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Abstract

Background: The U.S. Food and Drug Administration (FDA) has made efforts to encourage adequate as-
sessment of women, racial/ethnic minorities, and geriatric participants in clinical trials through regulations and
guidance documents. This study surveyed the demographics of clinical trial participants and the presence of
efficacy and safety analyses by sex for new drugs approved between 2013 and 2015 by the FDA Center for Drug
Evaluation and Research.
Methods: New drug marketing applications submitted to FDA were surveyed for demographic data (sex, race,
ethnicity, and age) and the presence of sex-based analyses for efficacy and safety. The Ratio of the Proportion of
women in clinical trials for the indicated disease population relative to the estimated Proportion of women in
the disease population (PPR) was calculated for new drug indications.
Results: Of the 102 new drugs in this cohort (defined as new molecular entity drugs and original therapeutic
biologics), sex was reported for >99.9% of trial participants, and women accounted for 40.4% of these par-
ticipants. An estimated 77.2% of participants were White, 6.4% were Black/African American, and 29.1% were
aged ‡65 years. Sex-based analyses for both efficacy and safety were conducted for 93.1% of applications. PPR
was calculated for 82 new drugs for a total of 60 indications, of which 50 indications (83.3%) had a PPR ‡0.80.
Conclusions: Sex data are now collected for almost all study participants, and this study shows appropriate sex
participation for most new drugs when estimated disease prevalence by sex (PPR) is considered. Therapeutic
area and disease indication are important considerations when assessing the sex of participants because vari-
ation occurs depending on the disease under study. Some racial minorities, especially Blacks/African Ameri-
cans, are still not well represented in most drug development programs and remain an area where improvement
is needed.
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Introduction

Adequate assessment of men and women in clinical
trials is essential for the identification of potential sex

differences in a drug’s efficacy and safety. Several known
examples of sex differences in the treatment effects associ-
ated with drugs have been incorporated into drug labeling.1,2

Some differences in the way men and women respond to
drugs may be due to anatomical differences, such as body
weight.3 Women are also more likely than men to experience
QT prolongation and related ventricular arrhythmias while

taking some medications.4,5 One drug, amlodipine, a cal-
cium channel blocker used for treating hypertension, causes
more drug- and dose-related adverse events in women than
in men.6,7

Several drugs require a lower starting dose in women, as
pharmacokinetic (PK) sex differences cause variations in ab-
sorption, distribution, metabolism, and excretion (ADME).8–10

For example, administration of zolpidem, indicated for the
treatment of insomnia, resulted in higher levels of zolpidem
in women the next morning. Because women eliminated
zolpidem more slowly, this difference led to a greater risk of
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next-morning driving impairment.11 This finding is re-
flected in the labeling, where a lower initial dose is re-
commended for women.12 Similarly, flurazepam, a sedative
and skeletal muscle relaxant for the treatment of insomnia,
was found to have lower clearance in women, and, thus,
flurazepam also has a lower recommended initial dose for
women.13

The United States Food and Drug Administration (FDA)
reviews demographics of clinical trial participants and sub-
group analyses during its regulatory assessment of new drug
and biological product (‘‘drug’’) marketing applications. The
information from these clinical trials is used to support reg-
ulatory decisions (e.g., approvals, nonapprovals) for drug
applications. Drugs that are approved may then be prescribed
for use in a larger, more diverse population than is typically
exposed to the drug during premarket clinical development.
Over the years, the FDA has published regulations and
guidance for industry about expectations regarding the need
for diverse enrollment in clinical trials and the conduct of sex
analyses.10,14,15

Other demographic subgroups—specifically, race, eth-
nicity, and age—may also contribute to differences in dis-
ease response and in response to drugs (e.g., the drug effect).
For example, in a Veterans Administration Cooperative
Group study on anti-hypertensives, several classes of anti-
hypertensive agents were found to be not as effective in Black/
African American patients.16 More recently, studies looking
at the combination of isosorbide dinitrate and hydralazine
in patients with advanced heart failure demonstrated in-
creased survival in Black/African American patients.17,18

Collection of race and ethnicity data is encouraged for FDA-
regulated products in the 2016 guidance, Collection of Race
and Ethnicity Data in Clinical Trials.19

Age has also been found to be an important factor in the
response to drugs. The FDA has required age data to be re-
ported in New Drug Applications (NDAs) since 1985.20 Be-
ginning in 2006, the FDA has required the inclusion of specific
sections in approved drug labeling for special populations, such
as pediatric (0–16 years) and geriatric (‡65 years) popula-
tions.21 Information, such as dosing adjustments, regarding
recommendations for certain age groups, may be available in
the ‘‘Pediatric Use’’ and ‘‘Geriatric Use’’ sections of labeling.

