBP and SBP, while
rosiglitazone demonstrated a neutral effect.
In 13 trials, pioglitazone demonstrated a neutral effect on high sensitivity
CRP, while rosiglitazone demonstrated a small improvement in high
sensitivity CRP.
Consistent increase in adiponectin and improvement in HOMA-IR were
observed with both pioglitazone and rosiglitazone.
Four trials evaluated cardiovascular events as secondary endpoints. There
were significant decreases in major cardiac events with both pioglitazone
vs control (RR, 0.24; 95% ClI, 0.09 to 0.63) and rosiglitazone vs control
(RR, 0.41; 95% ClI, 0.19 to 0.87).
Richter et al.*? MA of DB (15) or 22 trials Primary: Primary:
(2006) OL (4) RCTs (last Patient-oriented Only one trial (PROactive Study) evaluated mortality and morbidity as an
search conducted in N=6,200 outcomes end point. The primary composite end point (time from randomization to
Pioglitazone August 20086, randomized to | including all-cause mortality, nonfatal Ml, stroke, acute coronary syndrome,
monotherapy (16 included PROactive pioglitazone | mortality, endovascular or surgical intervention on the coronary or leg arteries, or
trials) vs acarbose (1 | Study), PG treatment morbidity, adverse | amputation above the ankle) did not show statistically significant
trial), metformin (4 (total N not effects differences between the pioglitazone and placebo group (HR, 0.90; 95%
trials), placebo (4 Adults with type 2 reported) Cl, 0.80 to 1.02; P=0.095).
trials), repaglinide diabetes, trial Secondary:
(1 trial), duration of at least 24 weeks to Health-related Time to the first event of the composite end point of death from any cause,
rosiglitazone (1 24 weeks 34.5 months | quality of life, MI and stroke indicated a statistically significant difference between
trial), or a HbA ¢ pioglitazone and placebo (HR, 0.84; 95% ClI, 0.72 to 0.98; P=0.027). The
sulfonylurea (8 individual components of the primary composite end point did not disclose
trials) statistically significant differences between the intervention and control
groups. Significantly more patients developed heart failure requiring
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or hospitalization following administration of pioglitazone (6 vs 4% on
placebo; P=0.007).
pioglitazone
combination therapy The percentage of overall and serious adverse events was comparable
vs a similar between the intervention and control groups. Six trials reported a more
combination with pronounced (sometimes dose-related) decrease of hemoglobin after
another compound pioglitazone intake in comparison to other active compounds or placebo;
(9 trials including 2 hemoglobin reductions ranged between -0.50 and- 0.75 g/dL. Fifteen trials
trials vs evaluated body weight and observed an increase up to 3.9 kg after
rosiglitazone) pioglitazone treatment; seven trials described a rise in BMI up to 1.5
kg/m2. Eleven of the 22 included trials showed data on hypoglycemic
Some studies had episodes: compared to the active monotherapy control, pioglitazone
more than 1 treatment resulted in somewhat lower rates of hypoglycemia (P value not
treatment arm. reported). The RR for development of edema with pioglitazone compared
to the control was 2.86 (95% Cl, 2.14 to 3.18; P<0.00001) when results
from 18 trials were pooled.
Secondary:
No study investigated health-related quality of life.
Active glucose-lowering compounds like metformin, glibenclamide*,
gliclazidet or glimepiride resulted in similar reductions of HbA ¢
compared to pioglitazone treatment (P values not reported).
Lincoff et al.*® DB, MA, RCT with N=16,390 Primary: Primary:
(2007) placebo or active (19 trials) Composite of death | Death, M, or stroke occurred in 375 of 8,554 patients (4.4%) receiving
comparator from any cause, MI | pioglitazone and 450 of 7,836 patients (5.7%) receiving control therapy
Pioglitazone 4 months to or stroke (HR, 0.82; 95% CI, 0.72 to 0.94; P=0.005).
monotherapy vs Adult patients with 3.5 years

metformin (1 trial),
placebo (4 trials),
sulfonylureas (6
trials) or
rosiglitazone (1
trial)

or

type 2 diabetes and
inadequate glycemic
control

Secondary:
Incidence of
serious heart
failure

Individual components of the primary end point were reduced with
pioglitazone treatment with varying degrees of statistical significance
(death: HR, 0.92; P=0.38, MI: HR, 0.81; P=0.08, death and MI: HR, 0.85;
P=0.04, and stroke: HR, 0.80; P=0.09).

Progressive separation of time-to-event curves became apparent after
approximately one year of therapy.

Secondary:
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pioglitazone Serious heart failure was reported in 2.3% of the pioglitazone-treated
combination therapy patients and 1.8% of the control treated patients (HR, 1.41; 95% Cl, 1.14
(7 trials) with to 1.76; P=0.002). The composite of serious heart failure and death was
insulin, metformin, not significantly increased among patients receiving pioglitazone (HR,
or sulfonylureas vs 1.11; 95% ClI, 0.96 to 1.29; P=0.17).
active comparator or
placebo
Lago et al.* MA of DB, RCTs 7 trials Primary: Primary:
(2007) of TZDs that Development of Three hundred and sixty of 20,191 patients who had either prediabetes or
reported risk N=20,191 congestive heart type 2 diabetes had congestive heart failure events (214 with TZDs and
Pioglitazone 15 to estimates or failure, risk of 146 with comparators). The overall event rate for congestive heart failure
45 mg/day (2 trials) | frequency data for 29.7 months | cardiovascular was 2.3% for patients receiving TZDs and 1.4% in the comparator group.
or rosiglitazone 4 to | congestive heart (range, 12to | death
8 mg/day (5 trials) failure and 48 months) Patients given pioglitazone (RR, 1.32; 95% Cl, 1.04 to 1.68; P=0.02) or
cardiovascular death Secondary: rosiglitazone (RR, 2.18; 95% Cl, 1.44 to 3.32; P=0.0003) had increased
S Not reported risk for development of congestive heart failure across a wide background
Patients with of cardiac risk compared to the control agent (combined RR, 1.72; 95%
placebo (4 trials), prediabetes or type Cl, 1.21 to 2.42; P=0.002). The risk for congestive heart failure did not
glibenclamide* (1 2 diabetes (with and differ for rosiglitazone and pioglitazone (RR, 1.74; 95% ClI, 0.97 to 3.14;
trial), glimepiride (1 | without P=0.07).
trial), metformin (1 cardiovascular
trial), or metformin | disease), mean age The overall event rate for cardiovascular death was 0.7% in both groups.
plus nonspecified 59.2 years, mean The risk of cardiovascular death was not increased with pioglitazone (RR,
sulfonylurea (1 trial) | BMI 31 kg/m?, 1.01; 95% CI, 0.51 to 2.01; P=0.98), rosiglitazone (RR, 0.91; 95% ClI,
mean baseline 0.63 to 1.32; P=0.63) or both TZDs (combined RR, 0.93; 95% Cl, 0.67 to
Doses of HbA1c 7.72% 1.29; P=0.68). The risk of cardiovascular death did not differ between both
comparators were drug groups (RR, 1.01; 95% ClI, 0.73 to 1.40; P=0.96).
not specified and 1
trial had 2 control Secondary:
groups. Not reported
Mannucci et al.*® MA (94 trials) N=21,180 Primary: Primary:
(2008) All-cause In PROactive, pioglitazone treatment was not associated with a significant
Patients treated with Variable mortality, non-fatal | reduction in all-cause mortality (P value not reported).
Pioglitazone pioglitazone (with duration coronary event
or without type 2 (defined as M, In non-diabetic patients, only one death was observed occurring among
VS diabetes) unstable angina or | pioglitazone-treated patients.

coronary re-
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Results

active comparators,
placebo, no
treatment

vascularization),
non-fatal chronic
heart failure
requiring
hospitalization

Secondary:
Not reported

In type 2 diabetic patients (excluding PROactive), the total number of
deaths reported was 17 and 39 in the pioglitazone and comparator groups,
respectively (RR, 0.41; 95% CI, 0.23 t0 0.72).

When analyzing all trials, no significant reduction of mortality was
observed with pioglitazone.

Comparing different agents, pioglitazone was associated with a lower
mortality rate compared to sulfonylureas. There was no significant
difference in all-cause mortality with metformin, rosiglitazone, glitazars,
or placebo. When trials with zero events were included in the analysis, no
significant difference was observed with sulfonylureas (RR, 0.22; 95% Cl,
0.05 to 1.03), metformin (RR, 0.66; 95% CI 0.19 to 2.34), rosiglitazone
(RR, 0.49; 95% ClI, 0.04 to 5.36), glitazars (RR, 0.42; 95% Cl, 0.11 to
1.61), or placebo (RR, 0.16; 95% CI, 0.02 to 1.45).

In PROactive, pioglitazone significantly reduced the incidence of non-fatal
coronary events (P value not reported).

In non-diabetic subjects, only two non-fatal coronary events occurred and
one case of heart failure in pioglitazone group were reported.

In type 2 diabetes, 44 and 50 non-fatal coronary events were observed in
pioglitazone and comparator groups, respectively (RR, 0.82; 95% ClI, 0.55
to 1.23).

Combining trials with at least one event, the difference between
pioglitazone and comparators was not statistically significant.

In PROactive, pioglitazone was associated with an increased risk for
chronic heart failure. In the other 40 trials reporting data on non-fatal heart
failure requiring hospitalization, 58 cases were reported in pioglitazone-
treated subjects and 39 in controls (RR ,1.32; 95% CI, 0.88 to 1.98).

Combining the results of all trials with at least one event except
PROactive, the overall difference between pioglitazone and comparators
was not significant (P value not reported). When adding PROactive or
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excluding trials vs dual PPARo/y agonists pioglitazone was associated
with a significant increase of risk for chronic heart failure.
In comparison with different agents, pioglitazone was associated with an
increased risk of chronic heart failure in PC trials, while differences with
sulfonylureas or glitazars did not reach significance.
Secondary:
Not reported
Nagajothi et al.* MA (5 trials) N=not Primary: Primary:
(2008) reported Ml The RR for M1 was 0.86 (95% ClI, 0.69 to 1.07; P=0.17).
Patients treated with
Pioglitazone pioglitazone Duration Secondary: Secondary:
varied Stroke, The RR for stroke was 0.79 (95% Cl, 0.61 to 1.02; P=0.07).
S revascularization,
total mortality, The RR for total mortality was 0.94 (95% CI, 0.78 to 1.15; P=0.56).
active comparators cardiovascular
(metformin and/or mortality The RR for coronary revascularization was 0.40 (95% CI, 0.13 to 1.23;
sulfonylurea) or P=0.11.
placebo
The RR for cardiovascular mortality was 0.92 (95% ClI, 0.73 to 1.16;
P=0.47).
Karter et al.#’ Cohort study of all N=23,440 Primary: Primary:
(2005) patients in the Time-to-incident Three hundred and twenty admissions for congestive heart failure were
Kaiser Permanente 10.2 months | admission to observed during the follow-up (mean, 10.2 months) after drug initiation.
Patients initiated Medical Care (mean) hospital for Relative to patients initiating sulfonylureas, there were no significant
pioglitazone Program with type 2 congestive heart increases in the incidence of hospitalization for congestive heart failure in
(15.2%), diabetes (Kaiser failure those initiating pioglitazone (HR, 1.28; 95% Cl, 0.85 to 1.92). There was a

sulfonylureas
(25.3%), metformin
(50.9%), and insulin
(8.6%) alone, or in
addition to pre-
existing therapies

Permanente
Northern California
Diabetes Registry)
who initiated any
new diabetes
pharmacotherapy
between October
1999 and November
2001

Secondary:
Not reported

significantly higher incidence among those initiating insulin (HR, 1.56;
95% CI, 1.00 to 2.45) and lower incidence among those initiating
metformin (HR, 0.70; 95% ClI, 0.49 to 0.99).

Secondary:
Not reported
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Singh et al.*® MA of RCTs 4 trials Primary: Primary:
(2007) (available up to RR of M, heart Rosiglitazone significantly increased the risk of MI (94 vs 83; RR, 1.42;
May 2007 and N=14,291 failure, and 95% ClI, 1.06 to 1.91; P=0.02) and heart failure (102 vs 62; RR, 2.09; 95%
Rosiglitazone included ADOPT, (n=6,421 cardiovascular Cl, 1.52 to 2.88; P<0.001) compared to the control.
DREAM and rosiglitazone; | mortality
VS RECORD trials) of n=7,870 There was no significant difference in the risk of cardiovascular mortality
rosiglitazone of at control) Secondary: between the rosiglitazone and control group (59 vs 72; RR, 0.90; 95% ClI,
control (placebo or least 12 months Not reported 0.63 to 1.26; P=0.53).
other non-TZD oral | duration 1to 4 years
hypoglycemic drug Rosiglitazone had no effect on all-cause mortality (146 vs 180; RR, 0.99;
including glyburide | Study participants 95% ClI, 0.80 to 1.23; P=0.92).
or metformin) with impaired
glucose tolerance or Secondary:
type 2 diabetes, Not reported
studies monitored
cardiovascular
adverse events and
provided numerical
data on all adverse
events
Nissen et al.* MA of RCTs of 42 trials Primary: Primary:
(2007) more than 24 weeks MI and death from | Rosiglitazone was associated with a significant increase in the risk of Ml
that had outcome n=15,560 for | cardiovascular compared to the control agent (OR, 1.43; 95% Cl, 1.03 to 1.98; P=0.03).
Rosiglitazone data for Ml and rosiglitazone; | causes
monotherapy or death from n=12,283 for Compared to the control agent, rosiglitazone was associated with a trend
combination therapy | cardiovascular comparator Secondary: toward increased cardiovascular death (OR, 1.64; 95% Cl, 0.98 to 2.74;
causes (included Not reported P=0.06).
VS ADOPT and 24 to 208
DREAM trials) weeks Although not a prespecified end point, the OR for death from any cause
placebo or active with rosiglitazone was 1.18 (95% ClI, 0.89 to 1.55; P=0.24).
comparators Mean age of
(including participants was 56 Secondary:
gliclazideT, years, mean Not reported
glimepiride, baseline HbA.
glipizide, glyburide, | 8.2%
insulin, and
metformin)
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Richter et al.*® MA of DB (11) or 18 trials Primary: Primary:
(2007) OL (5) RCTs (last Patient-oriented No study included mortality as a primary or secondary end point. While
search conducted in N=3,888 outcomes not an initial primary or secondary study end point, the ADOPT trial

Rosiglitazone April 2007, randomized to | including reported that the all-cause mortality was 2.3% in the rosiglitazone group,
monotherapy (10 included the rosiglitazone | mortality, 2.1% in the metformin group and 2.2% in the glyburide group (P values

trials) vs glyburide
(2 trials), metformin
(3 trials),
pioglitazone (1
trial), placebo (5
trials), or
repaglinide (1 trial)

or

rosiglitazone
combination therapy
vs a similar
combination with
another compound
(8 trials)

Some studies had
more than 1
treatment arm.

ADORPT trial), PG

Adults with type 2
diabetes, trial
duration of at least
24 weeks

treatment
(total N not
reported)

24 weeks to 4
years (median
26 weeks)

morbidity, adverse
effects

Secondary:
Health-related
QOL, metabolic
control (HbA1c)

not reported in this reference).

The ADOPT trial also reported comparable hospitalization rates for any
cause between rosiglitazone (11.6%), metformin (11.8%), and glyburide
(10.4%) groups (P values were not reported in this reference).
Cardiovascular disease was increased in the rosiglitazone group compared
to the glyburide group but not the metformin group with serious/total
events reported in 3.4/4.3% and 1.8/2.8% of patients receiving
rosiglitazone and glyburide, respectively (events were 3.2/4.0% with
metformin; P values were not reported in this reference). Congestive heart
failure was observed more frequently in patients receiving rosiglitazone
(1.5%) than patients receiving glyburide (0.6%) but not metformin (1.3%;
P values were not reported in this reference).

The percentage of overall adverse events was comparable between the
intervention and control groups (which included placebo arms); serious
adverse events appeared to happen more often after rosiglitazone treatment
(median of 6 vs 4% in the control groups; P value not reported). Median
discontinuation rate following rosiglitazone administration was also higher
than after control therapy (median of 7 vs 4%; P value not reported). Three
studies reported a more pronounced (apparently dose-related) decrease of
hemoglobin after rosiglitazone intake in comparison to other active
compounds or placebo; hemoglobin reductions ranged between 0.5 and 1.0
g/dL. Eleven studies evaluated body weight and observed an increase up
to 5.0 kg after rosiglitazone treatment; four studies described a rise in BMI
up to 1.5 kg/m?. Seven of the 18 included studies showed data on
hypoglycemic episodes: compared to active monotherapy control,
rosiglitazone treatment resulted in somewhat lower rates of hypoglycemia,
especially when compared to sulfonylureas. Occurrence of edema was
significantly raised when results of nine studies were pooled (OR, 2.27;
95% Cl, 1.83 to 2.81; P<0.00001). The ADOPT trial reported a higher
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incidence of fractures in women receiving rosiglitazone (9.30%) than
metformin (5.08%; P<0.01) or glyburide (3.47%; P<0.01).
Secondary:
No study investigated health-related quality of life.
Active glucose-lowering compounds like metformin, glibenclamide* or
glimepiride resulted in similar reductions of HbA1. compared to
rosiglitazone treatment.
Kheirbek et al.5! 0S, RETRO N=17,773 Primary: Primary:
(2013) All-cause mortality | After adjustments were made for severity of illness and patient
Veterans with Variable demographics, the remaining variance in mortality was explained by
Hypoglycemic diabetes cared for at duration Secondary: exposure to five medications, listed in order of impact on risk-adjusted
medications a Veterans Not reported mortality: glipizide (OR=1.566), glyburide (OR=1.804), rosiglitazone
(metformin, Administration (OR=1.805), insulin (OR=2.382), and chlorpropamide (OR=3.026). None
glyburide, glipizide, | Capital area medical of the other medications (metformin, acarbose, glimepiride, pioglitazone,
rosiglitazone, center tolazamide, repaglinide, troglitazone, and DPP-4 inhibitors) were
acarbose, associated with excess mortality beyond what could be expected from the
chlorpropamide, patients’ severity of illness or demographic characteristics. Insulin,
glimepiride, glyburide, glipizide, and rosiglitazone continued to be associated with
pioglitazone, statistically significant increased mortality after controlling for possible
tolazamide, drug interactions.
repaglinide,
troglitazone, Secondary:
insulin, and DPP-4 Not reported
inhibitors)
*Defined as any
use of the
medication
independent of dose
or days of use
Type 2 Diabetes — Combination Therapy
Halimi et al.? DB, PC, PG, RCT N=152 Primary: Primary:
(2000) HbA. at trial end Mean difference in HbA1 from baseline to trial end was -0.7£1.2% with
Patients 30 to 70 6 months acarbose compared to 0.2+1.3% with placebo (P=0.0001).

Metformin 850 mg
BID to TID and

years of age with
type 2 diabetes,

Secondary:
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acarbose 50 to 100 BMI 25 to 35 Blood glucose, Patients were classified as responders if their HbA 1. values at trial end

mg TID kg/m?, having poor insulin profiles, were <7.0% or had decreased by <15% relative to baseline. The total

glycemic control TG numbers of responders were 25 of 49 (42%) patients receiving acarbose

VS despite receiving and 12 of 70 (17%) patients receiving placebo (P=0.002).

metformin >2

metformin 850 mg months before the Secondary:

BID to TID study start Mean difference in the fasting blood glucose level from baseline to trial
end was -1.0+2.8 mmol/L with acarbose compared to 1.3+2.8 mmol/L
with placebo (P=0.0001).

Mean difference in two-hour PPG level from baseline to trial end was -
1.4+3.8 mmol/L with acarbose compared to 1.1+3.5 mmol/L with placebo
(P=0.0001).

Mean changes between acarbose compared to placebo for TG, fasting and
postprandial serum insulin were not significant (P value not significant).

Phillips et al.>® DB, MC, PC, PG, N=83 Primary: Primary:

(2003) RCT Change in baseline | Mean HbA:. increased with placebo from 7.82+0.83% at baseline to

24 weeks HbA ¢ 8.10+1.06% at week 12 and 8.50£1.44% at trial end. The mean increase

Metformin (usual
dose) and acarbose
50 mg to 100 mg
BID

VS

metformin (usual
dose)

Patients >40 years
of age with type 2
diabetes for >6
months, BMI 25 to
35 kg/m?, HbA ;¢
7.0 t0 10.0% at
screening week and
6.8 t0 10.2% at
baseline, and
inadequately
controlled by
metformin

Secondary:
Change in baseline
FPG

after 24 weeks was 0.68+1.17%, with a significant overall time effect
(P=0.0001).

With acarbose, mean HbA1. decreased from 8.02+0.85% at baseline to
7.78+1.00% at week 12 (P=0.0261). At the trial end, mean HbA.
increased to 7.97+1.10%. There was no significant overall time effect for
acarbose (P value not reported).

Adjusted least square means for the change in HbA 1. from baseline to trial
end showed a decrease of 0.16+0.18% with acarbose compared to an
increase of 0.86+0.16% with placebo. There was a significant difference
between the treatment groups of 1.02% (95% CI, 0.543 to 1.497;
P=0.0001).

Secondary:

Mean FPG levels increased with placebo from baseline (9.41 £1.99
mmol/L) to week 4 (10.06 £2.43 mmol/L) to trial end (10.77 £3.39
mmol/L). The levels only changed slightly with acarbose.
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Mean FPG increases were 1.36+2.88 mmol/L with placebo and 0.08+1.98
mmol/L with acarbose. The adjusted least square means showed increase
at trial end with both treatments of 0.34+0.42 mmol/L with acarbose vs
1.48+0.39 mmol/L with placebo, with a significance of 1.132 mmol/L
between the two treatments (95% CI, 0.056 to 2.208; P=0.0395).
Rosenstock et al.>* DB, RCT N=1,186 Primary: Primary:
(2016) Change in baseline | At week 26, reductions from baseline in HbA . were seen with
Patients with drug- 26 weeks HbA1c CANA100/MET, CANA300/MET, CANA100, CANA300, and MET (-
Canagliflozin 100 naive type 2 1.77,-1.78, -1.37, -1.42, and —1.30%, respectively), resulting in final
mg and metformin diabetes from 18 to Secondary: mean HbA:¢ values of 7.0, 7.0, 7.4, 7.3, and 7.4%, respectively.
XR 75 years of age Noninferiority in Reductions in HbAc with CANA100/MET and CANA300/MET were

(CANA10OMET)
VS

Canagliflozin 300
mg and metformin
XR
(CANA3O0OMET)

VS

Canagliflozin 100
mg (CANA 100)

VS

Canagliflozin 300
mg (CANA 300)

VS

metformin XR
(MET)

HbA:. lowering
with canagliflozin
monotherapy
versus metformin;
changes in FPG,
body weight, and
SBP; and
proportion of
patients achieving
HbA. <7.0%

statistically significant versus MET (LS mean differences of —0.46% and —
0.48%, respectively; P=0.001 for both) and versus CANA100 and
CANAS300 (LS mean differences of —0.40% and —0.36%, respectively;
P=0.001 for both).

Secondary:

Noninferiority of HbA:. lowering was also demonstrated with CANA100
and CANA300 versus MET (LS mean differences of —-0.06% and —0.11%,
respectively; noninferiority P=0.001 for both). At week 26, significant
differences in the proportion of patients who achieved HbA;. <7.0% were
observed with CANAL100/MET and CANAS30O/MET versus MET
(P=0.027 and P=0.016, respectively); 49.6%, 56.8%, 38.8%, 42.8%, and
43.0% of patients achieved HbA;¢ <7.0% with CANA100/MET,
CANA300/MET, CANA100, CANA300, and MET, respectively.

Dose-related reductions in FPG were observed with CANA100/MET and
CANAZ3OO/MET that were greater compared with their respective
monotherapies. At week 26, reductions in body weight from baseline were
observed across groups (-3.2, 3.9, 2.8, -3.7, and —1.9 kg [-3.5%, —
4.2%, —3.0%, —3.9%, and —2.1%] with CANA100/MET, CANA300/MET,
CANA100, CANA300, and MET, respectively). CANAL100/MET,
CANA300/MET, CANA100, and CANA300 provided modest reductions
in SBP compared with MET (-2.2, -1.7, -2.2, -2.4, and —0.3 mmHg,
respectively). Reductions in SBP with CANA100/MET and
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(Metformin XR CANAS300/MET were not statistically significant versus MET (LS mean
doses were titrated) differences of —1.9 and —1.3 mmHg, respectively).
Lopez-Alvarengaet | DB, RCT, XO N=46 Primary: Primary:
al.%® Change in FPG Changes in FPG from baseline were not significant for placebo (P=0.62),
(1999) Patients with type 2 42 weeks from baseline, but were significant for acarbose (P=0.05) and insulin (P=0.003).
diabetes from 35 to body weight,
Metformin 1,200 mg | 70 years of age with HbA, fasting Changes in HbA;. from baseline were not significant for placebo (P=0.62)
daily, BMI 23 to 35 insulin, fasting C- | and acarbose (P=0.3), but were significant for insulin (P=0.008).
chlorpropamide 500 | kg/m?, with a FPG peptide,
mg daily, and >8.8 mmol/L intravenous Changes in body weight were not significant in any group (P=0.2 vs
acarbose 100 mg despite maximal glucose tolerance baseline).
TID doses of test (incremental
chlorpropamide and area), glucose meal | Changes in fasting insulin from baseline were not significant for placebo
VS metformin for at tests (incremental (P=0.38), but were significant for acarbose (P=0.03) and insulin (P=0.02).
least 2 months area)
metformin 1,200 mg Changes in fasting C-peptide from baseline were not significant in any
daily, Secondary: group, placebo (P=0.7), acarbose (P=0.5), and insulin (P=0.24).
chlorpropamide 500 Not reported
mg daily, and NPH Changes in intravenous glucose tolerance test (incremental area) from
insulin at bedtime baseline were not significant in any group, placebo (P=0.36), acarbose
(P=0.91), and insulin (P=0.94).
Vs
Changes in glucose meal tests (incremental area) from baseline were not
metformin 1,200 mg significant for placebo (P=0.84) and insulin (P=0.08), but were for
daily, acarbose (P=0.02).
chlorpropamide 500
mg daily, and Changes in insulin (incremental area) from baseline were not significant
placebo for any group, placebo (P=0.92), acarbose (P=0.3), and insulin (P=0.43).
Thirty-seven percent of patients developed severe bloating during
acarbose use. This was significant (P<0.05) compared to acarbose and
placebo or insulin.
Secondary:
Not reported
Haak et al.® DB, MC, PC, RCT N=791 Primary: Primary:
(2012)
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Patients 18 to 80 24 weeks Change from After 24 weeks, the mean change in HbA1c was 0.1% with placebo, -0.5%
Linagliptin 5 mg QD | years of age with baseline in HbAc with linagliptin 5 mg QD, -0.6% with metformin 500 mg BID, -1.1% with
type 2 diabetes who at week 24 metformin 1,000 mg BID, -1.2% with linagliptin plus metformin 500 mg,
VS were treatment- and -1.6% with linagliptin plus metformin 1,000 mg.
naive (HbAzc 7.5 to Secondary:
metformin 500 mg 11.0%) or who had Change from The adjusted placebo-corrected mean changes in HbA. were -1.7% (95%
BID received one other baseline in FPG, Cl, -2.0 to -1.4) for linagliptin plus metformin 1,000 mg; -1.3% (95% ClI, -
oral antidiabetic change from 1.6 to -1.1) for linagliptin plus metformin 500 mg; -1.2% (95% ClI, -1.5 to
VS drug (HbA 7.0 to baseline in HbA. -0.9) for metformin 1,000 mg; -0.8% (95% ClI, -1.0 to -0.5) for metformin
10.5%) and FPG over time, | 500 mg, and -0.6% (95% CI, -0.9 to -0.3) for linagliptin monotherapy
metformin 1,000 mg proportion of (P<0.0001 for all).
BID patients requiring
rescue therapy The mean treatment differences for linagliptin plus metformin 1,000 mg vs
Vs after failing to metformin and linagliptin monotherapy were -0.5% (95% Cl, -0.7 to -0.3)
achieve pre- and -1.1% (95% ClI, -1.4 to -0.9), respectively. For linagliptin plus
linagliptin 2.5 mg specified glycemic | metformin 500 mg, the respective mean differences were -0.6% (95% ClI, -
BID and metformin targets or 0.8 to -0.4) and -0.8% (95% ClI, -1.0 to -0.6; P<0.0001 for all).
500 mg BID discontinuing
because of lack of | Secondary:
VS efficacy, safety The adjusted placebo-corrected mean changes in FPG from baseline were
-3.3 mmol/L (95% Cl, -4.0 to -2.6) and -2.4 mmol/L (95% ClI, -3.1 to -1.7)
linagliptin 2.5 mg in the linagliptin plus metformin 1,000 mg and linagliptin plus metformin
BID and metformin 500 mg groups, respectively. This is compared to -2.3 mmol/L (95% ClI, -
1,000 mg BID 3.0t0-1.7), -1.4 mmol/L (95% ClI, -2.1 to -0.8) and -1.0 mmol/L (95% ClI,
-1.7 t0 -0.3) in the metformin 1,000 mg, metformin 500 mg, and
S linagliptin monotherapy groups, respectively (P<0.0001 for all).
placebo The proportion of patients requiring rescue therapy for inadequate
glycemic control at week 24 was lower in the combination therapy groups
(linagliptin plus metformin 1,000 mg, 4.3%; linagliptin plus metformin
500 mg, 7.3%) compared to either monotherapy alone (metformin 1,000
mg, 8.0%; metformin 500 mg, 13.5%; linagliptin, 11.1%).
The proportion of patients reporting adverse events were comparable
across the active treatment groups.
Haak et al.>” DB, MC, PC, RCT N=566 Primary: Primary:
(2013) Safety
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Patients 18 to 80 54 weeks The incidences of treatment-emergent AEs during the extension period
linagliptin 2.5 mg years of age with Secondary: were comparable across the groups, ranging between 66 and 77%. Most
plus metformin type 2 diabetes who Change from adverse events were of mild or moderate intensity, with the majority
500 mg (both twice | were treatment- baseline in HbA ¢ considered unrelated to study drug.
daily) naive (HbAzc 7.5 to and FPG, the

11.0%) or who had percentages of Secondary:
VS received one other patients who All three groups maintained the reduction in HbA:. achieved at the end of

oral antidiabetic achieved target the six-month trial, with changes of 0.12 + 0.72%, 0.08 + 0.74% and 0.13
linagliptin drug (HbA 7.0 to HbA. levels of < * 0.54%, for the metformin 1000 group, linagliptin 2.5 + metformin
2.5 mg plus 10.5%) 7.0 or < 6.5%, 500, and linagliptin 2.5 + metformin 1000 groups, respectively.
metformin 1000 mg the percentages of
(both twice daily) (extension study of patients with a The overall incidence of rescue medication use was lower in the linagliptin

Haak et al.) reduction in 2.5 + metformin 1000 treatment group (14.0%) than in the linagliptin 2.5
VS HbA1 levels of > + metformin 500 (27.6%) and metformin 1000 (24.7%) treatment groups.

