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Preface

Across the history of medicine, preparation of a compounded medica-
tion by a physician or a pharmacist has been central to treating a variety
of disorders. Historically, a compounded medication was formulated to
treat an individual patient, and the science supporting the use of that
compounded preparation was anecdotal. Over the past century, clinicians
increasingly sought to improve and rely on the evidence of safety and
effectiveness to support treatment decisions. During this same time, thera-
peutic data evolved away from information on a single patient treated
with a medication specifically formulated to treat that individual patient to
data that reflect how safe and effective the medication is for treating most
patients with the disease.

This approach, leading to the development of U.S. Food and Drug
Administration (FDA)-approved medications, and moving away from anec-
dotal evidence, decreased the demand for custom-compounded medications
and substantially increased the use of medications tested and approved
for treatment and prevention of specific diseases. More recently, over the
past several decades, it has been observed that in certain instances, treat-
ment needs to be individualized, producing a resurgence in the use of
compounded medications. Treatment of menopause is one clinical area
where the use of compounded bioidentical hormone therapy (cBHT) has
been increasing. cBHT is marketed as a personalized and natural approach
to enhanced wellness using tailored preparations that address a myriad of
symptoms, including those associated with menopause and aging. The in-
crease in supply and demand of cBHT has prompted the need for additional

x
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X PREFACE

data on the safety and effectiveness of these medications, as compounded
medications are not reviewed for safety and efficacy nor approved by FDA.

The Committee on the Clinical Utility of Treating Patients with Com-
pounded Bioidentical Hormone Replacement Therapy was formed at the
request of FDA to assess the clinical utility of ¢cBHT. We, the members
of this committee, began our work by defining clinical utility as a multi-
dimensional construct that reflects evidence about safety, effectiveness,
therapeutic need, and patient preference concerning benefit—risk balance.
We then turned to explore existing evidence related to the attributes of
¢BHT from the perspective of clinical utility. We evaluated findings from a
literature search of peer-reviewed evidence and gray literature (e.g., research
reports, books for a lay audience) and held several open listening sessions
to obtain input from various stakeholders. We heard presentations by
researchers, clinicians, health advocates, representatives from government
agencies, attorneys, and members of professional medical and pharmacy
societies. In addition, we received extensive correspondence from stake-
holders, including that of patients and providers who use cBHT, compound-
ing (503A) pharmacists, and members of a coalition of (503B) pharmacists.
In our deliberations, we worked to garner data for an evidence base relating
to safety and effectiveness of ¢cBHT, as these are two critical attributes of
our definition of clinical utility.

In the course of the public meetings and based on the materials reviewed,
the committee became even more aware of strong preferences for indi-
vidualized treatment among certain individuals who use cBHT. As such, our
work was guided by our collective commitment to keep patient autonomy
as a core value. However, the committee also grappled with the concern
that for the large patient population using ¢cBHT, it is currently impossible
for their clinicians to provide evidence-based guidance on the effectiveness
or safety of each unique formulation. Therefore, the committee remained
mindful that safety and effectiveness data are required for understanding
risks and benefits for all therapeutics, and they are fundamental to how we
practice medicine in this country. We thus worked to listen, collect, review,
and assess the best available evidence regarding cBHT preparations in order
to evaluate their clinical utility. We recognize that not all parties will be in
agreement with this report’s recommendations. Should further data from
high-quality, well-controlled clinical trials become available, such evidence
could be evaluated and the clinical utility of cBHT preparations could be
reassessed. Our hope is that our findings, conclusions, and recommenda-
tions will inform patients, health care providers, and regulatory bodies to
ensure patients have accessible and understandable information based on
the best available evidence needed to support their decision making.

It was our responsibility and honor to chair this committee. Our efforts
focused on evaluating ¢cBHT within the context of current, FDA-approved
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drugs, all of which have demonstrated clinical utility for treatment of symp-
toms of menopause. We want to thank our fellow committee members;
without them, their perseverance, effort, and good humor, this consensus
report would not have been possible. We also want to thank individuals
who took time to come to the public sessions to share their experiences,
insights, and compassion for those individuals seeking safe and effective
treatment.

Our work could not have been accomplished without the concerted
efforts of the committee members who did their work sensibly with cheer-
fulness and open minds. The committee’s able and fearless staff, Andrew
March, Elizabeth Townsend, Justin Jones, and led by the understanding and
knowledge of Leigh Miles Jackson, could not have been more wonderful to
work with or more essential to the committee’s task.

Donald R. Mattison, Chair
Ruth M. Parker, Vice Chair
Committee on the Clinical Utility of Treating Patients with
Compounded Bioidentical Hormone Replacement Therapy
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Summary

The U.S. Food and Drug Administration (FDA) has approved dozens
of hormone therapy products for men and women, including estrogen,
progesterone, testosterone, and related compounds. These products have
been reviewed for safety and efficacy and are indicated for treatment of
symptoms resulting from hormonal changes associated with menopause or
other endocrine-based disorders.

In recent decades, an increasing number of health care providers and
patients have turned to custom-formulated, or compounded, drug prepa-
rations as an alternative to FDA-approved drug products for hormone-
related health concerns. These compounded hormone preparations are
often marketed as “bioidentical” or “natural” and are commonly referred
to as compounded bioidentical hormone therapy (cBHT)."2 In recent sur-
veys, millions of men and women have reported using compounded hor-
mone therapy, and today there is a broad array of compounded hormone

1 As a consequence of cBHT marketing strategies, the term bioidentical is often mis-
interpreted by the general public. The committee intentionally includes the term when referenc-
ing certain types of hormone therapies, with the rationale that bioidentical serves as an
important identifier for many compounded hormone therapies, and including the term may
be a useful means of more effectively communicating the report conclusions to the general
public. It should be noted, however, that the committee’s use of the term bioidentical should
not be interpreted as an endorsement.

2 For the purposes of this report, replacement was removed from the term BHT to avert
implications that the goal of hormone therapy is to replace hormone concentrations to the
levels present in young adults. The official National Academies’ language regarding the com-
mittee and its task still maintains the use of the original term.
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formulations available for purchase, accounting for an estimated 26 to
33 million prescriptions that cost upwards of $2 billion annually. Media
influences and targeted marketing approaches and claims have led many
patients and certain prescribers to perceive cBHT preparations as safer and
more effective alternatives to FDA-approved hormone products. Because
compounded preparations are exempt from certain federal requirements
for pharmaceuticals, these custom-compounded preparations are not re-
quired to demonstrate safety or effectiveness before they are dispensed to
patients. In addition, many patients may believe that bioidentical hormone
medications are only available through custom preparations at compound-
ing pharmacies. However, FDA has approved several bioidentical hormone
therapy (BHT) medications at different doses and with various routes of
administration.

OVERVIEW OF COMPOUNDING

Compounding is the process of combining, mixing, or altering ingredi-
ents to create a medication tailored to the needs of a patient. Compounded
drugs can provide therapeutic alternatives for patients with medical needs
that cannot be met by available FDA-approved drug products. For example,
compounding can provide customized formulations to (1) create alternate
dosage strengths or forms or (2) omit components of FDA-approved drug
products to which a patient has an allergy. Compounding can also fill gaps
in cases where manufactured drugs are in short supply or have been dis-
continued. The process of compounding can produce sterile or nonsterile
preparations, and it is conducted within a wide range of pharmaceutical
and medical settings. Patient populations that have traditionally benefited
from customized compounded formulations include pediatric patients,
people living with chronic pain, people at the end of life, and people with
certain specific medical conditions for which an FDA-approved drug prod-
uct is not available.

Compounding can occur in community pharmacies, physicians’ offices,
and hospital pharmacies, collectively known as 503A compounding phar-
macies. Traditionally, this practice of compounding was a small-scale, ad
hoc, and patient-specific process, and the minimal regulations and oversight
applied to the practice reflected that. However, recent years have seen an
expanded supply of and demand for compounded medications, as well as
the emergence of large-scale compounding pharmacies that produce and
sell greater volumes of compounded preparations in preset formulations,
sometimes across state lines. This change in the compounding landscape
prompted Congress to create a separate category of compounding facil-
ity—called an “503B outsourcing facility”—that is subject to an increased
level of federal oversight, although not as strict as FDA oversight for
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manufactured products. (See below for an additional discussion of the
inadequate regulation and oversight of compounding pharmacies and out-
sourcing facilities.)

CLINICAL UTILITY OF cBHT

In light of the fast-growing popularity of cBHT preparations, the clini-
cal utility of these compounded preparations is a substantial public health
concern for various stakeholders, including medical practitioners, patients,
health advocacy organizations, and federal and state public health agen-
cies. In fall 2018, FDA requested the National Academies of Sciences,
Engineering, and Medicine (the National Academies) to appoint an ad hoc
committee to examine the clinical utility of cBHT drug preparations, with
a prioritized focus on preparations containing estradiol, estrone, estradiol
cypionate, estriol, dehydroepiandrosterone (DHEA), pregnenolone, proges-
terone, testosterone, testosterone cypionate, and/or testosterone propionate.
The resulting Committee on the Clinical Utility of Treating Patients with
Compounded Bioidentical Hormone Replacement Therapy was charged
with reviewing the uses of cBHT preparations and the available evidence
that would support marketing claims of the safety and effectiveness of
cBHT preparations.? The committee was also asked to assess whether the
available evidence suggests that these preparations have clinical utility and
safety profiles warranting their clinical use and to identify patient popula-
tions that might benefit from ¢cBHT preparations in lieu of FDA-approved
BHT.

Over the course of the study, the committee held nine meetings, five of
which were information-gathering sessions open to the public. In addition to
the evidence collected at its public meetings, the committee also conducted
reviews of the peer-reviewed literature and gray literature (e.g., research
reports, books for a lay audience) on topic areas relevant to the study’s
charge. In recognition of the limited information available addressing the
use, safety, effectiveness, and patient perspectives of ¢cBHT, the committee
also made concerted efforts to collect and review relevant anecdotal, survey,
and when possible, quantitative data from national stakeholders to supple-
ment its research efforts. For example, relevant data were submitted by the
following: FDA; Professional Compounding Centers of America; National

3 While the terms effectiveness and efficacy are similar, they are not the same. The effective-
ness of a drug refers to its therapeutic effect in real-world settings. The efficacy refers to the
therapeutic effect in controlled clinical settings—such as phase 2 or phase 3 randomized clini-
cal trials. This difference is critically important. Given the limited data on efficacy for cBHT
preparations, the committee also considered clinical studies of effectiveness in its examination
of clinical utility of ¢cBHT preparations. Owing to its broader application to the body of re-
search reviewed, the term effectiveness is used more generally across the report.
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Association of Boards of Pharmacy; select state boards of pharmacy; a state
attorney general’s office; representatives of 503A compounding pharmacies
and 503B outsourcing facilities; an editor-in-chief of a leading compounding
journal; nonprofit medical and pharmacy societies and organizations; com-
pounding advocacy organizations; nonprofit wellness organizations; women’s
health advocacy groups; and medical prescribers and researchers of ¢cBHT.
In addition, the committee reviewed submitted testimonies from thousands
of patients who use cBHT.

CLINICAL UTILITY: SAFETY, EFFECTIVENESS,
THERAPEUTIC NEED, AND USE OF cBHT

The primary focus of this report is on the term clinical utility. Clini-
cal utility is a multidimensional, context-dependent term for which no
standardized definition exists. However, based on review of the literature,
including peer-reviewed articles, consumer surveys, and formal position
statements and guidelines, the committee developed, for the purposes of this
report, its own definition of the term. Here, clinical utility is defined as a
multidimensional construct that reflects evidence about safety, effectiveness,
and therapeutic need.* Patient preference is also a component of clinical
utility and reflects patients’ individual decision making, based on variable
acceptance of benefits and risks.

Clinical Utility of cBHT: Safety and Effectiveness

The committee assessed components of clinical utility, safety, and
effectiveness of cBHT by examining peer-reviewed evidence relevant to the
10 prioritized steroid hormones evaluated for this study. The committee
also reviewed the public health protections offered by the current federal
and state-level oversight of compounded preparations, as well as the re-
ported number, types, and severity of adverse events related to use.

From the hundreds of submitted patient and prescriber testimonies,
the committee determined there are a vast number of anecdotal claims
and patient reports on the safety and effectiveness of cBHT. On the other
hand, in the committee’s review of the available peer-reviewed evidence, the
committee found a substantial dearth of safety and efficacy data, including
little or no high-quality pharmacokinetic data to inform evidence-based
conclusions on the safety and effectiveness of ¢cBHT preparations. These
custom formulations have little or no data documenting absorption, dis-
tribution, and metabolism in the body, raising concerns about their safety

4 In the context of this report, therapeutic need relates to the treatment of menopausal and
male hypogonadism symptoms.
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and underscoring the uncertainty about the reproducibility of the intended
physiological effects of cBHT preparations.

The committee also determined that while some observational studies
report data on the safety and effectiveness of ¢cBHT, there are few well-
designed, double-blind, randomized, placebo-controlled trials. The vast
majority of the relevant studies reviewed had severe methodological limi-
tations, the most common being the lack of standardized measures (e.g.,
assessments of hormone level, randomizations, participant exclusion and
inclusion criteria, reporting measures) and minimal details on participant-
specific dosing regimens, formulations, and dosage forms of the treatment
arms, and where relevant, control arms of the study. Studies that lack this
detail limited the interpretation and generalizability of the study results, and
hindered the committee’s ability to draw meaningful conclusions about the
safety and effectiveness of cBHT.

The committee recognizes that for the large patient population using
c¢BHT, it is difficult, if not impossible, for clinicians to provide equal
evidence-based guidance on the safety or effectiveness of each unique for-
mulation. That being said, the safety and effectiveness data are still required
for understanding risks and benefits for all therapeutics, and they are
fundamental to the practice of medicine in this country. Given the lack of
high-quality, well-controlled data, the committee could not draw definitive
overall conclusions on the safety or effectiveness of ¢cBHT preparations.
There is, however, some evidence to suggest that estriol may be effective in
treating certain menopausal-related symptoms, including vasomotor symp-
toms and vaginal atrophy; however, as with the other hormones reviewed,
the data do not support the claims of superior safety or efficacy of cBHT
preparations compared to FDA-approved BHT products.

Of critical importance, the lack of data should never be interpreted as a
marker of safety and/or effectiveness (i.e., the absence of evidence of harm
is not the same as the evidence of absence of harms). In general, the contra-
indications for cBHT are expected to be similar to those of FDA-approved
hormone products of the same class.

Given the lack of high-quality clinical evidence to demonstrate safety
and effectiveness, there is a public health concern regarding prescribing,
compounding, dispensing, and use of cBHT. Current federal and state over-
sight of the formulation, marketing, dispensing, surveillance, and adverse
event reporting of compounded preparations are insufficient to identify
and then communicate the risks assumed by patients when using ¢cBHT.
For example, while nonprofit scientific organizations such as the United
States Pharmacopeia (USP) have issued national standards and guidance
for individuals who compound, there is limited or inconsistent oversight of
procedures related to formulation, testing for safety and effectiveness, and
dispensing of compounded medications. In part, this has led to a lack of
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standardization of best practices for compounding and dispensing cBHT
preparations, resulting in significant state-by-state and even pharmacy-by-
pharmacy variability in the compounded medications and related health
information dispensed to patients.

In addition, unlike for FDA-approved BHT products, 503A compound-
ing pharmacies and 503B outsourcing facilities are not required by federal
regulations to include comprehensive product labels, similar to those re-
quired for FDA-approved products, or standardized package inserts for
compounded preparations. These exemptions provide opportunities for
ambiguous instructions for use, incomplete listing of active and inactive
ingredients, or an omission of potential contraindications, all of which cre-
ates the potential for patients and prescribers to be inadequately informed
about possible safety concerns related to the use of these medications.

Clinical Utility of cBHT: Therapeutic Need

FDA-approved BHT products are primarily indicated to treat vaso-
motor symptoms and symptoms of vulvar and vaginal atrophy associated
with menopause, and for men, to treat symptoms of male hypogonadism
or testosterone deficiency. However, collected testimony from marketing
claims and ¢BHT advocates assert that cBHT is effective and safe for treat-
ing a broad spectrum of indications outside of those for FDA-approved
BHT products, including antiaging concerns (e.g., longer, fuller hair and
smoother skin), sexual health, joint pain, general chronic pain, insomnia,
cardiovascular diseases, and various mental health disorders.

To examine the evidence base to support the indication claims for
¢BHT, the committee reviewed available clinical guidance and published po-
sition statements issued by professional medical associations and societies
(e.g., American Medical Association, Endocrine Society, North American
Menopause Society) and other evidence-based clinical resources. Overall,
the clinical guidance expresses concerns regarding the quality, safety, and
effectiveness of cBHT preparations and cautions against their use in lieu of
FDA-approved BHT options.’ The committee was also unable to identify

3 It should be noted that medical associations, societies, and other relevant health organiza-
tions that issue clinical guidance are often supported, in part, by the pharmaceutical industry.
Furthermore, many of the co-authors of the issued guidance conduct medical research that
may be funded, in part, by the pharmaceutical industry. All aspects of the pharmaceutical eco-
system (including FDA-approved and compounded drugs) should be extremely mindful of the
great responsibility entrusted to them by the public to disclose all conflicts of interest (real and
perceived) and to uphold esteemed medical and scientific ethics, values, and standards. After
considering the disclosed conflicts of interest for the authors of the clinical guidance reviewed
in this report, the study committee had sufficient confidence to allow the guidance to serve as
an important piece of evidence used to inform its report conclusions.
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any specific life-threatening medical conditions that necessitated the use of
c¢BHT preparations.

In its review of evidence, the committee was able to identify clinical
guidance that acknowledges certain uniquely specific situations for which
there may be potential use for cBHT preparations. These situations can be
organized into three specific categories: the avoidance of select components
in FDA-approved products (e.g., because of allergies), testosterone use in
women to treat female sexual dysfunction, and gender dysphoria.

Avoidance of Select Components of FDA-Approved Products

Allergies to ingredients in FDA-approved BHT products are a reported
rationale for patient use of ¢cBHT preparations. Although mentioned in
clinical guidance as a potential rationale for cBHT use, clarification on the
specific allergies that occur in response to FDA-approved BHT products
is extremely limited in the literature. A review of anecdotal testimonies
suggests that potential intolerances to FDA-approved BHT products in-
clude sedative side effects, gastrointestinal issues, or skin sensitivities to
transdermal patches.® However, FDA’s product database includes a range
of available FDA-approved BHT formulations to help circumvent these
concerns, and, with few exceptions, would allow patients the flexibility to
avoid ingredients that may serve as potential allergens or switch dosage
forms (e.g., from an oral medication to a transdermal patch) while having
the assurance of safety and efficacy afforded by the FDA approval and
oversight processes.

Female Sexual Dysfunction and Gender Dysphoria

Patients with female sexual dysfunction (FSD) and gender dysphoria
are two indications for which there are no FDA-approved BHT products.”-8
Often, both indications are treated with off-label use of FDA-approved
BHT products. The committee was unable to identify any clinical guidelines
that recommend the use of compounded hormone treatments, of any hor-
mone, to treat FSD (including hypoactive sexual desire disorder or female

¢ Anecdotally, a commonly discussed exception is when a potential patient with a peanut
allergy would be in need of a single-agent progesterone product.

7 Female sexual dysfunction (FSD) is a complex condition associated with diagnostic clas-
sifications including hypoactive sexual desire, sexual arousal disorder, orgasmic disorder, or
sexual pain disorder.

8 A Diagnostic and Statistical Manual of Mental Disorders, Sth Edition (DSM-5) recognized
diagnosis that is “a noticeable incongruence between the gender the patient believes they are,
and what society perceives them to be” (see the American Psychiatric Association’s DSM-3,
2013).
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sexual interest/arousal disorder) or gender dysphoria, in lieu of off-label use
of FDA-approved BHT products.

Clinical Utility of cBHT: Patient Preference

Patient preference is perhaps the most complex consideration in the
committee’s definition of clinical utility. As discussed above, clinical guid-
ance suggests there may be some clinical utility of ¢cBHT, in lieu of FDA-
approved products, in limited, specific situations. And yet, the suggested
volume, scope, and clinical rationales for use of cBHT do not align with
the evidence-based clinical recommendations from the medical community,
contributing to a growing concern that ¢cBHT is prescribed for reasons
outside of a demonstrated unique therapeutic need.

Informed primarily by anecdotal testimonies and a few qualitative
studies, the committee examined the factors seeming to have the greatest
influence on patient preference for cBHT preparations. Based on a limited
number of studies, patients (largely women) taking ¢cBHT are thought to
be simultaneously “pushed away” from FDA-approved BHT and “pulled
toward” ¢BHT by conflicting psychosocial forces. Specifically, the com-
mittee identified several factors that may influence preference for cBHT
including the early analysis and science communication efforts related to
the Women’s Health Initiative study; FDA requirements for labeled indica-
tions and boxed warnings for certain FDA-approved BHT products; cBHT
marketing; physician practices and perspectives; patient mistrust of the
health care industry and commercial pharmaceutical industry; interest in
the “natural” movement; and prescription costs.

The committee knows little about how patients are first introduced to
c¢BHT as a treatment option; however, available sources suggest that many
rely on media outlets (e.g., social media, books, television commercials)
to educate themselves about ¢cBHT. In addition, research uncovered that
certain patient motivations, influenced by marketing strategies, “pull-
ing” them toward cBHT were beliefs that cBHT was “natural,” as well
as safer than FDA-approved BHT, and that these motivations were often
influenced by marketing strategies used by advocates and suppliers of com-
pounded medications. Additionally, there is evidence that many physicians
are uncertain about whether ¢cBHT is or is not an FDA-approved product.
This implies there are inadequacies in prescribers’ continuing education
efforts, as well as in science communication and health literacy. Given
the inadequate labeling of compounded preparations, there are concerns
about how well vital information regarding potential risks and benefits is
communicated to patients and prescribers. In the absence of safety and
effectiveness data of cBHT, aspects of patient preference should not be the
sole driver for use.
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THE CLINICAL UTILITY OF cBHT AND RELATED
CONSIDERATIONS FOR PRESCRIBERS

Given the paucity of data on the safety and effectiveness of cBHT,
the committee concludes there is insufficient evidence to support the
overall clinical utility of cBHT as treatment for menopause and male
hypogonadism symptoms. The committee determined there is substantial
patient interest and apparent use of cBHT to treat menopause and male
hypogonadism symptoms. The limited oversight and surveillance of the
large amount of clinical use of ¢cBHT, including when, why, and which
c¢BHT preparations are prescribed, is a concern. Nonetheless, within the
body of evidence reviewed, there are potentially a few specific medical
circumstances for which there may be clinical utility of ¢cBHT, such as for
patients who have an allergy to specific ingredients in an FDA-approved
drug product or patients who require a dosage form not currently available
as an FDA-approved drug product. Should further data from high-quality,
well-controlled clinical trials become available, such evidence could be
evaluated and the clinical utility of cBHT preparations could be reassessed.

Considerations for Medical Practitioners and Providers

Acknowledging, on the one hand, the substantial interest in and use
of ¢cBHT, and on the other, a lack of evidence to support the clinical utility
of ¢cBHT, the committee recognizes important professional obligations for
stakeholders (i.e., physicians who prescribe and pharmacists who com-
pound and fill these prescriptions) to uphold. These obligations include
respecting patient autonomy—meaning the right of patients to choose—
while at the same time ensuring that patients’ decision making is informed
by the best available evidence and supported with shared decision making.

Based on the precautionary principle, medical practitioners prescribing
hormone therapy have a duty to engage in practice informed by evidence-
based clinical guidelines and to educate patients to ensure that their deci-
sion making is informed by evidence-based health information. Health
literacy and its reliance on evidence is foundational to autonomous patient
decision making, and patients must have ready access to the best available
evidence that is easy to understand and use as they weigh the risks and
benefits of therapeutic options. In consideration of these obligations, con-
cerns arise from areas of potential liability for prescribers of cBHT, which
may include the invalidation of malpractice insurance, personal liability, or
possible criminal charges.

Pharmacists and other qualified compounders have a professional ob-
ligation to follow USP’s recommended standards and protocols to ensure
safe manufacturing and dispensing of all medications in order to minimize
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safety concerns. They also have an obligation to provide clear directions
for use, have a clear rationale for each ingredient used in the medication, as
well as include evidence-based information about the medication’s potential
adverse effects.

RECOMMENDATIONS

There is a dearth of evidence to support many of the marketed claims
for the clinical utility of ¢cBHT as a treatment of menopausal and male
hypogonadism symptoms. Based on its examination of cBHT’s clinical util-
ity, the committee recommends restricted use of cBHT, assessments of its
difficulty to compound, and additional education, oversight, and research.

Recommendation 1: Restrict the use of compounded bioidentical hor-
mone therapy (cBHT) preparations.

Prescribers should restrict the use of cBHT preparations to the following:
documented allergy to an active pharmaceutical ingredient or excipient
of U.S. Food and Drug Administration (FDA)-approved drug product,
or a documented requirement for a different dosage form. Patient prefer-
ence alone should not determine the use of cBHT preparations.

In general, the potency of cBHT doses should not exceed those of FDA-
approved hormone therapy products because of potential safety con-
cerns. Any use of cBHT, including therapy for gender dysphoria, should
align with established clinical guidance and require documentation of
shared decision making and rigorous monitoring for long-term risks.

Prescribers and compounding pharmacists should clearly explain the
limited evidence-based information about the safety and effectiveness
of ¢cBHT preparations. They should inform patients that compounded
preparations are not FDA approved.

Recommendation 2: Review select bioidentical hormone therapies and
dosage forms as candidates for the U.S. Food and Drug Administration
(FDA) Difficult to Compound List.

The Pharmacy Compounding Advisory Committee should review
the following bioidentical hormone therapies as candidates for FDA’s
Difficult to Compound List: estradiol, estrone, estradiol cypionate,
estriol, dehydroepiandrosterone, pregnenolone, progesterone, testos-
terone, testosterone cypionate, and testosterone propionate. These
candidates have safety and efficacy concerns related to the lack of bio-
availability data and product-to-product variability as a result of drug
formulation differences, stability, and quality control.
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The Pharmacy Compounding Advisory Committee should consider all
compounded bioidentical hormone therapy preparations formulated in
pellet dosage form as candidates for FDA’s Difficult to Compound List.

Recommendation 3: Improve education for prescribers and pharmacists
who market, prescribe, compound, and dispense compounded bioiden-
tical hormone therapy (cBHT) preparations.

To ensure the appropriate clinical use of cBHT, the committee recom-
mends the following for prescribers:

e State medical boards, the Federation of State Medical Boards, and
medical professional societies and associations (e.g., American Medi-
cal Association [AMA], Endocrine Society, North American Meno-
pause Society) should advocate for a state-level certification for
individuals who are seeking to begin or continue to prescribe cBHT.
Formal clinical education should be offered in parallel to continuing
medical education courses.

*  Nonprofit professional societies and organizations within the medi-
cal sectors (e.g., AMA) should expand and promote evidence-based
guidelines and best practices for clinicians who prescribe or com-
pound ¢BHT preparations. These guidelines should include not
only evidence-based conclusions on the potential benefits and risks,
but also practical steps of when to consider ¢cBHT in lieu of U.S.
Food and Drug Administration (FDA)-approved products, which
potential formulations should be considered, and the contraindica-
tions associated with the treatment.

To ensure the appropriate clinical use of cBHT, the committee recom-
mends the following for prescribers and pharmacists:

* State boards of pharmacies, National Association of Boards of
Pharmacy, Pharmacy Compounding Accreditation Board, local and
regional schools of pharmacies, and nonprofit professional societies
and organizations within the medical and pharmaceutical sectors
with a particular focus in epidemiology and women’s health, (e.g.,
American Association of Colleges of Pharmacy, AMA, Endocrine
Society, North American Menopause Society) should develop path-
ways to support and incentivize the attainment of more in-depth
training on complex compounding of hormone preparations. These
courses should do the following:

o Be conducted by schools of pharmacies or nonprofit profes-
sional societies and organizations within the medical and phar-
maceutical sectors.
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o Include a review of the compounding process, including com-
plexities of formulation science.

o Examine the current peer-reviewed, evidence-based conclusions
on the safety and effectiveness of commonly prescribed cBHT
preparations.

o Review the potential risks and reported adverse effects associ-
ated with the use of cBHT and FDA-approved products with
the same active ingredients.

o Describe potential conflicts of interest that exist within the pre-
scribing, compounding, and treatment sectors of pharmaceutics.

e Additional continuing medical education courses hosted by for-
profit organizations should not substitute for this training.

