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Abstract

Background: Biological sex differences may contribute to differential treatment outcomes for therapeutic
products. This study tracks women’s participation in late-phase clinical trials (LPCTs), where efficacy and safety
of drugs and biologics are evaluated, of new molecular entity (NME) drugs and biologics approved by the U.S.
Food and Drug Administration (FDA) in 2007-2009. Furthermore, presentations of sex-based analyses were
assessed from the FDA reviews.

Methods: New drug applications (NDAs) and biologics license applications (BLAs) were accessed from the U.S.
FDA database and evaluated for women’s participation in LPCTs. Sex-based analyses for efficacy and safety
contained in FDA reviews were surveyed. Ratios for women’s LPCT participation (PROPORTION OF STUDY
SUBJECTS) to their proportion in the disease population were calculated for each approved therapeutic product
and grouped into therapeutic categories.

Results: Sex-specific (n=5) and pediatric (n=3) drug applications were excluded. Women’s participation in
LPCTs was 39%, 48%, and 42% in NDAs (n=50) and 49%, 62%, and 58% in BLAs (n=11) for 2007, 2008, and
2009, respectively. Sixty-four percent of NDAs and 91% of BLAs had participation to proportion ratios of >0.80.
Seventy-four percent of NDA reviews and 64% of BLA reviews included safety and efficacy sex analysis. Ninety-
six percent of NDA reviews and 100% of BLA reviews included efficacy sex analysis.

Conclusion: Women'’s participation in LPCTs averaged 43% for NDAs and 57% for BLAs in 2007-2009 and
varied widely by indication. As a comparison, the 2001 U.S. Government Accountability Office (GAO) reported
52% of women'’s participation for drug clinical trials in1998-2000 and an FDA study reported 45% for BLAs
approved from 1995 to 1999. This study showed that sex-analysis of both safety and efficacy in NDA has
increased to 74% since the GAO report of 72%, while those for BLAs increased to 64% from 37% reported for
therapeutic biologics approved in 1995-1999. Knowledge of disease prevalence and participation in clinical trials
provides an understanding of recruitment and retention patterns of patients in these trials.

Introduction

THE PARTICIPATION OF both women and men in clinical
trials is of paramount importance in determining poten-
tially different treatment outcomes between sexes for medical
products. Systemic exposure (pharmacokinetic, PK) differ-
ences between women and men may result from absorption,
distribution, metabolism, and excretion differences and could
cause dissimilar safety or efficacy responses. These sex dif-
ferences in PK of a drug may be due to physiological and
hormonal differences between men and women. Pharmaco-

dynamic (PD) differences, independent of PK, have also been
reported to result in response differences between men and
women. For example, in men and women with similar plasma
concentrations of quinidine, a higher QTc interval prolonga-
tion can be seen in women compared with men,” and women
tend to have a longer QTc interval compared with men at
baseline.’* Higher fracture risk has been reported for women
as compared with men during long-term use of hypoglycemic
drugs of the thiazolidenedione class.” A diabetes outcome
progression trial showed that men’s fracture risks were ap-
proximately 4% for rosiglitazone, 3.4% for metformin, and
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3.4% for glyburide, and the risks in women were 9.3% for
rosiglitazone, 5.1% for metformin, and 3.5% for glyburide.
Further analysis in women showed that this trend for in-
creased fracture risk with rosiglitazone occurred in both
premenopausal and postmenopausal women, manifested af-
ter a year of therapy, and did not appear to be due to increased
falls or accidental limb injury.”

Dosing strategies for antithrombotic agents have been de-
fined to minimize bleeding risks while maintaining efficacy
by individualizing dosing needs for this class of drugs. These
are based on body weight and renal function, but due to the
complexities associated with dosing of antithrombotic agents,
a higher bleeding risk has been observed in women.®’

In 2001, the U.S. Government Accountability Office (GAO)
reported that 8 out of 10 drugs that were withdrawn from the
U.S. market between January 1997 and December 2000 had a
higher incidence of adverse effects in women.® To gain a good
understanding of sex differences in treatment response, in-
formation on basic biologic differences, participation of both
women and men in clinical trials, and analysis of safety and
efficacy data are important. Sex-based analyses of safety and
efficacy in clinical trial data of drugs and biologics are es-
sential to further increase this understanding so that a thera-
peutic product can be administered at doses that maximally
benefit both sexes with minimal side effects. Adequate in-
clusion of women in early phase studies, where dosing regi-
mens and dose finding are generally carried out, can provide
this information.