Guidance has also been published regarding the conduct of
subgroup analyses used to support NDAs. A 1989 guidance
specifically recommended analysis of safety and effectiveness
data by age,22 and a 1993 guidance on the study and evaluation
of gender differences, similarly recommended such analyses
by sex.10 Both restated prior guidelines from 1988 for the
format and content of efficacy and safety analyses in clinical
trials.23 This 1988 guideline recommended addressing PK and
pharmacodynamics (PD) differences in different demographic
subgroups and for various patient characteristics (e.g., renal
function).23 Differences between patients in response to a drug
can be the result of variation in the PK (the drug’s ADME in
the body), variation in the PD (the drug’s effect on the body),
or other factors for which there are known demographic dif-
ferences.2,3,8,9

In 1998, the FDA issued a final rule on investigational
new drug (IND) applications and NDAs (the ‘‘Demographic
Rule’’), which required the analyses of efficacy and safety
data for important demographic subgroups in NDAs.14 The
Demographic Rule also required that the enrollment of

participants in clinical trials for drugs be calculated for key
demographic subgroups in IND annual reports.14 The FDA
continues to work on improving both data collection and
analysis of demographic subgroups in clinical trials.

In August 2013, the FDA released a report to Congress
describing demographics and subset analyses included in 72
applications for drugs, biologics, and medical devices ap-
proved in 2011.24 This report was congressionally mandated
as part of the Food and Drug Administration Safety and In-
novation Act, Section 907.25 Subsequently, the FDA pub-
lished an action plan with recommendations for improving
the completeness and the quality of data analyses on demo-
graphic subgroups, and for including these analyses in
product labeling and in information distributed to patients
and healthcare providers.26,27

The participation of demographic subgroups in clinical tri-
als submitted to support drug applications has been periodi-
cally studied by the FDA and other organizations, such as the
Government Accountability Office (GAO).28–33 These previ-
ous studies have noted improvements compared with the 1992
GAO report28 in the percentage of women enrolled in clinical
trials and the conduct of sex analyses, but they have also
identified areas in which the percentage of women is lower
than expected based on prevalence estimates of the disease.

Our descriptive, retrospective study is an update on the
status of the participation of demographic subgroups in all
clinical trials (phases 1, 2, and 3) submitted to support the
approval of new drugs. We use the term ‘‘new drugs’’ to refer
to new molecular entity (NME) drugs and original thera-
peutic biologics that have been approved by the FDA’s
Center for Drug Evaluation and Research (CDER) between
2013 and 2015. This study also assessed compliance with the
1998 Demographic Rule requiring sponsors to submit sex-
based efficacy and safety analyses in applications for new
drugs.14 To assess trends in the percentages of women, mi-
norities, and geriatrics participating in clinical trials, this
study compared findings for the years 2013–2015 with those
of previous studies.28–33

Methods

Demographic data collection

A list of new drug approvals was obtained from CDER’s
webpage of approved NME NDAs and original therapeutic
biologics license applications (BLAs).34 New drugs approved
between January 1, 2013 and December 31, 2015 were in-
cluded in this study. Drugs approved for sex-specific (n = 6) or
predominantly pediatric (n = 5) indications were excluded.
Clinical trials for the remaining new drugs that included only
pediatric patients were also excluded because pediatric
populations are covered under different legislation. Products
approved by the Center for Biologics Evaluation and Re-
search, such as blood products and vaccines, were not
reviewed.

Drug indications were obtained from drug labeling found
on the Drugs@FDA website.35 Abbreviated indications were
abstracted from the drug labeling and may not have been
representative of the full indication. For example, ‘‘chronic
hepatitis C virus’’ (HCV) was inclusive of five new drugs
indicated for one or more HCV genotypes, and these indi-
cations are abbreviated as chronic HCV. The CDER divi-
sion that reviewed the new drug was used as a surrogate for
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the drug’s therapeutic grouping, although we recognize that
in some cases, the groupings (e.g., Pulmonary/Allergy/
Rheumatology) are not limited to a single therapeutic area.

Data extracted from sponsor-submitted final clinical study
reports included: trial name, trial phase, total enrollment,
demographic subgroup enrollment by sex, race, ethnicity,
and age group (<65 years, ‡65 years, ‡75 years, ‡85 years),
and presence of sex-based efficacy and safety analyses. Only
data in the source documents were captured, and no addi-
tional calculations or assumptions were made (e.g., partici-
pants ‡85 years were captured only when presented in that
specific age group; otherwise, no data were extracted for that
field). A sponsor’s marketing application of their entire drug
development program may have consisted of trials conducted
in only the United States, only foreign countries, or both the
United States and foreign countries. Further analysis of de-
mographics by trial location was not performed in this study.