0.5%, and use of During the extension study, there were no clinically meaningful changes in
metformin rescue therapy weight, with mean £SD changes of 0.4 + 2.7 kg, 0.2 £ 3.0 kg and -0.7 £
1000 mg twice daily 3.2 kg in the metformin 1000, linagliptin 2.5 + metformin 500, and
monotherapy linagliptin 2.5 + metformin 1000 groups, respectively.
Standl et al.® DB, MC, PC, PG, N=154 Primary: Primary:
(2001) RCT Change in baseline | Miglitol produced a significant reduction in Hb A4 (-0.55%; P=0.04) and
24 weeks HbA1¢ PPG (-2.6 mmol/L; P=0.0009) compared to placebo.

Metformin 500 to
850 mg daily,
miglitol 25 mg to
100 mg TID, and
glibenclamide*
3.5t05mg BID to

QID
S
metformin 500 to

850 mg daily and
glibenclamide*

Patients 30 to 70
years of age with
type 2 diabetes for
>3 years; HbA1c
>7.5 t0 <10.5%;
BMI <35 kg/m?;
stable body weight
over the previous 3
months; and
inadequately
controlled on
combination
therapy of diet,

Secondary:

FPG, PPG, fasting
and postprandial
serum insulin, TG,
urinary glucose

Secondary:
FPG decreased with miglitol and was almost unchanged with placebo; the
difference was not significant (P=0.10).

Fasting insulin levels were unchanged with both treatments throughout the
trial, with no significant difference between them (P=0.79).

Postprandial insulin decreased from baseline to trial end, but the difference
between the groups was not significant (P=0.26).

Postprandial TG decreased slightly with miglitol and remained unchanged
with placebo, and the difference was not significant (P=0.47).
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3.5t05mgBID to glibenclamide* and
QID metformin
Van Gaal et al.* DB, MC, PC, PG, N=152 Primary: Primary:
(2001) RCT Change in baseline | There was a significant decrease in HbA1c with miglitol compared to
32 weeks HbA ¢ placebo (-0.21 vs 0.22%; P=0.011).
Metformin 500 mg Patients 30 to 75
TID or 850 mg BID | years of age with Secondary: Secondary:
to TID and miglitol type 2 diabetes for Change in FPG, PPG decreased with both treatments, but the reduction was more
2510 100 mg TID >1 year, HbA1c >7.5 PPG, serum significant with miglitol (from 16.5£3.8 mmol/L at baseline to 13.8+5.0
to <10.5%, BMI 23 insulin, fasting and | mmol/L at trial end) compared to placebo (from 16.3+3.4 mmol/L at
VS to 40 kg/m?, stable one-hour baseline to 15.7+3.8 mmol/L at trial end). The baseline adjusted means
body weight over postprandial TG were 13.8 mmol/L with miglitol vs 15.8 mmol/L with placebo (P=0.0007).
metformin 500 mg the previous 3 levels
TID or 850 mg BID | months, and whose Fasting insulin levels decreased more with miglitol compared to placebo,
to TID diabetes was the difference was not significant (P value not reported).
inadequately
controlled by diet FPG, fasting and postprandial TG levels showed a descriptive advantage
and metformin for miglitol, but did not reach a statistical difference. Mean FPG levels fell
more with miglitol (baseline, 11.5£2.7 mmol/L; end of treatment, 10.8+3.6
mmol/L) compared to placebo (baseline, 11.6£3.1 mmol/L; end of
treatment, 11.5+3.4 mmol/L; difference of adjusted means; P=0.15).
Fasting TG levels fell with miglitol (treatment effect, -16.3 mg/dL)
compared to placebo (treatment effect, 3.77 mg/dL; P=0.26). Similar
results were seen for postprandial TG.
Chiasson et al.° DB, MC, PC, RCT N=324 Primary: Primary:
(2001) Change in baseline | Mean change in HbA1 from baseline was 0.38+0.12% with placebo,
Patients >40 years 36 weeks HbA. 0.02+0.10% with miglitol, -0.85+0.12% with metformin, and -1.39+£0.11%

Metformin 500 mg
TID and miglitol
100 mg TID

Vs

metformin 500 mg
TID

VS

of age with type 2
diabetes
inadequately
controlled by diet
alone, HbA1c 7.2 to
9.5%

Secondary:
Change in baseline
FPG and PPG,
insulin levels, and
TG

with combination therapy. A reduction in mean placebo-subtracted HbA;.
of -1.78% was seen with combination therapy, and this was significantly
different from metformin (-1.25%; P=0.002).

Mean reductions in HbA;. compared to placebo were -0.37% with
miglitol, -1.25% with metformin, and -1.78% with combination therapy.
The end of treatment mean HbA. was 8.5% with placebo, 8.2% with
miglitol, 7.3% with metformin, and 6.9% with combination therapy.
Significantly more patients (P=0.0014) receiving combination therapy
(70.6%) were classified as responders (i.e., showed >15% reduction from
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baseline in HbA. or achieved an HbA. <7.0%) compared to metformin
miglitol 100 mg TID (45.5%).
VS Secondary:
Combination therapy resulted in better metabolic control compared to
placebo metformin for FPG (P=0.0025) and two-hour PPG AUC (P=0.0001).
Changes in TG levels from baseline to trial end did not differ significantly
between combination therapy compared to metformin, and showed no
consistent trend (P value not reported).
DeFronzo et al.%! DB, PC, RCT N=743 Primary: Primary:
(2009) Change in baseline | Saxagliptin significantly decreased HbA:. compared to placebo (-0.59, -
Type 2 diabetics 18 24 weeks HbA . 0.69, and -0.58 vs 0.13%; P<0.0001 for all), with significance achieved
Metformin (existing | to 77 years of age after four weeks.
therapy) and with inadequate Secondary:
saxagliptin 2.5, 5, or | glycemic control Change in baseline | Secondary:
10 mg QD (HbA>7.0to FPG and PPG Saxagliptin significantly decreased FPG compared to placebo (-14.31, -
<10.0%), receiving AUCo.3hr, 22.03, and -20.50 vs 1.24 mg/dL; P<0.0001 for all). Similar results were
S stable doses of proportion of observed with PPG AUC.3nr (-8,891, -9,586, and -8,137 vs -3,291
metformin (>1,500 patients achieving [mg/minute]/[dL]; P<0.0001 for all).
metformin (existing | to <2,550 mg/day) an HbA1.<7.0%
therapy) and placebo | >8 weeks, fasting A significantly greater proportion of patients achieved an HbA1: <7.0%
C-peptide with saxagliptin compared to placebo (37.1, 43.5, and 44.4 vs 16.6%;
concentration >1 P<0.0001 for all).
ng/mL, and BMI
<40 kg/m?
Hermans et al.5? DB, RCT N=286 Primary: Primary:
(2012) Absolute change Compared with baseline, an adjusted mean change in HbA;. at Week 24 of
PROMPT metformin-tolerant 24 weeks from baseline in -0.47% was observed in the SAXA-MET group and -0.38% in the MET-
patients >18 years HbA ¢ UP group. The difference in adjusted mean change from baseline HbA1¢
Fixed-dose of age with type 2 between treatment groups was -0.10%, which was not statistically
metformin 1500 diabetes and Secondary: significant (P=0.260).
mg/day, plus either: | insufficient Proportion of
glycemic control on patients achieving | Secondary:
Add-on saxagliptin 5 | submaximal a therapeutic The proportion of patients achieving therapeutic glycemic response
mg/day metformin therapy glycemic response, | (HbA1c <7%) at Week 24 was 43.8% (SAXA-MET) and 35.0% (MET-
(SAXA-MET) UP). In comparison, the proportion of patients achieving therapeutic
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change from glycemic response (HbA1c <6.5%) at Week 24 was 20.5% (SAXA-MET)
Vs baseline in and 16.8% (MET-UP).
FPG, safety and
metformin tolerability During the 24-week treatment period, 51.0% (75/147) of patients in the
uptitration (MET- SAXA-MET group and 43.9% (61/139) in the MET-UP group
UP) to a max dose experienced at least one adverse event.
(2500 mg/day).
Pfutzner et al .63 AC, DB, ES, MC, N=1,306 Primary: Primary:
(2011) RCT Change in baseline | Decreases in HbA;¢ with saxagliptin 5 mg plus metformin were -2.31%
52 weeks HbA:c (95% CI -2.44 to -2.18) and -2.33% (95% CI -2.46 to -2.20) with

Saxagliptin 5 and 10 | Type 2 diabetics 18 (76 weeks saxagliptin 10 mg plus metformin compared to -1.55 (95% Cl, -1.70 to -
mg QD plus to 77 years of age, total) Secondary: 1.40) and -1.79% (95% Cl, -1.93 to -1.65) with saxagliptin and metformin
metformin 500 HbA1:>8.0 to Change in baseline | monotherapies, respectively; P<0.0001 for combination therapy vs
mg/day <12.0%, fasting C- body weight, monotherapy).

peptide proportion of
S concentration >1 patients achieving Secondary:

ng/mL, and BMI an HbAi:<7.0 and | Decreases in body weight were -1.2 kg with saxagliptin 5 mg plus
saxagliptin 10 mg <40 kg/m? <6.5% metformin, -0.7 kg with saxagliptin 10 mg plus metformin, -0.3 kg with
QD saxagliptin, and -1.0 kg with metformin (P values not reported).
S A greater proportion of patients achieved an HbA1. <7.0% with

saxagliptin 5 mg plus metformin and saxagliptin 10 mg plus metformin
metformin 500 compared to saxagliptin and metformin (51.5 and 50.5 vs 25.0 and 34.7%,
mg/day respectively; P values not reported). Similar results were observed with
HbA1: <6.5% (P values not reported).

Jadzinsky et al.®* AC, DB, MC, RCT N=1,306 Primary: Primary:
(2009) Change in baseline | Combination therapy significantly decreased HbA1. compared to

Type 2 diabetics 18 24 weeks HbA. monotherapy with either saxagliptin or metformin (-2.5 and -2.5 vs -1.7

Metformin 500 to
2,000 mg daily and
saxagliptin 5 mg QD

VS

metformin 500 to
2,000 mg daily and

to 77 years of age,
HbA1:>8.0 to
<12.0%, fasting C-
peptide
concentration >1
ng/mL, and BMI
<40 kg/m?

Secondary:
Change in baseline
FPG and PPG
AUCo.3nr,
proportion of
patients achieving
an HbAc<7.0 and
<6.5%, proportion

and -2.0%, respectively; P<0.0001 vs monotherapy for all).

Secondary:

Combination therapy significantly decreased FPG compared to
monotherapy with either saxagliptin or metformin (P=0.0002 for
saxagliptin 5 mg plus metformin vs saxagliptin and P<0.001 for
saxagliptin 10 mg plus metformin vs saxagliptin and metformin). Similar
results were observed for PPG AUCg.3n (P<0.0001 for all vs
monotherapy).
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saxagliptin 10 mg of patients
QD requiring rescue The proportion of patients achieving an HbA1c <7.0% was significantly
for failing to greater with combination therapy compared to monotherapy with either
VS achieve agent (60.3 and 59.7 vs 32.2 and 41.1%; P<0.0001 for all vs
prespecified monotherapy). Similar results were observed for HbA1<6.5% (45.3 and
metformin 500 to glycemic targets or | 40.6 vs 20.3 and 29.0%; P<0.0001 for saxagliptin 5 mg plus metformin vs
2,000 mg daily discontinuing for saxagliptin and metformin; P<0.0001 for saxagliptin 10 mg plus
lack of efficacy at | metformin vs saxagliptin, and P=0.0026 for saxagliptin 10 mg plus
Vs 24 weeks metformin vs metformin).
saxagliptin 10 mg At week 24, 7.5% of patients receiving saxagliptin 5 mg plus metformin
QD and 21.2% of patients receiving saxagliptin 10 mg were discontinued or
rescued for lack of glycemic control (P<0.0001). No significance was
observed when saxagliptin 5 mg plus metformin was compared to
metformin (P=0.2693). Similar results were observed with saxagliptin 10
mg plus metformin compared to either monotherapy (P<0.0001 vs
saxagliptin 10 mg and P=0.0597 vs metformin).
Derosa et al.®® DB, RCT N=151 Primary: Primary:
(2010) Body weight, BMI, | A decrease in body weight and BMI were observed in patients receiving
Patients with type 2 12 months HbA, FPG, PPG, | metformin, which was not observed in patients receiving sitagliptin.

Sitagliptin 100 mg
QD

VS

metformin 850 mg
BID

All patients were
receiving
pioglitazone (15 or
30 mg/day).

diabetes, HbA.
>7.5%, and
receiving
pioglitazone 30
mg/day

fasting plasma
insulin, HOMA-
IR, HOMA-B,
fasting plasma
proinsulin,
proinsulin/fasting
plasma insulin
ratio, adiponectin,
resistin, TNF-a,
high sensitivity
CRP

Secondary:
Not reported

Significant decreases in HbA1., FPG, and PPG, and significant increases in
HOMA-B were comparable between the two treatment groups.

Fasting plasma insulin, fasting plasma proinsulin, proinsulin/fasting
plasma insulin ratio, and HOMA-IR were decreased with both treatments.
While values were lower with metformin, there were no significant
differences observed between the two treatments.

Sitagliptin achieved no significant changes in changes in adiponectin,
resistin, TNF-a, compared to a significant increase in adiponectin and

significant decreases in resistin and TNF-o achieved with metformin.

High sensitivity CRP decreased significantly with both treatments, with no
difference between them.

Secondary:
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Not reported
Goldstein et al.%® DB, MC, PC, PG, N=1,091 Primary: Primary:
(2007) RCT Change in baseline | Decreases in HbA;c were significant with all active treatments as
24 weeks HbA ¢ compared to placebo and for combination therapy compared to
Sitagliptin 50 mg Type 2 diabetics 18 monotherapy (P<0.001). There was an additive effect seen in the
BID plus metformin | to 78 years of age Secondary: combination treatment groups. The proportion of patients achieving an
500 and 1,000 mg and an HbA;¢ of 7.5 Change in baseline | HbA1: <7.0% was significantly greater with all active treatments
BID t0 11.0% FPG, fasting serum | compared to placebo (P<0.001).
insulin, fasting
VS serum proinsulin, Secondary:
lipid profiles, B cell | Significant decreases in FPG were achieved between combination therapy
sitagliptin 100 mg function, insulin and monotherapy, and between all active treatments compared to placebo
QD resistance; adverse | (P<0.001).
events
VS Data on fasting serum insulin and lipid profiles were not reported.
metformin 500 and Combination therapy demonstrated an additive effect, as compared to
1,000 mg BID monotherapy, with regards to improvements in f cell function.
S HOMA-B increased with all active treatments compared to placebo
(P<0.001). The combination therapy significantly increased HOMA-B
placebo compared to monotherapy (sitagliptin and low-dose metformin; P<0.001).
Significant improvements in the proinsulin:insulin ratio observed with all
active treatments compared to placebo (P<0.05). Differences between
combination therapy and monotherapy were also significant (P<0.05).
The incidence of adverse events was similar between combination therapy
and metformin. Gastrointestinal adverse events including diarrhea, nausea,
abdominal pain, and vomiting were most frequently observed with
metformin high-dose both as monotherapy and combination therapy. A
low frequency of hypoglycemia was similar among all treatments (0.6 to
2.2%). No change in weight was observed with sitagliptin compared to all
other active treatments, where there was a significant decrease in body
weight (-0.6 to -1.3 kg; P<0.05) and placebo (-0.9 kg; P<0.01).
Reasner et al.®’ DB, MC, PG, RCT N=1,250 Primary: Primary:

(2011)
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Treatment-naive 18 weeks Change in baseline | Combination therapy significantly decreased HbA1. compared to
Sitagliptin/ type 2 diabetics 18 HbA metformin (-2.4 vs -1.8%; P<0.001).
metformin 50/500 to | to 78 years of age,
1,00 mg BID and an HbA¢ Secondary: Secondary:
>7.5% Proportion of A significantly greater proportion of patients receiving combination
VS patients achieving | therapy achieved an HbAc <7.0% (49.2 vs 34.2%, respectively; P<0.001)
an HbA;jc <7.0and | and <6.5% (31.8 vs 16.0%, respectively; P<0.001) compared to patients
metformin 500 to <6.5%, change in receiving metformin.
1,000 mg BID baseline FPG,
proinsulin:insulin Combination therapy significantly decreased FPG compared to metformin
ratio, and p cell (-3.8 vs -3.0 mg/dL; P<0.001).
function
Combination therapy significantly decreased proinsulin:insulin ratio
compared to metformin (-0.238 vs -0.186; P<0.05).
Combination therapy significantly improved (3 cell function compared to
metformin (P<0.05).
Raz et al.®® DB, MC, PC, PG, N=190 Primary: Primary:
(2008) RCT Change in baseline | Sitagliptin significantly decreased HbA1. compared to placebo (treatment
30 weeks HbA; at 18 weeks | difference, -1.0%; 95% ClI, -1.4 to -0.7; P<0.001). Numerically greater
Metformin 1,500 to | Type 2 diabetics 18 decreases in HbA1c were observed in patients with a higher baseline
2,550 mg daily and to 78 years of age, Secondary: HbA.. A greater proportion of patients receiving sitagliptin achieved an

sitagliptin 100 mg
daily

HbA; 7.0 to 10.0%
receiving
metformin or other

Change in baseline
FPG at 18 weeks,
two-hour PPG at

HbA1. <7.0% at weeks 18 and 30 compared to patients receiving placebo
(13.7 and 22.1 vs 3.3 and 3.3%; P values not reported).

Vs oral 18 weeks, and Secondary:
antihyperglycemic HbA:c at 30 weeks; | Sitagliptin significantly decreased FPG compared to placebo (treatment
metformin 1,500 to agents as safety and difference, -1.4 mmol/L; 95% CI, -2.1 to -0.7; P<0.001).
2,550 mg daily and monotherapy or tolerability
placebo being treated with Sitagliptin significantly decreased two-hour PPG compared to placebo
metformin in (treatment difference, -3.0 mmol/L; 95% ClI, -4.2 to -1.9; P<0.001).
combination with
other oral Sitagliptin significantly decreased HbA. compared to placebo at week 30
antihyperglycemic (treatment difference, -1.0%; 95% Cl, -1.4 to -0.6; P<0.001).
agents
The incidence of adverse events was similar with both treatments. No
serious adverse events or discontinuations due to clinical adverse events
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were reported with sitagliptin. With placebo, there were six serious
clinical adverse events that resulted in one death and two discontinuations.
None of the adverse events were deemed to be drug-related. There were no
differences between the two treatments in the incidences of hypoglycemia
or gastrointestinal adverse events (abdominal pain, nausea, vomiting, and
diarrhea). Over the 30 week period a small decrease in weight of 0.5 kg
was observed with both treatments.
Derosa et al.® DB, MC, PC, RCT N=178 Primary: Primary:
(2012) BMI, glycemic A similar decrease of body weight and BMI was observed with both
Type 2 diabetic 12 months control, fasting treatments at 12 months (P<0.05 for both), without any difference between
metformin + placebo | patients aged >18, plasma insulin the two groups.
drug-naive, with (FPI), homeostasis
VS poor glycemic model assessment HbA:: and PPG improved in both groups at six (P<0.05), nine (P< 0.01),
control (HbA level insulin resistance and 12 months (P<0.001) with sitagliptin + metformin, and at nine
metformin + >8.0%), and index (HOMA-IR), | (P<0.05) and 12 months (P<0.01) with placebo + metformin, even though
sitagliptin overweight (body homeostasis model | sitagliptin + metformin were more effective than placebo + metformin
mass index [BMI] assessment f3-cell in reducing HbAc, and PPG at 12 months (P<0.05). FPG obtained with
All patients >25 and <30 function index sitagliptin + metformin was significantly lower compared to the value
underwent a run-in kg/m2) (HOMA-B), fasting | reached with placebo + metformin at 12 months (P<0.05).
period of 8+2 plasma proinsulin
months of (FPPI), Most other parameters achieved favorable change from baseline but no
metformin proinsulin/fasting significant difference between treatment groups. Sitagliptin + metformin
monotherapy plasma insulin resulted better than placebo + metformin in reducing HOMA-IR and
ratio (Pr/FPI glucagon at 12 months (P<0.05).
ratio), C-peptide,
glucagon, Secondary:
adiponectin Not reported
(ADN), and high
sensitivity-C
reactive protein
(Hs-CRP).
Secondary:
Not reported
Perez-Monteverde et | DB, RCT N=492 Primary: Primary:
al.”™ (Phase 1) Change in baseline | At the end of Phase 1 (12 weeks), mean changes from baseline in HbA .

(2011)

HbAlc

were -1.0 and -0.9% with sitagliptin and pioglitazone. At the end of Phase
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Patients with type 2 12 weeks 2 (40 weeks), improvements in HbA 1. were greater with combination
Sitagliptin/ diabetes and HbA;. | (Phase 1) plus | Secondary: therapy compared to pioglitazone (-1.7 vs -1.4%; P=0.002).
metformin 7.51t012.0% 28 weeks Change in baseline
(Phase 2) FPG and 2-hour Secondary:

VS PPG, proportion of | At the end of Phase 1 (12 weeks), mean changes from baseline were -26.6

patients achieving | and -28.0 mg/dL for FPG and -52.8 and -50.1 mg/dL for two-hour PPG.
pioglitazone 30 to HbA <7.0%, At the end of Phase 2 (40 weeks), improvements in FPG and two-hour
45 mg QD safety, body PPG were greater with combination therapy compared to pioglitazone (-

weight 45.8 vs -37.6 mg/dL; P=0.03 and -90.3 vs -69.1 mg/dL; P=0.001).
In Phase 1, patients
were randomized to Significantly more patients receiving combination therapy achieved an
either sitagliptin 100 HbA1: <7.0% (55.0 vs 40.5%; P=0.004).
mg QD or
pioglitazone 30 mg A numerically higher incidence of gastrointestinal adverse events and a
QD. significantly lower incidence of edema were observed with combination

therapy compared to pioglitazone. The incidence of hypoglycemia was
In Phase 2, patients similarly low with both treatments.
randomized to
sitagliptin in Phase 1 Body weight decreased with combination therapy and increased with
were switched to pioglitazone (-1.1 vs 3.4 kg; P<0.001).
sitagliptin/
metformin, and
patients randomized
to pioglitazone in
Phase 1 were up
titrated to 45
mg/day.
Wainstein et al.” DB, RCT N=517 Primary: Primary:
(2012) Change from The least squares mean changes in HbA1. at week 32 were -1.9 and -1.4%
Treatment-naive 32 weeks baseline HbAc, with combination therapy compared to pioglitazone, respectively

Sitagliptin/
metformin 50/500
mg BID, titrated up
to 50/1,000 mg BID

VS

patients with type 2
diabetes HbA1. 7.5
t0 12.0%

proportion of
patients who
achieved HbA
<7.0%

Secondary:

(between-group differences, -0.5%; P<0.001).

A greater proportion of patients achieved an HbA;. <7.0% at week 32 with
combination therapy compared to pioglitazone (57 vs 43%; P<0.001).

Secondary:
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pioglitazone 30
mg/day, titrated up
to 45 mg/day

Change from
baseline FPG

Compared to pioglitazone, combination therapy resulted in a greater least
squares mean reductions in FPG (-56.0 vs -44.0 mg/dL; P<0.001) and 2-
hour PPG (-102.2 vs -82.0 mg/dL; P<0.001) at week 32. A substantially
greater reduction in FPG (-40.5 vs -13.0 mg/dL; P<0.001) was observed at
week 1 with combination therapy compared to pioglitazone.

A greater reduction in the fasting proinsulin:insulin and a greater increased
in HOMA-B were observed with combination therapy compared to
pioglitazone, while greater decreases in fasting insulin and HOMA-IR, and
a greater increase in quantitative insulin sensitivity check index were
observed with pioglitazone compared to combination therapy.

Combination therapy resulted in a decrease in body weight (-1.4 kg) and
pioglitazone resulted in an increase in body weight (3.0 kg; P<0.001).

Higher incidences of diarrhea (15.3 vs 4.3%; P<0.001), nausea (4.6 vs
1.2%; P=0.02), and vomiting (1.9 vs 0.0%; P=0.026), and a lower
incidence of edema (1.1 vs 7.0%; P<0.001) were observed with
combination therapy compared to pioglitazone.

There was no difference between the two treatments in the incidence of
hypoglycemia (8.4 vs 8.3%; P=0.055).

Scott et al.”
(2008)

Metformin (existing
therapy) and
sitagliptin 100 mg
QD

'S

metformin (existing
therapy) and
rosiglitazone 8 mg

QD

AC, DB, MC, PG,
RCT

Type 2 diabetics 18
to 75 years of age
receiving stable
metformin doses
(>1,500 mg/day for
>10 weeks) and
inadequate
glycemic control
(HbA1c >7.0 and
<11.0%)

N=273

18 weeks

Primary:
Change in baseline
HbA]_c

Secondary:
Change in baseline
FPG, fasting serum
insulin, fasting
serum proinsulin, 3
cell function,
insulin resistance,
and lipid profile

Primary:

Sitagliptin significantly decreased HbA;. compared to placebo (treatment
difference, -0.50%; 95% CI, -0.87 to -0.60; P<0.001). Similar results were
observed with rosiglitazone (treatment difference, -0.57%; 95% ClI, -0.76
to -0.37; P value not reported). There was no difference between
sitagliptin and rosiglitazone (treatment difference, -0.06%; 95% ClI, -0.25
t0 0.14).

The proportion of patients achieving an HbA1,<7.0% was significantly
greater with sitagliptin (55%; P=0.006) and rosiglitazone (63%; P value
not reported) compared to placebo (38%). There was no difference
between sitagliptin and rosiglitazone (treatment difference, 8%; 95% ClI, -
6 to 22; P value not reported).

Secondary:
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VS

metformin and
placebo

Sitagliptin (treatment difference, -17.8 mg/dL; 95% ClI, -27.6 to -8.1;
P<0.001) and rosiglitazone (treatment difference, -30.6 mg/dL; 95% ClI, -
40.6 to -20.7; P value not reported) significantly decreased FPG compared
to placebo.

Rosiglitazone significantly decreased FPG compared to sitagliptin
(treatment difference, -12.8 mg/dL; 95% ClI, -22.6 to -3.0; P value not
reported).

Sitagliptin (treatment difference, 16.3; 95% ClI, 2.3 to 30.3; P<0.05) and
rosiglitazone (treatment difference, 15.3; 95% CI, 1.0 to 29.6; P value not
reported, respectively) had significant increases in HOMA-B compared to
placebo. The increase in HOMA-B was not significantly different between
sitagliptin and rosiglitazone (P value not reported).

Rosiglitazone significantly decreased HOMA-IR compared to placebo
(treatment difference, -2.4; 95% ClI, -3.4 to -1.4; P value not reported) and
sitagliptin (treatment difference, -1.6; 95% CI, -2.6 to -0.7; P value not
reported). There decrease in HOMA-IR was similar between sitagliptin
and placebo (treatment difference, -0.7; 95% ClI, -1.7 to 0.2; P value not
reported).

Rosiglitazone significantly decreased fasting serum insulin compared to
placebo (treatment difference, -3.4 ulU/mL; 95% ClI, -5.5 to -1.4; P value
not reported) and sitagliptin (treatment difference, -3.53 plU/mL; 95% ClI,
-5.50 to -1.40; P value not reported).

The proinsulin:insulin ratio was similar across all treatments.

Compared to placebo, LDL-C decreased with sitagliptin (treatment
difference, -5.3 mg/dL; 95% CI, -14.5 to 3.9; P value not reported) and
increased with rosiglitazone (treatment difference, 9.5 mg/dL; 95% CI, 0.2
to 18.7; P value not reported). Compared to placebo, TC significantly
decreased with sitagliptin (treatment difference, -6.3 mg/dL; 95% ClI, -
11.8 t0 -0.9; P<0.05) and increased with rosiglitazone (treatment
difference, 5.1 mg/dL; 95% ClI, -0.3 to 10.6; P value not reported).
Compared to placebo, TG significantly decreased with sitagliptin
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(treatment difference, -16.7 mg/dL; 95% Cl, -27.9 to 5.5; P<0.05) and
increased with rosiglitazone (treatment difference, 1.2 mg/dL; 95% Cl, -
10.1 to 12.6; P value not reported). Compared to sitagliptin, lipid profiles
measurements significantly increased with rosiglitazone (P values not
reported).
Hermansen et al.”™ DB, DD, MC, PC, N=441 Primary: Primary:
(2007) PG, RCT Change in baseline | Sitagliptin significantly decreased HbA;. (P<0.001) compared to placebo
24 weeks HbA ¢ (treatment difference, -0.74%; 95% CI, -0.90 to -0.57). Patients who were

Sitagliptin 100 mg
QD, glimepiride 4 to
8 mg daily, and
metformin 1,500 to
3,000 mg daily

VS

Type 2 diabetics 18
to 75 years of age,
HbA;¢ 6.7 to 10.6%,
and inadequately
controlled on
glimepiride with or
without metformin

Secondary:
Change in baseline
FPG, plasma
lipids, B cell
function, and
insulin resistance;

receiving triple therapy (-0.89%; 95% ClI, -1.10 to -0.68) had a
significantly greater decrease in HbA. compared to patients receiving
combination therapy (-0.57%; 95% Cl, -0.82 to -0.32).

