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ABSTRACT

The study population within phase Il clinical trials
leading to approval of new cancer agents should ideally
more closely mirror the population who will ultimately
receive these agents. Although the number of females
participating in clinical trials has increased over the past
several decades, females are still under-represented in
preclinical studies, in early phase clinical trials and even
in some later phase cancer clinical trials. In the USA, this
is particularly true for women from minority populations
and elderly women. In this review, we review gender
and sex disparities in cancer trials, the reasons for these
disparities, the barriers to clinical trial enrolment and ways
to improve diversity in cancer clinical trials.

INTRODUCTION

Both gender and sex are important determi-
nants of health." Gender (eg, woman, man)
comprises the social, environmental, cultural
and behavioural factors and choices that
influence a person’s self-identity and health,
rather than biological sex (eg, female, male).”
Although the number of females partici-
pating in clinical trials has increased over the
past several decades, females are still under-
represented in preclinical studies, early phase
clinical trials and in some later phase cancer
studies.” * This article will primarily focus on
gender and sex inequality as it pertains to
women and females, particularly in cancer
studies. Between May 2020 and June 2020,
we searched PubMed.gov for available litera-
ture using search terms ‘clinical trials’, ‘sex’,
‘gender’, ‘disparity’, ‘accrual’, ‘regulatory’,
‘cancer’ and ‘barriers’. We also searched
websites for the US Food and Drug Admin-
istration (FDA), European Medicines Agency
(EMA) and Health Canada for these terms.

INFLUENCE OF SEX AND GENDER ON DRUG
TOXICITY AND OUTCOMES IN CANCER PATIENTS
When trial populations do not mirror the
incidence of disease, the reproducibility and
generalisability of results are limited. Clinical
trial data generated in men does not neces-
sarily extrapolate to women. Women have a
1.5fold to 1.7-fold greater risk of developing
an adverse reaction to a drug.” In 2001, the
US General Accounting Office (GAO, subse-
quently renamed the General Accountability
Office) reported that 8 of the 10 prescription

drugs withdrawn from the US market between
January 1997 and January 2001 posed greater
risks for women than men.’ A large pooled
analysis of 4 randomised clinical trials in
oesophagogastric cancer demonstrated that
(after adjusting for potential confounding
factors) females are at greater risk for expe-
riencing grade 3 or higher gastrointestinal
toxicity, had a significantly higher incidence
of serious adverse events on treatment and
received comparatively less cycles of chemo-
therapy overall than males.” Other studies
have demonstrated higher rates of haemato-
logical and non-haematological toxicities such
as mucositis and alopecia in colorectal cancer,
small-cell and non-small cell lung cancers
(NSCLC), Hodgkin’s lymphoma, Ewing
sarcoma and osteosarcoma.” In newly diag-
nosed glioblastoma, female sex is a predictor
for severe myelotoxicity from temozolomide.’

In addition, sex contributes to differences
in cancer risk according to tumour types
(even after controlling for known epidemi-
ological risk factors) and to differences in
treatment response.® '’ A meta-analysis of
20 randomised controlled trials of immune
checkpoint inhibitors for the treatment of a
variety of solid tumours (mostly melanoma
and NSCLC) demonstrated that the pooled
reduction of risk of death was double the size
for male patients than for female patients.“
The mechanisms for these differences are not
fully understood although sex influences a
variety of factors including anatomy and phys-
iology, immune responses and variability in
pharmacokinetics and pharmacodynamics.® "’
Analysis of The Cancer Genome Atlas (TCGA)
studies demonstrates differences in somatic
mutation load and genomic instability
between females and males.'”” Additional
gender-specific aspects of the epidemiology,
molecular genetics and outcomes of cancers
including chronic lymphocytic leukaemia,
lung cancer, gastrointestinal cancer and
primary brain tumours are discussed in other
articles within this special issue.

REGULATORY POLICIES REGARDING WOMEN IN
CLINICAL TRIALS

In the USA, the perception that women
needed to be protected from harm in clinical

BM)

Lee E, Wen P. ESMO Open 2020;5:€000773. doi:10.1136/esmoopen-2020-000773

Go0D soence 1
p—
sest pracTce


http://www.esmo.org/
http://esmoopen.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/esmoopen-2020-000773&domain=pdf&date_stamp=2020-08-19
http://orcid.org/0000-0003-3355-5179

