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Cancer researchers’ perceptions of the importance

of the sex of cell lines, animals, and human
samples for cancer biology research

Berna C. Ozdemir,"2* Anke Richters,?2 Cristina Espinosa da Silva,*° and Alison May Berner®’/

SUMMARY

Sex differences in cancer risk and outcome are currently a topic of major
interest in clinical oncology. It is however unknown to what extent cancer
researchers consider sex as a biological variable for their research. We conduct-
ed an international survey among 1243 academic cancer researchers and
collected both quantitative and qualitative data. Although most of the partici-
pants indicated that they were familiar with the concept of studying sex differ-
ences in cancer biology, they did not think it was important to investigate sex
differences in every context of cancer research nor in all tumor types. This is
in stark contrast to the current recommendations and guidelines and illustrates
the need for increased awareness among cancer researchers regarding the po-
tential impact of the sex of cell lines, animals, and human samples in their
studies.

INTRODUCTION

Sex disparities in cancer are well documented.” While males are more susceptible to cancer and
have lower survival rates, females are at higher risk of experiencing toxicities across various anticancer
therapies.” Both sex and gender affect cancer risk and outcomes. Sex refers to the categorization at
birth as male or female based on biological features (e.g., reproductive organs, sex chromosomes,
and hormones). Gender, on the other hand, refers to the perception of a person throughout their
life (e.g., a woman or man) based on socially constructed roles and behaviors. In scientific
literature, “sex” and “gender” are often incorrectly used as synonyms.® Sex is typically considered
binary, although some of the features used to classify it may exist along a spectrum or be discordant,
e.g., high androgen levels in females with congenital adrenal hyperplasia, resulting in masculine external
genitalia. Gender is increasingly considered a non-binary, continuous concept, and this may not align
with a person’s sex. Essentially, while all cells and animal have a sex, each person has both a sex and
a gender.

There is growing interest among oncologists to investigate sex and gender differences in order to improve
patient outcomes.”? However, it remains unknown to what extent cancer researchers are familiar with the
study of sex differences in cancer biology and whether they include sex as a biological variable in their
research. To address this knowledge gap, we conducted an international online survey among cancer re-
searchers and collected both quantitative and qualitative data.

RESULTS

A total of 1243 researchers completed the survey. Half of the participants were identified as women (54%)
and 58% were 31-50 years old (Table 1). Nearly two-thirds of the researchers worked in Europe (65%)
followed by North America (22%) and Asia (9%). Most participants had a PhD degree (70.7%), 24%
had a medical degree (MD/MBBS-Chir), and 39% had worked with patients. Years of research experience
was evenly distributed across categories, with 20% of the participants reporting 0-5, 6-10, 11-15, or over
25 years of experience, respectively. With regard to studied cancer type, the majority of the researchers
investigated gastrointestinal tumors (upper Gl and colorectal, 49%) followed by breast cancer (34%), he-
matological malignancies (26%), and skin (23%) and lung cancers (21%). Overall, 44% studied sex-specific
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Table 1. Characteristics of respondents overall and by gender, n (%)

All Women Men
Gender
Women 676 54% 676 100% - -
Men 548 44% - - 548 100%
Other/prefer not to say 17 1% = = = =
Unknown 2 0% - - - -
Age
<30 233 19% 161 24% 71 13%
31-40 430 35% 242 36% 180 33%
41-50 297 24% 151 22% 140 26%
51-60 164 13% 77 1% 85 16%
>61 111 9% 40 6% 70 13%
Unknown 8 1% 5 1% 2 0%
Continent (work)
Europe 806 65% 462 68% 332 61%
North America 272 22% 130 19% 136 25%
South America 10 1% 5 1% 5 1%
Asia 114 9% 59 9% 54 10%
Pacific 19 2% 10 1% 9 2%
Africa 1" 1% 4 1% 7 1%
Unknown " 1% 6 1% 5 1%
Continent (origin)
Europe 737 59% 420 62% 308 56%
North America 131 1% 61 9% 66 12%
South America 31 2% 15 2% 16 3%
Asia 236 19% 122 18% 112 20%
Pacific 21 2% 10 1% 1 2%
Africa 23 2% 12 2% 1 2%
Unknown 64 5% 36 5% 24 4%
Worked with patients
No 754 61% 433 64% 310 57%
Yes 487 39% 242 36% 237 43%
Unknown 2 0% 1 0% 1 0%
Degree
PhD 880 71% 444 66% 422 77%
MD/MBBS-Chir 298 24% 128 19% 166 30%
Experience as researcher
0-5 years 261 21% 178 26% 79 14%
6-10 years 248 20% 132 20% 1 20%
11-15 years 232 19% 132 20% 98 18%
16-20 years 159 13% 79 12% 75 14%
21-25 years 112 9% 60 9% 50 9%
25 + years 229 18% 93 14% 135 25%
Unknown 2 0% 2 0% - -
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Table 1. Continued