A significantly greater proportion of patients receiving sitagliptin achieved
an HbA. <7.0% compared to patients receiving placebo (17.1 vs 4.8%;
P<0.001). A significantly greater proportion of patients receiving triple

safety and therapy achieved an HbA:: <7.0% compared to patients receiving
sitagliptin 100 mg tolerability combination therapy with glimepiride plus metformin (22.6 vs 1.0%;
QD plus glimepiride P<0.001). No difference was observed between combination therapy with
4 to 8 mg daily glimepiride plus sitagliptin compared to glimepiride (10.8 vs 8.7%;
P<0.638).
Vs
Secondary:
glimepiride 4 to 8 Sitagliptin significantly decreased FPG compared to placebo (treatment
mg daily, metformin difference, -20.1 mg/dL; 95% CI, -28.4 to -11.8; P<0.001).
1,500 to 3,000 mg
daily, and placebo Sitagliptin demonstrated neutral effects on plasma lipids compared to
placebo (specific figures not reported).
Vs
A significant increase in HOMA-B was achieved with sitagliptin
glimepiride 4 to 8 compared to placebo (11.3 [95% Cl, 4.4 to 18.1] vs -0.7% [95% CI, -8.2 to
mg daily plus 6.8]; P<0.001). There were no differences in fasting proinsulin,
placebo proinsulin:insulin ratio, HOMA-IR, and quantitative insulin sensitivity
check index between the treatments.
Sitagliptin significantly increased fasting insulin compared to placebo (1.8
vs 0.1 uIU/mL; P<0.001).
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Sitagliptin was well tolerated, both in combination with glimepiride and in
triple therapy. There was a higher incidence of overall adverse events
(difference of 8.0%; 95% ClI, 2.2 to 13.9) observed with sitagliptin
compared to placebo, with the majority of that difference due to rates of
minor to moderate hypoglycemia.
A significant increase in body weight of 0.8 kg (95% ClI, 0.4 to 1.2) was
noted with sitagliptin compared to a slight decrease in weight with placebo
(-0.4 kg; 95% ClI, -0.8 t0 0.1).
Rigby et al.™ oL N=169 Primary: Primary:
(2010) Change in HbA. At week 16, HbA; . was reduced from baseline in all treatment groups (LS
Patients 18 to 80 16 weeks from baseline to mean change from baseline): colesevelam -0.3% (95% ClI, -0.52 to -0.02;

Rosiglitazone 4 mg
daily (QD or BID)
and metformin
(existing therapy)

VS

sitagliptin 100 mg
QD and metformin
(existing therapy)

VS

colesevelam 3.75 ¢
daily (QD or BID)
and metformin
(existing therapy)

years of age with
type 2 diabetes
mellitus who had
inadequate
glycemic control
(HbA1 6.5% to
10.0% on a stable
regimen of
metformin (1,500-
2,550 mg daily),
with LDL-C >60
mg/dL and TGs
<500

mg/dL

week 16

Secondary:
Change in HbA.
from baseline to
week 8, change

in FPG and fasting
insulin from
baseline to weeks 8
and 16, change in
2-hour PPG and
postprandial
insulin after a meal
tolerance test,
change in lipid
parameters,
percentage

of participants who
achieved an HbA1.
reduction >0.7%
from baseline,
percentage

of participants who
achieved HbA 1.
<7.0%

P=0.031); rosiglitazone -0.6% (95% ClI, -0.83 to -0.32; P<0.001);
sitagliptin -0.4% (95% Cl, -0.64 to -0.13; P=0.009).

Secondary:

At week 8, HbA1 was reduced from baseline with colesevelam and
sitagliptin (-0.3%; P=0.006 and -0.5%; P<0.001, respectively), but not
with rosiglitazone (-0.2%; P=0.109).

FPG was significantly reduced from baseline at week 8 and week 16 in all
treatment groups.

The 2-hour PPG levels were significantly reduced from baseline at week
16 in all treatment groups.

There was no significant change in fasting insulin or 2-hour postprandial
insulin from baseline to week 16 in any treatment group.

Insulin resistance did not change with colesevelam or sitagliptin; however,
there was a significant reduction with rosiglitazone from baseline to week
16 (P=0.008).

LDL-C was significantly reduced from baseline with colesevelam (-
11.6%; P=0.001), but was significantly increased with both rosiglitazone
(7.8%; P=0.040) and sitagliptin (7.7%; P=0.011).
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TC levels were unchanged from baseline with colesevelam and sitagliptin;
however, they were significantly increased with rosiglitazone from
baseline to week 16 (P=0.006). Non-HDL-C levels were unchanged with
colesevelam; however, they were significantly increased with
rosiglitazone (P=0.001) and sitagliptin (P=0.029). Median TG levels
increased significantly from baseline with colesevelam (P<0.00I) and
rosiglitazone (P<0.00l); however, sitagliptin did not significantly affect
TG levels. HDL-C levels did not change significantly from baseline with
any treatment.

At week 16, 23.2% of patients in the colesevelam group, 48.1 % of patients
in the rosiglitazone group, and 34.5% of patients in the sitagliptin group
achieved a reduction in HbAy. of 0.7% or greater from baseline. In
addition, 10 patients in the colesevelam group, 19 in the rosiglitazone
group, and 15 in the sitagliptin group achieved HbA;; <7.0%.

The percentages of patients who had an adverse event were 61.4% in the
colesevelam group, 46.4% in the rosiglitazone group, and 48.2% in the
sitagliptin group. Most of the adverse events were mild to moderate in
severity.

Douek et al.”™
(2005)

Metformin titrated to
2 grams daily

VS

placebo

All patients received
insulin regimens.

DB, MC, PC, RCT

Patients <75 years
of age with type 2
diabetes for >2
years starting
insulin due to
inadequate
glycemic control on
oral agents

N=183

1 year

Primary:
Change in baseline
weight

Secondary:
Changes in
baseline HbA,
insulin dose,
frequency of
hypoglycemia,
treatment
satisfaction, well-
being from
baseline

Primary:
Metformin was associated with less weight gain than placebo (mean, 6.1
vs 7.6 kg; adjusted difference, 1.5 kg; 95% Cl, 0.2 to 2.9; P=0.02).

Secondary:

Metformin was associated with a greater decrease in HbA1¢ (1.5 vs 1.3%;
adjusted difference, 0.5%; 95% CI, 0.1 to 0.9%; P=0.02), and a lower
insulin requirement (62 vs 86 units; adjusted difference, 25 units; 95% ClI,
15 to 34; P<0.001) compared to placebo.

Severe hypoglycemia was reported in 10 patients (13%) taking metformin
and in one patient (1%) taking placebo (RR, 9.48; 95% Cl, 1.24 to 72.2;
P=0.009).

Treatment satisfaction improved more in patients on metformin than on
placebo (P<0.001) as did the positive-well-being score (P=0.02).

Wulffelé et al.”

DB, PC, RCT

N=390

Primary:

Primary:
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(2002) Changes in HbAz, | Mean HbA;. was 6.94% for metformin and 7.6% for placebo (P<0.0001).
Patients 30 to 80 16 weeks insulin
Metformin 850 to years of age with interim requirements, body | Mean daily glucose level decreased from 8.8+2.1 to 8.5+1.7 mmol/L in the
2,250 mg daily type 2 diabetes who analysis weight, BMI, BP, placebo group (mean decrease, -0.16; 95% CI, -0.53 to 0.22 mmol/L) and
had received a and plasma lipids from 8.8+2.2 to 7.8+£1.7 mmol/L in the metformin group (mean decrease, -
VS diagnosis of 1.04; 95% ClI, -1.5 to 0.52 mmol/L; P=0.006 vs placebo).
diabetes after the Secondary:
placebo age of 25, who had Not reported Mean insulin requirements were significantly different for metformin
experienced no (63.8 1U) as compared to placebo (71.3 1U; P<0.0001).
All patients received | episodes of
insulin regimens. ketoacidosis, and Mean weight reduction was significant for metformin (-0.4 kg) as
whose past blood- compared to placebo (1.2 kg; P<0.01). BMI increased by 0.4+2 kg in the
glucose lowering placebo group and decreased by 0.2+0.9 kg in the metformin group
treatments consisted (P=0.01 vs placebo).
of oral agents but
now consisted of There was a small increase in mean SBP and DBP in both groups, but the
insulin or a difference was not significant between the groups (P=0.87 for SBP and
combination of P=0.92 for DBP).
insulin and
metformin In the placebo group, mean plasma TC and LDL-C concentrations
decreased by -0.04 mmol/L (95% Cl, -0.15 to 0.07) and -0.02 mmol/L
(95% Cl, -0.16 to 0.06), respectively. In the metformin group, mean
plasma TC and LDL-C concentrations decreased by -0.25 mmol/L (95%
Cl, -0.35t0 -0.15) and -0.21 mmol/L (95% ClI, -0.33 to -0.15),
respectively (P<0.01 vs placebo for both).
Changes in plasma HDL-C and TG concentrations were not significant in
either group.
Mild and transient gastrointestinal complaints were reported more
frequently in the metformin group (56%) as compared to the placebo
group (13%; P<0.0001).
Secondary:
Not reported
Yki-Jérvinen et MC, OL, PG, N=110 Primary: Primary:
al.”” RCT
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(2006) 36 weeks Change in HbA. At 36 weeks, HbA;. decreased from 9.13+0.15% to 7.14+0.12% and
Men and women 35 from baseline from 9.26+0.15% to 7.16+0.14% in the G+MET and NPH+MET groups,
Bedtime insulin to 75 years of age respectively. The changes in HbA1. were determined to be not significant
glargine plus with type 2 diabetes Secondary: between groups (P value not reported).
metformin previously treated Diurnal glucose
(G+MET) with a stable dose concentrations, Secondary:
of sulfonylurea and symptomatic The diurnal profiles were consistently lower in the G+MET group
VS metformin (>1.5 g) hypoglycemia compared to the NPH+MET group (8.6+£0.3 vs 10.1+0.3 mmol/L,
or metformin alone respectively; P=0.002).
bedtime NPH plus for at least 3 months
metformin prior to screening, During the first 12 weeks, the G+MET group had significantly lower
(NPH+MET) with a BMI 20 to 40 number of episodes of symptomatic hypoglycemia than the NPH+MET
kg/m?, HbA. group, but the rates became similar thereafter. The frequency of
Initial bedtime >8.0%, FPG >7 hypoglycemia averaged 5.4 and 8.0 episodes/patient-year for the G+MET
doses were 10 units mmol/L measured and NPH+MET groups, respectively (P=0.12).
for patients who during self
were previously on monitoring of blood
metformin alone glucose between 4
and 20 units for and 2 weeks prior to
patients who were study start, and
previously on both fasting C-peptide
metformin and a >0.33 nmol/L
sulfonylurea.
All sulfonylurea
medications were
discontinued
according to the
study protocol.
Insulin doses were
titrated to achieve an
FPG 72 to 100
mg/dL in both
groups.
Horton et al.”™ DB, PC, PRO, RCT N=701 Primary: Primary:
(2000)
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Patients >30 years 24 weeks Change in HbAc, Adjusted mean change from baseline in HbA1., FPG, and glucose AUC
Nateglinide 120 mg | of age with type 2 FPG, glucose AUC | after Sustacal challenge were significantly reduced from baseline
TID before each diabetes for >3 after Sustacal (P<0.0001) in patients receiving active treatment.
meal plus metformin | months with a BMI challenge from
500 mg TID 20 to 35 kg/m?, and baseline HbA:¢, FPG, and glucose AUC were all significantly reduced compared to
immediately after all patients needed placebo (P<0.001), except from glucose AUC with metformin
the start of each to have been treated Secondary: monotherapy.
meal with diet alone with Not reported
an HbA;¢ 6.8 to The decrease in HbA;c was greater for metformin compared to nateglinide,
VS 11.0% and FPG the between group difference was small (0.3% difference; P<0.01).
level <15 mmol/L
nateglinide 120 mg The decrease in FPG was greater with the metformin group compared to
TID before each the nateglinide group, the between group difference was 0.9 mmol/L
meal (P<0.001).
S The combination of nateglinide plus metformin was additive (HbA1, -
1.4% and FPG, -2.4 mmol/L; P<0.01 vs either monotherapy).
metformin 500 mg
TID immediately After a Sustacal challenge, there was a greater reduction in mealtime
after the start of each glucose with nateglinide compared to metformin or placebo (AUCo-130 min,
meal -2.1, -1.1, and 0.6 mmol/hr/L, respectively; P<0.0001). A greater reduction
was seen with nateglinide plus metformin (AUCg-130 min, -2.5 mmol/hr/L;
S P<0.0001 vs metformin and placebo).
placebo Secondary:
Not reported
Marre et al.™ DB, MC, PG, RCT N=467 Primary: Primary:
(2002) Change in HbA1¢ Mean HbA;: was reduced significantly from baseline when compared to
Patients >30 years 24 weeks from baseline the placebo group for the nateglinide 60 mg group (-0.36%; 95% CI, -0.59

Metformin 1,000 mg
BID and nateglinide
60 to 120 mg TID
before meals

of age with type 2
diabetes for >6
months with HbA;.
6.8 t0 11.0%, BMI
20 to 35 kg/m?, and

Secondary:
Change in FPG,
body weight, and
lipid profile (TC,

to -0.13; P=0.003) and for the nateglinide 120 mg group (-0.51%; 95% ClI,
-0.82 to -0.36; P<0.001) at end point.

Dose-dependent reduction in HbA1c was seen with nateglinide irrespective
of baseline parameters, with larger mean reductions seen with nateglinide

VS were treated with fasting TGs, LDL- | 120 mg. There was little or no change in HbA. at end point in the placebo
metformin for a C, HDL-C) group.
minimum of 3
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metformin 1,000 mg | months and Secondary:
BID and placebo stabilized at a dose There were modest changes from baseline in FPG in the nateglinide
of >1,500 mg/day groups and an increase was seen in the placebo group, the difference
for >4 weeks prior compared to baseline was significant in both the nateglinide 60 and 120
to study entry mg groups (P=0.044 and P=0.003, respectively).
There were no notable changes in body weight at end point in the patients
that received placebo (0.1 kg) or nateglinide 60 mg (0.4 kg). There was a
significant increase (P<0.001) in mean weight of 0.9 kg in the nateglinide
120 mg group as compared to baseline.
Fasting TGs were significantly reduced in the nateglinide 120 mg group as
compared to the placebo group at end point (P=0.042). The mean changes
in TC, LDL-C, and HDL-C remained almost unchanged throughout the
study.
Raskin et al.® MC, OL, PG, RCT N=192 Primary: Primary:
(2003) Final HbAsc values | Mean HbA: changes from baseline were significantly greater in the
Patients >18 years 16 weeks and changes in repaglinide group compared to the nateglinide group (-1.28 vs -0.67%;

Metformin 1,000 mg
BID and nateglinide
120 mg TID before
meals

VS

metformin 1,000 mg
BID and repaglinide
1to4mgTID
before meals

of age with type 2
diabetes for >3
months, BMI 24 to
42 kg/m?, HbA.
7.0t0 12.0% on
previous
monotherapy with a
sulfonylurea,
metformin, or low
dose glyburide plus
metformin

HbA. from
baseline

Secondary:
Changes in FPG
and assessment of
glucose area under
the time
concentration
curves from 0 to
240 minutes
(AUCo-240 min),
insulin

AUC-240 min, and
glucagon

AUCo 240 min after a
liquid test meal at
baseline and at
study end point

P<0.001).

The final HbA. at 16 weeks was 7.1+1.1% for the repaglinide group and
7.5+1.4% for the nateglinide group.

The percent of patients who achieved final HbA1. values <7.0% was 59%
for the repaglinide group and 47% for the nateglinide group (P value not
reported).

Secondary:

FPG values were significantly different between the two treatment groups
with one week of therapy. Mean changes in FPG values from baseline
were significantly greater for the repaglinide group (-39 vs -21 mg/dL for
nateglinide group; P=0.002). The final FPG at 16 weeks was 150.0+45.1
mg/dL for the repaglinide group and 17052 mg/dL for the nateglinide
group. At the end of the 16 week maintenance study, 48% of the
repaglinide group had reductions of FPG values >40 mg/dL and 26% of
the nateglinide group had a response of this magnitude.
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Mean end point reductions in PPG levels from baseline were not
significantly different between the groups (glucose AUCo.240 min). The
treatments were also similar for changes in insulin AUC-240 minand
glucagon AUC-240 min during the study (P values not reported).

There were no patients in either group who experienced major
hypoglycemic episodes (requiring the assistance of another person).

The most frequent adverse event in both groups was upper respiratory
infection (12 vs 21%). Adverse events that occurred from 3 to 8%
included nausea, viral infection, accidental injury, sinusitis, diarrhea, and
headache. The repaglinide group had 5% incidence of chest pain and
arthralgia, as compared to 1% for each in the nateglinide groups. Mean
changes from baseline in weight were small for both groups, 0.6 kg gain
for repaglinide compared to 0.5 kg loss with nateglinide.

Gerich et al.8!
(2003)
PRESERVE-B Study

Metformin 500 to
2,000 mg daily plus
nateglinide 120 mg
TID

VS

metformin 500 to
2,000 mg daily plus
glyburide 1.25 to 10
mg daily

DB, MC, RCT

Men and women 18
to 77 years of age
with type 2
diabetes, drug
naive, HbA; 7.0 to
11.0%, FPG <15
mmol/L, BMI 22 to
45 kg/m? and
inadequately
controlled on diet
and exercise

N=428

104 weeks

Primary:

Change in HbA1c
from baseline
(average of weeks
-2 and 0) to week
104

Secondary:
Change from
baseline to week
104 in FPG, body
weight,

AUCo.120 min Of
glucose during oral
glucose tolerance
tests

Primary:

Both treatments maintained similar reductions in HbA1c. The mean change
in HbA1. from baseline to week 104 in the nateglinide plus metformin
group (-1.2+0.1%) was similar (P=0.1730) to that in the glyburide plus
metformin group (-1.5+0.1%). The changes in HbA1. were significant for
both groups as compared to baseline (P<0.0001) after one and two years
of treatment and there was no significant difference between the groups.

Secondary:

Mean change in FPG was -1.6+0.2 mmol/L in patients in the nateglinide
plus metformin group (P<0.0001 vs baseline) and -2.4+0.2 mmol/L in
patients in the glyburide plus metformin group (P<0.0001 vs baseling;
P=0.0078 vs nateglinide plus metformin).

Body weight decreased in the nateglinide plus metformin group (-0.4+0.4
kg) and increased in the glyburide plus metformin group (0.8+0.5 kg). The
change from baseline was significant for the glyburide plus metformin
group (P=0.0011) only (P=0.8413 for the nateglinide plus metformin
group). The difference between groups was statistically significant
(P=0.0115).
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No data was reported for AUC of glucose during oral glucose tolerance
tests.
Schwarz et al.®2 AC, DB, MC, RCT N=69 Primary: Primary:
(2008) Change in HbA1, Similar reductions in HbAc were seen with both treatments. The average
Men and women 104 weeks from baseline change in HbA; from baseline to week 104 in the nateglinide plus
Metformin 2,000 mg | >65 years of age metformin group (-1.2+0.2%) was similar (P=0.310) to that in the
QD and nateglinide | with type 2 Secondary: glyburide plus metformin group (-1.2+0.1%). The changes in HbA1c were
120 mg TID before diabetes, drug Change from significant for both groups as compared to baseline (P<0.001) after two
meals naive, HbA. 7.0 to baseline to week years of treatment and there was no significant difference between the
11.0%, FPG <15 104 in FPG, two- groups.
VS mmol/L, BMI of 22 hour PPG using the
to 45 kg/m? incremental AUC Secondary:
metformin 2,000 mg (AUCo-120 min) Of Mean change in FPG was -26+6 mg/dL in patients receiving nateglinide
QD and glyburide glucose during oral | plus metformin (P<0.001 vs baseline) and -36+6 mg/dL in patients
10 mg QD glucose tolerance receiving glyburide plus metformin (P<0.001 vs baseline) (P=0.234
tests, the between the groups).
proportion of
patients achieving There was no significant changes in two-hour PPG from baseline for
a target HbA1c <7.0 | nateglinide plus metformin glyburide plus metformin groups (-15+7
or <6.5%, adverse | mg/dL; P=0.071 and -8+8 mg/dL; P=0.385, respectively).
events
The proportion of patients who achieved a target HbA 1. <7.0% in the
nateglinide plus metformin group was not significantly different compared
to the glyburide plus metformin group (70 vs 65%, respectively; P=0.736).
Similar proportions of patients in the nateglinide plus metformin group
and the glyburide plus metformin group maintained a target Hb A of
<6.5% (40 and 60%, respectively; P=0.206).
Approximately 94% of patients in the nateglinide plus metformin group
and 88% of patients in the glyburide plus metformin group reported one or
more adverse events. One mild hypoglycemic event occurred with
nateglinide plus metformin treatment vs 8 mild-to-severe hypoglycemic
events with glyburide plus metformin treatment (P<0.023).
Derosa et al .8 DB, MC, PG, RCT N=248 Primary: Primary:
(2009) Changes in BMI, BMI did not show any significant change during the study.
12 months FPG and PPG,
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Metformin 1,500 to | Patients >18 years HbA, fasting and | A significant reduction in HbA1c was shown after 9 months (P<0.05) and

3,000 mg daily plus | of age with type 2 postprandial 12 months (P<0.01) in the nateglinide group compared to the baseline

nateglinide 60 mg diabetes, HbA. plasma insulin, value. A significant reduction in HbAc was seen with glyburide after 12

TID >7.0%, BMI 25 to HOMA index, and | months (P<0.05) compared to baseline. The HbA1. at 12 months was 6.4%

28 kg/m?, and lipid profile, BP in the nateglinide group compared to 7.3% in the glyburide group
VS hypertensive (P<0.05).
(SBP/DBP,

metformin 1,500 to >130/>85 mmHg) After nine and 12 months, mean FPG levels were significantly decreased

3,000 mg daily plus in the nateglinide and glyburide groups (P<0.05 and P<0.01, respectively)

glyburide 7.5 to 12.5 compared to baseline.

mg daily
Significant changes in PPG were found at nine months (P<0.05) in the
nateglinide group and after 12 months in glyburide and nateglinide groups
(P<0.05 and P<0.01, respectively) compared to baseline.
Fasting plasma insulin and postprandial plasma insulin did not show any
significant change after three, six, nine and 12 months in both groups
compared to the baseline.
HOMA index decrease was obtained only at 12 months (P<0.05)
compared to the baseline value in both groups,
No significant change was observed in TC, LDL-C, HDL-C, TG, Apo A-l,
Apo B, SBP, DBP and heart rate in either group after three, six, nine and
12 months.

Wang et al.® AC, OL, PG, RCT N=432 Primary: Primary:

(abstract) Change in baseline | Mean HbA1. reduction was 4.51+1.64% with combination therapy and

(2011) Patients 18 to 75 16 weeks HbA. 4.05+1.59% with repaglinide. Estimated mean treatment difference for

Repaglinide 1 mg
TID, titrated up to 4
mg TID

VS

repaglinide 1 mg
TID plus metformin

years of age with
type 2 diabetes,
HbA. >8.5%, BMI
<35 kg/m?, and who
were naive to oral
antidiabetic agents,

Secondary:

FPG, two-hour
PPG, seven-point
plasma glucose,
safety

combination therapy vs repaglinide was -0.30% (95% ClI, -0.49 to -0.11;
P<0.01).

Secondary:

Combination therapy demonstrated significant improvements compared to
repaglinide in FPG, seven-point plasma glucose, and lunchtime and
dinnertime two-hour PPG (P<0.05 for all).
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500 mg TID, titrated Hypoglycemia rates were 2.04 events/patient-year with combination
up to 4 mg TID and therapy compared to 1.35 events/patient-year with repaglinide (P=0.058).
500 mg TID Adverse events were comparable between the two treatments.
Moses et al .8 DB, MC, PG, RCT N=83 Primary: Primary:
(1999) Change in baseline | Patients in the metformin plus repaglinide group had a significant decrease
Patients 40 to 75 3 months HbA:: and FPG in HbA; from 8.3 to 6.9% (P=0.0016) and FPG from 10.2 to 8.0 mmol/L
Repaglinide 0.5t0 4 | years of age with (P=0.0003) compared to baseline. There were no significant changes in
mg TID before each | type 2 diabetes Secondary: HbA. or FPG for patients receiving metformin alone and repaglinide
meal plus metformin | treated with Change in fasting alone. The HbA:. and FPG changes from baseline for metformin plus
1,000 to 3,000 metformin alone (1 insulin, C-peptide | repaglinide vs metformin alone and metformin plus repaglinide vs
mg/day to 3 g/day) for >6 levels, fasting TG, | repaglinide were significant (P<0.05 for all).
months and had not TC, HDL-C, LDL-
VS achieved optimal C, FFA, body Secondary:
glycemic control weight Fasting insulin and C-peptide levels increased significantly from baseline
repaglinide 0.5 to 4 (HbA1c >7.0%) and in both groups receiving repaglinide (P<0.05 for both).
mg TID before each | BMI >21 kg/m?
meal Lipid levels (TC, HDL-C, LDL-C, TG, FFA) did not change significantly
from baseline in the metformin plus repaglinide group. No significant
S differences were found between the metformin plus repaglinide group and
the monotherapy groups.
metformin 1,000 to
3,000 mg/day In both groups receiving repaglinide there was an increase in body weight
which was significant compared to baseline (P<0.05 for both).
Civera et al.®® oL, PG N=37 Primary: Primary:
(2008) HbA, The HbA. was lower in the repaglinide triple therapy group (7.2%)
Patients with poorly 24 weeks hypoglycemia, compared to the metformin plus NPH insulin group (8.8%; P=0.02) and
Metformin 850 mg controlled type 2 body weight the NPH insulin group (8.4%; P=0.02).
BID, repaglinide 2 diabetes despite
mg TID before being on two or Secondary: The absolute reduction in HbAzc was -2.4% in the repaglinide triple
meals, and NPH more oral Not reported therapy group compared to -0.7% (P=0.01) in the metformin plus NPH
insulin before dinner | antidiabetic drugs insulin group and -1.4% in the insulin NPH group.
VS Lower PPG values were seen with the repaglinide triple therapy group
compared to the other two treatment groups (P<0.01).
metformin 850 mg
BID and NPH Significant differences in weight gain and hypoglycemia were not seen.
insulin before dinner
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Secondary:
VS Not reported
NPH insulin BID
Black et al.¥ MA (15 trials) N=3,781 Primary: Primary:
(2007) Mortality and No trials reported the effect of meglitinides on mortality and morbidity.
Patients with type 2 Duration morbidity
Meglitinide diabetes varied Secondary:
Secondary: In the 11 trials comparing meglitinides to placebo, both repaglinide and
VS Change in HbAc, nateglinide resulted in reductions in HbA¢ (0.1 to 2.1% and 0.2 to 0.6%,
weight or BMI, respectively). In two trials comparing repaglinide to nateglinide, reduction

meglitinide plus
metformin

VS

meglitinide plus
insulin

S
metformin
VS

placebo

hypoglycemia,
adverse effects,
quality of life

in HbA1c was similar. When compared to metformin, both repaglinide and
nateglinide showed similar or slightly smaller reduction in HbA .
compared to metformin. The combination therapy of metformin plus a
meglitinide showed a clinically significant reduction in HbA;. compared to
metformin.

Weight gain was generally greater in patients receiving meglitinides
compared to patients receiving metformin.

Evidence from the meglitinide trials with metformin suggests that both
repaglinide and nateglinide had fewer gastrointestinal adverse events
including diarrhea. There was no evidence of serious adverse events
associated with meglitinides.

There were more reports of hypoglycemia episodes in patients receiving
meglitinides compared to patients receiving placebo. In the two head-to-
head trials of repaglinide and nateglinide, fewer patients receiving
nateglinide reported hypoglycemia symptoms (2 vs 7%). When compared
to metformin, patients receiving meglitinides reported more hypoglycemia
episodes.

There were two trials that assessed quality of life in patients receiving
repaglinide vs placebo and in patients receiving repaglinide plus insulin vs
metformin plus insulin. There were no substantial changes in quality of
life using a variety of validated diseases specific and nonspecific tools.
Treatment satisfaction using the World Health Organization Diabetes
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Treatment Satisfaction Questionnaire improved significantly in patients
receiving repaglinide compared to patients receiving placebo.
Bayraktar et al.® RCT, XO N=18 Primary: Primary:
(1996) Changes in FPG, Mean FPG, PPG, and HbA;. decreased at the end of each combination
Patients from 30 to 20 weeks PPG, HbA, TG, treatment period as compared with baseline levels (P<0.05).
Metformin 500 mg 63 years of age with cholesterol,
TID and type 2 diabetes for 2 fibrinogen, insulin | PPG level in the acarbose group was lower than the level achieved by the
sulfonylurea to 20 years, HbA1¢ levels, and C- group using metformin (P<0.05).
>8.5%, FPG >7.7 peptide levels from
VS mmol/L, or a baseline There was a significant decrease between pre- and posttreatment two-hour
PPG>10 mmol/L on PPG levels in each group (-5.3+0.4 for acarbose vs -2.940.3 for
acarbose 50 to 100 maximum doses of Secondary: metformin, P<0.05).
mg TID and gliclazidet (240 mg Not reported
sulfonylurea daily) There were small reductions in fibrinogen, insulin, and C-peptide levels in
each group, but the differences were not statistically significant.
Secondary:
Not reported
Abbasi et al.® RCT N=31 Primary: Primary:
(2004) Changes in fasting | FPG decreased to a similar degree with diet therapy (metformin)
Patients with type 2 12 weeks glucose, HbA ¢, (12.45+0.48 vs 9.46+0.47 mmol/L; P<0.001) and combined sulfonylurea

Metformin 500 to
1,000 mg BID added

diabetes with
relatively poor

lipid
concentrations

plus metformin (14.09+0.51 vs 10.57+£0.85 mmol/L; P=0.001). The
changes in the diet therapy (metformin) group compared to the combined

to existing glycemic control sulfonylurea plus metformin group was not significant (P=0.58).
sulfonylurea with FPG >9.5 Secondary:
monotherapy mmol/L on dietary Not reported Changes in fasting HbA;. from baseline were significant for diet therapy
therapy alone or (metformin) (P<0.001) and combined sulfonylurea plus metformin
VS sulfonylurea (P<0.002). The changes were not significant when compared to each other
monotherapy, BMI (P=0.30).
metformin <40 kg/m?, and no
500 to 1,000 mg apparent Fasting TC, TG, HDL-C, and LDL-C did not change significantly in either
BID added to cardiovascular treatment group (P=0.64, P=0.34, P=0.48, and P=0.85, respectively) for
existing dietary disease diet therapy (metformin) compared to combined sulfonylurea plus
therapy metformin.
Fasting remnant lipoprotein cholesterol concentrations were significantly
lower in the diet therapy (metformin) group as compared to baseline
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(0.43+0.09 vs 0.34+0.07 mmol/L; P=0.02). The changes were not
significant for diet therapy (metformin) compared to combined
sulfonylurea plus metformin (P=0.06).
Concentrations of FFA and remnant lipoprotein cholesterol concentrations
were lower to a similar degree in both groups, whereas day long plasma
insulin concentrations were unchanged. Changes in LDL particle diameter
and percent of small dense LDL particles between the groups were not
significant at end point (P=0.28 and P=0.73, respectively).
Secondary:
Not reported
DeFronzo et al.®° 2 DB, PG, RCT Protocol 1 Primary: Primary:
(1995) N=289 Changes in plasma | Protocol 1:
Moderately obese 29 weeks glucose, HbAc, As compared to the placebo group, the metformin group had lower mean
Protocol 1. patients with type 2 plasma insulin, FPG concentrations (18945 vs 244+6 mg/dL; P<0.001). HbA . levels were
Metformin 850 to diabetes Protocol 2 lipids, plasma also lower in the metformin group (7.1£0.1 vs 8.6£0.2%; P<0.001).
2,550 mg daily inadequately N=632 lactate
controlled by diet 29 weeks The changes from baseline for TC and LDL-C for metformin were
S (Protocol 1) or diet Secondary: significant compared to placebo (P=0.001 and P=0.019, respectively).
plus glyburide Not reported
placebo (Protocol 2) Fasting plasma lactate levels were similar at all times during the active-
treatment in both groups.
Protocol 2:
Metformin plus Protocol 2:
glyburide Patients in the metformin plus glyburide combination group, compared to
the glyburide alone group, had lower mean FPG concentrations (18744 vs
S 261+4 mg/dL; P<0.001), and HbA. values (7.1+0.1 vs 8.7+0.1%;
P<0.001). The effect of metformin alone was similar to that of glyburide
metformin 500 to alone.
2,500 mg daily
The changes from baseline were significant compared to glyburide for the
Vs following: TC, metformin (P=0.011) and metformin plus glyburide
(P=0.001); LDL-C, metformin (P=0.009) and metformin plus glyburide
glyburide 5 to 10 mg (P=0.001); and TG, each glyburide and metformin plus glyburide
BID (P=0.001)
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Fasting plasma lactate did not change in any of the groups in the course of
treatment.
Secondary:
Not reported
Goldstein et al.% DB, MC, PG, RCT N=247 Primary: Primary:
(2003) Change in HbA. The decreases in HbA1c were significantly greater in the
Patients with type 2 18 weeks glipizide/metformin group compared to either of the monotherapy groups

Metformin 500 to
2,000 mg daily

VS
glipizide 15 mg BID
Vs

glipizide/
metformin

5/500 mg daily

(dose titrated up to 4
tablets per day)

diabetes and
inadequate glucose
control (HbA. 7.5
to 12.0%) despite
monotherapy with
at least half the
maximum labeled
daily dose of a
sulfonylurea, FPG
<300 mg/dL, and
BMI >25 to <40
kg/m?