Recommendation 4: Additional federal and state-level oversight should
be implemented to better address public health and clinical concerns
regarding the safety and effectiveness of compounded bioidentical hor-
mone therapy (cBHT).

The National Association of Boards of Pharmacy (NABP) and state
boards of pharmacy should expand and improve their oversight and
review of 503A compounding pharmacies to ensure that adequate
quality standards are maintained and documented for every cBHT prep-
aration dispensed. This increased oversight should include the following:

* All 503A compounding pharmacies should provide a standardized
insert for dispensed cBHT preparations. The insert should:

o Include a detailed description of the preparation’s formula-
tion, including all active pharmaceutical ingredients and the
excipient(s) used, and use of the established name of the drug.

o Clearly note that the preparation has not been U.S. Food
and Drug Administration (FDA) approved for use and that
rigorous bioavailability data, such as that available on FDA-
approved products, are not available.

o Include indications and guidance for use (administration), dos-
age strength and form, statement of compliance to current
good manufacturing practices or United States Pharmacopeia
(USP) standards, beyond-use date, contraindications, side
effects, caution for potential adverse effects, and instructions
on how to report adverse events.

o Include information on the person responsible for the qual-
ity and safety of the dispensed ¢cBHT preparation, such as
the establishment’s supervising pharmacist or other designated
individual, and the name and contact information for the
pharmacy.
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e All ¢cBHT preparations dispensed from 503A compounding phar-
macies should include boxed warnings for potential adverse effects
for compounded prescriptions that include estrogens (estradiol,
estriol, estrone) and androgens (testosterone), like those used in
FDA-approved drug products with boxed warnings to educate the
user about potential health risks.

* All 503A compounding pharmacies should increase their surveil-
lance capacity by monitoring, recording, and annually reporting
the types, formulations, payer, and dispensing rates of cBHT prepa-
rations. Data on the volume and types of cBHT dispensed should
be submitted annually to a central repository within NABP and
made available for public access.

* All 503A compounding pharmacies should be required to moni-
tor and report all adverse events of ¢cBHT preparations to state
boards of pharmacy and simultaneously to MedWatch and the FDA
Adverse Event Reporting System. Annual adverse event reports for
nonsevere and non-life-threatening events should also be submitted.
These reports should include information on the frequency, type,
and severity of adverse events related to the use of cBHT.

* All states should uniformly and immediately adopt USP <795>
and <797> standards to ensure the quality of dispensed sterile and
nonsterile cBHT preparations. USP <795> and <797> should be
considered minimum standards, and regulators should apply addi-
tional standards where needed to reduce patient risk.

FDA should continue to incorporate public health considerations into
its regulation of the manufacturing, testing, and dispensing of cBHT by
503B outsourcing facilities. These considerations should include

*  Expand the requirement for 503B outsourcing facilities to provide
information on the bioavailability and effectiveness of common
c¢BHT preparations (e.g., Bi-est, Tri-est, all sterile preparations in-
cluding pellets), in addition to their current focus on quality, purity,
and sterility.
*  All 503B outsourcing facilities should use a standardized insert for
dispensed ¢cBHT preparations. In addition to the current require-
ments, the insert should include
o A detailed description of the preparation’s formulation, includ-
ing all active pharmaceutical ingredients and inactive ingredi-
ents (e.g., excipients) used.

o Clearly note that the preparation has not been FDA approved
for use, and that rigorous bioavailability data, such as that
available on FDA-approved products, are not available.
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o Include indications and guidance for use (administration), dos-
age strength and form, statement of compliance to current
good manufacturing practices or USP standards, beyond-use
date, contraindications, side effects, caution for potential ad-
verse effects, and instructions on how to report adverse events.

e All ¢cBHT supplied by 503B outsourcing facilities should include
boxed warnings for potential adverse effects for compounded pre-
scriptions that include estrogens (estradiol, estriol, estrone) and
androgens (testosterone), like those used in FDA-approved drug
products with boxed warnings to educate the user about potential
health risks.

*  Modify the standard MedWatch form to adequately collect and
track adverse events data related to ¢cBHT use, including but not
limited to:

o All active pharmaceutical ingredients and excipients in the
¢BHT formulation.

o Potential drug—drug interactions.

Recommendation 5: Collect and disclose conflicts of interest.

Prescribers and compounders of compounded bioidentical hormone
therapy (cBHT) may have conflicts of interest arising from financial
relationships (e.g., ownership or investment interests held in specific
c¢BHT formulations or companies), and such conflicts should be trans-
parent, publicly available, and disclosed to patients at the point of care.
In addition, state licensing boards should collect and archive informa-
tion on such financial relationships in a publicly accessible repository.

Recommendation 6: Strengthen and expand the evidence base on the
safety, effectiveness, and use of compounded bioidentical hormone
therapy (cBHT) preparations.

As the field of personalized medicine continues to expand, interest
in compounded medication is likely to grow. Ensuring the safe and
appropriate dosing of ¢cBHT formulations requires the evaluation of
the bioavailability of all active ingredients included in the preparation.

To develop a comprehensive evidence base on the potential health
benefits and risks of specific cBHT preparations, public agencies (e.g.,
National Institutes of Health) and philanthropic funding agencies
should establish, provide, or increase funding for clinical, epidemio-
logic, and health services research to address gaps in the evidence base.

Other stakeholders, including the U.S. Food and Drug Administration
(FDA), the United States Pharmacopeia, 503A compounding pharmacies
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and 503B outsourcing facilities, state medical boards, state boards of
pharmacy, nonprofit professional societies and organizations within the
medical and pharmaceutical sectors, pharmaceutical industries, and clin-
ical and public health research groups should advocate for and support
these research initiatives. Stakeholders should also develop a strategic
plan to support precompetitive research projects and activities.

Prioritized research objectives should include, but not be limited to,
the following:

*  Data collection and surveillance.

o Accurate and consistent collection of adverse event data for
each ¢BHT preparation, by formulation and compounder.

o Accurate determination of volume, scope, and financial costs
of prescribed cBHT preparations in the United States.

*  Clinical research on safety and efficacy.

o Conduct additional well-controlled trials (with or without
active comparators) for commonly prescribed cBHT prepara-
tions and dosage forms, including formulations that include
estrone, estradiol, estriol, progesterone, or testosterone, to
examine effects on safety and symptoms associated with peri-
menopause and menopause.

o Generate bioavailability data for all active ingredients in the
most commonly prescribed ¢cBHT preparations to inform
safe and effective dosing practices. Studies that include FDA-
approved hormone therapy products with comparable active
ingredients and dosage forms may help to inform clinical
practice.

o Develop observational studies of genetic and lifestyle variation
(smoking, alcohol, diet) in ¢cBHT responses, including adverse
events.

All clinical trials or observational studies related to the safety, effectiveness,
and use of cBHT should register with and be approved by an appropriate
institutional review board, as well as obtain informed consent from all
patients and study participants.
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Introduction

The U.S. Food and Drug Administration (FDA) has approved dozens of
hormone therapy products for men and women, including estrogen, proges-
terone, testosterone, and related compounds (FDA, 2019). These products
are approved to, among other things, address hormonal changes associated
with aging or other endocrine-based health concerns (ASA, 2006; de Villiers
et al., 2016; Stuenkel et al., 2015). By the end of the twentieth century,
hormone therapy became one of the most prescribed drug treatments for
women in the United States (Brett and Burt, 2001).

In response to the growing popularity of hormone therapy, the National
Institutes of Health in the 1990s launched the Women’s Health Initia-
tive (WHI), a comprehensive, prospective study, to test whether hormone
therapy would prevent heart disease and to examine overall health risks and
benefits of FDA-approved hormone therapy (Hays et al., 2003; Stefanick
et al., 2003). In the years since, researchers have published more than 100
findings related to a broad spectrum of health risks and benefits associated
with the use of hormone therapy in postmenopausal women (WHI, 2020).
Early analysis and science communication efforts for WHI, coupled with
FDA’s limited indications for use of hormone therapy and requirements
for boxed warnings of potential adverse effects, have had a lasting effect
on clinician- and patient-related concerns regarding the use of hormone
therapy (Barlow, 2014; Thompson et al., 2017). (See Chapter 8 for addi-
tional discussion.)

In recent years, certain health care providers and patients have turned
to custom-compounded drugs as an alternative treatment for hormone-
related health concerns. These treatments, often marketed as “bioidentical”

17
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or “natural,” are commonly referred to as compounded bioidentical hor-
mone therapy (cBHT) (Gass et al., 2015).1:2 Evidence suggests that millions
of men and women may use ¢cBHT and that there may be thousands of
potential compounded hormone formulations that patients can purchase
with a prescription. Media influences and targeted marketing approaches
and claims have led many patients and certain prescribers to perceive cBHT
preparations as safer and more effective alternatives to FDA-approved hor-
mone products (Fishman et al., 2015; Thompson et al., 2017). However,
compounded preparations are exempt from certain federal requirements for
pharmaceuticals and are not required to demonstrate safety and efficacy.’
In addition, some patients have a mistaken belief that bioidentical hormone
therapy (BHT) medications are only available through custom preparation
at compounding pharmacies (Files et al., 2016), even though FDA has ap-
proved several bioidentical hormone products at different doses and with
various routes of administration (FDA, 2019).

In light of the fast-growing popularity of cBHT preparations, the safety,
effectiveness, and use of these medications has become a substantial public
health concern for various stakeholders, including medical practitioners,
patients, health advocacy organizations, and federal and state public health
agencies.

STUDY CHARGE

To explore the complex issues surrounding ¢cBHT, FDA in fall 2018
requested the National Academies of Sciences, Engineering, and Medi-
cine (the National Academies) appoint an ad hoc committee to assess the
clinical utility of treating patients with ¢cBHT. The resulting Committee
on the Clinical Utility of Treating Patients with Compounded Bioidentical
Hormone Replacement Therapy was charged to review the uses of cBHT
preparations and the available evidence that would support marketing

! As a consequence of cBHT marketing strategies, the term bioidentical is often misinterpreted
by the general public. The committee intentionally includes the term when referencing certain
types of hormone therapies, with the rationale that bioidentical serves as an important identi-
fier for many compounded hormone therapies, and including the term may be a useful means
of more effectively communicating the report conclusions to the general public. It should be
noted, however, that the committee’s use of the term bioidentical should not be interpreted as
an endorsement.

2 For the purposes of this report, the word replacement was removed from the term
bioidentical hormone therapy to avert implications that the goal of hormone therapy is to
replace hormone concentrations to the levels present in young adults. The official National
Academies’ language regarding the committee and its task still maintains the use of the origi-
nal term.

3 Federal Food, Drug, and Cosmetic Act. 21 U.S. Code Chapter 9.
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BOX 1-1
Statement of Task

An ad hoc committee of the National Academies of Sciences, Engi-
neering, and Medicine (the National Academies) will conduct a study to
assess the clinical utility of treating patients with compounded bioidentical
hormone replacement therapy (BHRT) drug products. The committee will:

e Review the current and historic use of compounded BHRT drug
products to treat patients, including information about the medical
condition(s) these compounded drug products have been used to
treat;

e Describe the physical and chemical characteristics of compounded
BHRT drug products (e.g., active ingredient, inactive ingredient(s),
dosage forms, routes of administration, strengths);

* Review and assess the available evidence (or lack of evidence)
regarding the safety and effectiveness of compounded BHRT drug
products; and

e Based on the available evidence, summarize findings and make
recommendations with respect to:

o The clinical utility of compounded BHRT drug products;

o Whether the available evidence of safety and effectiveness
supports use of compounded BHRT drug products to treat
patients; and

o The patient populations that might need a compounded BHRT
drug product in lieu of a U.S. Food and Drug Administration-
approved drug product.

claims of the safety and effectiveness of cBHT preparations.* The commit-
tee was asked to assess whether the available evidence suggests that these
preparations have clinical utility and safety profiles warranting their clini-
cal use, and it was asked to identify patient populations that might benefit
from ¢cBHT preparations in lieu of FDA-approved BHT. The committee’s
Statement of Task is presented in Box 1-1.

4 While the terms effectiveness and efficacy are similar, they are not the same. The effective-
ness of a drug refers to its therapeutic effect in real-world settings. The efficacy of a drug refers
to the therapeutic effect in controlled clinical settings—such as phase 2 or phase 3 randomized
clinical trials. This difference is critically important. Given the limited efficacy data for cBHT
preparations, the committee considered clinical studies of effectiveness, in addition to clini-
cal studies of efficacy, in its examination of clinical utility of cBHT preparations. Owing to
its broader application to the body of research reviewed, the term effectiveness is used more
generally across the report.
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STUDY SCOPE

The committee systematically reviewed the available evidence relevant
to each component of the clinical utility definition, within the limits of
the committee’s resources, study timeline, and study scope. The commit-
tee maintained a prioritized focus on ¢cBHT preparations of interest to the
study sponsor (NASEM, 2019). These included cBHT preparations contain-
ing estradiol, estrone, estradiol cypionate, estriol, dehydroepiandrosterone
(DHEA), pregnenolone, progesterone, testosterone, testosterone cypionate,
and/or testosterone propionate, many of which serve as the hormonal
ingredients within the most commonly prescribed ¢cBHT formulations (see
Chapters 5 and 6). Other hormone therapies commonly available through
compounding, such as thyroid medications or human growth hormone, are
not covered in this report.

The report looked solely at compounded drugs prepared within the
regulatory framework outlined in the compounding provisions of the Fed-
eral Food, Drug, and Cosmetic Act;> hormones sold as dietary supplements
(e.g., vitamin D) were not considered relevant to this report. Additionally,
the report focuses on the use of cBHT resulting from traditional prescriber—
pharmacist—patient triads, although there is limited discussion of online
purchases and office stock where pertinent.

Based on the physiological effects and indications of the steroid hor-
mones the committee reviewed, the primary focus of this report is on
the use of ¢cBHT preparations to treat menopause or male hypogonadism
symptoms. The committee acknowledges that men of various ages use
compounded bioidentical testosterone formulations for improvement in
physical appearance and/or athletic or physical performance enhancement,
resulting in the potential for nonclinical abuse. The committee reviewed
evidence supporting the use of ¢cBHT in men in this report, but given the
reported magnitude of use of cBHT in women (McPherson et al., 2019),
the report places a greater focus on this patient population.

KEY DEFINITIONS

Clinical utility is a multidimensional, context-dependent term for which
no standardized definition exists. However, based on review of the litera-
ture, including peer-reviewed articles, consumer surveys, and formal posi-
tion statements and guidelines, the committee developed, for the purposes
of this report, its own definition of the term. Here, clinical utility is defined
as a multidimensional construct that reflects evidence about safety, effec-
tiveness, and therapeutic need.’ Patient preference is also a component of

5 In the context of this report, therapeutic need relates to the treatment of menopausal and
male hypogonadism symptoms.
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BOX 1-2
Identified Themes in the Literature on Clinical Utility

Based on insights from the literature, an entity said to have clinical
utility has been described as being able to:

e  Optimize treatment and short- and long-term health outcomes

e Affect diagnostic testing processes

e Assist with patients’ decision making

e Offer psychological benefits to the patient, including improved
health literacy

* Improve society

Furthermore, the evidence describing the components of clinical utility
is not confined to randomized controlled trials; rather, it takes into account
a broad range of factors, including

e The current standard of care

e The care setting

* Costs of care and tests

e The nature of what is being evaluated for clinical utility

SOURCES: Ahn et al., 2019; Bagheri et al.,, 2019; Canter et al.,, 2019;
Challener et al., 2019; First et al., 2019; Grosse and Khoury, 2006; Ishikawa
et al,, 2019; Johansen Taber et al.,, 2019; Lee et al., 2019; Lesko et al,,
2010; McCormack and Billings, 2015; Michel et al., 2019; Miller et al., 2019;
NASEM, 2018; Oh et al., 2019; Osumi et al., 2019; Setlur Nagesh et al., 2019;
Soh and Aw, 2019; Teutsch et al., 2009; Vlahos, 2019; Zago et al., 2018.

clinical utility, reflecting patients’ individual decision making based on how
each person accepts benefits and risks. Evidence-based decisions regarding
the clinical utility of a test, treatment, or medical intervention may evolve
over time with additional studies (NASEM, 2016). See Box 1-2 for an
overview of main themes of clinical utility and Box 1-3 for key definitions
of terms used in this report.

STUDY APPROACH

To address the study charge, the National Academies appointed a
12-member committee of experts to address objectives in the Statement of
Task (see Appendix D for biographical sketches of the committee members
and staff). The committee met in person five times and held four half-
day virtual meetings. In addition to its closed-session meetings, the com-
mittee held five public information-gathering sessions and evaluated the
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BOX 1-3
Key Definitions

Bioidentical: Sometimes referred to as bio-identical or bio identical, this
term describes hormones that are chemically and structurally identical to
those produced by the human body, with the implication that an identical
structure translates to an identical physiologic response as endogenous
hormones. Bioidentical hormones may be synthesized from plant or ani-
mal sources or completely synthesized chemically, and they are offered
both as products approved by the U.S. Food and Drug Administration
(FDA) and as preparations that have not undergone FDA approval.

Clinical utility: A multidimensional construct that reflects evidence about
safety, effectiveness, and therapeutic need. Patient preference is also a
component of clinical utility, reflecting patients’ variable acceptance of
benefits and risks.

Compounded preparation: A nonsterile or sterile drug or nutrient prepa-
ration formulated in a licensed pharmacy, outsourcing facility, or other
health care facility in response to or in anticipation of a prescription
or a medication order from a licensed prescriber. Federal law permits
compounding; however, these drugs are not FDA approved for safety
and effectiveness.

Compounding: Drug compounding is often regarded as the process of
combining, mixing, or altering ingredients to create a medication tailored
to the needs of an individual patient.

FDA-approved drug product: A finished dosage form containing a drug
substance, generally, but not necessarily in association with other active
or inactive ingredients, that has demonstrated safety and effectiveness
and received FDA approval. FDA-approved drug products will appear in
FDA’s Orange Book (FDA, 2020a).

Hormone therapy: A therapeutic treatment that alters the levels of hor-
mones in the body in order to alleviate symptoms and clinical findings.

NOTES: See Appendix C for additional key terms. The term bioidentical
is often confused with the term biosimilar. For a description of the term
biosimilar, see FDA, 2020b.

peer-reviewed literature and gray literature (e.g., research reports, books
for a lay audience) on topic areas relevant to the study’s charge.

In recognition of the limited information available addressing the use,
safety, effectiveness, and patient perspectives of cBHT, the committee also
made concerted efforts to collect and review relevant anecdotal, survey, and
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(when possible) quantitative data from national stakeholders to supple-
ment its research efforts. For example, relevant data were submitted by the
following:

e FDA

* Professional Compounding Centers of America

*  National Association of Boards of Pharmacy

*  Select state boards of pharmacy

* A state attorney general’s office

* Representatives of 503A compounding pharmacies and 503B out-
sourcing facilities

*  An editor-in-chief of a leading compounding journal

*  Nonprofit medical and pharmaceutical societies and organizations

*  Compounding advocacy organizations

*  Nonprofit wellness organizations

*  Women’s health advocacy groups

*  Medical prescribers and researchers of cBHT

In addition, the committee reviewed submitted testimonies from thou-
sands of patients who use cBHT.

The committee used the compiled, multitiered evidence base to for-
mulate findings, conclusions, and actionable recommendations to inform
FDA on the clinical utility of cBHT and its use in the treatment of patients.
Box 1-4 provides details of the committee’s supplemental information-
gathering process. (See Appendix A for additional details of the study
approach.)

REPORT ORGANIZATION

The remainder of this report provides a more thorough discussion of
¢BHT in response to the Statement of Task. Chapter 2 provides an over-
view of the history of compounding, reviews its complexity as an art and
a science, and provides a summary of the current compounding market.
Chapter 3 provides an overview of the regulatory framework for com-
pounded mediations and includes a discussion on the development, evalua-
tion, and approval of FDA-approved drug products to highlight differences
in regulatory processes to ensure safety and effectiveness. Chapter 4, serving
as important context for the remainder of the report, provides an overview
of the synthesis, structure, and biochemistry of steroid hormones, and clari-
fies the term bioidentical hormone.

Chapter 5 provides an extensive review of the available cBHT prepara-
tions and, where relevant, discusses FDA-approved BHT products to pro-
vide relevant comparisons of formulation procedures and quality testing.
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BOX 1-4
Information-Gathering Process

The committee used various sources to supplement its research and
review efforts. The committee met in person five times and held four
half-day virtual meetings. In addition to its closed-session meetings,
the committee held five public information-gathering sessions. Partici-
pants in these supplemental information-gathering processes included
a range of subject matter experts, policy experts, officials representing
various stakeholder organizations (e.g., compounders, women’s health
advocates, medical societies), and members of the general public. See
Appendix A for additional details.

Public Information-Gathering Sessions—Discussion Panels
e Discussion of the Committee’s Charge

e Background on Compounding

e Marketing and Use

e Context for the Current Study

e Consumer Engagement, Education, and Medical Care

e Pharmaceutical Sciences and Compounding

e Common Formulations

e Difficult to Compound List

¢ National Perspectives on the Behalf of Compounding Professionals
e Provider Education and Medical Care

e Pharmaceutical Sciences and Compounding Pharmacies
e 503B Outsourcing Facilities

Chapter 6 examines the available evidence on the bioavailability of the
hormones included in ¢cBHT preparations. Chapter 7 outlines the key find-
ings and conclusions that resulted from the committee’s literature review
on the safety and effectiveness of hormone ingredients commonly used in
c¢BHT preparations. This chapter also addresses the importance of adverse
event reporting, a critical component in assessing the safety of publicly
available medications. Chapter 8 reviews the evidence related to the cur-
rent use of cBHT by patients, including the overview of the current clinical
guidance for use, patterns and trends of use, and psychosocial factors that
affect patient preference. The final chapter, Chapter 9, summarizes the
major report conclusions supported by the evidence presented in Chapters 2
through 8 and delves into the committee’s overall conclusion regarding the
clinical utility of ¢cBHT for treating patients. This final chapter also presents
the committee’s six recommendations to the stakeholders of the report.
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An Overview of Compounding

Compounding is the process of combining, mixing, or altering ingredi-
ents to create a medication tailored to the needs of a patient (FDA, 2017).!
Compounding is most often practiced by a licensed pharmacist, a licensed
physician, or a person under the supervision of a licensed pharmacist (FDA,
2017).2 The traditional compounding process begins with a prescription
created by the prescriber responding to a patient need. The prescriber
customarily chooses the active ingredient(s), dosage form, dose, dosing
intervals, and route of administration when writing the prescription. The
prescriber may also choose inactive ingredients, especially in cases where a
patient has a documented allergy to an inactive ingredient, such as peanut
oil. This is followed by the compounding pharmacist preparing (e.g., for-
mulating) and dispensing the medication to the patient.

Compounded medications may offer therapeutic alternatives for
patients with unique medical needs that cannot be met by U.S. Food and
Drug Administration (FDA)-approved drugs (FDA, 2018; Gudeman et al.,
2013; USP, 2017). For example, compounding can provide customized for-
mulations to (1) create alternate dosage strengths or forms, and (2) omit
components of FDA-approved drugs to which a patient has an allergy.

! In an effort to provide additional guidance, the United States Pharmacopeia (USP) offers
a more detailed definition of compounding: “the preparation, mixing, assembling, altering,
packaging, and labeling of a drug, drug-delivery device, or device in accordance with a licensed
practitioner’s prescription, medication order, or initiative based on the practitioner—patient—
pharmacist—compounder relationship in the course of professional practice” (USP, 2017).

2 At times throughout the report, the terms compounder and pharmacist are used inter-
changeably to describe certain professional practices related to compounding.

29
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Compounding can also fill gaps in cases of shortages and discontinuations
of FDA-approved drug products (Glassgold, 2013; USP, 2017).

Patient populations that have traditionally benefited from customized
compounded formulations include pediatric patients, people at the end
of life who may have difficulty swallowing pills or capsules, or people
with certain specific medical conditions for which a current FDA-approved
medication does not exist (Kochanowska-Karamyan, 2016; USP, 2017).
Compounding differs from pharmaceutical industry drug manufacturing
in that the volume of drugs prepared and prescriptions dispensed is small in
relation to FDA-approved medications. See the section “The Compound-
ing Market: Supply and Demand” in this chapter for insights on the recent
growth of the compounding market.

COMPOUNDING: TYPES AND SETTINGS

Currently, the regulation of compounding—including rules related to
the allowance and prohibition of compounding—is addressed at the federal
level under the Federal Food, Drug, and Cosmetic Act (FDCA).> Com-
pounding can use FDA-approved drug products as a starting point, and
alter them in some way, such as combining or diluting them. Compound-
ing can also start with bulk substances (active pharmaceutical ingredients
[APIs]) and combine them with excipients (inactive ingredients) to produce
the final compounded preparation. In addition, compounded drugs are
prepared either as sterile or nonsterile preparations. In sterile compound-
ing, drug formulations are prepared in a clean-room environment using
aseptic techniques to ensure preparations are free of microorganisms. Sterile
compounding is used primarily for injectable, implant, and ophthalmic
preparations. In nonsterile compounding, drug formulations are prepared
in a clean environment but without aseptic techniques required. Nonsterile
compounding is used primarily to prepare oral and topical (skin) formula-
tions: capsules, solutions, suspensions, ointments, creams, and supposito-
ries. Both sterile and nonsterile drug formulations are produced within a
wide range of pharmaceutical and medical settings.

Compounding can occur in community pharmacies, physicians’
offices, and hospital pharmacies; these are referred to in this report as
S03A compounding pharmacies. Compounding, particularly in smaller,
independent community pharmacies, remains an important component of
pharmacy practice (McPherson et al., 2006). In fact, studies suggest that
the preparation of compounded formulations at community pharmacies
may strengthen the patient—pharmacist relationship, improve pharmacists’

3 See Chapter 3 for an overview of the federal and state-level regulations and oversight for
compounding preparations.
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professional satisfaction and perceived quality of patient care, and imbue
pharmacists with a greater responsibility to provide patient-centered care
(McPherson and Fontane, 2010; Yancey et al., 2008).

Public testimony to the committee provided additional insights into the
expanding compounding market. Based on submitted testimony, certain
503A compounding pharmacies no longer function primarily as community
pharmacies but rather as large corporations that dispense compounded
preparations to thousands of patients across state lines.*

In 2013, Congress created a new category for compounding drugs in
larger amounts at specialized compounding facilities, referred to in this
report as S03B outsourcing facilities. Given that certain requirements are
met, these compounding facilities can produce and ship large volumes of
drugs across state lines and produce compounded preparations for third
parties, such as hospitals, clinics, and physician offices without a prescrip-
tion (Glassgold, 2013).°

In either compounding setting (503A compounding pharmacy or 503B
outsourcing facility), the United States Pharmacopeia (USP) provides envi-
ronmental guidelines, suggesting that compounded drugs should be devel-
oped in designated areas that are adequately designed to support the sterile
or nonsterile processes, including providing proper storage for those prepa-
rations and the appropriate conditions (e.g., designated temperature, light,
moisture, ventilation, and security) (USP, 2017). Box 2-1 provides details
about the regulations for allowable compounding under the FDCA.

THE COMPLEXITY OF COMPOUNDING

There is a unique art and science behind compounding drugs. It is the
compounder’s responsibility to prepare the compounded drug preparation
with the proper dose of the API and the appropriate quality and purity of
all ingredients while maintaining sanitary, and if necessary, aseptic condi-
tions when preparing a compounded drug preparation. The compounder
must also provide the patients and their families with the proper instruc-
tions through clear labeling or face-to-face consultation (USP, 2014). See
Box 2-2 for an overview of the importance of a Master Formulation Record
as a component of quality control during the formulation of a drug.

For the development of more complex compounded formulations, a
professional specializing in formulation science may be needed. Formu-
lation science is critical in the development, manufacturing, and testing
of chemical (including pharmaceutical) products and preparations. Such

4 Open session testimony, November 2019.
5 Under federal law, S03B outsourcing facilities may also compound for patient-specific
prescriptions. See the Federal Food, Drug, and Cosmetic Act. 21 U.S. Code Chapter 9.
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BOX 2-1
Allowable Compounding Under the
Federal Food, Drug, and Cosmetic Act

Compounding After Receipt of a Valid Prescription

A prescriber may write a prescription for an identified individual
patient who needs a compounded preparation.? As a common next step,
either the prescriber or the patient then brings or sends the prescription
to the 503A compounding pharmacy, where the pharmacist creates the
compounded drug preparation for the patient according to the prescrip-
tion. In other cases, a prescriber may place an order in a patient’s health
record for a compounded drug preparation, which in most cases is pro-
vided by the health care facility’s pharmacy.