All Women Men
Works on sex-specific cancer
No 694 56% 370 55% 313 57%
Yes 550 44% 307 45% 235 43%
Works on cancer type (non-exclusive categories)
Breast cancer” 425 34% 231 34% 187 34%
Gynecologic cancer (ovarian, endometrial)® 153 12% 90 13% 62 1%
Male genital cancer 157 13% 81 12% 74 14%
(prostate, testicular, penile)®
Urinary tract cancer 99 8% 44 7% 53 10%
Upper Gl cancer 285 23% 139 21% 137 25%
Colorectal cancer 321 26% 141 21% 171 31%
Lung cancer 255 21% 106 16% 144 26%
Skin cancer 281 23% 152 22% 126 23%
Head and neck cancer 134 1% 61 9% 71 13%
Central nervous system cancer 182 15% 90 13% 91 17%
Haematologic cancer 324 26% 158 23% 159 29%
Other cancers 39 3% 24 4% 15 3%
Field of work (non-exclusive categories)
Tumor genetics/genomics 446 36% 206 30% 235 43%
Tumor epigenetics 237 19% 121 18% 108 20%
Tumor transcriptomics 323 26% 140 21% 176 32%
Tumor biology 633 51% 332 49% 288 53%
Tumor microenvironment 520 42% 288 43% 223 41%
Tumor angiogenesis 88 7% 46 7% 40 7%
Tumor immunology 476 38% 271 40% 197 36%
Signaling pathways 439 35% 233 34% 205 37%
Drug metabolism 113 9% 65 10% 47 9%
Infectious agents 49 4% 22 3% 27 5%
Other 205 16% 115 17% 88 16%

Percentages may not sum to 100 due to rounding.
®sex-specific cancer types.

Most researchers agreed that sex-inclusive research was important, but fewer agreed that
including cell lines of both sexes in experiments or reporting the sex of cell lines was as
important as in animal or human samples

In terms of our quantitative findings, 70% indicated that they were familiar with the concept of studying sex
differences in cancer biology and a majority agreed that experiments should be performed whenever
possible with cell lines (62%), animals (81%), and human samples (90%) of both sexes (Figure 1). Most re-
sponded that scientific journals should request the reporting of the sex of cell lines (58%), animals (85%),
and human samples (89%) (Figures 1A and 1B). Responses did not notably differ by gender. The findings
were comparable between researchers who studied sex-specific cancers and those who studied non-
sex-specific cancers.

Half of the researchers did not know the sex of the cell lines used in their research

Nearly two-thirds (62%) of the participants indicated that the sex of the cell lines, animals, or human sam-
ples was an important consideration in their research. Most participants were aware of the sex of the ani-
mals (90%) and human samples (87%) used in their research, but fewer were knowledgeable about the sex
of the cell lines (54%) in their experiments. Interestingly, 36% of the cancer researchers in our study felt that
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Non-sex-specific cancer researchers

A Perceived importance
D Women Men Women

| am familiar with the concept of studying
sex differences in cancer biology 1

Experiments should be performed...