Secondary:
Changes in FPG,
three-hour PPG,
area under the
concentration-time
curve (AUC),
three-hour
postprandial
insulin incremental
AUC during three
hours after a
standard test meal,
fasting insulin
level, serum lipid
profiles, body
weight

(P<0.001). A total of 36.6% of patients receiving glipizide/metformin,
8.9% of patients receiving glipizide, and 9.9% of patients receiving
metformin had an HbA1. <7.0% at the final visit.

Secondary:
Combination therapy reduced the FPG from baseline significantly more
compared to glipizide and metformin monotherapies (P<0.001).

Combination therapy controlled PPG more than metformin monotherapy
or glipizide monotherapy, as measured using a three-hour incremental
AUC (P=0.002, and P<0.001, respectively).

The postprandial insulin three-hour incremental AUC increased from
baseline with combination therapy, and decreased with glipizide
monotherapy; the differences between these groups were not significant.
There was a decrease in the postprandial insulin AUC in the metformin
monotherapy group, which was significant (P<0.001 vs combination

group).

Fasting insulin decreased in the combination therapy group and in the
metformin monotherapy group. Fasting insulin increased in the glipizide
monotherapy group. The changes in the combination therapy group did not
differ significantly from either monotherapy group.

There were decreases in body weight in all groups, -0.3 kg with the
combination therapy group, -0.4 kg with the glipizide monotherapy group,
and -2.7 kg in the metformin monotherapy group. The changes in the
metformin monotherapy group were significant compared to the
combination therapy group (P<0.001).
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There were no significant changes in the fasting lipid profile in the
combination group or metformin monotherapy group. There were
significant increases from baseline in TC and TG in the glipizide
monotherapy group.
Garber et al.% DB, MC, PC, PG, N=806 Primary: Primary:
(2002) RCT Change in HbA. Patients in both glyburide/metformin groups had significantly greater
20 weeks mean reduction from baseline HbA ¢ (level of 8.2%) compared to the

Metformin 500 mg Patients with type 2 Secondary: placebo group (P<0.001). The reductions in HbA 1 from baseline for each
daily diabetes with Changes in FPG, glyburide/metformin group were significantly greater than the placebo or
inadequate two-hour PPG, metformin groups (P<0.001). The reduction in HbA in the
VS glycemic control fasting and two- glyburide/metformin 1.25/250 mg group was significantly greater
with diet and hour insulin levels, | compared to the glyburide group (P<0.016), and for the
glyburide 2.5 mg exercise, HbA1¢ serum lipid glyburide/metformin 2.5/500 mg group compared to the glyburide group
daily >7.0%, normal concentrations, (P<0.004).
renal and liver body weight
S function, and a BMI Sixty-six percent of the patients in the glyburide/metformin 1.25/250 mg
<38 kg/m? group (P=0.006 vs metformin) and 72% of the patients in the
glyburide/ glyburide/metformin 2.5/500 mg group (P<0.001 vs metformin, P=0.037
metformin vs glyburide) had achieved an HbA 1 <7.0% compared to 60% of the
1.25/250 mg daily patients in the glyburide group, 50%o0f patients in the metformin group,
and 20% of patients in the placebo group.
Vs
Secondary:
glyburide/ Mean decreases in FPG concentrations were significantly greater for both
metformin combination groups compared to the placebo (P<0.001) and metformin
2.5/500 mg daily groups (P<0.001). Mean decreases in FPG were numerically greater in
both combination groups compared to the glyburide group, but the
S differences were not significant.
placebo Glyburide/metformin 1.25/250 mg group, glyburide/metformin 2.5/500
mg group, and the glyburide group had modest changes in body weight of
Doses were titrated 1.4, 1.9, and 1.7 kg, respectively, compared to 0.7 and 0.6 kg mean
to a maximum of 4 decrease in patients receiving placebo and metformin, respectively. The
tablets per day. mean changes in body weight for the glyburide/metformin groups and the
glyburide group were significantly different from placebo.
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There were no significant changes seen in TC, LDL-C, or HDL-C, and
TGs with any treatment.
Marre et al.% DB, MC, PG, RCT N=411 Primary: Primary:
(2002) Change in HbA1, Mean HbA levels improved in all groups. There were significantly
Patients >18 years 16 weeks greater reductions in the patients receiving combination therapy as
Metformin 500 mg of age with type 2 Secondary: compared to either monotherapy (P<0.05). There were no significant
daily diabetes with a FPG Changes in FPG, differences in the amount of the reductions in the HbA 1. between the two
>126 mg/dL despite fructosamine levels | combination therapies or the two monotherapies.
Vs treatment with
monotherapy Seventy-five percent of the glyburide/metformin 2.5/500 mg group and
glyburide 5 mg daily | metformin >850 mg 63.8% of the glyburide/metformin 5/500 mg group achieved an HbA ¢
BID or >500 mg <7.0% as compared to the metformin (37.6%) or glyburide (41.9%)
VS TID, diet, and groups (P=0.001 for both).
exercise for 2
glyburide/ months prior to Secondary:
metformin enrollment, and FPG decreased in all groups. There were significant improvements in both
2.5/500 mg daily BMI <40 kg/m? the combination groups compared to either monotherapy (P<0.05). There
were no significant differences in effects on FPG between either of the
S combination therapies or the monotherapies.
glyburide/ Mean decreases in fructosamine in both combination groups were
metformin significantly greater (P<0.05) compared to the changes seen in the
5/500 mg daily monotherapy groups.
Doses were titrated
to a maximum of 4
tablets per day.
Johnson et al.% RETRO N=4,124 Primary: Primary:
(2005) Composite end A total of 381 patients died from cardiovascular causes and 715 were
Patients >30 years N=2,138 point of fatal or hospitalized at least once for cardiovascular reasons. Patients in the
Metformin and of age who were sulfonylurea | nonfatal metformin monotherapy group had the lowest nonfatal hospitalization rate
sulfonylurea new users of oral monotherapy | cardiovascular for cardiovascular causes (53.7 hospitalizations per 1,000 person years)
antidiabetic drugs related events compared to sulfonylurea monotherapy patients (75.3 per 1,000 person
VS (sulfonylurea N=923 years; P<0.05) and compared to combination therapy patients (90.2 per
monotherapy, metformin Secondary: 1,000 person years; P<0.05). Nonfatal cardiovascular related
metformin metformin monotherapy | Not reported hospitalization rates were similar for sulfonylurea monotherapy patients
monotherapy monotherapy, or and combination therapy patients (P=0.08).

333

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services




Biguanides
AHFS Class 682004

. Study Size
D Study apd StUdyBesIgI .and and Study End Points Results
rug Regimen Demographics D :
uration
combination N=1,081
VS therapy of combination Metformin monotherapy was associated with a lower risk of the composite
sulfonylureas and therapy end point (adjusted HR, 0.81; 95% CI, 0.68 to 0.97) as compared to
sulfonylurea metformin) sulfonylurea monotherapy.
monotherapy Duration not
reported Cardiovascular hospitalizations were similar for sulfonylurea monotherapy
and combination therapy (P=0.32).
Secondary:
Not reported
Hollander et al.% MC, OL, RCT N=337 Primary: Primary:
(2015) Change in HbA. Substitution of insulin glargine for a TZD and addition of a third OAD
Type 2 diabetes 48 weeks resulted in an adjusted mean change in HbA1. from baseline of —1.66%

Insulin glargine+
one oral antidiabetes
drug (metformin or
sulfonylurea)
wherein previous
TZD therapy was
dropped and
replaced with insulin
glargine (GLAR +1
OAD)

VS

three oral
antidiabetes drugs
(30AD) wherein
patients receiving
TZD and metformin
received add-on
sulfonylurea
(glyburide) and
patients receiving
TZD and
sulfonylurea

patients 18 to 79
years of age with a
HbAc of 7.5 to
12.0% despite >3
months of treatment
with a TZD plus
metformin or a
sulfonylurea

Secondary:
Changes in FPG,
weight, BMI, and
serum lipid profile

and —1.86%, respectively (adjusted mean difference 0.20; 95% CI, —0.11
to 0.51). The upper limit of the 95% CI for the difference in the adjusted
mean changes from baseline to endpoint for HbA1. was 0.51%; therefore,
the primary efficacy analysis did not demonstrate equivalent glycemic
control during treatment with GLAR + 1 OAD and 30AD as measured by
HbA:. levels. In patients originally taking sulfonylurea, there was a
significantly greater reduction in HbA1. in those adding metformin to TZD
and sulfonylurea versus those switching the TZD for GLAR + SU at
weeks 12, 24, and 48.

Secondary:

Adjusted mean FPG at baseline was similar between the two treatment
arms (GLAR + 1 OAD 193.0 mg/dL vs 30AD 199.5 mg/dL; P=0.4299).
FPG reduced significantly from baseline to endpoint (P<0.0001 for both
arms).

Weight gain was observed in both treatment arms at each study visit and at
endpoint. At each visit, patients in the GLAR + 1 OAD arm gained less
weight than those in the 30AD arm; this difference was significant at
week 12 (P=0.0035). A similar pattern was observed for BMI.

Overall, insulin glargine + metformin was as effective as 30AD in
achieving glycemic control but with greater improvements in lipid
parameters, less weight gain, and lower hypoglycemia rates.
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received add-on
metformin
(30AD)
Duckworth et al.% RETRO N=72 Primary: Primary:
(2003) Changes in HbAz., | The mean baseline HbA;. in the total population was 8.3+1.7%. The mean
Patients 18 to 80 196 days lipid parameters, reduction in HbA1c was 0.6% (P=0.002) with a mean follow-up of 196
Glyburide/ years of age with (mean follow- | weight days after the initiation of glyburide/metformin. The mean daily doses of
metformin type 2 diabetes up) glyburide and metformin at baseline and at final follow-up were 17.2 and
were eligible if they Secondary: 1,607 mg and 14.7 and 1,750 mg, respectively.
had received a Not reported
combination The greatest decrease in HbAc was observed in patients with a baseline
product with HbA1: >8.0% (n=37). This group had a mean reduction of HbA . of 1.3%
glyburide and (P=0.0002) with similar doses of glyburide (14.7 vs 16.9 mg; P=0.077)
metformin for >90 and metformin (1,743 vs 1,624 mg; P=0.11) in both treatment periods.
days and had been
treated with There were no significant changes in TC, HDL-C, LDL-C, or TG from
glipizide or baseline.
glyburide plus
metformin for >6 There were no significant changes in body weight from a baseline level of
months prior to 104.3 kg to the last follow-up weight of 104.0 kg (P=0.0645).
switching to the
combination There were no significant differences in patient adherence to the regimen
product of (92.4% before vs 90.9% after).
glyburide/
metformin Secondary:
Not reported
Blonde et al.®’ RETRO N=1,421 Primary: Primary:
(2003) Change in HbA;. The mean HbA;. for the two groups at baseline were similar, 9.1% for the
Patients with type 2 ~ 6 month combination product and 9.2% for the individual agents coadministered.
Glyburide diabetes new to the (follow-up Secondary: During the follow-up period, patients taking the combination product had
coadministered with | combination period) Not reported a lower mean daily dose of glyburide and metformin than patients
metformin product glyburide/ receiving the individual agents coadministered regardless of baseline
metformin or HbAc.
VS glyburide
coadministered with Fifty-six percent of patients in the combination group achieved an HbA .
glyburide/ metformin between <7.0% compared to 31.2% of patients receiving the individual agents
metformin August 2000 and coadministered. The mean HbA.. decrease from baseline in the
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July 2001 and had combination group was -2.02% and -1.49% when the individual agents

HbA. levels at were coadministered. The regression results indicated that patients taking

baseline within 79 the combination product had a significantly greater (P<0.0001) reduction

to 194 days of in HbA1. than patients receiving the individual agents coadministered.

initiating

combination Patients receiving the combination product with baseline HbA . >8.0%

therapy experienced a significantly (P<0.0001) greater decrease in HbA1. of
2.93% compared to 1.92% for the individual agents coadministered.
For patients with baseline HbA;. <8.0%, the difference between the HbA1¢
responses remained significant. The reductions in HbA1c were smaller for
both the combination product and the individual agents coadministered (-
0.54 and -0.23%; P=0.0017).
Patients were more adherent with the combination product than the
individual agents coadministered (84% days with drug supply vs 76%
days with drug supply, respectively; P<0.0001). The mean decreases in
HbA1. were similar for those patients >80% adherent and <80% adherent
for the combination product (2.12 vs 2.19%; P value not significant) and
the individual agents coadministered (1.47 vs 1.24%; P value not
significant).
Secondary:
Not reported

Lewin et al.®® DB, MC, RCT N=607 Primary: Primary:
(2007) Change baseline There were significant reductions in HbA: from baseline to week 30 in all
Type 2 diabetic 30 weeks HbA1¢ combined metformin and sulfonylurea groups compared to the

Metformin XR
(Glumetza®) 1,500
mg QD, 2,000 mg
QD, or 1,000 mg

patients 18 to 79
years of age, drug
naive or previously
treated with oral

Secondary:
Changes in HbA1c
and FPG at week

sulfonylurea monotherapy group (-0.74 vs 0.08%, respectively; P<0.001).

Secondary:
There were significant reductions from baseline in mean FPG and in mean

BID and glyburide antidiabetic eight, HbA . at week eight in all combined metformin and sulfonylurea groups

15 mg QD medications fructosamine, TC, | compared to the sulfonylurea monotherapy group (P<0.001).
(monotherapy with HDL-C, LDL-C,

VS any oral antidiabetic TG, weight, BMI, There were significant differences between the combined metformin and
medications up to discontinuation sulfonylurea groups and the monotherapy group for mean changes in

glyburide 15 mg QD | half the maximum fructosamine, TC, HDL-C, and LDL-C (P<0.001 for all).
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therapeutic dose), rates, adverse
HbA: 7.51t0 12.0% events There were significant increases from baseline in mean weight and BMI in
in drug-naive the monotherapy sulfonylurea group (P<0.001). In comparison, there was
patients or 6.5 to no significant change in weight and a smaller increase in mean BMI in the
12.0% in prior drug combined metformin and sulfonylurea groups (P=0.028).
treatment patients,
FPG 200 to 400 There was a significant difference in the rates of hypoglycemia between
mg/dL (drug naive groups, which were 11.6% in the combined metformin and sulfonylurea
patients) or 120 to groups and 4.2% in the monotherapy sulfonylurea group (P=0.007).
250 mg/dL (prior However, no significant difference between these two groups was
drug treatment observed for gastrointestinal events.
patients) and C-
peptide levels >0.8 Forty patients (9.3%) in the combined metformin and sulfonylurea groups
ng/mL and three patients (2.1%) in the monotherapy sulfonylurea group
discontinued treatment due to an adverse event, mainly hypoglycemia
(P=0.001).
Chien et al.%® DB, MC, PG, RCT N=100 Primary: Primary:
(2007) Change in baseline | After 16 weeks, the HbA. increased in patients receiving glyburide
Patients 30 to 75 16 weeks HbAc (0.52%; P=0.0018) and there was no change in patients receiving

Metformin 500 mg
BID

Vs
glyburide 5 mg BID
Vs

glyburide/

metformin
2.5/500mg BID

years of age with
type 2 diabetes,
BMI 18.5 to 35.0
kg/m?, FPG 140 to
250 mg/dL, and
HbA1: 7.0 t0 12.0%
at the screening
visit and FPG >140
mg/dL at the second
visit, maintained
stable sulfonylurea
regimen, with or
without metformin

Secondary:
Change in baseline
FPG, adverse
events

metformin (0.09%; P value not significant).

After 16 weeks, treatment with glyburide/metformin 2.5/500 mg resulted
in a greater reduction in HbA1. compared to glyburide or metformin (-
1.77%; P<0.001 and -1.34%; P=0.002). Treatment with
glyburide/metformin 5/500 mg resulted in a greater reduction in HbA1¢
compared to glyburide or metformin alone (-1.73%; P<0.001 and -1.30%;
P=0.005).

After 16 weeks, 19 and 24% of patients in the glyburide/metformin groups
(2.5/500 mg and 5/500 mg, respectively) had an HbA. <7.0% compared
to 12.0% in the metformin monotherapy group and 6% in the glyburide
monotherapy group.

Vs use
Secondary:

glyburide/ Mean changes in FPG from baseline were -43 mg/dL in the glyburide

metformin group, -41 mg/dL in the metformin group, -98 mg/dL in the

5/500 mg BID glyburide/metformin 2.5/500mg group, and -101 mg/dL in the
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glyburide/metformin 5/500 mg group. The two glyburide/metformin
The doses were groups had significant reductions from baseline compared to the
titrated every 2 monotherapy groups (P<0.0125 compared to glyburide and metformin).
weeks to a
maximum of 4 Treatment with glyburide/metformin 2.5/500 mg resulted in a 55 mg/dL
tablets per day if the reduction in FPG compared to glyburide (P=0.001) and a 57 mg/dL
exceeded 140 reduction in FPG compared to metformin (P=0.001). Treatment with
mg/dL. glyburide/metformin 5/500 mg resulted in a in a 58 mg/dL reduction in
FPG compared to glyburide (P<0.001) and a 60 mg/dL reduction in FPG
compared to metformin (P=0.001).
Ninety-eight episodes of adverse events were reported from the screening
visit to the end of the study. Four (14.3%) patients reported adverse events
associated with hypoglycemia in the glyburide/metformin 2.5/500 mg
group, and two (8.3%) patients reported adverse events associated with
gastrointestinal disease among all patients who took metformin during the
entire course of the study. The highest incidence of gastrointestinal
adverse effects was 32.0% in metformin group, and the lowest was 7.7%
in the glyburide/metformin 2.5/500 mg group (P=0.021).
Einhorn et al.1% DB, PC, RCT N=328 Primary: Primary:
(2000) Change in HbAc, Reductions in HbA¢ with pioglitazone add-on therapy were significantly
Patients with poorly 16 weeks FPG, insulin, lower compared to placebo (-0.83% difference between treatment groups;
Metformin (existing | controlled type 2 lipoproteins, and P<0.05).
therapy) diabetes (HbA¢ C-peptide
>8.0%) with Reductions in FPG with pioglitazone add-on therapy were significantly
VS metformin Secondary: lower compared to placebo (-37.7 mg/dL difference between treatment
monotherapy Not reported groups; P<0.05).
metformin (existing
therapy) and Pioglitazone reduced fasting C-peptide levels (-0.1 ng/mL) while placebo
pioglitazone 30 to increased levels (0.1 ng/mL; P<0.05).
45 mg
Pioglitazone reduced fasting C-insulin levels (-2.1 ng/mL) while placebo
increased levels (0.4 ng/mL; P<0.05).
Pioglitazone add-on therapy significantly reduced TG (-9.7 vs 8.5 mg/dL;
P<0.05) and increased HDL-C (10.2 vs 1.5 mg/dL; P<0.05) compared to
placebo.
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Both treatment groups increased LDL-C (7.7 vs 11.9 mg/dL; P value not
significant).
No significant difference between treatment groups in number of adverse
events was observed. Higher rate of edema was reported with pioglitazone
(5.9 vs 2.5%).
Weight loss was observed with placebo (-1.36 kg) while patients receiving
pioglitazone had weight gain (0.95 kg; P value not reported).
Secondary:
Not reported
Kaku et al.1% DB, PC, PG, RCT N=169 Primary: Primary:
(2009) HbA1., FPG, At week 28, mean change in HbA;. from baseline was -0.67% with
Patients 20 to 65 28 weeks fasting insulin, pioglitazone compared to 0.25% with placebo (P<0.0001).
Metformin 500 to years of age with insulin resistance,
750 mg daily type 2 diabetes, lipid parameters More patients receiving pioglitazone achieved an HbA1. <6.5% compared
HbA¢ 6.5 to 10.0%, to placebo (38.6 vs 8.1%, respectively; P<0.0001).
S who were drug Secondary:
naive or on Not reported At week 28, mean change in FPG from baseline was -20.5 mg/dL with
pioglitazone 15 to metformin pioglitazone compared to 1.9 mg/dL with placebo (P<0.0001).
30 mg QD and monotherapy
metformin 500 to Mean fasting insulin concentrations were reduced to a greater extent with
750 mg daily pioglitazone (-2.15 mU/mL) compared to placebo (-0.38 mU/mL;
P=0.021).
Insulin resistance was reduced more by pioglitazone compared to placebo
(-1.34 vs -0.15; P=0.0025).
The main differences in lipids between pioglitazone compared to placebo
were significant increases in TC (P=0.0057) and HDL-C (P<0.0001).
Adiponectin levels were significantly increased by pioglitazone compared
to placebo (P=0.0001).
Secondary:
Not reported
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Perez et al.2%2 DB, PG, RCT N=600 Primary: Primary:
(2009) Change in baseline | At week 24, mean change in HbA; from baseline was -1.83% with
Patients >18 years 24 weeks HbA pioglitazone/metformin compared to -0.96% pioglitazone and -0.99% with
Pioglitazone/ of age with type 2 metformin (P<0.0001 for combination therapy vs either monotherapy).
metformin 15/850 diabetes, HbA; 7.5 Secondary:
mg BID to 10.0%, BMI <45 HbA responder Secondary:
kg/m?, who were rate, changes in In the pioglitazone/metformin group, 63.8% achieved HbA 1. <7.0%
VS drug naive baseline FPG, compared to 46.9% with pioglitazone and 38.9% with metformin (P value
fasting insulin, not reported).
pioglitazone 15 mg insulin resistance
BID Pioglitazone/metformin led to the greatest reduction in FPG from baseline
to final visit (-39.9 mg/dL) compared to -22.2 mg/dL with pioglitazone
VS and -24.8 mg/dL with metformin (P<0.01 for combination therapy vs
either monotherapy).
metformin 850 mg
BID Pioglitazone/metformin led to the greatest reduction in fasting insulin from
baseline to final visit (-3.91 plU/mL), followed by pioglitazone (-3.18
puIU/mL). Both reductions were significantly greater compared to
metformin (-0.98 plU/mL; P<0.05).
At week 24, the greatest decrease in insulin resistance was seen with
pioglitazone/metformin and pioglitazone compared to metformin;
however, the difference was significant only with pioglitazone/metformin
(P<0.01).
Seufert et al.10 2 MC, RCT N=1,269 Primary: Primary:
(2008) Change in HbA;. Study 1
Patients 35 to 75 104 weeks from baseline, The mean change in HbA1 from baseline to week 104 was

Study 1 years of age with FPG, glucose -0.89% with pioglitazone and metformin compared to -0.77% with
Metformin (existing | type 2 diabetes who excursions using gliclazide and metformin (P=0.20).
therapy) and were inadequately Three hour oral
pioglitazone 15 to controlled on either glucose tolerance The mean change in FPG from baseline to week 104 was -1.8 mmol/L
45 mg QD metformin or test, insulin with pioglitazone and metformin compared to -1.1 mmol/L with gliclazide

sulfonylurea sensitivity and metformin (P<0.001).
VS monotherapy

(HbAy 7.5 to Secondary: Pioglitazone therapy in patients failing metformin therapy achieved
metformin (existing | 11.0%), and fasting Not reported decreases in glucose excursions at the end of the two-year treatment
therapy) and
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gliclazidet 80 to 320 | C-peptide >1.5 period. This effect was not seen in the patients receiving gliclazide for two
mg daily ng/mL) years as add-on therapy to failing metformin.
Study 2 Insulin sensitivity increased when pioglitazone was added to metformin
Metformin 850 to therapy (+13.8%) compared with a decrease when gliclazide was added to
2,550 mg daily and metformin (-7.2%; P<0.0001).
sulfonylurea
Study 2
Vs The mean change in HbA1 from baseline to week 104 was -1.03% for
patients receiving pioglitazone and sulfonylurea compared to -1.16% for
pioglitazone 15 to patients receiving metformin and sulfonylurea (P=0.173).
45 mg QD and
sulfonylurea therapy The mean change in FPG from baseline to week 104 was -2.0 mmol/l with
(existing therapy) pioglitazone and sulfonylurea compared to -1.9 mmol/l with metformin
and sulfonylurea (P=0.506).
The addition of pioglitazone to failing sulfonylurea therapy for two years
resulted in a decrease of post-load glucose excursions which was not seen
when metformin was added to sulfonylurea treatment.
Insulin sensitivity increased when pioglitazone was added to sulfonylurea,
(+5.8%) compared to an increase of +3.9% when metformin was added to
sulfonylurea (P=0.581 between treatments).
Secondary:
Not reported
Matthews et al.104 DB, RCT N=630 Primary: Primary:
(2005) Effect on HbA¢ Similar reductions in HbA;c were observed in pioglitazone- (-0.99%) and
Patients with type 2 12 months gliclazide-treated groups (-1.01%; P=0.837).

