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ABSTRACT

Background. Proportionate female representation in health
research is necessary for scientific rigor and health equity.
We aimed to assess the representation of women in clinical
trials leading to U.S. Food and Drug Administration (FDA)
cancer drug approvals.
Materials and Methods. Trials supporting FDA cancer drug
approvals between July 2008 and June 2018 were sourced
from PubMed and ClinicalTrials.gov. The ratio of female to
male trial enrollment was compared with cancer incidence
and mortality in the U.S. using International Agency for
Research on Cancer data. Reproductive tract and breast can-
cers were excluded. Odds ratios (ORs) and 95% confidence
intervals (CIs) comparing trial enrollment with population inci-
dence and mortality were calculated.
Results. A total of 186 trials leading to 170 FDA cancer drug
approvals showed slight female underrepresentation

compared with overall cancer incidence in the U.S. (OR,
0.97; 95% CI, 0.95–0.98, p < .0001). Female enrollment for
drugs approved between 2008–2013 and 2014–2018 was
unchanged (OR, 1.02; 95% CI, 0.99–1.05, p = .25). There was
slight female underrepresentation in hematological trials (OR,
0.95; 95% CI, 0.91–0.998; p = .040 for leukemia; OR, 0.95; 95%
CI, 0.90–0.997; p = .040 for lymphoma) and significant female
underrepresentation in colorectal (OR, 0.72; 95% CI, 0.69–0.76;
p < .0001), pancreas (OR, 0.85; 95% CI, 0.78–0.93; p = .0004),
lung (OR, 0.77; 95% CI, 0.75–0.80; p < .0001), kidney (OR, 0.63;
95% CI, 0.60–0.67; p < .0001), and thyroid cancer trials (OR, 0.26;
95% CI, 0.23–0.28; p < .0001) compared with U.S. incidence.
Conclusion. Female underrepresentation has persisted within
solid organ tumor trials but is less notable in hemato-
logic trials. Additional work is required to identify drivers of
such disparity. The Oncologist 2021;26:107–114

Implications for Practice: Adequate gender representation in clinical trials is a matter of health equity. This study demon-
strates that women remain underrepresented in trials across hematological and solid organ trials compared with cancer inci-
dence and mortality in women, with the disparity worse in a number of solid organ tumor types. There are thus still
significant improvements to be made regarding adequate representation of women in trials. Studies exploring the reasons
for ongoing disparity in gender representation are warranted to help clinicians to rectify this.

BACKGROUND

Over the past 40 years, there has been significant progres-
sion in policy surrounding accrual of women onto clinical
trials. In 1977, the U.S. Food and Drug Administration (FDA)

guidance initially recommended women of childbearing
potential be excluded from early phase clinical studies [1].
This was reversed in 1993, and The American Congress
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enacted the National Institutes of Health (NIH) Revitaliza-
tion Act in the same year to encourage representation of
women and minority groups in health research [2]. Since
the year 2000, the FDA has had the authority to place trials
on hold if persons were excluded purely because of repro-
ductive potential [3].

Underrepresentation of women has important biologic
implications. In 1997, 8 of 10 drugs withdrawn by the FDA
were withdrawn because of greater toxicity in women [4],
and by the following year, new drug applications had to
present efficacy and safety data by sex [5]. Sex-based differ-
ences are seen in pharmacodynamics and pharmacokinetics
[6–8], with a recent study demonstrating increased toxicity
in women receiving adjuvant fluoropyrimidine-based che-
motherapy for colon cancer [9]. Sex differences are also
seen in tumor biology [6], as well as within innate and
adaptive immune pathways [10]. The microbiome, which
exhibits sexual dimorphism, informs inflammatory, innate
immune and adaptive immune pathways [11, 12] and there-
fore responses to chemotherapy [13] and immunotherapy
[14]. Sexual dimorphism in immune response and micro-
biota may thus lead to different treatment responses and
adverse event profiles between men and women [15].