Race was captured in eight categories with definitions
adapted from the 2016 guidance on race and ethnicity data
collection19: ‘‘White,’’ ‘‘Black/African American,’’ ‘‘Asian,’’
‘‘American Indian/Alaska Native,’’ ‘‘Native Hawaiian/Other
Pacific Islander,’’ ‘‘Hispanic/Latino,’’ ‘‘Other,’’ and ‘‘Unknown
(reported).’’ Hispanic/Latino was not consistently reported in
study demographics—it was reported as a race category, an
ethnicity category, or not at all. If reported as an ethnic group,
then the three possible categories were, ‘‘Hispanic/Latino,’’
‘‘Not Hispanic/Latino,’’ or ‘‘Unknown (reported).’’ The fol-
lowing are some examples of additional terms used to describe
race if they were captured in the clinical trials data differently
from the racial and ethnic categories given earlier:

� White also included ‘‘Caucasian’’
� Black/African American also included ‘‘Afro-Caribbean’’
� Asian also included ‘‘Oriental’’ or ‘‘Japanese’’
� American Indian/Alaska Native also included ‘‘Native

American’’
� Native Hawaiian/Other Pacific Islander also included

participants from New Guinea or New Zealand
� Hispanic/Latino also included participants labeled

‘‘Puerto Rican’’
� Other also included ‘‘Multiracial’’ or mixed race
� Unknown (reported) also included participants ‘‘Not re-

ported,’’ ‘‘Missing,’’ ‘‘Not collected,’’ or ‘‘Not specified’’

A quality assurance/quality control (QA/QC) was per-
formed for each clinical trial after data collection to ensure
the quality and accuracy of the extracted data. During the
QA/QC process, data entry was independently confirmed by
two or more investigators (A.C., H.W., H.I., M.E., A.I.).

Demographic data analysis

Participation by sex, race, ethnicity, and age group was
calculated as a percentage of the total participants for whom
the corresponding demographic information was available.
Percent participation by sex, race, ethnicity, and age group
was further assessed by approval year and by clinical trial
phase (phases 1, 2, and 3). ‘‘Phase 1/2’’ trials were coded as
‘‘phase 2’’ trials, and ‘‘phase 2/3’’ trials were coded as ‘‘phase
3.’’ Participation by sex, race, and age group was assessed by
therapeutic grouping as well. Of note, percent participation of
pooled racial minorities included participants reported as
being of the following races: Black/African American, Asian,

American Indian/Alaska Native, Native Hawaiian/Other Pa-
cific Islander, Hispanic/Latino (Race), and Other. The par-
ticipation of these minority racial groups was pooled to
contrast with participation by the White racial group.

Estimated prevalence data collection for sex

The estimated prevalence of a disease (e.g., human immu-
nodeficiency virus) or a procedure (e.g., percutaneous coronary
intervention) by sex was obtained by means of a comprehen-
sive literature search of peer-reviewed journal articles and
public source databases, such as PubMed, those from the
Centers for Disease Control and Prevention, and those from
the National Institutes of Health. The estimated prevalence is
the number of cases of disease in a population at risk for the
disease. Because prevalence was not always available, inci-
dence, the number of newly diagnosed cases, was estimated
when available.

The prevalence or incidence data by sex were reported in
these sources in various forms, sometimes as prevalence rate
or incidence rate, which is the percent of prevalence or in-
cidence cases divided by the population at risk. Sources were
identified by using keyword searches that included ‘‘wom-
an,’’ ‘‘women,’’ ‘‘female,’’ ‘‘sex,’’ ‘‘gender,’’ ‘‘prevalence,’’
‘‘incidence,’’ ‘‘demographics,’’ or ‘‘epidemiology,’’ and
disease names or procedures. The most recently published
source was utilized when possible.

If prevalence information was unavailable for relapsed or
refractory populations with the disease or for genetic or
molecularly defined subsets, then estimated prevalence for
the more general indication was used. Data from studies
conducted in North America and Europe were preferred to
best estimate prevalence.32,33 For new drugs indicated for
disease symptoms, estimated prevalence or incidence data
were found for the underlying disease. For example, one of
the new drugs was approved for ‘‘long-term, once-daily,
maintenance treatment of airflow obstruction and for reduc-
ing exacerbations in patients with chronic obstructive pul-
monary disease (COPD).’’ Prevalence was, therefore, found
for COPD and then utilized in further analyses.

Comparison of the proportion of women

A ratio of the proportion of women in the clinical trials for
the indicated disease population (%CT) relative to the esti-
mated proportion of women in the disease population (%P)
(i.e., the prevalence rate) was used to compare the clinical
trial with the source population by the metric, PPR:

PPR¼%CT=%P

The proportion of women in the clinical trials for the in-
dicated disease population (%CT) was calculated by dividing
the total number of women in trials that included patients
with the indicated disease by the total participants in those
trials whose sex was reported. The estimated proportion of
women in the disease population (%P) was calculated by
dividing women’s estimated prevalence or incidence by the
total prevalence or incidence in the source population.