Metformin (existing

diabetes that was

Secondary:

therapy) and poorly controlled Effect on FPG, Secondary:
pioglitazone 15 to (HbAc 7.5t0 insulin, Similar reductions in FPG were observed in pioglitazone- (-2.1 mmol/L)
45 mg QD 11.0%) with lipoproteins, and and gliclazide- (-1.6 mmol/L) treated groups (P=0.506).
metformin C-peptide
VS monotherapy Gliclazide significantly reduced LDL-C compared to pioglitazone (-4.2
mg/dL vs +10.4 mg/dL; P=0.001).
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metformin (existing Pioglitazone significantly reduced TG (-53.1 vs -19.5 mg/dL; P<0.001)
therapy) and and increased HDL-C (6.9 mg/dL vs no change; P<0.001) compared to
gliclazidet 80 to 320 gliclazide.
mg QD
Charbonnel et al.*® | DB, RCT N=630 Primary: Primary:
(2005) Effect on HbA1. Similar reductions in HbA1 were observed with pioglitazone add-on
Patients with type 2 24 months therapy (-0.89%) and with gliclazide add-on therapy
Metformin (existing | diabetes that was Secondary: (-0.77%; P=0.200) after two years.
therapy) and poorly controlled Effect on FPG,
pioglitazone 15 to (HbAy 7.5 to insulin, Secondary:
45 mg QD 11.0%) with lipoproteins, and Significant reductions in FPG were observed with pioglitazone add-on
metformin C-peptide therapy (-1.8 mmol/L) compared to gliclazide add-on therapy (-1.1
VS monotherapy mmol/L; P<0.001) after two years.
metformin (existing Gliclazide add-on therapy had significantly reduced LDL-C compared to
therapy) and pioglitazone add-on therapy (-6 vs +2 mg/dL; P<0.001).
gliclazidet 80 to 320
mg QD Pioglitazone add-on therapy significantly reduced TG (-23 vs -7 mg/dL;
P<0.001) and increased HDL-C (22 vs 7 mg/dL; P<0.001) compared to
gliclazide add-on therapy.
No significant difference between treatment groups in number of adverse
events or discontinuation due to adverse events was reported.
Less weight gain was observed with gliclazide add-on therapy to
metformin (1.2 kg) compared to pioglitazone add-on therapy (2.5 kg).
Hanefeld et al.1% DB, MC, PG, RCT N=639 Primary: Primary:
(2004) Change in HbA;. HbA:: was reduced by 1.20 and 1.36% in the pioglitazone and metformin
Patients with type 2 12 months groups, respectively (P=0.065 for differences between treatments).
Metformin 850 to diabetes Secondary:
2,250 mg daily and inadequately FPG, fasting Secondary:
sulfonylurea controlled on plasma insulin, FPG (P=0.528) and fasting plasma insulin (P=0.199) were also reduced
(existing therapy) sulfonylurea lipids, urinary but the between-treatment differences were not statistically significant.
monotherapy albumin and
VS creatinine (to Pioglitazone addition to sulfonylurea significantly reduced TG (-16 vs -
determine 9%; P=0.008) and increased HDL-C (14 vs 8%; P<0.001) compared with
metformin addition.
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pioglitazone 15 to albumin-to-
45 mg QD and creatinine ratio) LDL-C was increased 2% by the addition of pioglitazone and decreased
sulfonylurea 5% by the addition of metformin to sulfonylurea monotherapy (P<0.001).
(existing therapy)
Urinary albumin-to-creatinine ratio was reduced by 15% in the
pioglitazone group and increased 2% in the metformin group (P=0.017).
Both combinations were well tolerated with no evidence of hepatic or
cardiac toxicity in either group.
Comaschi et al.2o MC, OL, PG, RCT N=250 Primary: Primary:
(2008) Change in HbA. Pioglitazone-based combination therapy and fixed-dose
Patients >35 years 6 months from baseline to metformin/glibenclamide resulted in similar reductions in HbA ¢ (-1.11 vs
Metformin/ of age with type 2 six months -1.29%, respectively; P=0.192) and FPG (-2.13 vs -1.81 mmol/L,
glibenclamide* diabetes who had respectively; P=0.370).
400/2.5 mg received treatment Secondary:
1 to 3 tablets daily with a stable dose Change in lipid Secondary:
of either metformin profiles No changes in TC were observed with pioglitazone-based therapy (-0.017
S or a sulfonylurea as after six months of | mmol/L) compared to the fixed-dose combination of
monotherapy for at treatment metformin/glibenclamide (-0.099 mmol/L; P=0.479).
pioglitazone 15 to least 3 months
30 mg QD as add-on | before study entry, The addition of pioglitazone to metformin or a sulfonylurea led to a slight
to existing oral HbA: 7.5 to 11.0%, increase in HDL-C (+0.04 mmol/L) compared to a reduction in HDL-C
hypoglycemic and fasting C- with metformin/glibenclamide (-0.09 mmol/L; P<0.001).
therapy (either peptide >0.33
metformin or nmol/L There was no significant change in non-HDL-C in patients treated with
sulfonylurea) pioglitazone-based therapy (-0.06 mmol/L) or the fixed-dose combination
of metformin/glibenclamide (-0.01 mmol/L; P=0.677).
There was no significant change in LDL-C in patients treated with
pioglitazone-based therapy (+0.06 mmol/L) or the fixed-dose combination
of metformin/glibenclamide (-0.03 mmol/L; P=0.425)
There was a significant reduction in TGs with pioglitazone-based therapy
(-0.25 mmol/L) compared to no change with the fixed-dose combination
of metformin/glibenclamide (0.03 mmol/L; P=0.045).
Abdul-Ghani et al.1® | OL, RCT N=221 Primary: Primary:
(2015) HbA:c
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EDICT Drug-naive, 2 years Baseline HbA;; was identical in both groups (8.6%) and during the first
recently diagnosed Secondary: six months decreased in both treatment arms. At six months, there was a
Metformin (<2 years) subjects Percentage of small but significant HbA1 difference (0.2%, P=0.03) between groups
(escalating dose) 30 to 75 years of participants (triple therapy 6.0% vs metformin therapy 6.2%). After six months, HbA1¢
age with type 2 achieving HbA;. gradually increased with metformin therapy to 6.5% at 24 months and
VS diabetes mellitus <6.5 and <7.0%; remained stable at 5.95% with triple therapy; thus, the difference in HbA1c
decrease in fasting | between the two treatments progressively increased with time and was
triple therapy and postprandial significantly different at two years (change in HbAc 0.55%; P<0.0001).
(metformin/ plasma glucose;
pioglitazone/ change in body Secondary:
exenatide) weight; and rate of | More participants receiving metformin therapy failed to maintain the
hypoglycemic treatment goal (HbA:. <6.5%) than did those receiving triple therapy (44
events vs 17%; P=0.003). A total of 40 participants receiving metformin therapy
failed to maintain HbA at <6.5% at/after six months compared with only
13 participants receiving triple therapy (P<0.0001). More participants
receiving triple therapy (61%) had HbA;. reduced to the normal range
(<6.0%) than those receiving metformin therapy (27%; P<0.0001). The
median HbA;. of participants receiving triple therapy was 5.9% compared
with 6.4% for those receiving metformin therapy. More than 90% of
participants receiving triple therapy maintained HbA¢ at <7.0% versus
<75% of participants receiving metformin therapy.
The most common adverse event was hypoglycemia, reported by 46 and
14% of participants receiving metformin and triple therapy, respectively.
The overall frequency of hypoglycemic events was greater in participants
receiving metformin therapy (2.2 vs 0.31 events/participant per year;
P<0.0001).
Borges et al.1% DB, MC, RCT N=688 Primary: Primary:
(2011) Change in baseline | Combination therapy was more efficacious in achieving significant
Drug naive patients 18 months HbA:c, FPG reductions in HbA;. (P<0.0001) and FPG (P<0.001) compared to
Rosiglitazone/ with type 2 diabetes metformin. In addition, more patients achieved HbA;c and FPG goals with
metformin Secondary: combination therapy compared to metformin.
Bone mineral
VS density Secondary:
In a bone substudy, at week 80 combination therapy was associated with
metformin significantly lower bone mineral density compared to metformin in the

lumbar spine (P<0.0012) and total hip (P=0.0005, respectively). There was
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no difference between treatments for distal one-third of radius, femoral
neck, and total bone mineral densities (P values not reported).
Fonseca et al.!® DB, PC, RCT N=348 Primary: Primary:
(2000) Change in baseline | Addition of rosiglitazone significantly reduced HbA: in a dose-related
Patients with poorly 26 weeks HbA1c, FPG, fashion from baseline compared to metformin monotherapy. Mean
Metformin 2,500 mg | controlled type 2 fructosamine, C- difference from the metformin control group was -1.0% (P<0.001) with
daily diabetes (mean FPG peptide, FFA, rosiglitazone/metformin 4/2,500 mg and -1.2% with

VS

metformin

2,500 mg and
rosiglitazone 4 mg
daily

VS

metformin

2,500 mg and
rosiglitazone 8 mg
daily

140 to 300 mg/dL)
with metformin;
baseline HbA1¢
8.6% in the
metformin
treatment group,
8.9% in the
rosiglitazone/
metformin 4/2,500
mg treatment group
and 8.9% in the
rosiglitazone/
metformin 8/2,500
mg treatment group;
patients were
excluded if they had
NYHA class IlI-1V
heart failure,
angina, renal or
liver disease,
symptomatic
neuropathy, or prior
use of rosiglitazone
or insulin

lipids, lactate, and
estimates of insulin
sensitivity
(HOMA-S) and B-
cell function
(HOMA-B)

Secondary:
Not reported

rosiglitazone/metformin 8/2,500 mg (P<0.001).

Mean FPG concentrations were reduced significantly with
rosiglitazone/metformin 4/2,500 mg (-33 mg/dL; P<0.0001) and with
rosiglitazone/metformin 8/2,500 mg (-48.4 mg/dL; P<0.0001). No
significant change in FPG was observed with metformin monotherapy.

Fructosamine levels were reduced with both rosiglitazone/metformin
4/2,500 mg (-27.9 umol/L; P value not reported) and
rosiglitazone/metformin 8/2,500 mg (-36.8 umol/L; P value not reported).
Fructosamine levels increased with metformin monotherapy (12.3 pmol/L;
P value not reported).

C-peptide values were reduced significantly in all treatment groups
compared to baseline (P<0.05).

FFA levels were significantly less in both rosiglitazone/metformin groups
compared to metformin monotherapy group (P<0.05).

Significant increases in TC, HDL-C and LDL-C were observed with both
rosiglitazone groups when compared to metformin monotherapy group
(P<0.05).

Mean fasting lactate levels were significantly less in both
rosiglitazone/metformin groups compared to metformin monotherapy
group (P<0.05).

Both insulin sensitivity (as measured by HOMA-S) and B-cell function (as
measured by HOMA-B) were increased in a dose-dependent fashion with
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rosiglitazone/metformin compared to metformin monotherapy (P value not
reported).
Secondary:
Not reported
Weissman et al.** DB, MC, PG, RCT N=766 Primary: Primary:
(2005) Change in baseline | After 24 weeks, RSG+MET and MET were both effective in improving

Patients 18 to 75 2-week wash | HbA¢ HbA . with mean reductions of -0.93% (95% ClI, -1.06 to -0.80) and -
Metformin 1,500 mg | years of age out period 0.71% (95% ClI, -0.83 to -0.60), respectively, with a mean treatment
QD (MET) diagnosed with type | followed by 4 | Secondary: difference of -0.20% (95% Cl, -0.36 to -0.04).

2 diabetes (defined to 7 weeks of | Change in baseline
VS as HbAy: 6.5 to run-in period | FPG at week 24, Secondary:

8.5% for patients and 24 weeks | proportion of Significant reductions in FPG from baseline were seen in patients
rosiglitazone 8 mg receiving of treatment | patients responding | receiving RSG+MET (-2.29 mmol/L; 95% ClI, -2.59 to -1.99) compared to
QD and metformin combination to treatment patients receiving MET (-1.12 mmol/L; 95% ClI, -1.43 to -0.82), with a
1,000 mg QD (RSG | therapy with (reduction >0.7% treatment difference of -0.85 mmol/L (95% ClI, -1.23 to -0.47).

+ MET)

metformin and
sulfonylurea or
HbA: 7.0 to 10.0%
for drug-naive or
patients receiving
monotherapy), FPG
of 126 to 270
mg/dL and BMI
>27kg/m?; any
subjects previously
receiving
metformin or
metformin and
sulfonylurea must
have received
<metformin 1,000
mg/day for at least
3 months prior to
study entry and
patients must have
stopped previous

for HbAyc and >30
mg/dL for FPG at
week 24), clinical
safety, adverse
events, tolerability,
clinical laboratory
tests

The proportion of patients who responded to treatment (reduction in
HbA1c >0.7%) was greater in the RSG+MET group than the MET group
(59.5 and 49.5%, respectively) with the treatment difference of 10% (95%
Cl, 1.9 t0 18.1).

The proportion of FPG responders (reduction in FPG >30 mg/dL) was also
greater in the RSG+MET group than in the MET group (55.0 vs 32.5%,
respectively).

The percentage of patients experiencing a gastrointestinal effect was
greater in the MET group compared to the RSG+MET group (38.7 and
27.9%). The odds of experiencing a gastrointestinal side effect were 63%
greater for patients receiving MET compared to patients receiving
RSG+MET (OR, 1.63; 95% Cl, 1.19 to 2.24).

RSG+MET resulted in a mean weight gain of 1.79 kg (P<0.0001)
compared to a mean weight loss of -1.78 kg (P<0.001) with MET.
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treatment with TZD There were three deaths during the course of the study with two prior to
at least 3 months DB study medication, and one while on RSG+MET; the cause of which
prior to screening was unknown, although it was not considered to be treatment related.
Stewart et al 12 DB, MC, PG, RCT N=526 Primary: Primary:
(2006) Proportion of At week 32, there was a reduction from baseline in mean HbA 1. in the
Type 2 diabetic 32 weeks patients achieving MET+RSG group from 7.2 to 6.7% compared to 7.2 to 6.8% in the MET

Metformin 3,000
mg/day (MET)

VS

metformin 2,000 mg
daily and
rosiglitazone 8 mg
daily

(MET + RSG)

patients 18 to 70
years of age, who
were either
antidiabetic-drug-
naive with FPG of
7.0 to 9.0 mmol/L
and HbA. 7.0 to
9.0%, or previously
treated with oral
antidiabetic
monotherapy with
FPG 6.0 t0 8.0
mmol/L and HbA1¢
6.510 8.0%

HbA;c <6.5% at
week 32, change in
baseline HbA1¢

Secondary:
Proportion of
patients achieving
target HbA4 and
FPG levels, change
in baseline FPG
and fasting plasma
insulin, change in
insulin resistance,
pancreatic p-cell
function, CRP,
lipid parameters
and 24-hour
ambulatory BP,
safety

group (P=0.0357).

Secondary:
The proportion of patients achieving HbA1c <6.5% at week 32 was similar
in the two groups (P=0.095).

The proportion of patients achieving FPG <7.0 mmol/L at week 32 was
56% in the MET+RSG group compared to 38% in the MET group (OR,
2.33; P<0.0001).

The reduction in fasting plasma insulin from baseline was greater in the
MET+RSG group compared to the MET group (treatment difference, -
12.2 pmol/L; P=0.00029).

Homeostasis model assessment estimated that insulin sensitivity, B-cell
function, CRP, and SBP were greater in the MET+RSG group at week 32
compared to the MET group (P<0.05 for all).

TC, HDL-C, and LDL-C increased, free fatty acids decreased, and TG did
not change in the MET+RSG group, whereas in the MET group there were
decreases in TC, LDL-C, and TG, and increases in HDL-C and FFA. The
difference between the treatments was significant for the above parameters
(P<0.05).

The proportion of patients with reductions in 24-hour mean SBP was
greater in the MET+RSG group compared to the MET group (treatment
difference, -3.6 mm Hg; P=0.0315).

The overall incidences of gastrointestinal adverse events were comparable
between groups, but there was a lower incidence of diarrhea in the
MET+RSG group (8 vs 18%). Hypoglycemia was reported in 17 patients
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(7%) in the MET+RSG group compared to 10 patients (4%) in the MET
group.
There were greater reductions in mean hemoglobin and hematocrit over 32
weeks in the MET+RSG group compared to the MET group (P<0.0001).
Rosak et al.**3 0S, PM N=11,014 Primary: Primary:
(2005) Change in baseline | Addition of rosiglitazone significantly reduced HbA:. from baseline (-
Two studies in 6 months HbA:c, FPG, body | 1.3%; P<0.0001).
Metformin (existing | which type 2 weight, and BP
therapy) and diabetics on Addition of rosiglitazone significantly reduced FPG from baseline (-47.0
rosiglitazone 4 to 8 metformin therapy Secondary: mg/dL; P<0.0001).
mg received Not reported
rosiglitazone add- Significant reduction in BP from baseline (-7/-3 mm Hg; P<0.0001) was
on therapy; baseline observed with rosiglitazone add-on therapy.
HbA:c was 8.1% in
both trials Significant reduction in weight (-1.7 kg; P<0.0001) was observed with
rosiglitazone add-on therapy.
Most commonly reported adverse events were weight gain (0.16%) and
edema (0.15%).
Secondary:
Not reported
Bailey et al.1%4 DB, MC, PG, RCT N=568 Primary: Primary:
(2005) Change in baseline | Reductions in HbA;c observed with rosiglitazone add-on therapy were
Patients with type 2 24 weeks HbA. significantly lower compared to metformin monotherapy (-0.22%
Metformin 2,500 to | diabetes poorly difference between treatment groups; P=0.001).
3,000 mg daily controlled (FPG Secondary:
>126 to 216 mg/dL) Change in baseline | Secondary:
S with metformin FPG and insulin, Reductions in FPG observed with rosiglitazone add-on therapy were
alone orin proportion of significantly lower compared to metformin monotherapy (-18.3 mg/dL
rosiglitazone/ combination with patients who difference between treatment groups; P<0.001).
metformin an insulin achieved HbA1.
4/1,000 to secretagogue or and FPG targets Significant reduction in fasting insulin was observed with rosiglitazone

8/2,000 mg daily

acarbose; baseline
HbA1c 7.4% for
rosiglitazone add-

add-on therapy compared to metformin monotherapy (-12.4 pmol/L
difference between treatment groups; P=0.001).
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on therapy and Greater proportion of patients on rosiglitazone add-on therapy (54%)
7.5% for reached HbA targets (<7.0%) compared to those treated with metformin
metformin; patients monotherapy (36%; OR, 2.42; P<0.001).
were excluded if
they had been Greater proportion of patients on rosiglitazone add-on therapy (32%)
treated with a TZD reached FPG targets (<126 mg/dL) compared to those treated with
or insulin, had metformin monotherapy (8%; OR, 5.71; P<0.001).
unstable
cardiovascular or Higher rate of withdrawal due to adverse events with metformin
cerebrovascular monotherapy (8 vs 4%; no P value reported) was noted. Gastrointestinal
conditions, or had disorders were the most commonly reported event that caused withdrawal
uncontrolled in the metformin monotherapy group.
hypertension
Rosenstock et al.™> | DB, MC, RCT N=468 Primary: Primary:
(2006) Change in baseline | Patients receiving rosiglitazone/metformin showed significant
Type 2 diabetics 32 weeks HbAc improvements in HbA1¢ with a reduction of -2.3% compared to baseline vs
Metformin 500 to with HbAz >7.5 to -1.8% with patients receiving metformin (P<0.0008) and -1.6% with
2,000 mg daily 11.0%, with FPG Secondary: patients receiving rosiglitazone (P<0.0001).
<270 mg/dL who Proportion of
S were previously patients achieving Secondary:
treated with diet HbA:; and FPG Target HbA1c <6.5 and <7.0% were achieved in more patients in the
rosiglitazone 4 to 8 and exercise or had targets, change in rosiglitazone/metformin group (60 and 77%) than in the metformin (39
mg daily not been treated baseline FPG, and 57%) or rosiglitazone (35 and 58%) groups, respectively (P values not
with a glucose- safety reported).
Vs lowering agent for
more than 15 days The greatest mean decrease in FPG was seen with rosiglitazone/metformin
rosiglitazone/ within 12 weeks (-74 mg/dL) and was significant compared to metformin (-50 mg/dL;
metformin prior to screening P<0.0001) and rosiglitazone (-47 mg/dL; P<0.0001).
4/1,000 to
8/2,000 mg daily Treatment was well tolerated with nausea, vomiting and diarrhea as the
most commonly reported adverse events. Edema was comparable between
rosiglitazone/metformin (6%) and rosiglitazone (7%) and lower with
metformin.
TODAY Study MC, RCT N=699 Primary: Primary:
Group.!6 Loss of glycemic Overall, a total of 319 (45.6%) patients reached the primary outcome, with
(2012) control (HbA . a median time to treatment failure of 11.5 months (range, <1 to 66). Rates
TODAY >8.0% for six of failure were 51.7 (95% ClI, 45.3 t0 58.2), 38.6 (95% Cl, 32.4 to 44.9),
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Patients 10 to 17 3.86 years months or and 46.6% (95% ClI, 40.2 to 53.0) of patients on metformin, rosiglitazone
Metformin years of age, with (average sustained plus metformin, and metformin plus lifestyle intervention, respectively.
type 2 diabetes follow-up) metabolic
VS decompensation Rosiglitazone plus metformin was more efficacious to metformin;

rosiglitazone 4 mg
BID plus metformin

VS

metformin plus
lifestyle intervention
(focusing on weight
loss through eating
and activity
behaviors)

Patients were treated
during a run-in
period of 2 to 6
months with
metformin 1,000 mg
BID to attain an
HbA. <8.0% prior
to randomization.

requiring insulin)

Secondary:
Body weight,
metabolic
outcomes, safety

combination therapy was associated with a 25.3% decrease in the
occurrence of the primary outcome compared to metformin (P=0.006).
The outcome with metformin plus lifestyle intervention was intermediate,
but not significantly different from metformin or rosiglitazone plus
metformin (P value not reported). The reasons for treatment failure did not
differ significantly across treatments.

Prespecified analyses according to sex and race or ethnic group showed
differences in sustained effectiveness, with metformin least effective in
non-Hispanic black patients and rosiglitazone plus metformin most
effective in female patients.

Secondary:

BMI over time (up to 60 months) differed significantly according to the
study treatment (P<0.001 for the overall comparison), and the results of all
three pairwise comparisons between treatment groups were also
significant. Patients treated with rosiglitazone plus metformin had the
greatest increase in BMI and patients receiving metformin plus lifestyle
intervention had the least.

The change in fat mass from baseline differed significantly across the
treatment groups (P<0.05) because of a significant difference between
rosiglitazone plus metformin and metformin plus lifestyle interventions.
There were no significant between-group differences in the change from
baseline for any other outcome.

Serious adverse events were reported in 19.2% of all patients, including
18.1, 14.6, and 24.8% with metformin, rosiglitazone plus metformin, and
metformin plus lifestyle intervention (P=0.02). Hospitalizations accounted
for more than 90% of serious adverse events. Severe hypoglycemia
occurred in one, one, and two patients receiving metformin, rosiglitazone
plus metformin, and metformin plus lifestyle intervention. No effects of
rosiglitazone on bone mineral content or rate of fracture were noted.
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Home et al.? MC, OL, RCT N=4,447 Primary: Primary:
(2007) (n=1,117 Hospitalization or For adjudicated primary end points (hospitalization or death from
RECORD Interim Patients with type 2 rosiglitazone | death from cardiovascular causes), the HR was 1.08 (95% Cl, 0.89 to 1.31; P=0.43)
Analysis diabetes between plus cardiovascular with 217 events in the rosiglitazone group and 202 events in the control
the ages of 40 and metformin; causes group. An additional 91 patients (50 in the rosiglitazone group and 41 in
Metformin plus 75 years, BMI n=1,103 the control group) had potential primary events reported by investigators,
a sulfonylurea >25.0 kg/m?, HbA;. | rosiglitazone | Secondary: but these events were pending adjudication.
7.11t0 9.0% while plus Death from
VS receiving maximum | sulfonylurea; | cardiovascular Secondary:
permitted or n=2,227 causes and from There was no statistically significant difference between the rosiglitazone
rosiglitazone plus tolerated doses of metformin any cause, Ml, group and the control group for the following secondary end points: death
either metformin metformin or a plus congestive heart from cardiovascular causes (HR, 0.83; 95% Cl, 0.51 to 1.36; P=0.46) or
or a sulfonylurea sulfonylurea; sulfonylurea) | failure, and any cause (HR, 0.93; 95% CI, 0.67 to 1.27; P=0.63), MI (HR, 1.16; 95%

exclusion criteria

composite of death

Cl, 0.75 to 1.81; P=0.50), or the composite of cardiovascular death, Ml

were the currentuse | Mean follow- | from and stroke (HR, 0.97; 95% CI, 0.73 to 1.29; P=0.83). However, the power
of other glucose- up 3.75 years | cardiovascular to detect significant differences was low, as reflected by the wide 95% CI.
lowering agents, for the causes, Ml and
hospitalization for a unplanned stroke Patients in the rosiglitazone group had a significantly higher risk of
major interim congestive heart failure than did patients in the control group, with 38 vs
cardiovascular analyses 17 adjudicated events (HR, 2.24; 95% ClI, 1.27 to 3.97; P=0.006).
event in the (study was
previous 3 months, designed to be
a planned 6 years)
cardiovascular
intervention, heart
failure, clinically
significant hepatic
disease, renal
impairment, and
uncontrolled
hypertension
Home et al.}*8 MC, OL, RCT N=4,458 Primary: Primary:
(2009) Time to first The primary end point (cardiovascular hospitalization or cardiovascular
RECORD Patients 40 to 75 5.5 years cardiovascular death) occurred in 321 and 323 patients receiving rosiglitazone and active
years of age with (mean follow- | hospitalization or control, respectively (HR, 0.99; 95% ClI, 0.85 to 1.16; P=0.93).
type 2 diabetes and up) cardiovascular

Metformin plus

BMI >25 kg/m?, on

death

Secondary:
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a sulfonylurea maximum tolerated There was no significant difference between rosiglitazone and active
doses of metformin Secondary: controls for the following end points: cardiovascular death (HR, 0.84;
VS or a sulfonylurea Cardiovascular 95%, CI 0.59 to 1.18; P=0.32), all-cause mortality (HR, 0.86; 95% ClI,
monotherapy, and death, all-cause 0.68 to 1.08; P=0.19), MI (HR, 1.14; 95% ClI, 0.80 to 1.63; P=0.47), stroke
rosiglitazone plus inadequate mortality, Ml, (HR, 0.72; 95% Cl, 0.49 to 1.06; P=0.10), and the composite of
either metformin glycemic control stroke, composite cardiovascular death, M, or stroke (HR, 0.93; 95% CI, 0.74 to 1.15;
or a sulfonylurea (HbA¢ 7.0 to 9.0%) of cardiovascular P=0.50).
death, Ml, and
stroke Heart failure occurred in 61 patients receiving rosiglitazone compared to
29 patients receiving active control (HR, 2.10; 95% ClI, 1.35 to 3.27,
P=0.0010).
There were no serious adverse event reports of macular edema. The
incidence of bone fractures was higher with rosiglitazone compared to
active control (RR, 1.57; 95% CI, 1.26 to 1.97; P<0.0001). The risk was
higher in women than in men (RR, 1.82; 95% CI, 1.37 t0 2.41 vs RR,
1.23; 95% ClI, 0.85 to 1.77; P=0.10). The excess of fractures in patients on
rosiglitazone was primarily in the upper limb (RR, 1.57; 95% CI, 1.12 to
2.19; P=0.0095) and distal lower limb (RR, 2.60; 95% CI, 1.67 to 4.04;
P<0.0001). Hip and femur fracture did not increase with rosiglitazone
treatment. There was a nonsignificant increase in spinal fractures.
Mahaffey et al.}® RETRO N=4,458 Primary: Primary:
(2013) Time to first For the primary end point (time to first occurrence of CV (or unknown
RECORD re- Patients 40 to 75 5.5 years cardiovascular cause) death, M, or stroke) no statistically significant difference was
evaluation years of age with (mean follow- | hospitalization or observed between rosiglitazone and metformin/sulfonylurea using the
type 2 diabetes and up) cardiovascular original RECORD end point definitions (HR, 0.95; 95% CI, 0.78 to 1.17).

Rosiglitazone plus
either metformin
or a sulfonylurea

'S

BMI >25 kg/m?, on
maximum tolerated
doses of metformin
or a sulfonylurea
monotherapy, and

death

Secondary:
Cardiovascular
death, all-cause

For the primary end point, no meaningful difference between rosiglitazone
and metformin/sulfonylurea was observed using the original RECORD
end point definitions (HR, 0.95; 95% CI1 0.78 to 1.17) or new FDA end
point definitions (HR, 0.97; 95% CI, 0.79 to 1.18). Furthermore, these

inadequate mortality, M, results are similar to results from the original RECORD study (HR, 0.93;
metformin plus glycemic control stroke, composite 95% CI, 0.74 to 1.15).
a sulfonylurea (HbA¢ 7.0 to 9.0%) of cardiovascular
death, Ml, and Secondary:
stroke The original RECORD study results and the Duke Clinical Research
Institute clinical events classification results were also similar for the
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individual components of the composite end point. These findings and the
additional sensitivity analyses performed support the original RECORD
results and suggest that when using essentially the same data, the
observations were not affected by different clinical events classification
processes, physician adjudicators, or end point definitions.
Home et al.*® MC, OL, PG, RCT N=1,122 Primary: Primary:
(2007) Change in baseline | At 18 months, HbA:. reduction on background metformin was similar
Patients 40 to 75 18 months HbA ¢ with rosiglitazone and sulfonylurea (difference, 0.07%; 95% ClI, -0.09 to

Metformin plus
a sulfonylurea

Vs
rosiglitazone plus

either metformin
or a sulfonylurea

years of age with
type 2 diabetes and
BMI >25 kg/m?, on
maximum tolerated
doses of metformin
or a sulfonylurea
monotherapy, and
inadequate
glycemic control
(HbA1¢ 7.0 to 9.0%)

Secondary:

FPG, serum lipids,
HOMA basal
insulin sensitivity
and islet B-cell
function (HOMA
%), body weight,
inflammatory/
thrombotic
markers, CRP

0.23; P value not significant), as was the change when rosiglitazone or
metformin was added to sulfonylurea (difference, 0.06%; 95% CI, -0.09 to
0.20; P value not significant).

Secondary:

Differences in FPG were not significant at 18 months (rosiglitazone vs
sulfonylurea, -0.36 mmol/L; P=0.062 and rosiglitazone vs metformin, -
0.34 mmol/L; P=0.089).

Rosiglitazone increased TC (P<0.001) and LDL-C (P=0.000) and reduced
nonesterified fatty acids (P=0.000) at 18 months compared to the control.
An increase in HDL-C and TG was observed with rosiglitazone compared
to sulfonylurea (0.08 vs 0.02 mmol/L; P=0.001, 0.40 vs 0.15 mmol/L;
P=0.016, respectively), but not with metformin (P value not significant for
both).

HOMA-estimated basal insulin sensitivity was substantially increased with
rosiglitazone compared to the respective controls (P<0.001 for both). Both
rosiglitazone and sulfonylurea when added to metformin increased HOMA
%P, but this increase was greater with the sulfonylurea (P<0.001).
Rosiglitazone or metformin added to background sulfonylurea also
increased HOMA %§, to a similar extent (P value not significant).

Rosiglitazone was associated with a significant increase in body weight
compared to metformin (P<0.001) and a sulfonylurea (P=0.003).

At 18 months, plasminogen activator inhibitor-1 antigen decreased from
baseline with rosiglitazone, with a significant difference compared to
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sulfonylureas (-5.7 vs 7.0%; P=0.047); rosiglitazone and metformin did
not differ (P value not significant).
There was a significant reduction in CRP with rosiglitazone compared to a
sulfonylurea (P<0.001) and metformin (P=0.001).
Komajda et al.?? MC, OL, RCT N=668 Primary: Primary:
(2008) Change from For patients receiving rosiglitazone and a sulfonylurea, the reduction in
RECORD Patients 40 to 75 12 months baseline in 24-hour | 24-hour SBP was greater at six months (-3.8 mm Hg) and 12 months (-3.8
years of age with ambulatory BP at mm Hg) than with metformin and sulfonylurea therapy (-1.2 mm Hg and -
Metformin plus type 2 diabetes and six months and 12 | 1.3 mm Hg, respectively; six months, P=0.015; 12 months, P=0.031).
a sulfonylurea BMI >25 kg/m?, on months
maximum tolerated Reductions in 24-hour DBP were greater at 6 months and 12 months for
VS doses of metformin Secondary: patients receiving rosiglitazone and a sulfonylurea (-3.1 mm Hg and -3.7
or a sulfonylurea Not reported mm Hg) compared to metformin and sulfonylurea (-0.4 mm Hg and -0.6
rosiglitazone plus monotherapy, and mm Hg; both P<0.001).
either metformin inadequate
or a sulfonylurea glycemic control At 12 months, the reduction in 24-hour SBP was greater for rosiglitazone
(HbA1 7.0 to 9.0%) and metformin (-4.9 mm Hg) than for metformin and sulfonylurea (-2.2
mm Hg; P=0.016).
At 12 months, the reduction in DBP was greater for rosiglitazone and
metformin (-3.8 mmHg) than for metformin and sulfonylurea (-1.7 mm
Hg; P=0.003).
At six months, the reductions in SBP and DBP were not significantly
different for rosiglitazone and metformin compared to metformin and
sulfonylurea (SBP; P value not significant, DBP; P=0.049).
Secondary:
Not reported
Hamann et al.'? DB, PG, RCT N=596 Primary: Primary:
(2008) Change in HbA. At week 52, mean change in HbA. from baseline was -0.78% for
Overweight patients 52 weeks from baseline to RSG+MET compared to -0.86% with SU+MET (95% Cl, -0.08 to 0.25).