Identifying and measuring disparities in health are the
first steps toward achieving health equity [16]. Studies of
randomized controlled or prospective clinical trials publi-
shed in the early 2000s demonstrated ongoing sex-based
disparities in trial enrollment [17–20]. There has been
increasing attention on sex disparity and efforts to improve
representation since then. Disparities in health have come
into sharp focus recently, within the U.S. and globally. The
question remains: has the policy intent of proportional sex
representation in health research been realized in practice?
We therefore designed a study to assess whether women
were adequately represented more recently within clinical
trials that have led to FDA cancer drug approvals over a
contemporaneous 10-year span.

DESIGN AND METHODS

FDA cancer drug approvals and the respective pivotal trials
that formed the basis of approval are chronicled on an
online database as per information presented in the spon-
sors’ applications for the agency’s review process [21].
Approvals between July 2008 and June 2018 were collated.
The trial reports supporting these approvals were then sour-
ced from PubMed [22] and the NIH trial registry, Clinical
Trials.gov [23]. Tumor types that were sex specific were ex-
cluded from analyses; these were defined as cancers of the
reproductive tract and breast cancer (because of rarity in
men). The proportion of female and male patients enrolled
in each trial was recorded. Rates of enrollment by sex across
all included trials was compared between the first and sec-
ond half of the period reviewed. The ratio of female to male
(female/male) enrollment was compared with female/male
proportions for incidence and mortality data by crude num-
ber in 2018 across the entire U.S. population, as per data
from the International Agency for Research on Cancer
(IARC) [24].

We performed a sensitivity analysis using two popula-
tion comparisons within the IARC: very high–human devel-
opment index (HDI) countries and the global population.
HDI is a composite measure of life expectancy, education,
and income. Very high–HDI countries include Canada,
Australia, and northern and western European countries. It
was chosen because it represents the broader population in
which international trial enrollment commonly occurs. Trials
were subgrouped by common tumor types within the
U.S. where IARC data on incidence and mortality were
available.

Comparisons between female trial participation, popula-
tion incidence, and population mortality were performed
using Fisher’s exact test or χ2 with Yates’ correction for
larger samples. Odds ratios (ORs) for female trial enroll-
ment with 95% confidence intervals (CIs) were assessed
using the Baptista-Pike method or Woolf logit interval for
larger samples. The p values were two-sided and considered
statistically significant when unadjusted p < .05. Statistical
analyses were performed using GraphPad Prism, v8.2.1
(La Jolla, CA).

RESULTS

Female/Male Enrollment Across All trials
Baseline approval and trial characteristics have been
reported previously [25]. Of 228 reported trials leading to
204 FDA cancer drug approvals involving 108 different
drugs between July 2008 and June 2018, there were 222 tri-
als involving 109,987 patients in which information on sex
of participants was available (Table 1). Excluding 36 sex-
specific trials and 145 patients from 10 trials who had miss-
ing sex data, there were 186 trials associated with 170 FDA
drug approvals, enrolling 78,840 patients. A total of 31,743
(40.3%) of these were female. Lung cancer trials accounted
for the largest proportion of patients (17,079), and thyroid
cancer trials accounted for the smallest proportion (1,486).

Of the 170 non sex-specific FDA drug approvals, 74 of
those approvals were drawn from trials that did not include
sex in their assessment of treatment response in their main
publication. Thirty-eight of 66 hematological drug approvals
involving 10,013 (46%) of 21,816 hematologic patients
within the cohort and 35 of 104 solid organ approvals
involving 15,970 (28%) of 57,024 patients with solid tumors
were based on trials results that did not demonstrate an
assessment of the effect of sex on treatment response.
There were thus 25,983 patients, of which 11,595 (44.6%)
were female, involved in approvals for whom efficacy by
sex were unavailable.

Distribution of female and male enrollment in non–sex-
specific cancer trials across the study period is shown in
Figure 1. A total of 35,008 patients were enrolled in trials
leading to FDA approvals for cancer drugs between 2008
and 2013; 14,174 (40.5%) were female. A total of 17,569
(40.1%) of the 43,832 patients enrolled between 2014 and
2018 were female. The rate of female trial enrollment
between these two periods was unchanged (OR, 1.02; 95%
CI, 0.99–1.05; p = .25). Across all non–sex-specific cancers,
there was underrepresentation of women across trials
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compared with both U.S. incidence (OR, 0.97; 95% CI,
0.95–0.98; p < .0001) and U.S. mortality (OR, 0.91; 95% CI,
0.90–0.93; p < .0001).

