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EXECUTIVE SUMMARY
Integrating sex and gender considerations into the lifecycle management of prescription drugs is
essential for creating comprehensive regulations, guidance and policy, and for transmitting
accurate information on risk, safety and efficacy to clinicians and consumers. This report, Risk
Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs reviews
the processes in Canada using a sex and gender lens. Sex-related factors affect both the
pharmacokinetics and pharmacodynamics of prescribed drugs, while gender affects prescribing
practices, access, uptake, and monitoring and reporting of post-market impact. Age and
race/ethnicity related factors, along with social determinants and life course considerations,
intersect with both sex and gender to create patterns of results that illuminate equity related
issues of safety and risk. While Canada has made many strides in improving the integration of sex
and gender into prescription drug management and regulation, there is a considerable distance to
go.
Historical, social and political trends affecting drug development globally and domestically have
shaped scientific practices and policies and served to exclude some groups from being adequately
or completely served by drug management processes and regulations. In short, not all members of
the population have been equitably served by drug research, regulation or policy. However, given
Canada’s early commitment to SGBA+ processes, its well-established Institute of Gender and
Health (CIHR-IGH) and its Scientific Advisory Committee on Health Products for Women (SACHPW), it is a country well placed to be proactive in improving the integration of sex and gender into
drug development processes.
Sex and gender science is expanding and developing its purview, but there remains a relative
paucity of underlying scientific research regarding many relevant factors and their impact on the
lifecycle management of prescription drugs. Extant research often conflates or confuses
conceptual applications of sex and gender concepts, and/or utilizes research designs that do not
fully investigate their potential impacts. Much of the research reviewed here focuses on ‘sex
differences’ paradigms, even though pharmacokinetics and pharmacodynamics highlight
processes of drug use and impact and require for more fluid and complex conceptualizations of sex
and gender.
This report reviews extant literature on the impact of sex, gender, and equity related factors on the
lifecycle management of drugs and on clinical trials. It reports on academic searches that describe
the impact of sex, gender and equity related factors regarding pharmacokinetics,
pharmacodynamics and adverse events of prescribed drugs and on clinical trials development.
Secondly, it reports on results of searches for grey literature from Health Canada and regulatory
agencies in other similar countries, and from relevant websites. It presents a case study of
Xospata, a drug to treat leukemia approved by Health Canada in February 2020, to illustrate the
impact of a sex and gender-based analysis + on drug management processes. We consolidate
these varied pieces of evidence in a set of general and specific recommendations to the lifecycle
management of drugs. At a high level, several key changes are in order that will not only redress
historical deficits in the management of prescribed drugs in Canada but reorient future practices
to ensure increased safety and accountability to all Canadians whatever their sex or gender.
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Reorienting future practices can be built upon three principles
1. Committing to requesting, using and building sex and gender science. It is important to
recognize that integrating SGBA+ into all drug lifecycle management processes, procedures
and products both relies on and contributes to better science, and is essential to ensuring the
safety of all Canadians
2. Recognizing and addressing the “we don’t know what we don’t know” phenomenon. It is
important to proactively redress knowledge gaps through structural changes to management
processes in order to break a reliance on ‘no evidence of sex differences’ to support action or
inaction in prescription drug regulation and management
3. Improving accountability to the public. It is important to respect sex and gender-based
analysis plus (SGBA+) directives and parallel equity, diversity and inclusion (EDI) initiatives to
facilitate the collection and transmission of quality, precision data and the inclusion and
participation of women and diverse populations in trials, studies, and science workforces
General Recommendations to Support Reorientation
A range of actions in procedures, processes, policies and research initiatives linked to the lifecycle
management of drugs is required, including recommendations to:
1.

Mandate the integration of sex-related data and factors into the lifecycle management of
drugs at all stages by 2023, and gender-related data and factors by 2028.

2. Design and co-fund with CIHR a coherent 10-year mixed methods research program to
comprehensively address the gaps in drug research, including management of sex
disaggregated data, and investigations in sex/gender and pharmacokinetics,
pharmacodynamics and adverse events.
3. Create a mandatory adverse event reporting system including sex and gender data for all
health care practitioners and increase the visibility and accessibility of a public reporting
system.
4. Create a comprehensive strategy to mandate and incentivize clinical trial inclusion for
women, pregnant and lactating women, children, the elderly, and racial and ethnic groups
representative of the Canadian population.
5. Report the results of a sex and gender based plus analysis (SGBA+) on every stage of the
lifecycle management of each prescription drug in all internal and external documents to
respect and enact federal policy and inform clinicians and consumers of risk.
6. Provide a section on the Health Canada website where SGBA+ commentary for each
approved medication can be easily accessed by interested scientists, clinicians, and
consumers.
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Structural mechanisms for improving Canadian prescription drug management
These structural changes would create mechanisms for these ongoing improvements.
1.

Establish a Scientific Advisory Committee on Health Products for minority populations
with a sex and gender science champion

2.

Establish a minority sex and gender science champion position on the Scientific Advisory
Committee on Health Products for Women

3.

Establish an internal audit process for monitoring the inclusion of sex, gender and
subgroup analyses and reports in all phases of the lifecycle management of drugs

4.

Ensure ongoing mandatory SGBA+ training for all Health Canada staff at all levels of the
lifecycle management of drugs

Regulatory & Procedural Recommendations
These are required changes to policy and procedures in the lifecycle management of prescription
drugs.
1.

Initiate mandatory requirements for SGBA+ related data in sponsor applications, evaluator
assessment processes, product monographs and informational documents for clinicians
and consumers
2. Update all review templates, Standard Operating Procedures (SOPs), and reporting
processes to include a mandatory and publicly accessible SGBA+ assessment section
3. Mandate reporting of adverse drug events by all licensed health care providers by sex and
gender and increase capacity for public reporting of adverse drug reactions and events
Capacity building and knowledge translation
These are required to build better research, education and consumer and clinician information.
1.

Offer SGBA+ and sex and gender science training to applicants, researchers, regulators and
industry, including training on measuring of sex and gender

2. Design and encourage the use of a comprehensive sex and gender specific
pharmacokinetic and pharmacodynamic approach to build knowledge on sex and/or
gender-based factors in trial results
3. Include sex, age and race and ethnicity-based statements in boxed warnings and efficacy
details in all drug labelling and product monographs for clinicians and consumers
Specific recommendations for each phase of the lifecycle management of prescription drugs
can be found on 105
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SGBA+ AND POLICY-RESEARCH PARTNERSHIP GOALS
A team from the Centre of Excellence for Women’s Health, led by Dr. Lorraine Greaves, partnered
with policy leads at Health Canada, Dr. Alysha Croker and Matt Stock, to ensure sex, gender and
equity related factors are fully integrated into future regulatory processes surrounding the
lifecycle management of drugs. This research-policy partnership is a collaborative initiative
between the Canadian Institutes of Health Research (CIHR) - Institute of Gender and Health (IGH)
and Health Canada’s Gender Health Unit.
This partnership project has three goals:
•

to analyze available sex, gender and equity related data regarding the lifecycle
management of drugs

•

to develop capacity for SGBA+ in Health Canada, and

•

to make recommendations for improving the lifecycle management of drugs in
Canada

This report and its processes of development and review, along with corollary presentation
materials reach these goals. Specific recommendations pertaining to each phase of the lifecycle
management of drugs are at the end of this report.
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CONTEXT
Sex and gender are important factors in understanding the full impact of prescribed drugs on all
population groups. As in most human endeavours, there is little doubt that the science and policy
surrounding the regulation of pharmaceuticals reflect societal and systemic biases. As Fisher and
Ronald (2010) suggest: “The concept of ‘pharmaceutical politics’ highlights the complex interaction
of regulatory agencies with sociocultural and economic interests to shape the medicines that are
available and our knowledge about them” [8]. Such trends and pressures clearly have an impact on
the integration of sex and gender in the lifecycle management of drugs, not only in Canada, but
globally.
The operationalization of societal biases in drug regulation occurs at many levels, including the:
choice of drugs for development in industry settings; interests of financiers, venture capitalists
and marketers; degree of integration of sex and gender by industry scientific boards and
government regulators; engagement in clinical trials by (sub)populations; nature and extent of risk
communication and pharmacovigilance; and engagement of gender balanced and diverse
workforces in the biotechnology and pharmaceutical industries.
The results of these biases are well known, ranging from gendered, and sometimes exploitive drug
development or marketing, lack of monitoring and action on sex specific adverse event patterns,
or lethargy in the inclusion and mandating of comprehensive sex and gender related data in
submissions made by industry. Quite fundamentally, these biases, social attitudes and politics
affect the long route to regulation of specific drugs and their ongoing management.
Fisher and Ronald offer a comparison in the regulation and framing of Mifepristone (RU-482) – a
drug for therapeutic abortion, and Sildenafil citrate (Viagra) – a drug for erectile impotence and
‘enhancement’- in the USA. They conclude that gender politics impact both men and women and
gain expression in the regulatory process. While it took 14 years to approve Mifepristone and then
for restricted use, Sildenafil was approved by the FDA in a swift 6 months. As Fisher and Ronald
argue, this has had serious consequences for both women and men as the latter drug is not
without significant risk and attendant mortality, but the importance of overarching gender norms
surrounding sexual behaviour and the resulting political views of the uses of drugs impacted both
their regulatory journeys [8]. These examples serve as an ongoing reminder of prevailing societal
forces and practices that reinforce gendered patterns and attitudes.
While some of these issues are politicized others stem from more organic impacts of gender on
education, occupational roles, and stereotyping. Some of these problems affect the development
of drugs at its earliest stages and may be promulgating ongoing gender bias. An editorial in Nature
Biotechnology states that gender bias is rampant among biotechnology and pharmaceutical boards
and investment communities, along with the scientific advisory boards that support them [9]. This
means that currently women are barely represented in these sectors due to bias in hiring and
promotion, lack of mentoring, or restricted pipelines. This male domination (and lack of equity,
diversity and inclusion (EDI) generally) perpetuates a less diverse research and product
development agenda and ultimately less integration of sex, gender and diversity into the scientific
processes underpinning product development in these fields.
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The fundamental challenges in integrating sex and gender into drug development and regulation
are to improve the use of existing sex and gender science, and to integrate an ongoing, iterative
application of emergent sex and gender science in all regulatory processes. While this is often
interpreted as simply a plea for including sex-based information in drug development [10], the bar
needs to be raised to also include gender-based evidence to fully gauge, predict and monitor real
world experiences with regulated drugs, that often reflect interactions with the social
determinants of health. This applies not only to regulation, but also to development activity by
industry. The notion that sex and gender affect pharmacology is not new, with entire books
describing numerous examples devoted to this stance [11]. Indeed, for decades sex differences in
pharmacokinetics and pharmacodynamics have been noted, substantiating early calls for SGBA+
of drug regulation.
Historical efforts to create inclusive drug development have been fraught with a long history of
using the “male norm” as a benchmark, based on arguments that including female bodies and
women complicate science by introducing heterogeneity, spurred by protectionism of women
focused on maternal and reproductive roles [12] and incorrect assumptions about the trajectories
of non-sex-specific conditions and diseases on women’s bodies, such as cardiovascular disease
[13]. These positions were only heightened mid 20th Century after the catastrophic results of
approving thalidomide to treat nausea during pregnancy included birth defects, and approving the
drug diethylstilbestrol (DES) was responsible for vaginal cancer in adult daughters of women who
had taken the drug for prevention of miscarriage [13].
The impact of these positions was highlighted in the 1990s when women were excluded from USA
trials on AIDS drugs, despite constituting over 50% of the deaths from AIDS. A combination of
gender blindness, sexism, protectionism, and inadequate science has created a situation where
“we don’t know what we don’t know” in drug development, mirroring the larger deficiencies in
women’s health and sex and gender science more broadly. Efforts to rectify these practices in the
USA focused on using ‘carrots’ until the introduction of the 1993 USA National Institutes of Health
Revitalization Act requiring broader inclusions in clinical trials, thereby transitioning to the use of
‘sticks’ to modify entrenched drug development practices.
But improving and monitoring as just one aspect of inclusion is likely not enough. Bots et al argue
(2019) that inclusion and reporting are related but separate, and that specific and continued
monitoring of reporting be carried out as well [14]. For increasing the understanding of sex
specific impacts of heart failure (HF) medications, for example, they state:
“Although limited inclusion of women and the lack of reporting of sex-specific data may be 2 sides
of the same coin and should be dealt with simultaneously, we argue that they should be tackled
separately. Increasing the participation of women in clinical trials may not automatically improve
sex-stratified reporting. We therefore argue that both proportionate representation of women in
HF trials and sex-specific reporting of efficacy and safety data are of paramount importance for
improving the quality of HF treatment.” [14]
Indeed, no players in developing or studying pharmaceutical policy are excluded from
responsibility in improving drug regulation and management. Canadian researchers Greyson et al,
in a 2010 content analysis of published papers on drug development policies, found the majority
Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022
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did not mention sex and/or gender, let alone discuss intersectional factors despite the (then)
(S)GBA policies enacted by the federal government as early as 1997 [15].
For these reasons, it is of utmost importance that all players and stakeholders invoke sex and
gender evidence and gender sensitive practices in all phases of drug development. For
government regulators of drugs (and other health products) the challenge is clear. Government
regulators are well positioned to be more demanding and precise in their requests for data; to
become critical analysts of supplied data; to acquire education and training in sex and gender
science and use their abilities to apply sex and gender science to all review processes and
knowledge translation efforts. This is a comprehensive set of requirements that casts government
regulation as proactive in understanding and applying sex and gender science, and not limited to
reactiveness in assessing sex and gender in review processes.
Canada’s history in trying to shift norms in drug development practices have included initial draft
guidance on including women in clinical trials, first released in 1997, revised in 2013 and currently
being updated. In 2000, the Institute of Gender and Health at the CIHR was established, formalizing
the importance of sex and gender science in Canada and showing leadership to the rest of the
world. SGBA+ was first mandated by the federal government in 1999, and audits and updates to the
policy have occurred in the interim, noting serious deficiencies in application. In 2019, the federal
government recognized the continuing lag in protecting women’s health by establishing a
Scientific Advisory Committee on Women’s Health Products, to offer advice on improving
practices.
This report addresses key aspects of drug lifecycle management in Canada in this context, where
drug regulation is a domestic responsibility enacted in the context of international harmonization
processes and global industrial activities, and where SGBA+ processes are mandated by
government but where SGBA+ and sex and gender science are still only differentially taken up. As
Mazure and Jones argue after reflecting on a similar lag in the USA, it is time to turn patient hopes
for a cultural change into a set of requirements, with attendant rewards in research and reporting
[16]. This report assesses evidence pertaining to the lifecycle management of prescribed drugs
and suggests some remedies for transforming such hopes into reality.
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WHY APPLY SGBA+ TO THE LIFECYCLE MANAGEMENT OF DRUGS?
The effects and impacts of use, access and availability of prescription drugs is of importance to all
Canadians. Both sex- and gender-related factors affect all drug use, many of which are either
unresearched, undocumented, or unreported. In addition, sex and gender often interact with each
other to produce or reduce health, and underpin the development, prescribing, use, impact of,
need or desire for prescribed drugs. Both sex and gender are complex concepts that are evolving
and fluid, and each comprise several elements. Hence, without full sex and gender based plus
analyses (SGBA+) in reporting and documentation, it is therefore not possible to assess the sex
and/or gender specific impacts of drugs, explain the mechanisms of such impacts, make
appropriate risk assessments for males and females, men, women and gender diverse people,
address evolving science in relation to drugs, or communicate effectively and accurately with
clinicians and consumers about safety and efficacy. In short, it is not possible to be accountable.
Sex related factors
Sex related factors are of fundamental importance to understanding the impact of prescribed
drugs, and their regulation and management. They include biological factors and mechanisms that
affect the pharmacokinetics and pharmacodynamics of prescribed drugs1. Sex related factors
include a wide range of elements such as hormones, genetics, metabolic processes, anatomical
characteristics and organ function. Specifically, there are four main categories of
pharmacokinetic action where sex differences and sex-related factors, characteristics and
processes affect the ingestion and impact of prescription drugs.
Absorption
Biological variations exist by sex in gastrointestinal motility, gastric pH and enzymatic activity,
which can impact absorption and bioavailability of oral medications [6]. Females secrete less
gastric acid and have slower gastrointestinal transit time than males, therefore medications may
have lower bioavailability [6], which may impact efficacy and safety.
Distribution
Distribution of medications in the body depends on multiple factors related to body composition
including body mass index, plasma volume and protein-binding capacity [6]. Drug distribution and
duration of action may be dependent on lipophilicity and may differ between males and females
due to general differences in fat distribution between the sexes [6]. Generally, total body water,
extracellular water and overall volume of plasma is larger in males than females, therefore
exposure to the same dose of a water-soluble drug may result in increased volume of distribution
and decreased drug concentration in males than females [7].
Metabolism
A relationship between sex and drug metabolizing activity appears to exist whereby some of the
major CYP450 enzymes such as CYP1A2, 2C9, 2C19 and 2D6 appear to be more active in males
For a description and diagram of sex related processes affecting ingestion of drugs, see:
https://genderedinnovations.stanford.edu/case-studies/drugs.html#tabs-2
1
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versus females. However, CYP3A4 is more active in females versus males [17]. CYP3A4 is the major
CYP enzyme in the gastrointestinal tract and liver [17] responsible for metabolism of more than
50% of medicines [18].
Elimination
One of the primary pathways of elimination of medications is through renal clearance, often
measured through a glomerular filtration rate (GFR) [6, 7]. Drugs can also be eliminated from the
body through hepatic, pulmonary or integumentary routes [7]. Medications known to be excreted
unchanged in the urine are cleared more slowly in females. Examples of these medications include
digoxin and methotrexate [6].
In tandem with pharmacodynamics, these processes underpin how female and male bodies may
react to a drug, or how a drug may impact female or male bodies.
Gender related factors
Gender related factors2 are also of fundamental importance to the prescribing, use, access to and
impact of prescription drugs. These factors affect people of all genders and are linked to social
and cultural locations and enacted and reinforced via processes such as socialization,
stereotyping, communication and marketing. While the primary aims of regulating prescribed
drugs are often focused on risk, safety and efficacy, and therefore focus on the body’s immediate
and long-term responses, gender related factors have an impact on who will likely have or ask for
access to prescribed drugs, based on social, economic and cultural factors. Gender includes
measuring the effects of role differences, differential resources and opportunities, adherence to
roles and norms affecting individuals, degrees of commitment to dominant femininities and
masculinities, and institutionalized inequities that reinforce sex and gender groups in all cultures
and contexts. All aspects of gender affect the use of prescription drugs.
Norms
Gender norms have an impact on opportunities, roles and presumptions surrounding daily
activities and purpose. These are based in social and cultural attitudes and change over time, but
are framed by social processes such as discrimination, stereotyping and sexism. Gender norms
affect prescribing practices, patient requests and marketing.
Relations
Gendered relations affect assumed authority, communication styles, level of information sharing
and decision-making. Power differentials between clinicians and patients are gendered and affect
their interactions, information sharing and rates of prescribing.

For further descriptions of sex and gender science see: https://cihr-irsc.gc.ca/e/51310.html and for
diagrams illustrating the components of gender related and sex related factors see:
https://www.mdpi.com/1660-4601/17/2/509#
2
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Identity
Gender identities such as woman, man, transgender, gender diverse, and aspirations or resistance
to dominant or culturally imposed femininities or masculinities are often based on cultural
stereotypes or social pressures. These factors have an impact on patient requests, treatment,
prescribing and marketing.
Institutional
Regulations, procedures, laws and institutional factors such as policies, customs and practices
affect whether, and how, sex and gender considerations are routinely integrated into lifecycle
management. Regulations can promulgate a gendered regulatory policy such as imposing a SGBA+
requirement (or not), exclusion or inclusion criteria in trials, as well as practices surrounding data
collection such as that regarding sex/gender or race/ethnic categories.
Intersectional factors
Ability, age, socioeconomic status (SES), race, ethnicity and/or location determine access to,
usage of, and differential impacts of prescription drugs. The interactions of sex and gender and
the intersections of sex, gender and other characteristics are fluid over the life course,
developmental stages or in different contexts. These intersections sit in a wider structural context
of overarching ideologies and processes, systems and histories, such as capitalism, colonialism,
sexism and racism3.
As a result, the imposition of a sex and gender based + analysis (SGBA+), where the + refers to
intersections and interactions with a range of characteristics and equity-related factors is an
essential component of developing processes, regulations and policies for prescribed drug
regulation in order to fully predict and characterize the overall impacts of such drugs and the
regulations and policies managing them. Utilizing this process is expected by the federal
government of Canada and is often a feature of program evaluation and research funding
mechanisms.
This report addresses these evolving issues with respect to the lifecycle management of
prescription drugs in Canada. It reports on: a) the currently available research evidence on the
inclusion of sex, gender and equity related factors pertaining to the pharmacokinetics,
pharmacodynamics and adverse events of prescription drugs; b) the impact of sex, gender and
equity-related factors on clinical trial development and processes, c) a case study of evidence and
materials regarding a drug regulated in Canada (Xospata) and d) relevant grey literature from a
range of OECD countries and publicly available documents from Health Canada. Taken together,
these materials are analyzed with respect to the existing regulatory processes embedded in the
lifecycle management of drugs by Health Canada and support a set of recommendations made to
increase and strengthen considerations of SGBA+ in the lifecycle management of drugs in Canada.

For a useful diagram of the complex intersectional factors and processes affecting humans see:
https://www.criaw-icref.ca/publications/feminist-intersectionality-poster/
3
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Limitations of Existing Research
There is a paucity of robust, competent, and comprehensive sex and gender-based analysis in both
deriving and assessing evidence, across all areas of health research. Without comprehensive data,
there are no comprehensive solutions, decisions, regulations, risk assessments or policies. Our
knowledge of sex, gender, equity, drugs, regulatory processes, and health effects is only as good
as the research evidence and data analysis and reporting on which it rests. As in other fields, drug
lifecycle management rests on the quality and extent of available evidence regarding impact and
use. Hence regulatory activities are inherently based on incomplete data limited by the scope of
existing drug management research.
It remains imperative to build the sex and gender evidence and address existing gaps, among
researchers, industry, and regulators. Without more oversight in this regard such as: requiring
inclusion of sex and relevant gender and equity considerations in drug development research,
clinical trials, post-market surveillance, adverse event reporting, knowledge translation and
clinical and consumer communications, this problem will not be fully rectified. In light of this goal,
this project has identified some current weaknesses with current evidence:
Paucity of research Overall, more research is needed on the impact of sex and gender on the
lifecycle management of drugs. While sex and gender science is rapidly expanding in response
to a shifting policy landscape, research specifically focussed on the impact of sex and/or
gender on drug development, regulation and post-market surveillance is still in its infancy.
Misuse of sex and gender concepts As is common in many fields of study, sex and gender are
often misunderstood, misused, conflated, poorly applied, or partially addressed in both study
design and research reporting. This makes both the location of evidence and the interpretation
of research difficult and ultimately diminishes the growth of sex and gender science.
Reporting and analysis Some studies may collect, assess and/or report sex disaggregated data
or gender related factors but provide limited or no analysis of these data or offer any
interpretation of findings. This detracts from building a more robust evidence base and
prevents effective knowledge translation to consumers and clinicians.
Design limitations The currently available research has several methodological limitations.
Most studies that mention sex are focused on reporting ‘sex differences’ in outcomes that could
impact usage. It is also important to identify more specifically sex-related factors and
processes inherent to pharmacokinetics and pharmacodynamics, to build evidence related to
these processes and lay the foundation for assessing their interactions with age and life
course, hormonal variations, anatomical and bodily characteristics, and physiological
processes such as metabolism and organ size and function.
Limited adverse event reporting Until recently, Health Canada has not pulled or mandated
reports of adverse events, but rather relied on events communicated by the public or clinicians.
This past practice reduces our historical knowledge and disallows SGBA+ analyses of adverse
events, again constricting the growth of sex and gender science related to drug management
and usage and undermining public safety.
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WHAT EVIDENCE WAS REVIEWED?
This report summarizes academic research evidence and grey literature on sex, gender and equity
issues related to the lifecycle management of drugs. This report includes data collection on the
following areas, utilizing a range of source documents.

Evidence Reviewed
Academic Literature Reviews:
Q1) How do sex and gender related factors impact lifecycle management processes?
Q2) What sex and gender factors affect participation in clinical trials?
Grey Literature: A review of grey literature on drug lifecycle management processes to provide
context was carried out. Included in this section are relevant Health Canada public documents
pertaining to the lifecycle management of drugs.
Case Study: Using research evidence on an exemplar drug (Xospata), Health Canada regulatory
documentation and discussions with the regulators, the relevance of sex and gender related
factors and SGBA+ to lifecycle management is illustrated.

Academic research review
To identify relevant academic literature, a comprehensive systematic search was conducted to
identify relevant literature for Q1 and Q2. During screening, relevant studies were sorted into either
Q1 or Q2 as per the questions above. A description of the search and screening methods, the
scoping review approach for Q1 and the critical review approach for Q2, is provided in Appendix A.
We identified all relevant studies in the scoping review for Q1. A team of research assistants
completed data extraction, collecting details on the: aim of the study, study design, country of
study, drug, medical condition, population, lifecycle management process, outcome measures,
sex/gender analyses, main findings, study limitations and study recommendations. Inter-relater
reliability measures were taken, and all data extraction tables were then reviewed by a second
researcher, and key findings narratively summarized. The flow chart summarizing this process is in
Figure 1.
Following these steps, the narratives were thematized and described vis à vis the lifecycle
management stages. In summary, 100 papers were identified and summarized for Q1 and are
reflected in this report. There are 37 papers related to pharmacovigilance and 63 relevant to one of
the other lifecycle management of drugs phases. Data extraction tables are available in Appendix
B1 and B2.
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For Q2, the search on clinical trials, a team of research assistants reviewed the studies and
developed themes reflecting the data. The flow chart summarizing this process is below in Figure
1. For Q2, 74 papers were identified and summarized and are reflected in this report. A critical
review approach was used to analyze this set of articles. The narratives were analyzed for themes
relevant to sex, gender and equity, and key examples of themes were drawn out for the report.
Data extraction tables are available in Appendix C.
Grey literature review
We manually searched Canadian and US websites for potentially relevant grey literature material
pertaining to SGBA+ and drug management, including public Health Canada documentation. Each
website was hand-searched and relevant grey literature sources identified. We reviewed these
items to derive useful information and guidance regarding each of the phases of the lifecycle
management of drugs.
We found the following:
A) 19 commentaries, editorials, comments and letters from the Q1 search as grey literature.
These documents were reviewed and incorporated into both context for this report as well
as reported upon in the grey literature section.
B) 2 websites (including 4 sources) pertaining to women and health protection and or sex and
gender or equity and diversity for relevant grey literature material pertaining to SGBA+ and
drug management.
C) 29 documents from other regulatory agencies in similar jurisdictions, including Europe,
USA, and the UK.
D) 31 Health Canada documents on each phase of the lifecycle management of drugs.
In total, 83 potentially relevant grey literature sources were identified. A list of all relevant
documents is available in Appendix D, along with a short description of the review methods. We
reviewed these items to derive useful information and guidance regarding each of the phases of
the lifecycle management of drugs.
Drug case study
An exemplar drug was chosen by the research team and Health Canada partners in an iterative
manner based on the following criteria: a) used by both males of females; b) regulated post-2015 in
Canada; and c) for which there is publicly accessible information. The exemplar drug selected for
assessment of relevant sex and gender related factors is Xospata (Gilteritinib), a cancer treatment
drug primarily used in treating leukemia. Details on the regulatory activities within Health Canada
regarding Xospata were provided to the research team by officials. In addition, discussions with
those responsible for its regulation were held. This case is presented as an example of the status
quo at Health Canada. See Appendix E for the search methods and terms used in developing the
case study. Out of 124 relevant papers we identified only 3 that addressed sex, gender and equity,
and those were further analyzed.
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Figure 1. PRISMA Flow Chart
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ACADEMIC EVIDENCE REVIEW
This section describes the academic research evidence on sex and gender related factors
affecting a) the pharmacokinetics and pharmacodynamics of prescription drugs and b) adverse
events implicating sex and/or gender resulting from the use of prescribed drugs. Both sections are
critical to understanding the field and assessing current knowledge and impact. The learnings
from this body of literature underline the need for introducing and integrating more sex and gender
related data into the lifecycle management process of drugs in Canada. Despite its quality issues
and weaknesses in conceptual application, this mass of evidence offers numerous examples of
diseases, conditions, and settings where sex and gender matter in the management of
prescription drugs4. This body of work also illustrates several missed opportunities in investigating
sex, gender and equity related factors affecting prescribed drug use and monitoring.

The review of academic evidence to support and inform this report was carried out using two
research questions and focusing on human studies. The first research question was Q1: How do
sex and gender related factors impact lifecycle management processes, and the second
research questions was Q2: What sex and gender factors affect participation in clinical trials?
See Appendix A for search strategy and terms.

Results for Q1
This section reports on the results of Q1 and divides the results into two main subsections. After
analyzing the relevant literature for Q1 we sorted the results according to two broad categories: a)
evidence related to sex, gender, equity and pharmacokinetics and pharmacodynamics (PK/PD);
and b) evidence related to sex, gender, equity, and adverse events (AE). Both sections present
evidence on groups of drugs, diseases, or phases of research, to fully capture the literature and
extant research. See Appendix B1 for a Data Extraction Table reflecting the included PK/PD
studies and Appendix B2 for a table on the included AE studies. The results for Q1 are shown in the
diagram below. The results are discussed below according to various categories of examples.

Despite significant conceptual differences between sex and gender, much of this literature misuses or
conflates use and terminology, even among studies from the same countries. As a rule, we use the terms
utilized by the authors in reporting results, with some bracketed correctives to improve understanding.
4

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

22

Figure 2. PRISMA Diagram for Q1
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Pharmacokinetics and pharmacodynamics are two main processes that affect or determine the impact
of prescribed drugs. Broadly speaking, pharmacokinetics refers to the actions of the body on drugs,
while pharmacodynamics refers to the actions of drugs on the body. The body’s responses and actions
after ingesting a drug can be traced and measured by studying its pharmacokinetics. The effect
produced by the drug on the body can be examined by studying its pharmacodynamics (PD) [1]. In real life,
the effects of these processes may be hard to separate. It is likely that sex-related (and gender-related)
factors affect both sets of processes.
Sex differences in pharmacokinetics affect the absorption, distribution, metabolism, and elimination of
drugs. For example, CYP3A4 isoenzymes are responsible for metabolism of at least 50% of all medicines,
but is more active in females than males [2], therefore distribution of active drug, active metabolite and
inactive compounds may impact efficacy and tolerability of medications and lead to differences in
amplitude of experienced adverse events. Other examples implicating pharmacokinetics include sex
related differential responses to analgesic medications [3] and higher drug exposure in females than
males to beta-blockers [4]. Pharmacodynamics refers to the interactions between the drug and cellular
components, either host or pathogenic – and the biochemical or physiological consequences of these
interactions. PD manifest when elements of the body, such as receptors, effectors and agonists interact
with a prescribed drug. Receptors can include proteins, molecules or aspects of DNA that interact with
the drug to initiate its action on the body and effectors translate this action in drug impact. These
influences have been shown to affect the impact of drugs such as antihistamines and digoxin [5].
Both pharmacokinetics and pharmacodynamics affect drug safety and effectiveness. Post-market, drug
interactions and dosages can result in adverse events reflecting both sex and gender related factors, and
possibly sex and gender interactions. Women are between 50 to 75% more likely to experience a
reported adverse event in comparison to males [6] and generally have more serious adverse events.
Women also receive more prescriptions in general and are often on more drugs at once [7]. Therefore the
reasons for differences in adverse events may include multiple drug interactions, pharmacokinetics
affecting differences in bioavailability and/or sex related differences in predisposition to outcomes such
as cardiovascular arrythmias [6]. Taken together these factors may explain the experiences resulting
from an amalgamation of pharmacokinetic and pharmacodynamic interactions that differ between males
and females, and therefore differentially impact drug safety. Including more sex and gender related
evidence on both will enhance precision health care for all people.