Historically, women have been underrepresented or ex-
cluded from clinical trials. This was especially observed after
the teratogenic effects of thalidomide were determined in the
1960s.” This incident triggered the U.S. Food and Drug Ad-
ministration (FDA) to issue the guidance document General
Considerations for the Clinical Evaluation of Drugs in 1977, which
recommended that females of childbearing potential (FCBP)
should be excluded from participating in early dose-ranging
studies.'” This recommendation was intended to protect the
fetus from untoward outcomes of drug exposure but it inad-
vertently led to knowledge gaps in the understanding of sex
differences as it was carried through all stages of drug de-
velopment. The AIDS epidemic of the 1980s and the increased
diagnoses of cancers in women escalated public concern that
women’s access to breakthrough treatments may be ham-
pered if they were underrepresented or excluded from clinical
trials."! Thus, in 1993, the Guideline for the Study and Evaluation
of Gender Differences in the Clinical Evaluation of Drugs, was
issued by the FDA to effectively reverse the 1977 recom-
mendation regarding exclusion of FCBP from early phase
clinical studies.'” The 1993 guidance recommended the col-
lection and analyses of data on sex differences in effectiveness,
adverse events, and PK of a drug.12

Over the past 25 years, several studies have assessed
women’s participation in clinical trials and sex-based out-
come differences in FDA approved drugs. In 1992, the GAO
reported that 60% of the drugs approved between 1988 and
1991 had an underrepresentation of women in clinical trials
when compared to the proportion of women in the disease
population for which the drug is intended.'® When analyzed
by therapeutic categories, certain drug types had notably
lower participation of women than others (i.e., cardiovascu-
lar, HIV, and oncology drugs). In response, the Investiga-
tional New Drug (IND) and New Drug Application (NDA)
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regulations were amended by the FDA in 1998 requiring INDs
and NDAs to tabulate the participation by gender (sex), age,
and race and to evaluate safety and efficacy by gender, age,
and race (Code of Federal Regulations Title 21[21CFR] sec-
tions 312.33 and 314.50). A subsequent study conducted by
the GAO in 2001 concluded that women were well re-
presented in clinical trials of drugs approved between 1998
and 2000, with more than 50% women participating in clinical
trials overall, but there were still gaps in sex analyses on the
clinical outcomes in the NDAs."* An FDA internal review
conducted by Evelyn, et al. showed that women'’s participa-
tion was 48% in clinical trials of new molecular entities
(NMEs) approved between 1995 and 1999.'> More recently, an
FDA study by Yang, et al. showed approximately equal par-
ticipation of men and women in late-phase clinical trials of
NME drugs approved during 2000 and 2002." In addition to
participation, sex-based analyses were also surveyed by these
studies. It was shown by these study investigators that sex-
based analyses were present in 47% of the NMEs approved
between 1988 and 1991, and approximately 70% in the NMEs
approved during both 1998-2000 and 2000-2002."*'¢ These
studies demonstrated an increasing trend towards women'’s
participation and sex-based analyses. Another internal review
conducted by the FDA’s Center for Biologic Evaluation and
Research (CBER) showed that women'’s participation in bio-
logics clinical trials for new product or biologic license ap-
plications approved from 1995 to 1999 was about 45%."”

This study is an update on the current status of the par-
ticipation of women in late-phase clinical trials (LPCTs) sub-
mitted to support the approval of new drugs and biologics by
the FDA. Phase 1 and phase 2 studies make up the early-phase
clinical trials in which the dose tolerability, clinical pharma-
cology assessments, exploratory efficacy, and dose-related
side effects are usually determined in healthy subjects and/or
a small number of patients. LPCTs consist of phase 3 and
some late phase 2 studies that generally confirm the efficacy
outcome and safety profiles of a drug or biologic product in
the targeted patient population. This study specifically eval-
uates the participation of women in LPCTs and also deter-
mines whether sex analysis is present in FDA reviews on
safety and efficacy data for the approved products (2007-
2009). This study uses the LPCT-reported information in FDA
medical and statistical reviews of NME drugs and therapeutic
biologics products approved by the FDA between January
2007 and December 2009. Unlike past participation studies,'*®
both drugs and therapeutic biologic products are included in
this survey.