research rose out of the sad legacy of thalidomide (a
sedative given to pregnant women to prevent morning
sickness that caused birth defects) and diethylstilbestrol
(a synthetic oestrogen prescribed to pregnant women to
prevent miscarriages that increased the risk of cervical
and vaginal clear cell adenocarcinoma, among other
risks, in their exposed daughters).13 The 1977 US FDA
guideline General Considerations for Clinical Evaluation of
Drugs advised the exclusion of women of childbearing
potential (WCBP) from early dose-ranging studies.'*
Although the guidance document did specify inclusion
of WCBP in studies after sufficient safety data was estab-
lished, the guidance was misinterpreted to mean exclu-
sion of women from all clinical trials and thus contributed
to the gender disparity in clinical trials."? Recognising the
need and bolstered by advocacy groups supporting the
study of women’s health, the US National Institutes of
Health (NIH) established a policy in 1986 to encourage
the inclusion of women in studies.' However, an inves-
tigation by the GAO in 1990 revealed that women were
still routinely excluded from medical research studies
supported by federal funds.'® The NIH Revitalization Act
of 1993 directed the NIH to provide guidelines for greater
inclusion of women and minority participants in clinical
research.!” The same year, the FDA published their Guide-
line for the Study and Evaluation of Gender Differences in the
Clinical Evaluation of Drugs'® which reversed the 1977 FDA
guideline excluding WCBP from participating in early
phase drug studies. The new guidance endorsed repre-
sentative inclusion of women in phase 1, 2 and 3 trials
as well as analysis of data on sex differences. Similarly,
in 1997, Health Canada released the Guidance Document
on the Inclusion of Women in Clinical Trials recommending
appropriate inclusion of women in all phases of clinical
trials."

By the early 2000s, these policies appeared to be making
an impact on increasing female participation in clinical
trials. In 2001, the GAO reported that women represented
52% of the study participants in all of the new drug appli-
cations labelled for use in both men and women (not
limited to cancer indications) between 1998 and 2000.%
However, women were only 22% of the participants in the
initial, small scale safety trials which provide important
information about safety and help determine dosing for
later trials. In their 2005 report, the EMA concluded that
women were slightly under-represented in phase 1 and
phase 2 trials but not phase 3*! and thus argued against
the need for a separate guideline on women as a special
population. However, given the aforementioned sex
differences in toxicity and pharmacokinetics, the relative
under-representation of women in early phase trials may
have serious consequences.*

The 2001 GAO report additionally found that that the
FDA had not effectively overseen the presentation and
analysis of data related to sex differences in drug develop-
ment.”’ The influence of sex or gender is not widely anal-
ysed and not often reported in studies.” Most preclinical

data is performed on male animals and cells, and analysis
of preclinical data by sex remains inadequate.”

Guidelines promoting consideration of sex and gender
in clinical trials were further expanded in Canada, the
European Union (EU) and the USA. In 2013, Health
Canada issued its updated version of Considerations for
Inclusion of Women in Clinical Trials and Analysis of Data
by Sex.** This guidance document advises researchers
to analyse sex differences across the product life cycle.
The EU Clinical Trial Regulation No 536/2014 harmon-
ised clinical trial requirements throughout the EU by
establishing a new clinical trials information system,
promoting increased clinical trial data transparency.”
The regulation also states that “the subjects participating
in a clinical trial should represent the population groups,
for example, gender and age groups, that are likely to
use the medicinal product investigated in the clinical
trial”. In 2014, NIH announced a change in research
policy, calling for balancing of sex in animal and human
studies.”® As of January 2016, the NIH expects that sex as
a biological variable (SABV) will be factored into research
designs, analyses and reporting in vertebrate animal and
human studies.”” Other funding mechanisms including
the European Commission and the Canadian Institutes of
Health Research also encourage researchers to integrate
sex and gender in the whole research process.”® Many
journals are also requiring more transparency and rigour
in reporting SABV.***

GENDER-BASED DISPARITIES IN CANCER CLINICAL TRIAL
ENROLMENT

Even though gender-based disparities are improving
in human studies in general, women are still under-
represented in cancer trials.* Of the 5157 patients
who participated in oncology trials that led to the
FDA approval of 17 new drugs in 2018, only 38% were
women.”’ When examining US National Cancer Institute
(NCI) sponsored clinical trials, women were less likely
to be enrolled in studies of colorectal cancer,” lung
cancer’' and surgical oncology.” In another study based
on enrolment data from all therapeutic trials reported
as completed in ClinicalTrials.gov from 2003 to 2016
(excluding prostate cancer and breast cancer), females
were underrepresented in lung cancer, melanoma and
pancreatic cancer trials despite the higher prevalence of
these cancers in females." Two studies compared recruit-
ment to cancer clinical trials over time (1990 to 2000 vs
2001 to 2010% and 1996 to 2002 vs 2003 to 2016"), and
both studies found no significant improvement in the
representation of women over time.

When examining accrual to trials of breast or gynae-
cological cancers, studies suggest that older women and
minorities are under-represented.” Although 42% of all
new breast cancers annually are diagnosed in women 65
and older, they represented only 17% of the study partic-
ipants enrolled onto systemic therapy breast cancer trials
through a US cancer consortium (Alliance for Clinical
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Trials in Oncology) between 1985 and 2012.* In an anal-
ysis of 156 NCI-sponsored gynaecological cancer treat-
ment trials, women 65 and older were under-represented
in studies of ovarian, uterine and cervical cancer.”’