Pharmacokinetics and Pharmacodynamics (PK/PD) of drugs
The body’s responses and actions after ingesting a drug can be traced and measured by studying
its pharmacokinetics and pharmacodynamics (PK/PD). We sought evidence on sex, gender and
equity related factors in research studies that reflect an impact of any of these processes. We
present examples of PK/PD and (mostly) sex differences among several classes of drugs or
conditions from clinical trials and individual studies as well as some examples that pertain to
monitoring phases of the lifecycle management.
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Clinical Trials
29 papers were reviewed regarding clinical trials, and they addressed 11 conditions or drug
treatments. In many of the papers, the terms referring to sex and gender are either misused,
conflated or exchanged, contributing to poorer quality analysis and reporting, and potential
diminished replicability. Further, the main paradigm underpinning research in clinical trials and
sex/gender is one of “sex differences”, despite the rich area of potential investigation that PK/PD
processes represent. While searching for sex differences is of keen importance in drug lifecycle
management, a broader research paradigm regarding sex and gender-related factors is much
needed. What follows are examples of clinical trials literature regarding 11 broad conditions or
treatments, beginning with an example of a single sex (male) research design rationalized as such
due to menstrual cycle variations, but extrapolating results to women. Among these are also
examples of generalizing to both sexes based on data with one, collection of gender/race/ethnicity
or age-related data and varied approaches to either report or co-analyze such data. Age-related
exclusions are also reported despite the interactions of sex and age on PK/PD processes.
Blood Disorders We evaluated one paper detailing clinical trial data on an epoetin biosimilar,
Epogen Hospira, which has since been approved for the treatment of anemia due to renal failure
[19]. This was a study conducted in the US that specifically sought to exclude female participants
with the following justification, “Female subjects were excluded to eliminate any heterogeneity
that could have arisen secondary to menstrual cycles and hormonal variations [19].” Thus, the
study was limited to one sex. While the prevailing thought is that males are affected to a greater
extent by chronic kidney disease and subsequent renal failure [20], women were found in a 2016
study to have a larger global burden of CKD [21] . The authors extrapolated findings to women
concluding that “Demonstration of PK and PD equivalence in the most sensitive population of
healthy male subjects supports that equivalent epoetin concentration profiles and reticulocyte
response profiles can be expected after equivalent doses of Epoetin Hospira or Epogen in treated
male or female patients” [19]. Unfortunately, the authors do not detail what “sensitive” criteria were
used to disaggregate the male participants to allow extrapolation of data to the general
population. Age and race/ethnicity were also not evaluated for impact on PK/PD.
Cancer Treatment Six papers detailing clinical trials in cancer therapeutics were evaluated with
two papers correctly applying “sex” rather than gender when referring to biological differences
between males and females [22, 23]. The determination of sex differences in pharmacokinetics
was a stated primary objective in two papers: one, a UK study seeking to understand “genderrelated” differences in PK of doxorubicin in adolescents and young adults [24], and two, a study
conducted in the US to examine the effect of specific covariates (age, gender, and weight) on the
PK of the novel anti-cancer therapeutic, 3-aminopyridine-2-carboxyaldehyde thiosemicarbazone
[25]. Both found sex impacted the pharmacokinetic profiles of drugs. Of the remaining papers, all
included sex as a covariate in PK modeling, but only one study conducted in Austria examining the
PK of rituximab in the treatment of follicular lymphoma found a sex difference impacting drug
metabolism [26]. A US study that sought to characterize the sources of variability impacting PK of
a novel Bruton’s tyrosine kinase inhibitor for the treatment of chronic lymphocytic leukemia found
no effect due to sex that would be considered clinically relevant [22], and a US study seeking to
characterize the pharmacokinetic and pharmacodynamic properties of the anticancer compound,
abemaciclib, found no differences in drug metabolism due to sex [23]. One further US study that
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sought to evaluate factors in a pediatric population that may contribute to variability in PK of
vedotin (used to treat Hodgkin’s lymphoma), did find a sex difference where boys exhibited higher
drug clearance compared to girls [27]. Other than a study focused on adolescents and young
adults, two papers sought to include age as a covariate in the respective PK models [25, 26], but
neither found a significant effect on PK attributable to age. With regards to race/ethnicity data, an
Austrian paper examining rituximab PK also acknowledged the potential impact of race/ethnic
differences on drug metabolism [26], but did not have complete patient data to enable analysis.
The US group examining vedotin in a pediatric population also included ethnicity data in describing
the demographics of the participants, however, stated that the numbers of participants were too
small to enable meaningful analysis of race/ethnic factors on PK [27].
Cardiovascular Disease Treatment One French study reporting on the clinical trials of an agent to
treat atherothrombosis was evaluated [28]. Age, sex, and age-by-sex effects were evaluated by
the authors who referred to biological sex as gender. Women had significantly higher drug
exposure compared to men, and young men had the lowest drug concentrations compared to
elderly women, young women, and elderly men [28]. Women also had significantly longer drug halflives compared to men, but there was no significant difference between elderly women/men and
their younger counterparts [28].
Female Reproductive System Conditions Three papers detailing clinical trials related to the human
reproductive system were evaluated where all papers were single sex studies examining priapism
[29], female oral contraceptives [30], and premenopausal hypoactive sexual desire disorder
(HSDD) [31]. Only the study on HSDD disaggregated participants by age as well as race/ethnicity,
with no significant findings [31].
Infectious Disease We examined three clinical trials held in the US to evaluate agents to treat
infectious disease – bacterial infection [32], fungal infection [33], and a vaccine for hemorrhagic
fever [34]. All three correctly applied the label of “sex” when referring to biological differences in
pharmacokinetics or efficacy between males and females. One paper [33] specifically stated the
evaluation of sex differences in pharmacokinetics of an antifungal agent as a primary objective of
study, but all three studies evaluated the impact of sex differences on the pharmacokinetics or
efficacy of the investigational drugs. Two papers examined potential effects due to age, but while
age had no effect on the immunogenicity of vaccines [34], age did impact the pharmacokinetics of
the antifungal agent, isavuconazole [33]. In the latter paper, the authors also assessed the
intersection of age and sex finding that elderly females had higher drug exposure compared to
similarly aged males and younger populations. None of the papers evaluated potential differences
arising from either race or ethnic background, nor whether socioeconomic status might impact
pharmacokinetics via indirect effects on access to medical care or continued access to
medications.
Irritable Bowel Disease/Syndrome We evaluated one paper detailing a clinical trial for ibodutant
[35], a selective neurokinin-2 (NK2) receptor antagonist used to treat diarrhea-predominant
Irritable Bowel Syndrome (IBS). Only sex differences were evaluated by the authors, and they found
that while female participants showed a statistically significant response in the treated versus
placebo groups, male participants showed no such benefit. No additional factors such as age,
socioeconomic status, or race/ethnicity were evaluated. Due to the fact that an overwhelming
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proportion (99%) of the participants were Caucasian/white, despite Asians being significantly
impacted by IBS and documented racial and ethnic differences in IBS, the analysis was lacking.
Metabolic Dysfunction Two papers reporting on clinical trial findings were evaluated examining
hypertension [36] and obesity [37]. The hypertension study conducted in the US assessed the
effect of age, sex, and race on the pharmacokinetics of azilsartan medoxomil. While the study
found no differences between White and Black subjects, it did find that elderly subjects attained
higher drug exposure compared to younger subjects, with elderly women having the highest
exposure [36]. However, these data were not statistically significant, and the authors concluded
that such differences were likely to have little clinical relevance [36]. The UK study reporting on a
clinical trial of the 5-HT2C receptor agonist meta-chlorophenylpiperazine (mCPP) on appetite and
mood focused not only on biological factors such as sex differences in salivary levels of cortisol
(which change upon engagement of the 5-HT2C receptor) where there was no difference between
men and women, but also gendered factors where men were observed to eat more/faster/larger
mouthfuls in a social setting, compared to women [37]. No significant clinical differences were
found between men and women upon treatment with mCPP after normalizing for baseline gender
and sex differences [38]. The authors, however, did not examine other factors such as age,
race/ethnicity, or socioeconomic status , all of which can correlate with obesity.
Multiple Sclerosis Treatment One paper detailing the clinical trials of dalfampridine, an agent for
the treatment of multiple sclerosis, was evaluated for this report [39]. The authors of this US study
referred to biological sex as “gender”. Multiple covariates were tested in the PK model including
age, sex, race, and concomitant medications. Of these, only age and sex affected PK with the
clinical implication that elderly and female patients might have higher drug exposure compared to
younger and male patients [39].
Pain Relief Four papers examining clinical trials of novel analgesic compounds were evaluated. Of
these, two described either new formulations of an approved drug (paracetamol; [40]) or novel
combinations of approved drugs (oxycodone/acetaminophen; [41]), and two described novel
compounds – ocleridine, an opioid medication for acute pain [42], and a sigma-1 receptor
antagonist(S1RA; [43]). While only the US study examining a novel tablet formulation combining
oxycodone and acetaminophen explicitly stated the examination of sex differences in PK as a
primary goal of their study [41], all four papers included sex as a covariate in their PK models. All
four papers correctly applied the label of “sex” when referring to biological differences between
males and females. Two studies examining novel formulations/combinations of approved drugs
determined that sex had a significant impact on PK: 1) the study conducted in Finland to assess IV
paracetamol [40], and 2) the US study conducted in the US to assess combination oxycodone and
acetaminophen [41]. With regard to age, three papers (Liukas, Morton, Fossler) examined age as a
covariate in the PK model, with only one finding that age impacted the PK of IV paracetamol. One
study altogether excluded patients over the age of 45 years (Abadias). Body mass index (BMI) was
an additional sex-related factor examine by one study (Morton) however, no significant findings
were reported. Lastly, two papers examined race/ethnic background with no significant findings,
and none of the studies examined the impact of socioeconomic factors, even as the prescription
and use of painkillers have been demonstrated to be related to socioeconomic status with male
and female poorer patients receiving fewer prescriptions [44, 45].
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Post-Operative Nausea and Vomiting Treatment A US study reporting on the phase one clinical
trials of vestipitant in the treatment of post-operative nausea and vomiting (PONV) was evaluated
[46]. While the authors detailed pharmacokinetics of the drug, there was no analysis of sex
differences for PK or efficacy. There was an analysis of sex differences in adverse events reported
by participants with females reporting a higher incidence of events [46]. However, no statistical
analyses were done to assess significance.
Schizophrenia Treatment We evaluated one paper detailing a novel compound, JNJ-37822681, a
dopamine D2-receptor agonist to treat schizophrenia [47]. Here, the authors examined both age
and sex as potential covariates impacting drug pharmacokinetics, but only sex had a significant
impact with drug clearance found to be 11% lower in females versus males. While age was not
found to be a covariate of significance, the authors noted that their study assessed mainly younger
participants (<65 years) and as schizophrenia tends to be diagnosed later in life in women, future
studies should include more elderly participants [47].
Monitoring and Intervention
In this section 34 papers were evaluated covering PK/PD effects in 16 broad conditions or
treatment areas. These papers relate to post-marketing experiences and investigations, exclusive
of a direct focus on adverse events. They include a mix of clinical trials and individual studies, with
one paper on metabolic disorders reflecting a combination of clinical trial and post-marketing
data. Some of these studies reflect conflicting findings, pointing to the need for more research in
many areas. Again, sex and gender are often conflated, there is an emphasis on sex ‘differences’
research paradigms and unbalanced sampling and/or unreported or minimal data with respect to
sex and/or race and/or age in many instances. All of these issues affect replicability,
reproducibility and generalizability, and overall quality of evidence.
Anticoagulant Drugs Two clinical trial studies on novel anticoagulant compounds were evaluated
[48]. One of the two papers referred to biological sex as “gender” but both papers actually
assessed the impact of sex on drug pharmacokinetics. In the UK study, the thrombin inhibitor,
AZD0937, was found at 42% higher levels in the plasma of female patients versus male patients,
thus, sex was found to affect PK [48]. Age was not found to impact drug pharmacokinetics. Other
factors such as race/ethnicity or socioeconomic and lifestyle factors that could contribute to
blood clotting events were not assessed [48]. The study conducted in the Netherlands to
characterize pharmacokinetics of two anticoagulant agents: dabigatran and rivaroxaban [49]. For
both drugs, females demonstrated a higher initial uptake and attainment of therapeutic drug
concentration, however, both males and females achieved similar concentrations hours after
administration. This initial difference in uptake was not found to be statistically significant for
either drug [49].
Asthma Control We evaluated one post-market study conducted in Greece investigating the
pharmacokinetics of inhaled salmeterol in asthma patients [50]. Biological sex was referred to as
gender in this study, and both sex and age were evaluated as covariates in PK analysis. Age had no
impact on the PK of salmeterol, however, sex did impact drug pharmacokinetics with clearance in
males being reported as 27% higher than females resulting in lower drug exposure in males [50].
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Behavioural Issues One post-market pharmacokinetic paper was evaluated for risperidone, a drug
approved in 1993 for behavioural issues, in a pediatric population with polypharmacy
characteristics [51]. Pubertal stage, sex, BMI, timing of last dose, total duration of risperidone
therapy, and concomitant use of CYP2D6 inhibitors were all tested as covariates in the
pharmacokinetic model. The authors found that that only sex had a significant impact on PK with
higher reported drug concentrations in males compared to females. However, it should be noted
that 92% of the participants in this study were male, and while there is a larger proportion of
adolescent males presenting with psychosis than females [52], there is an opportunity to revisit
these findings with a participant pool with greater representation of females.
Blood Disorders We evaluated three post-market pharmacokinetic studies on drugs treating blood
disorders ranging from febrile neutropenia [53], anemia [54], and iron-overload in β-thalassemia
[55]. Three studies assessed the impact of sex on drug pharmacokinetics with two studies finding
that sex significantly impacts PK and one reporting that sex differences were not statistically
significant. The first of these three papers, a Canadian study evaluating the PK of gentamicin in a
pediatric population greater than 1 year of age, reported that sex impacted both volume of
distribution and drug clearance with higher levels in female versus male children, and particularly
clearance in children older than 5.75 years [53]. The second paper, a US study examining the PK of
darbepoetin for the treatment of anemia in a pediatric population also found that sex impacted
drug clearance, with male infants having a higher rate compared to female infants [54]. The last of
the three papers was a study conducted in the Netherlands that sought to generate a PK model of
deferiprone for the treatment of iron-overload in in β-thalassemia patients [55]. Biological sex
was referred to as gender. Both age and sex were tested as univariate in the PK model. While age
had no effect on PK, sex did have an effect, but it was not statistically significant, thus deemed by
the authors to be not clinically relevant [55].
Cancer Treatment We evaluated two papers reporting on post-market PK studies of cancer
therapeutics both of which were conducted in the Netherlands [56, 57]. The two studies were from
the same group and used gender to refer to biological sex in their studies examining
pharmacokinetic properties of paclitaxel, a broad-spectrum anticancer therapeutic, with an aim to
explore potential effects of pharmacogenetic determinants on PK. Intriguingly, while one study
with all Caucasian participants found a sex-difference in PK of paclitaxel where males presented
with higher drug clearance and elimination [56], the other study, with undisclosed race/ethnic
data, found no differences in PK attributable to sex [57]. Neither paper analyzed nor discussed
potential differences arising due to age of participants, and no acknowledgement was made with
regards to the racial/ethnic composition of the studies.
Depression Treatment We evaluated three papers examining post-market pharmacokinetics of
drugs used to treat depression. While a German study that examined combinations of multiple
antidepressant drugs referred to gender when referring to biological sex [58], other studies
conducted in North America applied the labels correctly. These included a US study evaluating the
effect(s) of sex, age, race, and renal and hepatic function on the pharmacokinetics of vortioxetine
[59] and a Canadian study evaluating the effects of age, race, and sex on the PK of sertraline for
the treatment of psychotic depression [60]. All three papers found that sex impacted drug
pharmacokinetics but analysis with additional actors yielded variable results. For the US study
examining vortioxetine, women were found to have higher drug exposure versus men, but neither
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age nor race affected PK. The authors do indicate that the lack of findings attributable to race may
due to the lack of representation as there was an “underrepresentation of Asians” in the study [59].
The group characterizing sertraline in the presence of another drug, olanzapine, similarly found
that only sex was a covariate of impact on PK resulting in 50% higher rate of drug clearance in men
versus women. No significant findings due to age or sex were reported [60]. Lastly, in the Germany
study examining multiple combinations of antidepressant drugs, higher drug concentrations were
reported in female patients and patients older than 60 years of age. Race/ethnicity and
socioeconomic factors that could play a role in adherence of multi-drug regimes, seeking medical
attention, and obtaining prescriptions, were not examined [58].
Epilepsy Treatment We evaluated two papers examining post-marketing pharmacokinetic studies
of the antiepileptic drugs lamotrigine [61] and brivaracetam [62] conducted in Sweden and
Germany, respectively. Both papers correctly referred to sex when discussing biological
differences between males and females. Both papers examined the intersection of sex with age in
their participants. There was a sex difference in lamotrigine PK in those aged 51-55 years –
confirming that menopause and thus, estrogen may have a role in lamortrigine PK, no differences
were noted between sexes in older or younger age groups [61]. For brivaracetam, neither sex nor
age impacted PK [62].
Female Reproductive System Conditions We evaluated one paper examining post-market
pharmacokinetics of magnesium sulfate in the treatment of seizures due to preeclampsia in
pregnant women [63]. This US study did not assess whether race/ethnicity or socioeconomic
status might play a role in prenatal care for preeclampsia nor did it assess age and potential
effects on PK particularly as age is well correlated to the development of preeclampsia [64].
Immunosuppression after Transplant We evaluated four papers detailing post-marking
pharmacokinetic studies conducted in the field of drugs used to effect immunosuppression after
xenograft transplants including studies on posaconazole [65], mycophenolic acid [66, 67], and
ciclosporin. Out of the four papers, only the US study on posaconazole referred to biological sex as
“gender” [65], but all included sex as a covariate in their respective PK models. Three of the four
papers found sex to impact PK, and both US studies examining mycophenolic acid also examined
the intersection of sex and race [66], or sex and age [67]. In the first US study, Caucasian women
were reported to have the highest exposure of the active form of the drug, whereas AfricanAmerican women had the highest exposure to the inactive metabolite form of the drug, which also
correlated with the highest incidence of adverse events [66]. Age was not assessed for potential
impact [66]. In the second US study, participants were all under the age of 63 years, and separated
into pediatric and adult populations [67]. Drug activity was described as being abrogated due to
binding of drug by serum albumin. Due to higher serum albumin levels in pediatric males, male
subjects in the pediatric population had lower drug exposure [67]. There was no sex difference in
serum albumin levels in the adult population, however, there was more protein binding in males
resulting in lower drug exposure in the adult male population [67]. A French study sought to
investigate population pharmacokinetics of ciclosporin and incorporate a range of covariates
including “demographic, clinical, and genetic factors”, however, the only variate of impact on PK
was that of sex [68]. Age was not found to significantly impact PK, and the authors stated that no
information on race/ethnicity or socioeconomic status was available, and thus, no such analysis
was attempted [68].
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Infectious Disease We evaluated three papers detailing post-marketing pharmacokinetic studies
conducted in the US on one antibiotic and two different antiviral drugs, all of which were approved
in the 1990s. Of these three papers, one demonstrated that due to differences in volume of
distribution, pregnant women had altered PK of the antiviral ritonavir – higher clearance and lower
drug concentrations – compared to their non-pregnant counterparts [69], but the resulting
concentrations were still within the efficacious range. A second paper demonstrated that there
were sex differences in clearance of the antibiotic tazobactam in a pediatric population – with boys
having higher clearance [70]. Lastly, the third paper found that while there was a sex difference in
drug clearance and volume of distribution, this difference was abrogated upon adjusting for the
different body compositions between males and females [71]. None of the three papers sought to
examine age, race/ethnicity, or socioeconomic effects either individually or in intersection with
sex or pregnancy effects.
Insomnia Treatment One paper detailing post-marketing PK studies of the insomnia drug,
zolpidem, was assessed [72]. Here, biological sex was referred to as “gender”, and the effects of
age, sex, and dosage on PK was evaluated with sex differences being more prominent in the elderly
group with women achieving higher concentrations and lower drug clearance compared to elderly
men. There was no such difference in PK in the non-elderly group. With regards to age, there was a
significant difference in PK (as measured via drug concentrations and clearance) between elderly
women and non-elderly women, however, there was no significant difference between elderly men
and non-elderly men. There was no analysis of potential differences in PK arising from
race/ethnicity differences.
Irritable Bowel Disease/Syndrome One post-marketing pharmacokinetic study seeking to develop a
pharmacokinetic model of infliximab (IFX) to treat Irritable Bowel Disease patients (IBD) was
evaluated [73]. Due to the small cohort size (n = 42, 22 female; 20 male), only sex was assessed as
a covariate of potential impact on drug PK. The authors found that sex had a significant influence
reporting that drug clearance in males was 35% higher than in females [73].
Metabolic Dysfunction We evaluated one paper for a Submission Review that conducted a postmarket study in the US (conducted in 2010-2013) combined with a reexamination of clinical trial
data (Phase II; conducted in 2001-2002) of rosuvastatin, a drug approved in 2003, for the treatment
of hypercholesteremia [74]. This study investigated the pharmacokinetics of rosuvastatin in
pediatric patients with heterozygous familiar hypercholeserolemia (HeFH). The authors used
‘gender’ to refer to biological differences between male and female subjects and assessed sex and
age as covariates in their PK model. While sex affected PK resulting in 1.4-fold higher drug
clearance in males versus females, age was not found to affect PK [74]. Two other papers
detailing post-marketing pharmacokinetic studies of drugs used to treat diabetes were also
evaluated. One paper of a study conducted in Germany sought to examine the effect of
combination therapy of ketoconazole and tenegliptin on tenegliptin pharmacokinetics [75]. Drug
exposure was measured in both patients given tenegliptin as a monotherapy and those given the
combination of ketaconazole and tenegliptin. While there were no sex differences in the group
given tenegliptin as a monotherapy, drug exposure was significantly higher in females versus
males in the group given the combination of tenegliptin and ketaconazole [75]. The second paper
described a study conducted in the US to examine pharmacokinetic changes, if any, affected by
antidiabetic drugs on anticonvulsant medication to probe the potential effects in diabetic patients
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who have epilepsy [76]. Again, no sex differences were found when drugs were given as a
monotherapy, but upon co-administration, drug exposure was found to differ between men and
women, with women showing pronounced decreases in drug exposure and increased drug
clearance [76]. Both papers used sex appropriately when describing biological factors, however,
the US study switched to refer to biological differences between sexes as “gender differences” in
the discussion of the paper [76]. Only the US assessed potential effects due to age (with no
significant findings), and neither paper examined potential race/ethnicity differences [75, 76].
Pain Relief We evaluated one paper that examined the pharmacokinetics of a drug that had been
previously approved in 1996, remifentanil [77]. The authors correctly applied the label of sex when
discussing biological differences between males and females. They examined the effects of sex,
age, and BMI (along with separate analyses of weight and height) on the PK of remifentanil, and
found that covariates of age, fat-free mass, weight, and sex all affected pharmacokinetic and
pharmacodynamic parameters. Unfortunately, the data used to generate the PD model, being
based on a subset (n=15) of a cohort study, was done only in adults with unknown ethnic/racial
background, and thus, cannot be applied to children.
Parkinson’s Disease Treatment We evaluated one paper detailing the clinical trials of rotigotine, an
agent that has since been approved for the treatment of Parkinson’s Disease [78]. This German
study recruited both patients of Japanese and Caucasian descent and examined both ethnic and
sex differences for the potential to impact drug pharmacokinetics. For both ethnic groups, female
patients were reported to have higher unconjugated, and thus, active levels of drug. There were
apparent higher doses in Japanese patients compared to Caucasian patients, however, adjusting
for body weight and drug dose, these differences were resolved. Thus, sex was the only variate
tested with impact on PK [78]. Age was not assessed as a potential variate of impact.
Schizophrenia Treatment Three papers detailing post-market pharmacokinetic studies examining
drugs (clozapine [79, 80], amisulpride [81]) for the treatment of schizophrenia were assessed. All
correctly applied the label of sex when discussion biological factors, and all included sex in their
pharmacokinetic analyses. Only the US study characterizing the pharmacokinetics of clozapine
found a sex difference with drug clearance being reported as being lower in females versus males
[79]. Furthermore, this study also found that clearance decreased with age, starting at age 39
years [79]. The two remaining studies were conducted in the UK by the same research group with
one investigating the PK of clozapine [80], and the other, amisulpride [81]. The former study
examined effects on PK due to dose of clozapine, smoking habits, sex, and age. Only age was found
to affect drug PK with older patients showing plasma concentrations well within the upper range of
efficacy despite being given lower doses than younger patients [80]. The latter examined and did
not find sex differences in the pharmacokinetics of amisulpride [81]. Age was not analyzed, nor
were additional factors such as smoking status and ethnicity, though, this omission was stated by
the authors as due to the lack of data in the participation forms [81].
Summary
This set of academic evidence indicates the mixed and incomplete evidence regarding PK/PD
impacts on prescription drugs by sex, gender and other factors such as race, age and SES. The
categories of drugs and conditions reported upon are wide ranging but belie an organized focus on
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evidence building with respect to sex and gender science in each of the areas. Continuing
undisciplined use of sex and gender terms and concepts undermine the accessibility and
understandability of the evidence and limits the design of studies in fully exploring sex and gender
and PK/PD. Because PK and PD are multifactorial processes, and sex and gender concepts are
multifaceted and contain a range of factors, many rich opportunities for analyses were missed,
with most papers limiting their reporting on sex ‘differences’ based on demographic categories.
Often interactions between sex and other characteristics such as age and race went unreported,
and potential sex-gender interactions in the studies were almost completely ignored. The state of
sex and gender science in prescription drug research focused on PK and PD also does not fully
explore age and race/ethnicity related issues and impacts, which are both potentially critically
important to the management of prescribed drugs. In short, this body of evidence illustrates vast
missed opportunities and considerable room for improvement in prescribed drug research
examining PK/PD and sex, gender and other factors such as age and race, with potential
concomitant improvements in evidence, clinical management, consumer information and lifecycle
management.
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Adverse Events Evidence
Adverse events are reported to Health Canada by clinicians, hospitals, and consumers. In general,
individuals and institutions made voluntary efforts to report until September 2019, when
mandatory adverse event reporting for hospitals came into effect in Canada. Currently, adverse
event reporting remains voluntary for community-based clinicians and consumers. Therefore, data
on adverse events are extremely partial and likely extremely limited. It is not possible to know the
true extent of adverse events. In addition, the validity of adverse event reports is often not
confirmed, and subjective elements in reports become part of the record. Adverse event reporting
and being reported about are likely also influenced by myriad social and cultural conditions and
factors.
Adverse event reporting and sex
In this section we describe international data on adverse event reports, bearing in mind that
patterns of reporting may vary due to the gender of patient or clinician, decision making patterns
in healthcare settings, reporting system capacities, and factors such as social class, race, or age.
Interpretation of adverse event data is therefore to be approached with caution.
European data indicate that adverse events are reported more often in women compared to men,
while more serious adverse events are reported for men. Using Swedish data collected between
January 1, 2008 and December 31, 2011, Holm et al. found that regardless of seriousness, adverse
drug reports (ADRs) are reported more in women compared to men [82]. However, there were
more serious individual case safety reports (ICSRs) reported for men. Similar results were found in
a Portuguese study with data extracted from the central Portugal Regional Pharmacovigilance Unit
from January 2001 to December 2009 [83]. While females experience a higher proportion of
adverse events overall, males were at a significantly increased risk of serious ADRs [83]. Evidence
from UK shows that of 26,129 adverse event reports, while sex was missing from 3.6% of all
reports, significantly more females are represented in ADR reports than males [84]. Castellana et
al. (2018) examined sex differences in ADRs reported to the Italian National Network of
Pharmacovigilance (INNP) between 2001 and 2016 for the most ATCs (Anatomic, Therapeutic,
Chemical Classification) reported [85]. Of the 301,233 ADR reports, 55.6% are in females, 43.1%
males, and 1.3% did not indicate their sex.
Castellana et al. (2018) reported Italian data on age and type of drug related to ADRs. They reported
that among children, males younger than 2 and older than 11 are found to have more ADRs whereas
females have a higher risk of ADRs over the age of 2 and under the age of 11 years. However, the
majority of ADRs are found in the 18-64 years age group and are mostly non-serious with a positive
outcome. Although females have more serious ADRs, death is more common in males than
females. Males report more ADRs than females for protease inhibitors (ritonavir and telaprevir) and
reverse transcriptase nucleoside inhibitors (zidovudine and lamivudine). For the 9 other commonly
reported drug classes, females report more ADRs than males (thyroid hormones (levothyroxine),
aminoquinoline antimalarials (hydroxychloroquine), COX-inhibitor anti-inflammatory and antirheumatic drugs (celecoxib and etoricoxib), selective serotonin reuptake inhibitor antidepressants
(citalopram, paroxetine and escitalopram), benzodiazepine derivative anxiolytics (lorazepam and
alprazolam), acetic acid derivative anti-inflammatory and anti-rheumatic drugs and related
substances (diclofenac), broad-spectrum penicillin (amoxicillin), penicillin associations including
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beta-lactamase inhibitors (amoxicillin and clavulanate) and propionic acid derivative antiinflammatory and anti-rheumatic drugs (ibuprofen and ketoprofen) [85].
Older age and sex together influence patterns of reporting of adverse events. Findings from a
German study [86] indicate that there are more absolute reports of ADRs involving older females,
increasing with age, but when considering 100,000 inhabitants or assumed drug-exposed
inhabitants, more reports refer to older males. When considering the number of inhabitants, males
have more ADR reports across seriousness (serious, death, hospitalization, and life-threatening)
and age (66-75, 76-84, and 85+). When considering the average number of ADR reports per 100,000
assumed drug-exposed inhabitants, the greatest deviation between males and females is
observed in the youngest age group (30-39 years; 15.8 ADRs), with a fewer ADRs in males (12.4
ADRs) than females (17.8 ADRs), due to lower drug exposure rates in young males. In 70–79-yearold, there are more ADR reports for males (28.1 ADRs) than females (26.2 ADRs) [86].
Importantly, many commonly used drug treatments have sex differences in adverse event
patterns. In a US study using FDA Adverse Event Reporting System (FAERS) data from 2004
through 2011, Yu et al. (2016) found that of 668 drugs used in the most frequent 20 treatment
regimens in the United States, 307 drugs have sex differences in ADEs [87]. See Table 1 for the
distribution of sex differences of unique drug event combinations for 20 treatments.
Total # Drugs