Compounding Before Receipt of a Valid Prescription Order

In certain situations, a pharmacist or physician may compound a
batch of drugs in anticipation of receiving a patient-specific prescription.
This is allowed in cases where there is a history of receiving prescriptions
for a particular drug to be compounded for an identified individual pa-
tient and/or in the context of an established relationship with a particular
prescriber or patient (The Pew Charitable Trusts and NABP, 2018). Having
limited quantities of anticipated compounded preparations on hand may
reduce the time it would take for a compounded drug preparation to be
made available to a patient upon receipt of a valid prescription order for
that patient.

Compounding for Office Stock

Hospitals, clinics, and health care practitioners can obtain non-pa-
tient-specific compounded drug preparations from outsourcing facilities
registered under Section 503B (The Pew Charitable Trusts and NABP,
2018). This “office stock” can increase efficiency and reduce the likeli-
hood of human error that is associated with compounding batches of a
drug preparation after the receipt of individual prescriptions for the same
drug. On the other hand, formulating large batches of drugs is associated
with additional risks, including contamination and creating subpotent/
superpotent drug preparations, which would affect a much larger group
of patients (The Pew Charitable Trusts, 2016).

2 Federal Food, Drug, and Cosmetic Act. 21 U.S. Code Chapter 9.
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BOX 2-2
Master Formulation Record According to
USP <795> for Compounded Nonsterile Preparations

A Master Formulation Record (MFR) is a reference (derived from an
individual patient prescription, or a medication order) that fully describes
the formula for the preparation to be dispensed (USP, 2014). If an MFR
does not already exist in the pharmacy, the compounder must create it.2
In doing so, the compounder will likely draw from one or more of the
following information sources: databases (e.g., online chemical databases;
commercial compounding formula databases; not-for-profit organiza-
tion databases), established compounding text books and journals, or
colleagues.? An MFR must include the following information (USP, 2014):

« Name, strength or activity, and dosage form

e |If applicable, calculations involving gquantities, concentrations,
strength

* |dentities, amounts, characteristics of all components

« Complete preparation instructions, including description of neces-
sary equipment when appropriate

e Container, closure system(s), and packaging and storage requirements

e Physical description of the final product

e Reference source to support the assigned beyond-use date and
storage requirements

e Legally required labeling requirements in addition to the name,
guantity, or concentration of each API; assigned beyond-use date
and storage requirements; prescription or control number; quality
control procedures; and expected results

Once the MFR is completed, an associated Compounding Record is
developed that will document each batch of product prepared (USP,
2008, 2014). While generally considered best practice, these processes
are not required in states that choose not to adopt USP <795> or equiva-
lent standards.© MFRs are an important component of quality control
during the formulation of a drug. If a Compounding Record deviates
from what is written in an MFR without proper documentation for such a
change, it is a breach in the quality control that aims to provide patients
with consistent formulations of their prescription.

2 As of April 2020, MFRs are only required for certain compounding (nonsterile
compounding in 503A compounding pharmacies in states that have adopted USP
<795>), though similar documentation is also required in current good manufactur-
ing practice regulations. See written procedures; deviations. 21 CFR 211.100 (April 1,
2019).

b Example databases include National Library of Medicine (NLM, 2020); Profes-
sional Compounding Centers of America (PCCA, 2019); MEDISCA (Medisca, 2019);

continued
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BOX 2-2 Continued

LETCO (Letco Medical, 2019); Spectrum (Spectrum Pharmacy Products, 2019);
CompoundingToday (IJPC, 2019).

¢ The United States Pharmacopeial Convention (USP) is a nonprofit organiza-
tion that works to ensure the quality of compounded medicines by setting public
standards for identity, strength, quality, and purity. USP developed three types
of standards for compounding: USP-National Formulary monographs for bulk drug
substances, USP compounded preparation monographs, and essential General
Chapters. USP does not have regulatory or enforcement authority, but certain USP
standards are enforceable in some states under state law. In 2019, USP released
new versions of standards, but to date, those versions are not yet official and may
be changed.

formulation experts apply established science and are able to guide deci-
sions about quantities and combinations of active and inactive ingredients,
incorporate quality procedures, and test for stability. This level of expertise
is especially essential for the development of complex medications (e.g.,
sustained released medications, pellets). Of critical importance, a com-
pounding pharmacist often does not have the same training or experience
as a formulation scientist, nor access to the same data for evaluation and
determination of quality, stability, and effectiveness.

Seemingly small variations in compounding processes, such as the order
in which ingredients are added, the temperature at which the formulation is
prepared, or the time allotted to mixing ingredients, can lead to significant
differences in the performance of the resulting drug preparation (Chang et
al., 2013). Unlike manufacturing protocols for drugs that FDA approves
to reliably ensure that a safe and effective product results every time,
compounding procedures are not standardized nor tested for their abil-
ity to produce safe and effective drug preparations. For example, delivery
of active ingredient doses above the desired therapeutic level could result
from miscalculation, including too much API in the formulation, or from
poor-quality formulation resulting in an erratic and unpredictable release
rate; the latter has been observed with compounded pellet formulations
(Jiang, 2019).

Polypharmacy, when a single patient is simultaneously taking multiple
medications to treat one or more medical condition, as well as potential
drug—drug interactions, add to the considerations pertinent to the com-
pounding process. While concerns for drug-drug interactions are not
unique to compounding, the combination of multiple drugs into a single
dosage form without prior testing for safety and effectiveness is of concern,
particularly for formulations that include multiple drugs within a similar
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therapeutic class. For example, compounders should account for the fact
that testosterone can be directly metabolized to estradiol, and that patients
receiving a combination of testosterone and estradiol may inadvertently
receive a higher dose of estradiol than intended (Ishikawa et al., 2006).

Training and Oversight for Compounders

While standard pharmacy school curricula generally include some basic
training in compounding, additional training and certification are needed
to become skilled at compounding, particularly for formulations that are
complex or contain multiple active ingredients. Compounding pharmacists
would also benefit from education that extends beyond the basic skills, but
relatively few have specialized training or higher certification (Schommer
et al., 2008). Organizations such as the Professional Compounding Centers
of America and the American College of Apothecaries offer classes, both
live and online, and certification programs. Starting in the fall of 2019, the
Board of Pharmacy Specialties began offering an exam for pharmacists to
become accredited in Compounded Sterile Preparations, though the spe-
cialty has yet to receive official recognition (Board of Pharmacy Specialties,
2020).

Many states expect compounders to adhere to standards of practice
established by USP (The Pew Charitable Trusts and NABP, 2018):

to minimize harm, including death, to human ... patients that could
result from (1) excessive microbial contamination, (2) variability from
the intended strength of correct ingredients ..., (3) physical and chemical
incompatibilities, (4) chemical and physical contaminants, and/or (5) use
of ingredients of inappropriate quality. (USP, 2014)

However, because USP has no power to enforce practice compliance, it
is up to the state legislature or state pharmacy boards to adopt, oversee, and
enforce the quality standards for compounding set by USP. Such oversight
varies significantly from state to state.

Statements from pharmacy associations, including the American Col-
lege of Clinical Pharmacy, American Society of Health-System Pharmacists,
and National Association of Boards of Pharmacy, echo the considerations
outlined earlier in this chapter. While all of these organizations recognize
the importance of drug compounding, they also express concern regard-
ing the lack of standardized, well-studied formulas; the scarce education
and information on compounding provided to patients, prescribers, com-
pounders, and regulators; the lack of evidence on the safety or effectiveness
of compounded bioidentical hormone therapy (cBHT); and the increasing
exposure of patients to compounded preparations that pose greater risk
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than FDA-approved drug products. (See Chapters 6 and 7 for a discussion
on the available evidence on the bioavailability, safety, and effectiveness of
compounded hormone preparations.)

THE COMPOUNDING MARKET: SUPPLY AND DEMAND

Compounding was the primary route by which medications were pro-
duced until early in the twentieth century, when the advent of large-scale
pharmaceutical manufacturing led to a decreased reliance on compounding
(Newton, 2003; Sundberg, 1997). However, over the past few decades, the
increasing demand for personalized medical care—coupled with the lack
of regulations and oversight for the development of compounded medica-
tions—has catalyzed a resurgence in compounding and engaged a much
broader patient population than traditionally intended (Gameiro et al.,
2018; Gudeman et al., 2013; Oroszlan, 2016).6

The growing demand for compounded drugs is also reflected in their
use to treat a wide spectrum of conditions across a range of therapeutic
areas, including men’s and women’s health, pain management, sports medi-
cine, dental care, veterinary care, pediatrics, hospice care, and in their use
in the fields of allergy, dermatology, immunology, otolaryngology, oncology,
ophthalmology, neurology, and rheumatology (Glassgold, 2013; McPherson
et al., 2016; NABP, 2017).7 Public health officials have become concerned
about this expansion of the compounding market because it increases the
number of patients with the potential to be exposed to drugs that have not
undergone the same rigorous production processes and quality controls as
FDA-approved drugs (FDA, 2017).8

Compounding Services and Data on General Use

Given its rise in popularity over the past two decades, compounding
has become an increasingly lucrative industry. Unfortunately, it is difficult to
identify publicly available, evidence-based estimates of the number of drugs
compounded, the types of drugs compounded, the number of pharmacists
and physicians who compound, or the size of the compounding market
(Glassgold, 2013). This lack of data likely results from the lack of federal
reporting requirements and centralized data collection, as well as variable
insurance coverage for a broad range of compounded medications (NASEM,

¢ See Chapter 3 for an overview of the federal and state-level law, regulations, and oversight
for compounding preparations.

7 A discussion on the trends in the marketing of cBHT preparations can be found in Chapter 8.

8 Chapter 3 provides an overview of how policies and regulations have dealt with marketing
for compounded drugs.
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2019). Specifically, there is no requirement for 503A compounding pharma-
cies to report or publicly advertise the presence and/or extent of their com-
pounding capabilities (e.g., nonsterile or sterile; small focus versus primary
specialty). Although outsourcing facilities must report their 6-month com-
pounding totals to FDA, only some 70 facilities have registered voluntarily
and identified themselves as outsourcing facilities, and it is likely that other
nonregistered facilities exist and are operating in violation of Section 503A
without appropriate oversight for the compounding they perform.’ The
resulting data shortage poses challenges for risk—benefit assessment and
public health policy related to compounded drug preparations.

With this context in mind, the National Council for Prescription Drug
Programs estimates that there are more than 32,000 pharmacies nationwide
that broadly describe some compounding activities under their offered
services (The Pew Charitable Trusts, 2016). In terms of specialization,
the American Pharmacists Association estimates that only around 7,500
of the approximately 56,000 community-based U.S. pharmacies special-
ize in providing compounding services, meaning the pharmacists in those
facilities spend most or all of their time compounding special preparations
for patients (American Pharmacists Association, 2019). The Alliance for
Pharmacy Compounding reports that 1 to 3 percent of prescriptions in the
United States are for compounded drugs (APC, n.d.). Additionally, a 2019
Letco Medical survey of more than 4,000 pharmacy compounders found
that nearly 40 percent of those surveyed worked in pharmacies solely dedi-
cated to compounding (APC, n.d.).

Other data provide additional insights into the scope of the compound-
ing world. From 2005 to 2016, the number of Medicare patients receiving
a compounded drug increased 281 percent (HHS OIG, 2016). Similarly, a
study of individuals with private insurance found an increase of 27 percent
in compounded drug use between 2012 and 2013 (McPherson et al., 2016).
A 2019 survey of 494 patients found that almost 80 percent of people who
received compounded prescriptions did so through mail-order pharmacies,
and that among those surveyed, compounded prescriptions were being used
to replace rather than supplement other drug(s) (McPherson et al., 2019).

Data on compounded drugs are also available from national work-
ers’ compensation claims. Compounding is a growing trend in workers’
compensation programs; prescriptions for compounded drugs increased
almost five-fold between 2007 and 2012, from 6,416 to 30,669 (Walls et
al., 2014). Several surveys of pharmacists and prescribers have sought to
elicit information about the use of compounded drugs, but the information
obtained has been limited because of low response rates (McPherson et al.,
2019; Ness et al., 2002; Warner and Tuder, 2014).

% These points are discussed in greater detail in Chapter 3 of this report.
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Insurance claims data also show that the number of beneficiaries re-
ceiving compounded drugs increased by 281 percent, from 73,368 in 2006
to 279,873 in 2015 (HHS OIG, 2016). A retrospective analysis of pre-
scription claims data found that the prevalence of eligible members using
compounded drugs increased by some 27 percent between 2012 and 2013,
with 1.4 percent of eligible members using compounded drugs in 2013. The
number of claims for compounded drugs also increased by some 34 per-
cent (from 486,886 to 653,360) during the same period (McPherson et al.,
2016).

Market Reports

Several private marketing reports have estimated the global market
revenue for compounded preparations to fall between $2 and $9 billion.
Those analyses all predict growth in the next few years, ranging from 3 to
7 percent. A caveat is that these estimates come from private marketing
reports and are based on data sources that are publicly unverifiable (e.g.,
Bourne Partners, 2018; Global Market Insights, 2018; Market Research
Engine, 2018; Ugalmugale and Mupid, 2018a,b; Zion Market Research,
2018). Other unverifiable analyses have estimated the global market for
compounding pharmacies in 2017 to be $8.5 to $9 billion, with the 503B
market estimated at $1.5 billion (Bourne Partners, 2018; Global Market
Insights, 2018; Zion Market Research, 2018). These analyses project that
by 2022 to 2024, the global compounding market will reach $10 to $14 bil-
lion, with a compounded annual growth rate of 4 to 6 percent (Bourne
Partners, 2018; Global Market Insights, 2018; Market Research Engine,
2018; ReportsnReports, 2018; Zion Market Research, 2018).

Given the evidence for the substantial use of compounded drugs and
the minimal federal and state oversight and protection for patients, there
is cause for serious concern that an increasing number of drugs used in
the United States are consumed without assurance for their quality, safety,
and effectiveness. Chapter 3 reviews the current federal and state-level
regulatory framework to minimize risks related to the use of compounded
preparations, and Chapter 7 discusses the scientific evidence on the safety
and effectiveness of compounded bioidentical hormone preparations, and
related adverse events.
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4 N

Conclusion 2-1

Compounding is a necessary component of medical and
pharmaceutical practice and offers therapeutic options to
patients with medical needs that cannot be met by available
EDA-approved drug products. However, the lack of publicly
available data about the number of pharmacies providing
compounding services, and the overall supply of and
demand for the different formulations precludes the ability
to understand the scopes of the compounding industry and
potential public health concerns, and as a result, hinders efforts
to characterize the safety and effectiveness of compounded
bioidentical hormone therapy preparations.
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Regulatory Framework for
Compounded Preparations

Compounded drugs have long been part of the medical armamen-
tarium. Through drug compounding, compounders may offer therapeutic
alternatives for patients with unique medical needs that cannot be met by
U.S. Food and Drug Administration (FDA)-approved drug products (FDA,
2017a). The Federal Food, Drug, and Cosmetic Act (FDCA) of 1938 is the
primary source of FDA’ authority over prescription drugs. To help protect
the public from ineffective or potentially dangerous products, prescription
drug manufacturers have been required to submit evidence of the safety of
drugs since 1938, and of their efficacy since 1962, before they can be sold
in the United States (Kim, 2017).! Although compounded drugs require a
prescription prior to being dispensed to patients, the FDCA does not give
FDA similar authority to evaluate their safety, effectiveness, or quality
before they are marketed (FDA, 2017a). In the absence of substantial
federal oversight, states remain the primary regulators for the majority of
prescription-based drug compounding practices (Kim, 2017).

This two-tiered system of regulatory oversight of the U.S. drug
market—in which FDA primarily oversees the production of manu-
factured drugs and states primarily oversee compounded drugs (Kim,
2017)—is the subject of this chapter. It begins with a comparison of the
federal regulatory structures for manufacturer-distributed drugs versus

L' PL. 87-781, 76 Stat. 780 (1962) (current version as amended at 21 U.S.C. §§ 301-392).
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compounded drugs, and then it reviews key regulatory issues related to
the U.S. compounded drug market.?

FDA-APPROVED DRUG PRODUCTS

FDA approves a new drug for public use only after careful review of data
from preclinical studies in animals and human clinical trials that determine
whether the benefits of the drug outweigh its known and potential risks.
FDA’s direct involvement begins after the drug sponsor has gathered sulffi-
cient preclinical information to warrant testing in humans; this information
includes the drug’s chemical and physical properties; biochemical properties,
such as solubility; metabolism; and factors influencing the pharmacokinetics
and pharmacodynamics of the drug (FDA, 2016a, 2020b).

At that point, and before beginning clinical testing, the drug sponsor
must submit the results of its preclinical testing to FDA in an investigational
new drug (IND) application. The IND application, in addition to plans
for human clinical trials, also includes information about the proposed
manufacturing process to ensure that the company can produce consistent
batches of the drug. Human trials can start 30 days after submission of the
IND, allowing FDA time to review the information to ensure that partici-
pants will not be exposed to undue risk (FDA, 2020b).3

Drugs covered by an IND generally undergo a multistage process of
human clinical testing. The first phase of clinical trials is designed to assess
how the drug is metabolized and excreted; to identify the most frequent,
acute safety issues; and to evaluate different dosing levels, usually in a small
number of healthy volunteers.* Phase 2 trials gather initial data about drug
activity (often as measured by surrogate endpoints, such as changes in bio-
markers) and adverse effects in a larger number of individuals who have
the condition or disease the product is intended to treat. These trials may
continue to evaluate a range of doses to determine the optimal dose with
respect to both efficacy and safety.

Phase 3 trials are typically randomized controlled trials that compare
the safety and efficacy of the drug with a placebo or another product ap-
proved for the proposed indication. These trials may also study different
populations and different dosages of the drug; in some cases, the drug may

2 Several of the hormones covered in this report can be purchased online and in health stores
as dietary supplements, including in doses and combinations similar to those available through
compounded formulations. However, dietary supplements fall under a different regulatory
structure than compounded drugs, and thus will not be discussed in detail in this chapter.

3 FDA can issue a clinical hold within these 30 days if it feels the data do not yet support safe
study of the drug in humans, or if clarifications are needed to provide the needed assurance.

4 Toxic, high-risk drugs are studied only in populations with the disease or condition to be
treated rather than healthy volunteers.
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be studied in combination with other approved drugs to see if the combina-
tion improves outcomes. Phase 3 studies vary in size, depending on the size
of the target population and the size of the effect of interest; some phase 3
studies are small, while others recruit thousands of research participants.
Phase 3 trials are intended to provide the primary clinical evidence of the
safety and effectiveness of the drug (FDA, 2016a). Throughout all phases of
testing, study protocols are reviewed by FDA and must receive institutional
review board approval (FDA, 2020Db).

Depending on the results of the clinical trials, the sponsor (nearly
always a pharmaceutical company) may file a new drug application (NDA)
proposing that FDA approve a new product for marketing in the United
States.’ The NDA includes information about the results of relevant animal
studies, results of all clinical studies, and information about the manufac-
turing, processing, packaging, and investigators conducting the research,
as well as proposed labeling language that describes appropriate usage and
potential adverse events. FDA reviews the information to determine the
following:

*  Whether the studies demonstrate that the drug is safe for its in-
tended use and supported by substantial evidence of effectiveness,
and whether the benefits of the drug outweigh the risks;

* The appropriateness of the manufacturer’s proposed labeling,
including package insert; and

*  The adequacy of the manufacturing process and the controls used
to maintain the drug’s quality (FDA, 2019%e).

After FDA approves a drug, further safety monitoring (phase 4 of the
process) is critical because the clinical trials that support approval cannot
predict all of a drug’s effects until it is used more broadly. Manufacturers
of approved drugs are required to submit regular safety updates to FDA,
including results of further studies and adverse event reports they receive

5 In addition to NDAs, there are other types of therapeutic drug applications. These include
a Biologics License Application (used to approve biologics), an Abbreviated Biologics License
Application (used to approve biosimilar versions of biologic drugs), and an abbreviated new
drug application (ANDA) (used to approve generic drugs). Approval of an ANDA requires
demonstrating that the generic drug is pharmaceutically equivalent (including having the
same dose of active ingredient and method of administration) and bioequivalent (including
having the same pharmacodynamic properties, such as maximum serum concentration and
time to achieve maximum concentration) to the original version. By meeting these require-
ments, generic manufacturers do not have to repeat the same battery of clinical trials for their
products that led to the approval of the brand-name products serving as the reference prod-
ucts. For additional information, see https://www.fda.gov/drugs/how-drugs-are-developed-
and-approved/types-applications (accessed May 23, 2020).
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from physicians and patients.® FDA also collects reports of adverse events
submitted directly by health professionals and patients and maintains the
Sentinel System. The Sentinel System, which launched in February 2016,
allows FDA to query large electronic databases of health outcomes derived
largely from administrative and claims data from health insurers to identify
safety signals or follow up on ones that emerge through postmarket safety
reports (FDA, 2019b).

FEDERAL REGULATION OF DRUG COMPOUNDING

Throughout its history, compounding has been considered part of the
practice of pharmacy. Because states are the primary regulators of various
health care professions, including pharmacy and medicine, compounding
is largely regulated at the state level (Glassgold, 2013). Policy makers and
federal regulators generally avoided seeking to exercise authority over
compounding pharmacy practice given its small scale and the individual-
ized nature of the treatment (Kim, 2017). By the late 1980s, however,
compounding had grown into a major industry. As part of an emerging
wellness movement, some pharmacists advertised compounded prepara-
tions as all-natural and lower risk alternatives to FDA-approved drug
products (Boodoo, 2010). In addition, certain large-scale compounding
facilities began producing copies of FDA-approved drugs and marketing
those products widely across state lines (Glassgold, 2013). These facilities
seemed indistinguishable from traditional pharmaceutical manufacturers,
except that they did not manufacture drugs in accordance with required
quality standards or obtain approval from FDA (Boodoo, 2010). They
would obtain state licenses as pharmacies to avoid registering with FDA
as a drug manufacturer, but would deliver drugs without having patient-
specific prescriptions (Snow, 2013), and in certain instances, used un-
approved or withdrawn active ingredients (Kim, 2017). FDA and Congress
began to address these issues through the development of guidelines and
legislation.

Under the FDCA, compounded drugs are technically considered “new
drugs” and thus subject to all of the law’s requirements. However, since
it would be impractical for pharmacists to obtain approval for each com-
pounded drug produced to meet the specific needs of an individual patient,
FDA generally did not enforce new drug approval requirements for com-
pounded drugs.”

¢ Federal Food, Drug, and Cosmetic Act. 21 U.S. Code Chapter 9.

7 Thompson v. W. States Med. Ctr., 535 U.S. 357, 369-370 (2002) (“[I]t would not make
sense to require compounded drugs created to meet the unique needs of individual patients to
undergo the testing required for the new drug approval process.”).
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To clarify the agency’s role in regulating drug preparations from com-
pounding pharmacies, FDA issued a Compliance Policy Guide (CPG) in
1992.8 The 1992 CPG listed nine actions or factors that might lead FDA
to subject a compounder to FDA oversight as a manufacturer, including
production of “inordinate amounts” of drugs, using ingredients not from
FDA-approved facilities, compounding existing FDA-approved products,
and “soliciting business to compound specific drugs” (Kim, 2017; Snow,
2013).° Despite a ruling in FDA’s favor from a federal court of appeals,
FDA still generally did not enforce the CPG in the face of substantial
criticism from the pharmacy community (Boodoo, 2010; Snow, 2013).
However, in 1997 much of the CPG was incorporated into law as part
of the Food and Drug Administration Modernization Act (FDAMA), and
the Section 503A in the FDCA was created. This new section outlined the
conditions that compounded drugs must meet to be exempt from certain
aspects of the FDCA.'? In addition, Section 503A(c) of the new law prohib-
ited compounding pharmacies from soliciting prescriptions (Snow, 2013).1!

In 2001, a group of pharmacies challenged Section 503A(c), arguing
that using advertising as a criterion in determining whether to regulate com-
pounding in the same manner as drug manufacturing violated compounders’
commercial speech rights under the First Amendment (Kim, 2017). The
Ninth Circuit agreed and invalidated all of Section 503A because of this
problematic part. In 2002, the Supreme Court affirmed the Ninth Circuit’s
holding that Section S03A(c)’s effect on advertising was unconstitutional.'?
However, the Supreme Court did not comment on whether Section 503A’
advertising restrictions were severable from the other provisions of Sec-
tion 503A, so in the Ninth Circuit, all of Section 503A was considered
invalid. This, in effect, eliminated FDA’s ability to regulate compounding
in the Ninth Circuit (Alaska, Arizona, California, Hawaii, Idaho, Montana,
Nevada, Oregon, and Washington) (GAO, 2016; Kim, 2017).

FDA understood the Supreme Court’s ruling to mean all of Section
503A was invalid nationwide,!? and therefore released an updated, non-
legally binding CPG in 2002. Similar to the 1992 CPG, the new guidance
document reiterated the criteria FDA would use to determine if actions were

8 U.S. Food and Drug Administration, Compliance Policy Guide 7132.16, Manufacture,
Distribution and Promotion of Adulterated, Misbranded, or Unapproved New Drugs for
Human Use by State-Licensed Pharmacies, March 16, 1992.

® Thompson v. W. States Med. Ctr., 535 U.S. (2002).

10 Examples of the outlined conditions are described in later sections of the chapter.

11 Federal Food, Drug, and Cosmetic Act. 21 U.S. Code Chapter 9.

12 See Thompson v. W. States Med. Ctr., 535 U.S. (2002) and W. States Med. Ctr. v. Shalala,
238 E.3d 1090, 1092 (9th Cir. 2001) for additional details.

13 Pharmacy Compounding Compliance Policy Guide; availability. 67 FR 39409 (June 7,
2002).
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legitimate compounding or manufacturing subject to FDA oversight, while
excluding any restrictions on promoting compounding services (GAO,
2013; Nolan, 2013; Snow, 2013).'* In 2008, FDA regulation of com-
pounding became more complex when the Fifth Circuit, in Medical Center
Pharmacy v. Mukasey, concluded that Section S03A(c) was severable.!®

In October 2012, contaminated injections from the New England Com-
pounding Center (NECC), a large-scale drug compounding facility, led to
a fungal meningitis outbreak that killed more than 60 people and injured
more than 700 (FDA, 2017a). This outbreak of fungal meningitis brought
national attention to the incomplete oversight of compounding. As early
as 2002, FDA suspected that NECC likely used illegitimate compound-
ing practices, and FDA had inspected NECC three times by 2004 (Kim,
2017). FDA sent a warning letter to NECC in 2006 asking the company
to make its manufacturing practices safer (U.S. House of Representatives,
2013). However, FDA never required correction of NECC’s problematic
compounding practices (Kim, 2017). When FDA officials inspected the
NECC plant in the aftermath of the outbreak, they found vials of steroids
filled with enough floating contamination to be visible to the human eye
(Grady et al., 2012). Partly as a result of this incident, Congress passed the
Drug Quality and Security Act (DQSA) in November 2013 to clarify FDA’s
authority in regulating and overseeing compounded drugs.

Drug Quality and Security Act

Title T of the DQSA, called the Compounding Quality Act, amended
Section 503A to remove the restrictions on soliciting prescriptions, and
added the new Section 503B to the FDCA, creating a second category of
drug compounding with increased federal regulatory oversight.!® Section
503B established a new category of compounder termed S03B outsourcing
facilities that can voluntarily register with FDA to compound without a
patient-specific prescription and without restrictions on interstate distri-
bution.!” See Figure 3-1 for a geographic distribution of 503B outsourcing
facilities throughout the United States.

S503A Compounding Pharmacies

Section 503A exempts drugs that meet certain conditions from three
statutory FDCA requirements: new drug approval, labeling with adequate

14 CPG § 460.200 (May 29, 2002).

15 Medical Center Pharmacy v. Mukasey, 536 F.3d 383, 404 (5th Cir. 2008).

16 Drug Quality and Security Act of 2013, P.L. 113-54, 127 Stat. 587 (codified at 21 U.S.C.
§ 301).

17 Federal Food, Drug, and Cosmetic Act. 21 U.S. Code Chapter 9.
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FIGURE 3-1 Geographic distribution of 503B outsourcing facilities throughout
the United States.