Although African-American women have a lower inci-
dence of breast cancer and ovarian cancer compared
with non-Hispanic white women, their death rates from
breast cancer™ and ovarian cancer” are higher. African-
American women are also less likely to enrol in breast
cancer’’ and ovarian cancer” clinical trials compared
with non-Hispanic white women. Distrust in the medical
community, which arose in part out of historical research
injustices, is a major reason why African-Americans
decline to participate in clinical trials.”® One example is
the US Public Health Service Tuskegee Syphilis Experi-
ment™ which started as a study of the natural history
of untreated syphilis in African-American men, but the
participants were not given informed consent and did not
receive proper treatment for syphilis even after penicillin
became available. Another example is the HeLa cell line,
which was created from tissue samples obtained in 1951
from Henrietta Lacks, a 30-year-old African-American
woman with aggressive cervical cancer.” Although
the HeLa cell line has been widely used in biomedical
research around the world and has led to lucrative discov-
eries, the Lacks children received no financial benefits
and lived in poverty with limited access to healthcare.

Hispanics have a higher risk of infection-related
cancers including cervical cancer (typically associated
with human papillomavirus, HPV).* Indeed, among
US Hispanic women, the cervical cancer incidence rate
is nearly 40% higher and the death rate is 26% higher
than among non-Hispanic white women. In Mexico and
Central and South America, the cervical cancer mortality
rate is more than three times that of US women, largely
due to lack of access to screening and the higher rates of
HPYV infection. Studies suggest that Hispanic women are
under-represented in breast,” ovarian and uterine cancer
trials but not in cervical cancer trials.”

Cancer is the leading cause of death in American Indian
and Alaska Native (AIAN) women.*" AIAN communities
represent 1.7% of the US population and are comprised of
diverse peoples, with more than 550 federally recognised
tribes and villages in the USA. Examination of clin-
ical trials associated with the 31 cancer drugs approved
between 2015 and 2018 revealed that 64.5% of the trials
did not report any AIAN participants.** Across the eight
clinical trials involving five drugs FDA approved for breast
or ovarian cancer, only 0.5% of the trial participants were
Native American.*

Those whose genetically assigned sex does not line up
with their gender identity may identify as transgender,
non-binary or gender-non-conforming. Since gender
identity is not routinely collected in clinical trials, surveys
or epidemiological studies, very little is known about
clinical participation rates of gender minorities.** Trans-
gender men and women remain susceptible to cancers of
reproductive organs.*” For example, transgender women

who have undergone sex reassignment surgery may still
have residual prostate tissue after surgery and thus be at
risk for prostate cancer. Little is known about the cancer
risk associated with the use of sex hormones used to
induce or sustain sex transitions, sometimes in excessive
doses or without medical guidance. Discrimination and
lack of provider knowledge about transgender health,
among other factors, contribute to health disparities in
the transgender community. The American Society of
Clinical Oncology is working to increase research among
sexual and gender minority populations.**

While much of the available literature on clinical trial
disparities emanates from the USA, it is important to
recognise these issues are not unique to the USA. Many
of the studies used to support FDA approval are also
submitted to other regulatory agencies including the
EMA and Health Canada. Non-US participants compro-
mised 69% of the participants in trials leading to FDA
approval of novel drugs between 2015 and 2016, and of
those non-US participants, 40% were female.*® The per
cent of females among trial participants varied by country
(to name a few, 45.2% in Canada, 45.2% in South Africa,
42.1% in Russia, 41.9% in Australia, 40.7% in China,
36.9% in the UK, 29.5% in Norway and 34.3% in India).
For oncology drugs receiving FDA approval in 2016, 56%
of the participants in trials leading to approval resided
outside the USA.

BARRIERS TO ACCRUAL OF WOMEN TO CANCER CLINICAL
TRIALS

Many of the barriers to clinical trial enrolment of women
are common across all patients including limited aware-
ness of trial opportunities, limited trial availability for
the patient’s cancer type and stage at the treating insti-
tution and overly stringent eligibility criteria.”” ** Patient-
specific factors affecting women include study burden
and inconvenience, distrust of researchers and research
institutions, lack of understanding about the importance
or role of clinical research and fear of risk and randomisa-
tion.” Negative attitudes towards women as study partic-
ipants from sponsors and medical professionals may also
contribute; these include misperceptions that women
are more difficult to recruit,50 that women are vulner-
able to unwilling participation® and that women bring
complexity to scientific design.”!

A study of accrual barriers onto breast cancer preven-
tion clinical trials across Massachusetts revealed that a
woman is 10.5 times less likely to enrol if she feels that
the clinical trial would be too inconvenient.”* Examples
of inconvenience caused by study participation included
increased office visits, greater travel requirements, need
to maintain daily logs or specific treatment regimens and
disruptions on daily lives and family responsibilities.” This
same study also showed the patient-clinician relationship
plays a central role in accrual onto clinical trials, namely
that the clinician has sufficient expertise and knowledge
and is able to convey the value of the trial to the patient.52
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Additional barriers exist for minority populations.® As
previously discussed, lack of trust in the medical commu-
nity is a major barrier to clinical trial participation in
the African-American community, but is also a barrier in
other minority groups including AIANs and Hispanics.
Many institutions lack outreach programmes in under-
served communities. Fewer under-represented minorities
receive their care at NCI-designed cancer centres, where
many clinical trials in the USA are conducted. Restrictive
eligibility requirements, such as cardiac or renal dysfunc-
tion, may inadvertently exclude minority populations
with a higher prevalence of these comorbidities. For non-
English speakers in the USA, language discordance also
presents a barrier.”® Although the US government has a
unique trust responsibility to provide healthcare to feder-
ally recognised AIAN communities, many barriers exist
to cancer care, including historic underfunding of the
Indian Health Service, geographical remoteness of many
tribal lands, lack of cancer care at local clinics and cultur-
ally incongruent care.”” Poverty is three times higher
among AIANs compared with non-Hispanic whites,
leading to poorer access to healthcare.*!