Metformin 2,000 mg
daily and
glibenclamide*

(BMI >25 kg/m?)
with type 2
diabetes, HbA: 7.0
to 10.0%, who

week 52

Secondary:
Change in FPG,

Secondary:
Reductions in FPG from baseline to week 52 was -2.29 mmol/L with
RSG+MET compared to -2.25 mmol/L with SU+MET (P=0.8095).
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5 mg or gliclazidet received metformin B-cell function,
80 mg (SU+MET) >850 mg/day for at insulin resistance, The degree of B-cell failure was significantly greater with SU+MET
least 8 weeks hypoglycemia, BP | compared to RSG+MET as measured by the coefficient of failure (0.543

VS vs 0.055 HbA1%/year, respectively; P=0.0002).

rosiglitazone/ Insulin sensitivity increased 55% with RSG+MET compared to 12.3%

metformin fixed with SU+MET (P<0.0001).

dose combination

4/2,000 mg daily Hypoglycemia occurred in 30% of patients receiving SU+MET compared

(RSG+MET) to 6% of patients receiving RSG+MET (P<0.0001).
After 52 weeks, 24-hour diastolic and systolic ambulatory BPs were
reduced with RSG+MET, but not with SU+MET. The difference between
treatments was significant for diastolic ambulatory BPs (-2.9 mm Hg;
P=0.0013), but not for systolic ambulatory BP (-2.6 mm Hg; P=0.0549).

Diabetes Prevention Studies

Knowler et al.12 DB, MC, PC, RCT N=3,234 Primary: Primary:

(2002) Diabetes, Incidence of diabetes was 11.0, 7.8, and 4.8 cases per 100 person-years in

Nondiabetic patients 2.8 years diagnosed on the the placebo, metformin, and intensive lifestyle-intervention groups,
Metformin 850 mg >25 years of age at (mean) basis of an annual respectively.

BID
VS

placebo with
standard lifestyle
recommendations

'S

intensive lifestyle
modifications
designed to achieve
and maintain both a
7% weight loss and
150 minutes of
exercise a week

high risk with
elevated fasting and
post-load plasma
glucose
concentrations, BMI
>24 kg/m? or >22
kg/m? for Asian
patients, a plasma
glucose
concentration 95 to
125 mg/dL, and 140
to 199 mg/dL 2
hours aftera 75 g
oral glucose load

oral glucose-
tolerance test or a
semiannual FPG
test, according to
the 1997 criteria of
the American
Diabetes
Association: a
value for plasma
glucose of 126
mg/dL or higher in
the fasting state or
200 mg/dL or
higher two hours
aftera 75 g oral
glucose load

Incidence of diabetes was 58% lower (95% CI, 48 to 66) in the intensive
lifestyle-intervention group and 31% lower (95% Cl, 17 to 43) in the
metformin group than in the placebo group.

Incidence of diabetes was 39% lower (95% CI, 24 to 51) in the intensive
lifestyle-intervention group than in the metformin group.

Incidence of diabetes differed significantly among the three groups
(P<0.001 for each comparison).

The estimated cumulative incidence of diabetes at three years was 28.9,
21.7, and 14.4% in the placebo, metformin, and intensive lifestyle groups,
respectively. Using these results, to prevent one case of diabetes during a
three-year period, 6.9 persons would have to participate in the intensive
lifestyle-intervention group and 13.9 persons would have to receive
metformin.
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Secondary:
Not reported Secondary:
Not reported
Orchard et al.1?4 DB, MC, PC, RCT N=3,234 Primary: Primary:
(2005) Prevalence of the Fifty-three percent of the patients fulfilled the criteria for the metabolic
Nondiabetic patients 3.2 years metabolic syndrome; this proportion was relatively constant by age.
Metformin 850 mg >25 years of age at (mean) syndrome at
BID high risk with baseline in the Incidence of the metabolic syndrome was reduced by 41% in the intensive
elevated fasting and Diabetes lifestyle group (P<0.001) and by 17% in the metformin group (P=0.03)
VS post-load plasma Prevention compared to the placebo group.
glucose Program and the
placebo with concentrations, BMI incidence of new Resolution of metabolic syndrome in participants who had the syndrome
standard lifestyle >24 kg/m? or >22 cases after at baseline was significant for intensive lifestyle interventions vs placebo
recommendations kg/m? for Asian intensive lifestyle (P=0.002). The prevalence at three years varied significantly by treatment
patients, a plasma intervention and group (P<0.001): 18% of the placebo group, 23% of the metformin group,
S glucose metformin and 38% of the intensive lifestyle group no longer had the syndrome.
concentration 95 to
intensive lifestyle 125 mg/dL, and 140 Secondary: Prevalence of the metabolic syndrome in all participants increased from
modifications to 199 mg/dL two Not reported 55% at baseline to 61% after three years in the placebo group (P=0.003)
designed to achieve | hours after a 75 and from 54% to 55% in the metformin group (P>0.2), but decreased in
and maintain a 7% gram oral glucose the intensive lifestyle group from 51 to 43% (P<0.001).
weight loss and 150 | load
minutes of exercise Three-year cumulative incidences of the metabolic syndrome were 51%
a week for placebo, 45% for metformin, and 34% for intensive lifestyle groups.
Secondary:
Not reported
Diabetes Prevention | DB, MC, PC, RCT N=2,776 Primary: Primary:
Program Research Development of Diabetes incidence rates after an average follow-up of 15 years were
Group'?® Nondiabetic patients 15 years diabetes significantly lower by 27 and 18% with lifestyle intervention (HR, 0.73;
(2015) >25 years of age at (mean) Cl, 0.65 to 0.83) and metformin (HR, 0.82; Cl, 0.72 to 0.93), respectively,
high risk with Secondary: compared with the placebo group.
Metformin 850 mg elevated fasting and Aggregate

BID

VS

post-load plasma
glucose
concentrations, BMI
>24 kg/m? or >22

microvascular
disease (including
nephropathy,

Secondary:

The average prevalence of the microvascular outcomes did not differ
significantly among the three treatment groups, despite the group
differences in diabetes incidence. However, in women (n=1,887) lifestyle
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placebo with kg/m? for Asian retinopathy, and intervention was associated with a lower prevalence (8.7%) than in the
standard lifestyle patients, a plasma neuropathy) placebo (11%) and metformin (11.2%) groups, with 21% (P=0.03) and
recommendations glucose 22% (P=0.02) reductions with lifestyle compared with placebo and
concentration 95 to metformin, respectively. Compared with participants who progressed to
Vs 125 mg/dL, and 140 diabetes, those who didn’t progress had a 28% lower prevalence of
to 199 mg/dL 2 microvascular complications (P<0.0001).
intensive lifestyle hours aftera 75 g
modifications oral glucose load
designed to achieve
and maintain a 7%
weight loss and 150
minutes of exercise
a week
Zinman et al.1% DB, RCT N=207 Primary: Primary:
CANOE Time to Incident diabetes occurred in significantly fewer patients receiving
Patients with 3.9 years development of combination therapy compared to placebo (14 vs 39%; P<0.0001). The
Rosiglitazone 2 impaired glucose (median diabetes relative risk reduction was 66% (95% CI, 48 to 80) and the absolute risk
mg/day plus tolerance duration) reduction was 26% (95% Cl, 14 to 37), yielding a number needed to treat
metformin 500 mg Secondary: of 4 (95% ClI, 2.70 to 7.14).
BID Insulin sensitivity,
B cell function, Seventy patients (80%) receiving combination therapy regressed to normal
VS safety glucose tolerance compared to 52 patients (53%) receiving placebo
(P=0.0002).
placebo
Secondary:
Insulin sensitivity decreased by trial end in patients receiving placebo
(median, -1.24) and remained unchanged in patients receiving
combination therapy (median, -0.39; P=0.0006 vs placebo).
Change in f cell function did not differ between the two treatments
(P=0.28).
Significantly more patients receiving combination therapy experienced
diarrhea compared to placebo (P=0.0253).
Van de Laar et al.®?” | MA (5 trials) N=2,360 Primary: Primary:
(2006) Occurrence of type | In the comparison of acarbose to placebo, the incidence of or conversion
1 to 6 years 2 diabetes to type 2 diabetes was reduced (RR, 0.78; 95% CI, 0.68 to 0.90).
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Metformin
S

acarbose,

placebo,

diet and exercise, or
both

Patients with
impaired glucose
tolerance or
impaired fasting
blood glucose

Secondary:
Cardiovascular
morbidity and
mortality, glycemic
control, lipids, BP,
body weight

Neither acarbose nor metformin had significant effects on the incidence of
type 2 diabetes when compared to one another. However, when compared
to diet and exercise, acarbose had beneficial effects on the incidence of
type 2 diabetes (RR, 0.40; 95% CI, 0.17 to 0.96).

Secondary:

There were no significant effects on total mortality or mortality due to
cardiovascular causes in trials comparing acarbose to placebo. In one trial
(STOP-NIDDM), a decreasing effect on the incidence of cardiovascular
disease as a combined end point (MI, angina, revascularization
procedures, cardiovascular death, congestive heart failure, cerebrovascular
events, and peripheral vascular disease) was reported (RR, 0.47; 95% ClI,
0.26 to 0.86).

Acarbose decreased PPG by 0.61 mmol/L (95% CI, 0.27 to 0.95)
compared to placebo. In the EDIT study, acarbose significantly decreased
FPG and PPG in comparison to placebo (P=0.0043 and P=0.0075,
respectively). In comparison to metformin, acarbose showed a decreasing
effect on PPG (1.40 mmol/L; 95% ClI, 0.55 to 2.25). Similarly, acarbose vs
diet and exercise also showed significant reductions in FPG and PPG (-
1.37 [95% Cl, -0.50 to -2.24] and -2.79 mmol/L [95% CI, -1.79 to -3.79]).

There were no significant effects on DBP and SBP in trials comparing
acarbose to placebo. However, metformin showed significant decreases in
both TC and DBP in comparison to acarbose (0.90 mmol/L [95% CI, 0.19
to 1.61] and 6 mm Hg [95% CI, 2.81 to 9.19], respectively).

Acarbose decreased body weight by 1.2 kg (95% ClI, 0.5 to 1.8) and BMI
by 0.3 kg/m? (95% Cl, 0.1 to 0.5) compared to placebo.

Salpeter et al.1?8
(2008)

Metformin (variable
doses)

VS

MA (31 RCTS)

Patients at risk for
type 2 diabetes
mellitus

N=4,570

Duration
varied

Primary:

BMI, fasting
glucose, fasting
insulin, calculated
insulin resistance,
HDL-C, LDL-C,

Primary:

Pooled results showed that metformin reduced BMI (-5.3%; 95% Cl, -6.7
to -4.0), fasting glucose (-4.5%; 95% ClI, -6.0 to -3.0), fasting insulin (-
14.4%; 95% Cl, -19.9 to -8.9), insulin resistance (-22.6%; 95% Cl, -27.3
to -18.0), TG (-5.3%; 95% ClI, -10.5 to -0.03), and LDL-C (-5.6%; 95%
Cl, -8.3 to -3.0%), and increased HDL-C (5.0%; 95% ClI, 1.6 to 8.3)
compared to placebo or no treatment.
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uration

TG, incidence of
placebo or no new-onset diabetes | The incidence of new-onset diabetes was reduced by 40% (OR, 0.6; 95%
treatment Cl, 0.5 to 0.8), with an absolute risk reduction of 6% (95% ClI, 4 to 8)

Secondary: during a mean trial duration of 1.8 years.

Not reported

Secondary:
Not reported
Gestational Diabetes
Moore et al.1?° DB, PG, RCT N=149 Primary: Primary:
(2010) Glycemic control There was no difference between the glyburide or metformin groups in
Women with Variable mean fasting (P=0.23) or two-hour PPG concentrations (post-breakfast,
Metformin 500 to gestational diabetes duration Secondary: P=0.15; post-lunch, P=0.28; post-dinner, P=0.32).
2,000 mg daily between 11 and 33 Medication failure
(divided doses) weeks gestation at rate, macrosomia, Secondary:
the time of admission to the Twenty-six patients (34.7%) in the metformin group and 12 patients

VS randomization neonatal intensive | (16.2%) in the glyburide group did not meet glycemic goals and required

glyburide 2.5 to 10
mg BID

Insulin was started
in treatment failures
and oral medication
was discontinued.

care unit, five-
minute Apgar
score <7,

birth trauma,
preeclampsia,
maternal and
neonatal
hypoglycemia, and
route of delivery

insulin therapy (P=0.01). The failure rate of metformin was 2.1 times
higher than the failure rate of glyburide (95% CI, 1.2 t0 3.9, OR, 2.7).

Macrosomia occurred in 5.4% of patients in the glyburide group and 1.3%
of patients in the metformin group (P=0.20). The mean birth weight of
babies in the metformin group was smaller than the mean birth weight of
babies in the glyburide group (P=0.02). Other neonatal outcomes did not
differ between the two groups.

There were four neonatal intensive care unit admissions in the metformin
group and one neonatal intensive care unit admission in the glyburide
group (P=0.37).

There were no 5-minute Apgar scores <7 in either group.

There was one shoulder dystocia in the glyburide group and one third-
degree tear in the metformin group (P=0.49).

The incidence of maternal hypoglycemia and preeclampsia was not
different between the two treatment groups (P=0.56 and P>0.50,
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uration
respectively). One infant in the metformin group experienced
hypoglycemia with blood glucose less than 40 mg/dL.
Excluding elective repeat cesarean deliveries, there were 11 cesarean
deliveries in the metformin group compared with two cesarean deliveries
in the glyburide group (P=0.02).
Nachum et al.**° OL, PRO, RCT N=104 Primary: Primary:

(2017)

Metformin 850 to
2,550 mg daily
(divided doses)

VS

glyburide 2.5 to 20
mg daily

If optimal glycemic
control was not
achieved, the other
drug was added

Women 18 to 45
years of age with
gestational diabetes
diagnosed between
13 to 33 weeks
gestation and whose
blood glucose was
poorly controlled by
diet

Recruitment
until delivery

Rate of treatment
failure (defined as
patients needing
additional oral
hypoglycemic or a
second-line
therapy either
because of poor
glycemic control or
adverse effects of
the first-line
medication)

Secondary:

The rate of
participants
requiring second-
line therapy as a
result of poor
glycemic control or
medication-
associated adverse
effects, the rate of
participants
requiring third-line
therapy with
insulin, preprandial
and postprandial
glucose values,
obstetric outcomes,

Rates of treatment failure were comparable between the groups (glyburide,
34%; metformin, 29%; P=0.6).

Secondary:

The rate of adverse effects did not differ significantly between the
treatments (P=0.11). The adverse effect requiring medication
discontinuation was hypoglycemia in the glyburide group and
gastrointestinal discomfort in the metformin group.

Treatment success after second-line therapy was higher in the metformin
group than in the glyburide group (13 of 15 patients [87%] vs 9 of 18
patients [50%], respectively; P=0.03). In the glyburide group, nine (17%)
patients eventually were treated with insulin compared with two (4%) in
the metformin group (P=0.03). Mean daily blood glucose and other
obstetrical and neonatal outcomes were comparable between groups,
including macrosomia, neonatal hypoglycemia, and electrolyte imbalance.

360

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services




Biguanides
AHFS Class 682004

. Study Size
D Study apd StUdyBesIgI .and and Study End Points Results
rug Regimen Demographics :
Duration
and neonatal
hypoglycemia and
metabolic
complications
Ibrahim et al.*3! NI, RCT N=90 Primary: Primary:
(2013) Maternal glycemic | Glycemic control was achieved in 76.1% of patients in group | and 100%
Pregnant women Variable control of patients in group 11 (P=0.001).
Group I: oral with gestational or duration
metformin (500 mg | pre-existing Secondary: Secondary:
TID) without DM at gestations Maternal Readmission for poor glycemic control was not significantly different
increasing the between 20 and 34 hypoglycemia, between groups (P=0.471). Bouts of maternal hypoglycemia occurred in
insulin dose weeks who showed hospital 6.5% of patients in group | and 22.7% in group Il (P=0.029).
insulin resistance admissions,
VS (defined as poor neonatal outcomes | Only two neonatal/delivery outcomes showed a statistical difference:
glycemic control at Neonatal hypoglycemia occurred in 7.0% of cases in group | vs 38.5% in
group Il: increased a daily dose of group Il (P=0.001). Neonatal Intensive Care Unit admission occurred in
insulin dose >1.12 units/kg) 18.6% of group | neonates and 41% of group Il neonates (P=0.026).
Spaulonci et al.*®2 PRO, RCT N=92 Primary: Primary:
(2013) Maternal glycemic | Higher mean glucose levels were observed in the insulin group (P=0.020),
Women with Variable control mainly because of higher levels observed after dinner (P=0.042). Twenty-
Metformin gestational diabetes duration one percent of women using insulin and 27% of women using metformin
with singleton Secondary: achieved adequate glycemic control in the first week of treatment
VS pregnancy, use of Neonatal outcomes | (P=0.11). Twelve (26.08%) of the 46 women in the metformin group
diet and exercise for required supplemental insulin for adequate glycemic control.
insulin a minimum period
of 1 week without Secondary:
satisfactory No significant differences between the two groups were observed
glycemic control, regarding the following neonatal outcomes: gestational age at birth, 1-
absence of risk minute Apgar score, 5-minute Apgar score, umbilical artery pH at birth, or
factors for lactic newborn weight. There were no fetuses with macrosomia in the group
acidosis, and metformin vs three (6.5%) cases in the insulin group (P=0.242). A higher
absence of anatomic frequency of neonatal hypoglycemia was observed in cases treated with
and/or chromosome insulin (22.2%) compared with newborns from the metformin group
anomalies of the (6.5%) (P=0.032).
conceptus detected
by ultrasonography.
Niromanesh et al.’® | RCT, SB N=160 Primary: Primary:
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(2012) Maternal glycemic | The two groups were comparable with respect to mean fasting blood sugar
Gestational diabetes Variable control, birth and postprandial measurements throughout pregnancy after randomization
Metformin mellitus women duration weight until delivery. The mean fasting blood sugar was <95 mg/dL in 74% and
with singleton 79% of women in the metformin and insulin groups, respectively
VS pregnancy and Secondary: (P=0.457).
gestational age Neonatal and
insulin between 20 and 34 obstetric Neonates from the metformin group had a significantly lower
weeks who did not complications circumference of head, arm and chest (P<0.05) and had lower birth weight
achieve glycemic (P=0.005) and height (P=0.033). The frequency rate of SGA (small for
control on diet gestational age; birth weight < 10th percentile) was 3.8% in the metformin
group and 2.5% in the insulin group. The relative risk of LGA (large for
gestational age; birth weight > 90th percentile) in the metformin group
was half that of the insulin group (RR, 0.5; 95% CI, 0.3 to 0.9, P=0.012).
Secondary:
The relative risk of emergency cesarean and preterm delivery was 1.6 and
2.2 times higher, respectively, in the metformin group; however, this was
not statistically significant. The two groups were not statistically different
in terms of need for phototherapy, incidence of hypoglycemia, and birth
defects. The two groups were comparable with respect to umbilical artery
pH, Apgar score at 5 min, and hospitalization days. Neonatal Intensive
Care Unit admission and respiratory distress syndrome was
nonsignificantly more frequent in the metformin group (RR, 2.5; 95% ClI,
0.5 to 12.5, P=0.443).
Poolsup et al.*% MA N=2,151 Primary: Primary:
(2014) (13 RCTs) Safety and efficacy | Pool A
Women with of oral antidiabetic | There was a nonsignificant difference in the risk of macrosomia (RR, 0.93;
Pool A: metformin gestational diabetes Variable agents compared to | 95% CI, 0.61 to 1.41) and large for gestational age (LGA) births (RR,
vs insulin mellitus duration insulin 0.88; 95% CI, 0.70 to 1.12) between the two study groups. A significant

Pool B: glyburide vs
insulin

Secondary:
Not reported

increase in the risk of preterm births occurred in the metformin group as
compared to insulin (RR, 1.51; 95% ClI, 1.04 to 2.19; P=0.03). Rate of
neonatal/perinatal mortality was very low in both groups and results
remained statistically non-significant. Risk of shoulder dystocia, neonatal
hypoglycemia, congenital abnormality, and small for gestational age
(SGA) births tended to be lower with metformin but statistical significance
was not achieved. A non-significant decrease in risk of caesarean section,
pre-eclampsia, and labor induction was noticed with metformin compared
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to insulin. A significant decrease in the risk of gestational hypertension
was observed in the metformin arm (RR, 0.54; 95% Cl, 0.31 to 0.91;
P=0.02). A significant decrease in PPG levels occurred (mean difference, -
2.47 mg/dL; 95% ClI, -4.00 to -0.94, P=0.002) in metformin group
compared to insulin, while results were statistically nonsignificant
between the two groups for FPG levels (mean difference, 0.74 mg/dL;
95% Cl, -0.52 to -2.01).

Pool B

Glyburide significantly increased the risk of macrosomia (RR, 3.07; 95%
Cl, 1.14 to 8.23; P=0.03) and neonatal hypoglycemia (RR, 2.30; 95% ClI,
1.28 to 4.11; P=0.005) compared to insulin. There was no difference
between glyburide and insulin with regard to risk for LGA births;
statistically significant heterogeneity was detected for this outcome. There
were no significant differences in the risk of preterm births, neonatal
mortality, congenital abnormality, or SGA births for glyburide versus
insulin. None of the maternal outcomes (caesarean section, pre-eclampsia,
maternal hypoglycemia, glycemic levels) displayed a significant
difference between glyburide and insulin. The effect estimate for fasting
glucose levels (mean difference, 1.90 mg/dL; 95% ClI, -0.38 to 4.18)

and postprandial glucose levels (mean difference, 3.42 mg/dL; 95% ClI, -
1.17 to 8.02) favored the insulin group, but results remained
nonsignificant.

Secondary:
Not reported

*Synonym for glyburide.

TAgent not available in the United States.
Drug regimen abbreviations: BID=twice daily, ER=extended-release, IR=immediate-release, QD=once daily, QID=four times daily, SC=subcutaneous, TID=three times daily, XR=extended-release
Study abbreviations: AC=active-comparator, DB=double-blind, DD=double-blind, ES=extension study, MA=meta-analysis, MC=multicenter, NI=non-inferiority, OL=open-label, OS=observational,
PC=placebo-controlled, PG=parallel-group, PM=post-marketing, PRO=prospective, RCT=randomized controlled trial, RETRO=retrospective, SB=single blind, SR=systematic review, XO=cross-over
Miscellaneous abbreviations: apo=apolipoprotein, AUC=area under the curve, BMI=body mass index, BP=blood pressure, Cl=confidence interval, CRP=C-reactive protein, DBP=diastolic blood pressure,
FFA=free fatty acid, FPG=fasting plasma glucose, GLP-1=glucagon-like peptide-1, HbA.=glycosylated hemoglobin, HDL-C=high density lipoprotein cholesterol, HOMA-B=homeostasis model
assessment-beta cell function, HOMA-S=homeostasis model assessment-insulin sensitivity, HR=hazard ratio, IU=international units, LDL-C=Ilow density lipoprotein cholesterol, MI=myocardial
infarction, NPH=neutral protamine Hagedorn, NYHA=New York Heart Association, OR=0dds ratio, PPG=postprandial plasma glucose, QOL=quality of life, RR=relative risk, SBP=systolic blood
pressure, TC=total cholesterol, TG=triglyceride, TNF=Tumor necrosis factor, TZD=thiazolidinedione, WMD=weighted mean difference
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Additional Evidence

Dose Simplification

Schwartz et al. compared the efficacy, tolerability, and safety of metformin immediate-release tablets and
metformin extended-release tablets. Patients received a dose of 1,500 mg once daily, 1,500 mg twice daily, or
2,000 mg once daily of metformin extended-release or 1,500 mg daily of metformin immediate-release given in
two divided doses. The investigators demonstrated that once-daily extended-release metformin was as effective as
twice-daily immediate-release metformin.®

Donnan et al. evaluated the patterns and predictors of adherence in patients with type 2 diabetes receiving
treatment with a single antidiabetic agent. Adherence was >90% in 31.3% of the patients prescribed sulfonylureas
and 33.9% of patients prescribed metformin. Patients with better adherence tended to be younger and had a shorter
duration of diabetes. There were linear trends of poorer adherence with each increase in the daily number of
tablets taken for both sulfonylurea (P=0.001) and metformin (P=0.074) indices. There were significant trends of
decreasing adherence with the number of co-medications for the sulfonylurea group (P=0.0001) and metformin
group (P=0.007). This study did not measure the impact of adherence on clinical outcomes.*®

Stable Therapy
Fujioka et al. evaluated glycemic control in patients with type 2 diabetes mellitus switched from twice-daily

immediate-release metformin to a once-daily extended-release formulation. The investigators found comparable
efficacy and tolerability among the treatment groups.® Bhansali et al. demonstrated similar results when patients
were switched from an immediate-release metformin product to an extended-release product. The investigators
found that patients receiving immediate-release metformin achieved comparable glycemic control when treatment
was switched to a once- or twice-daily metformin extended-release product.'6

Impact on Physician Visits
A search of Medline and PubMed did not reveal data pertinent to this topic.

Cost

A "relative cost index" is provided below as a comparison of the average cost per prescription for medications
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims
history and the average cost per prescription as paid at the retail pharmacy level. For brand or generic products
with little or no recent utilization data, the average cost per prescription is calculated by using the Alabama
Medicaid average acquisition cost (AAC) and the standard daily dosing per product labeling. Please note that the
relative cost index does not factor in additional cost offsets available to the Alabama Medicaid program via
pharmaceutical manufacturer rebating.

The relative cost index scale for this class is as follows:

Relative Cost Index Scale
$ $0-$30 per Rx
$$ $31-$50 per Rx
$$$ $51-$100 per Rx
$$$$ $101-$200 per Rx
$$55$ Over $200 per Rx

Rx=prescription

Table 10. Relative Cost of the Biguanides

Generic Name(s) Formulation(s) Example Brand Name(s) Brand Generic Cost
Cost
Metformin Extended-release Fortamet®*, Glumetza®*, $3553 $
tablet, solution, tablet | Riomet®

*Generic is available in at least one dosage form or strength.
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X. Conclusions

XI.

Metformin in the only biguanide that is currently available and it is approved for use as an adjunct to diet and
exercise to improve glycemic control in adults with type 2 diabetes mellitus.'® The immediate-release and
extended-release tablets are both available in a generic formulation.

According to current clinical guidelines, metformin remains the cornerstone to most antidiabetic treatment
regimens. Additionally, patients with a high glycosylated hemoglobin (HbA1c) will most likely require
combination or triple therapy in order to achieve glycemic goals, and at this time, there are no uniform
recommendations on the best agent to be combined with metformin. Metformin may be considered for the
prevention/delay of type 2 diabetes in certain patients. Furthermore, metformin is recommended as first-line
therapy and should be initiated at the time of diagnosis, along with lifestyle modifications, unless contraindicated.
Metformin is recognized as having high HbAc-lowering potential, a low risk of hypoglycemia, and a weight
neutral effect compared to other available antidiabetic medications. Among all current clinical guidelines, no one
metformin formulation is recommended or preferred over another.514

Numerous clinical trials have established the efficacy/safety of metformin as monotherapy, as well as in
combination with other antidiabetic agents.*>* Studies directly comparing immediate-release and sustained-
release formulations of metformin have demonstrated similar efficacy.6-2!

The most common adverse events with metformin are gastrointestinal in nature and include diarrhea, flatulence,
nausea/vomiting, abdominal discomfort, and indigestion. There is also a risk of lactic acidosis with metformin.
Although it occurs rarely, it can be fatal in approximately 50% of cases. Patients with renal insufficiency,
congestive heart failure, hepatic impairment, history of lactic acidosis, decreased tissue perfusion, hemodynamic
instability, hypoxic states, or serious acute illness are at increased risk of lactic acidosis.!

There have been no clinical studies establishing conclusive evidence of macrovascular risk reduction with
metformin.t3

There is insufficient evidence to support that one brand biguanide is safer or more efficacious than another within
its given indication. Formulations without a generic alternative should be managed through the medical
justification portion of the prior authorization process.

Therefore, all brand products within the class reviewed are comparable to each other and to the generic products
in the class (if applicable) and offer no significant clinical advantage over other alternatives in general use.
Recommendations

No brand biguanide is recommended for preferred status. Alabama Medicaid should accept cost proposals from
manufacturers to determine the most cost effective products and possibly designate one or more preferred brands.
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Overview

Diabetes mellitus is a chronic condition which results in hyperglycemia. It is differentiated into four main classes:
1) type 1 diabetes; 2) type 2 diabetes; 3) gestational diabetes; and 4) other types (drug- or chemical-induced,
genetic defects in B-cell function or insulin action, and diseases of the exocrine pancreas). Type 2 diabetes is the
most prevalent form of the disease in the United States. Inadequate glycemic control may lead to both acute and
long-term complications, including microvascular and macrovascular events. There are a variety of oral and
injectable antidiabetic agents currently available to treat diabetes. The antidiabetic agents are categorized into 12
different American Hospital Formulary Service (AHFS) classes, which differ with regards to their mechanism of
action, efficacy, safety profiles, tolerability, and ease of use.

The dipeptidyl peptidase-4 (DPP-4) inhibitors are approved for use as an adjunct to diet and exercise to improve
glycemic control in adults with type 2 diabetes mellitus. Glucagon-like peptide-1 (GLP-1) and glucose-dependent
insulinotropic polypeptide (GIP) are human incretin hormones that are released from the small intestine in
response to food intake. These hormones have multiple effects on the stomach, liver, pancreas, and brain to
control glucose concentrations; however, they are inactivated by the DPP-4 enzyme within minutes. Endogenous
GLP-1 levels have been shown to be reduced in patients with type 2 diabetes. The DPP-4 inhibitors slow the
inactivation of the incretin hormones and increase their concentration in the bloodstream. This effect enhances
glucose-dependent insulin secretion by pancreatic beta cells and suppresses glucagon secretion from pancreatic
alpha cells.™

Alogliptin, linagliptin, saxagliptin, and sitagliptin are also available in combination with metformin. Metformin
decreases hepatic glucose production, decreases intestinal absorption of glucose, and improves insulin sensitivity
by increasing peripheral glucose uptake and utilization.>° Alogliptin is also available in combination with
pioglitazone, a thiazolidinedione. The thiazolidinediones increase the insulin sensitivity of adipose tissue, skeletal
muscle, and the liver. This results in increased glucose uptake and metabolism, suppression of hepatic glucose
production, and decreased plasma free fatty acid concentrations.** In general, all of the combination DPP-4
inhibitor products are available for use when treatment with both drug components is appropriate.>1*

The DPP-4 inhibitors that are included in this review are listed in Table 1. This review encompasses all dosage
forms and strengths. Alogliptin and alogliptin combination products are available in a generic formulation;
metformin and pioglitazone are also available generically in separate formulations. This class was last reviewed in
August 2019.