NOTES: Darker shading reflects a greater number of outsourcing facilities in the
state. Values of 503A pharmacies are difficult to estimate owing to a lack of stan-
dardized reporting, wide-ranging scopes of compounding between pharmacies, and
frequent changes in the number of 503A pharmacies. See Appendix E for additional
data on 503A compounding pharmacies and 503B outsourcing facilities.
SOURCE: FDA, 2020c.

directions for use, and current good manufacturing practice (CGMP) proce-
dures. To be exempt from these requirements, a drug must be compounded
by a licensed pharmacist or physician with a valid prescription for an identi-
fied patient, or must be compounded in limited quantities in anticipation of
a prescription based on a history of prescription orders (often referred to as
anticipatory compounding). In addition, if not compounded from an exis-
tent FDA-approved drug product, the drug must use bulk drug substances
that meet United States Pharmacopeia-National Formulary (USP-NF) stan-
dards in applicable monographs, if a monograph exists.!® Section 503A also
prohibits compounding drugs that have been withdrawn as a result of safety
or effectiveness concerns, present demonstrable difficulties for compound-
ing, are essentially copies of FDA-approved drugs, or compounded within

18 Other allowable conditions for the use of bulk drug substances in compounded prepara-
tions are discussed later in this chapter.
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a state that has entered into a Memorandum of Understanding!® with FDA,
or within a licensed pharmacy (or by a licensed physician) where the com-
pounded preparations distributed out of state do not exceed 5 percent of
total prescriptions dispensed or distributed by that particular pharmacy or
physician (Kim, 2017; Snow, 2013).20

Compounding pharmacies that qualify for Section 503A exemptions
are not required to register with FDA, and FDA neither routinely inspects
compounding pharmacies nor assesses the quality of the compounded prep-
arations produced by those pharmacies (Gudeman et al., 2013). Rather,
state boards of pharmacy are the primary overseers of Section 503A
compounding pharmacies, leading to less consistent and comprehensive
supervision than would be given by FDA and state-by-state variability in
the degree of oversight (The Pew Charitable Trusts, 2016). While gaps in
oversight exist, a violation of 503A, or other applicable statutes within
the FDCA, may result in warning letters, product seizures, injunctions, or
prosecution by state or federal authorities (FDA, 2016b).

503B Outsourcing Facilities

In addition to amending Section 503A, the DQSA added Section 503B
to the FDCA, establishing outsourcing facilities, which are operations that
can compound without the need for patient-specific prescriptions, though
they may also compound for patient-specific prescriptions. Section 503B
describes the conditions that must be satisfied for drugs compounded by
or under the direct supervision of a licensed pharmacist in an outsourcing
facility to qualify for exemptions from FDCA requirements for new drug
approval, labeling, and drug supply chain security. Similar to 503A pharma-
cies, S03B facilities are restricted from compounding drugs that have been
withdrawn from the market because of safety or effectiveness concerns,
present demonstrable difficulties for compounding, or are essentially copies
of FDA-approved drugs. Section 503B also describes separate restrictions
on the use of bulk drug substances.?! Under Section 503B, compounded
drugs from outsourcing facilities are required to provide some labeling,
though FDA does not review these labels for approval, and the required
information for the label is minimal.?? See sections below for an additional
discussion on requirements for labels.

19 A standard Memorandum of Understanding has not yet been finalized. A draft form of the
agreement, published in 2018, can be found at https://www.fda.gov/media/91085/download
(accessed April 13, 2020).

20 Federal Food, Drug, and Cosmetic Act. 21 U.S. Code Chapter 9.

21 The separate restrictions for producing copies of FDA-approved drug products and using
bulk drug substances are described later in this chapter.

22 Federal Food, Drug, and Cosmetic Act. 21 U.S. Code Chapter 9.
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Outsourcing facilities are required to register annually with FDA, un-
dergo inspections according to a risk-based schedule, and report adverse
events. Outsourcing facilities must submit a biannual report to FDA iden-
tifying the compounded drugs they prepared in the past 6 months.?? Sec-
tion S03B facilities must also comply with CGMP requirements,?* which
requires additional investments in time and resources compared to those
required of most 503A compounding pharmacy operations. Section 503B
facilities thus have more federal oversight to ensure drug quality than do
503A compounding pharmacies.

In summary, federal oversight of the manufacturing process for FDA-
approved medications and non-FDA-approved compounded medications is
complex. See Figure 3-2 for a distilled graphic depiction of select steps in
FDA’s oversight of these processes.

Distinguishing Features of 503A and 503B Compounders

Section 503A compounders and Section 503B outsourcing facilities
have other important differences. Select examples, including those related
to the raw materials they can use, their ability to produce copies of FDA-
approved drugs, their labeling requirements, and their ability to sell com-
pounded preparations through interstate commerce, are discussed in the
sections below. (To review additional key differences, not discussed in this
section, see FDA, 2018b.)

Bulk Drug Substances

Sections 503A and 503B place limits on the bulk drug substances, or
active pharmaceutical ingredients (APIs), that can be used in compounded
drugs. The FDCA states that 503A pharmacies may only use bulk drug
substances that (1) comply with an applicable USP or NF monograph and
the USP chapter on pharmacy compounding; (2) are components of FDA-
approved drug products if an applicable USP or NF monograph does not
exist; or (3) appear on FDA’s list of bulk drug substances that can be used
in compounding.?®

In contrast, the FDCA states that 503B facilities may only use bulk
drug substances that: (1) are used to compound drug products that appear
on FDA’s drug shortage list at the time of compounding, distribution, and

23 Additionally, outsourcing facility preparation reports can be found at https://www.fda.
gov/drugs/human-drug-compounding/information-outsourcing-facilities (accessed April 13,
2020). These preparations are likely less diverse than those that are produced at 503A com-
pounding pharmacies.

24 Federal Food, Drug, and Cosmetic Act. 21 U.S. Code Chapter 9.

25 Federal Food, Drug, and Cosmetic Act. 21 U.S. Code Chapter 9.
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dispensing; or (2) appear on FDA’s list of bulk drug substances for which
there is a clinical need.?¢-?”

FDA is in the process of compiling 503A and 503B “bulk lists” of
allowable bulk drug substances for compounding (FDA, 2019a).28 Drug
makers may challenge the nomination of a bulk drug substance to the list
during a notice-and-comment period, especially if an FDA-approved drug
product already exists to meet the clinical need. However, until these lists
are finalized, FDA’ interim policy authorizes facilities to compound using
any bulk drug substance that has been nominated to the list with sufficient
information for FDA to evaluate the substance and that does not raise sig-
nificant safety concerns (FDA, 2017b,c).

Copycat Drugs

Both Sections 503A and 503B prohibit the compounding of drugs that
are “essentially copies” of FDA-approved drug products. However, what
FDA considers a copy differs between the two categories of compounding.
Section 503A prohibits compounders from compounding “regularly or in
inordinate amounts” drugs that are “essentially copies” of FDA-approved
drugs. Under Sections 503A and 503B, drug copies do not include com-
pounded formulations that have been changed in a way that the prescriber
determines will provide a significant difference for an identified individual
patient compared to a FDA-approved drug product. Unlike Section 503A,
Section 503B allows copies of FDA-approved drugs to be compounded
if the approved drug is on the drug shortage list.?? The prohibition on
compounding copies of FDA-approved drugs ensures that patients do not
receive compounded drugs that have not undergone FDA approval when
their needs could be met by FDA-approved drugs.

Labeling

Drugs compounded under Sections 503A and 503B are exempt from
certain federal labeling requirements. However, Section 503B does require
the inclusion of certain label information on compounded drugs, includ-
ing the statement “this is a compounded drug” (or comparable statements),

26 Federal Food, Drug, and Cosmetic Act. 21 U.S. Code Chapter 9.

27 FDA limitations on the bulk drug substances available to outsourcing facilities for com-
pounding are to prevent outsourcing facilities from growing into manufacturing operations
that make unapproved drugs (FDA, 2019a).

28 List of Bulk Drug Substances That Can Be Used to Compound Drug Products in
Accordance with Section 503A of the Federal Food, Drug, and Cosmetic Act. 21 CFR §§ 216
(February 19, 2019).

29 Federal Food, Drug, and Cosmetic Act. 21 U.S. Code Chapter 9.
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the dosage form and strength, the date the drug was compounded, the
expiration date, and storage and handling instructions, among others. If
the drug is dispensed or distributed other than for a patient-specific pre-
scription, it must be labeled with the statement “not for resale” or “office
use only.” For outsourcing facilities, the container for individually stored
units of compounded drugs must include a list of active and inactive ingre-
dients, where to report adverse events, and directions for use (Dabrowska,
2018).3° However, compounded drugs are not required to have labels that
mirror FDA-approved versions in the same drug class. For example, if a
class of FDA-approved drugs is required to have a boxed warning (the most
prominent kind of warning featured on a drug’s labeling), a compounded
drug containing an active ingredient in that class is not required to carry
the same boxed warning (FDA, 2018b).

Interstate Distribution

Section 503A prohibits compounding pharmacies from distributing com-
pounded drugs outside of the state in quantities that exceed 5 percent of the
total prescription orders dispensed or distributed by that pharmacy, unless
the state has entered into a Memorandum of Understanding (MOU) with
FDA.3! The policy serves to facilitate investigations of complaints related to
compounded drugs distributed out of the state where it was compounded,
and to prevent inordinate interstate distribution of compounded drugs that is
characteristic of drug manufacturing.3233 The law does not restrict interstate
distribution of compounded drugs from 503B outsourcing facilities.

Regulations Related to Marketing:
The Federal Trade Commission and the Consumer Protection Act

Compounded drugs have been promoted through major marketing
campaigns in physician offices and pharmacies, as well as by online adver-
tisements. Some of these promotional campaigns have included unsubstan-
tiated claims of safety, disease prevention, and antiaging properties (Patsner,
2008). While the FDCA gives FDA authority to take enforcement action
against compounders who produce misbranded drugs (defined as those that

30 Federal Food, Drug, and Cosmetic Act. 21 U.S. Code Chapter 9.

31 See the Federal Food, Drug, and Cosmetic Act § S03A(b)(3)(B)(i). 21 U.S. Code Chapter 9.

32 A standard MOU has not yet been finalized. A draft form of the agreement, published in
2018, can be found at https://www.fda.gov/media/91085/download (accessed April 13, 2020).

33 Memorandum of Understanding Addressing Certain Distributions of Compounded Drug
Products Between the States and the Food and Drug Administration; Revised Draft; Availabil-
ity. 83 FR 45631 (September 10, 2018). https://www.govinfo.gov/content/pkg/FR-2018-09-10/
pdf/2018-19461.pdf (accessed April 13, 2020).
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make false or misleading claims),?* oversight of the fairness of commercial
advertising of drugs in the United States also falls to the Federal Trade
Commission (FTC, 2019). According to FTC’s Deception Policy Statement,
an advertisement is considered “deceptive” if it contains a statement, or
omits information, that is (1) likely to mislead consumers acting reasonably
under the circumstances (e.g., misleading price claims, sales of hazardous
products or services without adequate disclosures); and (2) is “material,”
meaning it is likely to affect a consumer’s conduct or decision in regard to
the product or service (Miller, 1983).

In April 2007, FTC representatives testified to Congress on its actions
against sellers falsely promoting compounded bioidentical hormone therapy
(cBHT). Specifically, FTC staff searched for online websites claiming that
their progesterone preparations were safe and could prevent, treat, or cure
serious illnesses, such as cancer and osteoporosis. FTC found 34 websites
making such misleading claims and sent warning letters to each seller. FTC
has followed up with these companies, identifying 15 that had removed
the claims or preparation from their website, and made further enforce-
ment recommendations for those who had not taken corrective action. The
testimony also discussed FTC’s close partnership with FDA in addressing
misleading claims for ¢cBHT sold online (U.S. Senate, 2007). See Box 3-1
for additional information on FTC standards and practices for deceptive
advertising.

In October 2007, FTC filed complaints against seven additional online
sellers of cBHT, alleging they sold compounded progesterone preparations
based on claims without scientific evidence. According to FTC’s complaints,
the respondents claimed their compounded progesterone creams were:

»  Effective in preventing, treating, or curing 0steoporosis;

* Effective in preventing or reducing the risk of estrogen-induced
endometrial (uterine) cancer; and

* Do not increase the user’s risk of developing breast cancer and/or
are effective in preventing or reducing the user’s risk of developing
breast cancer (FTC, 2007).

Since the complaints were issued, six of the sellers have signed consent
orders preventing them from making similar unsubstantiated claims in the
future (FTC, 2007).

States also may play a role in combating false and misleading advertise-
ments. Recently, Tennessee prevailed in demonstrating that a compounding
pharmacy in the state had violated the Tennessee Consumer Protection Act
with its cBHT marketing and advertisements. The final ruling concluded

34 Federal Food, Drug, and Cosmetic Act § 505D(c)(1). 21 U.S. Code Chapter 9.
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BOX 3-1
FTC and Deceptive Advertising

FTC standards and practices help determine if an ad is deceptive.
Typically, FTC will investigate an ad from the point of view of the “reason-
able consumer,” examining the advertisement holistically, including its
words, phrases, and pictures, to determine the underlying message and
implications it conveys to the average consumer. It then compares both
“express” and “implied” claims. An express claim is the literal wording
of the advertisement, while an implied claim refers to the claim made
indirectly or through inference (Miller, 1983). As an illustrative example,
“ABC mouthwash prevents colds” is an express claim, while “ABC mouth-
wash Kills cold-causing germs” contains an implied claim that the prod-
uct will prevent common colds. Although this hypothetical advertisement
does not directly claim that the product will prevent colds, it may be
reasonable for a consumer to conclude that the product prevents colds
by “killing the germs that cause colds.” Federal law mandates advertis-
ers to have evidence to support both express and implied claims (FTC,
2006).

When determining whether an advertisement is deceptive, FTC also
looks for any omissions or failure to include information that leaves the
consumers with a false impression of the product. FTC examines whether
an ad’s claim would be “material” (e.g., including representations about a
product’s performance, features, safety, price, and effectiveness) (Miller,
1983) and determines whether an advertiser has sufficient scientific
evidence to substantiate claims (FTC, n.d.). Penalties for false advertis-
ing depend on the nature of the violation; however, remedies that FTC
or the courts have imposed have included (1) cease-and-desist orders;
(2) civil penalties, consumer redress, and other monetary remedies; and
(3) corrective advertising (FTC, 2001a).

that the compounding pharmacy had engaged in deceptive advertising by
promoting cBHT as absolutely safe and free from side effects, as well as
making claims regarding the benefits of cBHT without adequate support.
The pharmacy in question was ordered to pay more than $18 million in
damages to the consumers who had used its cBHT preparations.?®

For consumers to understand the potential risks and benefits of cBHT,
it is important that labeling and advertising claims related to compounded
drugs be truthful, not misleading, and substantiated with sound evidence.
This may be especially true for hormone therapy, since some of the more
serious adverse events associated with hormone therapies can take years to

35 Office of Tennessee Attorney General. 2020. Email from B. Harrell to National Academies
staff regarding State of Tennessee v. HRC Medical Centers, Inc. legal decision. April 29, 2020.
Available through the National Academies Public Access File.
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develop, delaying the realization of the true harm of false and misleading
advertising (Cirigliano, 2007).

FTC does not offer specific guidance on advertising compounded drugs.
It has, however, issued recommendations for advertising dietary supple-
ments that could aid compounders in the development of advertising mate-
rial. These recommendations call for:

(1) careful drafting of advertising claims with particular attention to how
claims are qualified and what express and implied messages are actually
conveyed to consumers; and (2) careful review of the support for a claim
to make sure it is scientifically sound, adequate in the context of the sur-
rounding body of evidence, and relevant to the specific product and claim
advertised. (FTC, 2001b)

CURRENT CONCERNS WITH FEDERAL REGULATIONS
FOR COMPOUNDED DRUGS

Despite the FDAMA’s and the DQSA’s clarification of compounding’s
federal regulatory environment, confusion over some aspects of compound-
ing regulation and oversight remain, particularly where both federal and
state regulators have overlapping authority.3® These points of unresolved
confusion include the registration of outsourcing facilities, prescription
requirement, and pharmacy inspections.

Outsourcing Facility Registration

While Section 503B confers the ability to compound without a patient-
specific prescription,3” the investment required to comply with CGMP
requirements may create incentives for facilities to forego voluntary 503B
registration with FDA. Thus, compounding pharmacies that distribute
drugs without a prescription do so without the commensurate oversight,
instead purporting to operate inappropriately under S03A oversight (FDA,
n.d.). The exact number of large-scale pharmacies compounding beyond
the scope of 503A is unknown, but as of February 2020, only 73 of the
tens of thousands of U.S. compounding facilities were registered as 503B
outsourcing facilities (FDA, 2020c).38 In 2016, FDA reported that “in the
substantial majority of cases, inspected human drug compounders not reg-
istered as outsourcing facilities were compounding at least some of their
drugs not in accordance with Section S03A” (FDA, n.d.).

36 State regulation of drug compounding is discussed later in this chapter.

37 Federal Food, Drug, and Cosmetic Act. 21 U.S. Code Chapter 9.

38 See Appendix E for additional estimates for SO3A compounding pharmacies and 503B
outsourcing facilities.
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FDA has declared its intention to pursue 503A pharmacies operating as
outsourcing facilities, commenting that it will focus its oversight efforts on
503A pharmacies that are “large-scale, multistate distributors” (Gottlieb,
2018). FDA also declared plans to facilitate compliance with 503B require-
ments by directing resources toward preoperational inspections and meetings,
enhancing postinspection communications, and conducting more regulatory
meetings. In addition, FDA plans to implement more flexible, risk-based
CGMP requirements that account for the size and scope of an outsourcing fa-
cility’s operations as means of lowering the barriers for compounders to regis-
ter as outsourcing facilities (Gottlieb, 2018). FDA offers in-person and online
training geared toward outsourcing facility pharmacists and staff through its
Compounding Quality Center of Excellence in an effort to increase under-
standing of and compliance with the CGMP requirements applied to 503B
outsourcing facilities (FDA, 2020a). See Box 3-2 for an additional discussion
of concerns regarding large-scale 5S03A compounding pharmacies.

BOX 3-2
Large-Scale Compounding Operations at
503A Compounding Pharmacies

Large-scale compounding operations are acquiring pharmacy licenses
in multiple states and operating under 503A exemptions and requirements
(see, for example, Compounding Pharmacy of America, 2020a; University
Compounding Pharmacy, 2020; Women'’s International Pharmacy, 2020).
These pharmacies can then maintain a nationwide market and customer
base while adhering to the less comprehensive 503A oversight instead
of the more rigorous 503B requirements intended to mitigate risks of
such large-scale compounding operations with a broader effect on public
health.

While these large-scale 503A pharmacies are limited to compound-
ing patient-specific prescriptions, it is unclear what processes they follow
to compound these prescriptions. However, given the large number of
patients and prescribers these pharmacies serve, it is likely that many
identical prescriptions are received. In fact, because several of these
large-scale 503A compounders provide patients with options of common
compounding bioidentical hormone therapy formulations they offer (see,
for example, Compounding Pharmacy of America, 2020b), it is probable
that many prescriptions are compounded in bulk rather than individually.
This situation provides an opportunity for a repeat of the New England
Compounding Center tragedy, in which large batches of compounded
drugs are being made without the quality controls for large-scale com-
pounding, and then distributed to a large number of patients across the
country.
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Prescription Requirement

A second point of controversy is the prescription requirement for 503A
compounding pharmacies. The FDCA establishes that producing and dis-
tributing compounded drugs without a prescription is only allowed in
503B outsourcing facilities. Section 503A compounding pharmacies, in
contrast, require patient-specific prescriptions to dispense compounded
drugs.3® However, some state laws, in conflict with federal law, do allow
503A pharmacies to compound “office stock” without a patient-specific
prescription (The Pew Charitable Trusts, 2016).*° Another complicating
factor is that in these situations, the compounder and the prescriber of
the compounded drugs may be the same individual, setting the stage for a
potential conflict of interest not found in the traditional prescription model
in which the prescriber and the manufacturer are two different entities.

Certain health care providers have argued for “office use” compound-
ing in 503A pharmacies for health care providers who need compounded
drugs for immediate administration (FDA, 2019f). FDA has maintained its
position that S03A pharmacies may not compound for office use, stating
that pharmacies that need to keep compounded drugs can obtain non-
patient-specific compounded drugs from 503B outsourcing facilities (FDA,
2016c). Further complicating the situation, the House of Representatives
Committee on Appropriations has indicated that Congress did not intend
to prohibit 503A pharmacies from compounding office stock with the pas-
sage of the DQSA, requesting that FDA develop guidance on how these
pharmacies may continue this practice while complying with federal law.*!

Pharmacy Inspections

Inadequate safety inspections remain a third point of contention, par-
ticularly related to 503A pharmacies. FDA has the authority to inspect
503A compounding pharmacies, as they are still subject to portions of
FDCA regulation, including the prohibition of compounding in insanitary
conditions.*> However, S03A compounding pharmacies are not subject to
CGMP requirements or routine FDA inspections, even though they repre-
sent the majority of compounding facilities in the United States. However,

39 Federal Food, Drug, and Cosmetic Act. 21 U.S. Code Chapter 9.

40 Office use refers to non-patient-specific compounding that is for the purpose of providing
compounded drugs that can be kept on site by hospitals, clinics, or practitioners and can be
used when a patient presents with an immediate need for the drug.

41 U.S. Congress, House of Representatives, Agriculture, Rural Development, Food and
Drug Administration, and Related Agencies Appropriations Bill, 2016, Report 114-205, 114th
Cong., 1st sess., introduced in House July 14, 20135, https://www.congress.gov/congressional-
report/114th-congress/house-report/205 (accessed April 13, 2020).

4221 US.C. § 704(a).
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because Section S03A does not require registration with FDA, the agency
does not have an inventory of compounders purporting to operate under
Section 503A. As a result, FDA often remains unaware of potential issues
with compounded drug products or pharmacy facility conditions at 503A
pharmacies until it receives a complaint or adverse event report (FDA,
2018c). Based on published calculations, FDA has conducted more than
400 inspections and issued more than 150 warning letters since the enact-
ment of the DQSA (Dabrowska, 2018). See Box 3-3 for a brief discussion
of illustrative findings from select compounding pharmacy inspections.

PROFESSIONAL STANDARDS OF DRUG COMPOUNDING

There are two primary sources for professional standards of drug com-
pounding: the United States Pharmacopeia (USP) and a system of voluntary
accreditation.

USP <795>, <797>, <800>

USP is a nonprofit organization that sets standards for the identity,
strength, quality, and purity of ingredients used to make drugs. There are
three types of compounding standards:

1. USP-NF monographs for bulk drug substances and other ingredi-
ents used in drugs, both compounded and manufactured, as well as
set standards for identity, quality, purity, strength, packaging, and
labeling.

2. USP compounded preparation monographs provide guidance and
set quality standards for the process of preparing compounded
formulations (USP, n.d.-b). These preparation monographs include
formulas, directions for compounding, beyond-use dates, packag-
ing and storage information, acceptable pH ranges, and stability-
indicating assays (USP, n.d.-a). USP currently provides more than
175 compounded preparation monographs (USP, 2019).

3. USP also offers eight essential General Chapters that provide over-
views of relevant information, procedures, and analytical methods
for compounding: USP General Chapters <795>, <797>, <800>,
<825>, <1160>, <1163>, <1168>, and <1176> (USP, n.d.-b).
Box 3-4 provides more detail about each of those General Chapters.

USP itself does not have regulatory or enforcement authority, but cer-
tain USP standards are enforceable under state law (The Pew Charitable
Trusts and NABP, 2018). USP standards for compounding were first in-
cluded in the federal law in Section 503A of the FDCA, which states that
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BOX 3-3
Illustrative Findings from
Select Compounding Pharmacy Inspections

In recent years, the U.S. Food and Drug Administration (FDA) has
found numerous compounding facilities to be in violation of some por-
tion of either Section 503A or Section 503B. Below, the findings of
several 503A pharmacy and 503B facility inspections performed by FDA
are described.

Case 1: The findings of a 2019 FDA inspection of a 503A com-
pounding pharmacy in New York City revealed that several
drugs tested did not meet the strength, purity, or quality that
the drug was purported to have. One of the compounded prep-
arations tested, a compounded bioidentical hormone therapy
(cBHT) formulation of estriol, dehydroepiandrosterone (DHEA),
testosterone, and pregnenolone, contained at least 15 percent
less estriol, DHEA, and testosterone than the drug was sup-
posed to contain. The inspection also found that there were
insanitary environmental conditions and equipment being used
at the pharmacy (FDA, 2019¢).

Case 2: The 2018 inspection of a 503A pharmacy located in Las
Vegas, Nevada, found that the methods used to sterilize cBHT
pellets were not sufficient to ensure that the drugs would be
sterile. The inspection also found numerous examples of in-
sanitary equipment and poor environmental conditions (FDA,
2018d).

Case 3: A 2018 FDA inspection of a 503B facility in San Antonio,
Texas, revealed that aseptic and sterilization processes were not
adequately validated to prevent contamination of sterile prod-
ucts. In addition, the inspection found that insanitary equip-
ment was used in the compounding process. The outsourcing
facility was also found to have neglected to investigate failures
in batches of compounded drugs or quality failures. This facil-
ity lacked written procedures for controls to validate identity,
strength, quality, and purity of the drugs being produced (FDA,
2018e).

NOTES: A complete registry of similar inspection results can be found at
the FDA-maintained website Compounding: Inspections, Recalls, and Other
Actions. See https:/www.fda.gov/drugs/human-drug-compounding/
compounding-inspections-recalls-and-other-actions (accessed May 4,
2020).
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BOX 3-4
United States Pharmacopeia General Chapters
Related to Compounding

<795> Pharmaceutical Compounding—Nonsterile Preparations contains
standards for compounding nonsterile drugs—including process, facilities,
equipment, components, documentation, quality controls, and training—to
help ensure that medications are safe and effective while reducing the risk
of contamination, infection, or incorrect dosing.

<797> Pharmaceutical Compounding—Sterile Preparations describes re-
quirements for sterile compounding, such as training and responsibilities
for compounding personnel, facilities, environmental monitoring, storage,
and testing of finished preparations.

<800> Hazardous Drugs—Handling in Health Care Settings provides
standards and requirements for all health care personnel who come into
any contact with hazardous drugs or the environments in which hazard-
ous drugs are handled.

<825> Radiopharmaceuticals—Preparation, Compounding, Dispensing,
and Repackaging describes the standards and procedures for preparing
manufactured radiopharmaceuticals and compounding patient-specific
radiopharmaceuticals.

<1160> Pharmaceutical Calculations in Pharmacy Practice describes how
to appropriately perform calculations required for compounding and
dispensing medications, including quantities of ingredients, dosages,
infusion rates, endotoxin load, stability, and expiration dates.

<1163> Quality Assurance in Pharmaceutical Compounding explicates the
responsibilities and practices of a robust quality assurance system for
compounded preparations.

<1168> Compounding for Phase 1 Investigational Studies provides guidance
on compounding investigational drugs for use in phase 1 clinical trials.

<1176> Prescription Balances and Volumetric Apparatus Used in Com-
pounding describes the balances and volumetric apparatuses for mea-
suring drugs and other substances used in compounding.

NOTES: For the complete text of each of these General Chapters, please
visit the USP Compounding Standards website. At the time of this
report, revised versions of select USP chapters have been published. A
discussion of proposed revisions to the published chapters can be found
at https://www.usp.org/compounding/compounding-appeals (accessed
April 16, 2020).

SOURCE: USP, n.d.-b.
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“compounders must use bulk drug substances and ingredients that comply
with the standards of an applicable USP-NF monograph, if a monograph
exists, and the USP chapter on pharmacy compounding.”*3 While many
states have adopted all or parts of the USP General Chapters on drug
compounding, allowing for state regulators and inspectors to enforce these
quality standards, compounders in some states are not required to comply
with USP compounding standards. Compounding pharmacies in states
that have not adapted these chapters, or equivalent standards, are not
legally required to compound drugs according to these quality measures
(see Figure 3-3).

Some state boards of pharmacy have encountered challenges with en-
forcing USP chapters, as the language of the chapters is sometimes ambigu-
ous regarding what is required versus recommended. Moreover, the degree
of enforcement and oversight will vary from state to state based on the
resources, expertise, and capacities of each state’s board of pharmacy (The
Pew Charitable Trusts and NABP, 2018).