Materials and Methods
Participation data collection

A search of NME drugs and biologics approved by U.S.
FDA from January 2007 to December 2009 on the Drugs@FDA
website (www.accessdata.fda.gov/scripts/cder/drugsatfda)
yielded a list of approved NME NDAs and NME biologics
license applications (BLAs) for this study. LPCT data sub-
mitted to the FDA supporting the approval of these NDAs
and BLAs were accessed from the FDA electronic document
room. For this study, a LPCT was considered for inclusion if it
was a phase 2, phase 2/3, or phase 3 study of safety and/or
efficacy of the therapeutic products in a patient popula-
tion. Therapeutic products that were approved for pediatric
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or sex-specific indications, as well as those without clinical
data were excluded from the study. For each clinical trial, the
total number of participants and participation by sex was
determined from the study reports. All participants who had
received at least one dose of the therapeutic product during
the study were included. The number of women participating
in the LPCTs within each NDA or BLA was summed to de-
termine total women’s participation. Women'’s participation
for each approved NDA or BLA was calculated as a per-
centage of the total number of participants.

Average women’s participation was determined for each
year and NME type (NDA or BLA) by calculating the mean of
all the women’s participation percentages for each NDA or
BLA approved each year. The number of participants whose
sex was unspecified or not reported by the sponsor was de-
termined by subtracting the sum of male and female partici-
pants from the total number of participants.

Participation data compared with proportion in disease
population by sex

Sex differences in disease prevalence can contribute to the
disproportionate participation by sex in clinical trials. To
address the contribution of this factor, the participation of
women in the LPCTs for that NME was compared with the
proportion of women in the disease population for the NME
indication. The background rate was determined using dis-
ease (e.g., HIV) or procedure (e.g., medical imaging) preva-
lence or incidence data in women obtained through a
comprehensive literature search of the most recent peer-
reviewed journals on PubMED and U.SS. government data-
bases from National Institutes of Health or Centers for Disease
Control and Prevention (CDC). Prevalence data was used for
chronic diseases, while incidence data was used for acute dis-
eases or frequency of procedures. Data from the most recent
studies conducted in North America and Europe, when avail-
able, were preferred. Search keywords that were used included
women, sex, gender, prevalence, incidence, or epidemiology,
and disease names or procedures. For therapeutic products
indicated for specific disease symptoms, background rate was
determined for the specific disease as a whole. For example, if
an NME is indicated for treating chorea associated with Hun-
tington’s disease, the prevalence data was searched for Hun-
tington’s disease, not for chorea, which can be a symptom of
various other conditions. Examples are shown in Table 1,

TaBLE 1.
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where indications have been abbreviated from approved in-
dications per package inserts accessed from Drugs@FDA.

Estimation of women’s proportion in the disease
population

The proportion of women in the disease population was
estimated from prevalence or incidence data obtained from
published literature as described above. The incidence or
prevalence data by sex were reported in various forms, and
the women’s proportion in the disease population was
then estimated as shown in Table 2 (with additional data in
Table A1).

Women's participation relative to their proportion in the
disease population was determined using the following
equation:

Ratio=Women’s Participation in LPCTs/Women'’s Pro-
portion in the Disease Population

To evaluate the average of these ratios by therapeutic cat-
egory, NME NDAs and BLAs were grouped by therapeutic
category, and the average of the ratios in each therapeutic
category was calculated. Therapeutic categories were based
on the FDA review divisions that evaluated the submission
package of the NDA or BLA as previously used by Yang’s
study on women’s participation.'®

Presentation of sex-based analysis on safety
or efficacy

The FDA reviews were surveyed for sex analyses con-
ducted by the agency. FDA medical and statistical reviews
were accessed for each NDA and BLA from Drugs@FDA. A
coding criterion similar to that used by the GAO 2001 report
was employed in this study.'* Any analysis consisting of at
least one sentence that summarized the safety or efficacy data
by sex was coded as presentation of sex analysis. Furthermore, if
sex analyses were done, but any analysis was indicated as
exploratory or not statistically powered to draw conclusion, it
was subcategorically coded as exploratory sex analysis. Con-
versely, if a conclusive statement was included without any
mention that the analysis was exploratory, then it was sub-
categorically coded as conclusive sex analysis. Finally, if no ef-
ficacy or safety analyses by sex/gender were found in the
NME's reviews, it was noted as no sex analysis.