In examining the reasons why elderly women may not
participate on breast cancer clinical trials, older patients
were less likely to be eligible for available trials and, even
when eligible, physicians were less likely to discuss clinical
trial participation with older patients.”* Socioeconomic
status may also contribute as elderly women who live in
high-poverty areas are less likely to enrol.”

ENGAGEMENT, RECRUITMENT AND RETENTION OF WOMEN IN
CANCER RESEARCH

Ideally, the population of phase III clinical trials leading
to approval of new cancer agents should more closely
mirror the population who will ultimately receive these
agents. Increasing diversity in trials and studying sex as
a biological variable does increase time, effort and costs.
Therefore, this effort requires a multifaceted approach
with buy-in from patients, medical providers, institutions,
trial sponsors, regulatory agencies, among others.

In 2011, the FDA Office of Women’s Health, the Society
for Women’s Health Research and the FDA Office of
Minority Health convened the meeting ‘Dialogues on
Diversifying Clinical Trials’ to discuss ways to improve
recruitment and retention of women and minorities in
clinical trials, among other topics.”’ Recommendations
for improving recruitment included diversifying the
study team by recruiting female and minority physicians,
building trust with patients through communication,
education of patients on trial opportunities, education
of physicians regarding gender disparities, partner-
ship with women’s groups, redesigning clinical trials to
improve diversity and incorporation of new technolo-
gies for recruitment. More recently, the FDA developed
a guidance document on enhancing diversity of clinical
trial populations through broadening eligibility criteria
and ‘improving trial recruitment so that the participants

enrolled in trials better reflect the population most likely
to use the drug’.”® Approaches recommended by the FDA
include decreasing the burden of trial participation (eg,
electronic communications to replace site visits, provide
reimbursements for travel and lodging) and adopting
enrolment and retention practices that enhance inclu-
siveness (eg, working directly with patients on clinical trial
design, incorporating public outreach and education).

There is also ongoing NCI-sponsored research about
how best to diversify clinical cancer trials. EMPaCT
(Enhancing Minority Participation in Clinical Trials)
is a consortium of five NCl-designated cancer centres
with National Institute of Minority Health and Health
Disparities research programmes with the aim to increase
enrolment racial and ethnic minorities in cancer trials
by developing and evaluating recruitment and retention
efforts for each major US racial/ethnic category.”” They
have demonstrated that patient navigators and commu-
nity health advisors (trained lay people who provide
culturally appropriate, community based support) help
with trial accrual.

Medical societies and journals can also play a role in
promoting the study of sex as a variable in oncology clin-
ical trials. The European Society for Medical Oncology
(ESMO) convened a multidisciplinary workshop in late
2018 and developed consensus recommendations for
studying sex differences in cancer biology and treatment,
advocating SABV." The International Committee of
Medical Journal Editors (ICMJE) recommends the inclu-
sion of representative populations and the inclusion of
sex as a variable.

CONCLUSION

Historically, women have been underrepresented in
clinical trials. Efforts by various stakeholders including
regulatory agencies and women’s health advocates have
narrowed the gender gap, although women remain
under-represented in oncology clinical trials, particularly
women from racial/ethnic minority groups and elderly
women. Many of the barriers to clinical trial enrolment
are not unique to women, although women may face the
added misperceptions from some sponsors and medical
providers that they are more difficult to recruit and are
vulnerable to unwilling participation. Improving recruit-
ment and retention of women and minorities in clin-
ical trials requires a multifaceted approach including
education of physicians regarding gender disparities and
increased partnership with community members and
organisations to help with redesigning clinical trials and
patient education.

Contributors EL researched and wrote the manuscript. PW provided input and
edited the manuscript.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.
Patient consent for publication Not required.

4

Lee E, Wen P. ESMO Open 2020;5:€000773. doi:10.1136/esmoopen-2020-000773



Provenance and peer review Commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, any changes made are indicated, and the use is non-commercial.
See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Eudocia Lee http://orcid.org/0000-0003-3355-5179

REFERENCES

1 World Health Organization. Gender, women and primary health care
renewal, 2010. Available: https://apps.who.int/iris/bitstream/handle/
10665/44430/9789241564038_eng.pdf [Accessed 22 May 2020].

2 Clayton JA, Tannenbaum C. Reporting sex, gender, or both in clinical
research? JAMA 2016;316:1863—4.

3 Institute of Medicine Board on Population Health and Public Health
Practice. A report by rapporteur Wizemann TM. sex-specific
reporting of scientific research: a workshop summary. Washington,
DC Institute of Medicine; 2012. https://orwh.od.nih.gov/sites/orwh/
files/docs/Sex-Specific-Reporting-Scientific-Research-2011.pdf
[Accessed 22 May 2020].