PPR was calculated for all indications for which appro-
priate prevalence or incidence information was available.
The proportion of women in the clinical trials was assessed as
being comparable to the estimated proportion of women in
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the disease population if the PPR fell between 0.8 and 1.2, as
previously proposed by Poon et al.32 and Eshera et al.33

Presence of sex-based analyses of efficacy and safety

To evaluate whether a sponsor conducted and reported an
analysis by sex, the sponsors’ integrated summaries of effi-
cacy and safety submitted to FDA in NDAs and BLAs were
surveyed for the presence of sex-based analyses of the drug’s
efficacy and safety. A coding criterion similar to that used by
the GAO in its 2001 report29 was employed, where analysis
consisting of at least one sentence, table, or graphic sum-
marizing efficacy or safety analysis by sex was sufficient to
classify a new drug as presenting sex-based analysis. No
statement that the analysis was statistically powered to draw
conclusions was necessary. Both efficacy and safety analyses
were surveyed and coded separately.

This descriptive, retrospective study was not designed with
a prespecified statistical hypothesis. Calculations were per-
formed, and graphics were prepared by using Microsoft Ex-
cel 2010.

Results

One hundred and thirteen (113) new drugs (88 NDAs and
25 BLAs) were approved by the FDA CDER from January

2013 through December 2015. New drugs with the follow-
ing sex-specific indications were excluded (n = 6): prostate
cancer, menopausal vasomotor symptoms and postmeno-
pausal osteoporosis, menopausal dyspareunia, ovarian can-
cer, breast cancer in postmenopausal women, and female
hypoactive sexual desire disorder. One breast cancer drug
was included because the drug labeling did not exclusively
indicate its use in women. New drugs with the following
predominantly pediatric indications were excluded (n = 5):
neuroblastoma, perinatal-, infantile-, and juvenile-onset hy-
pophosphatasia, bile acid synthesis disorders, hereditary
orotic aciduria, and lysosomal acid lipase deficiency. Of the
113 new drugs, 102 were analyzed.

Overall participation in clinical trials

In this study, a total of 2,455 clinical trials (enrolling
484,896 participants) were used to evaluate 102 new drug
applications distributed among the 13 therapeutic groupings.
Overall participation by sex, race, ethnicity, and age group
was as follows:

� Participation by sex: The participant’s sex was re-
ported for 484,876 of the 484,896 total participants
(>99.9%), of whom 40.4% were women and 59.6%
were men (Table 1). When the new drug indicated for

Table 1. Demographics of Clinical Trial Participants of New Drugs Approved by FDA CDER (2013–2015)

New drugs approved, na

2013 2014 2015 Entire study period

24 40 38 102

Total sex reported 108,132 152,609 224,135 484,876 (>99.9%)b

Men 57,743 (53.4%) 95,012 (62.3%) 136,379 (60.8%) 289,134 (59.6%)
Women 50,389 (46.6%) 57,597 (37.7%) 87,756 (39.2%) 195,742 (40.4%)

Total race reported 104,269 152,266 216,308 472,843 (97.5%)b

White 80,120 (76.8%) 117,761 (77.3%) 166,986 (77.2%) 364,867 (77.2%)
Black/AA 6,824 (6.5%) 9,896 (6.5%) 13,590 (6.3%) 30,310 (6.4%)
Asian 11,837 (11.4%) 17,493 (11.5%) 28,424 (13.1%) 57,754 (12.2%)
AI/AN 1,127 (1.1%) 1,053 (0.7%) 841 (0.4%) 3,021 (0.6%)
NH/OPI 120 (0.1%) 217 (0.1%) 338 (0.2%) 675 (0.1%)
Hispanic/Latino 155 (0.1%) 1,597 (1.0%) 892 (0.4%) 2,644 (0.6%)
Other 3,656 (3.5%) 3,962 (2.6%) 4,887 (2.3%) 12,505 (2.6%)
Unknown (reported) 430 (0.4%) 287 (0.2%) 350 (0.2%) 1,067 (0.2%)

Total ethnicity reported 77,211 106,807 129,910 313,928 (64.7%)b

Hispanic/Latino 11,698 (15.2%) 16,632 (15.6%) 13,406 (10.3%) 41,736 (13.3%)
Not Hispanic/Latino 64,106 (83.0%) 86,464 (81.0%) 111,746 (86.0%) 262,316 (83.6%)
Unknown (reported) 1,407 (1.8%) 3,711 (3.5%) 4,758 (3.7%) 9,876 (3.1%)

Total age group reportedc (year) 47,312 125,171 177,581 350,064 (72.2%)b

<65 40,189 (84.9%) 91,571 (73.2%) 116,432 (65.6%) 248,192 (70.9%)
‡65 7,123 (15.1%) 33,600 (26.8%) 61,149 (34.4%) 101,872 (29.1%)
‡75d 570 (1.2%) 7,658 (6.1%) 20,011 (11.3%) 28,239 (8.1%)
‡85e 7 (<0.1%) 28 (<0.1%) 7 (<0.1%) 42 (<0.1%)

aExcludes sex-specific and pediatric indications (n = 11).
bThis is the percentage of participants out of the 484,896 total enrollment who reported their information within each demographic

subgroup. In subgroups where a higher percentage of participants were not reported, then results of participation should only be based on
those reporting their information and should not be extrapolated to the entire population.