Sponsors’ clinical study reports were not examined for
performance of analyses of safety and efficacy by sex.

SEARCH TERMS FOR BACKGROUND RATE BY SEX FOR SELECTED NEW DRUG APPLICATIONS

Indication in the package inserts

Disease/diagnostic prevalence
search term

Opioid used to accelerate gastrointestinal recovery after partial large or small

bowel resection surgery with primary anastomosis

Topical corticosteroid indicated for the treatment of inflammation and pain

associated with ocular surgery

Treats the involuntary movements (chorea) of Huntington’s Disease
Magnetic Resonance Imaging contrast agent to detect and characterize lesions

in adults with known or suspected focal liver disease

Indicated in combination with granulocyte colony-stimulating factor (G-CSF)

Bowel resection surgery
Cataract surgery

Huntington’s disease
Non-alcoholic fatty liver disease

Non-Hodgkin’s lymphoma

to mobilize hematopoietic stem cells to the peripheral blood for collection
and subsequent autologous transplantation in patients with non-Hodgkin’s

lymphoma and multiple myeloma
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Results

The FDA approved 57 NME NDAs and 11 NME BLAs
between January 2007 and December 2009. Seven NME NDAs
were excluded from further study because they were either
approved for pediatric indications (n=2) or had sex-specific
indications (1=4), or as a paper NDA supported by literature
reports (n=1). No BLAs were excluded.

Women'’s participation in late-phase clinical trials

The remaining 50 NME NDAs and 11 NME BLAs con-
tained 252 and 37 LPCTs respectively. Of the 252
NDA LPCTs evaluated for participation data, 240 (95.2%)
LPCTs reported participants’ sex information. In these
LPCTs for NDAs, there were 113,420 enrolled partici-
pants, of which 60,420 (53.3%) were males, 49,057 (43.3%)
were females, and 3.5% of the LPCTs had unspecified
sex. All 37 (100%) of the BLA LPCTs reported participants’
sex information. In the LPCTs of 11 NME BLAs surveyed,
there were 12,886 enrolled participants, of which 5,441
(42.2%) were males, 7,407 (57.5%) were females, and 37
(0.3%) were unspecified. Women’s participation was ana-
lyzed by year to determine trends. Average NDA LPCT
participation was found to be 39.3% in 2007, 48.0% in 2008,
and 42.0% in 2009 (Fig. 1A). Average participation in BLA
LPCT was 48.5% in 2007, 61.6% in 2008, and 58.1% in 2009
(Fig. 1B).

POON ET AL.

Women'’s patrticipation by indication

The prevalence/incidence data by sex obtained from the
published literature was used to estimate the proportion of
women in each disease population and the ratio described
above for each NME (Table 2 and Table A1). A calculated ratio
of 1 indicated that women’s LPCT participation for a partic-
ular NME was equal to the proportion of women in the in-
tended patient population of the NME. The ratios for NMEs
that had the same indication were averaged prior to analysis.
Four drugs (alvimopan, fospropofol disodium, besifloxacin
HCI, and benzyl alcohol) were excluded from the ratio anal-
ysis because epidemiology data by sex for their indications
could not be found (Table 3). Ratios of women'’s participation
in NDA LPCTs compared with the estimated proportion of
women in the disease population varied widely between 0.18
and 1.91, depending on the indication for the drug (Fig. 2).
The gout drug febuxostat had the lowest participation to
proportion ratio in women (ratio=0.28, proportion=18.9%,
participation=>5.3%). The ratio was also low for the three
approved HIV drugs, with an average ratio of 0.48+0.03
(prevalence =25%, participation=12.0%). The highest ratio of
women'’s participation to proportion in the disease popula-
tion was for rufinimide, which is indicated for the treatment
of seizures associated with Lennox-Gastaut syndrome (ratio=
1.91, proportion=27.45%, participation=>52.3%) and for fes-
oterodine fumarate, which is indicated for the treat-
ment of overactive bladder (ratio=1.49, proportion=>52.56%,