# Drugs with Sex
Differences

Antihypertensives

86

50

Lipid-regulating agents

27

15

Antidepressants

58

32

Antiulcer agents

10

8

Narcotic analgesics

48

26

Antidiabetics

36

19

Thyroid agents

5

3

Antiepileptics

45

23

Contraceptives

22

8

Respiratory system agents

55

17

Anticoagulants

30

10

ADHD agents

33

12

Insomnia agents

32

18

Benign prostate hyperplasia agents

15

6

Antipsychotics

56

20

Osteoporosis agents

29

13

Overactive bladder agents

13

4
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Antiparkinsonian agents

35

15

Antimigraine agents

21

5

Alzheimer agents

12

3

668

307

Total

Table 1. Sex differences in unique drug-event combinations for 20 treatments

In addition, Yu et al. (2016) also explored sex differences for several drug-event combinations [87].
Considering only drug-event combinations with at least 50 occurrences altogether in females and
males, findings showed that among 736 positive signals of sex differences, 332 drug event
combinations were more prevalent among female patients while 404 were more prevalent among
male patients.
Their results include:
Antihypertensives (47 male-related drug-event combinations vs. 42 female-related combinations),
lipid-regulating agents (14 male-related drug-event combinations vs. 9 female-related
combinations), antidepressants (21 male-related drug-event combinations vs. 7 female-related
combinations), antiulcer agents (15 male-related drug-event combinations vs. 13 female-related
combinations), narcotic analgesics (26 male-related drug-event combinations vs. 18 femalerelated combinations), antidiabetics (28 female-related drug-event combinations vs. 23 malerelated combinations), thyroid agents (8 male-related drug-event combinations vs. 4 femalerelated combinations), antiepileptics (24 male-related drug-event combinations vs. 13 femalerelated combinations), contraceptives (2 female-related drug-event combinations vs. 0 malerelated combinations), respiratory system agents (20 female-related drug-event combinations vs.
13 male-related combinations), anticoagulants (154 male-related drug-event combinations vs. 130
female-related combinations), ADHD agents (2 male-related drug-event combinations vs. 0
female-related combinations), insomnia agents (2 female-related drug-event combinations vs. 0
male-related combinations), benign prostate hyperplasia agents (1 male-related drug-event
combinations vs. 0 female-related combinations), antipsychotics (5 male-related drug-event
combinations vs. 4 female-related combinations), osteoporosis agents (36 male-related drugevent combinations vs. 9 female-related combinations), overactive bladder agents (0 for both
female and male-related drug events), antiparkinsonian agents (4 male-related drug-event
combinations vs. 0 female-related combinations), antimigraine agents (25 female-related drugevent combinations vs. 9 female-related combinations), Alzheimer agents (6 female-related drugevent combinations vs. 2 male-related combinations). Among all drugs, heparin and ibuprofen are
the top 2 drugs associated with drug-event combos that have sex differences. Of 621 AEs
associated with heparin, 273 have sex differences [87].
In a similar study at the National Pharmacovigilance Centre in the Netherlands explored for sex
differences in ADRs [88]. The final sample in the analysis consists of 2,483 distinct drug-ADR
combinations, with 67% affecting women. Sex differences were found in 363 combinations (15%)
and included 74 different drugs and 124 different ADRs). Women had a higher likelihood than men
in most drug-ADR combinations (322 vs. 41) which accounts for 89% of the cases. In some cases,
multiple sex differences are found in the ADR reports. The drugs that are more often associated
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with ADRs in women are thyroid hormones (32 combinations) and antidepressants (16
combinations for the centrally acting sympathomimetics and 14 combinations for other
antidepressants). In terms of ADRs, women have a higher likelihood of the following: nausea (32
combinations); alopecia (28 combinations); headache (20 combinations); dizziness (18
combinations); and palpitations (18 combinations). The ADRs that men are more likely to
experience are: aggression; death; pyrexia; sexual dysfunction; tendon rupture; and tinnitus (all in
2 combinations) [88].
The following section describes sex and gender related evidence on adverse events associated
with a range of classes of drugs, and or adverse event conditions. In these articles authors
examined the relationship between a specific adverse drug reaction and a type of drug, or in some
cases an adverse side effect or condition, often accessing databases such as those mentioned
above.
Antithrombotic drugs
Studies have found both sex and age differences in AEs from antithrombotic drugs [89] [90].
However, reporting quality should be considered when interpreting these results [91]. In a Swedish
study, adverse bleeding events of warfarin, low-dose aspirin, and clopidogrel reported to the
Swedish Spontaneous Adverse Drug Event Reporting System (SWEDIS) were examined as well as
prescriptions in the National Prescribed Drug Register in two different study periods: 1999-2010
and 2005-2010. Women reported more bleeding events when considering the number of
individuals with at least one dispensed prescription (exposure). This difference disappeared when
considering the total number of dispensed prescriptions. In contrast, for low-dose aspirin, men
had a higher risk of bleeding, which the authors suggest is because men are prescribed higher
doses. There was no difference in bleeding risk between men and women for warfarin, which the
authors suggest is because of individualized dosing and monitoring of this drug. Men were
prescribed dual therapy more often than women, which the authors contend is because men have
cardiovascular events at a younger age than women. There were differences in bleeding by sex and
age such that for both clopidogrel and low-dose aspirin, bleeding events in 0–49-year-old were
more common in women than men (67% vs. 33%), but for warfarin they were equally distributed (50
vs 50%). In reports from 50–74-year-old, bleeding reports were more common in men than women
(70% vs. 30%) for all 3 substances. However, bleeding events for all 3 substances were equally
distributed between women and men who were 75 and older (50% vs. 50%) [89].
A nested case-control study was conducted using the German Pharmacoepidemiologic Research
Database between July 2004 and November 2006. It was found that the risk of subarachnoid
hemorrhage (SAH) from antithrombotic drugs (warfarin analog phenprocoumon, heparin,
clopidogrel/ticlopidine, and acetylsalicylic acid) was higher in female patients compared to males,
and this risk increased with age. Of the patients that died within 30 days of hospitalization, 70% of
these were women, and the average age was 60.5 years. The authors acknowledge that this study
does not investigate newer generation anticoagulants that have lower incidence of adverse
effects [90].
A US study found that the reporting quality of AEs from oral antiplatelet agents (OAAs; aspirin,
clopidogrel, prasugrel, ticagrelor, and vorapaxar) reports to the Food and Drug Administration
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(FDA) Adverse Event Reporting System (FAERS) during 2015 was poor, with missing demographic
data and underreporting of co-use of aspirin with prasugrel or ticagrelor. Aspirin had less missing
gender data than most other OAAs, except for prasugrel, however age and gender data were
predominantly missing when aspirin was the primary suspected drug of the ADR. US reports had
less missing gender data that international reports, but more missing age data than international
reports [91].
Acne Drugs
Two US studies investigated AEs associated with isotretinoin to treat severe acne. A US study
investigated reports of alopecia associated with isotretinoin between 1997 and 2017 made to the
FDA Adverse Event Reporting System (FAERS). Of the 932 reports of alopecia, 98.4% of reports
included gender information, and of these, 68.7% were in women. This finding may be influenced
by differences in how hair loss is perceived by men and women [92]. Because isotretinoin carries a
risk of teratogenesis, another US study examined rates of pregnancy and pregnancy-related
adverse events while taking isotretinoin between 1997 and 2017 reported to the FAERS. Fetal
defects peaked in the year 2000 (n = 34), decreased to between 0 and 4 annually after 2008, and
represented a small percentage of pregnancy-related adverse events (39/6740). Of the pregnancyrelated adverse event reports, 28.1% were abortions, but only 10.9% of pregnancy-related adverse
event reports were spontaneous abortions. Fetal exposure to isotretinoin has decreased since
2006 when the iPLEDGE program was introduced to reduce exposure, however pregnancies,
abortions, and fetal defects continue to occur [93].
Anaphylaxis as an ADR
A French study found that of the 2022 reports to the French National Pharmacovigilance Database
between 2000 and 2011 of anaphylaxis for neuromuscular blocking agents (NMBAs) used for
anesthesia, 36.4% of the non-fatal outcomes were in males, and 62.2% of the fatal anaphylaxis
outcomes occurred in males, indicating that male sex was a significant risk factor for fatal
outcome [94]. Even so, evidence from the Portuguese Pharmacovigilance System showed that
amongst the 918 cases of anaphylaxis that met the inclusion criteria, overall, there were more
cases among females than males. Among adults, 70% of the ADR involved women but there was a
male predominance among the pediatric population (56%). Antibiotics (17%), nonsteroidal antiinflammatory drugs/acetaminophen (13%), antineoplastic/cytotoxic drugs, immune-modulators,
vaccines, and radiographic contrast media were associated with the reported cases [95].
Another French study used three databases, the Groupe d'Etudes des
Réactions Anaphylactoïdes Peranesthésiques (GERAP), the French Pharmacovigilance System,
and the French national survey of anesthesia, to report and estimate incidence of anaphylaxis
during anesthesia between 1997 and 2004 [96]. When disaggregated by sex, females had a higher
median annual incidence per million procedures (154.9) than males (55.4). The incidence of
reactions to neuromuscular blocking agents (NMBAs) during anesthesia is even higher, at 250.9 per
million procedures for females and 105.5 per million procedures for males, and incidence of
reactions to latex during anesthesia is 91.0 per million procedures in females and 32.6 per million
procedures in males. Contrary to what was found in the overall sample, in a subgroup analysis of
cases in 266 children under the age of 18 that occurred between 1997 and 2004, there were similar
incidences of reactions in males and females (IgE-mediated reactions: male, n = 61 cases [50%],
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female, n = 61 cases [50%]; non–IgE-mediated reactions: male, n = 78 cases [55.2%], female, n = 66
cases [45.8%]). The authors suggest that sex hormones may be responsible for the increased
incidence of anaphylaxis seen in adult women [96].
Alopecia drugs
In another US study of the FAERS database, reports of AEs due to finasteride and minoxidil used to
treat alopecia from between 2004 and 2014 were investigated. There were some similarities and
some differences in the AEs reported by males and females for each drug. Finasteride, which is
only approved for use in males, was reported in male cases in 97.2% of AE reports whereas 48.2%
of minoxidil related reports were male cases. Among males and females, finasteride was more
frequently associated with adverse events in the reproductive system compared to minoxidil. For
males, erectile dysfunction was reported in 50.39% of cases of finasteride, whereas for minoxidil,
it was reported in 4.35% of cases. Females reported fetal toxicity and negative effects on the
uterus. Males exposed to finasteride also reported psychiatric reactions, such as anxiety,
depression, and cognitive disorder. Very few AEs were more common in males exposed to
minoxidil than finasteride, including dermatitis contact and chorioretinopathy. Females were
more likely to experience swelling of the face in response to minoxidil compared to finasteride
[97].
Anticancer drugs
A French study investigated serious cutaneous ADRs reported with oral protein kinase inhibitors
(PKIs), a class of oral cancer therapies to the French Pharmacovigilance Database between 2008
and 2010. Of the 606 serious ADRs, most were related to skin and subcutaneous tissue disorders (n
= 115; 19%), and of these 63% were in male cancer patients compared to 37% in females. Except for
pruritus, eczema, and alopecia, serious cutaneous ADRs were reported in males more frequently
than females (maculo-papular rash, hand-foot syndrome, papulopustular rash, skin ulceration,
vasculitis/purpura, angioedema, DRESS syndrome, exfoliation, rectal abscess, paronychia,
subungual hemorrhages, and icterus) or were equally frequent in males and females (bullous
dermatitis, cheilitis, dry skin (xerosis), panniculitis, and urticaria) [98].
Antihypertensive drugs
A Swedish study investigated AEs for antihypertensive drugs reported to SWEDIS between July 1,
2005, and December 31, 2012. Sex and age differences in adverse drug events (ADEs) were
reported for the 10 most prescribed antihypertensive drugs, ACE-Is, ACE-I/thiazide combinations,
ARBs, ARB/thiazide combinations, thiazides, diuretics and potassium-sparing agents,
sulfonamides, aldosterone antagonists, dihydropyridines calcium channel blockers, and beta
blockers. In women, a higher prevalence of ADE reports was seen in 6 of the 10 groups of
antihypertensive drugs: ACE-Is, ACE-I with thiazide combinations, ARB with thiazide
combinations, thiazides, diuretics, and potassium-sparing agents compared to men. For
aldosterone antagonists, there was higher prevalence of ADE-reports in men compared to women.
For ARBs, sulfonamides and selective beta blockers, there was no statistically significant
differences between men and women in the prevalence of ADE-reports. Majority of the ADEs came
from the 50-74 age group. Among those 75 years or older, there was an observed preponderance of
ADEs seen in women, but after adjusting for prescription data, the prevalence was in line with the
main findings. Overall, concomitant antihypertensive prescriptions were more common among
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men and doses were higher in men overall. For aldosterone antagonists, the sex difference in dose
exposure was small, with men having a higher prevalence of ADEs in age groups 50–74 and ≥ 75
years [99].
Antimalarial drugs
In a US study of the FAERS, a distinct syndrome class of neuropsychiatric adverse reactions to
mefloquine, an antimalarial, was discovered that was found to be more common among AE reports
from males than from females. This syndrome class was characterized by a high probability of
symptoms of deliria and a moderate probability of psychiatric and neurologic symptoms such as
dementia, amnesia, and seizures. The syndrome class was also associated with prodromal
symptoms, such as anxiety, depression, sleep disturbance, and abnormal dreams, and neurological
symptoms such as dizziness, vertigo, and paresthesia [100].
Cardiovascular AEs from Erectile Dysfunction Medications
Using the US FDA’s Center for Drug Evaluation and Research, ten years of industry and nonindustry reports of adverse cardiovascular events or mortality associated with three
phosphodiesterase type-5 inhibitors (PDE5-i) (sildenafil, tadalafil, and vardenafil), used to treat
erectile dysfunction, was investigated. Evidence of the following were considered cardiovascular
events: myocardial infarction, circulatory collapse, ventricular extrasystoles, tachycardia,
bradycardia, atrial fibrillation, cardiac failure, hypertension, hypotension, and coronary artery
thrombosis. Because angina is a subjective chest pain complaint, it was only included when
associated with tachycardia, bradycardia, or other objective measures of cardiac dysfunction.
Overall, 26,451 reports were reviewed, of which 14,818 adverse events (AEs) were reported for
sildenafil, 6,085 AEs were reported for vardenafil, and 5,548 AEs were reported for tadalafil.
Cardiovascular AEs were reported in 12% of reports and death in 8.2%. Sildenafil was associated
with the most cardiovascular AEs (76% versus 14% for tadalafil and 10% for vardenafil) as well as
the most reported deaths (83.6% followed by tadalafil at 11%) [101].
Constipation or Colonoscopy Preparation
In a US study, the AERS was investigated between 2004 and 2009 to determine the role of body
weight and gender (sex) as risk factors for renal complications of sodium phosphate tablet use, a
treatment for constipation and to prepare the bowel prior to colonoscopy. The search terms used
to find renal ADRs were renal impairment, increased blood urea nitrogen, increased creatinine,
renal failure, acute renal failure, chronic renal failure, acute phosphate nephropathy,
nephrocalcinosis, renal tubular necrosis, haemodialysis, nephropathy toxic, dialysis, peritoneal
dialysis, renal injury, renal tubular disorder, decreased glomerular filtration rate and decreased
creatinine clearance. In this time period, 71% of the 178 sodium phosphate-containing colonoscopy
tablet preparation reports were from women. There were 131 reports linked to polyethylene glycol
(PEG)-based colonoscopy preparations, but the sex distribution was not reported. Overall, women
with renal ADRs from tablet preparations had a smaller mean weight (68.57kg) compared to the
national average (74kg) of women the same age. There was a significant difference between the
mean weight of women 60-74 years old (65.91kg) compared to the national average (74.9kg), but
women of other ages did not significantly differ from the population. In men, those 40-49 years
had a significantly larger mean weight (105.28kg) than the general population of men the same age
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(89.1kg). For PEG-based preparations, the mean weight of women (71kg) with renal ADRs was not
statistically significant from the population. The authors suggest avoiding sodium phosphate
tablets for smaller women [102].
Diabetes (Type 2) drug
A study conducted in the Netherlands using data from the Netherlands National
Pharmacovigilance Center Lareb, found that females reported ADRs significantly more often than
males at 2 weeks (34% females vs. 25% males) and 6 weeks (37% vs. 28%) post metformin
initiation, a drug used to treat type 2 diabetes. The most frequently reported ADRs were diarrhea
(47% vs. 53%), nausea (66.8% vs. 33.2%), abdominal discomfort (46.4% vs. 53.6%), flatulence
(42.1% vs. 57.9%), headache (50.4% vs. 49.6%), and fatigue (43.4% vs. 56.6%). Over time, the
average dose increased more for males than for females and at the 9-month assessment the dose
was significantly higher in males than females [103].
Gastrointestinal Bleeding as AE of NSAIDs
A US study investigated the FAERS reports made in 2016 of gastrointestinal (GI) bleeding in in older
adults (65-100 years old) after taking nonsteroidal anti-inflammatory drugs (NSAIDs) to the FAERS
in 2016. Out of the 1347 cases, 51% affected males and 49% affected females, however, neither age
nor sex were found to be significant predictors of GI bleeding [104]. While certain NSAIDs are
reported to have more AEs associated AEs, these data were not sex-disaggregated.
Gingival Bleeding as ADR
A French study investigated which drugs are most frequently “suspected” when gingival bleeding is
reported as an adverse drug reaction (ADR) to the French PharmacoVigilance Database (FPVD)
between 1985 and 2014 by patients and healthcare professionals. It was found that most gingival
bleeding events occurred in females. The most frequently “suspected” drugs associated with
gingival bleeding were antithrombotic (67.8%), especially fluindione, followed by furosemide,
paracetamol, amiodarone, amoxicillin, paroxetine, ketoprofen, zolpidem, enalapril and ramipril.
Genitourinary system and sex hormones were involved in 11 cases (2.4%) [105].
Memory disorders as ADRs
Findings from a French study on the associated drugs with memory disorders showed that
memory disorders as an ADR were reported mostly in women (57%) [106]. In addition, between
January 1, 2000, and December 31, 2009, women reported more ADRs (54%). Of the 30 drugs that
had memory loss reports, zolpidem, topiramate, zopiclone, alprazolam, and bromazepam were the
most commonly associated with memory disorders [106].
Opioid-induced hypoglycemia
Chretien et al. (2019) explored whether drug-induced hypoglycemia is associated with opioids as a
class of drugs (including codeine, fentanyl, hydromorphone, methadone, morphine, oxycodone,
tramadol, buprenorphine and nalbuphine) [107]. Between January 1, 1985, and February 28, 2018,
2794 cases of hypoglycemia are reported in the French PharmacoVigilance DataBase (FPVDB). Of
those, 133 are related to the 9 opioids included in this study. The opioids associated with
hypoglycemia are Tramadol (n = 93, sex ratio = 0.69), Codeine (n = 13, sex ratio = 0.625), Morphine (n
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= 11, sex ratio = 1.2), Methadone (n = 6, sex ratio = 5), Oxycodone (n = 4, sex ratio = 0.33), Fentanyl (n =
3, sex ratio = 2) and Buprenorphine (n = 3, sex ratio = 2). Opioid-induced hypoglycemia appears to
affect more women than men in the case of Tramadol, Codeine and Oxycodone while it affects
more men than women in the case of Morphine, Methadone, Fentanyl and Buprenorphine [107].
Proton pump inhibitor-associated hypomagnesemia
In a US study on the association between use of different proton pump inhibitors (PPIs)
(esomeprazole, lansoprazole, omeprazole, pantoprazole, rabeprazole, dexlansoprazole) and
hypomagnesemia, Luk et al. found that of a total of 66102 subjects reporting 1 or more ADR while
taking a PPI, 57.3% were females while 38.2% were males [108]. Sex was not available for 4.5% of
records. Although for all 6 PPIs there was a higher frequency of ADRs reported in females,
esomeprazole followed by omeprazole had the largest number of ADRs reported with
esomeprazole followed by omeprazole. Sex distribution of hypomagnesemia was equal across
different PPIs except with esomeprazole and rabeprazole there was a predominance of females
(68.8% and 81.5% respectively) [108]. Risk of female subjects experiencing hypomagnesemia (OR
0.8, CI 0.7-0.97) was lower than for males [108].
Psychotropic drugs
Several studies reported ADRs for psychotropic drugs [109-112]. One study reported ADRs from
selective reuptake inhibitors [109] and three studies reported outcomes from specific ADRs
related to psychotropic drugs: one on clozapine-induced myocarditis [110], one on AGM)-related
hepatotoxic ADRs [111] and one on antiepileptics [112].
Using data from the Netherlands Pharmacovigilance Centre Lareb to explore whether there are sex
differences in reports of adverse drug reactions (ADRs) from selective serotonin reuptake
inhibitors (SSRIs), Ekhart et al. (2018) [109] found that out of the 6791 reports from healthcare
professionals and consumers between January 1, 2003 and December 31, 2016, 68% are from
women. When all SSRI(s) were considered, between 62% and 82% of the reports concerned
women. In this study, 16 ADRs reports (hematoma, alopecia, purpura, weight increased, arthralgia,
vision blurred, palpitations, dry mouth, dizziness, hyponatraemia, abdominal pain, withdrawal
syndrome, tremor, hyperhidrosis, nausea, fatigue) are more frequent in females and 4 are more
frequent in males (aggression, drug ineffective, suicide attempt, tinnitus). The 4 ADRs affecting
males are listed as less common in the Summary of Product Characteristics, whereas 12 of the 16
reported by females are listed as very common. In addition, the authors explored if the outcomes
could be explained by differences in daily dose of SSRIs received in men and women and no
differences in the received daily doses between men and women were found for these
associations. In the 48% of reports daily dose is available as overall, males and females receive the
same daily doses of SSRIs with the exception of Citalopram where males received 25mg and
females received 22mg [109].
In a study on clozapine-induced myocarditis [110] conducted with data collected between January
1993 and December 2009 from the Therapeutic Goods Administration, as well as from medical
records from 15 health services and institutions and from the National Coroners’ Information
Service database, evidence shows that of the 10 fatal cases, 40% are female and the mean age is
40 years (27-61 years) while among the non-fatal cases, 26% are female and the mean age is 38
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years (21-73 years). Differences between fatal and non-fatal cases reveal no significant differences
between gender (sex), age, smoking status, mean dose of clozapine at onset, or concomitant use
of sodium valproate. However, there are also sex-related factors such as smoking or body mass
index (BMI). For example, 7 out of 9 fatal cases were smokers, with data missing for 1 case. A
significant difference in BMI is found, such that 60% of fatal cases have a BMI of greater than
30kg/m2 (considered obese), whereas 26% of non-fatal cases have a BMI of greater than 30kg/m2
(p=0.025) [110]. Investigating the number of agomelatine (AGM)-related hepatotoxic ADRs from the
German Federal Institute for Drugs and Medical Devices (BfArM) between May 2009 and December
2012, Gahr et al. [111] found that among the total of 58 reports, 69% correspond to females. 83% of
the patients that had AGM-related toxic hepatitis were females (n = 5).
In a Spanish cohort study on the association between Stevens Johnson Syndrome (SJS)/ Toxic
Epidermal Necrolysis (TENS) and antiepileptics [112], there were 84 reports of SJS and, 80 reports
of TENS associated with 9 epileptic drugs. Of those reporting SJS, 59.5% are females and 38.1%
males, for TENS 55% are females and 43.8% males. For phenytoin, ADRs are more common in
older men and with lamotrigine ADRs are more common in younger women.
Vaccines
Studies have found sex differences in the likelihood of reporting an adverse event (AE) or adverse
drug reaction (ADR) after receiving a vaccine, the seriousness of the report, the type of AE/ADRs
reported, and the reported symptoms. Some studies have found that females report more AEs and
ADRs in response to vaccines than males [113] and that females may experience more serious
reactions [114]. Differences have been found in the type of AEs and ADRs reported. For example, a
US study found that there were 84 serious adverse events (SAEs) following yellow fever (YF)
vaccination reported to the Vaccine Adverse Event Reporting System (VAERS) between 2007 and
2013, of which 50% were in males, but majority (71%) of YF vaccine-associated neurologic disease
(YEL-AND) were in males, all YF vaccine-associated viscerotropic disease (YEL-AVD) were in
males, 63% of anaphylactic reactions occurred in males, and 63% of hypersensitivity reports were
in females. Co-administration of the YF vaccine with another vaccine was common (65%) among
SAE reports, and most occurred in those aged 60 and older and usually occurred after the first
dose [115]. Another US study investigated the VAERS database for AEs from the trivalent influenza
vaccine reported between 1990 to 2014.
After grouping the symptoms into the Medical Dictionary for Regulatory Activities (MedRa) System
Organ Classes (SOCs), they found that women were more likely than men to report immune system
disorders and skin and subcutaneous tissue disorders after vaccination while men were more likely
to report renal and urinary disorders, infections and infestations, neoplasms benign, malignant,
and unspecified (including cysts and polyps), and surgical and medical procedures. This study also
found differences between men and women in reported symptoms, such that men reported more
symptoms overall, and were more likely to report demyelinating polyneuropathy and myocarditis
while women had a higher probability of reporting dyspnea, chest discomfort, and palpitations
[116]. Differences in reported symptoms were also found in a US study that investigated the VAERS
database for AEs following the human papillomavirus (HPV) vaccine reported between 2006 and
2017, where headaches and hypoesthesia occurred more often in females. This study also found
interesting interactions by age and gender whereby males were younger than females when they
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reported AEs, experienced an increase in AEs with older age, and had an increasing probability of
developing a nervous system disorder in response to the HPV vaccine than females. For females,
older age was associated with a decrease in AEs, with a 1-year increase in age associated with a
0.055 decrease in the odds of developing nervous system disorders [117]. In a different US study on
adverse events and adenovirus vaccine among military personnel, analyses of the data collected
between October 2011 and July 2018 suggest that among the 100 reports of AEs, 72 were reported
by males (the authors note that over 80% of U.S. military recruits are males) [118]. Thirty-nine
reports were categorized as serious according to the MedDRA coding system, including 12 cases of
Guillain Barré Syndrome (GBS). Of the 12 GBS reports, 2 were female and 10 were male patients,
with a median age of 22 years (17-28 range) and median duration from vaccination to symptoms
was 24 days (9-24 range) [118].
Some studies investigated the effect of age on AE and ADR reporting in vaccines but did not probe
for interactions by age and sex [115, 116, 118]. Only one vaccine paper was found in the search that
investigated race, finding that Black people were almost 3 times more likely than white people to
experience AE’s following the inactivated monovalent pandemic 2009 (H1N1) vaccine (MIV) but they
did not look at sex by race interactions [113].
Summary
In summary, the actual number or rates of adverse drug events in given populations, including
Canada are unknown. However, as this review indicates, there are sex and/or gender related
factors and differences in reporting adverse events, as well as in reported adverse events. There
are age and sex related patterns, linkages between certain classes or combinations of drugs with
sex-linked ADRs, and different types of ADRs associated with sex.
However, tying specific adverse events or clusters of adverse events to specific drugs or
combinations of drugs is more challenging, given the types and forms of data available. Similarly,
tying adverse events to stage in therapeutic use poses even more challenges to fully
understanding sex related factors affecting adverse drug reports and events and gender related
factors linked to reporting practices. For example, more adverse events associated with
colonoscopy tablet preparation were reported among females, and females reported ADRs
significantly more often than males at 2 weeks and 6 weeks post metformin initiation, a drug used
to treat type 2 diabetes.
Accruing enough information via adverse event reporting to determine sex-linked mechanisms,
dosage and underlying conditions, accuracy of diagnosis, interactions with recreational or over the
counter drugs, or other clinical or environmental factors, remains elusive given current data
collection systems. All of these factors are affected by sex and gender, making a SGBA+ of
adverse event reporting and reports, while essential, a challenge. Translating these events into
improvements in clinical practice and enhanced public information is therefore also problematic.
By and large, the adverse event studies do not apply PK/PD principles to their descriptions of AEs
and some of these studies draw conclusions that do not engage with sex- (and age) related factors
affecting PK/PD processes, such as those on colonoscopy preparations. Further, the authors may
not know the numbers of prescriptions for a given drug when analyzing a database of adverse
events, making some kinds of analyses impossible and denominators unknown. They may also not
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know the rates of diagnoses in a given population group, against which to compare rates of
prescribing or adverse events. Indeed, the FDA adverse event reporting system’s public portal
issues several caveats about validity and implications of causality of its reports with such issues in
mind. Comparing national datasets raises more questions as countries have different reporting
systems and databases in operation. Some of these are more accessible or comprehensive than
others. The quality and consistency of reporting in any system is highly relevant as missing data
regarding sex, gender and other variables such as age also affect the interpretation of the results,
over and above the comprehensiveness of reporting.
Nevertheless, evidence from the AEs/ADRs across different countries shows that women report
more AEs/ADRs than men although in some cases men experience more serious AEs/ADRs. For
example, more cases of AEs associated to anticancer drugs were reported among females than
males and the distribution of the most common was also different by sex. In 6 of the 10 groups of
antihypertensive drugs, women had a higher prevalence of ADE reports. When reports of ADRs
from selective serotonin reuptake inhibitors (SSRIs) were analyzed, between 62% and 82%
concerned women. When intersections of sex and other variables are analyzed, the evidence show
different patterns for women and men across different age groups. For example, both sex and age
intervene in the differences in reported regarding AEs from antithrombotic drugs.
There is also evidence on sex differences in the likelihood of reporting an AE or ADR after receiving
a vaccine, the seriousness of the report, the type of AE/ADRs reported, and the reported
symptoms. Some studies have found that females report more AEs and ADRs in response to
vaccines than males and that females may experience more serious reactions.
In summary, we do not know the denominator of adverse drug events in given populations, or its
relationship to diagnosis rates or prescribing rates. National databases that rely on voluntary
reporting caution about interpretation and use of such data due to self-reports, subjectivity, under
reporting, invalidated claims, lack of verification, incompleteness, and little analysis of causation.
However, there are sex and/or gender related factors and differences in both reporting and in
reported adverse events that are recorded. In general, there is considerable room for improvement
in systematically addressing adverse event reporting that would assist in understanding the
impact of sex, gender, age, and other interrelated factors that coordinates evidence on sexrelated pharmacokinetics and dynamics. There is certainly a big need.
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CLINICAL TRIALS DEVELOPMENT
The second research question focused specifically on the integration of sex, gender and equity
related issues and factors in clinical trials development. Historic inequities have typically
disadvantaged women and females by limiting their participation in clinical trials. Subgroups of
pregnant women and lactating women, those in their reproductive years, and children have also
constituted specific historic exclusions. While these exclusions are sometimes rationalized as
protecting females from reproductive damage (and fetuses from harm) they are also based on a
desire for limiting variability in research by eliminating the impact of hormonal cycles and
synthetic hormones in contraception. Nonetheless, these scientific practices have had the effect
of reinforcing the male body as the norm in medical research [119].
Despite disagreements with this approach and some policy-based remedies, clinical trials have yet
to include equal numbers of males and females in all phases of trials, nor adequately and fully
analyze and report sex specific data. There are also increasing calls to address under
representations of racialized and ethnic minorities, Indigenous peoples, non-urban people and
people of low SES and education, to reflect and represent all populations and population
subgroups in clinical trials more fully. However, even in the 30 of 39 papers in this review that
considered the characteristics of people in clinical trials and examined both sex and
race/ethnicities, there remained an under representation of females and women. Consequently,
certain important gendered intersectional factors remain under researched, such as the
confluence of gender roles and diversity. Indeed, both sex and gender remain under researched.
For example, ignoring gender and cultural norms surrounding caregiving roles represent a key gap
in understanding gendered participation in and commitment to trial participation.