Table 1. Dipeptidyl Peptidase-4 (DPP-4) Inhibitors Included in this Review

Generic Name(s) |  Formulation(s) | Example Brand Name(s) | Current PDL Agent(s)
Single Entity Agents
Alogliptin tablet Nesina®* none
Linagliptin tablet Tradjenta® Tradjenta®
Saxagliptin tablet Onglyza® Onglyza®
Sitagliptin tablet Januvia® Januvia®
Combination Products
Alogliptin and metformin tablet Kazano®* none
Alogliptin and pioglitazone tablet Oseni®* none
Linagliptin and metformin tablet Jentadueto®, Jentadueto Jentadueto®
XR®

Saxagliptin and metformin extended-release tablet | Kombiglyze XR® Kombiglyze XR®
Sitagliptin and metformin extended-release, Janumet®, Janumet XR® Janumet®, Janumet

tablet, tablet XR®

PDL=Preferred Drug List
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I1. Evidence-Based Medicine and Current Treatment Guidelines

Current clinical guidelines are summarized in Table 2. Please note that guidelines addressing the treatment of type
2 diabetes are presented globally, addressing the role of various medication classes.

Table 2. Treatment Guidelines Using the Dipeptidyl Peptidase-4 (DPP-4) Inhibitors

Clinical Guideline Recommendation(s)
American Diabetes Current criteria for the diagnosis of diabetes
Association; e The following are the criteria for a diagnosis of diabetes: glycosylated
Standards of Medical hemoglobin (HbA1c) >6.5%, or a fasting plasma glucose (FPG) >126 mg/dL, or a
Care in Diabetes two-hour plasma glucose >200 mg/dL during an oral glucose tolerance test or
(2021)*2 patients with classic symptoms of hyperglycemia, or classic symptoms of

hyperglycemia or hyperglycemic crisis (random plasma glucose >200 mg/dL).

Prevention or delay of type 2 diabetes

e Anongoing support program for weight loss of 7% of body weight and an
increase in physical activity to >150 minutes/week of moderate activity should
be encouraged in patients with impaired glucose tolerance, impaired fasting
glucose, or an HbA1¢ 5.7 to 6.4%.

o Metformin therapy for prevention of type 2 diabetes should be considered in
those with prediabetes, especially in those with BMI >35 kg/m? those aged <60
years, and women with prior gestational diabetes mellitus.

o Diabetes self-management education and support programs are appropriate
venues for people with prediabetes to receive education and support to develop
and maintain behaviors that can prevent or delay the onset of diabetes.

Glycemic goals in adults

e Lowering HbA to below or around 7.0% has been shown to reduce
microvascular complications of diabetes, and if implemented soon after the
diagnosis of diabetes is associated with long term reduction in macrovascular
disease. A reasonable HbA1c goal for many nonpregnant adults is <7.0%.

e It may be reasonable for providers to suggest more stringent HbAc goals
(<6.5%) for selected patients, if this can be achieved without significant
hypoglycemia or other adverse effects of treatment. Such patients may include
those with short duration of diabetes, type 2 diabetes treated with lifestyle or
metformin only, long life expectancy, and no significant cardiovascular disease.

e  Conversely, less stringent HbA:. goals (<8.0%) may be appropriate for patients
with a history of severe hypoglycemia, limited life expectancy, advanced
microvascular or macrovascular complications, extensive comorbid conditions,
and those with longstanding diabetes in whom the general goal is difficult to
attain despite diabetes self-management education, appropriate glucose
monitoring, and effective doses of multiple glucose-lowering agents including
insulin.

Pharmacologic therapy for type 1 diabetes

e Most individuals with type 1 diabetes should be treated with multiple dose
insulin injections (three to four injections per day of basal and pre-prandial
insulin) or continuous subcutaneous (SC) insulin infusion therapy.

e  Most patients should use rapid-acting insulin analogs to reduce hypoglycemia
risk.

e Patients with type 1 diabetes should receive education on how to match prandial
insulin doses to carbohydrate intake, premeal blood glucose, and anticipated
physical activity.
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Pharmacologic therapy for type 2 diabetes

At the time of diagnosis, initiate metformin therapy along with lifestyle
interventions, unless metformin is contraindicated. Metformin is the preferred
initial pharmacologic agent for the treatment of type 2 diabetes, and once
initiated metformin should be continued as long as it is tolerated and not
contraindicated.

Early combination therapy can be considered in some patients at treatment
initiation to extend the time to treatment failure.

the early introduction of insulin should be considered if there is evidence of
ongoing catabolism (weight loss), symptoms of hyperglycemia, HbAic >10%, or
blood glucose >300 mg/dL.

A patient-centered approach should be used to guide the choice of pharmacologic
agents. Considerations include effect on cardiovascular and renal comorbidities,
efficacy, hypoglycemia risk, impact on weight, cost, risk for side effects, and
patient preferences.

In patients with type 2 diabetes who have established atherosclerotic
cardiovascular disease (ASCVD) or indicators of high risk, established kidney
disease, or heart failure, a SGLT2 inhibitor or GLP-1 receptor agonist with
demonstrated cardiovascular disease benefit.

In patients with type 2 diabetes, a GLP-1 receptor agonist is preferred to insulin
when possible.

Recommendation for treatment intensification for patients not meeting treatment
goals should not be delayed.

The medication regimen and medication-taking behavior should be evaluated
every three to six months and adjusted as needed based on new patient risk
factors.

Clinicians should be aware of the potential for overbasalization with insulin
therapy. Clinical signals that may prompt evaluation of overbasalization include
basal dose more than ~0.5 IU/kg, high bedtime-morning or post-preprandial
glucose differential, hypoglycemia (aware or unaware), and high variability.
Indication of overbasalization should prompt reevaluation to further individualize
therapy.

Management of diabetes in pregnancy

Provide preconception counseling, starting at puberty and continuing through
reproductive years, that addresses the importance of glycemic control as close to
normal as is safely possible, ideally Aic <6.5%, to reduce the risk of congenital
anomalies, preeclampsia, macrosomia, and other complications.

Family planning should be discussed and effective contraception (with
consideration of long-acting, reversible contraception) should be prescribed and
used until a woman is prepared and ready to become pregnant.

Women with preexisting type 1 or type 2 diabetes who are planning pregnancy
should ideally be managed beginning in preconception in multidisciplinary clinic
including an endocrinologist, maternal-fetal medicine specialist, registered
dietitian nutritionist, and diabetes care and education specialist, when available.
In addition to focused attention on achieving glucemic targets, standard
preconception care should be augmented with extra focus on nutrition, diabetes
education, and screening for diabetes comorbidities and complications.

Women with preexisting type 1 or type 2 diabetes who are planning pregnancy or
who have become pregnant should be counseled on the risk of development
and/or progression of diabetic retinopathy. Dilated eye examinations should
occur before pregnancy or in the first trimester and then be monitored every
trimester and for one year postpartum as indicated by degree of retinopathy.
Fasting and postprandial self-monitoring of blood glucose are recommended in
both gestational diabetes mellitus and preexisting diabetes in pregnancy to
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achieve glucose levels. Glucose targets are fasting plasma glucose <95 mg/dL
and either 1-hour postprandial glucose <140 mg/dL or 2-hour postprandial
glucose <120 mg/dL. Some women with preexisting diabetes should also test
blood glucose preprandially.

Due to increased red blood cell turnover, Asc is lower in normal pregnancy than
in normal nonpregnant women. Ideally, the Aictarget in pregnancy is <6% if this
can be achieved without significant hypoglycemia, but the target may be relaxed
to <7% if necessary to prevent hypoglycemia.

When used in addition to pre- and postprandial self-monitoring of blood glucose,
continuous glucose monitoring can help achieve A;c targets in diabetes and
pregnancy. It can also reduce macrosomia and neonatal hypoglycemia in
pregnancy complicated by type 1 diabetes.

Commonly used estimated Aic and glucose management indicator calculations
should not be used in pregnancy as estimates of Aic.

Lifestyle change is an essential component of management of gestational
diabetes mellitus and may suffice for treatment for many women. Insulin should
be added if needed to achieve glycemic targets.

Insulin is the preferred medication for treating hyperglycemia in gestational
diabetes as it does not cross the placenta to a measurable extent. Metformin and
glyburide should not be used as first-line agents since both cross the placenta to
the fetus. Other oral and noninsulin injectable glucose-lowering medications lack
long-term safety data.

Metformin, when used to treat polycystic ovarian syndrome and induce ovulation
should be discontinued by the end of the first trimester.

Insulin is the preferred agent in both type 1 and type 2 diabetes in pregnancy
because it does not cross the placenta and because oral agents are generally
insufficient to overcome the insulin resistance in type 2 diabetes and are
ineffective in type 1 diabetes. Either multiple daily injections or insulin pump
technology can be used in pregnancy complicated by type 1 diabetes.

Women with type 1 or type 2 diabetes should be prescribed low dose aspirin (100
to 150 mg/day) from the end of the first trimester until the baby is born in order
to lower the risk of preeclampsia.

In pregnant patients with diabetes and chronic hypertension, blood pressure
targets of 110 to 135/85 are suggested to optimize long-term maternal health and
minimize impaired fetal growth.

Potentially teratogenic medications (ACE inhibitors, angiotensin receptor
blockers, statins, etc.) should be avoided in sexually active women of
childbearing age who are not using reliable contraception.

American Diabetes
Association/ European
Assaciation for the
Study of Diabetes:
Management of
Hyperglycemia in
Type 2 Diabetes. A
consensus report by
the American Diabetes
Association and the
European Association
for the Study of
Diabetes

(2012, 2015, 2018, and
2019 Update)?!316

Key points

Glycemic targets and glucose-lowering therapies must be individualized.

Diet, exercise, and education remain the foundation of any type 2 diabetes
treatment program.

Unless there are prevalent contraindications, metformin is the optimal first line
drug.

After metformin, there are limited data to guide treatment decisions.
Combination therapy with an additional one to two oral or injectable agents is
reasonable, aiming to minimize side effects where possible.

Ultimately, many patients will require insulin therapy alone or in combination
with other agents to maintain glucose control.

All treatment decisions, where possible, should be made in conjunction with the
patient, focusing on his/her preferences, needs, and values.

Comprehensive cardiovascular risk reduction must be a major focus of therapy.

Principles of Care

Providers should prioritize the delivery of patient centered care.
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All patients with type 2 diabetes should have access to ongoing diabetes self-
management education and support programs.

Facilitating medication adherence should be specifically considered when
selecting glucose-lowering medications.

Initial drug therapy

It is generally agreed that metformin, if not contraindicated and if tolerated, is the
preferred and most cost-effective first agent.

Metformin should be initiated at, or soon after, diagnosis, especially in patients
in whom lifestyle intervention alone has not achieved, or is unlikely to achieve,
HbA goals.

Patients with high baseline HbA1¢ (e.g., >9.0%) have a low probability of
achieving a near-normal target with monotherapy; therefore, it may be justified
to start directly with a combination of two non-insulin agents or with insulin
itself in this circumstance.

If a patient presents with significant hyperglycemic symptoms and/or has
dramatically elevated plasma glucose concentrations or HbAy. (e.g., >10.0 to
12.0%), insulin therapy should be strongly considered from the outset. Such
therapy is mandatory when catabolic features are exhibited or, of course, if
ketonuria is demonstrated, the latter reflecting profound insulin deficiency.

If metformin cannot be used, another oral agent could be chosen, such as a
sulfonylurea/glinide, pioglitazone, or a dipeptidyl peptidase 4 (DPP-4) inhibitor;
in occasional cases where weight loss is seen as an essential aspect of therapy,
initial treatment with a glucagon-like peptide (GLP)-1 receptor agonist might be
useful.

Where available, less commonly used drugs (alpha-glucosidase inhibitors,
colesevelam, bromocriptine) might also be considered in selected patients, but
their modest glycemic effects and side effect profiles make them less attractive
candidates.

Specific patient preferences, characteristics, susceptibilities to side effects,
potential for weight gain, and hypoglycemia should play a major role in drug
selection.

The stepwise addition of glucose-lowering medication is generally preferred to
initial combination therapy.

Advancing to dual combination therapy

If monotherapy alone does not achieve/maintain HbA . target over
approximately three months, the next step would be to add a second oral agent, a
GLP-1 receptor agonist or basal insulin. Notably the higher the HbA, the more
likely insulin will be required.

The selection of medication added to metformin is based on patient preference
and clinical characteristics. Important clinical characteristics include the presence
of established atherosclerotic cardiovascular disease (ASCVD) and other
comorbidities such as HF or CKD; the risk for specific adverse medication
effects, particularly hypoglycemia and weight gain; as well as safety, tolerability,
and cost.

On average, any second agent is typically associated with an approximate further
reduction in HbA:. of approximately 1.0%.

If no clinically meaningful glycemic reduction is demonstrated, then adherence
having been investigated, that agent should be discontinued, and another with a
different mechanism of action substituted.

Uniform recommendations on the best agent to be combined with metformin
cannot be made, thus advantages and disadvantages of specific drugs for each
patient should be considered.
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e It remains important to avoid unnecessary weight gain by optimal medication
selection and dose titration.
o  For all medications, consideration should also be given to overall tolerability.

Advancing to triple combination therapy

e  Some trials have shown advantages of adding a third non-insulin agent to a two
drug combination that is not yet or no longer achieving the glycemic target.
However, the most robust response will usually be with insulin.

o Intensification of treatment beyond dual therapy to maintain glycemic targets
requires consideration of the impact of medication side effects on comorbidities,
as well as the burden of treatment and cost.

e Many patients, especially those with long standing disease, will eventually need
to be transitioned to insulin, which should be favored in circumstances where the
degree of hyperglycemia (e.g., HbA1. >8.5%) makes it unlikely that another drug
will be of sufficient benefit.

e Inusing triple combinations the essential consideration is to use agents with
complementary mechanisms of action.

e Increasing the number of drugs heightens the potential for side effects and drug-
drug interactions which can negatively impact patient adherence.

Addition of Injectable Medications

e In patients who need the greater glucose-lowering effect of an injectable
medication, GLP-1 receptor agonists are the preferred choice to insulin. For
patients with extreme and symptomatic hyperglycemia, insulin is recommended.

e In patients who cannot maintain glycemic targets with combination basal insulin
and oral medications treatment may be intensified by the addition of a GLP-1
receptor agonist, SGLT2 inhibitor, or prandial insulin.

Anti-hyperglycemia Therapy in Type 2 Diabetes: General Recommendations

First-line therapy:

o First-line therapy is metformin and comprehensive lifestyle change (including
weight management and physical activity).

If HbA is above target goal, select additional therapy as follows:
e Established ASCVD or heart failure or chronic kidney disease:
o ASCVD predominates:
= GLP-1 receptor agonist or SGLT2 inhibitor with proven cardiovascular
benefit.
= If HbA targets are still not met, consider adding, a GLP-1 receptor
agonist or SGLT2 inhibitor (whichever has not already been added),
DPP-4 inhibitor (if not using a GLP-1 receptor agonist), basal insulin,
thiazolidinedione, or sulfonylurea.
o If heart failure or chronic kidney disease predominates:
= SGLT2 inhibitor with evidence of reducing heart failure and/or chronic
kidney disease progression is preferred.
= Use GLP-1 receptor agonists with proved cardiovascular benefit if
SGLT2 inhibitors are contraindicated.
= If HbA targets are still not met, consider adding a GLP-1 receptor
agonist or SGLT2 (whichever has not already been added), DPP-4
inhibitor (if not using a GLP-1 receptor agonist), basal insulin, or
sulfonylurea.
e Without established ASCVD or heart failure or chronic kidney disease:
o Compelling need to minimize hypoglycemia:
= Consider adding a DPP-4 inhibitor, GLP-1 receptor agonist, SGLT2
inhibitor, or thiazolidinedione.
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= If HbA . targets are still not met, consider adding one of the agents listed
above.
e Itis not recommended to combine DPP-4 inhibitors and GLP-1
receptor agonists.
e If three of the above agents are added and HbA. targets are not
met, consider adding a sulfonylurea or basal insulin.
o  Compelling need to minimize weight gain or promote weight loss:
= Consider adding GLP-1 receptor agonist or SGLT2 inhibitor.
= If HbAy is above target, consider adding the alternative agent from

above.

= If GLP-1 receptor agonist is not tolerated or contraindicated add a DPP-
4 inhibitor.

= If needed add a sulfonylurea, thiazolidinedione, and/or basal insulin with
caution.

o If costis a major issue:
= Consider adding a sulfonylurea or thiazolidinedione.
= If HbA target is still not met, consider adding the alternative from the
agents above.
= If HbA target is still not met, consider adding a DPP-4 inhibitor,
SGLT?2 inhibitor, or insulin available at the lowest acquisition cost.

Changes to consensus recommendations - 2019

e  Guidelines previously recommended that, in the setting of type 2 diabetes,
established CVD was a compelling indication for treatment with a GLP-1
receptor agonist or SGLT2 inhibitor. Guidelines now further suggest the
following:

o General consideration
= In appropriate high-risk individuals with established type 2
diabetes, the decision to treat with a GLP-1 receptor
agonist or SGLT2 inhibitor to reduce MACE, hHF, CV
death, or CKD progression should be considered
independently of baseline HbA ¢ or individualized HbA ¢
target.
=  Providers should engage in shared decision making around
initial combination therapy in new-onset cases of type 2
diabetes.
o  GLP-1 receptor agonist recommendations
=  For patients with type 2 diabetes and established
atherosclerotic CV disease (such as those with prior
myocardial infarction, ischemic stroke, unstable angina
with ECG changes, myocardial ischemia on imaging or
stress test, or revascularization of coronary, carotid, or
peripheral arteries) where MACE is the gravest threat, the
level of evidence for MACE benefit is greatest for GLP-1
receptor agonists.
= To reduce risk of MACE, GLP-1 receptor agonists can
also be considered in patients with type 2 diabetes without
established CVD with indicators of high risk, specifically,
patients aged 55 years or older with coronary, carotid, or
lower extremity artery stenosis >50%, left ventricular
hypertrophy, eGFR <60 mL/min/1.73 m?, or albuminuria.
o SGLT2 inhibitor recommendations
=  For patients with or without established atherosclerotic
CVD, but with HFrEF (EF <45%) or CKD (eGFR 30 to
<60 mL/min/1.73 m? or urinary aloumin-to-creatinine ratio
(UACR) >30 mg/g, particularly UACR >300 mg/g), the
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level of evidence for benefit is greatest for SGLT2
inhibitors.

= SGLT2 inhibitors are recommended in patients with type 2
diabetes and HF, particularly those with HFrEF, to reduce
hHF, MACE, and CV death.

= SGLT?2 inhibitors are recommended to prevent the
progression of CKD, hHF, MACE, and CV death in
patients with type 2 diabetes with CKD.

= Patients with foot ulcers or at high risk for amputation
should only be treated with SGLT2 inhibitors after careful
shared decision making around risks and benefits with
comprehensive education on foot care and amputation
prevention.

American Association
of Clinical
Endocrinologists/
American College of
Endocrinology:
Clinical Practice
Guidelines for
Developing a Diabetes
Mellitus
Comprehensive Care
Plan

(2015)Y7

Antihyperglycemic pharmacotherapy for type 2 diabetes

The choice of therapeutic agents should be based on their differing metabolic
actions and adverse effect profiles as described in the 2018 American
Association of Clinical Endocrinologists Comprehensive Diabetes Management
Algorithm Consensus Statement.

Initiate therapy with metformin, a glucagon-like peptide 1 (GLP-1) receptor
agonist, a dipeptidyl peptidase 4 (DPP-4) inhibitor, a sodium glucose
cotransporter 2 (SGLT?2) inhibitor, or an a-glucosidase inhibitor for patients with
an entry Aic <7.5%.

A TZD, sulfonylurea, or glinide may be considered as alternative therapies but
should be used with caution due to side-effect profiles.

For patients with entry Asc levels >7.5%, initiate treatment with metformin
(unless contraindicated) plus a second agent, with preference given to agents
with a low potential for hypoglycemia that are weight neutral or associated with
weight loss. This includes GLP-1 receptor agonists, SGLT2 inhibitors, or DPP-4
inhibitors as the preferred second agents; TZDs and basal insulin may be
considered as alternatives. Colesevelam, bromocriptine, or an a-glucosidase
inhibitor have limited glucose-lowering potential but also carry a low risk of
adverse effects and may be useful for glycemic control in some situations.
Sulfonylureas and glinides are considered the least desirable alternatives due to
the risk of hypoglycemia.

For patients with an entry A;c >9.0% who have symptoms of hyperglycemia,
insulin therapy alone or in combination with metformin or other oral agents is
recommended.

Pramlintide and the GLP-1 receptor agonists can be used as adjuncts to prandial
insulin therapy to reduce postprandial hyperglycemia, Aic, and weight. The long-
acting GLP-1 receptor agonists also reduce fasting glucose.

Insulin should be considered for T2D when noninsulin antihyperglycemic
therapy fails to achieve target glycemic control or when a patient, whether drug
naive or not, has symptomatic hyperglycemia.

Therapy with long-acting basal insulin should be the initial choice in most cases.
The insulin analogs glargine and detemir are preferred over intermediate-acting
neutral protamine Hagedorn (NPH) because analog insulins are associated with
less hypoglycemia.

When control of postprandial hyperglycemia is needed, preference should be
given to rapid-acting insulins (the analogs lispro, aspart, and glulisine or inhaled
insulin) over regular human insulin because the former have a more rapid onset
and offset of action and are associated with less hypoglycemia.

Premixed insulin formulations (fixed combinations of shorter- and longer-acting
components) of human or analog insulin may be considered for patients in whom
adherence to more intensive insulin regimens is problematic; however, these
preparations have reduced dosage flexibility and may increase the risk of
hypoglycemia compared with basal insulin or basal-bolus regimens.
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e Basal-bolus insulin regimens are flexible and recommended for intensive insulin
therapy.

¢ Intensification of pharmacotherapy requires glucose monitoring and medication
adjustment at appropriate intervals (e.g., every three months) when treatment
goals are not achieved or maintained.

American Association
of Clinical
Endocrinologists/
American College of
Endocrinology:
Consensus Statement
on the Comprehensive
Type 2 Diabetes
Management
Algorithm

(2020)*8

Principles underlying the algorithm

o Lifestyle optimization is essential for all patients with diabetes; however, it
should not delay needed pharmacotherapy, which can be initiated simultaneously
and adjusted based on patient response to lifestyle efforts. The need for medical
therapy should not be interpreted as a failure of lifestyle management, but as an
adjunct to it.

e Minimizing the risk of both severe and nonsevere hypoglycemia is a priority.

e Minimizing risk of weight gain and abnormal adiposity and promoting weight
loss in those patients with adiposity-based chronic disease (ABCD; the medical
diagnostic term for overweight/obesity), are high priorities for long-term health.
Given its ability to prevent progression to diabetes and promote a favorable
therapeutic profile in diabetes, weight loss should be strongly considered in all
patients with prediabetes and T2D who also have ABCD. Weight-loss therapy
should consist of a specific lifestyle prescription that includes a reduced-calorie
healthy meal plan, physical activity, and behavioral interventions. Weight-loss
medications approved for the chronic management of obesity should also be
considered if needed to obtain the degree of weight loss required to achieve
therapeutic goals in prediabetes and T2D.

e The hemoglobin A (Axc) target should be individualized based on numerous
factors, such as age, life expectancy, comorbid conditions, duration of diabetes,
risk of hypoglycemia or adverse consequences from hypoglycemia, patient
motivation, and adherence.

e Achieving an HbA;: <6.5% is considered optimal if it can be achieved in a safe
and affordable manner; however, higher targets may be appropriate for certain
individuals and may change for a given individual over time.

e The choice of diabetes therapies must be individualized based on attributes
specific to both patients and the medications themselves. Medication attributes
that affect this choice include initial Aic, duration of T2D, and obesity status.
Other considerations include antihyperglycemic efficacy; mechanism of action;
risk of inducing hypoglycemia; risk of weight gain; other adverse effects;
tolerability; ease of use; likely adherence; cost; and safety or risk reduction in
heart, kidney, or liver disease.

e The choice of therapy depends on the patient's cardiac, cerebrovascular, and
renal status. Combination therapy is usually required and should involve agents
with complementary mechanisms of action.

e Therapeutic effectiveness must be evaluated frequently until stable (e.g., every
three months).

o Safety and efficacy should be given higher priority than the initial acquisition
cost of medications, as medication cost is only a small part of the total cost of
diabetes care. In assessing the cost of a medication, consideration should be
given to monitoring requirements and risks of hypoglycemia and weight gain.

e The therapeutic regimen should be as simple as possible to optimize adherence.

Monotherapy
e Patients with recent-onset diabetes and those with mild hyperglycemia (HbA1c
<7.5%), initial monotherapy with metformin (at doses of 1,500 to 2,000 mg/day)
and life-style modifications is recommended.
o Independent of glycemic control, if established atherosclerotic
cardiovascular disease (ASCVD) or high risk, chronic kidney disease
stage 3, or heart failure with reduced ejection fraction (HFrEF), start
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long-acting GLP-1 receptor agonist or SGLT2 inhibitor with proven
efficacy.
In patients with intolerance or contraindications to metformin, acceptable
therapeutic alternatives that reduce glucose without weight gain or hypoglycemia
(in order based on suggested hierarchy of usage) include:
o  GLP-1 receptor agonists.
SGLT2 inhibitors.
DPP-4 inhibitors.
TZDs (use with caution).
Alpha-glucosidase inhibitors.
o Sulfonylureas/glinides (use with caution)
Sulfonylureas and glinides (in order based on suggested hierarchy of usage) may
be used but with caution due to possible weight gain and hypoglycemia.

O O O O

Combination therapy

Patients who present with an initial HoA1c >7.5% or who do not reach their target
HbA:c with metformin in three months should be started on a second agent to be
used in combination with metformin.
Patients who present with an initial HoA1c >9.0% with no symptoms should be
started on combination therapy or three-drug combination therapy.
In metformin-intolerant patients, two drugs from other classes with
complimentary mechanisms of action should be used.
Combination (in order based on suggested hierarchy of usage) include metformin
(or other first-line agent) plus:
o  GLP-1 receptor agonists.
SGLT?2 inhibitors.
DPP-4 inhibitors.
TZD (use with caution).
Sulfonylureas and glinides (use with caution).
Basal insulin (use with caution).
Colesevelam.
Bromocriptine quick release.
Alpha-glucosidase inhibitors.

O O O O O O O O

Three-drug combination therapy

Generally, the efficacy of a third antidiabetic agent added to dual therapy is
reduced compared to the efficacy of the same drug used as monotherapy or
combination therapy with one other agent.
Patients who present with an initial HbA:c >9.0% with no symptoms should be
started on combination therapy or three-drug combination therapy.
Patients who present with an HbA1. >9.0% who are symptomatic would likely
derive greatest benefit from the addition of insulin but if these patients present
without significant symptoms treatment may be initiated with the maximum
doses of two to three other agents.
Continuation with noninsulin therapies while starting basal insulin is common
and does not increase cardiovascular risk, but may increase risk of hypoglycemia
when sulfourea are used in conjunction with insulin.
Three-drug combination (in order based on suggested hierarchy of usage) include
metformin (or other first-line agent), a second-line agent plus:

o  GLP-1 receptor agonists.
SGLT?2 inhibitors.
TZD (use with caution).
Sulfonylureas and glinides (use with caution).
Basal insulin (use with caution).
DPP-4 inhibitors.
Colesevelam.

O O O O O O
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o Bromocriptine quick release.
o Alpha-glucosidase inhibitors.

Insulin therapy algorithm

Patients who present with an initial HbA1c >9.0% and are symptomatic, should
initiate therapy with insulin with or without other antidiabetic agents.

Start insulin if a patient has marked hyperglycemia despite treatment with several
oral antidiabetic agents and is symptomatic with polyuria and weight loss.
Patients who are not at target HbAs¢ despite the use of oral antidiabetic agents or
GLP-1 therapy should be considered for insulin therapy.

Patients with an HbA level >8.0% while receiving >2 antidiabetic agents,
particularly individuals with long duration of diabetes, have significant
impairment of beta cell insulin secretory capacity and are unlikely to reach the
recommended target by the addition of further oral antidiabetic drugs.

Basal insulin

Patients with an HbA level >8.0% while receiving >2 oral antidiabetic agents or
GLP-1 therapy can be started on single daily dose of basal insulin as an add-on to
the patient’s existing regimen.

Titrate insulin dose every two to three days to reach glycemic goals.

Basal insulin analogues (glargine and detemir) are preferred over protamine
Hagedorn insulin because they have been shown to provide a relatively flat
serum insulin concentration for up to 24 hours from a single daily injection.
Patients who fail to achieve glucose control with basal insulin or premixed
insulin formulations can also be considered for basal intensification with a DPP-
4 inhibitor, SGLT2 inhibitor, or GLP-1 receptor agonist if the glucose level is not
markedly elevated, because this approach tends to not cause weight gain or
additional hypoglycemia.

Basal-bolus insulin regimens

Patients who fail to achieve glucose control with basal insulin or premixed
insulin formulations and those with symptomatic hyperglycemia and HbA1¢
>10% often respond better to combined basal and mealtime bolus insulin.
Prandial insulin should d be considered when the total daily dose of basal insulin
is >0.5 U/kg. Beyond this dose the risk of hypoglycemia increases without
significant benefit in HbA1. reduction.

A full basal-bolus program with an insulin basal analogue once or twice daily
and a rapid-acting analogue at each meal is most effective and provides
flexibility for patients with variable mealtimes and meal carbohydrate content.
Doses of insulin may be titrated every two to three days to reach glycemic goals.

Basal insulin and incretin therapy regimens

Use of the amylin analog pramlintide in conjunction with bolus insulin improves
both glycemia and weight in patients with type 2 diabetes.

The incretin therapies (GLP-1 receptor agonists and DPP-4 inhibitors) have
similar properties, and also increase endogenous insulin secretion. Therefore, the
combination of basal insulin and incretin therapy decreases basal and
postprandial glucose and may minimize the weight gain and hypoglycemia risk
observed with basal-bolus insulin replacement.