Results for comparisons with the two international ref-
erence populations can be found in supplemental online
Tables 2 and 3 and supplemental online Figures 1 and 2.
Women were overrepresented when trial enrollment was
compared with cancer mortality for very high–HDI countries
(OR, 1.02; 95% CI, 1.01–1.04; p = .0023) and compared with
global incidence and global mortality (OR, 1.04; 95% CI,

1.03–1.06; p < .0001 and OR, 1.15; 95% CI, 1.13–1.17;
p < .0001).

Female/Male Enrollment Across Hematological Trials
Common hematological malignancies in which clinical trials
leading to FDA approvals occurred during the specified time
frame and in which IARC data were available were leuke-
mia, lymphoma, and multiple myeloma. Female individuals
were slightly underrepresented within leukemia (OR, 0.95;
95% CI, 0.91–0.998; p = .040) and lymphoma trials (OR,
0.95; 95% CI, 0.90–0.997; p = .040) when compared with
U.S. population incidence; all other comparisons with
U.S. incidence and mortality were nonsignificant (Figs. 2, 3;
supplemental online Table 1).

Given the significant difference in treatment setting for
acute versus chronic leukemia, with the former more fre-
quently occurring in an inpatient, tertiary center setting and
the latter being predominantly outpatient care, an explor-
atory analysis comparing enrollment between these two
subsets was carried out. A total of 45.6% of patients in
acute leukemia trials and 38.1% of patients with chronic
leukemia trials were female. The OR for acute versus
chronic leukemia female trial enrollment was 1.36 (95% CI,
1.24–1.49; p < .0001), indicating that women were more
frequently enrolled in acute rather than chronic leukemia
trials. IARC data on population incidence and mortality spe-
cifically for acute and chronic leukemia was unavailable,
and therefore the OR for population comparisons could not
be performed.

Comparisons of female/male trial enrollment with very
high–HDI countries and global population sex distribution
by tumor type for incidence and mortality are shown in
supplemental Tables 2 and 3 and supplemental Figures 1
and 2. All three hematologic cancer trial types reviewed
underenrolled women compared with incidence and mor-
tality in very high–HDI countries, with the exception of lym-
phoma when compared with mortality. Within the global
population, only leukemia trials underenrolled women

Table 1. Proportion of women and menenrolled on trials leading to U.S. Food and Drug Administration cancer drug
approvals between July 2008 and June 2018

Cancer type Trials, n Women enrolled, n (%) Men enrolled, n (%) Total enrolled, n

All cancersa 222 51,847 (47.2) 57,995 (52.8) 109,842

All cancers, sex-specific excluded 186 31,743 (40.3) 47,097 (59.7) 78,840

Leukemia 28 3,431 (40.4) 5,054 (59.6) 8,485

Lymphoma 27 3,079 (43.7) 3,965 (56.3) 7,044

Multiple myeloma 11 2,330 (43.2) 3,065 (56.8) 5,395

Lungb 35 6,877 (40.3) 10,202 (59.7) 17,079

Colorectal 8 2,235 (39.9) 3,362 (60.1) 5,597

Pancreasc 4 863 (43.6) 1,115 (56.4) 1,978

Kidney 11 1,529 (27.3) 4,062 (72.7) 5,591

Bladder 6 559 (28.9) 1,373 (71.1) 1,932

Melanoma 18 4,175 (42.0) 5,760 (58.0) 9,935

Thyroid 5 670 (45.1) 816 (54.9) 1,486
a145 patients and 6 trials with missing sex data have been excluded.
bThere were no small cell lung cancer trials in this trial cohort.
cIncludes adenocarcinoma and neuroendocrine tumors of the pancreas.
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Figure 1. Distribution of female and male trial enrollment
between July 2008 and June 2018. (A): Distribution of female
and male enrollment for trials leading to cancer drug approvals
between July 2008 and June 2018. Sex-specific cancers have
been excluded. (B): Distribution of female and male enrollment
in trials associated with drug approvals that occurred between
2008 and 2013 and 2014 and 2018 did not differ (odds ratio,
1.02; 95% confidence interval, 0.99–1.05; p = .25).
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compared with incidence, whereas both leukemia and mul-
tiple myeloma underenrolled compared with mortality.