This section highlights the results of our review that relates to these matters, with evidence on
rates of participation, knowledge of clinical trials, recruitment and retention, rates of refusal to
participate, attitudes regarding different aspects of clinical trials, willingness to participate,
and barriers and facilitators to engaging in clinical trials.
The research question is RQ2: What sex and gender factors affect participation in clinical trials?
The results of this search are below.
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Results
Figure 3. PRISMA Diagram for Q2
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Characteristics of included participants in clinical trials
Thirty-nine papers examined the characteristics of the participants who were included in clinical
trials. Drawing upon the aim of the studies, we created three categories: sex differences (in these
papers, the aim is to investigate if there are sex differences between females/women and
males/men in participation in clinical trials); intersections (the studies focus on sex differences in
addition to other variables such as age and race/ethnicity) and; representation of women in clinical
trials (the objective of these studies is to analyze the representation of women in clinical trials,
although results are drawn from studies that included both women and men). There were 12 papers
on sex differences between women and men in participation in CTs, 15 on intersections and 12 on
representation of women.
Sex Differences
Evidence from analyzing the clinical trials added to clinicaltrials.gov between January 1, 2011 December 31, 2013 and completed by November 30, 2015 showed that although there were no
overall sex differences in the participation of women and men, the results were different across
the different trial phases [120]. There were significant differences in the sex of the participants
included in Phase I (64.1% male vs. 35.9% female), Phase II (48.4% male vs. 51.6% female), and
Phase III (51.0% male vs. 49.1% female). Sex differences were also found in the sex of the
participants included in clinical trials funded by industry (50.7% male/49.3% female), National
Institutes of Health (NIH) (56.6% male/43.4% female), "other US Federal" (62.5% male/37.5%
female), and "Other" funded (53.4% male/46.6% female) clinical trials [120]. Matching female and
male participants was done only in 4.1% of clinical trials and phase I was significantly worse than
phase II and phase III [120].
Findings from a study that analyzed a pooled patient database from institutions of the US
Myelodysplastic Syndromes (MDS) Clinical Research Consortium showed that males, White
participants, and a reduced distance from the trial site were characteristics associated with a
higher likelihood of participation in the clinical trials [121].
A US study examined data from the National Cancer Institute’s Community Cancer Centers
Program (NCCCP) on the CT enrollment, refusal rates, ineligibility, and desire to participate in
research among patients who were eligible but declined a clinical trial. Males were less likely than
females to decline participation and there were no racial/ethnic differences in refusal rates [122].
Older age (65 years) was associated with lower enrollment into a CT [122]. Similar findings were
found in a Canadian study on participation in stroke clinical trials (more women than men refused
to participate in a CT (48% vs. 33%)) [123]. In multivariable analyses women were less likely to
participate after adjusting for age and trial intervention.
Another US study with data from the US Clinical Trials Management System database and from the
Comprehensive Cancer Center institutional catchment area show that between 2010 and 2014 did
not find sex disparities across breast and colorectal cancer types [124]. However, the findings
showed disparities in race/ethnicity, age, and insurance type. There were more Whites enrolled in
clinical trials than incident cases in catchment area. While more older adults were enrolled in
prostate cancer clinical trials than seen in cancer centres fewer older adults were enrolled in
breast and colorectal clinical trials [124]. Another US study did not find gender differences
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between those who enrolled in a trial, patients who were eligible for trial participation but did not
enroll in a trial, and patients who did not meet eligibility criteria for participation in a clinical trial
[125]. When parents made the decision to participate in the study, there were no differences
between girls and boys, age, or distance to the study centre [126]. Similarly, in a study on the
participation in Phase I of pediatric oncology trials, there were no sex differences between those
who participated and those who did not [127]. A cross-sectional study conducted in the US
evaluated ophthalmologic trial data to assess proportionality of “gender” and ethnicity in the
participants [128]. The study concluded that while women and whites comprised much of the
participant population, there were no significant differences across age, gender, race, or iris
colour groups [128].
US data collected between 2005 and 2011 from 15 cardiovascular randomized control trial show
that those who did not participate were more commonly women and were older [129]. Regarding
race or ethnicity, those who participated did not differ from those who did not participate [129].
Similarly, a US study on the screening and enrollment by sex in HIV clinical trials during 2003 and
2013 reported that of the 10,744 persons screened, 18.9% were women [130]. There were no
statistically significant differences between the percentages of women and men who screened
out although there were slightly more women than men (27.9% and 26.5%) [130]. Most common
reasons for screening out were not meeting eligibility criteria (30–35%) and opting out (23%), and
there were no differences between women and men [130].
In a US study examining data from glioblastoma trials, study authors conducted a cross-sectional
analysis of age, ethnicity, and sex of participants, and how well that represented the general
patient population [131]. The authors reported that the median age was 54 years, about 10 years
younger than the incident population in the Central Brain Tumor Registry of the United States [131].
Median age of trial participants improved from 52.0 to 59.5 over 25 years [131]. Women
represented 37.5% of subjects in clinical trials, which was less than expected for the population,
but the difference did not reach significance [131]. Lastly, an analysis of how race/ethnicity
composition compared to the general patient population could not be conducted as only 29% of
trials reported race/ethnic information on ClinicalTrials.gov or publications in PubMed [131].
Intersections
In a study in which the authors [132] compared the characteristics of enrolled versus non-enrolled
adolescents and young adults (aged between 15 to 39 years old), there were no significant
differences between participation in males and females or among racial/ethnic groups in
therapeutic trials. In the nontherapeutic studies, females were enrolled at a higher rate than males
and higher percentages of Hispanics and Asian/Pacific Islanders and a lower percentage of African
Americans were enrolled compared with non-Hispanic whites. Similarly, in a US study conducted
with data from the National Cancer Institute looking at overall enrollment rates in a 10 year period
ending in 2007, men were enrolled in trials at less than half the rate of women [133]. In addition,
minority men had the lowest enrollment rate, participating at a significantly lower rate than white
men. The authors of this study highlight that inclusion criteria need to be relevant to men and also
that the data in their study included 29 breast cancer trials and only 17 prostate cancer trials and
this lack of prostate cancer studies might contribute to the lower enrollment among men [133].
Analyzing US trials from the Acute Respiratory Distress Syndrome Network (ARDSnet) from 1996 to
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2005, Cooke et al. (2010) found that both men and older patients were less likely to be enrolled
because of medical comorbidity [134]. Although there were no differences in the likelihood of
enrollments among all racial/ethnic groups, among those who were not enrolled, Black patients
and their families refused participation more often than White patients [134].
Analyses conducted with data from the Children’s Oncology Group (COG) of upfront trial enrollment
for US patients from 0 to 29 years old between 2004 and 2015 showed that slightly more males
than females were enrolled in clinical trials among older groups [135]. The same results were not
found for the other age groups with equivalent representation for males and females. American
Indian/Alaskan patients were enrolled less than expected across all age groups while the other
racial/ethnic groups were fairly represented overall [135]. In a similar COG study, Nooka et al.
(2016) found that overall gender and racial/ethnic groups were mostly proportionally represented in
phase I trials [136]. However, they also found there was underrepresentation in specific subgroups.
For example, Hispanic females were particularly underrepresented (6% observed vs. 18%
expected). Similar results of underrepresentation were also found for Black non-Hispanic males of
age 5-9 years with lymphohematopoietic cancer, and Hispanic males of age 15-19 with solid
malignancies [136]. Conversely, the same study also found that certain subgroups were
overrepresented. For example, Hispanic males in the age group 5-9 years were significantly
overrepresented (20% observed vs. 11% expected) and female children aged 5-9 years in the Black
non-Hispanic population were overrepresented (19% vs.9%) [136].
Examining US data from lung cancer trials between 1990 and 2012, Pang et al. (2016) found that
women were underrepresented although the gender gap closed by 2012 [137]. However, the
disparities still remained for elderly patients, elderly women, Blacks, Asians/Pacific Islanders, and
Hispanics [137].
In a US cross-sectional analysis of enrollment rates of cancer patients in North Carolina into
cancer trials, researchers specifically focused on sex and ethnicity of participants [138].
Examining trials conducted between 1996–2009, and 2007–2009, substantially more women than
men enrolled in trials (3.3% of women versus 1.5% of men) over all years. Enrollment rates were
also significantly lower among minority patients compared to white patients across all years.
White women had the highest enrollment rates, at 3.3% across all years whereas minority men had
the lowest enrollment rates, at 1.3% across all years. Among women, there was no apparent racial
disparity in enrollment rates when examining all cancers together, nor was there evidence of a
significant trend towards one. However, in men, racial disparity appears to be increasing with
statistical significance. The authors do state that the study was limited to only cancer trials
funded by the National Cancer Institute, and no industry-funded trails were assessed [138]. Thus,
the data and analysis reported may not translate to all cancer trials, nor trials conducted at other
geographical regions.
A cohort study and a cross-sectional study, both conducted in the US, examined the
characteristics of participants in lung and colorectal cancer trials conducted in the United States
[139, 140]. In the cohort study, the authors investigated whether patient age, race, disease stage,
geographic region, and health insurance were independently associated with trial enrollment [139].
The authors noted that factors which influence trial enrollment included the following: the
physician practicing at an NCI-designated cancer centre, patient being of the female sex, older
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age, and having advanced disease [139]. Limitations acknowledged by the authors included a low
response rate from participating physicians, a lack of information about trials available to the
participants, and the lack of independent data sources to validate the results reported [139]. In the
cross-sectional study, females were enrolled in lung and colorectal clinical trials 6.8% less often
than the expected proportion based on disease site [140].
Two US studies conducted cross sectional analysis of the criteria for inclusion in pivotal trials
submitted for novel therapeutic approvals by the FDA [141, 142]. In the first study, the authors used
descriptive statistics and found that while women were equally represented in pivotal trials, elderly
patients and those from racial and ethnic minorities were underrepresented [142]. Information
about ethnicity was available for only 59.8 % of indications. Furthermore, the study found that for
over 80% of approvals, FDA reviewers performed and made available subgroup efficacy analyses
by age, sex, and race for at least one of the pivotal trials used as the basis of positive decisions
[142]. The second US study also assessed both sex and ethnicity of participants in trials submitted
in applications of 83 approved new molecular entities (NMEs), of which 66 were new drug
applications, and 17 were new biologics license applications [141]. The authors noted that sex
analysis related to safety and efficacy were reported in 92% of the surveyed FDA medical and
statistical reviews, and that women constituted 45% of trial participants [141]. Most applications
submitted data from trials that had a study population that was representative of the sex
distribution for the intended patient population [141]. Most study participants were whites (77%),
and minority racial/ethnic groups had lower participation rates in the study population than would
be representative of the US racial group populations. Unfortunately, both these two studies cited a
lack consistency of reporting metrics across trials as major limitations, complicating significance
analysis of the data presented [141, 142].
A cardiometabolic study conducted in the US used cross-sectional analysis to examine how well
female participation in trials reflected the incidence of disease in the general population [143].
Participation of different ethnicities were assessed, but not compared to the incidence of disease
in the respective ethnicities in the general population [143]. Women were found to be
underrepresented compared to their proportion of the disease population in trials of coronary
heart disease (participation-to-prevalence ratio, 0.52), heart failure (participation-to-prevalence
ratio, 0.58), and acute coronary syndrome (participation-to-prevalence ratio, 0.68) [143]. Among
trial participants, 81% were white, 4% black, 12% Asian, and 11% Hispanic/Latino. There was no
significant association between enrollment of women or underrepresented minorities [143].
In a US study that examined participation in HIV trials, findings showed that there were statistically
significant differences in participation rates between men who have sex with men, heterosexual
men, and women (36.5% vs. 29.6% vs. 24.3%) [144]. In multivariable analysis, the results were
different: compared with MSM, heterosexual men were less likely while women were as likely to
participate in HIV treatment trials. Black patients were slightly less likely to participate in these
trials compared with non-Black patients [144].
In another study that analyzed data from completed US-based vaccine trials registered on
ClinicalTrials.gov from 2011 to 2020, findings showed that all trials reported sex and age. While
adult women were overrepresented (56%), racial/ethnic minority groups and older adults were
underrepresented [145].
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A cross-sectional study conducted in the US examined whether the proportion of females and
minorities in renal cell carcinoma (RCC) was representative of the overall population of RCC
patients [146]. The study found that women, and black patients were under-represented in the trial
population compared to the patient population, however, this was not found to be statistically
significant [146]. Underrepresentation of Hispanic patients, and patients older than 65 years of age
were found to be statistically significant compared to the general RCC patient population [146].
However, the authors acknowledge that these findings are limited by the small number of clinical
trials where data could be collected [146]. As well, most trials evaluated for the study were those
conducted at university centers and research hospitals located in major urban centers. This could
have contributed a potential selection bias of favoring data from urban areas versus suburban or
rural areas [146].
Representation of women
Evidence from all National Institute of Neurological Disorders and Stroke (NINDS) funded phase III
clinical trials published between 1985 and 2008 showed that all 56 trials reported enrollment by
gender [147]. Although women represented 42.1% of the trial population, the percentage
decreased to 39.1% when gender-specific trials were excluded. Results from the same study show
that enrollment of women increased over time from 36.9% to 49.0% [147]. Regarding race, while
African Americans enrollees increased over time, the opposite happened to Hispanic Americans
decreasing from 5.8% to 5% [147]. In another study that examined representation of women in
clinical trials during a 17-year period (from 1994 to 2010), findings showed that women were
underrepresented in clinical trials among patients with non–ST-segment elevation acute coronary
syndrome [148]. Despite the broadening of inclusion criteria and federal mandates for
representativeness were put in place, there was only a small increase in the proportion of women
over the time period. The authors of this study suggests that there might be other exclusion
criteria that might affect the results that affect women more than men [148].
Similarly, in a US study that assessed the proportion of people who had cancer compared to those
receiving chemotherapy in a clinical trial, results showed that women were underrepresented
[149], representing 26.2% of US patients and only 17.0% of chemotherapy clinical trials [149]. The
same study found that the exclusion criteria affected the participation in the CT. Prior malignancy
as an exclusion criterion resulted in a lower participation proportion.
Using publicly available FDA data from drugs from the 10 most frequently occurring drug classes, in
trials of 38 drugs, overall analyses show that 47% of the participants were females, 44% were
males and 9% of the participants did not report their gender [150]. However, when the data were
broken down by phases, there were 22% females in Phase I studies, while phase II and III included
48% and 49%, respectively. The same study found that when comparing the US disease prevalence
for females with the proportion of females included in CTs, 26% of the drugs checked had more
than a 20% difference between the proportion of females included in the trials and the disease
prevalence [150].
A different study with data from new drugs approved between 2013 and 2015 by the FDA Center for
Drug Evaluation and Research, suggests that sex was reported for 99.9% of the participants of the
102 new drugs [151]. Overall, women accounted for 40.4% of the participants. However, again
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there were differences across the phases, with Phase 1 reporting the least involvement of women.
While women represented 29%-34% of the participants in phase 1, in phase 2 they represented
41%-51% of the participants and 38%-49% in phase 3 [151]. Additionally, these authors calculated
the estimated proportion of women in the disease population (PPR). They showed that 83.3% of
the drug clinical trials supporting drug approval had participation of women that was similar to, or
greater than the estimated proportion of women in the disease population for that indication.
Further, limited sex-based analyses for both efficacy and safety were conducted for 93.1% of
applications [151].
A cross-sectional study conducted in the Netherlands assessed the participation of women in all
phases of clinical trials submitted to regulatory agencies in Europe [152]. This study found that
while women were included in all phases of clinical trials, again, the participation rates were not
concordant with disease prevalence in the general population [152]. The study authors further
found that women were somewhat underrepresented in pharmacokinetic and Phase III trials
comprising approximately 40% of participants. All studies undertook subgroup analyses examining
the effect of sex on outcomes, and the paper noted that there were often differences noted in
efficacy between males and females with the latter reporting a higher incidence of adverse events
[152]. The authors, however, caution against placing too much emphasis on the data related to
efficacy studies as these are broad-stroke conclusions that do not take into consideration effects
due to the different diseases that these trials represent [152].
A Spanish cross-sectional study examined trials in Europe with a goal to examine the possibility of
gender bias in evidence submitted and used for the evaluation of new medicines [153]. Making use
of European Public Assessment Reports, the authors noted that 78.5% of trials included women,
but only 17.9% evaluated the study population explicitly by sex, and only 3.6% presented results
disaggregated by sex [153]. Furthermore, the study found that only a small proportion of data
sources used or submitted (2,704 out of 15, 621 reported) were publicly available making it difficult
for the authors to appropriately examine gender bias [153]. Statistical significance was not
reported for either of the two studies above.
In a US study that examined female representation in late-phase clinical trials, study authors
reported that women’s participation in Late Phase Clinical Trials (LPCTs) was 39%, 48%, and 42%
in New Drug Applications (NDAs) and 49%, 62%, and 58% in Biologics License Applications (BLAs)
for 2007, 2008, and 2009, respectively [154]. The study also found that 96% of NDA and 100% of
BLA reviews included efficacy analyses by sex, 78% of NDA and 64% of BLA had safety analyses by
sex, and 74% of NDA and 64% of BLA reviews had both efficacy and safety analyses by sex. [154].
The authors concluded that these analyses reflect the impact of recommendations and
regulations implemented by the FDA as well as the recognition that patient demographics are
important considerations in individualized therapies [154].
In a US study conducted during the COVID-19 pandemic with data from the National Cancer
Institute-sponsored cancer clinical trials, findings showed there were no significant differences in
patterns of decreased enrollment by age, race or ethnicity. However, women were less likely to be
enrolled in weeks 12 to 17 [155].
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Patterns differ across countries. In a US study on 154 clinical trials supporting 66 New Molecular
Entities (NMEs) approved in 2015-2016 conducted in 70 countries, results showed that USA had the
largest number of participants and overall, 43% of all the participants were women [156]. Among
the US participants 49% were women while for the non-US participants women represented 40%.
Across countries, representation of women ranged from 34% to 49%. US contributed the highest
percentage of women (49.1%) followed by France (46.1%), South Korea (45.8%), and Canada (45.2%)
[156].
A further US study examined not only the representation of women in cardiovascular disease trials,
but also whether sex-disaggregated evaluations of safety and efficacy were conducted by
calculating the participation to prevalence ratio (PRR) [157]. Overall, women were found to be
either represented at similar or greater rates in the trials compared to their share of the disease
population, or prevalence, in hypertension, atrial fibrillation, and pulmonary arterial hypertension
[157]. However, women were found to be underrepresented in trials for heart failure, coronary
artery disease, and acute coronary syndrome [157]. The majority of approved drugs reported no
gender (sex) differences in safety or efficacy, with one drug reporting a difference in efficacy, and
three hypertension drugs listing gender differences in safety in the drug labels [157]. The authors
do acknowledge that this study evaluated only pivotal trials, and does not take into account the
representation of women in all trials reviewed for a New Drug Application by the FDA [157].
Ongoing exclusion of pregnant women is evident. Shields et al. [158] examined 558 industrysponsored trials in the United States, finding that only five were designed specifically for pregnant
women (a rate of approximately 1%). Out of the remaining 553 trials, 367 disclosed specific
inclusion and exclusion criteria about pregnancy, and 348 (95%) excluded pregnant women. Only 19
trials did not exclude pregnant women from enrollment. Almost half of the studies that permitted
the enrollment of pregnant women were nonrandomized (47%) compared with 34% in the trials
that excluded pregnant women. Unfortunately, the rationale for the exclusion of pregnant women
was rarely addressed in the trials, and no studies funded by non-industry sources were evaluated
[158].
Engaging Women, Men and Diverse Groups
Recruitment & Retention
A total of 8 papers were summarized in this category. Five studies investigated how gender and
equity factors are related to recruitment strategies and retention in clinical trials, with most
conducted in the US and most investigating HIV treatment [159-164]. Two additional UK studies
found that pregnant women prefer to be recruited into vaccine clinical trials by their midwife [165,
166]. Overall, studies found that recruitment or retention of women in clinical trials was difficult
[159, 163]. When the reasons for drop-out were examined, it was often due to loss at follow-up [159,
160, 162].
Various strategies have been used to recruit and retain women with HIV or at risk of HIV in clinical
trials, with differing success. In a US study that investigated the perspectives of women with or at
risk for HIV of participating in a cardiovascular disease prevention trial, women reported that the
best methods for learning about the study were peer-to-peer communication (54%), provider
communication (46%), and video-based communication (39%) [164]. Recruitment strategies that
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involve careful and intentional selection of study sites and creating partnerships with experienced
and passionate clinicians and community advocates who recognize the importance of collecting
treatment data in women may be effective [159]. For example, when these strategies were used in
the US study Gender, Race, and Clinical Experience (GRACE), investigating antiretroviral
treatment, a sample of US, Puerto Rican, and Canadian women with HIV/AIDS representative of the
racial/ethnic demographics of women with HIV/AIDS was recruited. This strategy was not as
successful, however, in the retention of these women, as they were more likely than men to
discontinue the study (32.8% vs. 23.2%). Reasons for discontinuation among women in the GRACE
trial were loss to follow-up, adverse events, and reasons categorized as other (such as site closed,
patient moved, pregnancy). Only 2.1% of women discontinued the study due to a lack of response
to the antiretroviral therapy [159].
Another study investigated the feasibility of identifying a cohort of US women at high risk for HIV
and the retention of these women in a HIV vaccine efficacy trial. The women were recruited
through sexual networks that included HIV-positive members, sexual partner concurrency, and
geographic location (areas known to have high rates of HIV), but this strategy did not result in a
high enough incidence of HIV over 18 months to investigate vaccine efficacy in these women.
Retention rates, however, were high, with 79.5% completing the 18-month visit. Older women and
African American women were more likely to complete their 18-month visit. Sexual risk behaviours
were not predictive of retention, but women who did not complete the study were: unable to be
contacted, unable to adhere to the visit schedule, were incarcerated or had a male partner who
was incarcerated, or had moved [160].
One US study investigated a multi-step conditional enrollment procedure to recruit a diverse group
of men who have sex with men (MSM) at-risk for contracting HIV. The authors found that extra
efforts by staff, such as follow-up emails or texts, to reach out to men who missed any enrollment
steps was not likely to lead to the enrollment of these men. The majority of men who completed
the steps as planned enrolled in the study (81%) and men were more likely to enroll if they were
screened on weekdays (64%) as opposed to weekends (58%) [161].
An investigation of an automated, clinical data repository-based patient pre-screening alert
system delivered to clinical research coordinators to facilitate real-time patient contact and
eligibility determination was found to be effective, efficient, and precise at enrolling post-Acute
Coronary Syndrome (ACS) patients into a clinical trial, when compared to other methods. The only
gender differences in ineligibility factors were that females were more likely to have cognitive
problems or psychosis and were more likely to be unable to commit to the follow-up, while males
were more likely to be ineligible due to problematic alcohol use [162].
Gendered retention issues were also apparent in another study. An investigation of the
Thrombolysis in Myocardial Infarction (TIMI) clinical trial database of phase 3 or 4 trials published
after the year 2000 found that North American women were found to be significantly more likely to
prematurely discontinue study drugs than North American men (37% vs. 29%; OR = 1.35 95% CI
(1.30-1.41)) [163].
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Knowledge of Clinical Trials
A total of 9 papers reported outcomes related to the knowledge of women and men regarding the
participation in CTs. Many studies have found no significant difference in clinical trial knowledge
between men and women [167-171], however age [169, 171] and race/ethnicity [168] may affect
knowledge of clinical trials. For example, in a study with oncology patients, four-fifths of the
sample had accurate knowledge of the study aims, methods, and risks which they were enrolled in,
with no significant differences between males and females, although those younger than 61 were
more likely to have good or excellent study knowledge compared to patients over 60 years (90% vs.
73%) [169].
Similarly, no differences between men and women oncology patients were found regarding their
knowledge of phase III oncology clinical trials, but younger participants had significantly more
knowledge about the principles of randomization than patients 65 years or older [171]. When
knowledge of clinical trials was investigated among three Asian American ethnic groups, 61% of
females and 51% of males reported no knowledge. There were significant differences by ethnicity,
such that Vietnamese participants reported lower levels of knowledge compared to Korean and
Chinese participants. Higher education and fluency in English were significantly associated with
more knowledge. Having health insurance was significantly associated with lower knowledge of
trials compared to those without insurance [168].
A Swedish study found that, among oncology patients who consented to participate in phase II or
III clinical trials, gender was not associated with knowledge or perceived understanding of trials.
However, patients who reported that the decision to participate was easy to make, used other
information sources, and were given longer than 30 minutes to receive information before making
the decision to participate had significantly higher perceived understanding of clinical trials.
Having longer than 30 minutes to receive information about the trial was associated with higher
perceived understanding of potential risks or discomforts of participation as well as potential
benefits of participation to themselves and others. When additional sources of information were
used, significantly higher perceived understanding of the benefits to participation was reported as
well as a perceived understanding of alternatives to participation. Patients who found it difficult to
decide whether to participate had significantly lower perceived understanding about the research
purpose and procedures, duration, experimental procedures, potential risks or discomforts,
benefits to self and others, confidentiality, and study contacts [167].
Another US study found that self-efficacy did not mediate the relation between knowledge and
feeling prepared to decide about participating in a cancer clinical trial, with no differences by
gender. Self-efficacy was, however, found to mediate the relation between attitudinal barriers to
participation and clinical trial preparedness [170].
Many studies have investigated knowledge of clinicals trials for HIV treatment. In a study of African
American (n = 47) and Latino (n = 3) men and women with HIV, men reported that they did not have
enough information about clinical trials, nor did they want to take more medications than they
were currently taking. Women reported a need for information about the benefits and risks of
participating, knowledge that the study medication is safe and has been tested, and knowledge
that a trusted doctor is involved in the trial [172]. In another study, women with HIV reported that
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the best methods to learn about cardiovascular disease research included peer-to-peer
communication (54%), provider communication (46%), and video-based communication (39%). A
lack of knowledge about studies was one of two top endorsed reasons for not participating [164].
Studies with men who have sex with men (MSM) have found that some men have a lack of
knowledge regarding HIV treatment trials. For example, one study found that among young MSM
(average age = 21.7 years), only a third (36.5%) of the sample had heard of HIV vaccine trials, with
most having heard about them through the internet (60%). This study found that greater vaccinerelated social concerns, such as concerns around others’ perceptions and discrimination, were
negatively associated with HIV vaccine research awareness [173]. Another study with young MSM
(14-17 years) investigated their motivations to participate in an oral and injectable PrEP biomedical
randomized controlled trial and found that most men lacked knowledge about randomization. Over
half of the sample erroneously assumed that they would be assigned to the study condition that
was deemed best for them and this contributed to their choice to participate [174].
Willingness to participate in clinical trials
A total of 14 studies reported outcomes related to the willingness to participate in CTs. Most of the
studies included in this section were conducted with participants who did not participate in a CT
but they were asked about a hypothetical participation except for two studies who were
conducted with participants who were in clinical trials [175, 176].
A US study that examined the psychometrical characteristics of a questionnaire studying
motivations to participate in a clinical trial, found that patients showed a higher preference to
participate in clinical trials that involved psychotherapy than in experimental medication or
placebo-controlled trials [177]. Both females and ethnic minorities (compared to males and
Caucasians) reported that their hesitancy about taking medication would affect their decision to
be involved in an RCT and they would be less likely to participate in an RCT including experimental
medication [177]. Willingness to participate in clinical trials might also be affected by cultural
differences and the type of intervention proposed.
For example, Bakali et al. (2011) compared UK women to US women [178] and found that US women
were less willing to participate in clinical research than UK women. UK women were more likely to
participate when the same types of interventions were being compared (such as surgery to surgery
or drug to drug) in the study and less prone to consider participating in alternative medicine
interventions. In contrast, US women showed higher preference to participate in alternative
interventions [178]. The authors of this study highlight the importance of these findings as
participants seemed to show preference for one of the interventions and this might affect their
participation in clinical trials with randomization [178].
In a US study, approximately 65% of the participants aged 60 years of age or older reported they
would be willing to participate in a clinical trial with males being more likely to participate than
females [179]. Similarly, in a French study assessing the intention of the general population and
healthcare personnel to participate in a clinical trial for a vaccine against COVID-19, results
indicated that a greater percentage of men than women would agree to participate [180].
Additionally, older participants and being a healthcare worker were also associated with
willingness to participate in such a clinical trial [180].
Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

57

A US study conducted on patients with cardiovascular disease and other chronic illnesses showed
that there were no differences between men and women regarding willingness to participate in
clinical trials when these conditions were considered separately [181]. In this context, men showed
14% less willingness to participate in clinical trials than women [181]. UK data from patients
attending surgical and oncology clinics show that men were significantly more likely to participate
in a study comparing different treatments and to participate in a study where treatment was
chosen at random than were women [182]. Findings from a US study conducted with veterans with
schizophrenia or schizoaffective disorder showed that gender did not predict participation in a
randomized clinical trial on long-acting injectable risperidone, nor did age, or race [175].
In a UK study with pregnant women, evidence showed that being aware of the possibility for
withdrawal from the trial at any time was associated with the willingness to participate in the
clinical trial [176]. In a UK study pregnant women who were given an explanation of how clinical
trials worked and were provided more information on the status of the clinical trial for the Group B
streptococcus (GBS) vaccine, approximately a quarter of the pregnant women reported they would
be either very or fairly likely to participate in the clinical trial. Half of them would prefer to be
recruited by their midwife, and, when it was explained how randomization worked their decisions
were not fundamentally affected. Even so, 4.5% would be more likely to take part as there was a
chance they would not get the vaccine (but still receive the benefits of being in the trial) and 12.6%
would be less likely to take part as they would want a guarantee of receiving the vaccine [166].
Evidence from a different UK study suggested that among pregnant women, 29% and 75% would
likely accept respiratory syncytial virus (RSV) vaccination as part of a trial, or if routinely
recommended, respectively [165]. When deciding whether to take part in a CT of an RSV vaccine
the most important information to women was the likelihood of side effects for their fetus
followed by the likelihood of side effects for the mother and the seriousness of RSV [165].
Moreover, younger women, those of 21-30 weeks’ gestation, and with experience of RSV were
significantly more likely to participate in trials. White-British women and those at 21–30 weeks’
gestation were more likely to accept routinely recommended vaccination. Again, direct face-toface interaction with a midwife was the preferred method of potential recruitment (among those
who had a preference) [165].
In a US qualitative study conducted with pregnant and recently pregnant women asked about their
potential participation in vaccine clinical trials related to infectious disease outbreaks, evidence,
risk and trust were involved in the decision-making processes. Some of the women highlighted the
evidence and similarities between animals and humans while others focused on the lack of
evidence on safety and efficacy of vaccines in pregnant women. The main source of risks
identified by women were in relation to the vaccine, the virus, pregnancy and concern about the
unknown, although most women expressed concern regarding the potential risk of harm for the
fetus or infant. Most women felt they could trust vaccines, research and the medical
establishment in general [183].
In a Canadian study with 110 consenting women in the waiting room of an ambulatory obstetrics
and gynecology clinic, results showed that of all participants 16.3% reported they would be willing
to participate in vaccine clinical trials and 20.0% in medication clinical trials during pregnancy
[184]. These participants reported that they would be willing to participate depending upon the
Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