Participation of Women 3>

FIG. 1. Women'’s participation in new
drug application (NDA) (A) and biologics
license application (BLA) (B) late-phase clin-
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TABLE 3: NEW MOLECULAR ENTITIES FOR WHICH SEX PREVALENCE DATA WERE UNAVAILABLE

Drug Indication Reason data was unavailable
Alvimopan Peripherally acting u-opioid receptor antagonist Data could not be found for
indicated to accelerate the time to upper and the sex prevalence of bowel
lower gastrointestinal recovery following resection surgery with
partial large or small bowel resection surgery primary anastomosis
with primary anastomosis
Fospropofol disodium Sedative-hypnotic agent indicated for monitored No specific disease or type of
anesthesia care (MAC) sedation in adult patients procedure indicated
undergoing diagnostic or therapeutic procedures
Besifloxacin HCI Indicated for the treatment of bacterial conjunctivitis Data could not be found for the
sex prevalence of bacterial
conjunctivitis
Benzyl alcohol Pediculocide indicated for the topical treatment of According to a CDC 2008 report,
head lice infestation in patients 6 months of age prevalence was higher in

and older

females in the Americas, but
an exact figure was not
reported. Ratio calculations
could not be done.'®

Indications have been abbreviated for this table; full, approved indications can be accessed from respective package inserts

at drugs@FDA.gov.

participation=78.5%). Ten of the fifty (20%) NDAs had ratios
of >1, indicating that the proportion of women enrolled in
these NDA LPCTs was the same or higher than the proportion
of women likely to use the products. Overall, 32 of the 50

NDAs (64%) had ratios of >0.80 indicating that the partici-
pation of women in these clinical trials were similar to or
higher than the proportion of women in the disease popula-
tions in 64% of the NDAs.
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FIG. 2. Ratio of women’s late-phase clinical trial (LPCT) participation to women’s proportion in the disease population for
approved NDAs by indication from 2007 to 2009. **Indicates that the background rate has not been studied or could not be
determined for the disease. Ratio of 1 (dashed line) indicates that women’s participation and proportion are equal. (2 or 3)

indicates number of NMES, no number indicates 1 NME.
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Similarly, the ratio of women'’s participation in BLA LPCTs
compared with the women’s proportion in the intended
population varied between 0.53 and 1.42 (Fig. 3). Six biologics
enrolled 65% or more women in their LPCTs. Seven of the
eleven (64%) BLAs had ratios of >1, indicating that the pro-
portion of women enrolled in BLA LPCTs is the same or
higher than the proportion of women likely to use these
products. The biologic indicated for the treatment of psoriasis,
ustekinumab, had the lowest ratio of women’s participation
to proportion (0.53) while the biologic developed for the
treatment of Muckle-Wells Syndrome, rilonacept, had the
highest ratio (1.42). Ten of the eleven biologics had ratios
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>0.80 indicating that about 90% of the BLAs had women'’s
participation similar to or higher than the proportion of wo-
men in the disease populations.

Women'’s participation by therapeutic category

The NDAs and BLAs approved during 2007 and 2009 were
grouped in 16 therapeutic categories. There were between 1
and 8 drugs in each of the 16 therapeutic categories (Table 4).
Women’s participation ranged between 5.3% (rtheumatology,
gout) and 62.1% (special pathogens) of the participants in LPCTs
when NDAs were categorized by therapeutic categories. NDAs

TABLE 4. WOMEN’S PARTICIPATION IN NEW DRUG APPLICATION AND BIOLOGICS LICENSE APPLICATION
LATE-PHASE CLINICAL TRIALS BY THERAPEUTIC CATEGORY