cThe information provided in the applications for age was reported in variable formats. Applications that included a breakdown of
participants by <65 years and ‡65 years usually did not further delineate the additional geriatric subgroupings by age ‡75 or ‡85. The
numbers included in the table are only for those applications that reported/presented the data in those age groups, and they will
underestimate the actual number of patients for the ‡75 and ‡85 year age groups participating in the clinical trials.

d‡75 years is a subset of ‡65 years and is included in the ‡65 years age group numbers.
e‡85 years is a subset of ‡75 years and is included in both the ‡65 and ‡75 years age group numbers.
AA, African American; AI/AN, American Indian/Alaska Native; CDER, Center for Drug Evaluation and Research; FDA, Food and Drug

Administration; NH/OPI, Native Hawaiian/Other Pacific Islander.
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breast cancer (n = 1) was excluded, women accounted
for 40.2% of trial participants. Women’s participation
accounted for 46.6% of trial participants in 2013,
37.7% in 2014, and 39.2% in 2015 (Table 1).
� Participation by race: Race was reported for an esti-

mated 472,843 (97.5%) of trial participants (in certain
cases, the sponsor may have recorded multiple races
for one trial participant, thus 97.5% is an approximation).
By year, race was reported for 96.4%, 99.8%, and 96.5%
of participants in 2013, 2014, and 2015, respectively.
Overall, of the participants for whom race was reported,
77.2% were White, 12.2% were Asian, 6.4% were Black/
African American, 2.6% were Other, 0.6% were Amer-
ican Indian/Alaska Native, 0.6% were Hispanic/Latino,
0.2% were Unknown (reported), and 0.1% were Native
Hawaiian/Other Pacific Islander (Table 1).

A breakdown of race participation by therapeutic
grouping shows that Whites accounted for 66.0% to
86.1% of clinical trial participants. After pooling mi-
nority racial groups, participation ranged from 13.9% to
33.9% (Fig. 1). Minority racial groups were pooled so that
smaller racial groups are collectively represented to better
contrast with the majority racial group.
� Participation by ethnicity: Ethnicity was reported for

313,928 (64.7%) of trial participants, of whom 83.6%
were Not Hispanic/Latino, 13.3% were Hispanic/
Latino, and 3.1% were reported as Unknown (Table 1).
Because >35% of participants were missing ethnicity
data, the percent participation can only be used to de-
scribe those who reported their ethnicity; therefore,
these percentages may not reflect actual participation
of the entire study population.
� Participation by age group: Age group (defined as <65

years, ‡65 years) was reported for 350,064 (72.2%) of
trial participants. By year, reporting rates were 43.8%
in 2013, 82.0% in 2014, and 79.2% in 2015. Among
participants whose age group could be coded according

to this study’s parameters, 70.9% were <65 years of
age and 29.1% were ‡65 years of age (Table 1). For a
limited number of new drugs, participant age was
further characterized as those ‡75 years and ‡85 years.

Women’s participation by therapeutic
grouping and drug indication

When all new drugs were categorized into 1 of 13 thera-
peutic groupings,32,33 the number of drugs in each grouping
ranged from 1 to 28. Women’s participation by therapeutic
grouping ranged from 30.0% (Cardiovascular/Renal) to
59.6% (Neurology) (Fig. 2). Only two therapeutic groupings,
Psychiatry and Pulmonary/Allergy/Rheumatology, had a
mean PPR <0.80 (at 0.78 and 0.72, respectively) (Table 2).

Prevalence and incidence data by sex obtained from pub-
lished literature were used to estimate the PPR, as described
in the Methods section. Twenty new drugs were excluded
from the ratio analysis because appropriate epidemiology
data for their indication could not be found. For the remaining
82 new drugs, epidemiology data were found (Supplementary
Table S1; Supplementary Data are available online at www
.liebert pub.com/jwh) for 60 indications (Supplementary
Table S2). Fifty (of 60) indications had a PPR ‡0.80 and 9
(of these 50) indications had a ratio >1.2 (Fig. 3). This sug-
gests that the proportion of women in the clinical trials was
comparable to or greater than the estimated proportion of
women in the disease population for 83.3% of the approved
indications.

Presentation of sex-based analyses
of efficacy and safety

Of the 102 new drugs evaluated, 99 new drugs (97.1%) had
sex-based analyses of efficacy and 97 new drugs (95.1%) had
sex-based analyses of safety, whereas 95 new drugs (93.1%)
had both. There were seven applications that lacked either
type of sex-based analysis or both analyses; six of these seven

FIG. 1. Percent race
participation in new drug
trials by therapeutic
grouping.
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applications lacking only an efficacy (n = 2) or safety (n = 4)
analysis were for rare disease indications (‘‘orphan drugs’’),
and their clinical trials did not have enough participants to
warrant subgroup analysis by sex. These six applications
were indicated for: previously untreated chronic lymphocytic
leukemia, non-24-hour sleep-wake disorder, congenital or
acquired generalized lipodystrophy, unresectable or meta-
static melanoma with BRAF V600E or V600K mutation, re-
lapsed or refractory metastatic melanoma, and reversal of
anticoagulant effects in patients treated with dabigatran.