4 Duma N, Vera Aguilera J, Paludo J, et al. Representation of minorities
and women in oncology clinical trials: review of the past 14 years. J
Oncol Pract 2018;14:e1-10.

5 ZopfY, Rabe C, Neubert A, et al. Women encounter ADRs more often
than do men. Eur J Clin Pharmacol 2008;64:999-1004.

6 United States General Accounting Office. Drugs withdrawn from
market Washington, DC, 2001. Available: https://www.gao.gov/
assets/100/90642.pdf [Accessed 22 May 2020].

7 Davidson M, Wagner AD, Kouvelakis K, et al. Influence of sex
on chemotherapy efficacy and toxicity in oesophagogastric
cancer: a pooled analysis of four randomised trials. Eur J Cancer
2019;121:40-7.

8 Ozdemir BC, Csajka C, Dotto G-P, et al. Sex differences in efficacy
and toxicity of systemic treatments: an undervalued issue in the era
of precision oncology. J Clin Oncol 2018;36:2680-3.

9 Lombardi G, Rumiato E, Bertorelle R, et al. Clinical and genetic
factors associated with severe hematological toxicity in glioblastoma
patients during radiation plus temozolomide treatment: a prospective
study. Am J Clin Oncol 2015;38:514-9.

10 Wagner AD, Oertelt-Prigione S, Adjei A, et al. Gender medicine and
oncology: report and consensus of an ESMO workshop. Ann Oncol
2019;30:1914-24.

11 Conforti F, Pala L, Bagnardi V, et al. Cancer immunotherapy efficacy
and patients' sex: a systematic review and meta-analysis. Lancet
Oncol 2018;19:737-46.

12 Li CH, Haider S, Shiah Y-J, et al. Sex differences in cancer driver
genes and biomarkers. Cancer Res 2018;78:5527-37.

13 Parekh A, Fadiran EO, Uhl K, et al. Adverse effects in women:
implications for drug development and regulatory policies. Expert
Rev Clin Pharmacol 2011;4:453-66.

14 United States Food and Drug Administration. General considerations
for the clinical evaluation of drugs: U.S. department of health,
education, and welfare, public health service, food and drug
administration, 1977. Available: https://books.google.com/books?id=
pwBMyAEACAAJ [Accessed 28 May 2020].

15 National Institutes of Health Office of Research on Women’s Health.
History of Women'’s Participation in Clinical Research. Available:
https://orwh.od.nih.gov/toolkit/recruitment/history#15 [Accessed 28
May 2020].

16 United States Government Accountability Office. National Institutes
of health: problems in implementing policy on women in study
populations, T-HRD-90-50, 1990. Available: https://www.gao.gov/
products/GAO/T-HRD-90-50[Accessed 28 May 2020].

17 National Institutes of health Revitalization act of 1993, P. law 103-43;
1993.

18 U.S. Food and Drug Administration. Guideline for the study and
evaluation of gender differences in the clinical evaluation of drugs;
notice. Fed Regist 1993;58:39406-16.

19 Health Canada. Guidance Document: Inclusion of women in
clinical trials during drug development, 1997. Available: https://
pdfs.semanticscholar.org/f8¢c5/8806c67514c9b31f11f6eb8e90f6
4c6b9e90.pdf[Accessed 30 May 2020].

20 United States General Accounting Office. Women sufficiently
represented in new drug testing, but FDA oversight needs

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

improvement, 2001. Available: https://www.gao.gov/new.items/
d01754.pdf [Accessed 30 May 2020].

European Medicines Agency. ICH - Gender Considerations in the
Conduct of Clinical Trials London, United Kingdom, 2005. Available:
https://www.ema.europa.eu/en/documents/scientific-guideline/
ich-gender-considerations-conduct-clinical-trials-step-5_en.pdf
[Accessed 22 May 2020].

Ruiz Cantero MT, Angeles Pardo M. European medicines Agency
policies for clinical trials leave women unprotected. J Epidemiol
Community Health 2006;60:911-3.

Yoon DY, Mansukhani NA, Stubbs VC, et al. Sex bias exists

in basic science and translational surgical research. Surgery
2014;156:508-16.

Health Canada. Guidance document: considerations for inclusion

of women in clinical trials and analysis of sex differences, 2013.
Available: https://www.canada.ca/en/health-canada/services/drugs-
health-products/drug-products/applications-submissions/guidance-
documents/clinical-trials/considerations-inclusion-women-clinical-
trials-analysis-data-sex-differences.html#a23 [Accessed 30 May
2020].

European Union. Regulation (EU) NO 536/2014 of the European
Parliament and of the Council of 14 April 2014 on clinical trials on
medicinal products for human use, and repealing directive 2001/20/
EC, 2014. Available: https://ec.europa.eu/health/sites/health/files/
files/eudralex/vol-1/reg_2014_536/reg_2014_536_en.pdf [Accessed
30 May 2020].

Clayton JA, Collins FS. Policy: NIH to balance sex in cell and animal
studies. Nature 2014;509:282-3.