Therapeutic category (No. of NDAs) Women participation% Ratio* Standard error 95% confidence interval
Reproductive and urology (1) 48.2 1.49 N/A N/A
Neurology (5) 49.92 1.21 0.09 0.71-1.71
Ophthalmology (1) 59.4 1.19 N/A N/A
Psychiatry (3) 50.73 1.0 0.12 0.50-1.50
Special pathogens (1) 62.1 0.96 N/A N/A
Hematology (1) 61.4 0.96 N/A N/A
Metabolism and endocrinology (5) 39.76 0.9 0.12 0.58-1.22
Anesthesia/analgesia (3) 60.73 0.89 0.20 0.05-1.73
Drug oncology (8) 35.65 0.83 0.09 0.61-1.03
Anti-infective (3) 40.4 0.81 0.10 0.39-1.23
Gastroenterology (1) 56.4 0.8 N/A N/A
Cardiovascular (6) 42.65 0.79 0.09 0.55-1.03
Medical imaging (4) 32.95 0.76 0.17 0.23-1.29
Antiviral (HIV) (3) 12 0.48 0.03 0.35-0.61
Rheumatology (gout) (1) 53 0.28 N/A N/A
Therapeutic category (No. of BLAs)

Rheumatology (4) 67.3 1.28 0.08 1.03-1.53
Neurology (1) 83.2 1.05 N/A N/A
Hematology (3) 53.9 0.96 0.05 0.76-1.16
Gastroenterology (1) 54.2 0.92 N/A N/A
Oncology (1) 30.5 0.88 N/A N/A
Dermatology (1) 313 0.53 N/A N/A

*Ratio comparing women'’s participation in studies to the prevalence/proportion of in the disease population.
NDAs, new drug applications; BLAs, biologics license applications.
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approved for neurology, ophthalmology, psychiatry, and re-
productive/urology indications had an average participation to
proportion ratio greater than or equal to 1, indicating that the
proportion of women represented in LPCTs was greater than or
equal to the proportion of women expected to use the drugs
approved in those categories. Drugs for antiviral and rheuma-
tology indications (one NDA for gout) had women’s participa-
tion (12% and 5.3% respectively) lower than the proportions of
women in the disease populations (participation to proportion
ratios of 0.48 and 0.28 respectively) (Table 4). The biologics were
sorted into six therapeutic categories with one to four biologics in
each category. Participation of women in BLA LPCTs ranged
between 30.5% (oncology) and 83.2% (neurology). Of the ther-
apeutic categories evaluated, five of the six categories had par-
ticipation to proportion ratios of at least 0.88, with the exception
of the dermatology category (ratio 0.53), demonstrating that BLA
LPCTs enrolled study populations closely resembling the pro-
portion of women in the intended patient populations in each
drug category (Table 4).

Presentation of sex analyses

FDA medical and statistical reviews were evaluated for the
presence of safety and efficacy analyses by sex (Table 5, Fig. 4).
Out of 50 NDA reviews that were examined for sex analysis, 48
(96%) had sex-based efficacy analyses, 39 (78%) had sex-based
safety analyses, and 37 (74%) had both safety and efficacy an-
alyses by sex. All NDA reviews had at least one type (safety or
efficacy) of analysis by sex. Of the 48 NDA reviews with efficacy
analysis by sex, 13 (27%) had analyses coded as exploratory, and
35 (73%) had analyses coded as conclusive. Of the 39 NDA
reviews with safety analysis by sex, 5 (13%) had analyses coded
as exploratory, while 34 (87%) had analyses coded as conclu-
sive. In 11 BLA reviews examined for sex analysis, all 11 (100%)
had sex-based efficacy analyses, 7 (64%) had sex-based safety
analyses, and 7 (64%) had both safety and efficacy analyses by
sex. Of the 11 BLAs with efficacy analysis, 6 (54%) were coded as
exploratory, and 5 (46%) had analyses coded as conclusive
(Table 5). Of the 7 BLA reviews with safety analysis, 2 (29%) had
analyses coded as exploratory while 5 (71%) had analyses coded
as conclusive. As previously mentioned, these coding criteria
were based on the FDA reviewers’ comments on sex analyses
found in medical and statistical reviews accessed from
Drugs@FDA.