... with cell lines of both sexes whenever possible |

... in animals of both sexes whenever possible

... in human samples of both sexes whenever possible

B Reporting
Scientific journals should request scientists to publish ...

... the sex of the cell lines used for the study |

... the sex of the animals used for the study

... the sex of the human samples used for the study

C Own experiments

The sex of the cell lines/animals /human samples | use 1
is important for my research

I know the sex ...

... of the cell lines | use for my experiments [l

... of the animals | use for my experiments

... of the human samples | use for my experiments |
linclude male and female ...

... cell lines into my experiments [l

... animals into my experiments I

... human samples into my experiments |

0% 25% 50% 75% 100% 0% 25% 50% 75% 100% 0% 25% 50% 75%

M Strongly disagree Disagree Neutral Agree M Strongly agree

iScience

Sex-specific cancer researchers

Men

0% 25% 50% + 75% 100%

Figure 1. Respondent agreement with statements by gender and subgroups working on sex-specific cancers or non-sex-specific cancers

(A) The perceived importance of sex-inclusive research in general.
(B) The perceived importance of reporting the sex of cell lines, animals, and human samples in cancer research.

(C) The perceived importance of sex-inclusive experiments for the respondent’s research overall. The results are stratified by gender and working on sex-

specific cancers or focusing on non-sex-specific cancers.

including cell lines of both sexes in their research was unnecessary, as compared to 21% for animals and
12% for human samples of both sexes (Figure 1C).

Researchers disagreed that sex differences should be studied in all tumor types and indicated
several barriers to sex-inclusive research

In addition to data from Likert-scaled questions, the survey collected 175 free-text comments with content
suitable for thematic analysis. This resulted in 72 codes and 4 themes identified from the data (Figure 2). In
our qualitative thematic analysis, researchers felt that it was not important to study sex differences in every
context of cancer research and that it did not need to be considered in all tumor types (Figure 2). Some
thought that sex differences were only relevant if related to the research question. Some participants indi-
cated that cancers should be studied for effect heterogeneity when published evidence already demon-
strated the importance of sex differences while others noted the importance of studying sex in tumors
where sex hormones play arole or where there was a clear skew in prevalence by sex. It was frequently com-
mented that sex (or in some cases gender) was not relevant for cancers of reproductive organs or breast.
Participants also indicated that the study of sex differences was differentially relevant depending on the
field of study (with methylation, immunology, and translational and drug studies highlighted as relevant
fields for sex disparity research). Views on whether the study of both sexes was important depended on
the mode of study (cell lines, animals, or human samples) and were often contrasting. However, multiple
reasons were given as to why sex differences should not be studied in cell lines, including that they are
too genetically altered for it to be important but also that they are so well characterized that sex is not
an important consideration.
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Thematic Analysis of Qualitative Data

[1] Barriers to studying sex differences

« Inclusion of both sexes makes studies harder to complete

« It is hard to quantify individual genetic variation from sex-specific variation

* Sex is only one of many variables to be statistically controlled

* Not always known whether sex important for specific biological process or technique
General °Llimited number of competent researchers available to work on these studies

« Concerns about statistical power if both sexes studied

= Concerns about unnecessary duplication of efforts if both sexes studied

« Insufficient funding available to include both sexes

* Inclusion of both sexes may slow down research

* Lack of sources for cell lines of both sexes

* Loss of Y chromosome in cell lines makes sex determination difficult
Cell Lines - pifficult to obtain sex information of cell lines

« Difficult to identify cell lines of both sexes that are comparative in other ways
* Small numbers of cell lines available in general

* Including both sexes increases animal numbers needed for research

Animals ° It can be difficult using mice of a particular sex due to factors such as temperament
* In cancer immunology the sex of animals has to match the sex of the cell line
* Use of one sex is easier as only one set of conditions to consider

* Rare tumors make it difficult to use both sexes

« It may be difficult to determine sex in anonymous patient samples
Human . ack of sufficient data for both sexes available for computational scientists
Studies ° There is sex bias in recruitment to trials

« Electronic health records need improvement

* There may not be sufficient sample size for both sexes

[2] When sex differences are important to study
[3] Requiring the examination of sex differences
[4] How best to study sex differences in cancer research

Figure 2. A thematic analysis of 175 free-text comments provided by respondents
Theme 1 had 4 subthemes which are illustrated with examples.