A System of Voluntary Accreditation

Compounding pharmacies can voluntarily request accreditation pro-
cesses to gain third-party validation that could be an attractive selling point
to both prescribers and patients. For instance, the Pharmacy Compound-
ing Accreditation Board (PCAB), under the Accreditation Commission for
Health Care, has established national quality standards for compounding
pharmacies based on industry expert consensus (Springer, 2013).** The
accreditation process evaluates compliance with the nonsterile and sterile
pharmacy compounding standards outlined in USP <795> and <7975,
respectively, for improved quality (ACHC, 2020). According to pharmacy
organization representatives, there are nearly 700 PCAB-accredited phar-
macies in the United States, and having this accreditation suggests that
compounding composes a larger part of the overall business for those
pharmacies (NASEM, 2019).** Similarly, The Joint Commission Medica-
tion Compounding Certification program assesses a pharmacy’s compli-
ance with specific standards for preparation and dispensing of sterile and

43 Federal Food, Drug, and Cosmetic Act. 21 U.S. Code Chapter 9.

44 PCAB was founded by the following pharmacy organizations: American College of
Apothecaries, National Community Pharmacists Association, American Pharmacists Associa-
tion, National Alliance of State Pharmacy Associations, Alliance for Pharmacy Compounding,
National Home Infusion Association, National Association of Boards of Pharmacy, United
States Pharmacopeia (Springer, 2013).

45 Also of note, the nearly 700 PCAB-accredited pharmacies represent only a small propor-
tion of all pharmacies that compound. See Appendix E for additional estimates for 503A
compounding pharmacies and 503B outsourcing facilities.
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KEY

[ Reauire full usp <795> comliance

Require standards of practice that include
select components of USP <795>

. No compliance with USP <795> required

D No data

KEY

. Require full USP <787> compliance

Require standards of practice that
include select components of USP <797>

- Endorses compliance with USP <797>

. Mo compliance with USP <797> required

FIGURE 3-3 Variability in state requirements for 503A compounding pharmacy
compliance with USP Chapter <795> (top) and <797> (bottom) standards.
NOTES: Maps are based on survey data reported by state boards of pharmacy and
collected by the National Association of Boards of Pharmacy, as well as updates
from state boards that had pending legislation at the time of data collection. Idaho
Administrative Code, Section 27.01.05.100.05; Illinois Administrative Code, Sec-
tion 1330.640; Code of Maryland Regulations, Section 10.34.19.02; Pennsylvania
Code, Section 49.27.601.

SOURCES: NABP, 2018; The Pew Charitable Trusts and NABP, 2018.
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nonsterile formulations in accordance with USP <795> and <797> (The
Joint Commission, 2019). Starting in the fall of 2019, the Board of Phar-
macy Specialties began offering an exam for pharmacists to become ac-
credited in Compounded Sterile Preparations, though the specialty has yet
to receive official recognition from the National Commission for Certifying
Agencies (Board of Pharmacy Specialties, 2020).

STATE REGULATION OF DRUG COMPOUNDING

In the absence of a strong federal regulatory presence, state entities
such as state boards of pharmacy have been the primary regulators of
drug compounding practices (Staman, 2012). Indeed, in the NECC case,
the Massachusetts Board of Registration in Pharmacy (in a joint operation
with FDA) had taken action against the facility before the fungal meningitis
outbreak, including issuing a cease-and-desist order to NECC for preparing
and distributing compounded drugs without a patient-specific prescription
(U.S. House of Representatives, 2012). However, state authorities around
the country have taken different approaches to the oversight of compound-
ing pharmacies, leading to substantial variation in the level of oversight and
frequency of inspections across states.

Even after the DQSA, the majority of compounding pharmacies remain
under the oversight of state entities. Outside of high-risk 503A compound-
ing pharmacies and 503B outsourcing facilities, FDA has maintained that
its “aim is to leave the oversight of traditional pharmacy to states” (FDA,
2018a). States face many challenges in regulating and supervising com-
pounding pharmacies, many of which are tied to resource constraints (The
Pew Charitable Trusts and NABP, 2018).

Inconsistent Oversight

As noted above, state oversight of S03A compounding pharmacies
can be inconsistent. In a 2018 survey update of 43 states, 11 (26 percent)
reported they do not require compounding pharmacies to have patient-
specific prescriptions in advance of compounding. Although the states
reportedly place limitations on this practice (The Pew Charitable Trusts
and NABP, 2018), the committee has concerns regarding the state-by-state
variability in enforcement of these restrictions.

In addition to in-state oversight, state boards of pharmacy also regulate
out-of-state pharmacies that ship compounded preparations into their juris-
dictions, a process complicated by the variable compounding standards held
by individual states. Not only do states have incongruent quality standards
for compounding, but states differ in whether they require out-of-state phar-
macies to be in compliance with the receiving state’s regulations or those
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of the state where the pharmacy is located (The Pew Charitable Trusts and
NABP, 2018). This means that preparations compounded under less rigor-
ous standards can still be shipped to a state with more stringent standards.

Similar considerations relate to state inspections. Half of states do not
conduct routine inspections of 503A compounding pharmacies, and of
those that do, the time between inspections ranges from 1 to 5 years. While
best practices recommend that “inspectors of sterile compounding pharma-
cies should be educated and trained to examine the type of facility they are
reviewing,” some states have pharmacy inspectors who are not specially
trained to review the practice of compounding (The Pew Charitable Trusts
and NABP, 2018).

Physician compounding is another area with inconsistent state over-
sight. Licensed physicians are allowed to compound in a clinical setting
under Section S03A,% yet tracking and oversight of this practice is not as
well established as compounding taking place in a pharmacy. Physician
compounding is overseen by state boards of medicine, and most states do
not have regulations governing this practice (The Pew Charitable Trusts,
2016).

Efforts have been made to decrease the interstate variability in the over-
sight of compounding. The National Association of Boards of Pharmacy
(NABP) has developed a Multistate Pharmacy Inspection Blueprint Program
that provides states with standardized inspection requirements to help
ensure consistency in the quality of compounding facilities and processes
across states. Currently, 19 states have signed on to this plan (NABP, 2019).
FDA has also released a revised draft MOU that will help state regulators to
coordinate investigations and corrective actions when compounded medica-
tions are shipped across state lines (FDA, 2018f).

Federal-State Coordination

Given the shared federal and state regulatory authority over com-
pounding, some degree of coordination between these levels is to be ex-
pected. Section 503B of the FDCA provides FDA with greater oversight of
503B outsourcing facilities than it has for 503A compounding pharmacies.
Questions have arisen regarding how state laws or regulations governing
compounded drugs should apply when overlap or conflict exists with ex-
panding FDA oversight. Such state compounding laws or regulations could
include those regulating sterility testing, adverse event reporting, and com-
pounding for office use (Brown and Tomar, 2016). FDA nominally oversees
interstate distribution, but in an effort to increase coordination with the
states, FDA has recently awarded a grant to NABP to facilitate information

46 Federal Food, Drug, and Cosmetic Act. 21 U.S. Code Chapter 9.
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sharing between state regulators and FDA regarding interstate distribution
of compounded drugs (HHS, 2019).

Conversely, state laws or regulations might affect a federal compound-
ing regulatory system, as is the case with state regulation of 503B out-
sourcing facilities. While outsourcing facilities are overseen by FDA, 38
states license or register 503B facilities under various categories, including
outsourcing facilities, manufacturers, wholesale distributers, or others.*”
Additionally, while federal law does not require outsourcing facilities to
obtain a pharmacy license, some states do, while others prohibit pharmacy
licensure of 503B facilities. Such overlapping regulatory schemes can be
challenging for facilities seeking to register as S03B distributors (The Pew
Charitable Trusts and NABP, 2018).

It is likely that federal-state coordination in compounding regula-
tion will continue to evolve. FDA has invited states to participate in its
inspections and recall discussions and has sought to share inspection and
enforcement information with state entities (Gottlieb, 2018).#% The U.S.
Government Accountability Office (GAO) published a report in November
2016 on drug compounding that included survey results of state pharmacy
regulatory entities. Of 40 states that reported having communications with
FDA regarding compounding, 60 percent reported being very or somewhat
satisfied with the communication, whereas 23 percent reported being very
or somewhat dissatisfied related to delays in response time (GAO, 2016).

4 N

Conclusion 3-1

The production, labeling, distribution, and marketing of
compounded preparations is regulated at the federal and state
levels. However, the widely variable capacities and inconsistencies
in oversight, particularly for 503A compounding pharmacies,
are a matter of concern.

FINANCIAL ISSUES AND CONFLICTS OF INTEREST

Development, formulation, and appropriate use of prescription drugs
requires participation of many different partners and collaborators, includ-
ing the patient, physician, pharmacist, and pharmaceutical companies in-
volved in synthesizing active pharmaceutical ingredients and manufacturing

47 These broad categories likely affect the agreement with the data presented in Figure 3-1.
48 FDA has convened seven intergovernmental meetings with state governments since 2013
(FDA, 2019d).
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final products. Each of these roles carries clinical, financial, scientific, ethi-
cal, and other responsibilities that may put the physician, pharmacist, or
pharmaceutical company executive in conflicting roles or positions.

A conflict of interest exists when professional judgment concerning a
primary interest is vulnerable to undue influence by a secondary interest
(Thompson, 1993). In the case of the compounded drug market, primary
interests include physicians’ ethical (and legal) responsibility to provide
evidence-based and patient-centered clinical care and compounders’ similar
responsibility to produce high-quality products for their patients. Thus,
there is an expectation that ethically practicing physicians will maintain
freedom from financial relationships that could compromise patient trust
and lead to potentially inappropriate patient care decisions. According to
the American College of Physicians Ethics, Professionalism, and Human
Rights Committee:

The physician must seek to ensure that the medically appropriate level of
care takes primacy over financial considerations imposed by the physician’s
own practice, investments, or financial arrangements. Trust in the profes-
sion is undermined when there is even the appearance of impropriety.
(Snyder, 2012)

Experience in the pharmaceutical industry has shown that financial
relationships can exert particularly strong effects on these primary interests.
For example, decades of experience have shown that when physicians have
financial relationships with pharmaceutical manufacturers, ranging from
accepting meals to accepting research support, those physicians were more
likely to prescribe or recommend brand-name drugs being sold by those
companies rather than lower-cost generic products or other similarly effec-
tive alternatives (Fickweiler et al., 2017). Several systematic reviews have
also found potential conflicts of interest in the complementary medicine
market. These reviews have found that while these complementary medi-
cines lack rigorous efficacy data, and even though pharmacists often feel
that they do not have the adequate knowledge to counsel patients on these
therapies, pharmacists are encouraged to sell these complementary medi-
cines because of business interests and profits (Boon et al., 2009; Salman
Popattia et al., 2018).

Navigating conflicts of interest—particularly financial conflicts—is a
special concern in the context of circumstances involving compounded
preparations in which regulatory oversight is limited and variably enforced.
Financial conflicts that could affect the compounding market may arise
when pharmacists or physicians are responsible for care of the patient but
also own a financial stake in the compounded preparations they provide.
In fact, a 2016 GAO report found that following the passage of the DQSA,
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companies were targeting physicians with proposals to establish compound-
ing operations in the physicians’ offices, seeing physician compounding as
the best opportunity to increase profits, because physician compounding
has less oversight than compounding occurring in a pharmacy (GAO,
2016). Moreover, in the case of cBHT, providers can charge a few thousand
dollars or more for these drugs, and may try to justify this cost to patients
by citing—without evidence—potential savings on other medications (for
high blood pressure, osteoporosis, or depression) or fewer trips to the
doctor (Seaborg, 2019). In such cases, it is worth considering to what
extent such claims are being driven by the financial conflicts of interest of
the provider.

Congress has sought to address financial conflicts of interest through
enhanced disclosure. The Physician Payments Sunshine Act (PPSA), origi-
nally passed in 2010 as part of the Patient Protection and Affordable Care
Act, requires reporting of all payments or gifts of value greater than $10
made to physicians and hospitals by group purchasing organizations and
manufacturers of drugs, biologics, and medical devices covered by certain
government payers.*’ Notably, these financial relationships are also re-
quired to be publicly disclosed.’®! The PPSA, though, does not cover the
disclosure of payments and financial relationships between providers and
compounding pharmacies or outsourcing facilities.

Individuals with financial stakes in clinics and pharmacies that sell
¢BHT medications and related services have published peer-reviewed articles
on the effects of cBHT. Just as those publishing research about drugs going
through the FDA approval process need to disclose involvement with or
support from commercial entities, so should those reporting studies of com-
pounded drugs. Researchers’ disclosure of conflicts of interest in published
literature would improve transparency in the research and results obtained.

cBHT Formulations

The formulations for ¢cBHT are described in several locations (e.g.,
USP-NF), including many pharmacies that develop their own formulations.
These pharmacy-developed formulations are often marketed to prescribers
(Compounding Pharmacy of America, 2020b; Women’s International Phar-
macy, 2018). As one study describes, prescriptions were developed based
on patient evaluations at the pharmacy with the individualized formulation
sent to their doctor for approval (Ruiz et al., 2011). The developer of the

4 The government payers are Medicare, Medicaid, and the Children’s Health Insurance
Program (CHIP).

350 Social Security Act § 1128G (42 U.S. Code 1320a-7h).

ST Payments are recorded at OpenPaymentsData.CMS.gov (accessed September 9, 2020).
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formulation may have a financial holding with a specific formulation, in-
cluding all excipients, and so may profit from encouraging the use of that
formulation.

In addition, anyone may request that an API or excipient have a USP-
NF monograph developed. While the sponsor of the request must provide
USP with appropriate information and background materials to evaluate
the proposed monograph addition (USP, 2016), this action could be per-
ceived as a conflict of interest. As stated in Section 503A of the FDCA,
the existence of a USP-NF monograph for a bulk drug substance allows
compounders to use that bulk drug substance in compounded prepara-
tions under 503A.5? Because USP-NF monographs do not directly address
the safety or effectiveness of the bulk drug substance, requests to add new
monographs without such data could be seen as a way for the sponsor, and
503A compounders generally, to market new compounded formulations by
diversifying the APIs available to them.

Pharmacists undoubtedly have an important role in patients’ use of
medications, as supported by the Centers for Medicare & Medicaid Services
advocating for pharmacists’ ability to prescribe certain drugs in urgent
situations (Wachino, 2017). However, the potential for conflicts of interest,
real or perceived, increases when the pharmacist both predetermines the
prescription and sells the preparation.

4 N

Conclusion 3-2

Strengthening federal and state regulatory oversight, as well
as requirements for transparency and disclosure of conflicts
of interest, could contribute to safer, more effective use of
compounded preparations, including compounded bioidentical
hormone therapy.
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Reproductive Steroid Hormones:
Synthesis, Structure, and Biochemistry

Hormones are a diverse class of molecules that influence complex
activities throughout the body. They are commonly categorized as peptides
and proteins (e.g., insulin), amino acid-derived (e.g., melatonin), or steroids
(e.g., estrogen) (Hiller-Sturmhofel and Bartke, 1998) and are produced
in the gonads and adrenal glands, as well as various other tissue and cell
types, including those within the placenta and brain (Schiffer et al., 2019).
Hormones can function as endocrine (uses the circulatory system to act
on distant cells), paracrine (acts on adjacent cells), autocrine (acts at the
surface of the cells in which they are produced), or intracrine (acts within
the cell) agents (Rubinow, 2018).

Hormones influence different physiological responses by generating
cellular signals through their interactions with ion channels on the surface
of cells or by binding to and activating a class of proteins called receptors,
which can be on the cell surface or inside the cell. A hormone molecule bind-
ing to its receptor triggers a cascade of signals in cells that either activates
enzymes or causes changes in the expression of the cell’s genes. These actions
can have a significant effect on biological function and physiological out-
comes, including reproduction, sexual differentiation, development, growth,
maintenance of the internal environment, organization of motivated behav-
iors, and regulation of metabolism and nutrient supply (Hiller-Sturmhofel
and Bartke, 1998; Mani et al., 2012; Melmed et al., 2016).

The remaining sections of the chapter will focus on steroid hormones,
define what is meant by the term bioidentical steroid hormones, and provide
a high-level overview of the structure and biochemistry of the hormones
commonly used in compounded bioidentical hormone therapy (cBHT)
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preparations (Cui et al., 2013; Kleine and Rossmanith, 2016; Kuhl, 2005;
Melmed et al., 2016). The chapter will close with a discussion on the vari-
ability in the molecular signaling of steroid hormones and its implications
on physiological responses.

REPRODUCTIVE STEROID HORMONES

Given the subject of this study, this chapter will focus on the actions
and therapeutic effects of reproductive steroid hormones and prohormones,!
including estradiol (E2), estrone (E1), estradiol cypionate, estriol (E3),
dehydroepiandrosterone (DHEA), pregnenolone, progesterone, testosterone,
testosterone cypionate, and testosterone propionate.

Definition of Bioidentical Steroid Hormones

Steroid hormones can be classified into four groups: (1) natural hor-
mones found in nature and formulated into drugs without undergoing
chemical modifications; (2) hormones native to the body and synthesized
from natural precursors; (3) hormones native to the body and synthe-
sized from nonsteroidal precursors; and (4) synthetic and not native to the
body (Bhavnani and Stanczyk, 2012). Irrespective of how they are created
or synthesized, all steroid hormones are characterized by the various recep-
tors to which they bind throughout the body.

A bioidentical hormone is a term that describes a hormone that is chem-
ically and structurally identical to those produced by the human body, with
the implication that an identical chemical structure translates to a physi-
ologic response identical to that of the endogenous hormone. Bioidentical
hormones may be synthesized from plant or animal sources, or completely
chemically synthesized (American Chemical Society and Sociedad Quimica
de México, 1999; Wang et al., 2011), and they are offered as U.S. Food
and Drug Administration (FDA)-approved drug products or as preparations
that have not undergone FDA approval (Cirigliano, 2007). What is impor-
tant to remember is that it is the chemical structure of the molecule, and not
the originating source, that determines whether a hormone is bioidentical.

Endogenous Source of Bioidentical Hormones

The human body produces all of the naturally occurring, or endogenous,
steroid hormones from cholesterol obtained from food sources or produced
internally by the body’s own cells. Cholesterol is metabolized in a cell’s

! Prohormones are precursor molecules that the body can convert into the active hormone
molecule.
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FIGURE 4-1 Biosynthetic pathway of steroid hormones.

NOTES: Figure does not display all intermediate steroids, pathways, or enzymes
related to the synthesis of steroid hormones. DHEA = dehydroepiandrosterone;
DHT= dihydrotestosterone.

SOURCE: Rubinow, 2018.

mitochondria to generate the steroid hormone pregnenolone. Further me-
tabolism of pregnenolone through a series of enzymatic steps gives rise to
all of the biologically active steroid hormones (Melmed et al., 2016) (see
Figure 4-1).

Exogenous Sources of Bioidentical Hormones

Exogenous source material, including plants, must be processed chemi-
cally to create bioactive hormone products that the human body’s endoge-
nous hormone receptors can recognize. Plants, for example, do not produce
cholesterol. Rather, they produce related chemicals known as plant sterols
that can be converted chemically through laboratory-based enzymatic pro-
cessing into steroid hormone products (see Figure 4-2).

Regardless of whether the bioidentical steroid hormone is produced
endogenously or exogenously, it is the structure of the hormone and the
way in which it is metabolized that determines its biological action. This
point is critical to understanding the effects of steroid hormones.
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FIGURE 4-2 Production of bioidentical hormones from plant-produced compounds.
SOURCES: American Chemical Society and Sociedad Quimica de México, 1999;
MaskaRad, 2018, Stock Illustration ID: 957444020; Popovaphoto, 2015, Stock

Illustration ID: 498946090; YuanruLi, 2018, Stock Illustration ID: 916334012;
Wang et al., 2011.
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Conclusion 4-1

Use of the term bioidentical is a source of confusion.
Bioidentical means that the hormone’s chemical structure is
identical to that of a hormone occurring naturally in the body,
and consequently implies its biologic activity is identical to that
of a hormone occurring naturally in the body. Many patients
believe that bioidentical means that plants are the source of
the hormones, howeuver, it is the chemical structure and not
the source that determines whether a hormone is bioidentical.
Furthermore, bioidentical hormone medications that have plant
sources and are called natural are, in fact, chemically modified in
the laboratory before they are provided to a patient.
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STRUCTURE AND BIOCHEMISTRY OF HORMONES
COMMONLY FOUND IN COMPOUNDED
BIOIDENTICAL HORMONE PREPARATIONS

The structure and biochemistry of steroid hormones commonly used in
compounded preparations are described below.

Estrogens

Estrogens—estrone (E1), estradiol (E2), and estriol (E3)—are the pre-
dominant female sex hormones, produced primarily in developing follicles
in the ovaries. E1 can be converted to E2, E2 can be converted to E1, and
within the placenta of a pregnant woman, both E1 and E2 can be converted
to E3. Estrogen production increases through puberty and the reproduc-
tive years and diminishes as ovarian follicles decrease with age, ultimately
falling to low levels during the menopause transition and postmenopausal
period. Estrogen production can also occur in male testes and act to regu-
late gonadal development and spermatogenesis. See Figures 4-3, 4-4, and
4-5 for the chemical structures of estrone, estradiol, and estriol.

Estrone (E1)

Ovaries are the main source of E1. E1 is a minor hormone in the female
reproductive cycle, though it plays a larger physiological role following
menopause. Estradiol biosynthesis can occur through a reduction of E1 by
17-beta-hydroxysteroid dehydrogenase (HSD) enzymes.

HO

FIGURE 4-3 Chemical structure of estrone (E1).
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Estradiol (E2)

Ovaries are the main source of E2. It is also formed by aromatization
of testosterone or synthesized by estrone’s reduction by 17p-hydroxysteroid
dehydrogenase enzymes in tissues outside of the gonads. E2 is a potent
estrogen that plays a dominant role in nonpregnant and premenopausal
women’s development and the regulation of reproductive cycle. The synthe-
sis of E2 is controlled by enzymes called aromatases, which are expressed
widely throughout the body and are either activated or inhibited by other
hormones or local tissue factors, adding a layer of complexity to the control
of E2 production.

Estradiol cypionate is a naturally occurring hormone that is the ester
form of E2. In its activated complex, it promotes the transcription of genes
involved in the female reproduction system and in producing secondary sex
characteristics. Estradiol cypionate can also serve as a prohormone that the
body converts readily into the endogenous form, estradiol (NLM, 2020a).

(A)

HO

FIGURE 4-4 Chemical structure of (A) estradiol (E2) and (B) estradiol cypionate.
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Estriol (E3)

Estriol (E3) is derived from E1 and E2 and is primarily synthesized
within the placenta during pregnancy. It is a far less potent estrogen than
E2, and with little circulating in nonpregnant women, it serves as a minor
female sex hormone (Cui et al., 2013; Keller, 1974). Though considered
to be a relatively weak estrogen, E3 is often included in some of the most
commonly compounded formulations of estrogens (e.g., Bi-est, Tri-est).

OH

.|:|IOH

HO

FIGURE 4-5 Chemical structure of estriol (E3).

Pregnenolone

Pregnenolone (P35), is a major precursor of most steroid hormones,
including the androgens, estrogens, progestogens, and adrenal steroids (see
Figure 4-6). PS5 is a neurosteroid, meaning that it is expressed in the brain
and can act locally to acutely regulate neuronal function (Ratner et al.,
2019).

HO

FIGURE 4-6 Chemical structure of pregnenolone.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/25791

The Clinical Utility of Compounded Bioidentical Hormone Therapy: A Review of Safety, Effectiveness, and ...

82 THE CLINICAL UTILITY OF cBHT

Progesterone

Progesterone, similar to pregnenolone, is a neurosteroid and precursor
for steroid hormones. Progesterone’s major source of production comes
from the corpus luteum cells that form after ovulation, but it is also secreted
by the adrenal glands and placenta. Following menopause, progesterone
levels are low. Because of its ability to prevent excessive growth of the
uterine lining—a precursor to endometrial cancer—progesterone is often
formulated into hormone preparations to biochemically balance the effects
of estrogen therapy in postmenopausal women with an intact uterus. (See
Figure 4-7 for the chemical structure of progesterone.)

0]

O

FIGURE 4-7 Chemical structure of progesterone.

Testosterone

Testosterone, Testosterone Cypionate, and Testosterone Propionate

In men, testosterone is an androgen that is synthesized predominantly
in the testis from cholesterol through the intermediate DHEA. In premeno-
pausal women, the adrenals and ovaries are the key sources that contribute
to circulating levels of plasma testosterone. In postmenopausal women,
testosterone is almost exclusively derived from nonovarian tissues.

Testosterone is a potent androgen, and it plays a major role in the
development of the male reproductive system and the sexual health of
both men and women. Other forms of testosterone, such as testosterone
cypionate and testosterone propionate, are also used in compounding.
Testosterone cypionate and testosterone propionate are prohormones that
the body converts to testosterone (NLM, 2020b). These two forms of tes-
tosterone may be useful in compounding because of their differing solubili-
ties. (See Figure 4-8 for the chemical structures of testosterone, testosterone
cypionate, and testosterone propionate.)
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(A)

(B) O

O

FIGURE 4-8 Chemical structure of (A) testosterone, (B) testosterone cypionate, and
(C) testosterone propionate.

Dehydroepiandrosterone

DHEA is an endogenous hormone produced in the adrenal glands and
brain. In addition to its own role as a bioactive hormone and neurosteroid,
circulating DHEA serves as an important precursor for estrogens and tes-
tosterone in postmenopausal women (see Figure 4-9).
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O

HO

FIGURE 4-9 Chemical structure of dehydroepiandrosterone (DHEA).

STEROID HORMONE SIGNALING

A hormone’s unique chemical structure has direct implications for its
resultant biologic activity. This activity, including biological functions and
physiological outcomes, results from complex signaling processes. The sec-
tions below provide a brief and limited discussion of select aspects of this
complexity.

Types of Signaling Mechanisms

There are two general types of steroid hormone signaling, classi-
cal and rapid (Belfiore and LeRoith, 2018; Kampa et al., 2008; Kleine
and Rossmanith, 2016; Schwartz et al., 2016). In classical mechanisms
of hormone action, hormones cross through the plasma membrane and
directly bind to and act through intracellular nuclear receptors to regulate
transcription of thousands of genes.? Rapid steroid hormone signaling
occurs through steroid receptors residing in the cell membrane, which when
activated by hormones, can initiate downstream signaling to stimulate
enzymes, amplify effects of other activated receptors, or directly influence
the transcription of various genes. Steroids can also activate cell signal-
ing by binding to nonsteroid membrane receptors, such as the epidermal
growth factor receptor, or by binding to ion channels, which include cal-
cium and potassium channels.

2 Ligand-independent activation of steroid hormone receptors can also occur. Certain steroid
hormone receptors can tether to other proteins/transcription factors to bind indirectly to DNA
at hormone response elements to affect gene expression (Rubinow and Schmidt, 2018).
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Sources of Variance in a Steroid Signal

Multiple Forms and Locations of Steroid Receptors

Steroid receptors exist as multiple isoforms—structurally varied
products of the same gene. For example, there are two isoforms of the
progesterone receptor for progesterone (Singhal et al., 2017); two isoforms
of the androgen receptor (Liegibel et al., 2003); and two forms of the
estrogen receptor—ERa and ERp—are coded for by two separate genes,
and owing to alternative splicing events, yield multiple associated isoforms
(Yasar et al., 2017). Steroid receptor isoforms, when bound to their respec-
tive steroid hormones, can produce different tissue-specific gene expression
patterns and often mediate distinct functional effects. Adding to this com-
plexity, additional diversity can be introduced through posttranslational
modifications of receptor isoforms (Faus and Haendler, 2006).

Active Metabolites

The metabolism of steroids can produce other active hormone prod-
ucts with additional mechanisms of action. For example, progesterone is
metabolized to produce the neurosteroid allopregnenolone, which acts to
modulate the activity of the y-amino butyric acid (GABA) receptor in the
central nervous system. Other active metabolites of progesterone are also
found in the brain and produce different effects on excitatory and inhibitory
neurotransmitter receptors. In addition, because most enzymes involved in
steroid hormone metabolism have been located in the brain, it is suggested
that many “parent” steroid hormones (e.g., progesterone, estradiol, and
DHEA) may also function as neurosteroids (Porcu et al., 2016).