Female/Male Enrollment Across Solid Organ Trials
Common solid tumor types with FDA approvals and IARC
data available were lung, colorectal, pancreas, kidney,

bladder, melanoma, and thyroid cancers. This covered 87 tri-
als enrolling 43,958 patients, with 16,908 (38.5%) being
female. Within lung cancer trials, women were under-
enrolled compared with both U.S. incidence and mortality
(OR, 0.77; 95% CI, 0.75–0.80; p < .0001 for both). The
same underenrollment for women was noted in colorectal

Figure 2. Odds ratio for female trial enrollment versus U.S. incidence or mortality. (A): Odds ratio (OR) with 95% confidence inter-
vals for female trial enrollment compared with U.S. incidence by tumor type. “All cancers” includes all non–sex-specific cancer
types. Female to male ratios (female/male) for trial enrollment and US incidence, ORs, and p values are shown on the right. (B): OR
for female trial enrollment compared with U.S. mortality by tumor type.
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cancer trials (OR, 0.72; 95% CI, 0.69–0.76; p < .0001 and
OR, 0.73; 95% CI, 0.69–0.78; p < .0001), pancreatic cancer
trials (OR, 0.85; 95% CI, 0.78–0.93; p = .0004 and OR, 0.84;
95% CI, 0.76–0.91; p < .0001), kidney cancer trials (OR,
0.64, 95% CI, 0.60–0.67; p < .0001 and OR, 0.76; 95% CI,
0.71–0.82; p < .0001), and thyroid cancer trials (OR, 0.26;
95% CI, 0.23–0.28; p < .0001 and OR, 0.74; 95% CI,
0.65–0.85; p < .0001) relative to U.S. incidence and mortal-
ity, respectively.

The bladder cancer trials reviewed overenrolled women
compared with U.S. incidence (OR, 1.34; 95% CI, 1.21–1.48;
p < .0001), but there was no significant difference when
compared with mortality. Within melanoma, women were
overenrolled compared with mortality only (OR, 1.37; 95%
CI, 1.29–1.45; p < .0001), but no difference was noted rela-
tive to U.S. incidence.

Comparisons of trial enrollment by sex with very
high–HDI countries and global population sex distribution
for solid tumors can be found in the supplemental
Tables 2 and 3 and supplemental Figures 1 and 2. Find-
ings were comparable with the U.S. population with the
exception of melanoma, lung, and bladder cancer.
Women were underrepresented in melanoma trials (OR,
0.83; 95% CI, 0.79–0.86; p < .0001 and OR, 0.80; 95% CI,
0.77–0.83; p < .0001) and overrepresented in lung cancer
trials compared with incidence in very high–HDI countries
and the global population (OR, 1.08; 95% CI, 1.05–1.12;
p < .0001 and OR, 1.27; 95% CI, 1.23–1.31; p < .0001).
With mortality as the comparator, women were overrep-
resented in bladder cancer trials (OR, 1.14; 95% CI,
1.03–1.26; p = .0098 and OR, 1.17; 95% CI, 1.06–1.29;
p = .0022) and lung cancer trials (OR, 1.21; 95% CI,
1.17–1.25; p < .0001 and OR, 1.39; 95% CI, 1.35–1.43;
p < .0001) in very high–HDI countries and the global
population.

Other Populations
There were 34 trials that were not included in the subgroup
analyses of common hematologic or solid organ tumor
types described above because of small numbers or mixed
tumor types. Within five hematologic trials, there were
892 patients, of which 353 (39.6%) were female. A total of
29 solid tumor trials that were not specifically reviewed
above enrolled 14,318 patients, 5,995 (41.9%) of whom
were female.