The one application that lacked both efficacy and safety
analyses was indicated for a disease found predominantly in
women (HER2-positive metastatic breast cancer) and did not
have enough male participants in the pivotal trials to warrant
subgroup analysis by sex.

Comparison with previously conducted studies

A comparison of this study with similar studies conducted
in previous years on the percent participation of women and

the percent of applications with sex-based analyses of both
efficacy and safety can be found in Table 3. For five previous
studies conducted in various time periods between 1988
and 2012, participation of women ranged from 44% to 56%
compared with 40.4% for this study. However, previous
studies included clinical trials at different phases (e.g., one
study included phases 1–3, two studies included phases 2 and
3 only), which may affect comparisons between individual
cohorts (see Fig. 4a and participation by trial phase section
later). It should be noted that not all of these previous studies
assessed PPR, which is a more relevant measure of partici-
pation by women.

The percentage of applications with sex-based analyses for
both efficacy and safety ranged from 47.2% to 91.8% in
previous studies compared with 93.1% for this study.

Participation by trial phase

Percent participation by demographic subgroup by trial phase
and by year was explored (Fig. 4). Women’s participation was

FIG. 2. Percent women
participation in new drug
trials by therapeutic
grouping.

Table 2. The Ratio of Women’s Participation in Clinical Trials for the Indicated Disease Relative

to the Estimated Proportion of Women in the Disease Population (PPR) by Therapeutic Grouping

Therapeutic grouping (no. of new drugsa) Mean PPR Standard error 95% confidence interval

Anti-infectives (3) 1.13 0.13 0.56 to 1.71
Antivirals (8) 0.99 0.06 0.84 to 1.14
Cardiovascular/renal (8) 1.05 0.17 0.65 to 1.45
Dermatology (7) 0.80 0.11 0.53 to 1.07
Gastroenterology/inborn errors (8) 1.11 0.09 0.90 to 1.32
Metabolism/endocrinology (8) 1.03 0.03 0.97 to 1.08
Neurology (3) 0.97 0.07 0.68 to 1.25
Oncology/nononcology hematology (34) 1.10 0.06 0.98 to 1.22
Psychiatry (6) 0.78 0.08 0.57 to 1.00
Pulmonary/allergy/rheumatology (9) 0.72 0.10 0.49 to 0.95
Special pathogens (1) 1.00 N/A N/A

This only includes new drugs with indications for which estimated prevalence or incidence data were found and, therefore, a PPR could
be calculated. Thus, there was no PPR available for the therapeutic groupings, ‘‘Anesthesia/Analgesia’’ and ‘‘Medical Imaging.’’

aThe sum of the number of new drugs (n = 95) is greater than the number of drugs for which estimated prevalence or incidence was found
(n = 82) because several drugs have multiple indications and, thus, were captured more than once.
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29%–34% in phase 1, 41%–51% in phase 2, and 38%–49% in
phase 3, suggesting an increased rate of participation of women
in later phase (phase 2, 3) trials than in phase 1. There was a
similar trend for greater participation of older patients (age ‡65
years) in later phases, but not for racial or ethnic minorities.

Discussion

For new drugs approved at the FDA CDER between Jan-
uary 1, 2013 and December 31, 2015, women accounted for
40.4% of clinical trial participants enrolled in all phases

FIG. 3. The ratio of women’s participation in clinical trials for the indicated disease relative to the estimated proportion of
women in the disease population (PPR).
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(phases 1, 2, and 3) of clinical trials supporting the applica-
tions (Table 1). The percentage of women varied consider-
ably by indication and therapeutic grouping (Fig. 2). When
the participation of women was examined as an estimated
proportion of women in the disease population (PPR), 83.3%

of the newly approved indications examined in this study had
participation of women in the clinical trials supporting the
drug’s approved indication that was similar to or greater than
the estimated proportion of women in the disease population
for that indication (i.e., PPR >0.8) (Fig. 3).

Table 3. A Comparison Between Similar Studies in Participation

of Women and Presence of Sex-Based Analyses

Study group Study period Focus of study
%

women
% applications with sex-based

analyses of both efficacy and safety

U.S. GAO28 January 1988 to June 1991 Phases 2 and 3 44 47.2a

U.S. GAO29 August 1998 to December 2000 Phases 2 and 3 56 72
Yang et al.31 January 2000 to December 2002 Phases 1, 2, and 3 48.5 70.7a

Poon et al.32 January 2007 to December 2009 Late-phase trialsb 44.7 72.1
Eshera et al.33 January 2010 to December 2012 Pivotal trialsc 47.0 91.8
Chen et al.

(current study)
January 2013 to December 2015 Phases 1, 2, and 3 40.4 93.1

aSource is unclear as to whether this is the percent with sex-based analyses of both efficacy and safety versus only one or the other.
bDefined late-phase clinical trials as 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.
cDefined pivotal clinical trials as those phase 2 and/or 3 trials described in the medical and statistical reviews or the product labeling as

supporting the drug or biological approval.
U.S. GAO, United States General Accounting Office.