United States National Institutes of Health. Consideration of Sex as a
Biological Variable in NIH-funded Research, 2015. Available: https://
orwh.od.nih.gov/sites/orwh/files/docs/NOT-OD-15-102_Guidance.
pdf [Accessed 13 May 2020].

Lee SK. Sex as an important biological variable in biomedical
research. BMB Rep 2018;51:167-73.

Jagsi R, Motomura AR, Amarnath S, et al. Under-Representation of
women in high-impact published clinical cancer research. Cancer
2009;115:3293-301.

Nazha B, Mishra M, Pentz R, et al. Enroliment of racial minorities

in clinical trials: old problem assumes new urgency in the age of
immunotherapy. Am Soc Clin Oncol Educ Book 2019;39:3-10.
Murthy VH, Krumholz HM, Gross CP. Participation in cancer

clinical trials: race-, sex-, and age-based disparities. JAMA
2004;291:2720-6.

Stewart JH, Bertoni AG, Staten JL, et al. Participation in surgical
oncology clinical trials: gender-, race/ethnicity-, and age-based
disparities. Ann Surg Oncol 2007;14:3328-34.

Kwiatkowski K, Coe K, Bailar JC, et al. Inclusion of minorities and
women in cancer clinical trials. a decade later: Have we improved?
Cancer 2013;119:2956-63.

Freedman RA, Foster JC, Seisler DK, et al. Accrual of older patients
with breast cancer to alliance systemic therapy trials over time:
protocol A151527. J Clin Oncol 2017;35:421-31.

Mishkin G, Minasian LM, Kohn EC, et al. The generalizability of
NCI-sponsored clinical trials accrual among women with gynecologic
malignancies. Gynecol Oncol 2016;143:611-6.

DeSantis CE, Ma J, Gaudet MM, et al. Breast cancer statistics, 2019.
CA Cancer J Clin 2019;69:438-51.

American Cancer Society. Special section: ovarian cancer, 2018.
Available: https://www.cancer.org/content/dam/cancer-org/research/
cancer-facts-and-statistics/annual-cancer-facts-and-figures/2018/
cancer-facts-and-figures-special-section-ovarian-cancer-2018.pdf
[Accessed 31 May 2020].

Durant RW, Wenzel JA, Scarinci IC, et al. Perspectives on barriers
and facilitators to minority recruitment for clinical trials among cancer
center leaders, Investigators, research staff, and referring clinicians:
enhancing minority participation in clinical trials (EMPaCT). Cancer
2014;120 Suppl 7:1097-105.

Beskow LM. Lessons from Hela cells: the ethics and policy of
biospecimens. Annu Rev Genomics Hum Genet 2016;17:395-417.
American Cancer Society. Cancer Facts & Figures for Hispanics/
Latinos 2018-2020, 2020. Available: https://www.cancer.org/
content/dam/cancer-org/research/cancer-facts-and-statistics/
cancer-facts-and-figures-for-hispanics-and-latinos/cancer-facts-
and-figures-for-hispanics-and-latinos-2018-2020.pdf[Accessed 2
Jun 2020].

Emerson MA, Banegas MP, Chawla N, et al. Disparities in prostate,
lung, breast, and colorectal cancer survival and comorbidity status
among urban American Indians and Alaskan natives. Cancer Res
2017;77:6770-6.

Chen C, Wong R. Black patients miss out on promising cancer drugs
New York, NY, 2018. Available: https://www.propublica.org/article/