DISCUSSION

This study of 78,840 trial participants reveals that rates of
female trial enrollment have been static across the decade
reviewed. Rates are similar to earlier studies of female rep-
resentation in clinical research [17, 18]. At first glance,
when reproductive tract and breast cancers are excluded
from analyses, women appear only slightly underrepre-
sented, with an OR of 0.97 (95% CI, 0.95–0.98; p < .0001)
for female enrollment across trials compared with
U.S. incidence. Although the magnitude of difference is
small, this equates to there being nearly 1,000 less women
enrolled than expected within the trial cohort reviewed
here. The disparity becomes greater when the comparator
is U.S. mortality (OR, 0.91; 95% CI 0.90–0.93; p < .0001).
Additionally, we noted significant underrepresentation in
select tumor types, so although the overall picture shows
only minimal disparity, certain cancers were noted to have
dramatic differences. The greater disparity in ORs for
U.S. mortality points to there being imbalances in trial
enrollment of other sex-specific cancers within the cohort
that were not specifically reviewed here.

We demonstrate significant underrepresentation of
women across most solid organ cancer trials when com-
pared with either U.S. incidence or U.S. mortality. This

Figure 3. Female and male distribution across U.S. incidence, U.S. mortality, and trialenrollment across 10 tumor types. Graphical
representation of the ratio of female to male (female/male) within trials leading to U.S. Food and Drug Administration drug
approvals during the period reviewed for the 10 most common tumor types in the US. The inner ring denotes the female/male
U.S. incidence for the tumor type denoted below the circle, and the middle ring denotes female/male U.S mortality for that tumor
type. The outer ring of each circle represents female/male enrollment across all trials for that tumor type.
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includes lung, colorectal, pancreatic, kidney, and thyroid
cancer trials. These findings suggest that despite increasing
awareness of sex disparity and numerous policy statements
from organizations such as the FDA, little has changed in
the past 20 years, and disparity in trial enrollment is still an
important area for improvement in our society. This finding
is consistent with recent data on representation of women
in lung and colorectal trials, as well as less common solid
organ cancers [26–29]. We also show that a significant
number of trial publications do not consider sex in their
analysis of treatment efficacy, with this omission occurring
more frequently in the hematological trials in this cohort.

Given the broader range of tumor types samples
reviewed here, this study is able to provide a more nuanced
picture of trial enrollment by sex and tumor stream than
previous literature in this field. We note that although
underenrollment was seen in many tumor types, significant
variation in magnitude of difference between hematologic
and solid cancer trials exists. Notably, leukemia, lymphoma,
and multiple myeloma trials showed small to no difference
in female trial enrollment compared with U.S. incidence
and mortality. However, women were more frequently
enrolled in acute rather than chronic leukemia trials.

A recent meta-analysis involving numerous tumor types
has shown that lack of trial availability and patient ineligibil-
ity account for 77% of trial nonenrollment [30]. It is
unknown whether there is a significant difference by sex in
the number of patients approached for trial enrollment ver-
sus the number who ultimately enroll in a trial. The pre-
dominantly centralized, inpatient care of acute leukemia in
tertiary centers versus the decentralized outpatient care of
chronic leukemia may explain differences in recruitment
between acute and chronic leukemia trials and, indeed,
between hematologic and solid organ cancer trials overall.
Previous studies on barriers to clinical trial participation
have cited lack of awareness, transport difficulties, eco-
nomic considerations, and interference with family respon-
sibilities [31–33]. Such barriers may disproportionately
affect women. Additionally, in the outpatient setting, care
giving obligations or other social determinants of health
that disproportionately affect women may amplify determi-
nants of trial enrollment relative to care that is provided in
an inpatient setting.

In this study, Female representation differed depending
on whether U.S. incidence or mortality was the comparator.
This is due to sex-based differences in mortality. Men have
worse overall cancer mortality compared with women
[34–37], particularly with respect to melanoma [38] and
thyroid cancer [39]. Female thyroid cancer is overdiagnosed
in high-income and some middle-income countries [40, 41]
because of the increasing sophistication of diagnostic imag-
ing and increased uptake of health surveillance. This
explains the difference in magnitude of underrepresenta-
tion of women within thyroid cancer trials that was seen,
depending on whether the comparator was U.S. incidence
(OR, 0.26) or U.S. mortality (OR, 0.74). The same trends
were seen in thyroid cancer incidence and mortality within
the two international populations reviewed.