Coregulators

There is substantial variability in the biological actions and outcomes
of steroid hormones. This variability is best illustrated by their interactions
with a broad spectrum of protein partners, known as hormone coregulators
(Wang et al., 2016), to produce biological effects. For example, there are
roughly 350 different coregulatory proteins—coactivators and coinhibitors—
that bind to steroid receptors to determine whether genes are turned on
or off (Lonard and O’Malley, 2012). Adding complexity to the situation,
these coregulatory proteins often combine in groups, and the effect of each
individual coregulator within that group is determined by specific chemical
modifications to that protein (e.g., phosphorylation or methylation) (Lonard
and O’Malley, 2007).
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In addition, coregulatory proteins exist in a tissue-specific fashion and
are highly context dependent. These features enable estrogen-like com-
pounds called selective estrogen receptor modulators (SERMs) to act as an
estrogen agonist (activating biological responses) in some tissues, such as
in bone and the heart, and an antagonist (blocking biological responses) in
others, including the uterus and breast, depending on the coregulator profile
in the cells (Wardell et al., 2014).

Implications of Signaling Variance for Physiological Responses

One of the confounding factors that makes it difficult to predict how
a given mixture of hormones will affect various physiological processes in
the body is that the affinity of a hormone for its receptor—the strength
with which it binds to that receptor—does not necessarily determine either
the potency of the effect or even the direction of its action (Salahudeen and
Nishtala, 2017). Further complicating the assessment of receptor affinity
is the extraordinary variability of reported findings based on the source
(endogenous versus exogenous) (Fuentes and Silvera, 2019) and the tissue
or the cell line used to measure receptor binding (Yasar et al., 2017). In
addition, a given hormone’s binding partners, particularly the coregulators
(as noted above), exist in different concentrations in different tissues, pro-
ducing tissue-specific effects (Smith and O’Malley, 2004). Similarly, the
exact mix of steroid hormones present in a given tissue or cell can affect the
activity of the individual hormones in that tissue or cell (Uht et al., 1997).
A major source of variability in hormone signaling is the genomic context,
resulting in variation in the structure and activity of hormone receptors and
the enzymes involved in biosynthesis of the steroid hormones themselves
(Fuentes and Silvera, 2019). Therefore, the resulting differences in levels of
steroid hormones and receptor actions must also be considered in determin-
ing the potential benefits and drawbacks of a particular mix of hormones
(Ferrell et al., 2005).

It is also important to recognize that hormones within a given class
are not going to produce similar effects on all tissues. For example,
medroxyprogesterone acetate is a progestogen but has biological effects
that diverge from those of progesterone (Frye, 2013; Nilsen and Brinton,
2003). These differences might translate into different effects on brain and
estrogen-sensitive tissues such as breast and uterus. In a similar manner, the
genomic effects of conjugated equine estrogens—hormone ingredients in
FDA-approved drug products—are not identical to those of E2 (Wroolie et
al., 2011). Finally, hormone levels tell only part of the story, meaning, they
do not permit inferences about tissue levels based on local metabolism nor

about cellular effects of those levels in a given tissue (Fuentes and Silvera,
2019; Smith and O’Malley, 2004).
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In summary, the overall effects of steroids are highly context dependent,
and they are affected by an individual’s genetic background, current steroid
milieu, and prior exposure. The diverse and dynamic signaling produced by
steroid hormones emphasizes the need for preclinical and clinical evaluation
that would identify potential beneficial and adverse health effects using the
specific mixture of hormones that is to be used to treat patients.

4 N

Conclusion 4-2

Circulating hormone levels are not necessarily predictive of
biological activity because steroid hormones, including those
used in compounded bioidentical hormone therapy preparations,
produce highly variable responses that are dependent on a
number of factors, including genetic background, prior exposure
to steroid hormones, and environmental and lifestyle factors.

- /
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Compounded Bioidentical
Hormone Preparations

Medications containing steroid hormones are prescribed frequently to
treat symptoms associated with the normal age-related decline in circulat-
ing hormone levels. This chapter will provide an overview of compounded
bioidentical hormone therapy (cBHT) preparations, including a description
of their common formulations (e.g., common active and inactive ingredi-
ents), formulation methods, quality testing, and labeling. This chapter will
also describe features that may affect the quality of the ¢cBHT prepara-
tions and highlight important variations between compounding settings (i.e.,
503A compounding pharmacies and 503B outsourcing facilities). Where
relevant, this chapter will discuss FDA-approved hormone products and
commercial drug manufacturing facilities to provide relevant comparisons
and contrasts between formulation procedures and quality testing.

For the purposes of this report, the committee maintained a focus pri-
oritized on 10 hormones (7 unique hormone substances and 3 salt forms)
that were of interest to the U.S. Food and Drug Administration (FDA). These
hormones include estrone (E1), estradiol (E2), estradiol cypionate (Ec), estriol
(E3), dehydroepiandrosterone (DHEA), pregnenolone (PS5), progesterone (P4),
testosterone (T), testosterone cypionate (Tc), and testosterone propionate
(Tp). For the purposes of this chapter, the committee will focus its discussion

1 As a result of the minimal oversight of the compounding process, cBHT preparations are
not produced with the same level of quality assurance as FDA-approved products, and they
are not required to demonstrate safety and effectiveness in clinical trials before being dispensed
to a patient (Federal Food, Drug, and Cosmetic Act. 21 U.S. Code Chapter 9). See Chapter 3
for an overview of the regulation and oversight of compounded preparations.
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on bioidentical compounded formulations and, where relevant, bioidentical
FDA-approved products.? However, certain cBHT preparations contain hor-
mones not available in FDA-approved drug products.

cBHT PREPARATIONS

Potential Variances Between Preparations

Unlike with FDA-approved hormone products, the process of formu-
lating a compounded prescription is entirely compounder specific. That
is, the content and quality of the final preparation depends completely on
what is described in the Master Formulation Record (MFR) as chosen or
described by the compounder.’* Compounder-specific factors that may in-
fluence quality and performance of the final preparation include the choice
of active and inactive ingredients, ingredient testing, available compound-
ing equipment, compounder skill, quality systems, facility cleanliness, and
environmental controls. Per United States Pharmacopeia (USP) standards,
once completed, the compounded preparations should undergo an abbrevi-
ated release inspection that should at a minimum include a visual inspection
of the formulation, but it may also include quality checks developed and
reviewed solely by the compounder (USP, 2012, 2014).

While important, the recommended postcompounding inspection pro-
cess is superficial, in that these steps do not ensure that the compounded
preparation contains the purported amount of active ingredient or can
deliver the active ingredient to the patient and the site of action. Because
of these limitations, different compounders may use different processes to
compound an identical prescription, and as a result, cBHT preparations
ordered with identical prescriptions and labeled with the same name will

2 As Chapter 4 noted, a bioidentical hormone is a term that describes a hormone that is
chemically and structurally identical to those produced by the human body, with the implica-
tion that an identical structure translates to an identical physiologic response as endogenous
hormones.

3 As discussed in Chapter 2, a compounder can begin to prepare the patient-specific cBHT
preparation as described by the prescription (or clinic order for 503Bs) when an MFR and a
compounding record are available.

4 MFRs are an important component of quality control during the formulation of a drug. If
a compounding record deviates from what is written in an MFR without proper documenta-
tion for such a change, it is a breach in the quality control that aims to provide patients with
consistent formulations of their prescription. As of April 2020, MFRs are only required for
certain types of compounding, though similar documentation is also required in current good
manufacturing practice regulations. See Written procedures; deviations. 21 CFR 211.100
(April 1,2019).

3 As discussed in Chapter 3 of this report, USP itself does not have regulatory or enforcement
authority, but certain USP standards are enforceable in some states under state law.
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likely vary between compounders. Indeed, FDA has received adverse event
reports that reveal harmful variations in compounding (FDA, 2020a; see
Chapter 7).

Inadequate Labeling Requirements

Labels for compounded preparations are not required to provide guid-
ance for patients about safe use.® This is in contrast with requirements
for FDA-approved hormone products to provide labeled instructions for
patients on the proper use and storage of the product and warnings about
possible risks.” For 503A compounding pharmacies, the decision to provide
labels for compounded preparations is up to the compounder. As a result,
and as presented at the study’s open session meetings, dispensed cBHT
preparations often do not include the boxed warnings, warnings, contrain-
dications, and detailed instructions for use similar to those included with
FDA-approved hormone product labeling, despite containing the same ac-
tive ingredients (NASEM, 2019¢). (See Box 5-1 and Table 5-1 for additional
discussion on labeling of FDA-approved hormone products.) Although
the federal statutes establishing S03A and 503B compounders specifically
exempted them from federal labeling provisions on adequate directions for
use,® there is no clear clinical rationale for excluding information on the
potential risks associated with the use of hormone medication, particularly
for those that contain estradiol and testosterone.

Inadequate Data Collection

In addition to concerns related to labeling, there are also concerns
related to data collection. Specifically, once an MFR is created, there is
no central registry where the MFR must be submitted, and there is no re-
quirement for independent outside review, as is the case for FDA-approved
products. Unlike with FDA-approved products, compounded preparations
do not have a National Drug Code and are not listed in any conven-
tional shared drug product database. In contrast, basic characteristics of
FDA-approved products, including active ingredients, strength, and dosage
form, are described in multiple public databases, including the Orange
Book (FDA, 2020b), RxNorm (NLM, 2019), International Nonproprietary
Names (WHO, 2018), and others. This further underscores that com-
pounded preparations are unique to the compounder that prepares them,

¢ Federal Food, Drug, and Cosmetic Act. 21 U.S. Code Chapter 9.

7 Requirements on content and format of labeling for human prescription drug and biologi-
cal products. 21 CFR § 201.56 (December 4, 2014).

8 Federal Food, Drug, and Cosmetic Act. 21 U.S. Code Chapter 9.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/25791

The Clinical Utility of Compounded Bioidentical Hormone Therapy: A Review of Safety, Effectiveness, and ...

94 THE CLINICAL UTILITY OF cBHT

BOX 5-1
Labeling of FDA-Approved Hormone Products and
Boxed Warnings

All FDA-approved products must contain labeling intended to help
the patient use the product safely and to understand the potential risks.
The information most relevant to patients detailed in this labeling in-
cludes contraindications, warnings and precautions, adverse reactions,
drug interactions, how the product is supplied, storage and handling
requirements, and patient counseling information.* Importantly, the
listed ingredients on the labels can be tracked to USP monographs,
and sometimes to a Drug Master File (DMF) and the Inactive Ingredient
Database, to get more information about the specific active and inactive
ingredients contained with the medication. If a supplier-specific ingredi-
ent is used, the actual ingredient supplier can be found and queried if
necessary. Medication Guides are also available for testosterone prod-
ucts dispensed to patients (FDA, 2019¢). Medication Guides are detailed
instructions that teach patients how to use the FDA-approved product
most safely and effectively, and provides information to help patients
avoid serious adverse events (FDA, 2019¢).

All estradiol (Stefanick, 2005) and topical testosterone gel (FDA,
2015) FDA-approved products carry boxed warnings in their labeling (see
Appendix H for an example of a boxed warning). For estradiol products,
the boxed warnings inform the patient about the risks of endometrial
cancer, cardiovascular disorders, breast cancer, and probable dementia
(Stefanick, 2005). For testosterone, the warnings include the risks of
secondary exposure to testosterone and the risks of virilization in chil-
dren and health care providers who are secondarily exposed (FDA, 2015).
Progesterone does not have boxed warnings. See Table 5-1 for a select
listing of FDA-approved products and availability of medication guides
and boxed warnings.

* Requirements on content and format of labeling for human prescription drug
and biological products. 21 CFR & 201.56 (December 4, 2014).

TABLE 5-1 FDA-Approved Drug Products and Availability of Medication Guides and
Boxed Warnings

Hormone Medication Guides Boxed Warnings
Estradiol No Yes
Progesterone No NA
Testosterone Yes Yes

NOTE: NA = no applicable boxed warning for this active ingredient.
SOURCES: Committee generated, using information from NLM, 2020a.
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and that for identical prescriptions, the final compounded preparations may
differ between compounding establishments.

4 N

Conclusion 5-1

Currently, compounded bioidentical hormone therapy
preparations are not adequately labeled. Missing information
includes, but is not limited to, a description of the preparation’s
instructions for use, contraindications, potential adverse effects,
boxed warnings, and the identity of the person and company
responsible for a compounded preparation’s quality and safety.
This lack of information undermines safe and effective use by
patients and prescribers.

TYPES OF cBHT PREPARATIONS

A wide variety of ¢cBHT dosage forms are dispensed to patients, and
because of a lack of registries and surveillance of use, it is difficult to ob-
tain specific estimates for the number of available forms of ¢cBHT prepara-
tions. To begin to describe the breadth of ¢cBHT preparations dispensed
by compounders, the committee found it necessary to compile its own list
of ¢BHT preparations, drawing on available resources.” This list presents
only a small sample of the universe of cBHT preparations and at best pro-
vides a snapshot and limited description of available ¢cBHT preparations.
Indeed, in November 2019, during an open session presentation to the
committee, Dr. Gina Besteman, Director of Compounding and Dispensing
at Women’s International Pharmacy, stated that her 503A pharmacy has
“compounded over 149,000 unique hormone formulations using fewer
than 10 hormones” (NASEM, 2019a).

¥ Resources included peer-reviewed literature on use of ¢cBHT (e.g., IJPC, 2018), cBHT
preparation adverse event reports (FDA, 2018a, 2020a), information provided by compound-
ing practitioners (see the National Academies Public Access File), recent biannual outsourcing
facility preparation reports (FDA, 2019a), and online marketing information from com-
pounding pharmacies.
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Available Dosage Forms and Routes of Administration

To support the committee’s research efforts, Reed Smith LLP submitted
a briefing document that contained a list of common cBHT dosage forms.!?
Although this list may not be comprehensive, it describes at least 32 dif-
ferent types of dosage forms of cBHT formulations. In contrast, there are
only 13 FDA-approved bioidentical hormone therapy dosage forms avail-
able (see Table 5-2).

Of the 10 hormone ingredients of focus for this report, all are available
in cBHT preparations except for estradiol cypionate.!! Table 5-3 provides
a summarized list of the different dosage forms available for single active
ingredient cBHT preparations, as identified by the committee in its review,
and compares them to available dosage forms of FDA-approved single
active ingredient BHT products. In summary, the committee found that
the single ingredient ¢cBHT preparations are available in a wide variety
of dosage forms and strengths, while comparatively there are fewer FDA-
approved hormone products available for each of the routes of adminis-
tration. For example, there are at least 13 different cBHT progesterone
dosage forms, including oral (capsule, capsule sustained release, lozenge,
oil, tablet), topical (cream, gel, solution, spray), injection (oil, pellets, sus-
pension), rectal (enema), and vaginal (capsule, suppository) preparations, as
compared to four different FDA-approved BHT progesterone dosage forms,
including oral (capsule), topical (gel), injection (solution), and vaginal
(insert). Furthermore, estriol cream and pellets containing estradiol or
progesterone only exist as compounded preparations.

Conversely, there is no compounded estradiol or testosterone patch, tes-
tosterone film, or estradiol ring, perhaps a result of the complexity of manu-
facturing these FDA-approved dosage forms (FDA, 2018b, 2019d). Of the
10 hormone ingredients of focus for this report, only 3—DHEA, estriol,
and pregnenolone—are not available as injections or implants. The three
hormone salts, estradiol cypionate, testosterone cypionate, and testosterone
propionate, are water insoluble and are found almost exclusively in depot
oil-based injection products. These three preparations are not commonly
found in other types of cBHT dosage forms, and as such are not listed in
the summary Table 5-3 below. In addition, estrone and pregnenolone were
only ever combined with at least one other active ingredient in the cBHT
formulations found, and therefore, are also not included in Table 5-3.

10 Reed Smith LLP is a law firm that represents a coalition of S03B outsourcing facilities,
that at the time of this report, incudes Belmar Pharmacy; Fagron North America, which
includes Fagron Inc., Humco, B&B Pharmaceuticals; AnazaoHealth Corporation; Women’s
International Pharmacy; BioTE Medical; and Carie Boyd’s Prescription Shop.

11 At the time of this report, FDA’s Orange Book does include an FDA-approved estradiol
cypionate 5 mg/mL injection (Depo-estradiol) product, which may or may not be related to
the inability to find a corresponding ¢cBHT preparation.
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TABLE 5-2 Summary of Dosage Forms Available for FDA-Approved Bioidentical
Hormone Therapy (BHT) Products and Compounded Bioidentical Hormone Therapy
(cBHT) Preparations

Dosage Form FDA-Approved BHT Drug
Available Products cBHT Preparations
Oral Capsule Capsule
* Powder-filled * Powder-filled
¢ Qil-based * Lactose-filled
Tablet * Semi-solid-filled
* Oil-filled
Tablet triturate
Troche and mini troche
* Soft
e Hard
Buccal tablet
Soft linguet
Liquid (syrup, suspension, emulsion)
Sublingual drop (oil)
Vaginal Gel Suppository/insert
Cream * Water soluble
Insert « Lipid-soluble
* Extended release Cream
Tablet Solution (Poloxamer, etc.)
Topical/ Gel Creams
Transdermal ¢ Metered Gels
Films, extended release Microemulsion gels
Spray Lotions
Metered solution e Clear
« Opaque
* Aqueous
« Nonaqueous
Suspensions
Injection Qils Aqueous
Nonaqueous (e.g., sesame oil, castor
oil, grapeseed oil, cosolvents)
Nasal Gel, metered Drop
Spray
Solution
Suspension
Rectal No FDA-approved option Enema
e Gel
* Suspension
* Emulsion
Implant Pellet Pellet

NOTE: The classification of dosage forms available in FDA-approved products has been
adapted from the original table submitted by Reed Smith LLP to mirror the terminology
used in FDA’s Orange Book.

SOURCE: Reed Smith LLP, 2019.
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TABLE 5-3 Available Dosage Forms for Single Active Ingredient cBHT Preparations
and FDA-Approved BHT Products

Hormones

Estradiol Estriol Progesterone| Testosterone DHEA
Dosage Preparation
Form C M C M C M C M C M
Capsule v v v v v v v
Capsule SR v
Cream v v v v v v
Enema v
Film/Patch
Gel v v v v v v v v
Injection
Insert/Ring v v v v v
Lotion
Lozenge 4 v
Qil v
Ointment v v v
Pellet v v Va
Solution v v v v v
Spray v v v
Suppository v v Vi
Suspension v
Tablet v v v
Total n 7 4 (0] 13 4 ) 4 6 1

NOTES: C = cBHT preparations from 503A and 503B pharmacies; M = manufactured
FDA-approved product; SR = sustained release. The classification of dosage forms avail-
able in FDA-approved products has been categorized to mirror the terminology used
in FDA’s Orange Book. Table does not include information for estrone, pregnenolone,
estradiol cypionate, testosterone cypionate, or testosterone propionate. This table does
not include combinations of active ingredients.

SOURCE: FDA, 2020b.

Available Doses

For each of the dosage forms listed in Table 5-3, the compounding
process generates preparations of varying strengths, adding to the number
of total possible ¢cBHT preparations available for use. For example, in
considering formulations with single and multiple active ingredients, the
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Progesterone Capsules

All Brand Name and Generic FDA-Approved Products by Strength,
Compared with cBHT Products
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FIGURE 5-1 Comparing the strength of various compounded progesterone capsule
formulations to two FDA-approved capsule strengths.

SOURCES: Committee generated, using information derived from peer-reviewed
literature on the use of ¢cBHT (e.g., IJPC, 2018), cBHT preparation adverse event
reports (FDA, 2018a, 2020b), information provided by compounding practitioners
(NASEM, 2019a,b,c), recent biannual outsourcing facility preparation reports (FDA,
2019b, 2020b), and online marketing information from compounding pharmacies.

committee identified hundreds of different formulations and strengths for
cBHT preparations (see Appendixes F and G).!2

To serve as an illustrative example, Figure 5-1 above compares the
variety of progesterone capsule strengths against the two FDA-approved
capsule strengths. The preparations with low doses of progesterone pose
a clinical concern: low dose progesterone has not been found to protect
the endometrium and reduce the risk of endometrial cancer induced by
unopposed estrogen (Stute et al., 2016). At the committee’s open session
meeting in November 2019, invited panelist, Dr. Pamela Smith (Center
for Personalized Medicine), described these low doses of progesterone
as ineffective and something she would not prescribe (NASEM, 2019b).

12 Resources included peer-reviewed literature on use of ¢cBHT (e.g., IJPC, 2018), cBHT
preparation adverse event reports (FDA, 2018a, 2020a), information provided by compound-
ing practitioners (see the National Academies Public Access File), recent biannual outsourcing
facility preparation reports (FDA, 2019a), and online marketing information from com-
pounding pharmacies.
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Nonetheless, these doses are still available and marketed to patients for
use. In addition, high progesterone doses (> 200 mg) are also available
in ¢cBHT preparations, but have never been tested for safety or efficacy in
FDA-approved drug products, thus raising a different set of safety concerns.

In summary, compared to compounded formulations, there are fewer
FDA-approved dosage forms and strengths, and in many cases there is no
comparable FDA-approved drug product. Therefore, even with the limited
data available to the committee, it can be assumed that there are likely
tens of thousands of different cBHT preparations (dosage forms and doses)
available for patient use. This includes the wide array of different dos-
age forms, single active ingredient preparations, multiple active ingredient
preparations, and an extensive range of different active ingredient doses
and dose combinations.

Multihormone ¢cBHT Preparations

Part of the appeal of compounding bioidentical hormones is that multiple
hormones can be combined into a single dosage form that does not exist in a
single FDA-approved drug product. In fact, of the 741 formulations identified
by the committee, 289 were formulations containing more than one active
pharmaceutical ingredient (API). While it may be convenient for patients to
have multiple hormones combined into a single formulation, thereby reduc-
ing their medication burden, it remains unclear whether the combinations of
these hormones are necessary or sufficient to elicit the desired effects, allow-
ing the potential for patients to be exposed to undue risk without deriving
any additional benefit. Moreover, the practice of combining multiple APIs
in a single formulation is a complex process requiring careful consideration
of drug—drug interactions as well as the compatibility of all the active and
inactive ingredients in the dosage form (Pourkavoos, 2012).

In contrast to the wide variety of available multihormone ¢cBHT prep-
arations, there is only one FDA-approved fixed-dose combination bioi-
dentical hormone product, Bijuva (TherapeuticsMD, 2018). The limited
FDA-approved option is likely a result of the narrow conditions under
which FDA approves products with two or more active ingredients. Unlike
¢BHT preparations, which may combine any number of hormones without
first demonstrating safety or effectiveness, FDA-approved drug products
that combine multiple drugs must not only provide evidence of safety and
efficacy, but they must also demonstrate the combination improves the
safety over any of the individual drug components alone (see Box 5-2).13

In addition, within the new drug application or abbreviated new drug
application submitted for all FDA-approved drug products is a description

13 Fixed-combination prescription drugs for humans. 21 CFR § 300.50 (January S, 1999).
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BOX 5-2
FDA Policy and Guidance on Products
Combining Multiple Drugs

FDA policy on fixed-dose combination drug products states that
“two or more drugs may be combined in a single dosage form when each
component makes a contribution to the claimed effects and the dosage of
each component (amount, frequency, duration) is such that the combina-
tion is safe and effective.” FDA enumerates two special cases of this rule,
which are when a component is added “to enhance the safety or effective-
ness of the principal active component” and “to minimize the potential
for abuse of the principal active component.”®® For drug manufacturers,
this means they must provide clinical trial data on safety and efficacy,
as for single active ingredient drugs, as well as data demonstrating that
the inclusion of each active component of the drug is necessary for an
increased efficacy or safety, or decreased potential for abuse.

While FDA does not offer guidance on the development of fixed-
dose combination drug products, aspects of the agency’s guidance
on other combined products may offer insight into FDA’s thinking
on combination drug products. FDA recommends that product de-
velopers consider and evaluate the potential for interactions between
components of the combination product. Other considerations include
whether changes in the design or formulation may affect the safety
and/or efficacy of the constituents or combined product as a whole and
whether there is a strong biological rationale to justify the combination.
FDA also recommends that several studies be performed, including
human pharmacokinetic studies, dose ranging studies in humans, acute
and repeat dose toxicity studies, and other potential safety monitoring
based on the products’ constituents (FDA, 2006, 2013).

2 Fixed-combination prescription drugs for humans. 21 CFR § 300.50 (January 5,
1999).

b See Fixed-Combination and Co-Packaged Drugs: Applications for Approval
and Combinations of Active Ingredients Under Consideration for Inclusion in an
Over-the-Counter Monograph. Federal Register 2015-32246 (December 23, 2015).
In 2015, FDA proposed new regulations for fixed-combination drugs that would
continue to require fixed-combination drugs to meet one of these two special
cases. At the time of this report, the proposed regulations had not been finalized.

of the manufacturing and quality processes involved,'* including the
“Chemistry, Manufacturing, and Controls” (CMC) section.!> The CMC
section is an extremely detailed set of documents with far more information

14 The new drug application (NDA) and the abbreviated new drug application (ANDA)
are the mechanisms through which a drug manufacturer presents evidence to request that
FDA approve its drug product. More information on this process can be found in Chapter 3.

15 Content and format of an NDA. 21 CFR § 314.50 (February 22, 1985).
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than in an MFR. For example, the CMC section will include active and
inactive ingredient potency reverification, container labeling, stability test-
ing, and detailed manufacturing processes to control for quality attributes
(Sheinin and Williams, 2002). FDA encourages that the CMC manufactur-
ing process be further refined via the quality-by-design process through
which quality is built into the drug product by identifying and controlling
critical process parameters and attributes of the APIs, excipients, and final
drug product. In drug manufacturing, this usually involves extensive drug
product testing across batches, as well as strict control of process param-
eters as well as API and excipient attributes to minimize product variability
(Yu et al., 2014). This is a more intensive process than what can be cap-
tured by a 503A compounding pharmacy or 503B outsourcing facility, but
it provides a necessary comparative context.

cBHT ACTIVE INGREDIENTS

To prepare a cBHT formulation, the compounder must either purchase
the pure active ingredient from a wholesaler or obtain the active ingredient
from a suitable FDA-approved drug product, should one exist.'® The pure
ingredient is referred to as the API or bulk drug substance. FDA-approved
drug products are required to use APIs that have been well characterized
within an application for approval or in a Drug Master File (DMF), sections
of which are not available outside of FDA because they contain propri-
etary manufacturing information.!” As a result, the API pedigree, stability,
potency, impurity profile, and other key characteristics are known and can
be referenced by the drug manufacturer and FDA. This level of informa-
tion far exceeds what information is routinely available to compounders
when purchasing APIs because of the proprietary information contained
in the DMFE.

Excluding DHEA and pregnenolone, 8 of the 10 active ingredients
reviewed by this committee are described in USP-National Formulary (NF)
monographs for bulk drug substances (USP, 2019a). Federal law requires
that APIs meet the standards of USP-NF if a monograph for that API
exists.!® The existence of USP-NF monographs for estriol and estrone,
which are not components of FDA-approved drug products, allows them
to be compounded.

16 Federal Food, Drug, and Cosmetic Act. 21 U.S. Code Chapter 9.

17 DMFs are submissions to FDA used to provide confidential, detailed information about
facilities, processes, and articles used in the manufacturing, processing, packaging, and storing
of APIs (FDA, 2019b).

18 Federal Food, Drug, and Cosmetic Act. 21 U.S. Code Chapter 9.
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Complex Characteristics of Active Ingredients Used in cBHT Preparations

The challenges of formulating the 10 APIs covered in this report rep-
resent a complex topic that has been described in great detail over many
decades (Goodman Gilman et al., 1990), and the breadth of those chal-
lenges is beyond the purview of this report. However, this topic provides
useful context for the committee to consider in its examination of the
clinical utility of cBHT preparations.

In all formulation processes, it is important to consider the “formulat-
ability” of APIs, meaning how easily the API can be made into a stable
dosage form capable of consistently delivering it to the sites of action in
the body. As a class, steroid hormones are recognized as presenting formu-
lation difficulties, in part because of their poor water solubility (Benet et
al., 2011), potential to be metabolized in vivo (Miller and Auchus, 2011),
active uptake by cellular transporters (Hammes et al., 2005), and potential
variablility (FDA, 2012; see Table 5-4).

To provide a closer look at the complexity of formulating APIs, the
following sections discuss six API characteristics that must be considered
during formulation to more reliably deliver hormones to the active site:
particle size, polymorphism, solubility, purity, in vivo metabolism, and
formulation stability. A related concept, formulation release rate, will also
be discussed.