American Academy of
Pediatrics:
Management of Newly
Diagnosed Type 2
Diabetes Mellitus

Clinicians must ensure that insulin therapy is initiated for children and
adolescents with T2DM who are ketotic or in diabetic ketoacidosis and in whom
the distinction between types 1 and 2 diabetes mellitus is unclear and, in usual
cases, should initiate insulin therapy for patients
o Who have random venous or plasma blood glucose (BG) concentrations
>250 mg/dL.
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(T2DM) in Children
and Adolescents
(2013)*°

o Whose HbA;. is >9%.
In all other instances, clinicians should initiate a lifestyle modification program,
including nutrition and physical activity, and start metformin as first-line therapy
for children and adolescents at the time of diagnosis of T2DM.
Monitoring of HbA1¢ concentrations is recommended every three months and
intensifying treatment is recommended if treatment goals for finger-stick BG and
HbA . concentrations are not being met.
Advise patients to monitor finger-stick BG concentrations in patients who:

o Are taking insulin or other medications with a risk of hypoglycemia; or

o Areinitiating or changing their diabetes treatment regimen; or

o Have not met treatment goals; or

o Have intercurrent illnesses.
Incorporate the Academy of Nutrition and Dietetics’ Pediatric Weight
Management Evidence-Based Nutrition Practice Guidelines in dietary or
nutrition counseling of patients with T2DM at the time of diagnosis and as part
of ongoing management.
Encourage children and adolescents with T2DM to engage in moderate-to-
vigorous exercise for at least 60 minutes daily and to limit nonacademic “screen
time” to less than two hours a day.

American Diabetes
Association:

Type 1 Diabetes in
Children and
Adolescents: A
Position Statement by
the American Diabetes
Association

(2018)%°

Blood Glucose Management: Monitoring and Treatment

Most children with type 1 diabetes should be treated with intensive insulin
regimens via either multiple daily injections of prandial insulin and basal insulin
or continuous subcutaneous insulin infusion.

An HbA, target of <7.5% should be considered in most children and adolescents
but should be individualized based on the needs and situation of the patient and
family.

Children and adolescents with type 1 diabetes should have blood glucose levels
monitored up to six to ten times/day including premeal, pre-bedtime, and as
needed for safety (e.g., exercise, driving, illness, or the presence of symptoms of
hypoglycemia).

Continuous blood glucose monitoring should be considered in all children and
adolescents whether using insulin injections or an insulin pump.

In pediatric patients with type 1 diabetes automated insulin delivery systems can
improve glycemic control and reduce hypoglycemia.

Lifestyle Management

Individualized medical nutrition therapy is recommended for children and
adolescents with type 1 diabetes.

Monitoring carbohydrate intake, whether by carbohydrate counting or
experience-based estimation, is key to achieving optimal glycemic control.
Exercise if recommended for all children and adolescents with type 1 diabetes.
The suggested goal is 60 minutes of moderate to vigorous aerobic activity daily
with muscle-strengthening and bone-strengthening activities three times a week.
Children and adolescents with type 1 diabetes should be educated about
prevention and management of potential hypoglycemia during and after exercise.
Strategies to prevent hypoglycemia during exercise, after exercise, and overnight
following exercise include reducing prandial insulin dosing for the meal/snack
preceding exercise, increasing carbohydrate intake, eating bedtime snacks, using
continuous blood glucose monitoring, and/or reducing basal insulin doses.

Behavioral Aspects of Self-Management

Children and adolescents with diabetes should be assessed for psychosocial issues
and family stresses that could impact diabetes management at diagnosis and
routine follow-up.
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e Consider including children in consent processes as early as cognitive
development indicates understanding of health consequences of behavior.

o Offer adolescents time by themselves with their care provider(s) starting at age 12
years, or when developmentally appropriate.

Complications and Comorbidities

¢ Diabetic Ketoacidosis

o Allindividuals with type 1 diabetes should have access to an uninterrupted
supply of insulin. Lack of access and insulin omissions are major causes of
diabetic ketoacidosis.

o Patients with type 1 diabetes should have continuous access to medical
support for sick-day management.

¢ Hypoglycemia

o The recommended treatment of hypoglycemia (blood glucose <70 mg/dL) in
conscious patients is 15 g of glucose, although any form of carbohydrate can
be used. If hypoglycemia continues after 15 minutes, treatment should be
repeated. Once blood glucose has returned to normal patients should consider
consuming a meal/snack and/or reduce insulin.

o All individuals with type 1 diabetes should be prescribed glucagon and
families/caregivers should be educated on administration.

o Treatment regimens should be reevaluated in those with hypoglycemia
unawareness or one or more episodes of severe hypoglycemia.

o Diabetic Kidney Disease

o Annual screening for albuminuria with a random spot urine sample for
albumin-to-creatinine ratio should be considered at puberty or at age >10
years, whichever is earlier, once the child has had diabetes for 5 years.

o An angiotensin-converting-enzyme (ACE) inhibitor or angiotensin |1
receptor blocker (ARB)), titrated to normalization of albumin excretion, may
be considered when elevated urinary albumin-to-creatinine ratio is
documented.

e Retinopathy

o Aninitial dilated and comprehensive eye examination is recommended at age
10 years or after puberty has started, whichever is earlier, once the patient
has had diabetes for three to five years.

o Annual routine follow-up is recommended but may be given every two years
based on the advice of an eye care professional.

¢ Neuropathy

o Consider an annual comprehensive foot exam for adolescents at the start of
puberty or at age 10 years, whichever is earlier, once the patient has had type
1 diabetes for 5 years.

e Hypertension

o  Children and adolescents with type 1 diabetes should have blood pressure
monitored at each visit. Elevated blood pressure should be confirmed on
three separate days.

o Initial treatment of high-normal blood pressure should include dietary
modification and increased exercise. Pharmacologic treatment should be
considered if blood pressure is not controlled after three to six months.

o In patients with conformed hypertension pharmacologic treatment should be
added to lifestyle modification at diagnosis.

o ACE inhibitors and ARBs should be considered for initial treatment.

e Dyslipidemia

o A fasting lipid profile should be taken in children >10 years of age or older
after the diagnosis of diabetes. Obtain a fasting lipid profile in children 10
years of age or older as soon as convenient after the diagnosis of diabetes

o Iflipids are abnormal, initial therapy should consist of optimizing glucose
control and medical nutrition therapy using a Step 2 American Heart
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Association diet that restricts saturated fat to 7% of total calories and dietary
cholesterol to 200 mg/day.

o If lipids remain abnormal after six months of lifestyle intervention, consider
adding a statin in children at least 10 years of age.

Indications

The Food and Drug Administration (FDA)-approved indications for the dipeptidyl peptidase-4 (DPP-4) inhibitors
are noted in Table 3.

Table 3. FDA-Approved Indications for the DPP-4 Inhibitors'!!

Adjunct to Diet and Exercise to Monothgrapy or C_ombination 'I_'herapy
Generic Name(s) Improve Glycemic Control in <5 e D_|et and Exgrmse -
Adults With Type 2 Diabetes Improve C_-;chemm Cor_ltrol in Adults
With Type 2 Diabetes
Alogliptin v
Linagliptin v
Saxagliptin v
Sitagliptin v
Alogliptin and metformin va
Alogliptin and pioglitazone vb
Linagliptin and metformin ve
Saxagliptin and metformin vd
Sitagliptin and metformin ve

2When treatment with both alogliptin and metformin is appropriate.

®When treatment with both alogliptin and pioglitazone is appropriate.

“‘When treatment with both linagliptin and metformin or metformin extended-release is appropriate.
YWhen treatment with both saxagliptin and metformin is appropriate.

¢When treatment with both sitagliptin and metformin or metformin extended-release is appropriate.

Pharmacokinetics
The pharmacokinetic parameters of the dipeptidyl peptidase-4 (DPP-4) inhibitors are listed in Table 4.

Table 4. Pharmacokinetic Parameters of the DPP-4 Inhibitors?!

Generic Bioavailability Protein Binding Metabolism Excretion Half-Life
Name(s) (%) (%) (%) (%) (hours)
Single Entity Agents
Alogliptin 100 20 Liver, limited (% Renal (76), 21
not reported) Feces (13)
Linagliptin 30 70t0 99 Not reported Renal (5to0 7), >100
Bile (80)
Saxagliptin Not reported Negligible Liver Renal (60), 2.5
(% not reported) (% not reported) Feces (22)
Sitagliptin 87 38 Liver, minimal (% | Renal (87), Feces 12.4
not reported) (13)
Combination Products
Alogliptin 100/50 to 60 20/ Negligible (% Liver, limited (% Renal (76), Feces 21/6.2
and not reported) not reported)/None | (13)/ Renal (90)
metformin
Alogliptin 100/50* 20/ >99 Liver, limited (% Renal (76), Feces | 21/3to7
and not reported)/ (13)/ Renal (15 to
pioglitazone Liver, extensive (% 30)

not reported)
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Generic Bioavailability Protein Binding Metabolism Excretion Half-Life

Name(s) (%) (%) (%) (%) (hours)
Linagliptin 30/50 to 60 70 to 99/ Minimal (% not Renal (510 7), >100/6.2
and Negligible (% not reported)/None Bile (80)/
metformin reported) Renal (90)
Saxagliptin Not reported/ Negligible (% not Liver (% not Renal (60), Feces 2.5/6.2
and 50 to 60 reported)/ reported)/None (22)/
metformin Negligible (% not Renal (90)

reported)

Sitagliptin 87/50 to 60 38/Negligible (% Liver, minimal (% | Renal (87), Feces 12.4/6.2
and not reported) not reported)/None (a3)/
metformin Renal (90)

*Animal studies.

Drug Interactions

Major drug interactions with the dipeptidyl peptidase-4 (DPP-4) inhibitors are listed in Table 5.

Table 5. Major Drug Interactions with the DPP-4 Inhibitors?

Generic Name(s) Interaction Mechanism
Linagliptin Tipranavir Concurrent use of linagliptin and tipranavir may result in
decreased linagliptin exposure.
Linagliptin Strong CYP3A4 Coadministration of linagliptin (a CYP3A4 substrate) with
inducers strong CYP3A4 inducers may reduce linagliptin exposure
and lead to a loss of linagliptin efficacy.
Metformin lodinated contrast lodinated contrast materials-induced renal failure can
materials, parenteral interfere with the renal elimination of metformin;
therefore, there is an increased risk of metformin-induced
lactic acidosis.
Pioglitazone Ifosfamide Concurrent use of ifosfamide and pioglitazone may result
in increased neurotoxic and nephrotoxic effects.
Pioglitazone Tolvaptan Concurrent use of pioglitazone and tolvaptan may result in
decreased tolvaptan plasma concentrations.
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The most common adverse drug events reported with the dipeptidyl peptidase-4 (DPP-4) inhibitors are listed in Table 6. The boxed warning for DPP-4 inhibitor
combination products containing metformin is listed in Table 7 and for alogliptin with pioglitazone in Table 8. There have been postmarketing reports of serious
hypersensitivity reactions in patients taking DPP-4 inhibitors. These reactions include anaphylaxis, angioedema and exfoliative skin conditions including Stevens-
Johnson syndrome. There have also been postmarketing reports of acute pancreatitis, including fatal and non-fatal hemorrhagic or necrotizing pancreatitis, in

patients taking DPP-4 inhibitors.>* A warning has also been added to the labeling of DPP-4 inhibitors to inform of the potential increased risk of heart failure in

high-risk populations.t1?

Table 6. Adverse Drug Events (%) Reported with the DPP-4 Inhibitors'*22

Single Entity Agents*

Combination Products*

Prepared by University of Massachusetts Medical School Clinical Pharmacy Services

L L Linagliptin Saxagliptin Sitagliptin
PIETEE Se: Alogliptin Linagliptin Saxagliptin | Sitagliptin Alogllptln.and Al-ogll.ptln e a%dp a?ldp agndp

Metforminf Pioglitazonet Metformin} | Metformint | Metformint
Abdominal pain - - 171024 2.3 - - - - 2.21t03.0
Anaphylaxis v v v v - - - - -
Angioedema v v v v - - - - -
Avrthralgia v 5.7 - v - - - - B
Back pain - 6.4 - v 43 4.2 - - B
Cardiac failure 4 - - - - - - - -
Constipation v - - v - - - - -
Cough - 2.7 - - - v - -
Decreased appetite - - - - - - v - -
Diarrhea v - - 3 5.5 - 6.3 5.8109.9 241075
Fracture - - vi - - - - - -
Gastroenteritis - - 19t02.3 - - - - - -
Headache 4.2 5.7 6.5t07.5 1.1t05.9 5.3 - - 7.5 2.71t05.9
Hepatic failure v - - - - - - - -
Hyperlipidemia - 2.7 - - - -
Hypersensitivity v v 1.5 v - - v - v
Hypertension - - - - 5.5 - - - -
Hypertriglyceridemia - 2.4 - - - - - - -
Hypoglycemia 1.5 7610229 | 2.7t020.0 | 0.6t015.5 1.9t05.3 0to 3.8 1.4t022.9 341t07.8 15310164
Infection - - v - - - - B -
Lymphopenia - - 05t015 - - - - - B
Myalgia - v - v - - - - -
Nasopharyngitis 4.4 7 6.9 5.21t011.0 6.8 4.9 6.3 6.9 6.1t011.0
Nausea v - - 1.4 - - v - 1.6t04.8
Pancreatitis 0.2 v v v - - v - -
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Single Entity Agents*

Combination Products*

. . Linagliptin Saxagliptin Sitagliptin
PIENETEE SVE: Alogliptin Linagliptin | Saxagliptin | Sitagliptin Allzgtlgﬁlnnﬁi?fd 'i;ll?)gglllli)itllzrtl)lal‘:’? agr]1dp a?1dp a?ndp
Metformin} | Metformint Metformint

Peripheral edema - - 1.2t08.1 8.3 - - - - 8.3
Pruritus - - - v - - v - -
Rash v v 0.2t00.3 v - - - - -
Renal fun_ctlon 31023 i i y i i i i i
abnormality
Sinusitis - - 2.6102.9 - - - - - -
Thrombocytopenia - - v - - - - - -
Upper respiratory tract 42 : 7.7 4510 15.5 8 4.1 - - 5.5106.2
infection
Uric acid increased - 3 - - - - - - -
Urinary tract infection - - 6.8 - 4.2 - - - -
Urticaria v - - v - - - - -
Vomiting - - 221023 v - - v - 11t02.2
Weight gain - 2.3 - - - - - - -

-Event not reported or incidence <1%.

¥ Percent not specified.

*Administered as monotherapy or in combination with other antidiabetic agents.
tAdverse reactions for combination therapy only are reported.
1 Incidence rate of 1 per 100 patient-years (pooled analysis of 2.5, 5, and 10 mg) compared to placebo (0.6 per 100 patient-years).
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Table 7. Boxed Warning for DPP-4 Inhibitor Combination Products Containing Metformin5-1°

WARNING

WARNING: LACTIC ACIDOSIS

e Postmarketing cases of metformin-associated lactic acidosis have resulted in death, hypothermia,
hypotension, and resistant bradyarrhythmias. The onset of metformin-associated lactic acidosis is often
subtle, accompanied only by nonspecific symptoms such as malaise, myalgias, respiratory distress,
somnolence, and abdominal pain. Metformin-associated lactic acidosis was characterized by elevated blood
lactate levels (greater than 5 mmol/L), anion gap acidosis (without evidence of ketonuria or ketonemia), an
increased lactate/pyruvate ratio; and metformin plasma levels generally greater than 5 mcg/mL. Risk factors
for metformin-associated lactic acidosis include renal impairment, concomitant use of certain drugs (e.g.,
carbonic anhydrase inhibitors such as topiramate), age 65 years old or greater, having a radiological study
with contrast, surgery and other procedures, hypoxic states (e.g., acute congestive heart failure), excessive
alcohol intake, and hepatic impairment.

o If metformin-associated lactic acidosis is suspected, immediately discontinue therapy and institute general
supportive measures in a hospital setting. Prompt hemodialysis is recommended.

Table 8. Boxed Warning for Alogliptin and Pioglitazonell

WARNING

WARNING: CONGESTIVE HEART FAILURE

e Thiazolidinediones, including pioglitazone, which is a component of alogliptin-pioglitazone, cause or
exacerbate congestive heart failure in some patients.

o After initiation of alogliptin-pioglitazone and after dose increases, monitor patients carefully for signs and
symptoms of heart failure (e.g., excessive, rapid weight gain, dyspnea and/or edema). If heart failure
develops, it should be managed according to current standards of care and discontinuation or dose reduction
of pioglitazone in alogliptin-pioglitazone must be considered.

¢ Alogliptin-pioglitazone is not recommended in patients with symptomatic heart failure. Initiation of
alogliptin-pioglitazone in patients with established New York Heart Association (NYHA) Class Il or IV
heart failure is contraindicated.

Dosing and Administration
The usual dosing regimens for the dipeptidyl peptidase-4 (DPP-4) inhibitors are listed in Table 9.

Table 9. Usual Dosing Regimens for the DPP-4 Inhibitors**2!

Generic Name(s) | Usual Adult Dose | Usual Pediatric Dose | Availability

Single-Entity Agents

Alogliptin Monotherapy or combination therapy as Safety and efficacy in | Tablet:
adjunct to diet and exercise to improve children have not been | 6.25 mg
glycemic control in adults with type 2 established. 12.5 mg
diabetes: 25mg
Tablet: 25 mg QD

Linagliptin Monotherapy or combination therapy as Safety and efficacy in | Tablet:
adjunct to diet and exercise to improve children have not been | 5 mg
glycemic control in adults with type 2 established.
diabetes:
Tablet: 5 mg QD

Saxagliptin Monotherapy or combination therapy as Safety and efficacy in | Tablet:
adjunct to diet and exercise to improve children have not been | 2.5 mg
glycemic control in adults with type 2 established. 5mg
diabetes:
Tablet: 2.5 or 5 mg QD

Sitagliptin Monotherapy or combination therapy as Safety and efficacy in | Tablet:
adjunct to diet and exercise to improve children have not been | 25 mg

established. 50 mg
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Generic Name(s) Usual Adult Dose Usual Pediatric Dose | Availability
glycemic control in adults with type 2 100 mg
diabetes:

Tablet: 100 mg QD

Combination Products

Alogliptin and Adjunct to diet and exercise to improve Safety and efficacy in Tablet:

metformin glycemic control in adults with type 2 children have not been 12.5-500 mg
diabetes when treatment with both established. 12.5-1,000 mg
alogliptin and metformin is appropriate:

Tablet: initial, individualized based on the
patient’s current regimen and administered
BID; maximum, 25-2,000 mg/day

Alogliptin and Adjunct to diet and exercise to improve Safety and efficacy in Tablet:

pioglitazone glycemic control in adults with type 2 children have not been 12.5-15mg
diabetes when treatment with both established. 12.5-30 mg
linagliptin and pioglitazone is appropriate: 12.5-45 mg
Tablet: initial, individualized based on the 25-15 mg
patient’s current regimen and glycemic 25-30 mg
control and administered QD; maximum, 25-45 mg
25-45 mg/day

Linagliptin and Adjunct to diet and exercise to improve Safety and efficacy in Extended-release

metformin glycemic control in adults with type 2 children have not been tablet:
diabetes when treatment with both established. 2.5-1,000 mg
linagliptin and metformin is appropriate: 5-1,000 mg
Extended-release tablet: initial,
individualized on the basis of both Tablet:
effectiveness and tolerability; maximum, 5- 2.5-500 mg
2,000 mg QD 2.5-850 mg

2.5-1,000 mg

Tablet: initial, individualized on the basis
of both effectiveness and tolerability;
maximum, 2.5-1,000 mg BID

Saxagliptin and
metformin

Adjunct to diet and exercise to improve
glycemic control in adults with type 2
diabetes when treatment with both
saxagliptin and metformin is appropriate:
Extended-release tablet: initial,
individualized on the basis of the patient’s
current regimen, effectiveness, and
tolerability and administered QD;
maximum, 5-2,000 mg/day

Safety and efficacy in Extended-release

children have not been tablet:

established. 5-500 mg
2.5-1,000 mg
5-1,000 mg

Sitagliptin and
metformin

Adjunct to diet and exercise to improve
glycemic control in adults with type 2
diabetes when treatment with both
sitagliptin and metformin or metformin
extended-release is appropriate:
Extended-release tablet: initial,
individualized based on the patient’s
current regimen and administered QD;
maximum, 100-2,000 mg/day

Tablet: initial, individualized based on the
patient’s current regimen and administered

BID; maximum, 100-2,000 mg/day

Extended-release
tablet:

50-500 mg
50-1,000 mg
100-1,000 mg

Safety and efficacy in
children have not been
established.

Tablet:
50-500 mg
50-1,000 mg

BID=twice daily, QD=once daily
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Clinical studies evaluating the safety and efficacy of the dipeptidyl peptidase-4 (DPP-4) inhibitors are summarized in Table 10.

. Study Size
D Study apd StUdyBesIgI .and and Study End Points Results
rug Regimen Demographics D :
uration
Type 2 Diabetes — Monotherapy
DeFronzo et al.? DB, MC, PC, RCT N=329 Primary: Primary:
(2008) Mean change from | Mean HbA. decreased significantly more with 12.5 mg (-0.56%;
Alogliptin Study Treatment naive 26 weeks baseline in P<0.001) and 25 mg (-0.59%; P<0.001) alogliptin than with placebo (-
010 patients 18 to 80 HbA.c at week 26 | 0.02%) by week 26.
years of age with
Alogliptin 12.5 mg type 2 diabetes, an Secondary: Secondary:
QD HbA;¢ value 7.0 to Changes in FPG, FPG reductions were significantly greater with alogliptin 12.5 and 25 mg
10.0%, a BMI 23 to hyperglycemic than with placebo at week 26 (-10.3 and -16.4 vs 11.3 mg/dL,
S 45 kg/m?, exercise rescue, incidence respectively; P<0.001 for both comparisons).
for >1 month and of marked
alogliptin 25 mg QD | BP <180/110 mm hyperglycemia, The percentage of patients who required hyperglycemic rescue was
Hg changes in body significantly less with alogliptin 12.5 and 25 mg compared to placebo (9.8
VS weight and safety and 7.6 vs 29.7%, respectively; P=0.001 and P<0.001, respectively).
endpoints.
placebo Differences between treatment and placebo of most other secondary
endpoints, including weight loss, were not significant.
All patients received
counseling on diet Most common adverse events occurred with similar or lower frequency in
and exercise. those given alogliptin vs placebo. However, headache occurred more
frequently with alogliptin (6.8 to 7.5%) than with placebo (4.7%).
Rosenstock et al.?* DB, MC, PC, PG, N=338 Primary: Primary:
(2008) RCT Change in baseline | With low-dose saxagliptin, the test for log-linear trend across the treatment
12 weeks HbA. groups did not demonstrate a significant dose-response relationship in
Low-dose Type 2 diabetics (saxagliptin decreasing HbA . Placebo-subtracted adjusted mean changes from
Saxagliptin 2.5t0 40 | >21 to <70 years of | 2.5, 5, 10, 20, | Secondary: baseline to week 12 with saxagliptin ranged from -0.45 to -0.63%, with no
mg QD age with an HbA;. and 40 mg); 6 | Analyses of each apparent significant dose-response relationship (P=0.9888).
>6.8 t0 <9.7%, BMI weeks dose vs placebo for
VS <37 kg/m?, and a (saxagliptin decreasing HbA,, | Secondary:
screening fasting or 100 mg) FPG, and PPG at After 12 weeks, HbAc was significantly decreased with low-dose
placebo random C-peptide 60 minutes from saxagliptin compared to placebo (all doses P<0.007), with similar and

>0.5 ng/mL

baseline

clinically meaningful decreases in HbA;c achieved with all doses of
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High-dose saxagliptin. Adjusted mean baseline decreases exceeded 0.70% with each

Saxagliptin100 mg saxagliptin dose compared to 0.27% with placebo. With high-dose

QD saxagliptin, HbA1c was significantly decreased compared to placebo (-1.09
vs -0.36%; P value not reported).

Vs
With both low- and high-dose saxagliptin, decreases in FPG were evident

placebo after two weeks of treatment, and ranged from -11.0 to -22.0 mg/dL with
low-dose saxagliptin compared to 3.0 mg/dL with placebo, and -26.3
mg/dL with high-dose saxagliptin compared to -3.3 mg/dL with placebo (P
values not reported).
With low-dose saxagliptin decreases in PPG at 60 minutes during a liquid
meal tolerance test ranged from -24.0 to -41.0 mg/dL compared to -1.0
mg/dL with placebo (P value not reported). With high-dose saxagliptin it
was -45.0 mg/dL compared to -17.0 mg/dL with placebo (P value not
reported).

Rosenstock et al OL, PC,RCT N=401 Primary: Primary:

(abstract).® (N=66inthe | Change in baseline | In the main treatment cohort, saxagliptin significantly decreased HbA1.

(2009) Treatment-naive OL cohort) HbAc compared to placebo (-0.43, -0.46, and -0.54 vs 0.19% for placebo; all

type 2 diabetics P<0.0001).

Randomized cohort | with inadequate 24 weeks Secondary:

Saxagliptin 2.5 to 10 | glycemic control, Change in baseline | Secondary:

mg QD and an HbA1c>7.0 FPG and PPG, Saxagliptin significantly decreased FPG compared to placebo (-15, -9, and

and <10.0% proportion of -17 vs 6 mg/dL; P=0.0002, P=0.0074, and P<0.0001).
Vs patients achieving
an HbA;.<7.0% The decrease in PPG AUC with saxagliptin 2.5 (-6,868 [mg/minute]/[dL],

placebo 5 (-6,896 [mg/minute]/[dL], and 10 mg (-8,804 [mg/minute]/[dL]
compared to placebo (-647 [mg/minute]/[dL] was only significant with

Open-label cohort saxagliptin 5 (P=0.0002) and 10 mg (P<0.0001).

Saxagliptin 10 mg

QD Greater proportions of patients receiving saxagliptin achieved an HbA ¢
<7.0% compared to patients receiving placebo (35 [P value not

VS significant], 38 [P=0.0443], and 41 [P=0.0133] vs 24%).

placebo Decreases in HbA., FPG, and PPG AUC were observed in the OL cohort.

Scircia et al.?® RCT N=16,492 Primary: Primary:

(2013)
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SAVOR-TIMI Type 2 diabetics 2.1 years A composite of A primary end-point event occurred in 613 patients in the saxagliptin
>40 years of age cardiovascular group and in 609 patients in the placebo group (7.3 and 7.2%,

Saxagliptin 5 mg with an HbA>6.5 death, myocardial respectively; HR, 1.00; 95% CI, 0.89 to 1.12; P=0.99 for superiority;

QD to <12% and either infarction or P<0.001 for noninferiority); the results were similar in the “on-treatment”

(2.5 mg daily in a history of ischemic stroke analysis (HR, 1.03; 95% CI, 0.91 to 1.17).

patients with an established

estimated cardiovascular Secondary: Secondary:

glomerular filtration | disease or multiple A composite The major secondary end point of a composite of cardiovascular death,

rate <50 mL per risk factors for endpoint myocardial infarction, stroke, hospitalization for unstable angina, coronary

minute) vascular disease (cardiovascular revascularization, or heart failure occurred in 1,059 patients in the
death, myocardial saxagliptin group and in 1,034 patients in the placebo group (12.8 and

Vs infarction, stroke, 12.4%, respectively; HR, 1/09; 95% Cl, 0.94 to 1.11; P=0.66).
hospitalization for

placebo unstable angina, More patients in the saxagliptin group than in the placebo group were
coronary hospitalized for heart failure (3.5 vs. 2.8%; HR, 1.27; 95% CI, 1.07 to
revascularization, 1.51; P=0.007).
or heart failure),
hospitalization rate | Rates of adjudicated cases of acute and chronic pancreatitis were similar in
for heart failure the two groups (acute pancreatitis, 0.3% in the saxagliptin group and 0.2%
and cases of in the placebo group; chronic pancreatitis, <0.1 and 0.1% in the two
pancreatitis groups, respectively).

Aschner et al.?’ DB, MC, PC, RCT N=741 Primary: Primary:

(2006) Change in baseline | Sitagliptin significantly decreased HbA:; compared to placebo (100 mg

Type 2 diabetics 18 24 weeks HbA1, FPG, PPG, | treatment difference, -0.79% [95% ClI, -0.96 to -0.62] and 200 mg

Sitagliptin 100 mg
QD

'S

sitagliptin 200 mg

to 75 years of age,
either receiving or
naive to oral
antihyperglycemic
agents, and an
HbA: 8.0%

fasting insulin,
proinsulin, fasting
lipids, B cell
function, and
insulin resistance

treatment difference, -0.94% [95% Cl, -1.11 to -0.77]; a significantly
greater proportion of patients receiving sitagliptin achieved an HbA1c
<7.0% compared to patients receiving placebo (41 and 45 vs 17%;
P<0.001 for both).

Sitagliptin significantly decreased FPG compared to placebo (100 mg

QD Secondary: treatment difference, -17.1 mg/dL and 200 mg treatment difference, -21.3
Safety and mg/dL; P<0.001 for both).
VS tolerability
Sitagliptin significantly reduced two-hour PPG compared to placebo (-
placebo 48.9 and -56.3 vs -2.2 mg/dL; P<0.001 for both).
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There were no significant effects on fasting insulin and proinsulin with
either treatment.

Sitagliptin also had no significant effects on fasting lipids.

HOMA-B was significantly increased and the proinsulin:insulin ratio was
significantly decreased with sitagliptin compared to placebo, indicating
improved B cell function (P<0.001 and P<0.01, respectively).

Secondary:

There were fewer sitagliptin-treated patients compared to placebo-treated
patients that required rescue therapy (8.8 and 4.8 vs 20.6%; P<0.001). No
meaningful differences in clinical adverse effects were noted between the
two treatments. The incidence of hypoglycemia was similar among the
two treatments. Both doses of sitagliptin were well tolerated.

Hanefeld et al .2
(2007)

DB, MC, PC, PG,
RCT

N=555

12 weeks

Primary:
Change in baseline
HbA:c, FPG, mean

Primary:
Sitagliptin significantly decreased HbA1¢ by -0.39 to -0.56% compared to
placebo (P<0.05).

Sitagliptin 25 mg Type 2 diabetics 23 daily glucose,
QD to 74 years of age HOMA-B, Sitagliptin significantly decreased FPG by -11.0 to -17.2 mg/dL compared
and an HbA4 7.6 to QUICKI, and to placebo (P<0.05), and the largest decrease was achieved with sitagliptin
VS 7.8% HOMA-IR 100 mg QD.
sitagliptin 50 mg Secondary: Sitagliptin significantly improved mean daily glucose (-14.0 to -22.6
QD Adverse events, mg/dL; P<0.05).
body weight
Vs HOMA-B was significantly increased (11.3 to 15.2; P<0.05) with