There were four subthemes related to barriers to studying sex differences, general barriers, and barriers to
study in cell lines, animals, and human samples/data, respectively (Figure 2).

Researchers had contrasting views about mandating the inclusion of both sexes in cancer
biology research studies

Participants had strong and contrasting opinions about mandating the inclusion of both sexes in cancer
research studies. Some suggested that it should be, or already was, required by research institutions, fun-
ders (for proposals), and journals (via editorial policies). However, other participants felt that such policies
were challenging due to the multiple barriers noted previously and that instead, studying sex differences
within cancer research should be incentivized or rewarded rather than required.

Researchers proposed strategies to best study sex differences in cancer

Along with multiple comments noting the importance of studying sex differences in cancer, several partic-
ipants made recommendations around how to best undertake this endeavor. Some participants discussed
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the complex nature of biological sex beyond a strict binary and suggested that both hormone levels and
chromosomal data should be collected in studies. In addition, the importance of collecting gender as well
as biological sex in human studies was noted, along with the relevance of both of these factors in applying
findings to the transgender community. While one participant felt that the collection of sex information
should be mandatory in public data, another suggested that the unbiased assessment of sex differences
might be improved if researchers are blinded to the sex of research subjects.

Several participants also commented that sex is only one variable to be controlled for in cancer research
studies and therefore studies needed to be appropriately powered and have appropriate comparison
groups.

DISCUSSION

Our quantitative and qualitative results illustrate the need for increased awareness among cancer re-
searchers regarding the potential impact of the sex of cell lines, animals, and human samples in their
studies. Our findings provide important insights, including a lack of knowledge of already published
data. For instance, some participants indicated that including cell lines of both sexes was unnecessary
because cell lines are highly genetically altered. However, evidence exists that the sex of the cancer cell
lines® and the type of cell culture media (e.g., the concentration of bovine or fetal calf serum, containing
growth factors and the concentration of phenol red, which is an estrogenic compound)® affect the results
of in vitro experiments. In a genome-wide CRISPR-based screen on a large number of female and male can-
cer celllines, 178 differentially essential genes were found to depend on either the biological sex or the sex
chromosomes of the cell line.” Given that drug discovery relies on high-throughput screens, potential sex
differences in responsiveness of different cells can also become clinically relevant as shown by the higher
cytotoxicity detected in male-derived cell lines in a study of 81 antineoplastic compounds.® Similarly,
important sex differences exist in cancer models, such as the syngeneic B16-F10/BLé6 melanoma model
which develops significantly slower in female mice possibly due to their stronger immune responses.”
There is also increasing evidence showing an impact of the sex on gene regulatory networks, resulting
in sex differences in activity and connectivity of genes (termed the “sexome”).'” A prominent example
of sex-biased gene regulation is TP53, one of the most important tumor suppressor genes. The lower can-
cer incidence and better outcomes among females could be partially explained by the high number of
X-linked genes regulating p53 expression, the silencing of mutated p53-associated X-linked genes in
females, and the higher TP53 mutation frequency in males.'" If most of the transcriptomic research to
date in cancer is based on pooled expression data from both male and female samples, this calls into ques-
tion the validity of many of the results, and applicability to both sexes.