TABLE 5-4 Contributing Factors and Absorption Classifications of Bioidentical

Hormones

Water Solubility USP
Active (mg/mL) BDDCS Monograph
Dehydroepiandrosterone 0.0635 NR No
Estradiol 0.0036 1 Yes
Estradiol cypionate NA NA Yes
Estriol 0.02734 NR Yes
Estrone 0.03 NR Yes
Pregnenolone 0.00706 NR No
Progesterone 0.00881 2 Yes
Testosterone 0.0234 2 Yes
Testosterone cypionate NA NA Yes
Testosterone propionate NA NA Yes

NOTE: BDDCS = Biopharmaceutics Drug Disposition Classification System; Class 1 = high
solubility; high permeability; rapid dissolution; Class 2 = low solubility; high permeability;
NA =used in only injection products; NR = not reported; USP = United States Pharmacopeia.

SOURCES: Committee generated, using data from Benet et al., 2011, and NLM, 2020b.
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Particle Size

API particle size and distribution strongly influence absorption, with
small particles dissolving faster and more easily than large particles. Indeed,
it is well recognized that hormone absorption by the body is associated
highly with API particle size (Dahan et al., 2009). For example, many com-
pounders acknowledge the importance of using “micronized” progesterone
powder in ¢cBHT preparations, but not all micronized progesterone powders
are equivalent when it comes to particle size. The distribution and aver-
age of particle sizes among batches or lots of micronized progesterone API
must be similar before they can be regarded as possibly equivalent (Yu et
al., 2014).

Polymorphisms

Some powder hormone APIs are polymorphic, meaning they can form
more than one solid crystal structure, and each crystal structure will have its
own solubility characteristics (Sarkar et al., 2014; Stevenson et al., 2019),
which thereby affect absorption (Censi and Di Martino, 2015).

Solubility

The low water solubility of reproductive hormones controls absorp-
tion from all routes of administration (oral, topical, injection/implant) and
is compensated for many ways. For oral formulations, large daily doses
are administered (Boyd et al., 2019), while with the topical route, lower
doses are applied with the possible inclusion of penetration enhancers
(Ng, 2018; Prausnitz and Langer, 2008) to compensate for poor aqueous
solubility.

Purity

API purity can affect the efficacy of the drug (Roy, 2002). Absorption
is a concentration-dependent process, so as the amount of active ingredient
in an API is reduced, so will the amount absorbed into the body. Of note,
503A compounding pharmacies are not required to assess the purity of their
APIs and are permitted to rely solely on the product certificate of analy-
sis and expiry date as provided by the API manufacturer. If, at the S03A
compounding pharmacy, an API becomes contaminated accidentally or de-
grades faster than expected because it was stored at the wrong temperature,
the 503A compounding pharmacy may not detect those changes. In con-
trast, 503B outsourcing facilities and FDA-approved drug manufacturers
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are required to perform confirmatory API purity testing before using APIs
in compounding.'’

In Vivo Metabolism

Hormones are targets of extensive in vivo cellular metabolism (Miller
and Auchus, 2011) and transport (Siiteri et al., 1982), making it difficult
for them to reach their sites of action reliably once absorbed. The liver, for
example, effectively metabolizes hormones that are delivered orally, another
reason why oral doses are so much higher than topically delivered doses
(von Schoultz, 2009). In addition, for any given route of administration
(oral, topical, injected/implanted) there is significant variability between pa-
tients in the resulting blood levels of hormones and their metabolites (Kuhl,
2005), and there is even significant day-to-day variability within the same
patient (Brambilla et al., 2007; Kraemer et al., 2003). For further discussion
on bioavailability of cBHT preparations, see Chapter 6.

Formulation Stability

FDA-approved drug manufacturers must test their products for API
stability within the formulation and for their ability to safely release hor-
mones over time.2 Demonstrating API stability in a formulation is of obvi-
ous importance. For example, if a dissolved API crystalizes out of solution
in a topical cream, it may decrease the bioavailability of the hormone,
decreasing the effectiveness of the cream (Garnero et al., 2018). This sce-
nario can happen simply because the cream loses water over time if it was
not in a well-sealed package. As a second example, for many formulations,
the order of ingredient mixing, inclusion of solubilizers, and other process
variables are critical for formulation stability. This is especially the case for
topical preparations, as microstructures are formed between ingredients
within the dosage form (Jeong et al., 2003). Simple two or three ingredi-
ent topical formulations or use of a single premixed commercial base may
not be adequate to produce a formulation with suitable stability. For com-
parison, Box 5-4 lists the 10 inactive ingredients incorporated into Estrace
Cream, which are all required for prolonged product stability.

In contrast, S03A compounding pharmacies are not required to dem-
onstrate that APIs are stable in formulations for the life (i.e., expiry date
or beyond-use date) of their products. Neither are compounders required
to measure hormone release rates from ¢cBHT preparations. For example,

19 Testing and approval or rejection of components, drug product containers, and closures.
21 CFR § 211.84 (September 8, 2008).
20 Special testing requirements. 21 CFR § 211.167.
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at a November 2019 open session meeting, Dr. Gary S. Donovitz (BioTE
Medical, LLC) who uses a 503B outsourcing facility to prepare testosterone
pellets for use in their practice was asked during an open session meeting
whether their group tested the pellets to determine the rate of testosterone
release over time. Dr. Donovitz expressed that his practice does not con-
duct such testing, but instead examines the peak serum testosterone levels
in patients, using certain target ranges for optimization (NASEM, 2019c¢).

All of the factors reviewed in this section must be taken into account
when developing drug formulations with hormone APIs. Formulations
require rigorous testing and improvement over time, before knowing that
they can reliably, over time, deliver hormones through the skin, gastro-
intestinal tract, and tissues. However, the materials, methods, and quality
standards followed differ among pharmacies when preparing cBHT prepa-
rations, even when filling identical prescriptions.

Examples of Complexity: Formulations, Dosage Forms, and Potency

As a formulation’s complexity increases, so does the potential for
product failure. For example, Bi-est (formulated with estradiol and estriol,
in varying amounts) and Tri-est (formulated with estradiol, estriol, and
estrone, in varying amounts) are commonly prescribed ¢cBHT formula-
tions.2! An even more complex formulation is “Arousal Cream,” which
contains six active ingredients. Unless formal stability studies on these
complex formulations are conducted and disclosed, there is cause for con-
cern regarding the stability and bioavailability of every multi-ingredient
compounded preparation.

The level of potency is also an important consideration. For compounded
preparations, USP has established a +10 percent potency deviation range for
most compounded preparations (USP Compounding Expert Committee,
2014). Yet, differences in the potency of ¢cBHT preparations have been docu-
mented between compounding pharmacies. For example, when compared
with product labeling, estradiol capsule potency varied from =26 percent to
+5 percent, estradiol cream potency varied from —11 percent to +1.4 per-
cent, progesterone capsule potency varied from -9 percent to +31 percent,
and progesterone cream potency varied from =5 percent to +12 percent of
the label (Stanczyk et al., 2019). For reference, FDA-approved products
typically must maintain potency within a =10 percent range from the label
(Blessy, 2014) to maintain safety and effectiveness (FDA, 2004).

21 As discussed in Chapters 2 and 8, it is difficult to secure quantitative data on the prescrip-
tion rates and dispensing practices for specific cBHT formulations, doses, and dosage forms;
however, available data suggest that Bi-est and Tri-est, available in varying amounts and
dosage forms, are commonly compounded preparations (IJPC, 2018; NABP, 2019).
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Illustrative Example of Complex cBHT Preparations: Hormone Pellets

Hormone pellet therapies are complex formulations that must be pre-
pared to exacting specifications in order to safely, reliably, and repeatedly
deliver a uniform amount of hormone over time. Pellets are implanted sub-
cutaneously and are expected to release hormone(s) at a controlled uniform
rate, typically over weeks to months (McCullough, 2014). As such, they
are controlled release dosage forms, which makes them different from the
more routinely compounded “immediate release” therapies such as topical
creams, oral capsules, or immediate release injections.

The committee found multiple examples of cBHT pellets for estradiol,
testosterone, and progesterone, available in varied strengths (see Appen-
dix F).22 In regard to the scope of available pellet therapies, the testosterone
replacement market alone has been described as a multibillion dollar indus-
try (McCullough, 2014).

Several factors affect the ability of a pellet to reliably release hormone(s)
over time, including content uniformity and pellet size and shape (length,
width, surface area). Content uniformity is how well the hormone(s) and
inactive ingredients are mixed together. As pellets slowly dissolve over time,
and thereby slowly release hormone(s) over time, any pockets of hormone
crystals (e.g., from a nonuniform mixture) within the pellet may deliver an
unintended bolus of hormone(s) to the body.

For most pellets, the size, shape, and surface area of the pellet must
be uniform among all pellets of the same dose, and the pellet surface area
must be proportional between different dose pellets. That is because the
dose delivered is proportional to the surface area of the pellet (McCullough,
2014). Whether compounded or FDA approved, testosterone pellets for
men are usually implanted in sets of 10 or more (Glaser and York, 2019;
McMahon et al., 2017), and each is expected to deliver hormone(s) at the
same rate (McCullough, 2014). Small deviations in length or width will
change the rate of hormone delivery. Note that pellets are much smaller
than the products a pharmacist typically prepares. For example, a Testopel
pellet is 3 mm wide and 8 mm long (McCullough, 2014), which is about
the size of a single grain of rice. To dispense a pellet in response to a patient
prescription, a pharmacist would have to own and know how to operate
special equipment that can mix, dry, extrude, package, and sterilize the
pellets. Such equipment is simply not found in the majority of pharmacies.
It also cannot be made “on demand.” Also, to be sure the pellets are of

22 Resources included peer-reviewed literature on the use of cBHT (e.g., IJPC, 2018), cBHT
preparation adverse event reports (FDA, 2018a, 2020a), information provided by compound-
ing practitioners (see the National Academies Public Access File), recent biannual outsourcing
facility preparation reports (FDA, 2019a), and online marketing information from com-
pounding pharmacies.
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uniform size, the pharmacist would have to be able to measure small dif-
ferences in length and width, on the scale of < 0.3 mm, among same dose
pellets.

To prepare pellets simply requires special compounding equipment
that is only found in pharmaceutical manufacturing facilities. Also to test a
batch of pellets to show they are the correct size, shape, have proper content
uniformity, and deliver hormones at a uniform prespecified rate, requires
both complex physicochemical testing (specialized dissolution testing) and
analytical test methods. Again, such testing is only available in specialized
pharmaceutical analytical testing facilities.

Because hormone pellets deliver hormones slowly over an extended
period of time, including up to 2 to 5 months (Glaser and York, 2019;
McCullough, 2014), specialized bioavailability study designs are required
to show how reliable and consistent the delivery happens in humans.
That is, pellets require the types of bioavailability study designs applied
to depot injection products, which deliver active ingredients over weeks
and months. As will be discussed in Chapter 6, compounded preparations
are not required to be tested for bioavailability. Also the standard in vitro
batch release tests do not capture information required to have assurance
that a hormone pellet can safely and uniformly deliver hormones over long
time periods. This may explain why there is evidence of significant adverse
reactions, indicative of hormone overdose, in groups of patients who have
received hormone pellet therapy (Jiang, 2019).2% For example, a higher inci-
dence of mood swings, breast tenderness, hair pattern changes, acne, weight
gain, and dyslipidemias were reported in woman who received compounded
pellets containing estradiol or testosterone, when compared with woman
receiving an FDA-approved hormone product. Also in the same study,
woman receiving pellet products had significantly higher and more variable
serum concentrations of estradiol and testosterone, when compared with
woman receiving an FDA-approved product (Jiang, 2019). There is also
evidence of compounding pharmacies substituting inactive ingredients into
pellet products (e.g., a cholesterol base for a steric acid base), which would
completely change the release characteristics of the pellet,”* a formulation
change that could clearly put patients at risk.

Difficult to Compound

Given the complexity of the compounding process as discussed above,
the Federal Food, Drug, and Cosmetic Act (FDCA) asks FDA to develop

23 State of Tennessee v. HRC Medical Centers Inc. 2012. Robert E. Cooper, Jr. (Circuit
Court for Davidson County, TN).
24 Accusation in Herold v. University Rx Specialist, Case No. 4347 (2015).
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BOX 5-3
Difficult to Compound List

In 2016, an internal FDA working group proposed six criteria to
evaluate whether drug products or categories of drug products should
be included on the list. After review by FDA’s Pharmacy Compounding
Advisory Committee, the following criteria were published in a July 28,
2017, Federal Register notice:

The complexity of the formulation;
. The complexity of the drug delivery mechanism;
. The complexity of the dosage form;
. The complexity of the bioavailability issues;
. The complexity of the compounding process; and
. The physicochemical or analytical testing complexity.

OUTANWN—

FDA has stated that it will consider these criteria individually and
collectively when evaluating whether a drug product or category of drug
products is demonstrably difficult to compound.*

* Drug Products That Present Demonstrable Difficulties for Compounding Under
the Federal Food, Drug, and Cosmetic Act; Establishment of a Public Docket. 82 FR
35214 (July 28, 2017).

regulations identifying drugs and drug categories that “present demonstra-
ble difficulties for compounding” and to establish a Difficult to Compound
List, which would preclude the use of listed drugs in compounded prepara-
tions.>> When considering whether or not a drug is difficult to formulate,
both the active ingredient and the dosage form should be considered.
Relevant to this report, most of the cBHT APIs and certain ¢cBHT formula-
tions exhibit one or more of the complexities discussed in the criteria for
the Difficult to Compound List (see Box 5-3).

25 See Drug Products That Present Demonstrable Difficulties for Compounding Under the
Federal Food, Drug, and Cosmetic Act; Establishment of a Public Docket. 82 FR 35214 (July
28,2017) (FDA announces development of criteria to evaluate drugs as demonstrably difficult
to compound under 503A and 503B).
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4 N
Conclusion 5-2

Compounded bioidentical hormone therapy (cBHT) pellet
formulations may be difficult to compound given the
complexity of drug delivery mechanism, lack of required
bioavailability testing, insufficient guidance for compounders,
and the need for specialized equipment. Given the broad
scope of available cBHT pellet formations marketed for use,
and questions regarding difficulty in compounding, there are
concerns for safety and effectiveness.

INACTIVE INGREDIENTS

All FDA-approved products and those compounded by 503B outsourc-
ing facilities are required to list their inactive ingredients on their container
labeling according to the FDCA’s provisions regarding misbranded drugs.2°
While there is no explicit requirement in Section S03A to include inactive
ingredients on the label, the FDCA section on misbranded drugs that
applies to all drugs (manufactured or compounded) includes a requirement
that drugs list inactive ingredients on the container label.?”-*8 However,
503A pharmacies and other health care facilities may not have the infra-
structure to provide appropriate information on inactive ingredients, and
as a result, inactive ingredients labeling may not be routinely followed for
compounded drugs (ISMP, 2018). Therefore, it may not be possible for
many patients to know what inactive ingredients were used in the formu-
lation of a given ¢cBHT preparation. If a patient were to have an allergic
reaction to a compounded preparation, it may be difficult to review the in-
active ingredients contained therein when considering what the patient may
have reacted to. This seems unbalanced, especially as a primary rationale
for compounding is to provide products for patients who may have allergies
to FDA-approved products (McBane et al., 2019). In contrast, compounded
preparations made at 503B outsourcing facilities are required to list inactive
ingredients directly on the label, and given FDA’s increased oversight role

26 See Section 503B(a)(10) of the Federal Food, Drug, and Cosmetic Act.

27 Requirements on content and format of labeling for human prescription drug and biologi-
cal products. 21 CFR § 201.56 (December 4, 2014).

28 Federal Food, Drug, and Cosmetic Act. 21 U.S. Code Chapter 9.
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BOX 5-4
Inactive Ingredients in Estrace Cream,
an FDA-Approved Drug Product

For all FDA-approved products, the inactive ingredients are listed on
the drug container. The ingredients must be sourced from FDA-licensed
establishments. An example of the variety and number of inactive in-
gredients commonly included in FDA-approved products is provided in
Table 5-5 for Estrace Cream.

SOURCES: Committee generated, using information derived from Chang
et al., 2013; Garg et al,, 2015; Rowe et al., 2006; Warner Chilcott, 2005.

TABLE 5-5 Inactive Ingredients in Estrace Cream and Their Function

Ingredient Purpose

Water Solvent

Propylene glycol Humectant; preservative; solvent or cosolvent
Stearyl alcohol Stiffening agent; emollient; weak emulsifying agent
White ceresin wax Stiffening agent

Mono and diglycerides Emulsifier; stabilizer; emollient; plasticizer
Hypromellose Gelling agent

Sodium lauryl sulfate Emulsifier; solubilizer

Methylparaben Preservative

Edetate disodium Chelating agent; preservative

Tertiary-butylhydroguinone Antioxidant

of 503B facilities, the agency would likely detect noncompliance with this
requirement (see Box 5-4).2°

Some compounding suppliers offer premixed commercial bases (solu-
tions, creams, semisolids) to which active ingredients can be added to
prepare compounded formulations. A few examples include VersaBase
Cream, VersaBase Gel, Lipoderm, and MucoLox (Clark and Hover, 2016).
These make compounding easier by reducing the number of ingredients
and steps needed to prepare a compounded product. In some cases, base
suppliers offer some documentation to aid in preparing the MFR, along
with limited data implying that the base delivers the hormone through

29 See Section 503B(a)(10) of the Federal Food, Drug, and Cosmetic Act.
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the skin or mucous membranes. As an example, instructions for prepar-
ing progesterone in Versabase Cream are available online (Allen, 2017).
The product contains only three ingredients: micronized progesterone,
pentylene glycol, and Versabase Cream. Many of these base mixtures,
however, are not specialized for specific formulations (Medisca, n.d.) as are
FDA-approved drug products, and they are not required to be tested for
their ability to deliver hormones through the skin or mucous membranes
with the same rigor as FDA-approved drug products.

Some ¢BHT preparations are described in USP monographs. However,
the inactive ingredients are not always precisely defined within those USP
monographs, and the compounder is permitted to apply his or her skill
and art when selecting inactive ingredients. For example, Estradiol Vaginal
Cream USP describes the cream component as “a stable cream base.”
Similarly, Estradiol Cypionate Injection USP instructs the compounder to
use “a suitable oil” as the injection vehicle (USP, 2019b).

For compounded USP monograph preparations, this lack of specific-
ity around inactive ingredients may lead to different cream base products
being used by different compounders. In these cases, an estradiol cream
preparation purchased from one compounding pharmacy may have dif-
ferent inactive ingredients than a product with the same name purchased
from a second compounding pharmacy. Differences in inactive ingredients
can affect the availability and absorption of cBHT active ingredients, given
their low solubility and high metabolism (Panakanti and Narang, 2012),
which would result in patients being exposed to differing amounts of the
active ingredient.

Similarly for preparations without USP monographs, such as ¢cBHT
pellets, the inactive ingredients used may vary between compounders. For
example a 25 mg estradiol pellet from one compounder may contain differ-
ent ingredients than an estradiol pellet provided by a second compounder.
There is a reported case where the same pharmacy used a different base to
compound testosterone pellets, without knowing the effect of the formula-
tion change on stability.3?

30 Accusation in Herold v. University Rx Specialist, Case No. 4347 (2015).
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Conclusion 5-3

In contrast to FDA-approved drug products, compounded
bioidentical hormone therapy (cBHT) preparations lack
standardized production methods, potentially leading to

state-by-state and even pharmacy-by-pharmacy variability in
the medications dispensed to patients. In addition, cBHT active
dose ranges are wider, both lower and higher than corresponding
bioidentical FDA-approved drug products, and inactive ingredients
(e.g., excipients) can be difficult to identify, creating concerns
about ¢cBHT safety and efficacy.
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Bioavailability of
Compounded Bioidentical
Hormone Therapy Preparations

There is little published information on the bioavailability and
pharmacokinetics of compounded bioidentical hormone therapy (cBHT)
preparations.’? The lack of data results largely from the fact that compound-
ing pharmacies making ¢cBHT preparations are not required to conduct
clinical studies to determine the bioavailability of a finished preparation
(FDA, 2016, 2017). Moreover, the sheer diversity and heterogeneity of cBHT
preparations and pharmacy practices makes any comparative bioavailability
studies difficult to conduct.> While it is true that compounding provides
alternate methods of drug delivery to fit patients’ unique health needs (U.S.
Senate Special Committee on Aging, 2007), it is also important that when
a cBHT preparation is delivered using a route of administration that differs
from that of a U.S. Food and Drug Administration (FDA)-approved product
with the same active pharmaceutical ingredient (APT)—often the case with
compounded preparations—its bioavailability, and ultimately its safety and
efficacy, would be unknown.

In the absence of bioavailability data, there are important variables to
consider, including, but not limited to, the particle size of the API, degree
of mixing and type of mixing equipment used to make a given preparation,
route of drug administration, and presence of other excipients (nonactive

1 Bioavailability refers to the amount of administered drug or substance within the body
that is free to have an active effect on biological targets.

2 Pharmacokinetics is the study of the kinetics of drug absorption, distribution, metabolism,
and elimination.

3 See Chapter S for a review of the various cBHT preparations.
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ingredients in the preparation). These variables can each decrease or in-
crease bioavailability of the API (Allen and Ansel, 2013; Khadka et al.,
2014; Kuhl, 2005; Remington and Beringer, 2006).* For example, while the
APIs used in two ¢cBHT preparations prepared at two different compound-
ing pharmacies may be identical, the excipients in the two preparations
can have differing physicochemical properties that can potentially affect
the bioavailability of APIs in the two compounded preparations dispensed
to patients (Allen and Ansel, 2013; Khadka et al., 2014; Remington and
Beringer, 2006).

Conceivably, the results of one-off studies would not be that useful
given the potentially small number of individuals who would receive any of
the large number of different cBHT preparations. However, in the absence
of bioavailability data, the specific effect of these variables on the safety
and efficacy of the cBHT preparations is unknown. While the committee
appreciates the potential of personalized medicine and what it can offer to
patients, the balance of safety and effectiveness with personalized medicine
is a balance that needs to be further explored.

4 N

Conclusion 6-1

The immense number of potential combinations of different
hormones, excipients, dosage forms and strengths, as well as the
lack of uniformity of compounded bioidentical hormone therapy
(cBH'T) preparations, make determining definitive bioavailability

of those preparations difficult. Without reliable bioavailability
data, an accurate characterization of the safety and effectiveness of
c¢BHT preparations is not possible.

- /

MEASURING CONCENTRATIONS OF STEROID HORMONES

Current clinical guidance suggests there is insufficient evidence to sup-
port claims that multiple blood, serum, or saliva tests can be used to
precisely individualize hormone therapy (e.g., ACOG, 2018; Endocrine

4 This report does not specifically address the role of protein binding and its effect on bio-
availability of compounded preparations owing to lack of data. Also, the potential effect of
body mass index (BMI) affecting steroidal hormone levels in postmenopausal women receiving
compounded preparation is not addressed owing to lack of data.
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Society, 2019; NAMS, 2020; Santoro et al., 2016).° Because no studies
have demonstrated that using hormone concentrations to guide treatment
is effective or useful, the American College of Obstetricians and Gyne-
cologists recommends using clinical symptoms to guide treatment (ACOG,
2018). Nonetheless, some prescribers of cBHT use hormone imbalance as
a rationale and guide for treating the symptoms of menopause (NASEM,
2019a,b).6

Characterizing hormone imbalance typically involves measuring hor-
mone concentration levels in saliva, plasma, serum, or urine, and patients
interested in this approach can find websites offering hormone balance test
kits. Patients collect samples of saliva and/or blood and mail them to a
designated laboratory. These labs often use bioanalytical methodology that
lacks the rigors of the validated bioanalytical methods required to ana-
lyze pharmacokinetic samples collected in FDA-approved clinical studies
(Herold and Fitzgerald, 2003; Kane et al., 2007). In addition, differences
in steroid hormone levels can depend on the matrix used to measure the
hormone concentration. One study, for example, examined the distribu-
tion of progesterone in venous whole blood, venous serum, fingertip cap-
illary blood, and saliva after topical application of either cream or gel
formulations compounded at a local pharmacy (Du et al., 2013). After
topical administration of progesterone, saliva and capillary blood levels
were 10-fold and 100-fold greater, respectively, than those seen in serum
or whole blood. The investigators who conducted this study concluded
that relying on serum levels of progesterone for monitoring topical admin-
istration of progesterone could lead to underestimation of tissue levels and
consequent overdose.

Furthermore, in 2007, the Centers for Disease Control and Prevention
(CDC) launched a project focused on standardizing hormone measure-
ment (Vesper et al., 2008). In the project communication materials, CDC
states

Despite physician’s wide spread use of hormone test results, the labora-
tory measurement of steroid hormones is subject to extreme variability
especially when hormones are present in low concentrations, as is usually
the case for testosterone in women and children, and for estradiol in men,
children, and postmenopausal women. (CDC, 2008)

5 As an example, the North American Menopause Society states that hormone concentra-
tions are not required to determine whether a woman has the “right amount” of hormones,
since the optimal hormone concentrations in postmenopausal women have not, in fact, been
established (NAMS, 2020).

¢ More information is available at https://www.ucihealth.org/blog/2019/03/bioidentical-
hormone-therapy (accessed October 23, 2019).
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Measuring Hormone Concentrations: Salivary Testing

Salivary testing is often promoted by online analytical laboratories
as a convenient, noninvasive method for hormone sampling. At the same
time, several professional medical societies have issued public statements
that saliva testing is unnecessary and has not been proven to be accurate
nor reliable, mainly because the variation in the day-to-day or within-
a-day hormone concentrations in an individual is large enough to make
any one measurement uninformative (ACOG, 2018; Endocrine Society,
2019; Goodman et al., 2011; NAMS, 2017). In one study, for example,
researchers compared salivary versus serum testosterone concentrations
in postmenopausal women receiving transdermal testosterone supplemen-
tation (Flyckt et al., 2009). The data suggested there was no correlation
between salivary testosterone and any of the serum testosterone measure-
ments (see Figure 6-1), leading the researchers to conclude that the results
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FIGURE 6-1 Correlation between salivary testosterone (T) and serum free (T)
(nmol/L).
SOURCE: Flyckt et al., 2009.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/25791

The Clinical Utility of Compounded Bioidentical Hormone Therapy: A Review of Safety, Effectiveness, and ...

BIOAVAILABILITY OF cBHT PREPARATIONS 121

did not support the routine use of salivary testosterone concentrations in
postmenopausal women.

While the bioanalytical method used in the comparative analysis in
Figure 6-1 is a validated radioimmunoassay (Flyckt et al., 2009),” there
have been specific concerns over the accuracy and reliability of immuno-
assays to assess testosterone measurements (Cao et al., 2007; Davis et al.,
2019). A recent consensus position statement from several medical asso-
ciations on the use of testosterone therapy in women stated that direct
assays for the measurement of total and free testosterone are highly unreli-
able (Davis et al., 2019). Concerns regarding immunoassay assessments
of steroid hormones are the result, in part, of a lack of immunospecificity
caused by cross-reactivity with other steroids having a similar structure;
poorly optimized quantification; and improper validation against standards
(Clifton et al., 2016; Holst et al., 2004; Keevil et al., 2014). Recently,
several authors have demonstrated that liquid chromatography-tandem
mass spectrometry (LC-MS/MS) methodology can reliably and accurately
measure testosterone levels in both male and female saliva samples (Clifton
et al., 2016; Keevil et al., 2014), highlighting potential benefits in its use
in ¢cBHT research. (See the section “Bioanalytical Methods to Measure
the Bioavailability of Steroid Hormones” in this chapter for an additional
discussion on this topic.)

Measuring Hormone Concentrations: Urine Testing

Physicians who prescribe cBHT may also advocate for the use of urine
testing to measure hormone levels. At the committee’s open session in May
2019, invited speakers Lyn Hogrefe, M.S., and David Rosensweet, M.D.,
noted that they prefer urine hormone testing because it is easier for patients
and less expensive than other forms of testing (NASEM, 2019a,b). Advo-
cates for this approach also claim that urine testing allows them to evaluate
safety through measuring hormone metabolites, and that urine sampling
provides a measure of free, “bioavailable” hormones. Importantly, while
hormone level testing at clinical labs, for the purpose of checking normal
values, may serve a clinical purpose, this type of testing stands as a distinct
issue from that of testing for the bioavailability of a compounded prepara-
tion, which is lacking.