Lee E, Wen P. ESMO Open 2020;5:€000773. doi:10.1136/esmoopen-2020-000773


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-3355-5179
https://apps.who.int/iris/bitstream/handle/10665/44430/9789241564038_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/44430/9789241564038_eng.pdf
http://dx.doi.org/10.1001/jama.2016.16405
https://orwh.od.nih.gov/sites/orwh/files/docs/Sex-Specific-Reporting-Scientific-Research-2011.pdf
https://orwh.od.nih.gov/sites/orwh/files/docs/Sex-Specific-Reporting-Scientific-Research-2011.pdf
http://dx.doi.org/10.1200/JOP.2017.025288
http://dx.doi.org/10.1200/JOP.2017.025288
http://dx.doi.org/10.1007/s00228-008-0494-6
https://www.gao.gov/assets/100/90642.pdf
https://www.gao.gov/assets/100/90642.pdf
http://dx.doi.org/10.1016/j.ejca.2019.08.010
http://dx.doi.org/10.1200/JCO.2018.78.3290
http://dx.doi.org/10.1097/COC.0b013e3182a790ea
http://dx.doi.org/10.1093/annonc/mdz414
http://dx.doi.org/10.1016/S1470-2045(18)30261-4
http://dx.doi.org/10.1016/S1470-2045(18)30261-4
http://dx.doi.org/10.1158/0008-5472.CAN-18-0362
http://dx.doi.org/10.1586/ecp.11.29
http://dx.doi.org/10.1586/ecp.11.29
https://books.google.com/books?id=pwBMyAEACAAJ
https://books.google.com/books?id=pwBMyAEACAAJ
https://orwh.od.nih.gov/toolkit/recruitment/history#15
https://www.gao.gov/products/GAO/T-HRD-90-50
https://www.gao.gov/products/GAO/T-HRD-90-50
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/11645233
https://pdfs.semanticscholar.org/f8c5/8806c67514c9b31f11f6eb8e90f64c6b9e90.pdf
https://pdfs.semanticscholar.org/f8c5/8806c67514c9b31f11f6eb8e90f64c6b9e90.pdf
https://pdfs.semanticscholar.org/f8c5/8806c67514c9b31f11f6eb8e90f64c6b9e90.pdf
https://www.gao.gov/new.items/d01754.pdf
https://www.gao.gov/new.items/d01754.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/ich-gender-considerations-conduct-clinical-trials-step-5_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/ich-gender-considerations-conduct-clinical-trials-step-5_en.pdf
http://dx.doi.org/10.1136/jech.2006.048769
http://dx.doi.org/10.1136/jech.2006.048769
http://dx.doi.org/10.1016/j.surg.2014.07.001
https://www.canada.ca/en/health-canada/services/drugs-health-products/drug-products/applications-submissions/guidance-documents/clinical-trials/considerations-inclusion-women-clinical-trials-analysis-data-sex-differences.html#a23
https://www.canada.ca/en/health-canada/services/drugs-health-products/drug-products/applications-submissions/guidance-documents/clinical-trials/considerations-inclusion-women-clinical-trials-analysis-data-sex-differences.html#a23
https://www.canada.ca/en/health-canada/services/drugs-health-products/drug-products/applications-submissions/guidance-documents/clinical-trials/considerations-inclusion-women-clinical-trials-analysis-data-sex-differences.html#a23
https://www.canada.ca/en/health-canada/services/drugs-health-products/drug-products/applications-submissions/guidance-documents/clinical-trials/considerations-inclusion-women-clinical-trials-analysis-data-sex-differences.html#a23
https://ec.europa.eu/health/sites/health/files/files/eudralex/vol-1/reg_2014_536/reg_2014_536_en.pdf
https://ec.europa.eu/health/sites/health/files/files/eudralex/vol-1/reg_2014_536/reg_2014_536_en.pdf
http://dx.doi.org/10.1038/509282a
https://orwh.od.nih.gov/sites/orwh/files/docs/NOT-OD-15-102_Guidance.pdf
https://orwh.od.nih.gov/sites/orwh/files/docs/NOT-OD-15-102_Guidance.pdf
https://orwh.od.nih.gov/sites/orwh/files/docs/NOT-OD-15-102_Guidance.pdf
http://dx.doi.org/10.5483/BMBRep.2018.51.4.034
http://dx.doi.org/10.1002/cncr.24366
http://dx.doi.org/10.1200/EDBK_100021
http://dx.doi.org/10.1001/jama.291.22.2720
http://dx.doi.org/10.1245/s10434-007-9500-y
http://dx.doi.org/10.1200/JCO.2016.69.4182
http://dx.doi.org/10.1016/j.ygyno.2016.09.026
http://dx.doi.org/10.3322/caac.21583
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2018/cancer-facts-and-figures-special-section-ovarian-cancer-2018.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2018/cancer-facts-and-figures-special-section-ovarian-cancer-2018.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2018/cancer-facts-and-figures-special-section-ovarian-cancer-2018.pdf
http://dx.doi.org/10.1002/cncr.28574
http://dx.doi.org/10.1146/annurev-genom-083115-022536
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/cancer-facts-and-figures-for-hispanics-and-latinos/cancer-facts-and-figures-for-hispanics-and-latinos-2018-2020.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/cancer-facts-and-figures-for-hispanics-and-latinos/cancer-facts-and-figures-for-hispanics-and-latinos-2018-2020.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/cancer-facts-and-figures-for-hispanics-and-latinos/cancer-facts-and-figures-for-hispanics-and-latinos-2018-2020.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/cancer-facts-and-figures-for-hispanics-and-latinos/cancer-facts-and-figures-for-hispanics-and-latinos-2018-2020.pdf
http://dx.doi.org/10.1158/0008-5472.CAN-17-0429
https://www.propublica.org/article/black-patients-miss-out-on-promising-cancer-drugs

Open access

43

44

45

46

47

48

49

50

black-patients-miss-out-on-promising-cancer-drugs [Accessed 30
May 2020].

FORCE-Facing our risk of cancer Empowered. The importance

of racial diversity in clinical trials, 2018. Available: https://www.
facingourrisk.org/XRAYS/racial-diversity-in-cancer-drug-clinical-trials
[Accessed 6 Jun 2020].

Griggs J, Maingi S, Blinder V, et al. American Society of clinical
oncology position statement: strategies for reducing cancer health
disparities among sexual and gender minority populations. J Clin
Oncol 2017;35:2203-8.

The Lancet Oncology. Cancer risk in the transgender community.
Lancet Oncol 2015;16:999.

United States Food and Drug Administration. 2015-2016 global
participation in clinical trials report, 2017. Available: https://www.fda.
gov/media/106725/download [Accessed 3 Jun 2020].