There are also important sex differences in various cellular mechanisms that are fundamental for carcino-
genesis which may partly explain the higher cancer risk observed among males. For instance, exposure to
ionizing radiation (e.g., atomic bomb survivors)'? and alkylating agents (e.g., cancer survivors)'® or germ-
line mutations in some DNA mismatch repair genes (e.g., Lynch syndrome) are associated with higher can-
cer rates in males compared to females.' These sex-related disparities in cancer risk may be linked to the
regulation of the p53 axis as well as DNA repair mechanisms by androgen and estrogen receptor
signaling.'® Sex disparities in metabolic activity (e.g., glycolysis rate), expression, and activity of key en-
zymes are also well described and may contribute to the sex differences in cancer predisposition'® when
considered with the differential activity of signaling pathways (e.g., PI3K/mTOR), mitochondrial activity,
and ROS regulation underlying different thresholds for malignant transformation in male and female cells.
These data are reported in more detail elsewhere.'®"’

Most researchers in our survey agreed that the inclusion of animals of both sexes is important in cancer
biology research. In a pivotal analysis of articles published in high-impact journals across ten biomedical
disciplines, Beery and Zucker illustrated the extent of male bias in research and the lack of sex-based an-
alyses in studies including both sexes.'® This analysis was repeated and showed an increase from 28% in
2009 to 48% in 2019 in studies including both male and female subjects.'”

In a national survey of US scientists who use vertebrate animals for their research, Waltz et al. found that
women were more likely to report the sex of animals used in their research.”’ Also, an analysis of over
1.5 million medical research publications has shown female gender of the first or last author to be signifi-
cantly associated with a higher likelihood of a medical study including sex and gender analysis,”'
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suggesting a greater interest and/or awareness of women on sex and gender aspects. In contrast to these
results, in our study, we did not observe notable differences in responses by gender (Figure S1).

The Institute of Medicine Committee on Understanding the Biology of Sex and Gender Differences
concluded two decades ago that “sex matters” and recommended conducting research on sex at the
cellular level to determine the effects of sex chromosome-linked genes on cells, organs, and ultimately
on organisms.”” To address the overreliance on male animals in biomedical research and the underrepre-
sentation of women in clinical trials, the National Institutes of Health (NIH) issued a policy in 2015 requiring
that all NIH-funded research consider “sex as a biological variable” for their study design, all clinical trials
include women and minorities, and phase Il trials be designed and powered to facilitate stratified analyses
by sex/gender.”® Furthermore, the Sex and Gender Equity in Research 2016 Guidelines state that studies
should “be designed and conducted in a way that can reveal sex-related differences in the results, even if
these were not initially expected.”?* Despite these initiatives and the agreement of the scientists on the
importance of this topic, the implementation of sex as a biological variable lags in research practice. An
analysis of investigational review board protocols submitted at a major research institution suggests
that very few investigators (2%) are in fact considering sex or gender as important variables in their clinical
research at the stage of protocol development.?” Moreover, the lower importance attributed to the report-
ing of the sex of cell lines compared to that of animals and human samples in our study is comparable to
trends in other analyses where the sex of the cell lines was reported in only 50% of the experiments.?

The qualitative data from our study revealed that participants felt that the study of sex differences is not
important for all aspects of cancer research and in all tumor types and should be studied instead in tumor
types with existing evidence for sex differences and in tumors where sex hormones play a role. This view is
surprising and contrasts with evidence of the importance of sex in cancer research as well as the current
recommendations and guidelines. An ever-increasing number of studies have found significant sex bias
in gene expression and the mutation profile of various cancer types®’*® and that sex hormone signaling
(e.g., androgen and/or estrogen receptor) also plays an important role in non-sex-related malignancies
such as melanoma, lung cancer, or bladder cancer.”’ Also, in our view, it is not justified to study only cancer
types with an already known sex difference, since “absence of evidence is not evidence of absence”* and
only the unbiased consideration of potential sex differences will move forward the study of sex and gender
differences.

Given the clinically relevant differences in treatment toxicity (e.g., 30%-50% higher risk of adverse events
among female patients from all types of anticancer treatments®'), sex should be routinely included in the
design of pre-clinical and clinical studies and the results should be analyzed by sex. Early assessment of
potential sex differences in exposure, efficacy, and toxicity during drug development is required to
improve the outcome of patients with cancer. Indeed, statistically significant differences in pharmacoki-
netics (e.g., higher plasma levels in females) have been described for 20% of the investigated cytotoxic
drugs.*” In addition, sex differences in body composition and tumor biology are well known and might
affect the drug sensitivity of normal and cancer cells as well as dose-response and dose-toxicity relation-
ships.*® However, currently only half of oncology clinical trials report results by sex. When sex-specific
subgroup analyses are reported, they are of insufficient methodological quality which limits drawing any
meaningful conclusions for clinical practice.® This type of reductionist, biology-centered approach does
not allow to identify the dynamic interactions between the individual and their environment and the result-
ing contextual gendered practices.””