58

potential benefits and risks for the fetus and maternal health. Logistical details or offering
incentives were less likely to influence the decision about the participation in clinical trials. A small
number of women mentioned lack of trust in researchers and the sponsoring pharmaceutical
companies as factors that would discourage their participation in clinical trials [184].
Data from a US study that examined willingness to participate in and encouraging others to
participate in a clinical trial for HCV vaccine showed that while there were no statistically
significant differences between men and women regarding willingness to participate in a clinical
trial, men were less likely to encourage others to enroll in HCV vaccine clinical trials [185]. Other
variables associated with willingness to participate in HCV clinical trials were unemployment,
lesser education, receipt of financial support from peers, and nonmedical prescription drug use
[185]. In another US study with young men who have sex with men, there was a positive relation
between age and altruism and willingness to participate in a HIV vaccine trial [173]. Other variables
such as race/ethnicity, prior HIV testing, STI diagnosis or social concerns regarding vaccine were
not associated with willingness to participate in clinical trials [173].
Barriers and facilitators to participation in clinical trials
There were 17 papers that reported any outcomes related to the barriers and facilitators to
participation in CTs. Six studies examined the differences between women and men in the barriers
and facilitators to participation in clinical trials [123, 166, 186-189]. Four of these studies involved
patients [186-188, 190] while one of them involved healthy volunteers [189]. The other three studies
focused on reasons to participate in clinical trials during pregnancy [176, 191, 192], one study
examined adolescent men who have sex with men on the attitudes toward participation in a PrEP
clinical trial [174], one study was conducted with outpatient and inpatient populations of
Obstetrics and Gynecology facilities [190], one study focused on child-parent dyads regarding
information they perceived to be the most important to the child in the decision making of a
hypothetical CT [193], and one study focused on women with or at risk for HIV who were attending
a community-based educational support group [164].
Findings from a US study with 52 HIV+ African American or Latinx patients showed that men and
women identified different barriers and facilitators when participating in clinical trials [187]. Men
were less prone to participate in clinical trials and some of the reasons were their doubts regarding
the origin of the HIV, a lack of trust in the medical system, lack of time to participate, fear of
potential disclosure of their HIV status and that they might be placed in a placebo group. On the
contrary, women were more concerned about safety, efficacy and potential adverse events of the
medication [187]. Facilitators of participation for men and women were also different. Men
indicated that recommendations from family members or friends and potential incentives for
participation were facilitators of participation. Women considered awareness of safety issues,
having a doctor’s recommendation, and knowing a trusted doctor is part of the trial were
facilitators of participation in a clinical trial [187].
Motivations for participation are mixed. In a US study conducted with healthy volunteers on their
involvement in Phase I of a clinical trial, women were statistically more likely than men to report a
strong or super societal benefit [189]. With respect to age, older participants were less likely to
endorse economic investment reasons. Instead, they were more likely to mention health benefits.
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The same study found ethnicity differences as well, and participation in clinical trials was more
linked to economic reasons for Hispanic participants [189]. In another US study of women with or
at risk for HIV who were attending a community-based educational support group, reasons to
participate in cardiovascular disease clinical trials included gaining information (63%) and helping
others (47%) and 29% women reported that they had never been told about available studies [164].
In a Swedish study with cancer patients participating in a phase III clinical trial, men compared to
women were more motivated by wanting to give something back and the duty to help [186].
The results regarding older participants compared to younger were similar to those of men: they
showed higher motivation for giving back, and thought it was their duty to help [186]. In the
decision making on whether to participate or not in a clinical trial, men were more influenced by
close relatives or friends than women [186]. Older participants compared to younger participants
reported more influence from close relatives or friends when making decisions about whether to
participate or not [186]. However, in a study that examined the role of the loved ones when making
decisions about whether to participate in a CT, both male and female patients most often made
their final decision independently and it did not seem to depend on the involvement of the loved
ones [188]. Elderly men had more positive perceptions of medical research than elderly women
[188]. In a Canadian study on participation in stroke clinical trials and reasons for declining
participation, more men selected being less interested in participating in studies (27% vs 19%)
while more women selected being concerned about the study drug (33% vs. 21%). Only women
selected “too busy or stressed” (8% vs. 0%) [123].
In a qualitative study conducted in Netherlands with women who were invited to participate in
clinical trials during pregnancy or immediately after, motivators for participating in clinical trials
were the scientific contribution, the potential benefits of the intervention, and it not being
available outside the trial [191]. Reasons for not participating were negative feelings towards the
intervention and concerns regarding the harmful aspects of it [191].
Evidence from a different study conducted with women who participated in the H1N1 vaccine trial
during pregnancy showed that women were concerned about the threat of H1N1 and saw
protective benefits for the vaccine concluding that H1N1 was a higher risk than the vaccine [192].
Motivators for enrolling in the vaccine trial were early access to the vaccination, perceived safety
issues of trial participation and altruistic reasons. Some of the women reported they would have
stopped their participation if there were concerns about their health or their fetus’ health [192].
Others also highlighted they were not prone to participate in placebo-controlled studies due to the
uncertainty component of receiving the intervention or the placebo [192]. In a different study from
UK, self-benefit, benefit to their child and altruism were the three major motivating factors to
participate in a CT [176]. Women also said they made the decision independently although some of
them talked about it with family members and friends [176]. Women reported they would be more
likely to participate in the clinical trial for reasons related to health care services for themselves
and their babies [166].
Findings from a US study with outpatient and inpatient populations of Obstetrics and Gynecology
facilities showed that the top two motivating factors for participation were: if the study was
explained well and if the knowledge learned would benefit others in the future [190]. Among the
barriers, the risk of unknown side effects and the multiple follow-up visits related to the study
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were the most reported factors. Among six helpful resources assessed, ‘‘material in my own
language’’ was scored as the highest in facilitating women’s decision to participate [190].
In a US survey with adolescent males who have sex with other males who responded to Facebook
advertisements, 62% reported they were likely to participate in a PrEP RCT comparing the
effectiveness of oral PrEP (taken in pill form daily) versus longer lasting injectable PrEP (injected
by a physician every 3 months) to prevent acquisition of HIV [174]. Among reasons for
participation, they reported HIV protection, access to sexual health services, not having to rely on
partner´s condom use and altruism. The barriers they identified were medication side effects and
confidentiality issues such as their sexual orientation disclosure to their parents because of
frequent clinic visits [174].
In a US study conducted with both parents and children, there were no differences between the
information priorities of boys and girls other than boys placed significantly less emphasis on
knowing the risks compared with girls [193]. Parents had different perceptions with parents of
older girls more than parents of boys reporting higher information priorities on their daughter´s
need to know the purpose of the study, the procedures, benefits, and voluntary nature [193].
Attitudes, Perceptions and Beliefs
There were six papers that reported outcomes in relation to the attitudes, perceptions, and beliefs
regarding CTs. Men and women have not been found to differ in their attitudes and opinions of
research procedures. A US Study found no differences by gender in attitudes toward
randomization, blinding, side effects from clinical trials, conflicts of interest, or the perception
that clinical research studies/clinical trials always involve experimental treatments [181].
Research is also mixed regarding men’s and women’s distrust of medical research. African
American and Latino men with HIV reported a distrust of the medical system, were concerned
about being experimented on, doubted the origin of HIV, and were concerned that other people
would find out about their HIV status if they participated in a clinical trial. These doubts were less
salient to African American women with HIV [172]. In a study of older men and women (average age
of 72 years), however, women were less likely than men to agree that their personal information
would be kept private and confidential if they volunteered for medical research [188]. Among men
and women with cardiovascular disease, men were more likely to agree that clinical trial
participants are treated like guinea pigs [181].
Men and women have found to differ in some of their expectations and biases regarding clinical
trials. For example, men with cardiovascular disease have been found to be more likely than
women to report that participation in clinical research is only for the terminally ill [181] while elderly
men have been found to be more likely to endorse the idea that medical research would find cures
for many major diseases during their lifetime [188]. African American women with HIV have
reported a fear of losing the stability of their medication regime, of trial medication not working for
their bodies, and of experiencing side effects in clinical trials [172]. Similarly, pregnant women who
participated in an H1N1 vaccine trial expressed interest and willingness in participating in
interventions that did not involve a change in behaviour or medication regime [192].
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In a study with oncology patients, male sex, unrealistic optimism, and lower education level were
associated with therapeutic misconception, the conflation of research and therapy. Sex was not
associated with dispositional optimism (a general positivity) or unrealistic optimism (an event
specific bias where one believes they are more likely to experience positive outcomes than similar
others facing the same event), which were found to be predictors of expectations of personal
therapeutic benefit specific to trial participation [194]. Another study with oncology patients
found that self-efficacy mediated the relation between attitudinal barriers to participation and
feeling prepared to decide about participating in a clinical oncology trial, with no differences by
gender. This mediation was not found between knowledge and clinical trial preparedness [170].
Summary
Achieving more balance in the representation of males and females in clinical trials has been
improving over the past decades in response to increasing requirements and guidance from
regulatory agencies and research funding bodies. But balance is still uneven when sex specific
diseases and conditions are considered or are excluded from analyses. It also remains unbalanced
by Phase with ongoing over representation of male participants in Phase 1 trials. Issues around
rates of participation and willingness to accept invitations to clinical trials need an ongoing SGBA+
to get a much fuller picture of the gendered psychosocial, cultural, and economic considerations
affecting the dynamics of participation, including decision making, roles and responsibilities, risk
assessment of potential effects, culture, and health literacy. Without a strong focus on
researching gender-related factors affecting women’s engagement in particular, these imbalances
and barriers will remain.
Further research is also required to fully understand the differential impacts of intersectional
factors on women and men. Gender needs to be considered in the context of overall intersectional
and subgroup characteristics such as race/ethnicity, age and comorbidities. For example, it
appears that even when racial diversity is increased and sex and race studied together, women are
still underrepresented. There also remains under representation of older participants, especially
women. These and other patterns of participation create ongoing inequity, weakness in building
sex and gender science, and detract from adequately informing clinical trials for the purposes of
prescribed drug management.
When pediatric population inclusion is studied by sex and/or intersectional characteristics, it is
useful to note that parental decision making is the key element, so many of the same gender and
race/ethnicity, and SES based characteristics of the parents may prevail or replicate in shaping
participation patterns of pediatric populations. In this context, the gender of the parent making
decisions and if relevant, the gendered couple dynamics of the parents, are likely important
factors to understand. Further, as minors acquire more autonomy and rights in determining their
health care, accessing and understanding their views on participation will become an important
aspect of improving inclusion and shifting norms regarding pediatric inclusion.
There is mixed evidence regarding gender and the willingness to be involved in clinical trials. With
some studies finding more willingness among men and some among men but rates differ among
disease categories. Women appear to be more concerned with safety concerns arising out of
participation in clinical trials. Among pregnant women contemplating either real or hypothetical
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studies, a minority of participants expressed willingness to be involved, especially if their midwife
is the link to the study, if they could be assured that there are minimal risks to the fetus and if they
could withdraw at any time.
In addition, willingness to participate differs among subgroups, especially those with low SES.
Willingness in general was lower among minority group men compared to women and furthermore,
was based on different reasoning for men compared to women. Men were reluctant due to lack of
trust with the medical system, while women were more concerned with safety, confidentiality, and
efficacy issues. While having a clinical trial recommended by a trusted source is an important
facilitator for both men and women, women were more likely to name that source as a health care
practitioner and men more likely to report leaning on family or friends.
Motivators for engaging in trials were mixed, but included desire to help others, societal benefits,
and economic considerations, depending on the SES of the participants. Motivations among
pregnant women included fetal benefit, self-benefit, and access to interventions not otherwise
available. Age mattered. Older patients were motivated by a duty to contribute to improvements in
knowledge, along with possible health benefits and less motivated by economic incentives. Among
pediatric populations, parents report that girls needed more information about studies, compared
to boys although the same findings were not reported by children.
Once enrolled, retention issues also appear to be gender-related, with women often lost to follow
up for a range of reasons. Achieving more balance and representation in clinical trials design is a
solution to accruing more sex-based data for the improvement of the prescribed drug lifecycle.
However, the solutions to improving representation and balance will depend on gender-based data
and intersectional analyses regarding willingness, knowledge, and retention to explain and
improve representation of subgroups, while holding sex and gender considerations central.
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GREY LITERATURE
Methods
We manually searched Canadian and US websites for potentially relevant grey literature and
material pertaining to SGBA+ and drug management. Each website was hand-searched and
relevant grey literature sources identified. Health Canada partners provided public Health Canada
documentation on lifecycle management processes. We derived items from the Q1 search that
provided commentaries, opinions, reviews or overarching comments. We reviewed these items to
derive useful information and guidance regarding each of the phases of the lifecycle management
of drugs.
We found the following:
A) 19 commentaries, editorials, comments and letters from the Q1 search as grey literature.
These documents were reviewed and incorporated into both context for this report as well
as reported upon in the grey literature section.
B) 2 websites (including 4 sources) pertaining to women and health protection and or sex and
gender or equity and diversity for relevant grey literature material pertaining to SGBA+ and
drug management.
C) 29 documents from other regulatory agencies in similar jurisdictions, including Europe,
USA, Australia and UK.
D) 31 Health Canada documents on each phase of the lifecycle management of drugs.
In total 83 relevant grey literature sources were reviewed. A list of all relevant documents is
available in Appendix D, along with a short description of the review methods. We reviewed these
items to derive useful information and guidance regarding each of the phases of the lifecycle
management of drugs. They are narratively summarized below.
Grey Literature from the Q1 Academic Search
The grey literature derived from the academic searches further highlights the importance of and
need for sex and gender-based factors to be integrated at all levels of the lifecycle management of
drugs. These articles describe the important policy changes that have been made to require the
inclusion of women in clinical trials and sex-based analyses, but highlight areas that require more
action, such as continued sex discrepancies in adverse drug reactions (ADRs), lack of inclusion of
women in phase I clinical trials, lack of inclusion of pregnant and lactating women [12], and a lack
of research that supports precision medicine. Also highlighted is the need for consideration of
how gender influences the lifecycle management of drugs. And again, despite the many articles in
the grey literature that dealt specifically with SGBA+ concepts, persistent misuse of language was
an issue in many. These grey articles include commentaries, letters, opinion pieces and policy
comments, and are useful for understanding current weaknesses in the lifecycle management of
drugs.
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The 2010 commentary by Fisher and Ronald mentioned in the Context section demonstrates how
regulatory agencies can be influenced by gender biases and perpetuate inequalities by unevenly
enforcing safety and evidence standards, even when requirements are in place to include women
in clinical trials and conduct sex-based analyses as is the case in Canada and the United States
[119]. For example, the FDA requires new drug applications to include information on sex
differences, however the FDA often has not enforced the requirement, resulting in new drugs
being approved before there is adequate understanding of potential sex differences in drug safety
and efficacy [119]. Additionally, gender norms and politics can affect enforcement of standards.
For example, as mentioned, gender biases regarding the acceptability of sexual promiscuity in
men and women were reinforced when the FDA prioritized the review of sildenafil citrate (Viagra)
and approved it within 6 months, but mifepristone, a safe and effective drug for inducing abortion,
was continually delayed until years passed before it was approved [119]. More recently, in 2012, the
FDA prioritized the development of treatments for female hypoactive sexual desire disorder as
part of their commitment to advance women’s health [195].
In 2020, Ahmed, Strauss, and Bierer published a letter to the editor in the Therapeutic Innovation &
Regulatory Science journal where they shared their findings that the top 20 pharmaceutical
companies and top 10 academic medical institutions in the US all have made public statements
about their commitments to diversifying their workforces and providing inclusive environments.
However, when the authors looked for similar statements from these organizations regarding
commitments to diversifying clinical research populations to reflect those for whom treatment is
intended, it was lacking. While public statements and commitments are recognized as just the first
step in the actions needed for change, the authors point out that they play an important role in
setting standards, creating cultural shifts, and holding organizations accountable [196].
With increasing awareness about the importance of including diverse populations in clinical
research, including the representation of women, and guidance on such representation for almost
30 years, why do women continue to be unevenly or under-represented in some phases? Some
researchers have cited prevailing misconceptions surrounding sample size needs as a barrier to
inclusion [197]. While on the other hand, some point to caregiving responsibilities as a barrier to
inclusion [119]. While the Canadian Institutes of Health Research requires grant applicants to
include sex and gender in their applications, and supplemental financial aid is offered to fulfill this,
many journals do not follow-up with similar requirements that mirror these standards of reporting
and analysis. In an opinion piece by Nowogrodzki (2017), Canadian researcher Cara Tannenbaum
argues that it is journals and reviewers that will hold researchers accountable to the inclusion of
sex and gender in clinical research [197].
Underrepresentation of women continues to be especially rampant in phase I clinical trials, which
has efficacy and safety consequences, such that drugs are less likely to be effective in women and
women are at greater risk for ADRs than men [197]. Researchers have pointed out that key
decisions about safety and dosing are made during phase I clinical trials, and without adequate
representation of women and analyses by sex, dosing is skewed to the male body [119].
The underrepresentation of pregnant and lactating women also continues with most clinical trials
requiring proof of a negative pregnancy test and use of contraception as eligibility criteria. This is
despite existing guidelines in Canada, the US, and Europe on safely including pregnant and
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breastfeeding women in clinical trials and a desire among pregnant women and their healthcare
providers to be included in clinical trials. The exclusion of pregnant and lactating women from
clinical trials results in a lack of safety and efficacy information available to physicians and women
when making treatment decisions, and the resulting untreated diseases have potential to harm
both a women and her fetus [12].
Pharmacokinetics and Pharmacodynamics
Some articles in this grey literature pointed to the importance of investigating whether there are
sex differences in the pharmacokinetics and pharmacodynamics of drugs to support the practice
of precision medicine. For example, a commentary from 2017 reports on a post-hoc analysis which
found that males and females responded differently to ipratropium bromide treatment for chronic
obstructive pulmonary disease. Improvements in forced expiratory volume were found in more
females than males and BMI was associated with the effectiveness of the treatment in females,
but not males, supporting a sex-related responsiveness to pharmacological treatment [198].
Within the field of immunology, there has been a push for a precision vaccine approach that
incorporates sex differences in immune response at all stages of vaccine development and
delivery [199, 200]. A 2013 editorial by Klein and Poland suggests that vaccine dosages be sexspecific, and that sex be considered in vaccine response/efficacy, adverse events, and the
delivery of vaccines. The authors point out that women experience more adverse events in
response to vaccines and tend to have a higher antibody immune response to vaccines [199].
Similarly, the first International Precision Vaccines Conference in 2018 engaged researchers in
discussions about precision vaccines and how to incorporate sex and age factors into vaccine
development to ensure they are sufficiently immunogenic in populations with varying levels of
immune response [200].
In an opinion piece, Kim, Tingen, and Woodruff (2010) point to the differences in the experience of
disease by males and females due to biological differences, and how these factors are important
to consider when developing and prescribing treatments for diseases, although they rarely are. To
demonstrate their point, Kim et al. presents findings that females wake faster than males after
taking anesthetics such as propofol and nitrous oxide and experience more side effects. The
authors make the following recommendations to reduce sex bias in trials and treatment: 1) journals
should require authors to address sex differences in research design and analyses, and to label
single sex studies as such and justify why they are single sex, 2) regulatory and funding agencies
should require appropriate representation of both sexes in clinical trials and should require sex
based analyses, 3) sex-specific reactions to medications should be made clear to clinicians and
patients, and 4) health organizations should encourage women to participate in clinical trials [201].
Rodriquez, Aquino, and D’Ursi (2015) argue for systematic search for sex related effects on
pharmacokinetics (PK) and pharmacodynamics (PD) of drugs in the development process, citing
sex differences found in therapeutic agents used to treat cardiovascular disease, lipid
metabolism, and obesity. Rodriquez et al. (2015) emphasizes that research needs to investigate the
pathophysiology of sex hormones, sex specific genetic influences and interactions with
environment to advance our understanding of sex differences in PK and PD [202].
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Adverse Drug Reactions
Articles reviewed in the grey literature reported discrepancies in ADRs experienced by males and
females and highlighted the importance of investigating sex and gender-related factors underlying
ADRs.
An editorial published in 2011 reported that female sex and older age was associated with
increased risk of myopathies for patients on statins [203], while a 2010 editorial reported that men
may be at an increased risk for hip fractures when taking proton pump inhibitors (PPIs) due to the
drugs effect on calcium absorption [204]. The authors discuss that the increased likelihood for
women to be taking calcium supplements post-menopause may be protective against hip
fractures in patients taking PPIs [204].
In a letter to the editor of the European Journal of Clinical Pharmacology published in 2017, data on
ADRs reported to two internal medicine departments in Romania between January 2010 to July
2012 were reported, finding that most affected females. When the ADRs were classified according
to the DoTS classification system, it was found that sex affected the susceptibility of 4% of the
total ADRs reported, which the authors explain as contrary to other research using the DoTS which
has found no differences in susceptibility by sex. Some examples of sex differences were that
females were prone to ACE inhibitor-induced cough and prednisone-related osteoporosis, while
males were at risk of gynaecomastia when taking spironolactone and erectile dysfunction
associated with metoprolol [205].
A 2016 commentary focused on sex and gender related efficacy and safety issues of antiepileptic
drugs (AEDs), resulting in their recommendation that the lowest effective doses be used for
women planning pregnancy and that valproate should be avoided unless other alternatives are not
available. In women, oral contraceptive drug interactions as well as physiological changes and poor
adherence during pregnancy can affect efficacy. The authors report safety issues for both men
and women regarding sex hormone disturbances affecting reproductive and sexual function.
Valproate was reported as being especially risky to women as it was found to be associated with
increased risks for polycystic ovary syndrome, osteoporosis, with menopause potentially
increasing the risk of ADRs, and a potential association with major congenital malformations and
autism-spectrum disorders when used during pregnancy [206].
A 2010 opinion piece presented theories about the underlying pharmacokinetic and
pharmacodynamic mechanisms of sex differences in ADRs, suggesting that beyond body weight,
drug exposure, and ADR reporting differences by gender, hormones may play a significant role in
the sex differences seen in ADRs. The authors call for collaboration amongst industry, academia,
and regulatory agencies to investigate drugs on a case-by-case basis to discover the mechanisms
responsible for sex differences in ADRs [207].
Policy Updates
In the grey literature reviewed, attention is also paid to sex, gender, and age when making changes
to drug recommendations, with articles presenting policy updates on HPV vaccination, QT interval
studies, and sleeping pills.

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

67

For example, a policy statement in 2012 presenting updated recommendations for HPV vaccines
considered sex and age in relation to who should be vaccinated, when, and with which HPV
vaccine. This update was made in response to new safety and efficacy evidence of the available
HPV vaccines and their ability to prevent cancers in both males and females associated with HPV
and at what age they would be most effective [208].
In Shah and Morganroth’s (2012) comments on the International Conference on Harmonization (ICH)
update regarding recommendations to thoroughly investigate the QT liability of a drug during its
development, including the consideration of sex and sex-related factors, they recommend that
more stringent recommendations should have been made. This was based on evidence of sex
differences in baseline QT intervals, as well as drug exposure sex differences in QT prolonging
drugs, and evidence to support the potential for unknown sex differences of QT prolonging drugs
beyond drug exposure, sensitivity, and body weight, such as the influence of sex hormones. Shah
and Morganroth explain that the ICH recommends including both sexes in clinical trials, but only
encourages subgroup analyses by sex when there is a priori evidence to suggest doing so. Shah
and Morganroth argue that a vigilant effort to analyze by sex is needed to discover sex related
differences [209].
Two articles reviewed in the grey literature described FDA warnings regarding zolpidem, a sleeping
pill, and the risk of next day driving impairment [210, 211]. This drug has often served as a key
exemplar of the impact of both sex and age on dosage. When zolpidem was first approved by the
FDA in 1992, the label recommended a lower dose for the elderly compared to younger adults but
did not include dose recommendations by sex. In 2011, recommendations by sex were included on a
lower dose tablet approved for falling back asleep after waking, due to evidence of sex differences
in next-day blood drug levels. A study conducted during the approval process of this lower dose
tablet found that 8 hours after taking zolpidem, 15% of women and 3% of men had concentrations
of zolpidem in their blood that was much higher than the cut off level for impaired driving. When
the extended-release preparation of zolpidem was investigated, 33% of women and 25% of men
were found to have concentrations in the blood that exceeded the impaired driving cut off. This
study and increasing reports of adverse effects prompted the FDA to issue a safety notice, lower
the dose recommendations of zolpidem, and require manufacturers to provide sex-specific
dosage recommendations in 2013 [210, 211].
In short, this collection of 19 grey articles from the academic search reveals detailed examples and
pointed suggestions and recommendations for much needed improvements in the life cycle
management of drugs.
Websites
We examined two websites of direct relevance to the lifecycle management of drugs.
Women and Health Protection
The first one, Women and Health Protection, was established in 1998 and was active until 2010. It
consisted of a coalition of researchers, advocates and women’s health providers who functioned
as a watchdog of pharmaceutical drug legislation in Canada through collaboration among women’s
health community groups, researchers, journalists, and activists. The working group was part of
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the (then) federally funded Centres of Excellence for Women’s Health Program, and met regularly
to create numerous resources and reports, some of which are still highly relevant today.
This website applied a women’s health lens and a gender-based analysis to a range of issues in
health protection including prescribed drugs. The working group was especially concerned with
the implications of Canadian health protection legislation on women’s health and focused on many
issues related to the lifecycle management of drugs, such as drug approval processes, inclusion of
women in clinical trials, and post-market advertising and pharmacovigilance programs. For
example, the group played a significant role in bringing attention to violations of the direct-toconsumer advertisement of prescription drugs regulations in Canada and in holding the
government accountable for enforcing the legislation. The group also provided analyses of the
international harmonization of pharmaceuticals regulation and how it could impact health
regulation in Canada and the safety, effectiveness, and availability of medications for women by
neglecting to provide guidelines on the inclusion of women in clinical trials [212].
Interestingly, the groups stance in 2004 was that problems with Canada’s health protection system
had less to do with what the regulations were, and more to do with how they were enforced and
applied [213], which remains an issue today in Canada and globally. Ford et al. (2004)
recommended that all drugs be analyzed using a gender-based analysis (the term used in the
federal 1999 Women’s Health Strategy), that all review data used in decision making be made public,
and that a robust consumer adverse event reporting system be built. Further, in 2005, the group
called for greater transparency in Canada’s drug approval process, such as making public results of
clinical trials [214], which various stakeholders continue to call for today. Due to a loss of core
funding in 2010, the group is no longer afforded the opportunity to hold those involved in the
management of prescription drugs in Canada to account for women’s health and safety, despite
ongoing issues that continue to exist.
Multi-Regional Clinical Trials Center
The Multi-Regional Clinical Trials Center (MRCTC) of Brigham and Women’s Hospital and Harvard
has published a guidance document by Bierer et al. (2021) on their Diversity Project website aimed
at clarifying the importance of diversity, inclusion, and equity in clinical research as well as
providing practical actions that can be taken to achieve this goal. They argue that inclusion occurs
disproportionately to the population and/or to the population intended for the drug, and that
underrepresentation or lack of access affects the results of trials. They state that while sex is a
biological construct and essential to inclusion, they suggest that race/ethnicity are social
constructs and are proxies for genetic, social or economic factors.
The authors discuss a lack of diversity in clinical trials in terms of race, ethnicity, sex, gender, the
elderly, the young, and genetics, and explain that proper investigation of these factors on health
outcomes in clinical trials requires that validated methods of categorization be practiced
universally and proper language (i.e., using sex and gender terms) be used. It is explained that a
lack of diversity in study populations results in an inability to investigate and properly understand
the safety, efficacy, effectiveness, and value of medical interventions, as many complex factors
have been shown to affect drug exposure and/or response. Specifically, they name genetics,
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physiological differences, co-morbidities, geography and multifactorial biologic, behavioural,
psychosocial and socioeconomic factors.
They note that it remains unknown as to whether sex differences that affect the safety and
effectiveness of drugs are due to pharmacokinetic, pharmacodynamic, pharmacogenomic
differences, hormonal differences, polypharmacy, or other factors. The authors suggest that as
this research expands, a plan should be put in place to expand inclusion criteria accordingly [215].
Beyond inclusion, sufficient numbers of diverse participants are needed to perform subgroup
analyses, which the authors explain can be done through pooling series of trials in early product
development, or by leveraging pharmacogenomics research, meta-analyses, data repositories,
and other data sources. The authors point out that if diversity and inclusion factors are considered
late in trial planning, efforts to include sufficient numbers of an array of demographic subgroups
will be financially challenging and may delay drug development. Rather, the authors suggest that
trial planning consider these factors in early stages and build upon evidence of at-risk populations.
They argue that costs of increasing inclusion and diversity can be decreased by:
-

Identifying barriers to inclusion,
Creating resources, approaches, infrastructure, and technology to address barriers,
Evolving study designs (for example, to be sensitive to evidence of sex differences),
Standardizing data terminology, collection, and analyses, and
Continuing to progress regulatory science.