For bladder cancer, the reverse was seen, with women
overrepresented in trials compared with U.S. incidence (OR,

1.34; 95% CI, 1.21–1.48; p < .0001) but no difference seen
when U.S. mortality was the comparator (OR, 1.06; 95% CI,
0.95–1.17; p = .29). This is because female bladder cancer
mortality is higher than male bladder cancer mortality [37].
Women are more frequently diagnosed with bladder cancer
at a later stage with higher grade lesions [42, 43].

It remains unclear whether there are truly differential
treatment effects between men and women, with con-
flicting data on chemotherapy and immunotherapy out-
comes by sex [44–47]. This study must be interpreted in the
context of several strengths and weaknesses. Although we
comprehensively evaluated all trials leading to FDA
approvals over an entire decade, creating an extremely
large population of patients to evaluate overall, pancreas,
bladder, and thyroid cancer trials accounted for a smaller
proportion of patients, potentially limiting the applicability
of findings within those tumor streams. Trials that did not
lead to new FDA drug approvals were not evaluated and
may have different representation. We focused on trials
leading to drug registration, as these are the pivotal trials
that led to a change in practice.

Although we performed tumor site-specific analysis for
many cancer types, we were unable to perform this for all
cancers because of small numbers of approvals for certain
cancer types. Previous analyses of this cohort have, how-
ever, shown significant discrepancies exist at additional
tumor sites, such as hepatocellular carcinoma and gastric
cancer [48]. In some instances, the discrepancy was larger
when trial enrollment was compared with U.S. mortality
rather than U.S. incidence, contributing to the OR of 0.91
when overall trial enrollments were compared with overall
U.S. mortality.

The IARC database used for population comparisons
currently does not facilitate comparison of mortality and
incidence rates across the entire reviewed period, which is
a potential limitation of this study. Reassuringly, differences
in overall cancer incidence trends over time by sex in the
U.S. predominantly reflect the change in rate of prostate
cancer diagnoses, and there were no differences in overall
cancer mortality trends by sex [49]. We also did not review
reporting of adverse event data by sex, which remains an
important area of ongoing research but is minimally com-
mented on in conference proceedings or manuscripts.
Finally, this study did not report on gender minority repre-
sentation (i.e., transgender and nonbinary gendered per-
sons). Such data is currently unavailable, both at a trial and
a population level, and represents an important group
requiring improved trial representation in the future.

Notwithstanding these limitations, we demonstrate that
despite a number of policy changes over the past decade,
female representation continues to be an issue in the U.S.,
in line with numerous other publications. We also com-
pared our results with very high–HDI and global populations
to provide more generalizability to our findings and because
many of these trials recruited in a global manner.

CONCLUSION

Clinical trial demographics do not reflect real world practice.
Here, we show that female representation in trials could
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improve in many solid tumor types, and differences were less
marked in hematologic malignancies. Such disparities reflect
ongoing health inequities between men and women, a signif-
icant issue in itself, and may also call into question the appli-
cability of results to the underrepresented sex.
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Abstract:
Male breast cancer treatment regimens are often extrapolated from female-based studies because of a paucity of
literature analyzing male breast cancer. Using ClinicalTrials.gov, we analyzed breast cancer randomized clinical trials
(RCTs) to determine which factors were associated with male-gender inclusion. Of 131 breast cancer RCTs identified,
male patients represented 0.087% of the total study population, which is significantly less than the proportion of male
patients with breast cancer in the U.S. (0.95%; p < .001). Twenty-seven trials included male patients (20.6%). Lower
rates of male inclusion were seen in trials that randomized or mandated hormone therapy as part of the trial protocol
compared with trials that did not randomize or mandate endocrine therapy (2.5% vs. 28.6% male inclusion; p < .001).
It is imperative for breast cancer clinical trials to include men when allowable in order to improve generalizability and
treatment decisions in male patients with breast cancer.
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