Furthermore, some researchers recognized that there may be considerable variation in the attributes typi-
cally used to classify sex (e.g., hormones and sex chromosome compliment) and that sex assigned at birth
may differ from gender in human subjects.

Considering that all these attributes can have implications for cancer risk factors, disease prognosis, and
drug metabolism, appropriate reporting is particularly important for transgender populations and those
with variations in sex characteristics. Among transgender people, there is a profound heterogeneity in
the degree to which people will adopt gendered behaviors, take exogenous sex hormones, and pursue
gender-affirming surgeries that affect their biology. Although there was a previous lack of clinical data, re-
searchers are now beginning to uncover trends in cancer incidence and mortality among the transgender
population.** Some of these trends (e.g., lower incidence of prostate cancer in transgender women
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compared to cisgender men,”” and the lower incidence of breast cancer in transgender men compared to
cisgender women®®) are likely related to use of gender-affirming hormones, and specifically mastectomies
among transgender men. Other trends require greater exploration of both behavior and biology, such as
the elevated odds of being diagnosed with advanced stage lung cancer or poorer survival outcomes after
being diagnosed with bladder cancer among transgender patients compared to cisgender patients.*®
Interdisciplinary research involving concepts of social sciences will help to improve our understanding of

the complex construct of gender and its impact on health and disease.®

Interestingly, several researchers seemed to consider sex a variable to be controlled for in studies. Howev-
er, controlling for sex in an analysis may not be appropriate in all cases and should be justified.*”*? While
we acknowledge that an effect modifier such as sex could also be a confounder, potential effect heteroge-
neity by sex should be investigated and revealed rather than controlled for in regression models.

In fact, the evidence that we have in part described as well as current guidelines suggest that sex should
always be a consideration in cancer research where that cancer can affect both sexes. The first question
for researchers should be whether there is clear evidence to show a lack of difference between sexes in
the aspect of cancer or process studied. If not, then the research should be designed in a way that such
a difference can be detected. Depending on the area of study, adjustment for sex alone may be insufficient,
as it may mask entirely different underlying biological processes between the sexes. Of course, this repre-
sents an ideal scenario, and resources such as funding and sample availability may not make this type of
design possible. In this case, researchers need to clearly acknowledge this limitation in their manuscripts
in order to justify future analyses and avoid over-generalization to both sexes. SAGER guidelines suggest
researchers to discuss the rationale for lack of sex and gender analyses, but we suggest discussion of
resource limitations in addition.”"

In line with this, participants in our survey shared concerns about mandating the inclusion of both sexes and
sex-based reporting in their research due to funding and resource concerns. While it is often assumed that
the sample size should be doubled to examine findings among both sexes, it is not required for exploratory
analyses where researchers can examine the magnitude of effects and corresponding 95% confidence in-
tervals (instead of focusing on the result's statistical significance given a 0.05 significance level).*'

Given this finding, funding agencies and institutional review boards could have an influential role in pro-
moting sex-inclusive research.

The progress and success of clinical practice in oncology strongly relies on basic research. Sex as a critical
modulator of cellular functions deserves more attention. Cancer researchers should be better supported
and trained to perform sex-inclusive research and reporting. Increased awareness on the impact of sex-
related factors is needed to increase the reporting of patient characteristics, treatment, toxicity, and
survival data stratified by sex. This could help to ultimately identify gender-related factors contributing
to survival disparities and to improve care for all patients.