An example of overcoming barriers to inclusion and decreasing costs provided by the authors is to
expand eligibility requirements and increase flexibility of study procedures to promote faster
enrollment. Indeed, they recommend that reference values should be adjusted if there are known
differences among subgroups, such as known sex differences in average weight and height, and
that the current lack of varied reference values results in discrimination against certain groups.
Further, the authors recommend that each eligibility criterion should require justification, should
be re-evaluated at each level of review, and that a searchable repository of average values for
subpopulations of important variables (ex. average weight for men and women) be created. The
authors also recommend meaningful engagement with underserved and underrepresented
patients through creating relationships and partnerships with caregivers, patient advocacy
groups, and community organizations which often hold the trust of patients, contributing to the
recruitment and retention of these populations. Engaging and consulting with these stakeholders
in setting priorities for research, designing and conducting studies, and in dissemination is key
[215].
In the guidance document, diversity and inclusion are deemed important for individual clinical
trials, but also for each stage of the product lifecycle and for the workforce and organizations
involved at each level. They indicate different considerations at each stage of development,
ranging from biologic elements and mechanisms in early phases (presumably including sex), to
conducting trials post-market to investigate biologically relevant diversity issues. Finally, they
suggest integrating real world evidence to explore under-represented populations in
pharmacovigilance phases. All along they recommend diversity in the workforce and in the
organizations carrying out this work, reflecting EDI concerns.
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Within the guidance document, the authors point out that while US regulatory agencies provide
guidance about, and create expectations of diversity and inclusion, they do not mandate it. Beyond
public statements of commitment to diversity and inclusion in the workforce and in clinical trial
populations, the authors recommend creating goals, requirements, workforce training, and
creating metrics to measure progress. Organizations, such as Health Canada, while acknowledging
their EDI related roles and responsibilities in the processes of increasing diversity and inclusion in
clinical research, may also hold their stakeholders and research partners accountable. It is
recommended that regulatory agencies prioritize and facilitate the collection of quality data,
inclusion and participation of diverse populations, and require transparency of data. For example,
regulatory agencies could annually publicize the demographics of clinical trial participants for new
products and could create a scorecard and rewards for inclusion of diverse populations.
This guidance document is a key resource that provides practical ways to increase diversity and
inclusion in the lifecycle management of drugs and can be applied through a sex and gender lens at
all levels [215].
Documents from Regulatory Agencies
USA-Food and Drug Administration (FDA)
The FDA, established in 1906 is the regulatory agency of the USA and very influential in matters of
drug approval and management. The FDA documents have over the years, conflated the terms sex
and gender. For example, early FDA documents used the term gender for sex, but over time,
gender and sex were used interchangeably and in more recent documents > 2012 this practice was
directly addressed in the documents and became more precise. Attention was paid to addressing
historical exclusions of pregnant women in clinical trials in changes to legislation in 1993, and more
recently, attention is being paid to improved inclusion of subgroups: minority groups
(race/ethnicity categories), pediatric, and older individuals.
Reporting requirements
Various regulatory documents from the FDA were assessed including those pertaining to
applications for marketing new drugs, where as early as 1985 in addition to detailed
pharmacokinetic data applicants were required to submit safety data “presented by gender, age,
and racial subgroups” and to provide descriptions of statistical analyses used to acquire such data
[216]. Although biological sex was referred to as gender, the regulation was very explicit in asking
that data for both efficacy and safety be disaggregated by sex, age, and race/ethnicity, and
sponsors were directed that they MUST identify modifications of dose or dose interval for any
specific subgroups. The succinct and explicit instructions for sex-disaggregated analysis leaves
little room for alternate interpretations. The document states that it is a requirement and should
prompt sponsors to investigate subgroups thoroughly prior to application [216].
A regulatory document in 2002 on annual reporting of enrolment required sex and subgroup data
but no explicit requirements were made for ongoing adverse events reporting, even within the
same document [217]. A 2009 regulatory document regarding clinical holds -interrupting or
delaying recruitment, enrolment and administration of trial drugs – required the reporting of
disaggregated data in cases where reproductive potential was an issue for males or females.
While biological sex was again referred to as gender in this document, reference to single sex
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studies was made. Sex was mentioned in the context of a clinical hold being implemented if a trial
for a drug treating a life-threatening disease excluded men or women with reproductive potential
due to concerns impacting future reproductive success. Pregnant women were not included under
these criteria. Allowances were made for studies pertinent to only one sex (e.g., drug excretion in
semen or effects on menstrual function) or if a study included only one sex, but another study with
the other sex had been completed, was running concurrently, or would be run in a reasonable
amount of time agreed upon by the FDA. However, there were no criteria applicable to pediatric or
geriatric populations [218].
In 2012 the FDA enacted the Food and Drug Safety and Innovation Act regarding the reporting of
monitoring data regarding sex and other subgroup disaggregation, including its dissemination and
accessibility to a range of audiences. Sec. 907 specifically called for a report to be made by the
FDA to Congress (within a year of the Act being passed) on how well data submitted for drug
applications divulge sunset analyses based on sex, age, and racial and ethnic subgroups. The Act
specified that it wanted an analysis of what tools were available to ensure demographic analyses
were submitted in applications for drugs (as well as biological products and devices). The report
was to also include how the FDA was making these data available to health care providers,
researchers, and patients, an analysis of how subgroup analyses based on sex, age, race, and
ethnicity was presented in applications for new drug applications and if a summary of product
safety and effectiveness by subgroups (sex, age, race/ethnicity) is made available to the public in a
timely manner [219]. In a subsequent report released in 2014, an action plan was outlined, to: 1)
improve completeness and quality of demographic subgroup data collection, reporting, and
analysis; 2) identify barriers to subgroup enrollment in clinical trials and deploy strategies to
encourage greater participation; and to 3) increase availability and transparency of demographic
subgroup data [220].
In 2020 a Guidance document was issued by the FDA entitled Enhancing the Diversity of Clinical
Trial Populations —Eligibility Criteria, Enrollment Practices, and Trial Designs. Guidance for Industry.
This document aimed to 1) broaden eligibility criteria such as to avoid unnecessary exclusions for
clinical trials; 2) develop eligibility criteria that would improve trial recruitment such that the
participants enrolled in trials will better reflect the population most likely to use the drug, while
maintaining safety and efficacy standards, and 3) apply recommendations for broadening eligibility
criteria to clinical trials of drug intended to treat rare diseases or conditions. In this context, the
FDA addressed prior conflation of sex and gender terms with a footnote specifically stating the
difference between sex and gender. In addition, the document recognizes that there are cases
where sex and gender are discordant, but stated that for the purposes of this document, sex and
gender will be assumed as concordant. Sex and gender are named as separate clinically relevant
subgroups [221].
Inclusion of Women in Drug Development Studies
In 1993, the FDA released a guidance document that outlined its expectations regarding the
inclusion of patients of both sexes in drug development, analyses of clinical data, pharmacokinetic
assessments, and conduct of specific additional studies in women [222]. This was a much-needed
update on the 1977 guideline entitled "General Considerations for the Clinical Evaluation of Drugs"
that had excluded women of childbearing potential from participation in early studies of drugs
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[223]. The 1993 guideline provided specific considerations related to the evaluation of ‘gender’
differences during the evaluation of drugs. Principles stated in this guideline regarding the
inclusion of women in development programs and analysis of subgroup differences are broad
standards that the FDA considered equally applicable to clinical development of both biological
products and medical devices [222].
While biological sex is referred to as gender, the intent was to justify the revision of the 1977
Guideline which had excluded women of childbearing potential after many stakeholders had
expressed concern that it had led to a "general lack of participation of women in drug studies"
contributing to a paucity of data on how drugs affect women. This document gives multiple
specific examples of why women should be included as well as examples of sex differences in drug
metabolism. The document also pointed out age- and race/ethnicity-related differences in drug
metabolism. Various illustrations of large trials data (on CVD, and antidepressants) that excluded
or underrepresented women were presented [222].
This document was pivotal in changing practices in the USA. In conjunction with the preceding
group of documents on reporting standards, it constituted a sea change in the FDA approach to
sex, gender and inclusion in drug development and monitoring [222]. In 1994, the Office of
Women’s Health was established by Congress at the FDA, institutionalizing the need for improving
and monitoring women’s health, and including more women in clinical trials, among other goals
[224].
This Office has since served a vital role in advancing women’s health in the USA. Its goals are to: 1)
establish and advance a women’s health agenda for FDA, 2) promote inclusion of women in clinical
trials and implementation of guidelines regarding representation of women in trials and
completion of sex/gender analysis, 3) identify and monitor progress of women's health initiatives,
and 4) serve as liaison between FDA and other agencies, industry, professional associations, and
advocacy groups with regards to health of women. The current information on this website is
geared toward the female sex in its entirety, and the terms sex/gender are not used
interchangeably [224].
A second website from the Office of Women’s Health is geared entirely toward clinical trials. This
site gives women specific questions to ask and things to consider when presented with the
possibility of participating in a clinical trial. This page makes the information accessible to multiple
cultures/languages and does not overcomplicate the information [225]. The website provides a
link to the Diverse Women in Clinical Trials Campaign, which is a joint effort between the FDA's
Office of Women’s Health and the NIH's Office of Research on Women's Health to raise awareness
about diverse women of different ages, race/ethnicities, and health conditions to encourage
participation in clinical trials. While the information in this site is geared towards the female sex
with no mention of gender, the Diverse Women in Clinical Trials Campaign is specifically geared
towards including women of different ages and race/ethnicities [225].
A third website is the general OWH site which covers extensive health topics of interest to
females/women. It provides easily accessed resources on women's health topics: birth
control/HIV/HPV; breast implants; caregiving; college health; diabetes; healthy aging; heart
health; hypertension; mammograms; menopause; pregnancy; safe medication use; pain
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medications; cosmetics and nutrition in multiple languages (English, Spanish, Polish, French
Creole, Arabic, and Asian languages) [226].
Women’s Health Roadmap
In 2015 the Office on Women’s Health published a roadmap to illustrate its goals and progress to a
more sex specific research agenda (https://www.fda.gov/science-research/womens-healthresearch/womens-health-research-roadmap). This map builds upon knowledge gained from
previous research and assists the OWH in coordinating future research activities with other FDA
programs and external partners and outlines priority areas where new or enhanced research is
needed. Sex and gender are distinguished in the Roadmap and not conflated as a singular concept.
Multiple instances and examples are offered regarding the need for the investigation of biological
sex differences in terms of efficacy, pharmacokinetics and pharmacodynamics, and adverse
effects. Considerations for the inclusion of pregnant women is also included. Age and ethnicity
were mentioned as subgroup analyses and transgender populations are also acknowledged for
future considerations [227].
Pregnancy and Lactation
In 2004, the FDA released draft guidance on the pharmacokinetics of pregnancy with respect to
drug dosage and labelling. It focused on how pregnancy affects these issues. The document
provides background on why specific studies in pregnant women are required, and what specific
considerations need to be made before undertaking such a study. The terms sex and gender are
not used in this document, but the need to collect information on maternal age, race, and ethnicity
in data collection is acknowledged [228].
In 2005, the FDA released guidance for reviewers to determine the impact of drug use during
pregnancy on fetal outcomes. This guidance also enabled FDA staff in assisting with product
labeling useful to clinicians caring for patients who are pregnant or will become pregnant.
Biological sex is referred to accurately. Pertinent to pregnancy status and outcomes, maternal age
and race are attributes that were mentioned multiple times as potential sources of variation and
confounding results. Socioeconomic status was mentioned as a source of demographic variability.
Differences due to race and sex (e.g., birth weight) of neonates were also highlighted in the
document. As a reference document for FDA staff, race and age were mentioned with respect to
data collection of case reports. For example, a question in the appendix on considerations to keep
in mind when collecting these data asks if maternal attributes "(e.g., age, race, other)?" could be
associated with the reported fetal effect [229].
Between 2018 and 2020, the FDA published several draft guidance documents regarding: industry
monitoring of post approval pregnancy outcomes [230], design of lactation studies for industry
[231], and considerations for the ethical inclusion of pregnant women in clinical trials [232]. Taken
together, these documents indicate a concerted effort to redress issues of historical exclusion of
pregnant and lactating females in clinical trials.
The draft guidance on post approval monitoring was quite specific in terms of critical factors to
include in evaluating the data being submitted to the various sources to assess safety including
(but not exclusive to): detailed description of adverse pregnancy outcome; detailed description of
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exposure (dose, frequency, route of administration); gestational age; maternal age, medical and
pregnancy history. Appendix A addresses even finer data considerations on gendered factors,
such as occupation in addition to race/ethnicity [230].
The draft guidance on lactation was intended to offer guidelines on drug use coincident with
lactation. The sex of the infant potentially impacted was not one of the recommended factors to
be considered/data to be collected. Those that were recommended for data collection included
race/ethnicity, maternal (age; smoking, weight, alcohol intake, concomitant drugs, existing
medical conditions) and infant (age, weight, history of prematurity, drugs, existing medical
conditions) [231].
The draft guidance on ethical and scientific considerations was specifically focused on the state
of pregnancy and related risks rather than additional factors that could impact outcome. There is
no mention of race/ethnicity, socioeconomic factors, or gendered lifestyle factors or system
weaknesses and biases that could compound risks. The document focuses on the administrative
aspects of regulations, law, jurisdictions, and reactions [232].
Further, in 2020 draft guidance was issued on Pregnancy, Lactation, and Reproductive Potential:
Labeling for Human Prescription Drug and Biological Products — Content and Format Guidance for
Industry. This guidance was intended to enhance labelling of prescription drugs, and the clear
parsing out of adverse reactions for women/mothers and fetuses/neonates. While the document
recognizes potential complications brought about by maternal age (birth defects, miscarriage)
there is no specific recommendation for this metric to be disclosed. The same applies to
race/ethnicity where, again, recognition is made of this factor impacting rates of birth defects, but
there is no specific recommendation to include this information [233].
Minority Groups5
The FDA also has an Office of Minority Health and Health Equity (OMHHE) that was established in
2010 to address health disparities among minority populations. Among other goals, it aims to
increase the availability of clinical trial data that represents diverse populations, assess the
responses and reactions of race/ethnic groups to various medical products and increase
availability of health and safety communications to minority groups. Unfortunately, there are no
sex and/or gender considerations visible on the main website reducing the impact of the message,
as sex/gender related factors are key elements within populations of interest with respect to race
and ethnicity as they are in majority groups [234].
The FDA OMHHE also has a specific site on its EQUITY initiative, to diversify the reach of clinical
trials. The site provides information on the Enhance EQUITY Initiative: enhance/support efforts to
advance diversity in clinical trials; increase data available on diverse groups including (but not
limited to) ethnicity, race, age, disability, and geography; amplify FDA communications with

See also Table 5 in https://mrctcenter.org/diversity-in-clinical-research/wpcontent/uploads/sites/11/2021/09/MRCT-Center-Diversity-Guidance-Document-Version-1.2.pdf for a
comparison of international regulations and guidance on these aspects of diverse inclusion.
5
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diverse groups and to ensure stakeholders including consumers are informed of FDA's efforts to
understand diverse patient perspectives, preferences, and unmet needs. Unfortunately, there are
no sex and/or gender considerations, again revealing a lack of intersectionality in the approach of
the OMHHE. The focus appears to be solely on increasing diversity in terms of race/ethnicity in
trials and increasing equitable data efforts for subgroup analysis pertains to diverse race/ethnic
minorities [235, 236].
In a third OMHHE website featuring resources for minority populations, the topics covered include
a wide range of conditions and issues such as: nutrition, tobacco, cancer, diabetes, heart disease,
obesity, HIV/AIDS, and sickle cell disease, among others [237]. In this site, sex and gender are
differentiated with respect to sexual health and the transgender population is mentioned with
regards to HIV/sexual health. No other sex and/or gender considerations are integrated into the
website or the topics, again missing an opportunity for integrating the importance of sex and
gender related factors into all aspects of minority health and health equity [237].
European Medicines Agency
The European Medicines Agency (EMA) was founded in 1995 and its mission has included the
harmonization across the EU of various national approaches and systems to regulating medicines.
Its headquarters was in London, UK, until 2019 after which it relocated to Amsterdam because of
Brexit. As of 2021, the UK (except Northern Ireland) has adopted its own regime for regulation.
In 2008, the EMA released a guidance document that described the process of assessing nonclinical (e.g. animal data) and clinical data as well as the integration of these assessments in the
process of developing the label of a medicinal product with respect to risk assessment of
medicinal products on human reproduction and lactation- from data to labelling [238]. This
guidance described how to integrate clinical and non-clinical data to highlight factors of
importance in the assessment of the risk of an adverse reproductive developmental effect in
humans (as it regards fertility, pregnancy, fetal or child health) and to outline how to communicate
the potential or identified risk. The document is focused on women with specific sections on
pregnancy, lactation, contraception. There is no mention of sex or gender, and no mention of
maternal age, race/ethnicity, or socioeconomic status [238].
In 2014 the EMA issued new regulations for the European Union [239] to ensure enhanced
harmonization of rules for conducting clinical trials throughout the EU. It authorized a streamlined
procedure for trial application submission, assessment of the trial, and provides rules on the
protection of participants, informed consent, and requirements for transparency. In this
document, gender is used in place of biological sex. There are requirements for participation of
both sexes, representative of the population likely to use the product. The protocol should include
disclosure of subgroups (including age and sex), and a justification of sex and age allocations,
particularly if a specific sex or age group is excluded, clinical trial data must have data breakdown
along the lines of sex and age, and these characteristics must be disclosed in baseline
demographics. There were no mentions of any considerations regarding race/ethnicity or
socioeconomic status [239].
In 2019, the EMA issued guidance on the inclusion of subgroups to describe principles and
assessment strategies that may be used in subgroup analysis in estimating or testing the
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treatment effect and its consistency in subgroups of the trial population [240]. Again, gender is
used in place of biological sex. There are acknowledgements [in 2 sections] that subgroups
analysis will be made at minimum based on sex, age, and ethnic origin, and in this regard the
document points to the ICH E5 document. There are no other stated SGBA+ considerations [240].
The United Kingdom
The Medicines and Healthcare Products Regulatory Agency (MHRA) is the agency within the UK
government responsible for licensing and regulating drugs (and devices). As of January 2021, it
became the sole regulator in the UK, post Brexit. The MHRA issues guidance on health issues and
drug processes. It runs the Yellow Card Scheme, which elicits and collects adverse event reports
from both health care practitioners as well as members of the public, including by sex, age and
ethnicity and pregnancy status.
In 2021 it released guidance on the use of medicines during pregnancy and breastfeeding [241].
This guidance was aimed at providing an accessible repository of information on the safe use of
medication during pregnancy and breastfeeding. There are sections advising women who are
pregnant, will become pregnant, and who are breastfeeding on what questions to ask their
healthcare providers. There are also sections on medications to avoid while pregnant or
breastfeeding as well as how to report adverse drug reactions. There is a section geared toward
industry with further links to additional guidance documents on the development of medicines that
could impact human reproduction and a section for clinicians and researchers explaining the
changes in the pharmacokinetics of drugs during pregnancy. The terms sex/gender are not
mentioned in this guidance. The website is very specifically focused on women who are pregnant
or breastfeeding or seeking contraception. There is also no mention of age, race/ethnicity, or
socioeconomics [241].
A second initiative in 2021 by MHRA is the Safer Medicines in Pregnancy and Breastfeeding
Coalition- a consortium of 16 organizations working together to improve health information
available to women who are thinking about becoming pregnant, are pregnant, or are nursing [242].
The consortium was established in response to a recommendation to improve health information
regarding medicines in pregnancy contained in a 2017 report on Hormone Pregnancy Tests [243].
The paucity of research data on medicines for pregnant women underpins the need for this
initiative. The Consortium is comprised of 16 agencies include the NHS, the MHRA, Public Health
England, 5 professional colleges, NICE and several charitable organizations. The goals are to
ensure all women have access to accurate and accessible information to make informed decisions
with healthcare providers about medication use before or during pregnancy or breastfeeding. They
intend to 1) ensure information provided is up to date with the latest robust evidence, 2) agree on
key messaging across member organizations, 3) ensure communications to the community are
clear, concise, and broadly consistent, and 4) support enhanced education of healthcare providers
concerning medications used before and during pregnancy or breastfeeding. The terms
sex/gender are not mentioned on the website, as resources are specifically focused on women
who are pregnant or breastfeeding. There is also no mention of age, race/ethnicity, or
socioeconomics, although access to information for women with disabilities is ensured [242].

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

77

In 2005, the Commission on Human Medicines (CHM) was established, sponsored by the
Department of Health and Social Care in the UK. It is a non-departmental public body that advises
health ministers and the licensing authority on the safety, efficacy, and quality of medicinal
products [244]. Pre-Brexit, the CMH operated in conjunction with European medicine regulatory
processes. Its objectives are: 1) to advise on applications for both UK (and European) marketing
authorizations; 2) to advise on the requirement and content of risk management plans for new
medicines, 3) to advise on the impact of new safety issues on the balance of risks and benefits of
licensed medications, and 4) to advise licensing authority of changes to the legal status of
marketing authorizations. The website is informational and describes agency organization and
responsibilities, along with various expert advisory groups, including one specifically on Women’s
Health Medicines. The main stated responsibilities lie with commercialization and risk
management, and adverse event reporting of safety signals. The CHM is a public body, on which lay
people as well as professionals can apply to sit. All applicants are asked to fill in a diversity
questionnaire, that asks about their sex, gender, race, ethnicity, age, income, and ability. Other
than this EDI initiative there is no SGBA+ content in the website dedicated to this agency [244].
International Council of Harmonization
The International Council of Harmonization of Technical Requirements for Pharmaceuticals
Human Use (ICH) was established in 1990 to develop policy and standards regarding global efforts
in regulating drugs by facilitating collaboration between regulatory authorities and industry. It
provides guidance documents and other policy statements to guide participating countries in their
own regulatory activities. Canada participates in the ICH and implements ICH guidance. In general,
the ICH documents conflated the terms sex and gender (with few exceptions, and few correctives),
focus on reproductive and fetal health issues when considering women, and do not integrate the
considerations of sex and gender related factors into guidance concerning intersectional factors
such as ethnicity, geriatrics, or pediatrics. When considering sex related consideration in clinical
trials, the ICH does not explicitly grapple with the implications of “what we do not know” in sex and
gender science in forming its conclusions, as illustrated next.
Clinical Trials
A key ICH document issued in 2004 and revised in 2009 addresses sex-related considerations in
clinical trials (Sex-Related Considerations in the Conduct of Clinical Trials) [245]. This is not a
guidance document, but rather a ‘considerations’ document. The 2009 revision distinguished
between sex and gender, correcting conflation of terms in the 2004 version. The document refers
to previous statements regarding the importance of addressing pediatric and geriatric populations
but recognized in this document that the ICH had overlooked ‘women’s’ concerns while reiterating
that a key principle of drug development is to ensure that “patients entering clinical trials should be
reasonably representative of the population that will be later treated by the drug”. Despite their
analyses and observations that women were less likely to be included in phase 1 trials, and that it
was difficult to determine the full extent of sex/gender related population burden of disease, the
ICH concluded that no specific guidelines were required, as sex/gender was mentioned in many of
their key safety and dosage guidelines. This position belies a full understanding of the extent of
sex and gender related factors in both PK/PD actions, as well as little or no understanding of
gender [245].
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A 2016 version of a 1995 ICH document on good clinical practices (Guideline for Good Clinical
Practice E6(R2)) describes overarching guidance on conducting clinical trials with humans is sex
and gender blind [246]. It covers issues ranging from sampling to adverse events, qualifications of
investigators to safety and ethics, but fails to mention females or males (sex) and /or gender (men
or women). However, it does suggest reading the guidance in conjunction with pediatric and
geriatric guidance documents (see below) [246].
A related 2019 document (General Considerations for Clinical Studies E8(R1)) outlines additional
recommended practices for clinical studies to assist researchers in producing data for regulators
[247]. This guidance does include sections on engaging patients to provide meaningful input on
real life experiences, engaging patient organizations, and on “special populations”. The latter group
includes pregnant women, nursing women, pediatric and geriatric populations, and those with
renal or hepatic impairment. However, despite articulating all phases of clinical study, there is no
mention of sex and/or gender related factors affecting PK/PD or engagement issues [247].
The ICH has issued numerous guidance documents on efficacy issues, including specific ones
pertaining to pediatric [248] and geriatric populations [249] as mentioned above. In the 2017
Pediatric guidance (Clinical Investigation of Medicinal Products in the Pediatric Population E11(R1)),
sex balanced samples in pre-clinical studies are recommended, and guidance given on procedures
for such studies. The issues of sexual maturation are addressed with estrous variability are
mentioned regarding female animals, and sperm health in male animals, with no overriding
comment on other sex related factors in PK or PD [248]. In the 1993 geriatric guidance (Studies in
Support of Special Populations: Geriatrics E7), suggestions are made to assess PK/PD issues in
patients, but no mention of sex-related factors connected to PK/PD is made. The lack of SGBA in
the geriatric guidance again belies a limited understanding of the impacts of sex-related factors
over the lifecycle [249].
The ICH has issued guidance on trial safety. The Development Safety Update Report E2F was
issued by the ICH in 2010 [250]. It offers guidance on safety reporting during clinical trials and is
intended to be filed on an annual basis by the industry sponsor(s) covering all relevant countries. It
suggests data collection by sex and race. In its summary Table (5) however, it suggests reporting
by gender, which presumably means sex based on the previous text. Its content ought to include
actions taken to improve safety in the previous year, including ethics reviews, changes to
protocols, recalls, informed consent, restrictions of populations studied or accessed, or
formulation changes. The reports include serious safety reports (SARs) and those must be
reported by age, sex, and region and can include multiple SARs involving the same person, as well
as deaths and attrition. The reports are also required to include evaluations of the adverse events,
including toxicity reports, compliance, pregnancy and lactation related issues, and some PK
related issues, draw conclusions and state adjustments and resolutions of risk. As mentioned, the
Tables indicate required data by sex and age, as well as racial category, but the cumulative Table
(5) misuses the term gender [250].
Another ICH document related to clinical trial operation is: Statistical Principles for Clinical Trials
E9, released in 1998 [251]. In general, this document attempts to articulate advice regarding
principles, not procedures. Specifically, the document states that: “principles delineated in this
guidance deal with minimising bias and maximising precision”. While precision is important, this
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document does not achieve this with respect to sex and gender. In general, this document does
not integrate sex and gender science, SGBA+ or any intersectional variables. It is outdated and
needs an update to include all of the above and new statistical approaches being developed to
integrate sex, gender and intersectional factors. The document also covers reporting of data, but
given its age, does not reference either analysis or reporting with respect to SGBA+ or statistical
principles that might contribute to sex and gender science. By and large, this document does not
include statistical approaches that investigate sex-related factors in their own right, but only as
they may or may not affect the dominant variable. This document does suggest subgroup analyses
with respect to age and sex, but cautions: “In most cases…subgroup or interaction analyses are
exploratory and should be clearly identified as such; they should explore the uniformity of any
treatment effects found overall” [251].
The addendum to this document was released in 2019, entitled: Addendum (on estimands and
sensitivity analysis in clinical trial to the guideline on statistical principles for clinical trials E9)
[252]. This document is focused on clarifying estimates of treatment effect but does not mention
any issues or measurement principles related to sex and gender science, or SGBA+. While the
addendum is focused on clarifying estimates, it does not address sex, or age or race directly.
However, it does suggest that supplementary or sensitivity analyses can be undertaken, either or
which could contribute to the building of sex and gender science in the management of drugs
[252].
Reproductive Safety
Numerous safety guidelines have been produced by the ICH. Two examples are considered. First,
guidance on assessing pre-clinical studies has been provided by the ICH with respect to
Reproductive Toxicity that differentiates between male and female animals and summarizes data
on reproductive toxicity according to a range of measures that might impact both male and female
fertility and reproductive processes. This was developed by the ICH and implemented by Health
Canada in 2020 (Detection of Reproductive and Developmental Toxicity for Human
Pharmaceuticals S5(R3)) [253].
Guidance on pediatric safety issues is addressed in another ICH document (Nonclinical Safety
Testing in Support of Development of Paediatric Pharmaceuticals S11) in order to recommend
international standards for nonclinical safety assessments to support the development of
pharmaceuticals intended for paediatric use, facilitate the timely conduct of paediatric clinical
trials and reduce the use of animals [254]. It recommends that maternal and fetal tolerance of the
drug should be considered because they could influence interpretations of the findings in
offspring. Section 3.8.2.7 on reproductive assessments says that if there is an identified concern
for effects on female and/or male reproductive organs or function, then the study can be
expanded to include reproductive tissues. In rodents, for concerns relevant to females,
assessment of estrous cyclicity is recommended for assessment of reproductive and endocrine
function. And studies should have equal numbers of males and females. For data interpretation,
observations should be age, sex, and species specific [254].

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

80

Inclusion of Race/ethnicity
Guidance on the consideration of ethnic factors or in bridging studies was issued in 1998 (Ethnic
Factors in the Acceptability of Foreign Clinical Data E5(R1)) [255]. This document addresses the
issues in interpreting foreign data, as well as the ethnicity-related PK/PD factors affecting drug
use, dosage, safety, and efficacy. Ethnic factors6 are deemed potentially important in situations
where intrinsic factors such genetic, age, gender (sex), height, weight, or organ function may
prevail. Extrinsic factors might include diet, tobacco and alcohol use, compliance with medication
regimes, or overall SES. While this document primarily addresses ethnicity, it recognizes that
gender (meaning sex) interacts with ethnic-related factors as one avenue of impact. Nonetheless,
this document specifically illustrates this as a genetic consideration, and does not explicitly
integrate gender or sex considerations into its discussion of pharmacokinetics or
pharmacodynamics [255].
Post-Market Pharmacovigilance
The ICH addresses post approval pharmacovigilance7 in several documents, of which three are
considered here: E2A Clinical Safety Data Management [256]; E2E Pharmacovigilance Planning
[257], E2C(R2) Periodic Benefit-Risk Evaluation Report [258].
The first document includes direction on data elements and standards for reporting, including
case reporting. While it advises collection of gender (meaning sex), age, weight, and height, along
with medication identifiers and concomitant treatments as ideal elements of reporting adverse
events, its list of minimal elements includes only the name of a patient, the identification of a
medicine, a reporting source, and an outcome. This advice is overly limited and not reflective of
basic PK/PD or any relevant gendered factors [256].
The Pharmacovigilance Planning document advises sponsors on developing pharmacovigilance
activities including their structure and design of observational studies. It advises planning
throughout the product development lifecycle and should include non-clinical safety findings, such
as: toxicity, drug interactions, and general impact on physiology. The document does specifically
mention reproductive/developmental toxicity as a key element to be reported upon. This
document conflates sex and gender but does indicate that epidemiological data collected by sex
should be included, “whenever possible” [257].
The Benefit-Risk Evaluation Report (revised (2012) advises on reporting all data by sex (and age,
dose, and formulation and region). It indicates that “periodic safety update reports for marketed
drugs have the role of being periodic benefit-risk evaluation reports by covering safety evaluation,

Defined by the ICH as follows: “Ethnic factors are factors relating to races or large populations grouped
according to common traits and customs. Note that this definition gives ethnicity, by virtue of its cultural as
well as genetic implications, a broader meaning than racial. Ethnic factors may be classified as either
intrinsic or extrinsic”.
6