Lee EQ, Chukwueke UN, Hervey-Jumper SL, et al. Barriers to
Accrual and enrollment in brain tumor trials. Neuro Oncol 2019.
doi:10.1093/neuonc/noz104. [Epub ahead of print: 07 Jun 2019].
Unger JM, Vaidya R, Hershman DL, et al. Systematic review and
meta-analysis of the magnitude of structural, clinical, and physician
and patient barriers to cancer clinical trial participation. J Nat/ Cancer
Inst 2019;111:245-55.

National Institutes of Health Office of Research on Women'’s

Health. Review of the literature: primary barriers and facilitators to
participation in clinical research, 2015. Available: https://orwh.od.
nih.gov/sites/orwh/files/docs/orwh_outreach_toolkit_litreview.pdf
[Accessed 26 May 2020].

The Society for Women'’s Health Research, United States Food

and Drug Administration Office of Women’s Health. Dialogues on

51

52

53

54

55

56

57

diversifying clinical trials, 2011. Available: https://www.fda.gov/
files/science%20&%20research/published/White-Paper-on-the-
Dialogues-on-Diversifying-Clinical-Trials-Conference.pdf

Mazure CM, Jones DP. Twenty years and still counting: including
women as participants and studying sex and gender in biomedical
research. BMC Womens Health 2015;15:94-5.

Houlihan RH, Kennedy MH, Kulesher RR, et al. Identification of
accrual barriers onto breast cancer prevention clinical trials: a case-
control study. Cancer 2010;116:3569-76.

Goodwin EA, Burhansstipanov L, Dignan M, et al. The experience
of treatment barriers and their influence on quality of life in
American Indian/Alaska native breast cancer survivors. Cancer
2017;123:861-8.

Javid SH, Unger JM, Gralow JR, et al. A prospective analysis of the
influence of older age on physician and patient decision-making
when considering enroliment in breast cancer clinical trials (SWOG
S0316). Oncologist 2012;17:1180-90.

Gross CP, Filardo G, Mayne ST, et al. The impact of socioeconomic
status and race on trial participation for older women with breast
cancer. Cancer 2005;103:483-91.

Food and Drug Administration. Enhancing the diversity of clinical
trial populations — eligibility criteria, enrollment practices, and trial
designs guidance for industry, 2019. Available: https://www.fda.gov/
media/127712/download [Accessed 28 May 2020].

Vickers SM, Fouad MN. An overview of EMPaCT and fundamental
issues affecting minority participation in cancer clinical trials:
enhancing minority participation in clinical trials (EMPaCT): laying
the groundwork for improving minority clinical trial accrual. Cancer
2014;120 Suppl 7:1087-90.

Lee E, Wen P. ESMO Open 2020;5:€000773. doi:10.1136/esmoopen-2020-000773


https://www.propublica.org/article/black-patients-miss-out-on-promising-cancer-drugs
https://www.facingourrisk.org/XRAYS/racial-diversity-in-cancer-drug-clinical-trials
https://www.facingourrisk.org/XRAYS/racial-diversity-in-cancer-drug-clinical-trials
http://dx.doi.org/10.1200/JCO.2016.72.0441
http://dx.doi.org/10.1200/JCO.2016.72.0441
http://dx.doi.org/10.1016/S1470-2045(15)00249-1
https://www.fda.gov/media/106725/download
https://www.fda.gov/media/106725/download
http://dx.doi.org/10.1093/neuonc/noz104
http://dx.doi.org/10.1093/jnci/djy221
http://dx.doi.org/10.1093/jnci/djy221
https://orwh.od.nih.gov/sites/orwh/files/docs/orwh_outreach_toolkit_litreview.pdf
https://orwh.od.nih.gov/sites/orwh/files/docs/orwh_outreach_toolkit_litreview.pdf
https://www.fda.gov/files/science%20&%20research/published/White-Paper-on-the-Dialogues-on-Diversifying-Clinical-Trials-Conference.pdf
https://www.fda.gov/files/science%20&%20research/published/White-Paper-on-the-Dialogues-on-Diversifying-Clinical-Trials-Conference.pdf
https://www.fda.gov/files/science%20&%20research/published/White-Paper-on-the-Dialogues-on-Diversifying-Clinical-Trials-Conference.pdf
http://dx.doi.org/10.1186/s12905-015-0251-9
http://dx.doi.org/10.1002/cncr.25230
http://dx.doi.org/10.1002/cncr.30406
http://dx.doi.org/10.1634/theoncologist.2011-0384
http://dx.doi.org/10.1002/cncr.20792
https://www.fda.gov/media/127712/download
https://www.fda.gov/media/127712/download
http://dx.doi.org/10.1002/cncr.28569

	Gender and sex disparity in cancer trials
	Abstract
	Introduction
	Influence of sex and gender on drug toxicity and outcomes in cancer patients
	Regulatory policies regarding women in clinical trials
	Gender-based disparities in cancer clinical trial enrolment
	Barriers to accrual of women to cancer clinical trials
	Engagement, recruitment and retention of women in cancer research
	Conclusion
	References