7 Reports that include serum concentrations of steroid hormone in ¢cBHT preparations
often use radioimmunoassays/immunochemiluminometric assay methods to measure steroid
hormone concentrations (Glaser et al., 2013; Miller et al., 2000; Wren et al., 2003b).
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Measuring Hormone Concentrations: FDA Requirements
for FDA-Approved Hormone Products

As a comparison to the various protocols described above, FDA re-
quires the measurement of steroid hormones in plasma or serum in bio-
equivalence studies with pharmacokinetic endpoints (FDA, 2019a). For
example, FDA guidance on measuring estradiol in bioequivalence studies
of estradiol vaginal tablets, gels, or creams identifies “estradiol in plasma”
as the appropriate biological fluid to measure estradiol (FDA, 2011a, 2014,
2019a). Similar FDA guidance specifies plasma or serum as the appropriate
biological fluid for measuring the levels of other steroid hormones, such
as progesterone and testosterone, in clinical studies with pharmacokinetic
endpoints (FDA, 2011b, 2019b).

Conclusion 6-2

There is no established evidence base to support the routine
clinical use of steroid sex hormone levels for guiding the dosing
in the treatment of menopausal symptoms.

BIOANALYTICAL METHODS TO MEASURE THE
BIOAVAILABILITY OF STEROID HORMONES

LC-MS/MS is the gold standard methodology used today to support
clinical studies with pharmacokinetic endpoints (FDA, 2018). LC-MS/MS
is typically used because of the selectivity and specificity of the detection
methodology, a requirement of validated bioanalytical methods. Examples
of commercially available validated LC-MS/MS bioanalytical assays exist
for many of the bioidentical hormones on the market today (see Table 6-1).

Recently, investigators evaluated urinary estrogen and progesterone
metabolites using dried filter paper samples and gas chromatography with
tandem mass spectrometry (Newman et al., 2019). This prospective obser-
vational study compared the results of urine and serum analyses. A second-
ary aim of the study compared results from dried urine samples collected
at four times over a 10- to 14-hour time period (the 4-spot method) and
the 24-hour collection method, which collects liquid urine samples over a
full 24-hour period. Researchers obtained similar results from the 4-spot
dried urine and the 24-hour liquid urine collection methods. Furthermore,
based on the results of a comparison between dried urine and serum assays,
the authors concluded that the dried urine assay may be a good surrogate
for serum testing in clinical assessments of hormone disorders.
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TABLE 6-1 Examples of the Bioanalytical Methods Used to Analyze Bioidentical
Hormones in Blood/Serum/Plasma from Subjects Who Were Administered cBHT

Lower Limit of

Study Analyte Bioanalytical Method Quantitation
Pickar et al., Unconjugated HPLC-tandem mass spectrometry 25.3 pg/mL
2015 estradiol

Unconjugated HPLC-tandem mass spectrometry 5 pg/mL

estrone

Total estrone HPLC-tandem mass spectrometry 0.1 ng/mL

Progesterone HPLC-tandem mass spectrometry 0.4 ng/mL

Singh et al., Total HPLC-tandem mass spectrometry 0.5 ng/dL
2006 testosterone
Sood et al,, Estradiol High-performance liquid 2.5 pg/mL
2013 chromatography (HPLC)-tandem
mass spectrometry
Estrone HPLC-tandem mass spectrometry 2.5 pg/mL
Estriol Competitive binding 0.07 ng/mL

immunoenzymatic assay

Progesterone Competitive binding 0.08 ng/mL
immunoenzymatic assay

SOURCES: Pickar et al., 2015; Singh et al., 2006; Sood et al., 2013.

BIOAVAILABILITY OF COMPOUNDED BIOIDENTICAL
HORMONE THERAPY PREPARATIONS

From the limited bioavailability data on ¢cBHT preparations that exist
in the literature, the following four studies on compounded estrogen cream,
testosterone pellets, progesterone cream, and a lozenge containing estradiol,
progesterone, testosterone, and dehydroepiandrosterone (DHEA) serve as
examples of how such studies are conducted.

Example Study 1: Compounded Estrogen Cream

Study Design and Results

One group of investigators (Sood et al., 2013) conducted a pharmaco-
kinetic evaluation of ¢cBHT preparations as part of a randomized, blinded,
four-arm, 16-day clinical trial of 40 postmenopausal women. The study arms
assigned women to receive a compounded cream containing a commonly
used 80:20 ratio of estriol and estradiol (Bi-est) and 100 mg of compounded
oral progesterone or a conventional estradiol patch (Vivelle-Dot 0.05 mg)
and oral progesterone capsule (Prometrium 100 mg). The Bi-est creams were
compounded to include a dosage of 2.0 mg (1.6 mg estriol/0.4 mg estradiol),
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2.5 mg (2 mg estriol/0.5 mg estradiol), or 3.0 mg (2.4 mg estriol/0.6 mg
estradiol).

The investigators measured serum concentrations of estradiol, estrone,
estriol, and progesterone, and generated a 24-hour pharmacokinetic pro-
file after the first and last application of the cream or patch. The resulting
analysis showed that estradiol exposure at steady-state—as determined
after the last application—for all strengths of the compounded cream was
less than that from the patch, though hormone levels for test subjects who
received 3.0 mg of the compounded Bi-est preparation were not statistically
different from those who received the patch (see Figure 6-2). The American
Medical Association commented on this study, concluding that given the
unpredictable pharmacokinetics of compounded formulations, the use of
¢BHT cannot be supported in comparison to well-tested FDA-approved
hormone therapy options (AMA, 2016).

Study Limitations

In this study, participants who received one of the compounded es-
trogen preparations using the Bi-est ratio had wide fluctuations in their
estradiol concentrations both after the initial administration as well as at
steady-state. In contrast, estradiol absorption with the patch was more con-
sistent across subjects. Participants receiving one of the three compounded
dosage formulations based on the Bi-est 80:20 ratio had lower estrone con-
centrations than those from the patch. There were certain limitations with

Steady State Estradiol

s Biest 20 mg
wm-_ Biest25mg

—o Biest 30 mg
—-a-- Vivelle-Dot

Serum Estradiol Pg/mL

FIGURE 6-2 Steady-state serum estradiol concentration time course.

NOTE: Serum estradiol (pg/mL) as a function of time in hours (measured on days
15 and 16).

SOURCE: Sood et al., 2013.
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the assay for measuring estriol, and as a result most subjects had estriol
concentrations that were below the lower limit of detection. Progesterone
concentrations were relatively similar after administration of the com-
pounded and conventional bioidentical progesterone dosage forms in all
four groups, suggesting that micronized progesterone is similarly absorbed
across compounded and conventional dosage forms (Sood et al., 2013).
However, the most informative bioavailability comparisons are those con-
ducted between identical dosage forms, so a more appropriate reference
in the study would have been an FDA-approved hormone product such as
estradiol cream, estradiol gel, or estradiol spray products.

Another limitation of the study was the small number of subjects—
between 7 and 10—in comparative arms of the study. Furthermore, given
that Vanicream was used as the base for all three compounded estrogen
formulations, the study results are not generalizable to all possible dosage
formulations using the 80:20 Bi-est ratio. Variations in the content uni-
formity of estradiol and progesterone in compounded combined forms of
oral capsule and transdermal cream preparations sourced from different
compounding pharmacies is a concern among some professional medical
associations (Davis et al., 2014; Stanczyk et al., 2019).

Regardless of the limitations of the study, the low and variable con-
centrations of serum estradiol obtained with the 2.0 and 2.5 mg Bi-est
preparations in this study are concerning and cast doubts on the ability of
compounded creams to provide relief of vasomotor symptoms and protect
against bone loss. One case, for example, found that a patient treated for
vasomotor symptoms with a dosage formulation using the Tri-est ratio
(80 percent estriol, 10 percent estrone, and 10 percent estradiol) for sev-
eral months experienced an initial relief of symptoms that returned even
after increasing the dose (Davis et al., 2014). The patient’s symptoms later
improved after the prescribing physician switched the patient to an FDA-
approved estradiol transdermal delivery system.

Example Study 2: Compounded Testosterone Subcutaneous Pellet

Study Design and Results

Investigators (Glaser et al., 2013) conducted a pharmacokinetic study
in 12 previously untreated postmenopausal women who each received 100
mg testosterone as a subcutaneous implant compounded by a local phar-
macy in Cincinnati, Ohio. The research team measured serum total testos-
terone at baseline, 4 weeks, and 16 weeks following the testosterone pellet
implantation. Total testosterone was measured by an immunoassay (Bayer
Advia Centaur), and for comparison a duplicate specimen was sent to a sec-
ond lab for measurement by liquid chromatography. There were significant
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interindividual variability in testosterone concentrations at week 4, mean
serum level was 190.8 = 80 ng/dL (range 83-368 ng/dL, CV 41.9 percent)
(see Figure 6-3) and week 16 (CV 41.6 percent). These levels exceed the
serum total testosterone reference range of 8—60 ng/dL in women (Mayo
Clinic Laboratories, 2020).

The authors stated that the concept of using a single serum testosterone
concentration measurement to guide therapy is inherently unreliable, ex-
tremely variable, and ignores the complexity of the physiologic events that
controls hormone production and release. Instead, the authors concluded,
safety, tolerability, and clinical response should guide therapy (Glaser et
al., 2013).

Considerations Related to the Use of Compounded Testosterone

In contrast to the conclusions reached by Glaser et al. (2013), a 2019
global consensus position statement, endorsed by multiple professional medi-
cal societies, recommended against the use of compounded testosterone in
women (Davis et al., 2019). The report states that “blood total testosterone
level should not be used to diagnose hypoactive sexual desire disorder/
dysfunction.” The report recommended that treatment should be with for-
mulations that achieve blood concentration of testosterone that approximate
premenopausal physiological concentrations (Davis et al., 2019).

400
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(20.1) (204) (21) (22) (22.8) (2355) (235) (25) (25.7) (27.6) (305) (32.4)
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FIGURE 6-3 Serum testosterone concentrations in 12 female patients 4 weeks after
therapy with a 100 mg testosterone implant.
SOURCE: Glaser et al., 2013.
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The potential differences in the use of testosterone in therapeutic treat-
ment plans for women versus men is another consideration regarding com-
pounded testosterone. In women, measurement of serum total testosterone
is used only to exclude high baseline or supraphysiological concentrations
(Davis et al., 2019). In men with hypogonadism, however, measuring total
testosterone during hormone therapy in conjunction with symptoms relief
is part of the treatment plan (Bhasin et al., 2018).

Researchers have also expressed concerns regarding the quality control
of compounded testosterone preparations, in terms of a lack of uniformity
in testosterone content and its potential to compromise the safety and effi-
cacy of treatment (Grober et al., 2015). One study tested 7 gel testosterone
preparations and 3 cream testosterone preparations from 10 compounding
pharmacies within the Toronto, Canada, area. Results showed significant
variability both within and between pharmacies in terms of the measured
concentrations of testosterone in the finished compounded preparations
(Grober et al., 2015).

Finally, to serve as a potential reference point, transdermal testosterone
cream is available as a traditionally manufactured product in Australia,
1 percent Androfeme (Lawley Pharmaceuticals, 2016), and has publicly
available bioavailability data to consider. The steady-state pharmacokinetics
of Androfeme was investigated after daily application for 21 days in healthy
postmenopausal women (Fooladi et al., 2015). Serum total testosterone, free
testosterone, sex hormone binding globulin, and metabolic concentrations
were measured using LC-MS/MS. On day 22, 5 mg testosterone cream
restored both total and free testosterone levels to levels above and within
the reference range, respectively, for premenopausal women.

Example Study 3: Compounded Progesterone Cream

Study Design and Results

A randomized, crossover clinical trial was conducted in 10 post-
menopausal women to investigate the bioavailability of 80 mg of proges-
terone from compounded cream or gel applied daily to the inner thigh for
14 days (Du et al., 2013). Metered doses of compounded progesterone
cream or gel were prepared by a compounding pharmacy, and on day 14
of the study, the investigators collected serial venous blood, fingertip capil-
lary blood drawn just prior to drug application, and saliva samples up to
24 hours after the final application. The analysis was conducted using chro-
matographic purification followed by radioimmunoassay. Bioavailability
data (see Table 6-2) showed that topical application of progesterone pro-
duced saliva and capillary blood concentrations that were approximately
10-fold and 100-fold greater, respectively, than those seen in serum or
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whole blood. It is unclear why there were large differences between whole
blood and capillary blood progesterone concentrations. The high capillary
blood and saliva concentrations may suggest optimal absorption and trans-

port of progesterone to tissues from both compounded topical preparations
(Du et al., 2013).

Considerations

Other researchers have commented on the disparity between proges-
terone concentrations in saliva and capillary blood, as compared to serum
or whole blood. Based on current evidence, the therapeutic significance of
higher progesterone concentrations in saliva and capillary blood is unclear
(Ruan and Mueck, 2014). The effectiveness of percutaneous progesterone
delivery in protecting the endometrium from unopposed estrogen is in
question, mostly because of the very low serum progesterone concentra-
tions achieved via that route of administration (Du et al., 2013; Ruan and
Mueck, 2014; Stanczyk, 2014; Whelan et al., 2013; Wren et al., 2005). In
a review article (Fugh-Berman and Bythrow, 2007), the authors compared
the serum and plasma progesterone levels from topical progesterone creams
from several studies (Burry et al., 1999; Carey et al., 2000; Cooper et al.,
1998; Lewis et al., 2002; O’Leary et al., 2000) and found it was less than
5 ng/mL, the minimum level believed to induce secretory endometrium.
Based on these findings and others, researchers suggest that serum or
plasma progesterone concentrations should not be used as an index of tissue

exposure of progesterone following topical progesterone cream therapy
(Stanczyk, 2014).

Example Study 4: Compounded Estradiol, Progesterone,
Testosterone, and DHEA Lozenge

Study Design and Results

Investigators have evaluated the pharmacokinetics of compounded es-
tradiol, progesterone, testosterone, and DHEA in an open-label study in
six postmenopausal women following dosing with a lozenge using the
transbuccal route of administration (Wren et al., 2003b). Each lozenge,
formulated by a compounding pharmacy (Bondi Junction, Australia) as
a single batch, contained 178 estradiol (0.5 mg), progesterone (200 mg),
testosterone (2.0 mg), and DHEA (10 mg), along with several excipients.
Subjects administered one-half of a lozenge twice daily for 2 weeks, and
the researchers measured hormone plasma and saliva concentrations over
a 12-hour interval. Plasma and saliva concentrations of hormones were
measured using validated radioimmunoassays. Substantial intersubject
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variability in all hormone plasma concentrations were observed. In addi-
tion, concentrations in saliva were highly variable, especially following the
first single dose, with ratios of saliva/plasma concentration of estradiol of
more than 1,000. Data showed that the hormones were rapidly absorbed
via the buccal mucous membrane, and peak plasma concentration of estra-
diol and progesterone were similar to the concentrations typically found in
menstruating women.

Considerations

While the transbuccal route is a novel approach for administering
steroid hormones to postmenopausal women, Wren et al. (2003b) noted
the need for safety and efficacy studies to support the use of that particular
route of administration. An earlier report (Miller et al., 2000) showed that
sublingual administration of micronized estradiol and progesterone, with
and without micronized testosterone, favorably decreases serum and urine
markers of bone metabolism and prevents bone loss. Of note, the study
medication was prepared at a local pharmacy from a single batch to avoid
variability in hormonal content and composition of the sublingual tablets.

BIOAVAILABILITY OF TRADITIONALLY MANUFACTURED
BIOIDENTICAL HORMONE THERAPY PRODUCTS

As discussed in Chapter 8 of this report, patients may not be aware
of or understand that FDA-approved bioidentical hormone therapy (BHT)
products exist and are readily available. As more FDA-approved forms of
BHT products become available, some patient concerns about conventional
hormone therapy may be allayed, and other therapy options (e.g., non-
hormonal or conventional BHT) may have greater appeal (Hermite, 2017;
Thompson et al., 2017). To serve as a reference point for the example studies
discussed above, the following sections provide examples of bioavailability
studies for traditionally manufactured bioidentical hormone products.

Reference Study on the Bioavailability of
Traditionally Manufactured Bioidentical Progesterone Cream

Researchers at the Royal Hospital for Women in Randwick, Australia
(Wren et al., 2003a), conducted a parallel, double-blind, randomized,
placebo-controlled trial comparing the efficacy of percutaneous progester-
one cream with a placebo cream. Seventy-two postmenopausal women com-
pleted the evaluation for vasomotor symptoms, blood lipid levels, bone
metabolite markers, and quality of life. Subjects received 32 mg of progester-
one in a cream (ProFeme, manufactured by Lawley Pharmaceuticals, Perth,
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Australia)® or the same amount of cream containing no active ingredient.
The cream was applied for a total of 12 weeks. While there was a significant
increase in circulating serum progesterone by a median of 0.20 ng/mL, there
was no detectable change in vasomotor symptoms, mood characteristics,
sexual feelings, blood lipid levels, or bone metabolite markers.

Reference Study on the Bioavailability of FDA-Approved
Bioidentical Estradiol and Progesterone Combination Product

On October 29, 2018, FDA-approved Bijuva (estradiol and proges-
terone) capsules, the first FDA-approved BHT combination of estradiol
and progesterone in a single, oral capsule for the treatment of moderate
to severe vasomotor symptoms associated with menopause in women with
a uterus.” As part of the approval process, the pharmacokinetics and oral
bioavailability of a capsule combining 178 estradiol and progesterone was
compared to those of widely used and approved separate formulations
of estradiol and progesterone coadministered to healthy postmenopausal
women (Pickar el al., 2015). Serial blood samples were collected, and the
resulting plasma was used to measure unconjugated estradiol, total estrone,
unconjugated estrone, and progesterone. Bioequivalence data supported the
conclusion that the combination 17 estradiol and progesterone product
demonstrated bioavailability similar to those of the respective reference
products of estradiol and progesterone (Pickar et al., 2015).

CONCLUDING STATEMENTS

In summary, optimal bioavailability of an active ingredient in a com-
pounded preparation is essential for exerting its intended pharmacological
action. The paucity of bioavailability data from c¢BHT preparations is
problematic and casts doubts on both safety and efficacy of these prepa-
rations. Even the small number of available clinical trials that attempted
to evaluate bioavailability of ¢cBHT lack the rigor of those conducted for
FDA-approved BHT products.'® Most of the existing studies do not have
an active control and thus lack meaningful comparative data. In addition,
most existing studies relied on the use of radioimmunoassays or methods
used at clinical labs that are not as selective and specific as LC-MS/MS
bioanalytical methods.

8 Product information available at https://www.lawleybasecamp.com/media/pdf/pi-au/
profeme-10-pi.pdf (accessed May 7, 2020).

9 Product information available at https://www.accessdata.fda.gov/drugsatfda_docs/
label/2018/210132s0001bl.pdf (accessed May 7, 2020).

10" As a resource for general considerations for bioavailability studies, see https://www.fda.
gov/media/121311/download (accessed May 7, 2020).
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4 N
Conclusion 6-3

The paucity of reliable pharmacokinetic and bioavailability
data for compounded bioidential hormone therapy (¢cBHT)
preparations as compared to FDA-approved drug products,
compromises the ability to evaluate the safety, efficacy, and
product-to-product variability of cBHT preparations.
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The Safety and Effectiveness
of Compounded Bioidentical
Hormone Therapy

The primary charge to the committee is to assess the clinical utility of
treating patients with compounded bioidentical hormone therapy (cBHT)
preparations, which, as outlined in Chapter 1, requires an evidence-based
examination of safety and effectiveness. In this chapter, the committee pro-
vides a narrative review of the relevant peer-reviewed evidence on the safety
and effectiveness of cBHT and outlines the current framework for adverse
event reporting, a critical component in assessing the safety of medications.

This chapter has a prioritized focus on bioidentical hormone ther-
apy (BHT) preparations containing estrogens, progesterone, testosterone,
dehydroepiandrosterone (DHEA), and pregnenolone. The committee rec-
ognizes that this prioritized list of bioidentical hormones may not be a
comprehensive list of all ingredients used in ¢cBHT preparations. In fact,
there are other hormones (e.g., gonadotropin-releasing hormone), that are
compounded to treat different hormone-related health conditions, but they
are outside the scope of the committee’s study. Howeuver, the omission of a
specific hormone or unique cBHT preparation from this chapter’s review
does not imply any level of safety, effectiveness, or potential usefulness.

A large proportion of patients using cBHT appear to be women seek-
ing treatment for menopausal symptoms and conditions, and indeed, of
the limited number of studies that examine the safety and effectiveness
of compounded preparations, the majority had research aims that focused
on this patient population. As a result, the committee’s conclusions focus on
the use of ¢cBHT to treat menopausal symptoms; however, evidence related
to the safety and effectiveness of compounded testosterone in males is dis-
cussed where relevant. See Box 7-1 below for the medical indications for

137

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/25791

The Clinical Utility of Compounded Bioidentical Hormone Therapy: A Review of Safety, Effectiveness, and ...

138 THE CLINICAL UTILITY OF cBHT

BOX 7-1
FDA-Approved Hormone Therapy Indications

The natural aging process and the correlated decrease in steroid
hormone levels are linked to symptomology associated with menopause
and male hypogonadism. The use of hormone therapy products has
been one way in which clinicians have sought to alleviate the symptoms
brought on by the natural aging process.

Estrogen hormone therapy (either estrogen alone in the absence of
a uterus or estrogen plus progesterone in the presence of a uterus) is
FDA approved for treating the following four indications: (1) vasomotor
symptoms; (2) genitourinary symptoms (vaginal atrophy); (3) bone loss
prevention; and (4) hypoestrogenism induced by hypogonadism, primary
ovarian insufficiency, or castration. Dehydroepiandrosterone (DHEA) hor-
mone therapy has been FDA approved for treatment of moderate to
severe dyspareunia, a symptom of vulvar and vaginal atrophy, attributable
to menopause. Testosterone hormone therapy is FDA approved for treat-
ing conditions associated with a deficiency or absence of endogenous
testosterone in males. Pregnenolone is not an active ingredient in FDA-
approved hormone therapy products.

SOURCES: FDA, 2020a; NAMS, 2017.

hormone therapy products approved by the U.S. Food and Drug Adminis-
tration (FDA).

The chapter begins with a summary of the research strategy used to
identify relevant data on safety and effectiveness. The summarized research
strategy is followed by a narrative review of the committee’s findings on the
safety and effectiveness of various cBHT preparations, organized according
to the bioidentical hormones reviewed. Next the committee outlines its con-
clusions related to the quality of evidence reviewed and the overall safety
and effectiveness of cBHT preparations. The chapter closes with a short
discussion on the role of adverse events reporting as a critical component
of safety assessment.

RESEARCH STRATEGY

The committee conducted a literature search to identify a comprehen-
sive body of evidence to inform its work. In coordination with one of the
National Academies’ senior research librarians, the committee constructed
a literature search strategy that produced a broad range of research pub-
lications. A preliminary search queried six databases (Medline, Embase,
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PubMed, Scopus, ClinicalTrials.gov, and Toxnet) for content related to the
safety, effectiveness, and clinical utility of cBHT. Results from the search
were limited to peer-reviewed articles published in the English language,
including human, animal, and in vitro studies. The search was not limited
by date of publication, but editorials, commentaries, letters, and notes
were excluded. This search resulted in more than 16,000 articles. The
committee decided to expand and restrict certain search terms in order to
produce a more relevant literature base. With all other search parameters
remaining the same, this second search provided more than 11,000 articles
with potential relevance to the committee’s charge. Of these articles, those
that included the terms compounding, compounded, bioidentical, or bio-
identical, and any of the committee’s prioritized hormones in the title,
keywords, or abstract were considered. Applying these criteria provided the
committee with less than 50 articles relevant to the committee’s charge.! For
a more detailed description of the literature review and other data-gathering
efforts performed by the committee, see Appendix B.

In addition to the formal literature searches, study stakeholders, includ-
ing FDA, Professional Compounding Centers of America, representatives of
select 503B outsourcing facilities, nonprofit professional organizations, and
practicing medical prescribers of ¢cBHT also submitted suggested articles
and other references for the committee’s review.? Furthermore, during the
National Academies’ external review process, additional articles were sug-
gested by reviewers of the report. Based on the criteria described above,
all relevant articles were added to the total body of collected peer-reviewed
evidence.

The primary data collected in these searches had a specific focus
on safety, effectiveness, and efficacy studies in humans. While the terms
effectiveness and efficacy are similar, they are not the same. The effective-
ness of a drug refers to its therapeutic effect in real-world settings. The
efficacy refers to the therapeutic effect in controlled clinical settings—such
as phase 2 or phase 3 randomized clinical trials. This difference is critically
important.® Given the limited data on efficacy for cBHT preparations, the
committee also considered clinical studies of effectiveness in its examination
of clinical utility of cBHT preparations. Owing to its broader application to
the body of research reviewed, the term effectiveness is used more generally
across the chapter.

! There are a number of articles with relevance to multiple hormones. In its search efforts,
the committee identified other published studies that have tangential relevance to the commit-
tee’s charge; however, only the studies with greatest pertinence were reviewed in this report.
As such, the reference list for this chapter represents the most relevant data and is not an
inclusive list of all articles reviewed.

2 Stakeholder submissions are available through the National Academies Public Access File.

3 See Ernst and Pittler (2006) and Kim (2013) for an additional discussion.
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To inform its research conclusions, from the mixed body of evidence
produced by the literature review results, the committee prioritized the
findings of systematic reviews and randomized controlled trials (RCTs), fol-
lowed by relevant observational studies with large study populations. RCTs
in particular are essential for studies of treatments intended to produce a
therapeutic effect, given that measures of change over time can be influ-
enced by many factors other than the actual treatment. Without the abil-
ity to compare to a treatment control group, observational studies rarely
produce reliable estimates of treatment effects (CEBM, 2020). In addition
to study type, the committee also considered the importance of method-
ological rigor. As such, small, low-quality cohort studies, case reports, and
submitted anecdotal testimonies were reviewed to inform the committee’s
overall findings but are not formally summarized within the current chapter.

In its review of the literature, the committee recognized that the cBHT
preparations used in many of the research studies were formulated and dis-
pensed by various types of pharmaceutical and health care facilities, details
of which are not often clearly specified within the methods sections of the
reviewed studies. To ensure that the committee’s review of the literature met
the Statement of Task’s requirements, the committee focused its review on
studies that examine the safety and effectiveness of cBHT preparations com-
pounded in a 503A compounding pharmacy or 503B outsourcing facility.
However, owing to the lack of such relevant studies, the committee’s review
also includes studies that used preparations compounded in governmental
health care facilities, those compounded for use in academic research,* or in
certain instances, those produced for studies that examined FDA-approved
drug products with outcomes of interest that differ from the regulatory
indication. In addition, because certain bioidentical hormones (i.e., estriol)
are only manufactured and only approved for use outside of the United
States, the committee reviewed select international studies to collect general
findings related to the hormone’s safety and effectiveness.

The committee identified a total of 13 studies related to ¢cBHT that
were of adequate methodologic rigor for inclusion in its review of safety
and effectiveness of these preparations.’ Table 7-1 provides an overview of
these 13 studies, including a summary of their research objectives, findings,
and reported adverse effects.

4 Compounded drugs prepared for investigational new drug trials are subject to Current
Good Manufacturing Practice (CGMP) requirements under Section 501(a)(2)(B) of the Federal
Food, Drug, and Cosmetic Act (FD&C Act).

5 The committee was unable to identify any studies of adequate methodological rigor aimed
at determining the safety and effectiveness of pregnenolone compounded preparations.
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ESTROGENS AND PROGESTERONE
COMPOUNDED PREPARATIONS

Effectiveness

The section below provides a summary of the studies that describe evi-
dence related to the effectiveness of cBHT based on the known indications
of FDA-approved drug products.® Estradiol has been shown to be one of
the most effective hormone therapies for reducing vasomotor symptoms.
However, based on the committee’s review of the literature, including
several systematic literature reviews, it appears that most of the evidence
supporting this statement are based on the findings of safety and efficacy
derived from clinical trials conducted by pharmaceutical companies during
the FDA drug product approval process (I’Hermite, 2017; Marjoribanks
et al., 2017; Stuenkel et al., 2015). Given that the effectiveness of estrogens
is commonly assessed while in combination with progesterone, this section
summarizes the committee’s findings for both hormones.

Treatment of Vasomotor Symptoms

Based on its review, the committee could not identify any studies that
could inform conclusions on the safety or effectiveness of compounded
estrone or estradiol for the treatment of vasomotor symptoms. While there
are RCT and observational studies to suggest that estriol (as manufactured
and approved drug products outside of the United States) is effective in
treating vasomotor sy