Defined by the ICH as: “the science and activities relating to the detection, assessment, understanding and
prevention of adverse effects or any other drug related problems.”
7
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evaluation of all relevant available information accessible to marketing authorization holders
(MAHs) and benefit-risk evaluation.” This document advises on reporting by sex, when available and
on reporting all adverse events by special populations (pediatric, geriatric, pregnant or lactating
women, region, ethnic/racial and those with renal or hepatic impairment). Further, this guidance
recommends up-to-date evidence reviews be submitted with reporting, based on wide searches of
both published and unpublished literature to determine overall risk, safety, impact on public
health, seriousness of adverse events, drug and food interactions, reversibility of adverse events,
route of administration, and occupational exposure. While an overarching recommendation for a
SGBA+ framed reporting system would be advisable and more fully account for these and other
risks and events, this is not suggested [258].
Summary of ICH Documents
In short, the ICH documents are vitally important to Health Canada as they offer internationally
agreed upon standards for understanding and managing drug regulation. However, their
shortcomings are many. Earlier documents conflated sex and gender, and while there have been
some minor improvements, the ICH documents still display an ongoing conflation and
misunderstanding of sex and gender, and do not necessarily or consistently integrate sex into an
understanding of PK/PD. The documents do not name how sex and/or gender interact with age,
ethnicity, or other factors such as occupational status or SES. In this regard, they do not apply
gender related concepts to their documentation or development of guidance. The ICH documents
need to adopt sex and gender science principles and conduct SGBA+ in order to fully improve their
guidance and direction. Their relatively recently revised document (2009) [245] concluding that
sex-related clinical trials guidance is not required, is unfortunate as it belies an understanding of
sex and gender science, and rests on a tautological rationale about missing knowledge.
Health Canada
Several documents were identified by the Health Canada liaison staff. These documents include
internal Health Canada templates and standard operating procedures (SOPs) and guidance
documents, as well as pertinent documents from the International Council of Harmonization of
Technical Requirements for Pharmaceutical for Human Use (ICH), listed above, all of which have
been analyzed using a SGBA+. They have been used to inform general recommendations as well as
specific recommendations for improving the drug lifecycle management processes at Health
Canada. Specifically, the SOPs, templates and guidance documents have been assessed for
specific recommendations, while the other documents have been assessed with general
recommendations in mind.
Various documents regarding the management of drugs were assessed using a SGBA+ lens. While
these documents are specific to Health Canada, they also reflect Canada’s participation in and
collaboration with the ICH. There are Templates and/or Standard Operating Procedures (SOPs) and
Guidance documents and are examined below by lifecycle phase.
Clinical Trials
Guidance Document: considerations for inclusion of women in clinical trials and analysis of sex
differences [259].This document was first published in 1997, recommended for update in 2008,
and revised in 2013. It is again under review. It is aimed at industry and researchers and recognizes
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the need for more balanced participation in clinical trials and is cognizant of growing evidence
surrounding ‘sex differences’ in PK and other related sex and gender science impacts. It is also
responding to the ongoing exclusions of women in trials. It therefore encourages applicants to
document sex differences in therapeutic results. It also encourages inclusion of both males and
females in trials and to enact single sex trials when warranted. This document references the ICH
documents for more guidance. Specific steps in interpreting trial data are laid out, based upon a
‘sex difference’ paradigm, but recognizes that null sex differences do not necessarily mean there
are none. The document recognizes the dire need for information on drug impacts in pregnant and
breastfeeding women and this guidance offers detailed approaches and safeguards for increasing
inclusions. However, little attention is paid to male fertility and reproductive potential, or male
sperm contribution to fetal and infant/child morbidities [259].
Guidance Document for Clinical Trial Sponsors: Clinical Trial Applications. This 2013 guidance
document outlines the responsibilities of Trial Sponsors of Clinical Trials Applications [260]. This
document is largely about operational issues of clinical trials. However, the overall document does
not mention sex or gender in its text, nor does it mention SGBA+, or propose that sex and/or
gender related factors (or intersectional factors such as SES or race, for example) may impact
clinical trial design and operation. There is no definition of sex, gender or SGBA+ in the glossary,
nor any apparent cross-reference to the guidance document on including women in clinical trials.
The Clinical Trial Application (CTA), Clinical Review Report Template is a fillable form whereby
reviewers at Health Canada are asked a series of questions to prompt what to include in the
review. For example, they are asked to review the Protocol for exclusion criteria, population
characteristics and the Investigators Brochure for relevant issues. In theory, these sets of
questions in the form would elicit the required information to understand the impact of sex and
gender on the clinical trial. However, in practice, there is no set of prompts for the reviewer that
denote these considerations, no location for highlighting sex and gender related data or
information, and no standardized options for noting impact of exclusions or inclusions based on
these criteria. While by regulation, the allowable objections to a Clinical Trial Application must be
safety focused, the addition of a set of sex (and gender) related factors (including PK/PD) to the
form is necessary to fully understand safety issues. It also should not preclude us from developing
guidance to industry around what HC wants the populations in clinical trials to look like or
mentioning that sex-disaggregated data are ideal. Further, there should be a place to record the
proposed sex distribution of participation in the Trial and the Applicant’s reasoning or justification
for participation (at any phase) other than 50-50 sex balanced [261].
Submission Review
The Guidance Document: Management of Drug Submissions and Applications was updated in 2020
and is the procedural guide for submissions. It does not mention sex, gender, males, females or
women or men in its text. It is mainly focused on steps regarding applications, reviews, and
rejections. This is largely a procedural document. It does not mention or outline any SGBA+
requirements for reporting or filing management related applications and submissions [262]. It
does, however, require that both research ethics boards be composed of both “men and women”.
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However, the 2013 Guidance document on clinical trial inclusion [259] does indicates the following
considerations of relevance to submissions:
“Where sponsors intend a therapeutic product to be used by both women and men, it is
recommended that sponsors include both sexes in (a) nonclinical studies; and (b) in clinical trials to
allow detection of potential sex-related differences in efficacy and in safety.”
It also indicates that for submission purposes (2.2):
“It is recommended that sponsors carry out and present an analysis to assess the influence of sex
in the submission where data indicate that sex differences are a consideration, or where the
product belongs to a class where sex differences are known. This analysis should be carried out for
individual studies, as well as in the integrated analysis of efficacy and safety. A meta-analysis of
the data from the various trials can be considered to assess the clinical significance of sex-related
differences.”
The language in the Guidance document for Clinical Trials could be strengthened and made more
precise. For example, ‘sex differences’ would be better replaced by ‘sex-related factors’ to account
for varying PK/PD processes that may be impacting males and females differently or may influence
some groups of males or females in similar ways. This difference in terminology would alert
reviewers and applicants to the evidence in PK and PD studies that impacts all humans, while
drawing attention to those factors that underscore sex differences and/or similarities (e.g.,
hormones, anatomy, organ function, genetics, physiological processes, etc.).
Secondly, the language could be strengthened to move away from encouragement and
recommendations to indicating a mandate to meet regulatory goals and contribute to increased
safety and the building of sex and gender science and precision medicine. Finally, fertility,
reproduction and fetal, infant and child health is often impacted by both male and female biological
contributions and should be acknowledged as such in this document [259].
The Guidance Document on the product monograph was revised in 2020 [263]. However, it is
largely devoid of sex and gender related factor mentions or implications, despite it being the major
vehicle for informing both clinicians and consumers on the impact of a drug product. It mentions
the word “sex” inappropriately in a list of special populations (p 43) without explanation. While it
twice references impact on sexual activity/ libido which is an important detail for clinicians and
consumers, there are no mentions of the much larger potential safety issues regarding sex and
gender related PK/PD factors, prescribing, compliance, adherence, or quality of trial data.
However, there is mention of both males and females with respect to toxicology and reproduction.
Adverse events are mentioned, with reporting along 6 criteria, not inclusive of sex [263].
There are also guides and templates of relevance to the submission review process on both
biologics [264] and pharmaceutical safety and efficacy assessments for new drug submissions
[265]. They both cover requested information on clinical data and non-clinical data,
pharmacokinetics and dynamics, product labelling and monographs, and vigilance plans. Although
exclusions are noted in the review of pivotal and non-pivotal studies, there is no mention of sexrelated data, factors, results, or differences despite PK/PD aspects of both pharmaceuticals or
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biologics may be affected by sex related factors, and should be noted [264, 265]. In the
introductions to these documents, there is reference to a document entitled: Good Review
Practices, which might be a location for including specific guidance on SGBA+ and sex and gender
science.
The Guide for Clinical Review, uses the Biologics Safety and Efficacy Assessment Report (BSEAR)
Template to assist the reviewer in creating the Biologics Safety and Efficacy Assessment Report
[266].
This document is the guide for reviewing biologics in the submission review and was implemented
in 2016. It is to be used in following the template for filling out reports on safety and efficacy
assessment of biologics. It mentions sex with respect to reviewing and noting aspects of animal
studies, but in large part imprecisely uses the word ‘gender’ to refer to the sex of human
populations when referring to human studies and data. It requires justification if both sexes are
not included in studies. It refers to the ADME scheme as a framework for analysis, and as a route to
assessing dosage and safety, specifically suggesting that it is not enough to assess absorption,
but also elimination to determine half-life and other aspects. Even so, it does not explicitly
highlight sex-related factors associated with the ADME processes that could affect these
assessments.
It does ask for sex differences in the reporting of several aspects of PK, however. For example,
section 5.3 notes “sex differences” as a factor in clinical studies that could be of interest and
reportable. Section 5.3.2 considers comparative bioavailability, but it is not clear if sex is a factor
in such considerations. There is a section suggesting deficiencies in the studies (animal and
human) can be noted, which could be used to note a lack of information about various issues such
as sex, or age or race. Issues of fertility and reproduction are raised for consideration and could be
interpreted to include both male and female aspects of fertility, but most concern female
reproductive functions. In general, the concluding section could benefit from a more rigorous
integration of both sex and gender, as well as an overall SGBA+ [266].
There is a similar process for filling out reports on pharmaceuticals using: Conducting
Pharmaceutical Safety and Efficacy Reviews and Preparing Review Reports on Submissions for
Marketing Authorization as a guide. It also has a SOP linked to it: Standard Operating Procedure
(SOP) Submission Review guide Conducting Pharmaceutical Safety and Efficacy Reviews and
Preparing Review Reports on Submissions for Marketing Authorization [267].
This procedural document is for reviewers’ use in assessing safety and efficacy of clinical and preclinical data in a submission review process for pharmaceuticals. It was implemented in 2018 and
reviewed in 2020. Sex and gender are both mentioned but the use of gender usually appears to
mean sex as the terms are conflated in some areas of the document, such as in the following
phrase: “intrinsic factors (age, gender, weight, genetic polymorphism)”. Pregnancy is noted in 4
spots as is fetal transfer of drug. Fertility including male and female fertility, is mentioned once. In
the Toxicity and Carcinogenicity sections sex and species are mentioned as a parameter to be
reported upon “if applicable”.
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In reporting on disease or condition being targeted, data regarding sex specific prevalence and
incidence or susceptibilities, would be a worthwhile addition. In the review summary of benefits
and/or harms, assessments of subgroups are included, and should be disaggregated according to
sex, and possibly age and race. The document is framed in part, on the ADME schema, which is
affected in each phase by sex-related factors. However, it is not clear that sex related
considerations are integrated into the ADME assessment. In the Reviewer’s Discussion and
Conclusion of Safety Findings section (5.4.7) there is a call for an integrated assessment regarding
safety and adverse events, dosing and the adequacy of data, among other considerations. In this
section, either the presence or absence of sex disaggregated data regarding adverse events,
ADME and dosage needs to be noted, and relevant conclusions drawn [267].
The ADME scheme is the backbone of both the biologics and pharmaceutical assessments, but
there is no explicit sex-related information or guidance on any or all of the PK aspects. In these
SOPs, the assessment of what is considered ‘non-pivotal’ is left to the reviewer. The summary
sections of the SOP require integration of all data and could utilize a comprehensive SGBA+ that
assess various aspects of the decision making by sex, gender and other intersectional factors.
Risk Management plans are required with new drug submissions and if/when serious safety signals
are noted as well as when populations are understudied. Therefore, the Guidance spans both
submission review and post-market monitoring and vigilance phases of the lifecycle. The Guidance
Document - Submission of Risk Management Plans and Follow-up Commitments advises on risk
management plans and offers guidance to applicants. It is an opportunity to identify steps to
ensure safety and efficacy for all populations and subgroups, including as mentioned, any that are
understudied. It also should be an opportunity for integrating sex-related factors affecting PK/PD
into the advice and suggesting ways to include all aspects of SGBA+ [268].
Post-Market Monitoring and Vigilance
Various Guidance documents inform this phase of the lifecycle management of prescribed drugs in
Canada. Preparing and Submitting Summary Reports for Marketed Drugs and Natural Health
Products - Guidance Document for Industry. Annual summary reports provide an opportunity to
identify safety issues in SGBA+ groups [269].
The guidance on clinical trials (section 2.5.3) also covers post-market monitoring. It strongly
encourages the gathering of data on pregnant and breastfeeding women. It directs applicants to
the ICH (E2E) document on pharmacovigilance planning, and clearly states the inclusion of sexbased considerations in such planning. It suggests special consideration for pregnant and
breastfeeding women in such plans. It also requests data availability regarding gaps in knowledge
on “sex based potential differences or considerations” [259].
Mandatory reporting of serious adverse drug reactions and medical device incidents by hospitals –
Overview This document was published in 2019 and represents a positive step in mandating the
reporting of adverse events by hospitals, recognizing their importance in enhancing safety by
collecting data on safety signals, near misses, adverse events, and adverse reactions. In section
6.1, there is a clear mandate to report such events including the patient’s age and sex, correctly
distinguishing sex from gender identity [270].
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Overview of the Reporting Adverse Reactions to Marketed Health Products - Guidance Document
for Industry This document explains the guidance and responsibilities of manufacturers (market
authorization holders) to report adverse reactions to drugs to Health Canada. These reports
encompass both domestic and foreign examples and incidents, and focus on efficacy, overdose,
pregnancy exposure and when possible, require a narrative report. Despite its recent release (2018)
this document does not address sex and gender or SGBA+ considerations in its mandate. It does,
however, erroneously ask for the ‘gender’ of the patient (not sex) in its request for key data
elements [271].
Templates and Standard Operating Procedures
The signal assessment form asks for a range of information on signals and adverse events. It could
be more consistently inclusive of SGBA+ issues if there were appropriate and relevant prompts
within the document. In the background section, there is a required discussion of
pharmacodynamics which have clear sex-related factors impacting them. In the assessment of
adverse events, there is a section requiring an issues analysis. In the considerations section, for
example, there is attention drawn to potential impacts (on public health and the practice of
medicine), both of which could be better analyzed via a SGBA+ lens [272].
The signal assessment review template (revised 2017) (SOP) guides reviewers in Health Canada in
considering the signal data and reaching a conclusion. Its definition of a signal is “an early indicator
or warning of a potential problem”. It may be a precursor to future adverse events or reactions.
Ultimately, confirming a link between a drug and an adverse event requires more data to determine
cause or correlation and mechanism of effects. The template requires reviewers to consider the
background and an issue analysis including: the PK/PD characteristics of the drug; an assessment
of the potential causality; as assessment of the risk labelling; the evidence in the scientific
literature on the potential causality; biological plausibility; use by vulnerable populations or
subgroups; and alternatives. In all these considerations, there are substantial opportunities for
applying a SGBA+, and considerable sex and gender related data that may be relevant, if secured.
Despite this, there is no mention of sex or gender, or male or female in this document [273].
Risk management plan assessment has an associated fillable template for analyzing the plan
submitted [274]. The assessment is devoid of sex and gender related factors and SGBA+ overall. It
does mention pregnancy and/or pregnancy prevention in several instances as a risk issue. It does
articulate the gaps in knowledge problem and asks for input from the reviewer. Also, it provides
the following list of risks for analysis, but do not require a direct focus on the sex and/or gender
related factors in use or the drug:
o
o
o
o
o
o

potential for harm from overdose
drug-drug interaction
potential for off-label; specify which patient population (e.g., pediatric use)
potential for pharmacological class effects
risks attributed to medication error (e.g., drug administered through multiple steps
by step doses) or harm related to the pharmacokinetic profile of the drug
risks associated with the disposal of the product (e.g., patches)
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o

o

in case of drug-device combination address risks associated with the device itself
(e.g., risk related to the administration procedure leading to bleeding in case of a
birth control drug-device combination product)
other

The SOP template for the Risk management plan review was last updated in 2014. It covers a set of
considerations for reviewers in assessing the pharmacovigilance planning by the applicant. The
applicants are advised to follow EMA guidelines that are based on ICH EMA guidelines. The SOP
misuses the word gender for sex when identifying inclusion criteria and drug utilization studies.
Otherwise, the document is devoid of SGBA+ considerations in any other context. There are many
opportunities within this document for including reference to and consideration of: sex-related
PK/PD factors, age categories, factors associated with a range of potential risks, risk
communication, and the post-market study design [275].
Summary of Health Canada Documents
In short, the health Canada documents are inconsistent in their inclusion of sex and gender and in
their use of terminology. They do not consistently require data on females or males or men or
women or gender diverse people in many of their documents. Guidance documents could be
making these suggestions to prepare applicants and others for more precise data demands that
reflect sex-related PK/PK factors and other biological concerns.
There is no mention of the federal policy requiring GBA+ on all federal initiatives, policies and
programs that was first initiated in 1999 and revised in subsequent years, or the CIHR guidance on
SGBA+, which is directly pertinent to reviewing prescription drugs. Nor is there apparent
adherence to the federal policy in the construction of many of these documents. However, as
many of these documents are currently undergoing updating, there is an opportunity to rigorously
introduce sex and gender science evidence, appropriate terminology, mandates for inclusion of
sex and gender in documentation and reporting, inclusion of women in clinical trials, inclusion of
minority populations in clinical trials, and reconciling inclusion participation with population-based
disease/use of product/or condition. Further, statements regarding the requirement and
necessity for SGBA+ in all processes attached to the lifecycle management of drugs, and its
results, should preface all documentation, both internal and external.
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CASE STUDY ON APPLYING A SGBA+ TO THE MANAGEMENT OF XOSPATA (GILTERITINIB)
Methods
We applied a sex and gender-based analysis+ (SGBA+) to Health Canada’s lifecycle management
processes using a case study of the drug Gilteritinib, a chemotherapeutic agent for treatment of
leukemia, which was approved in February of 2020. This case study was carried out to assess
availability and application of SGBA+ literature related to gilteritinib to better understand
considerations for application to the lifecycle management of drugs process by Health Canada. We
searched extant literature and retrieved 311 articles, and we extracted data from three8. This case
highlights a paucity in evidence and clinical decision-making material that accounts for sexdisaggregated variables in the available literature and policy decision making processes.
Figure 4. PRISMA Diagram for Case Study

Case Study
Records identified
through database
searching (n = 470)

Records after
duplicates removed
(n = 311)

Records screened
(n = 311)

Full text articles
assessed for eligibility
(n = 124)

Records excluded
(n = 187)

Full text excluded
(n = 121)

Studies included
(n = 3)

See Appendix E for the search strategy used for the case study and list of relevant Health Canada
documentation
8
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Objectives
There are four objectives for this case study:
1) To summarize existing literature that describes the impact of sex-related factors on
therapeutics and to introduce relevance to gilteritinib.
2) To summarize the published literature and clinical trials studying gilteritinib that either
use a SGBA+ or provide details on a priori defined sex-disaggregated outcomes.
3) To provide a SGBA+ of Health Canada’s Modules for approval of gilteritinib.
4) To provide an analysis of findings and recommendations for future research and policy
considerations incorporating SGBA+ into the lifecycle management of drugs processes.
Introduction
We applied a sex and gender-based analysis+ (SGBA+) to Health Canada’s lifecycle management
processes of Gilteritinib, a chemotherapeutic agent for treatment of leukemia that was approved
in February of 2020. In this case study we highlight a paucity in evidence and clinical decisionmaking that accounts for sex-disaggregated variables from the available evidence and in clinical
and regulatory decision-making processes.
All drugs are subject to sex specific bodily processes including absorption, distribution,
metabolism, and elimination. Biological variations exist by sex in gastrointestinal motility, gastric
pH and enzymatic activity, which can impact absorption and bioavailability of oral medications [6].
Drug distribution and duration of action may be dependent on lipophilicity and may differ between
males and females due to general differences in fat distribution between the sexes [6]. A
relationship between sex and drug metabolizing activity appears to exist whereby some of the
major CYP450 enzymes such as CYP1A2, 2C9, 2C19 and 2D6 appear to be more active in males
versus females; however, CYP3A4 is more active in females versus males [17]. Medications known
to be excreted unchanged in the urine are cleared slower in females, examples of these
medications include digoxin and methotrexate [6].
Indeed, biologic sex influences disease factors and response to therapeutics in general. Evidence
has pointed to sex-linked differences in efficacy, safety and adverse event reporting for
hematologic adverse events and alopecia, as examples [276]. Despite this, sex is often
unaccounted for in clinical trial design or in clinical decision making, in part due to the paucity of
evidence that clearly and objectively measures sex- disaggregated outcomes [276].
Sex Differences in Oncologic Therapeutics
Evidence suggests that there may be patterns of transcriptional regulation in drug metabolism
pathways that differ by sex. For example, males have a higher risk of developing colon cancer and
have a lower survival rate than females [277]. A cancer genome sequencing project found that
there were significant regulatory differences in gene regulation between male and female
participants with drug metabolism via the cytochrome P450 pathway being a stronger target in
females [277]. Authors of this study suggest that the findings can be used to investigate molecular
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features that may act as drivers in cancers, underlining the importance of considering how sex can
influence progression of disease and response to therapies.
Angiogenesis Inhibitors
Vascular endothelial growth factors, which are involved in angiogenesis (the formation of new
blood vessels), play an important role in vascular endothelial cell function, affect proliferation,
contribute to tubal formation and vascular permeability [278]. Pathologic angiogenesis has been
implicated as a hallmark feature of cancer cell growth that is in part due to a tumor’s ability to
release chemical signals that initiate mitotic and apoptotic signaling pathways [279].
As a result, multiple angiogenesis inhibitors have been approved for clinical use in the oncologic
settings, such as bevacizumab and aflibercept and there has been growing literature to suggest
sex-related factors affect responses to anti-angiogenic therapies including general and
cardiovascular toxicities [278]. For example, there appears to be better survival with
bevacizumab’s use in chemotherapeutic regimens for treatment of non-small cell lung cancer
[280] and it is postulated that endogenous sex-hormones and receptors are involved in this
differential disease-specific sex-disaggregated outcome [278].
Another chemotherapeutic agent, sunitinib, which is both an angiogenesis inhibitor and receptor
tyrosine kinase inhibitor, has known sex-differences in cardiomyocyte toxicity with female sex
being correlated with increased cardiotoxicity [281]. This adverse effect is also suspected to be
related to the role of estrogen in modulating drug efflux and metabolism [281]. Further discussion
of receptor tyrosine kinase inhibitor sex differences will be discussed in the following section.
Receptor Tyrosine Kinase Inhibitors
Previous literature has shown that biological sex of an individual confers a significant risk for the
development of leukemia and lymphoma with males having excess risk of acute myeloid leukemia
(AML) in patients who very young or elderly, with a U-shaped distribution in sex-difference of
epidemiologic presentation [282]. Furthermore, studies have shown that male patients with AML
have inferior outcomes compared to females in both the pediatric and adult populations with
possible sex-specific mutations in FLT3-ITD and other important marker mutations being
overexpressed in females [283, 284]. Other mutations are also predictive of prognostic
information and have clinical relevance, however, gilteritinib, which is the focus of this report,
targets FLT3 and is therefore focused upon.
Results
Part A: Evidence Review
After title and abstract screening was performed to exclude studies that did not mention
gilteritinib distinctly or focused on cost, budget, or cost-analysis, 124 studies out of 311 returns
remained for full-text screening. None of the studies that are currently enrolling or have yet to
enroll participants provide details regarding sex-disaggregated outcomes. Of the 124 full texts that
were screened, 11 included keywords related to SGBA+ (male, female, woman, man, sex, gender,
pregnant, lactation), however only 3 included information related to sex or gender as a component of
outcomes.
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One of the included studies is a case report of acute macular neuroretinopathy associated with
gilteritinib in a 28-year-old female with improvement in the scotoma and optical coherence
tomography 3-months after gilteritinib was switched to azacytidine and midostaurin [285]. This
finding correlates with gilteritinib being a causative agent for the acute macular neuroretinopathy
presented in this case study. Another case report was of Sweet’s Syndrome in a 55-year-old female
with a presentation of neutrophilic dermatosis after 4 weeks of gilteritinib [286]. The medication
was eventually stopped due to lack of response to therapy and the patient died shortly after
cessation secondary to disease progression and complications of sepsis[286].
The second study was a randomized trial that aimed to investigate the clinical benefit of gilteritinib
in the treatment of relapsed or refractory FLT3-mutated AML comparing gilteritinib with
conventional salvage chemotherapy regimens [287]. This study randomized 371 patients to
intervention or conventional chemotherapy arm; 247 were assigned to gilteritinib and 124 to
chemotherapy with a mean age of 62 years and females accounted for 54% of participants. A
subgroup analysis of overall survival looked at sex disaggregated outcomes related to hazard ratio
for death between gilteritinib and salvage chemotherapy as the number of events out of total
number of patients enrolled in each arm. Findings revealed that 86 of the 116 male participants in
the gilteritinib arm versus 40 out of the 54 in the salvage chemotherapy arm died (HR 0.72, 95%CI
0.49-10.5). For female participants, 85 of the 131 in the gilteritinib arm versus 50 of the 70 in the
salvage chemotherapy arm died (HR 0.57, 95% CI 0.4-0.82). The hazard ratio is often used as a
descriptor of a time to an event, here that event is death. The findings indicate that males in the
gilteritinib arm experienced fewer events than in the chemotherapy arm, however this result is not
significant. However, for females, those in the gilteritinib arm experienced fewer events than in
the chemotherapy arm with a significant outcome.
Part B: Clinicaltrials.gov
From the clinicaltrials.gov search, a total of 28 trials were found that included an intervention arm
with gilteritinib. Of the 28 trials, 3 were not included in the initial search conducted in Part A. Of the
three remaining trials (NCT03409081, NCT03315299 and NCT02236013), the protocol did not
include any a priori defined sex-disaggregated outcomes, therefore, no further trials were
included in our review.
Part C: Health Canada Public Documents
The Health Canada liaison team provided and referenced the entirety of documents available for
public access relating to gilteritinib on the drug and health products component of the Health
Canada website and provided a list of 134 references (see Appendix E) from the Xospata
(Gilteritinib) submission. Within the 134 referenced documents, there was information that did not
focus directly on gilteritinib or involved websites and other grey literature. Upon examination,
these documents included hundreds of unfiltered and difficult to categorize documents, which
was a barrier to accessibility and difficult to organize. This raised the following questions:
How were the data and references sent to Health Canada?
Was any SGBA+ commentary included in a subsection of documents by the manufacturer?
How do Health Canada personnel locate the SGBA+ commentary in these documents?
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Health Canada Xospata (Gilteritinib) Modules
This section provides a SGBA+ analysis of Health Canada’s Modules for approval of gilteritinib.
Gilteritinib is a small molecule FMS-like receptor tyrosine kinase 3 (FLT3) inhibitor that affects
signaling and proliferation of cells that express FLT3 and induces apoptosis in leukemic cells that
express FLT3-internal tandem duplication [288]. The Health Canada modules described below
each focus on a different aspect of the available evidence for efficacy and safety of gilteritinib to
help guide decision making regarding regulations.
Clinical Overview
The clinical overview document contained two locations where sex was discussed in relation to
gilteritinib.
Overall Survival
A small section under the heading of efficacy in special populations relating to Study 2215-CL-0301
found an overall survival (OS) treatment effect was consistent across most analyzed subgroups,
including age, sex, race, baseline ECOG, region and FLT3 mutation type. The Health Canada Module
notes that the OS was numerically higher for those patients in the gilteritinib arm compared with
the salvage chemotherapy arm across all the subgroups with hazard ratio less than 1 except for
those with unfavourable cytogenetic risk at baseline. However, the confidence interval is not
provided, nor are details relating to each of the subgroups provided. A search of the trial protocol
returns clinical trial NCT 02421939. However, while the study protocol provides the number and
percentage of participants analyzed in each treatment group by sex, it does not provide details
related to sex disaggregated outcomes [289].
Adverse Events
Sex was mentioned in the section discussing adverse events by subpopulation and noted that
"based on an assessment of treatment emergent adverse events (TEAE) by subpopulations of
demographic variables, no specific safety precautions are warranted by sex, age, race or other
demographic factors” [289].
This module references another document, module 2.7.4, the Summary of Clinical Safety, section
5, where there is a section on ‘gender’ (section 5.1.2), describing the relative incidence of drugrelated TEAEs by sex and noting that both groups had an overall similar incidence of all-drug
related TEAEs and grade-3 or higher drug related TEAE. However, female subgroups had a
numerically higher incidence of drug related liver enzyme abnormalities with female versus male
parameter percentages as follows: ALT (27.6% vs 22.7%), AST increase (27.6% vs 20.8%) and (ALP
14.1% vs 7.4%) with similar trends observed for grade 3 or higher TEAEs except for ALP levels
[289].
A reference is made to the summary of common drug related TEAEs by gender (sex) in module
5.3.5.3 Integrated Summary of Safety (ISS), table 51. This document, which contains 39,129 pages
of text, adds to concerns about accessibility and ability to navigate the content in an effective
manner. This document was not searched for data related to sex or gender for the purpose of this
report [289].
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To our knowledge detailed and sex-disaggregated information, such as differences in hepatic
enzyme abnormalities noted in the TEAEs above are not translated into any clinician-facing
documents (such as the product monograph). This may affect interpretations of cause for liver
function abnormalities in clinical practice when interpreting results for female and male patients.
Summary of Biopharmaceutic Studies and Analytical Methods
Drug Formulation
Information regarding relative bioavailability between tablet formulations in healthy volunteers is
provided in this section. The breakdown by sex was very disproportionate in the literature provided
in this module with the available population including 40 male and 2 female participants. No other
sex disaggregated information or outcomes were made available [290].
Effect of Food on Pharmacokinetics (PK)
The study assessing the effect of food on pharmacokinetic (PK) parameters of gilteritinib at 40mg
under fasted versus fed conditions included 28 males versus 4 female participants [290].
Summary of Clinical Pharmacology Studies
This section contained the richest information related to demographics of participants in clinical
trials used to inform the pharmacologic summary. There are several sections where sex of
participants is mentioned, however, SGBA+ results or sex-disaggregated outcomes are
infrequently provided.
General Pharmacokinetics
In Section 2.2, a discussion of a mouse model is used to explain PK principles that includes both
male and female subjects. The section provides estimates of Cmax for mice and humans due to
similarity in protein binding between the two species. There was also a mention of exposure
concentrations for no-observed-effect-level (NOEL), which were not different between male and
female mice. However, confidence intervals and level of significance were unavailable [291].
Dose Escalation
In Section 3.3, study summaries, there is mention of gilteritinib PK in human patients. Information
appears to be from an open-label dose-escalation human study of 129 males and 123 females, with
no information provided regarding differences between sexes. Section 3.3.1.2 discusses a dose
escalation study in Japanese patients. This is an open study of single and repeated oral doses in 15
male and 9 female patients with acute myeloid leukemia (AML). Demographics of the population
are specified, but no sex-disaggregated outcomes are provided [291].
Combination Therapy
Section 3.3.2.1 discusses co-administration of gilteritinib and erlotinib in patients with non-small
cell lung cancer (NSCLC). This is an open label study of the combination for advanced non-small
cell lung cancer (NSCLC) with resistance to an epidermal growth factor receptor (EGFR) tyrosine
kinase inhibitor (TKI) that included treatment of 4 males and 6 females one to two hours after
Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

94

administration of food. Again, although demographics of participants are available, sexdisaggregated outcomes are not provided [291].
Hepatic Impairment
Section 3.4 includes studies in special populations with one study assessing PK of gilteritinib in
hepatic impairment that included 5 males and 3 female patients with mild hepatic impairment, 5
males and 3 females with moderate hepatic impairment and 5 males and 3 females with normal
hepatic function using the Child Pugh classification system. Demographics of populations are
provided but no sex-disaggregated outcomes are shared [291].
Drug Interactions
Section 3.5 includes drug-drug interaction studies with a focus on the effect of CYP3A4
modulators on single-dose PK of gilteritinib. In this study, 75 males and 5 female subjects were
included. Female participants make up only 6% of the population and sex-disaggregated outcomes
are not discussed [291].
Summary of Clinical Efficacy
For sections 1.1.1 Study 2215-CL-0301, 1.1.2 Study 2215-CL-0101 and 1.1.3 Study 2215-CL-0102, the
only statement regarding sex was in the introductory sentence of study population demographics
with no provision of any sex-disaggregated outcomes. Section 2, which includes the summary of
results of individual studies under 2.1.3 focuses on demographics and patient characteristics,
stating that the population breakdown was 54.2% (201/371) female. All tables of baseline
characteristics only provided proportions of patients who were male or female in each treatment
arm. Under Section 2.3.3.1 table 40 discusses the FLT3 mutation status by sex, but no further
interpretation of this is provided regarding efficacy or safety [292].
Summary of Clinical Safety
In section 1.4.1 a demographic breakdown is provided, stating that 53% were female, but with no
sex-disaggregated outcomes. In section 5.1.2 there is a thorough section addressing ‘gender’, but
the information provided correlates more to sex than gender. Nonetheless, a summary of common
drug related treatment emergent adverse events (TEAEs) by gender (overall and ≥ Grade 3) is
provided in Module 5.3.5.3, ISS, Table 51 [293].
Drug-Related Treatment Emergent Adverse Events (TEAEs)
The clinical safety module discusses incidence of TEAE in a subgroup that was split almost 50/50
male to female. Various liver functions tests were reported upon. The female subgroup had a
numerically higher incidence of drug-related ALT increased (female: 27.6% [47/170] vs male:
22.8% [34/149]), AST increased (female: 27.6% [47/170] vs male: 20.8% [31/149]) and blood alkaline
phosphatase increased (female: 14.1% [24/170)] vs male: 7.4% [11/149]). Grade 3 or higher TEAEs
increased, with the exception of blood alkaline phosphatase, which was numerically lower in the
female subgroup compared with the male subgroup (female: no patients vs male: 0.7% [1/149])
[293].
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A clinical trial (2215-CL-0301) referenced that in the gilteritinib arm, the female subgroup had a
numerically higher incidence of drug-related ALT increased (female: 32.3% [42/130] vs male:
26.7% [31/116]) that was also observed in the salvage chemotherapy arm (female: 4.9% [3/61] vs
male: 2.1% [1/48]), AST increased (female: 31.5% [41/130] vs male: 24.1% [28/116]) that was also
observed in the salvage chemotherapy arm (female: 9.8% [6/61] vs male: 2.1% [1/48]) and blood
alkaline phosphatase increased (female: 15.4% [20/130)] vs male: 9.5% [11/116]) that was not
observed in the salvage chemotherapy arm (female: 1.6% [1/61] vs male: 2.1% [1/48]) [293].
Pregnancy and Lactation
Section 5.4 discusses use in pregnancy and lactation noting that no pregnancies were reported,
which was the only comment made regarding pregnancy and lactation in this section [293].
Pharmaceutical Submission Executive Summary
The pharmaceutical submission executive summary was sent directly from Health Canada to our
team for SGBA+ review. This document is not available as part of the online gilteritinib study
documents. In this module, section 4.2 focuses on a summary of quality findings, but much of the
information is redacted and therefore, we could not provide a thorough review [294].
Section 2 focuses on benefit- harm uncertainty assessment and management and provides
statistical information regarding results but does not include demographics. There was a mention
of pregnancy here: “based on non-clinical study findings, Xospata has the potential to cause fetal
harm when administered to a pregnant woman. A Canadian Risk Management Plan (RMP) was
submitted” [294].
Under section 5.2 which focused on a summary of non-clinical findings, there were 4 distinct areas
that assessed gilteritinib with a SGBA+ lens:
A section on male fertility based on findings from a 4-week repeat dose toxicity study.
A section on gilteritinib and/or its metabolites being excreted into breast milk of lactating rats
therefore noting a risk of exposure to gilteritinib via breast milk, resulting in serious adverse
reactions in nursing infants.
A section discussing the minimum lethal dose of gilteritinib in juvenile rats after oral
administration (postnatal days 4 to 42) being much lower than that in adult rats, indicating a risk to
the pediatric population.
A section mentioning pregnancy “Oral administration of gilteritinib to pregnant rats during
organogenesis resulted in embryo-fetal deaths, suppressed fetal growth, and teratogenicity at
maternal exposures below the clinical exposure” [294].
It is important to note that references to the primary sources or literature are not available in the
document and there does not appear to be an accessible list of references or clinical trials. This
lack of primary literature to support evidence presented in the executive summary prevents a full
critical appraisal of the presented evidence.
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Summary Basis of Decision for Xospata
Under the section titled “What was approved?” we were unable to locate a discussion of SGBA+
processes or results, including under contraindications related to pregnancy and breastfeeding.
Under the section titled “Why was Xospata approved?” there was some SGBA+ related discussion.
The information includes:
Human data are available for the impact of Xospata on reproduction and fertility, and there
is no information regarding the presence of Xospata in human milk.
“Based on findings from animal studies, Xospata may impair fertility in male patients, and
can cause fetal harm when administered to a pregnant woman.” [295]
When administered to a nursing woman, “There is a potential for Xospata to pass into
breast milk and cause harm to a breastfed infant” [295].
We were unable to locate any SGBA+ commentary or discussion in the following sections:
“What steps led to the approval of Xospata?”,
“What follow-up measures will the company take?”,
“What other information is available about drugs?”,
“What post-authorization activity has taken place for Xospata?”, and,
“What is the scientific rationale for Health Canada's Decision?”
Under the “What is the scientific rationale for Health Canada's Decision?” There are
subcomponents provided: the non-clinical basis for decision has information on embryo-fetal
toxicity, teratogenicity, and fertility in animal models. However, there was no mention of postmarketing pharmacovigilance or ADR reporting to monitor these types of outcomes after approval
and/or ongoing disclosure of data from these databases [295].
Product Monograph
Demographics
In the product monograph, table 6 contains data from the ADMIRAL study (2215-CL-0301). Sex was
mentioned as a demographic with 47% of participants being males and 53% females in the
gilteritinib arm versus 43.5% males versus 56.5% females in the chemotherapy arm. Sexdisaggregated outcomes are not provided [288].
Sexual health
The section on reproduction discusses pregnancy testing and contraception but does not provide
an explanation for the advice to females to avoid pregnancy for six months and four-months post
cessation of gilteritinib for males. A reference supporting this information should be provided, but
Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