TABLE 5. PRESENTATION OF SEX ANALYSES IN FooD
AND DRUG ADMINISTRATION REVIEWS

NDA (n=50) Safety Efficacy
Presentation of sex analysis 39 (78%) 48 (96%)
e Exploratory analysis 5 13
e Conclusive analysis 34 35
No sex analysis 11 (22%) 2 (4%)

Both safety and efficacy 37 (74%)
BLA (n=11) Safety Efficacy
Presentation of sex analysis 7 (64%) 11 (100%)
e Exploratory analysis 2 6
e Conclusive analysis 5 5
No sex analysis 4 (36%) 0 (0%)
Both safety and efficacy 7 (64%)
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Discussion
Participation of women in NDA late-phase clinical trials

Reports on the participation of women in clinical trials have
often expressed the extent of participation as a percentage of
the total number of participants included in the trial. In the
current study we have—in addition to this—included a ratio
that relates the women’s proportion in the disease population
to their participation in the LPCTs, which may give a better
measure of the relative participation of women. Women'’s
participation in LPCTs of approved NME drugs has remained
between 40% and 50% based on reports in the last 10 years
(Fig. 1). Differences in women’s participation for NMEs ap-
proved each year may partly be due to sex differences in
disease prevalence related to drug indications for drugs ap-
proved in each year. Compared with previous reports by
GAO 2001 (52%)** and Yang, et al. (51%),'® women'’s partic-
ipation in LPCTs as determined by the current study (43.3%)
showed a slight decrease. However, when participation was
compared with the proportion of women in the disease pop-
ulation for the drugs indicated, 64% of the drugs had ratios
>0.80, and 20% of the drugs had ratios >1.0 (Table 4). In 1992,
the GAO determined that for more than 60% of the drugs, the
representation of women in the study population was less
than the representation of women in the population with the
corresponding disease.’® These data indicate that although
the overall average participation appears lower for the study
period (2007-2009) compared with previous reports, a ma-
jority of the clinical trials enrolled numbers of women similar
to the proportion of women expected to use the approved
drug. Of note, between 2007 and 2009, three new HIV drugs
were approved by the FDA, with an average of 12% women
participating in the LPCTs of these drugs. The data indicated
that participation of women in HIV drug trials is low (12%)
and has decreased compared with the 20% that was reported
for randomized controlled clinical trials of antiretroviral
therapy products approved by the FDA from 2000 to 2008 by
Soon et al.,'” and the participation rate is lower than the dis-
ease prevalence; in 2008, the CDC reported that women make
up 25% of HIV patients living in the United States.”® Although
gout is a disease that predominately affects men, disease
prevalence in women has increased in the last few decades,
and a 2004 study reported that about 30% of the patients are
women.”! However, a gout drug approved in 2009 enrolled a
study population of 5.3% female patients. At the time of re-
view and approval of the drug, the FDA recommended that
post-marketing studies be conducted and stated, “The trial
should enroll adequate numbers of women because the safety
data on febuxostat in women is limited; only 5% of the en-
rolled patients were women. While there are a variety of
reasons why relatively few women were enrolled in phase 3
trials, a post-marketing study could enroll larger numbers of

women.”?

Participation of women in BLA late-phase clinical trials

A study conducted by the CBER showed that women’s
representation in biologic vaccine, blood, and therapeutic
clinical trials between 1995 and 1999 was 45.3%.'” The CBER
study reported that the population enrolled in the clinical
trials was reflective of the population expected to receive the
biologic. However, the study did not differentiate
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participation by clinical trial phase or category of biologic
therapeutics, while the current study focused only on LPCTs
of biologic therapeutic products. In this current study, the
LPCTs of biologics appear to enroll women in numbers sim-
ilar to disease prevalence as evidenced by the fact that 10 of
the 11 enrolled female populations closely resembled the
proportion of women in the indicated population with a ratio
of at least 0.80 (Fig. 3). However, nine of the biologics were
approved for conditions that affect more women than men or
affect both sexes equally (Table 2 and Table Al). This may
have contributed to the high representation of women in BLA
LPCTs. Furthermore, 73% (8 of 11) of the biologics were ap-
proved with orphan status to treat diseases that affect fewer
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than 200,000 people according to the Orphan Drug Act,
1983.% Sex analyses on the small numbers of patients in the
LPCTs of these biologics may not have been statistically
powered to draw sex-based efficacy and safety conclusions.
This could explain the low percentage of conclusive sex ana-
lyses by safety (5 out of 7, 71%) and efficacy (5 out of 11, 45%)
in biologic LPCTs (Table 5).