FIG. 4. Demographics of clinical trial participants by phase and year according to reported: sex (a), age (b), race (c), and
ethnicity (d) subgroups.{
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A trend toward higher participation of women in later
phase trials than in phase 1 was seen (Fig. 4a) and is not
unexpected. Phase 2 and 3 trials are typically conducted in
the indicated disease population, and phase 3 trials are usu-
ally the largest and longest trials, designed and conducted for
the purpose of demonstrating the benefits and risks of the
drug in the population for which the drug is labeled for use in
the postmarketing period. Therefore, later phase trials are
expected to more closely approximate the population with the
disease than early phase trials, which are typically conducted
mainly for safety and PK/PD exploration.

Compliance with Federal regulations for demographic re-
porting of sex in patient-level data submitted to the FDA by
drug sponsors was high, with sex demographic subgroup data
having been reported for virtually all of the clinical trial par-
ticipants (>99.9%). By comparison, a 2001 GAO report found
that sex was unknown for 9% of trial participants.29 Further,
the percentage of submissions by sponsors that included sex-
based analyses for both safety and efficacy (93.1%) was higher
than what was observed in earlier studies (Table 3). Since
2015, the FDA has also been enhancing the reporting of de-
mographics of participants in the clinical trials that support
regulatory decisions via publication of these data on the FDA’s
‘‘Drug Trials Snapshots’’ website in an effort to increase
agency transparency so that this information can be directly
communicated to the public.27

The increased reporting of participant age (<65 years, ‡65
years) in 2015 and 2014 compared with 2013 may be due to the
2012 amendment to the International Council for Harmonisa-
tion E-7 guidance, which emphasized the importance of in-
cluding patients ‡65 years of age.36 Analysis of phase 3 data
showed that the percentage of trial participants with ages ‡65
years increased from 19% to 40% from 2013 to 2015 (Fig. 4b);
however, this increase is based on a limited sample of drugs
surveyed in the 3-year study period, and no definite conclusions
regarding percent participation for older patients can be drawn.
The therapeutic groupings with the greatest percentage of trial
participants ‡65 years of age were Oncology/Nononcology
Hematology, Medical Imaging, and Cardiovascular/Renal

(Fig. 5), which is likely due to cancer (oncology), cognitive
decline (medical imaging), and heart conditions (cardio-
vascular) being more prevalent in older patients.

For race and ethnicity, the results show that although col-
lection and reporting of race subgroup data by sponsors was
high (97.5%), collection of ethnicity data was more limited
(64.7%) and was inconsistent across applications. Some ap-
plications reported ‘‘Hispanic/Latino’’ as race, whereas others
reported ‘‘Hispanic/Latino’’ as ethnicity; thus, there is a pos-
sibility that some trials reported race without reporting eth-
nicity separately. Although this study found 13.3% Hispanic/
Latino participation within the ethnicity subgroup, missing
ethnicity data in >35% of participants makes it difficult to draw
conclusions on the overall participation by ethnic group in
clinical trials.

The majority of clinical trial participants surveyed dur-
ing the study period were White and Not Hispanic/Latino
(Table 1). Relative to the U.S. population, the mean percent
participation of Asians was high (12.2%), whereas the mean
percentage of Blacks/African Americans in clinical trials was
lower than anticipated (6.4%). Although the percent partici-
pation varied somewhat by disease indication, in most in-
stances, Black/African American participation was generally
lower than would be expected based on the percentage of
Blacks/African Americans in the U.S. population (13.3%)37

and estimated percentages in the disease population. This
finding is consistent with numerous recent studies in the
medical literature and remains an area of drug development
in need of improvement.24,38–40

In contrast to the higher participation of women and older
patients in later phase clinical trials, participation of pooled
racial minorities was relatively consistent by phase (Fig. 4c).
Participation by Hispanic ethnicity for those who reported
this information also did not show a trend toward higher
participation in the later phases (Fig. 4d). The reasons for
these trends are not clear; however, previous reports indicate
that racial minority participation varies substantially by the
geographic location in which these trials are conducted,30

which may have affected percent participation by race when

FIG. 5. Percent geriatric
participation in new drug
trials by therapeutic group-
ing.
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assessed by overall clinical trial demographics and by trial
phase. Additional assessment of participation by racial and
ethnic subgroups is needed and remains an area of addi-
tional study.

Limitations

This study has several limitations. First, the drug approvals
included in this cohort were limited to a recent 3-year period.
Drug development and approvals can vary substantially from
year to year, and they often reflect scientific and pharmaceutical
advances within a given period. Because the percent female (and
other demographic subgroup) participation varies depending on
the disease indication for which the drug is being administered,
differences in drugs approved in a limited period may affect the
demographic make-up of the clinical trial population.