Limitations of the study

The convenience sampling used in our study may limit the generalizability of our findings, especially since
most of our participants worked in Europe and were of European origin. However, this sampling method
allowed us to recruit a large sample of participants from multiple countries, and our findings can provide
valuable insights on which future studies can build. Also, most participants researched common cancer
types and their views may not reflect the opinions of the researchers working on rare cancer types (e.g.,
sarcoma or neuroendocrine tumors).
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EXPERIMENTAL MODELS AND SUBJECT DETAILS
Figure S2.

METHOD DETAILS

This article used data from a cross-sectional survey that was conducted via email between December 8
2021 and March 15" 2022 to evaluate the perceptions of researchers regarding the importance of the
sex of cell lines, animals, and human samples in cancer research.

Potential participants were recruited online through a variety of methods. A widely circulated newsletter
email containing the survey information and link was sent to members of the European Association for Can-
cer Research in December 2021. Additionally, targeted web searches of universities and public and private
academic institutions were used to identify cancer researchers and generate a list of potential participants.
These web searches identified 224 academic cancer institutes in 33 countries in Europe (i.e., Austria,
Belgium, Croatia, Czech Republic, Denmark, Finland, France, Germany, ltaly, Lithuania, the Netherlands,
Norway, Poland, Portugal, Scotland, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey, UK),
North America (i.e., Canada, USA), South America (i.e., Argentina, Brazil), Africa (i.e., South Africa), Asia
(i.e., China, Israel, India, Japan) and Pacific (i.e., Australia). When available, research profiles and publica-
tions were used to determine whether certain individuals met the inclusion criteria. These web searches
generated a list of 6925 eligible cancer researchers. Individuals identified from these web searches were
sent an email describing the study and including the link to participate in the survey. Two follow-up emails
were sent to all individuals, except those who had already participated or those who opted out of the email
listing. Information about the study and the link for the survey were also publicly available on certain social
media platforms (Linkedin®, Twitter® and Facebook®). Individuals were eligible to participate in the study
if they: worked in an academic institution, conducted basic cancer research, and had a publicly available
email address.
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Survey instrument

The questionnaire collected data on participant demographics, clinical and basic/translational research
experience, the cancer type studied and model systems used, the importance of performing experiments
including both sexes, participant perception of the general importance of the sex of cell lines, animals, and
humans in conducting and reporting experiments, participant perception of the importance of knowing
and including the sex of cell lines, animals, and humans in their own experiments, as well as potential com-
ments (see supplemental information for questionnaire).

A five-point Likert scale was used to measure the respondent’s level of agreement with various statements.
The survey was administered via SurveyMonkey® (an online platform) and was available to respondents
during the 13-week study period. No ethics committee approval was required.

QUANTIFICATION AND STATISTICAL ANALYSIS

Descriptive statistics were used to characterize the study population using frequencies. Agreement to the
statements was expressed as percentage in each response category, stratified by gender of the respondent
and whether the respondent worked on sex-specific cancers. Logistic regression was used to identify asso-
ciations between respondent characteristics and outcomes of interest. For these analyses, response op-
tions corresponding to agreement statements (i.e., agree, strongly agree, neither agree nor disagree,
disagree, strongly disagree) were collapsed to binary responses (1=agree or strongly agree, O=neither
agree nor disagree, disagree, strongly disagree).

We performed for all questions logistic regression analysis between gender, age, degree (MD/PhD), expe-
rience in research, works in sex-specific cancer, cancer type studied (Figure S1).

Free text comments were filtered to remove ‘None’, ‘Not applicable’ and words to this effect, and any com-
ments that only conveyed thanks to the study authors. The remaining comments (n = 175) were analyzed by
inductive thematic analysis at the semantic level with an essentialist approach. Following familiarization
with the data, author AMB coded the data. AMB reviewed the resulting codes for redundancy then iden-
tified common themes within the remaining codes relating to the topic of the survey. Author AMB acknowl-
edges her approach to the data is reflective of her roles as a physician in both cancer and gender identity
medicine, as a researcher into the effects of sex on gender on cancer, and as a cisgender woman.
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