Presentation of sex analyses in FDA reviews

The 1992 GAO report showed less than 50% of the ap-
proved drugs had sex-based analyses on the efficacy and
safety outcomes of the drug.'® After the 1998 IND and NDA
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regulations requiring submission of participation data and
analyses by sex,* both the 2001 GAO report'*and Yang et al.’s
2009 study'® concluded that sex analyses in FDA reviews
from 1998-2002 had increased to more than 70%. The current
study revealed that presentation of sex-based analysis in the
FDA reviews of drugs between 2007 and 2009 has remained
consistent in the last 10 years at around 74% (Table 5). The
previous CBER biologic study of therapeutic biologics ap-
proved between 1995 and 1999 had shown a 37% sex-based
analyses of phase 3 BLA clinical trial data.'” The presentation of
sex analyses in approved BLAs has increased according to the
findings of the present study. Of the 11 therapeutic biologics
included in this study, 100% of the biologics had sex-based
efficacy analyses, and 64% of the biologics had both safety and
efficacy analyses by sex in their FDA reviews (Table 5).

Limitations and implications

It should be noted that our study was limited only to late-
phase clinical studies that supported the approval of the
NMEs. Early-phase studies, studies that supported the ap-
proval of new indications for existing approved drugs, and
studies for NDAs and BLAs not approved were not included
in our evaluation. It is therefore not representative of all the
studies that were submitted to FDA from January 2007 to
December 2009.

There are some limitations in deriving the prevalence or
incidence data for certain diseases for the calculations re-
ported in Table 2 and Table A1l. These limitations include the
following;:

1. The population used to derive the prevalence or inci-
dence data may not be similar to the population in-
cluded in the LPCTs for a particular NME. For example,
the age distribution for the NME LPCTs may be dif-
ferent from that used to derive the prevalence or inci-
dence rate data.

2. Some of the available data were reported as actual
number of men and women in the diseased population,
while other data were reported as incidence rates or
ratios, and these numbers were used to estimate the
women'’s proportion in the disease populations.

A limitation in this study was the coding criteria used to
track sex-based analyses on efficacy and/or safety presented
in FDA reviews. Since the data were accessed as a third party,
coding was dependent on the data available in the reviewer’s
comments on sex analyses. The types of sex analyses observed
in the reviews varied from summary data tables displaying
statistical analyses concluding sex differences in clinical out-
comes to summary statements describing observational data
that indicated presence or absence of sex differences in safety
and efficacy of a drug or biologic product.

Conclusions

This study has shown that women’s participation in
clinical drugs and biologics trials are in the range of 40% to
50%, with certain disease areas representing higher or lower
participation. As examples, overactive bladder and depres-
sion reflect higher participation, while HIV shows lower
participation of women despite the fact that women make up
25% of HIV patients living in the United States.”® The latter
observation of lower participation in HIV trials warrants

613

further attention by clinical investigators. Our study also
shows an increase in the sex-based analysis for safety and
efficacy in clinical trials, which is a reflection of the impact of
guidances and regulations implemented by the FDA as well
as the recognition that patient demographics are important
considerations in individualized dosing strategy. Overall,
this study provides the current trends in the participation
and analysis of women and men in clinical trials and adds to
the previous findings from GAO and other authors. The FDA
continues to encourage pharmaceutical sponsors to look for
innovative ways to overcome the barriers to the recruitment
and retention of women in clinical trials. The issue was the
focus of a 2011 symposium, Dialogues on Diversifying
Clinical Trials, organized by the FDA Office of Women's
Health and the Society for Women’s Health Research
(SWHR) that brought patients, patient advocacy groups,
clinicians, regulators, and industry participants together for
a 2-day discussion.”” Another initiative by the FDA that
would enable efficient estimation of women’s participation
in clinical trials and help understand adverse outcomes in
women and other subgroup populations is the FDA’s data
standardization initiative.?®?” Through this initiative, clini-
cal trial data submitted to the FDA are being harmonized for
consistency by adopting the standards from the Clinical Data
Interchange Consortium,?® which will enable pooling of data
from several studies for efficient queries of women’s partic-
ipation in clinical trials and assessment of sex differences in
the safety and efficacy outcomes of drug products which is a
difficult task if each dataset from the clinical trials were to be
analyzed separately.
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