Second, the scope of this study did not expand on clinical
trial location, which limited the analytic detail required for
conclusions based on the participants’ geographic location.
Because the majority of applications were multi-national,
clinical trials conducted in foreign countries may not reflect
the demographics of the United States and limited conclu-
sions for U.S. participation.

Third, due to the higher number of participants for whom
data on ethnicity and age were missing, it was difficult to
draw conclusions on the overall participation in clinical trials
by ethnicity and age. Also, some sponsors collected Hispanic/
Latino as a race category, and this might have added to the
lower number of patients reporting it under ethnicity.

Fourth, although PPR is more informative than %CT alone (as
it corrects for differences in disease prevalence by sex), there are
limitations to the use of PPR.32,33 PPR sources only provide
estimates of the sex prevalence by disease. When an indication is
very narrow or specific, it may be difficult to identify epidemi-
ologic data on a similar patient population. For instance, although
prevalence information may be available for a general indication,
it may not be available for relapsed or refractory populations with
the disease or for genetic or molecularly defined subsets.

‘‘Precision medicine,’’ where drugs are increasingly being
developed for underlying disease-related targets (e.g., mu-
tationally defined tumors for cancer drugs), is an increasing
area of drug development, and estimates of the disease
prevalence in these narrow patient populations can be diffi-
cult to define. One example is that the demographics of the
population affected by nonsmall cell lung cancer (NSCLC)
resulting from an anaplastic lymphoma kinase-positive
(ALK+) mutation41 may be different from the demographics
of the population affected by NSCLC resulting from an
epidermal growth factor receptor (EGFR) T790M mutation,42

or even from the overall NSCLC population.43

Another example is refractory gout. The lowest PPR cal-
culated in this study was for gout (0.2), with a %CT of 4.7%
and a %P of 26.5% for women. Gout overall is a male-
predominant disease for which prevalence estimates are
available44; however, the drug included in this study was
indicated for refractory gout, which is expected to be an
overwhelmingly male disease, but for which reliable sex-
prevalence data are not available. Hence, percent women in
this specific disease population was likely overestimated,
which may, in part, have contributed to the low PPR.

Similar difficulties in estimating disease and demographic
subpopulations are also seen for some orphan drugs, which are

approved for rare diseases and disorders affecting <200,000
people in the United States,45 and in some cases, have little epi-
demiologic data available in the published literature.

Disease prevalence estimates by demographic subgroup
may also vary in different parts of the world, which may have
affected both the demographic composition of the clinical
trials30 and the calculation of PPR because disease preva-
lence estimates were based predominantly on prevalence in
Western nations32,33; however, even among Western nations
or among different regions within the United States, disease
prevalence may be variable.

In this study, >95% of the approved drugs had clinical
development programs that were supported by results from
multi-national trials; two drugs (miltefosine for leishmaniasis
and ivabradine for congestive heart failure) relied entirely on
foreign trials to support approval, and one drug (metreleptin
for leptin deficiency) relied entirely on trials conducted in the
United States.

One example of demographic differences by geographic
region is COPD. COPD in the United States is a female-
predominant disease,46 but it is male predominant in some
other regions of the world.47 For the three COPD drugs in-
cluded in this study, the percent female participation in the
trials conducted in the United States was similar to the per-
cent of women with COPD in the U.S. population; however,
the PPR was found to be low (0.5) when the multi-national
clinical trial populations were pooled (Fig. 3), which may have
been due to an over-estimation of the female prevalence in the
multi-national populations in which the trials were conducted.

Finally, the statistical variability in mean PPR by thera-
peutic grouping is influenced by the number of drugs ap-
proved by the division during the study period (Table 2).
Therapeutic groupings with more new drugs approved may
give a better assessment of mean PPR and vice versa.

Conclusions

This descriptive, retrospective study demonstrates impor-
tant current trends in clinical trial demographic data sub-
mitted to the U.S. FDA: Sex data are now collected for almost
all patients, and there appears to be appropriate sex partici-
pation for most new drugs included in this study when esti-
mated disease prevalence by sex (PPR) is considered. We
recognize, however, that better data on the prevalence of
disease in demographic subsets are needed for some indica-
tions, particularly for subsets of diseases (e.g., mutationally
defined cancers) and orphan diseases.

Participation of some racial minorities—most notably,
Blacks/African Americans—is still not well represented in
many programs and remains an area in need of improvement.
One contributing factor could be that many clinical devel-
opment programs are now multi-national, and, hence, a large
proportion of patients enrolled were from outside the United
States where there were fewer Blacks/African Americans.30

In contrast, Asian participation is now 11%–13%, which is
above the percent of Asians in the U.S. population (5.6%).37

Analyzing demographic data by geographic region could be
an area of future research.

Lastly, these data represent a limited 3-year period and are
dependent on the indications that received approval during
this time. Therefore, in the future, it will be important to look
at specific applications when assessing the sex of participants
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since participation of women is expected to vary depending
on the disease under study. Future studies should also provide
more granular information about specific therapeutic areas
that appear to show disparities in enrolling clinical trial
participants.
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