97

we were unable to locate a reference in any of the gilteritinib modules on the duration of effects on
fertility for females. Some animal findings show gilteritinib may impair fertility in males of
reproductive potential, but again no time parameters were provided [288].
Special populations
Under the section discussing special populations there are subsections on pregnancy and
breastfeeding.
Pregnancy
The section on pregnant women notes that there is no available evidence in pregnancy for drugassociated risk of adverse developmental outcomes. The available data in animal studies are as
follows:
“In animal studies, administration of gilteritinib to pregnant rats caused embryo-fetal
deaths, suppressed fetal growth, and teratogenicity at maternal exposures below the
exposure in patients receiving the recommended dose” based on the non-clinical
toxicology section [288].
Based on this in-animal study data, the conclusion is made that “Xospata can cause fetal
harm when administered to a pregnant woman” [288] with the following overall
recommendations made in the monograph:
“Xospata should not be used in women who are pregnant or contemplating pregnancy.”
“If Xospata is used in pregnancy, or if the patient becomes pregnant while taking Xospata,
the patient should be apprised of potential hazards to the fetus.”
Although the clinical caution is understood based on ethics of administering a potentially toxic
agent during pregnancy, it is challenging to interpret how the concentrations translate from the
animal model to human serum concentrations [288].
Breastfeeding
The section on breastfeeding notes that there is no available information regarding gilteritinib in
human milk, effects on breastfed infants or milk production. The available evidence in animal
studies finds that Xospata and/or its metabolite(s) were distributed to the tissues in infant rats via
the milk. Based on these in-animal study data, the conclusion is made that due to the potential for
gilteritinib exposure and serious adverse reactions in a breastfed infant, a nursing woman should
be advised to discontinue breast-feeding during treatment with Xospata and for at least 2 months
after stopping treatment. An explanation based on drug clearance or other models for why 2
months is recommended as a time after cessation of medication to restart breastfeeding is not
provided in the monograph [288].
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Patient Medication Information
The section on patient medication information mentions that use of effective birth control is
needed while taking gilteritinib and for 6 months after stopping this medication. However, as
previously noted there was no mention as to the basis for six-months as the timeline regarding
fertility, breastfeeding and pregnancy. This section does propose that male patients should use
condoms during sex during treatment and for four months after stopping gilteritinib. Again, no
explanation for this timeline is provided [288].
Recommendations and Application to the Case
Pharmacokinetics and Pharmacodynamics
According to the Canadian product monograph for gilteritinib, this agent can be administered with
or without food, however, concomitant food intake delays absorption [288]. Taking into
consideration sex-differences in absorption of medications in general, the difference in delayed
absorption with food may be more significant in female individuals. However, sex-disaggregated
data are unavailable to support or refute this hypothesis.
From the Canadian product monograph for gilteritinib the mean volume of distribution is 1092L
(9.22%) centrally and 1100L (4.99%) peripherally, which indicates extensive tissue distribution
[288]. Gilteritinib is primarily bound to albumin and is 90% protein bound [288]. These parameters
could be correlated to a higher bioavailable drug concentration of gilteritinib for females versus
males, however this was not discussed in the product monograph and not evident in the Health
Canada gilteritinib modules.
Based on the pharmacokinetic profile of gilteritinib, this drug is primarily metabolized through
CYP3A4 [296]. Therefore, considerations for drug interactions and metabolism differences by sex
should be accounted for in sex-disaggregated outcomes. From the summary of clinical
pharmacology studies, the section under drug interactions provides details of a study focusing on
the effect of CYP3A4 modulators on single-dose PK of gilteritinib. The study included only 6%
female participants and did not report sex disaggregated outcomes and is therefore not sufficient
to provide evidence regarding metabolic differences between males and females [291]. Gilteritinib,
according to the Canadian Product monograph, is excreted primarily in feces (64.5% of total
administered dose) with only 16.4% of total dose excreted unchanged in urine [288].
Based on the sex related evidence regarding pharmacokinetic and pharmacodynamics presented
in this report, it is essential to consider inclusion of pharmacodynamics and pharmacokinetics by
sex in the product monograph and all documents that assist clinicians in decision making and
monitoring of gilteritinib in clinical practice.
Efficacy and Safety of Oncologic Therapies
In acute myeloid leukemia (AML) FLT3 internal tandem duplication (ITD), denoted as FLT3-ITD
indicates poor survival in young patients (less than 60 years of age) but no effect on older patients
(60-74 years of age) and is more often expressed in female than male patients with AML. These
findings may have clinical relevance to the prognostic and clinical factors associated with
treatment of disease [283]. A study currently available in pre-print examines 4 patient cohorts
Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

99

focusing on sex and FLT3 mutation status and the sex-differences related to clinical parameters
[283]. The authors discuss multiple allelic mutations and variations that may be associated with
drug sensitivity and survival with sex-associated molecular differences being prevalent in the
FLT3-ITD mutated AML population with significant prognostication associated with mutation in
FLT3-ITD in females [283]. They hypothesize that improvement in prognostication, predication
and therapeutic strategies in AML can be vastly improved with inclusion of sex-specific
considerations.
Health Canada Modules for Drug Product Review
Clinical overview
Suggestions for inclusion of data into the clinical overview document include:
The overview of pharmaceutical agent should provide information on sex differences as
well as sex and gender related factors, in addition to sociodemographics. If these are not
available, it is important to note or state that these are unstudied or unreported.
In the PK section, data from modeling that include sex as a covariate should be discussed.
If data are not available this should be disclosed.
Efficacy and toxicity should extract information from each of the studies that has a sub
population with sex disaggregated outcomes. This should also consider and include
information from in vitro or animal models in reporting on this.
Summary of Biopharmaceutic Studies and Analytical Methods
2.7.1 Summary of Biopharmaceutic Studies and Analytical Methods
This document contains studies assessing important variables, such as bioavailability and effect
of food on safety and efficacy. The proportion of males to females was significantly skewed with
less than 15% of the population studied were female for both outcomes. Sex was not mentioned in
any other section.
Summary of Clinical Pharmacology Studies
2.7.2 Summary of Clinical Pharmacology Studies
Many studies throughout the document contain demographics of male and female participants in
animal and human trials. However, the outcomes were not sex-disaggregated, therefore
differences between sexes regarding efficacy, safety, PK, and other data is not distinguished. We
suggest distinctly focusing on considerations of inclusion of women in clinical trials and analysis of
sex differences, and sex related factors.
Summary of Clinical Efficacy
Data regarding study population indicate that male and female adult patients were included in the
study. No further data regarding efficacy endpoints and there is only one sentence in the
document regarding pregnancy. We would recommend that data always be expressed in terms of
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sex-disaggregated outcomes, whether sex is a covariate or assessed as a possible factor in
outcome. Considering that data regarding PK in mice models reveal differences in Cmax between
male and females, and the disproportionate exclusion of female participants in initial clinical trials,
the efficacy outcomes may likely be different between sexes.
Summary of Clinical Safety
Throughout this module, it was clear that female sex was associated with a higher incidence of
drug-related Grade 3 or higher ALT increased and AST increased across both 2215-CL-0301
treatment arms, however this distinction in not made in the product monograph or noted as a
clinical outcome to monitor.
Pharmaceutical Submission Executive Summary
Much of the content of this document has been redacted and therefore a thorough SGBA+ cannot
be performed. Furthermore, the “Preparing Executive Summaries on Pharmaceutical Submissions
for Marketing Authorization” is not available for SGBA+ review (only on GRP Intranet) and was
reviewed as an emailed document from Health Canada staff. Section 1.3 discussing the
background of the disease or condition does not mention SGBA+ or related data from studies but
should consider including this information as there are distinct differences in disease process and
possibly target pathways for therapeutics in leukemia as mentioned above. There was no mention
of the terms: “sex”, “gender” or “female” throughout the document. Terms mentioned include
“male”, breastmilk”, “lactating”, “pregnancy”.
Summary Basis of Decision for Xospata
The summary for the basis of decision for Xospata would be an ideal place to include SGBA+
commentary. Under the “What other information is available about drugs?” would be a prime
location to incorporate a SGBA+ discussion. This would focus on the effects on female and male
patients as well as providing or commenting upon the absence of sex-disaggregated outcomes
and pharmacovigilance post-marketing. Under the “What post-authorization activity has taken
place for Xospata?” an important additional section would be a SGBA+ commentary and a link to
Health Canada standards and processes in authorization, as well as a link to the SGBA+ policy
process.
Product Monograph
Pharmacokinetic and pharmacodynamic sex differences and sex related factors create a very
strong argument for ensuring that manufacturers provide information regarding efficacy, safety
and tolerability of medications being assessed for authorization and use in Canada. The
demographics of participants included in clinical trials contain a breakdown by sex. However, sexdisaggregated outcomes are not provided, nor are specific references to supporting evidence for
sex-related issues such as the time period for avoiding pregnancy after administration to avoid
teratogenicity. References or mentions of these issues are not provided in the product
monograph for the clinician or in the patient information section. Furthermore, references are
missing at the end of this product monograph and studies are referenced by clinical trial number
and not the publication which includes outcome data. This is an oversight.
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Furthermore, under subheadings such as reproduction, pregnancy and lactation, animal level data
is provided to support risk, however timelines for return to fertility, breastfeeding or timelines for
safe pregnancy is provided in months without supporting evidence from referenced literature to
guide decisions. Based on in-animal study data, the conclusion is made that due to the potential
for gilteritinib exposure and serious adverse reactions in a breastfed infant, a nursing woman
should be advised to discontinue breast-feeding during treatment with Xospata and for at least 2
months after stopping treatment. An explanation for why two months is recommended as a time
period after cessation of medication to restart breastfeeding is not provided in the monograph.
We would recommend inclusion of a section that focuses on SGBA+ in all product monographs,
reporting on known factors and effects as well as unknown factors and effects.
Overall Accessibility of SGBA+ Literature
Recommendations with respect to the references associated with the gilteritinib submission are
that:
References should be provided in text, where possible, for the respective documents in the
Health Canada Modules.
Health Canada personnel request categorized information from the manufacturer related
to SGBA+ upon submission.
A section be established on the Health Canada website to search for SGBA+ related
commentary for all approved medications to improve access and review processes by
scientists, clinicians and consumers.
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RECOMMENDATIONS FOR IMPROVING LIFECYCLE MANAGEMENT PROCESS OF DRUGS IN CANADA
Figure 5 illustrates the existing lifecycle management processes for assessing and regulating
prescription drugs in Canada. It is an iterative process, whereby post-market surveillance, adverse
events and pharmacovigilance inform future regulatory decision making, including the removal of,
or further regulation and/ or evolution of prescription drugs. As illustrated in the foregoing,
effective regulation and management of prescription drugs depends upon a bedrock of sound sex
and gender science and its effective analyses, proactive efforts to request such data and
information and their accurate and critical analyses, and the imposition and integration of relevant
SGBA+ policies to generate processes and products that meet the needs of all Canadians. This is
not just a matter of even-handedness, but rather an issue of accountability, safety and risk
management.
Figure 5. Lifecycle Management of Drugs Phases
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Overall Principles
In this context there are three overall principles for integrating sex and gender science and SGBA+
into the drug Lifecyle management process to which Health Canada could explicitly commit.
Committing to requesting, using and building sex and gender science. It is important to
recognize that integrating SGBA+ into all drug lifecycle management processes, procedures
and products both relies on and contributes to better science, and is essential to ensuring the
safety of all Canadians
Recognizing and addressing the “we don’t know what we don’t know” phenomenon. It is
important to proactively redress knowledge gaps through structural changes to management
processes in order to break a reliance on ‘no evidence of sex differences’ to support action or
inaction in prescription drug regulation and management
Improving accountability to the public. It is important to respect sex and gender-based
analysis plus (SGBA+) directives and parallel equity, diversity and inclusion (EDI) initiatives to
facilitate the collection and transmission of quality, precision data and the inclusion and
participation of women and diverse populations in trials, studies, and science workforces

General Recommendations
A range of actions in procedures, processes, policies and research initiatives linked to the lifecycle
management of drugs is required, including recommendations to:
1.

Mandate the integration of sex-related data and factors into the lifecycle management of
drugs at all stages by 2023, and gender-related data and factors by 2028.

2. Design and co-fund with CIHR a coherent 10-year mixed methods research program to
comprehensively address the gaps in drug research, including management of sex
disaggregated data, and investigations in sex/gender and pharmacokinetics,
pharmacodynamics and adverse events.
3. Create a mandatory adverse event reporting system including sex and gender data for all
health care practitioners and increase the visibility and accessibility of a public reporting
system.
4. Create a comprehensive strategy to mandate and incentivize clinical trial inclusion for
women, pregnant and lactating women, children, the elderly, and racial and ethnic groups
representative of the Canadian population.
5. Report the results of a sex and gender based plus analysis (SGBA+) on every stage of the
lifecycle management of each prescription drug in all internal and external documents to
respect and enact federal policy and inform clinicians and consumers of risk.
6. Provide a section on the Health Canada website where SGBA+ commentary for each
approved medication can be easily accessed by interested scientists, clinicians, and
consumers.
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Structural improvements to Canadian prescription drug management: These recommendations
would create mechanisms for ongoing improvements in support of the principles.
1.

Establish a Scientific Advisory Committee on Health Products for minority populations
with a sex and gender science champion

2.

Establish a minority sex and gender science champion position on the Scientific Advisory
Committee on Health Products for Women

3.

Establish an internal audit process for monitoring the inclusion of sex, gender and
subgroup analyses and reports in all phases of the lifecycle management of drugs

4.

Ensure ongoing mandatory SGBA+ training for all Health Canada staff at all levels of the
lifecycle management of drugs

Specific Recommendations
These recommendations address more granular changes in procedures for each phase of the
lifecycle management process.
Clinical trials
There is both a need and an opportunity to increase inclusion and diversity in clinical trial
participation to improve data. Some of these improvements require changes in those who are
operating trials, with concomitant changes among populations who are currently under or
unevenly represented such as women, minorities and children.
Improving data on representation and inclusion
1.

Require evidence of appropriate representation of both sexes in clinical trials

2. Require sex-based analyses and reporting at all stages of trials
3. Ensure a proportional representation principle is used in clinical trial to represent disease
burden for females/males/women/men/gender diverse people
4. Examine trial eligibility criteria to ensure that exclusions are appropriate and not
subject to sex or gender biases, historical or implicit assumptions
Encouraging recruitment and participation
5. Encourage health care provider organizations to encourage women, subgroups, and
minorities to participate in clinical trials, where appropriate, and assist in identifying such
women
6. Enact a phase I trial campaign to recruit and facilitate women’s engagement
7. Perform a SGBA+ analysis on the overarching issue of willingness to participate in clinical
trials in Canada, with a focus on recruitment, attrition and gender roles to offer guidance to
developers
8. Develop child-centered guidance that presents material regarding trials in an age and
gender appropriate manner to elicit opinions and encourage input into decision making

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

105

Enhancing PK and PD considerations
9. Require the inclusion and reporting of sex-related factors (beyond differences) that affect
absorption, distribution, metabolism and elimination (ADME) in research design, data
collection and analyses
10. Design and encourage the use of a comprehensive sex and gender specific
pharmacokinetic and pharmacodynamic approach to build knowledge on sex and/or
gender-based factors in trial results
Improving information sharing
11. Produce an annual scorecard depicting the demographics of participants in clinical trials
involved in drug management in Canada to monitor progress toward appropriate inclusion
12. Mandate the labelling of single sex studies with justifications
Developing capacity
13. Create specific guidance for sponsors for the different phases of clinical trials to reflect
sex and gender science, inclusion of subgroups, and real-world experience to achieve
broader inclusion of unevenly and underrepresented populations
14. Offer SGBA+ and sex and gender science training to applicants, researchers and industry,
including training on measuring of sex and gender
Submission review
There is an opportunity to begin a cultural shift in capacity building of applicants by requiring data
regarding sex and gender. Some of this may already be available, but not included, reported or
analyzed. Mandating these data inclusions will accelerate the growth of sex and gender science,
and potentially encourage more investigations and inclusions of data.
Setting directives
1.

Impose SAGER guidelines or their equivalent in presenting research related content of
all submissions to Health Canada such as clinical trial data to require reporting and
analysis of sex and gender related data

2. Issue a directive on the clear use of the terms sex and gender to applicants
3. Require analyses of the sex-related factors affecting PK/PD processes in submissions
and potential impacts on prescribing and use of the drug
4. Require manufacturers to submit concise information related to overall SGBA+ to
Health Canada including stating whether sex-disaggregated outcomes are available or
not for drugs
Risk management planning
5. Require results of a SGBA+ be integrated in standardized boxes on all risk management
plans, SOPs and review documents
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6. Identify sex, age and race-specific signals and adverse reactions to medications in
product labelling and clinician monographs
7. Explicitly note any paucity of evidence related to sex-related factors in the primary
literature in reports regarding review and approval process of a drug
8. Include sex, age and race and ethnicity-based statements in boxed warnings and
efficacy details in drug labelling and product monograph
9. Require a greater analysis of gender-related factors that would add context and impact
to results in relation to trial participation, adherence to protocols and outcomes
10. Require applicants to consider methods and approaches to intersectional analyses
with sex, age and or race/ethnic background in assessing ADME factors and PK/PD
processes
Post-market vigilance
These recommendations will iteratively build sex and gender science while enacting accountability
to all Canadians, regardless of sex or gender, along with tracking adverse events.
Reporting events
1.

Mandate reporting of adverse drug events by all licensed health care providers by
sex/gender by 2023

2.

Increase accessibility and ease of public reporting of adverse drug reactions and
events, with increased system capacity for validation and accuracy

3.

Explore opportunities to enhance demographic reporting to pharmacovigilance
databases to reduce missing data

Research and follow up
4.

Call for collaboration amongst industry, academia, and regulatory agencies to
investigate drugs on a case-by-case basis to discover the mechanisms that underlie
sex/gender differences in ADRs

Knowledge translation for clinicians and consumers
5.

Provide all citations supporting recommendations in the product monograph

6.

Indicate the sex distribution involved in testing of drugs in the product labelling and
monograph

7.

Identify possible sex-related impacts based on general pharmacokinetic and
pharmacodynamic considerations in labelling
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APPENDIX A. METHODS FOR RQ1 AND RQ2
Methods for RQ1
We followed Arksey and O’Malley’s framework and the
refinements suggested by Levac et al. and Tricco et al.
for this scoping review in order to identify sex and
gender related factors that impact the lifecycle
management of drugs. During the screening process we
recognized two main types of papers and sorted the
results into a) those dealing with sex, gender and
phamacokinetic and pharmacodynamic processes, and
b) those dealing with sex, gender and adverse drug
reactions, reports and events.
Search strategy

Arksey, H. and L. O'Malley, Scoping
studies: towards a methodological
framework. International Journal of
Social Research Methodology,
2005. 8(1): p. 19-32.
Levac, D., H. Colquhoun, and K.K.
O'Brien, Scoping studies:
advancing the methodology.
Implement Sci, 2010. 5: p. 69.
Tricco, A.C., et al., PRISMA Extension
for Scoping Reviews (PRISMAScR): Checklist and Explanation.
Ann Intern Med, 2018. 169(7): p.
467-473.

A health sciences librarian experienced in pharmacology
conducted the search which was sent to the research team for consultation. Using iterative
feedback, a revised search was created and searched in the following databases were searched
from inception to July 23, 2020: MEDLINE (Ovid), Embase (Ovid), Cochrane Library (Wiley),
International Pharmaceutical Abstracts (Ovid), CINAHL (EBSCO), and Scopus. A search strategy
using a combination of subject terms and keywords was used focusing on the concepts of Sex and
Gender (including gender identity, sex factors, and sex characteristics) and the Drug Lifecyle
(including research and development, discovery, design, legislation, costs, and industry). The
search was translated as appropriate for each individual database and was restricted to humanonly, English-language only, and only material from the last ten years. The full Ovid MEDLINE and
Embase search is available in Appendix A1 and all searches are available upon request. Results
from all databases were downloaded to Endnote X9 where they were duplicated (1) before being
uploaded to Rayyan for the screening process. See Academic Database Search Strategy below.
Literature screening and study selection
Searches in six databases resulted in n = 8508 unique returns. Firstly, titles and abstracts were
screened independently by three reviewers for relevance. Then, the full-text of the articles were
obtained and reviewed by two reviewers according to the inclusion criteria. The inclusion criteria
were:
•
•
•
•
•
•

Studies on women, girls, men, boys, trans people/ gender diverse people were included (all
ages and other demographics within the defined populations).
Studies that are conducted with pregnant girls and women were included.
Studies that are conducted with children and results are sex-disaggregated were included.
Studies on sex specific drugs were included.
Studies that have differential responses to drugs by sex were included.
Studies with a focus on drugs that are more used or prescribed to one sex were included.
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•
•
•
•

•
•
•
•
•
•

Studies with a focus on sex-related factors (e.g., biological, physiological, anatomical
features, such as hormones, size, weight, metabolism, body parts, genetics etc.) were
included.
Studies on gendered marketing of drugs were included.
Studies on gender-related factors such as roles, norms, relations, status, and identities
affecting the lifecycle management of drugs were included
Studies on the lifecycle management of drugs (e.g., drug development, drug approval, drug
evaluation, drug design, drug legislation, drug recall, product surveillance, adverse drug
reaction reporting systems, pharmacovigilance, prescription monitoring, etc.) were
included.
Papers where sex differences related to a lifecycle outcome are not statistically significant
were included.
Studies on case series were included.
Studies on vaccines were included as they go through the same lifecycle process as other
types of drugs (pharmaceuticals, biologics, radiopharmaceuticals, etc.)
Studies published with data from Canada, USA, any country in the EU and Australia were
included.
Studies with humans were included.
Articles in English were included.

Before titles and abstracts screening and full paper screening processes, inclusion criteria were
calibrated among all reviewers. Inter-rater reliability was monitored on a regular basis (after each
quarter of the retrieved papers) throughout the screening stage, to ensure the reliability score
(Cohen's kappa) remained above κ = 0.6. The overall IRR was 0.63. After these two levels of
screening, n = 37 total number of included papers.

Data extraction
Data regarding the following information was extracted by one reviewer from the included papers:
study details (authors and year of publication); aim of the study; study design; country of study;
drugs; medical condition; measured outcomes related to the lifecycle management of drugs;
sex/gender analyses; details on population; main findings; limitations, and suggestions for future
research.
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A1: Academic Database Search Terms
Database(s): Embase 1974 to 2020 July 22, Ovid MEDLINE(R) ALL 1946 to July 22, 2020
#
1
2
3
4
5
6
7
8

9
10
11
12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
27

Searches
exp Gender Identity/
Sex Factors/
Sex Characteristics/
(sex adj5 biological variable$).tw,kf.
(sex adj2 gender adj3 based).tw,kf.
(SABV$ or SGBA$).tw,kf.
(gender adj2 (main stream$ or mainstream$)).tw,kf.
((sex$ or gender$) adj3 (analy$ or aspect$ or based or bias$ or
characteristic$ or comparison$ or determinant$ or differen$ or
dimorphism$ or di-morphism$ or disparit$ or distribut* or equalit$ or equity
or factor$ or identit$ or inequit$ or inequalit$ or informed$ or institutional$
or integrated or interaction* or issue$ or medicine or minorit* or norm or
norms or related or responsiv$ or role$ or specific$ or transform$)).tw,kf.
or/1-8 [Sex and Gender Concept]
exp Drug Industry/
drug development/ or exp drug approval/ or exp drug design/ or drug
evaluation/ or drug evaluation, preclinical/ or drug repositioning/
Drug Discovery/
Drug Costs/
legislation, drug/ or "drug and narcotic control"/ or drug approval/ or drug
recalls/ or safety-based drug withdrawals/
product surveillance, postmarketing/ or adverse drug reaction reporting
systems/ or clinical trials, phase iv as topic/ or pharmacovigilance/ or
prescription drug monitoring programs/
Precision Medicine/
exp "Drug-Related Side Effects and Adverse Reactions"/
((drug$ or pharm$) adj3 (lifecycle$ or life cycle$)).tw,kf.
(precision adj (medicine or pharm$)).tw,kf.
pharmacovigilan$.tw,kf.
((drug$ or pharm$) adj2 (approv$ or cost$ or develop$ or design$ or discover$
or disposal$ or evaluat$ or industr$ or legislat$ or manufacture$ or market$
or registrat$ or regulat$ or recall$ or reposition$ or re-position$ or research$
or policy or policies or service$)).tw,kf.

Results
36797
270976
55645
404
276
91
223
639634

or/10-21 [Drug Life Cycle Concept]
9 and 22
limit 23 to yr="2010 -Current"
exp Animals/ not (exp Animals/ and Humans/)
24 not 25
limit 26 to english language

1765219
11336
7195
16703431
4273
4158

893598
127186
489293
51759
90180
93734
29677
36854
645062
658
22449
15321
508036
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28
29
30
31
32
33
34
35
36

27 use medall
1835
exp gender identity/
36797
exp sex difference/
429582
"gender and sex"/
1034
(sex adj5 biological variable$).tw,kw.
404
(sex adj2 gender adj3 based).tw,kw.
274
(SABV$ or SGBA$).tw,kw.
98
(gender adj2 (main stream$ or mainstream$)).tw,kw.
231
((sex$ or gender$) adj3 (analy$ or aspect$ or based or bias$ or characteristic$ 641489
or comparison$ or determinant$ or differen$ or dimorphism$ or dimorphism$ or disparit$ or distribut* or equalit$ or equity or factor$ or
identit$ or inequit$ or inequalit$ or informed$ or institutional$ or integrated
or interaction* or issue$ or medicine or minorit* or norm or norms or related
or responsiv$ or role$ or specific$ or transform$)).tw,kw.
37 or/29-36 [Sex and Gender Concept]
942005
38 drug industry/ or drug packaging/ or drug labeling/
142880
39 drug development/ or drug design/ or polypharmacology/ or drug approval/ 204562
40 drug analysis/ or drug determination/ or drug discrimination/ or drug
repositioning/
41 "drug cost"/ or drug legislation/
42 drug control/ or drug approval/ or drug formulary/ or drug legislation/ or drug
program/ or drug recall/
43 exp postmarketing surveillance/ or exp pharmacovigilance/ or "phase 4
clinical trial (topic)"/ or prescription drug monitoring program/
44 Precision Medicine/
45 adverse drug reaction/
46 ((drug$ or pharm$) adj3 (lifecycle$ or life cycle$)).tw,kw.
47 (precision adj (medicine or pharm$)).tw,kw.
48 pharmacovigilan$.tw,kw.
49 ((drug$ or pharm$) adj2 (approv$ or cost$ or develop$ or design$ or discover$
or disposal$ or evaluat$ or industr$ or legislat$ or manufacture$ or market$
or registrat$ or regulat$ or recall$ or reposition$ or re-position$ or research$
or policy or policies or service$)).tw,kw.

194578

50
51
52
53

1360829
10638
6628
1068382

or/38-49 [Drug Life Cycle Concept]
37 and 50
limit 51 to yr="2010 -Current"
(rat or rats or mouse or mice or swine or porcine or murine or sheep or lambs
or pigs or piglets or rabbit or rabbits or cat or cats or dog or dogs or cattle or
bovine or monkey or monkeys or trout or marmoset$1).ti. and animal
experiment/
54 Animal experiment/ not (human experiment/ or human/)
55 53 or 54
56 52 not 55

116176
98797
41434
36854
270252
679
22594
16509
516268

2256117
2304562
6409
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57
58
59
60
61
62
63
64
65
66
67
68

56 use oemezd
28 or 57
limit 58 to yr="1860 - 2015"
limit 58 to yr="2016 - Current"
remove duplicates from 59
remove duplicates from 60
61 use medall
62 use medall
61 use oemezd
62 use oemezd
63 or 64
65 or 66

5261
7096
3196
3900
2802
3370
891
937
1911
2433
1828
4344

Methods for RQ2
We used a critical review approach to analyze the results of the search
Grant, M.J. and A.
on sex, gender and clinical trials development. The emerging
Booth, A typology of
theoretical and empirical research on clinical trials and sex and
reviews: an analysis of
14 review types and
gender issues justified the need to transcend a descriptive approach
associated
and include “a degree of analysis and conceptual innovation” (Grant,
methodologies. Health
2009). Moreover, a critical review contributes to assessing what is of
Info Libr J, 2009. 26(2):
value from a previous body of research(Grant, 2009). This approach
p. 91-108.
enabled us to contextualize the evidence found relating to Q2, and to
apply a SGBA+ with respect to assessing how the findings impacted a
range of issues, such as the development of sex and gender science, inclusion principles, and
proportionate representation of diseases and conditions by population.
Search strategy
A comprehensive search of the literature was completed to identify potentially relevant studies on
clinical trial development. An experienced health sciences librarian designed the search, using a
combination of subject terms and keywords, that was then translated for each database. While
systematic in nature, the search strategy was narrow in focus in order to increase specificity over
sensitivity. Searches were run in MEDLINE (OVID), the Cochrane Library (Wiley), and Scopus on
April 9, 2021; a ten-year date restriction was used. Identified studies were deduplicated in
EndNote (Version X9) before being uploaded to Covidence. The Ovid MEDLINE search strategy is
appended and all searches are available upon request.
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Literature screening and study selection
Searches in six databases resulted in n = 2807 unique returns. Firstly, titles and abstracts were
screened independently by three reviewers for relevance. Then, the full-text of the articles were
obtained and reviewed by two reviewers according to the inclusion criteria. We included studies
on:
•
•
•
•
•
•
•
•
•
•
•

participants’ perceptions and biases (e.g., mistrust, misinformation)
flexibility regarding participation in clinical trials (e.g., employment issues, lack of
transport)
recruitment issues (how and where clinical trials are advertised, payment, etc.)
willingness to participate in clinical trials
clinicians’ perceptions or biases misinformation
criteria for inclusion in a clinical trial (e.g., Underrepresented groups such as women,
ethnic groups, elderly people, etc.)
inclusion/exclusion practices equitable: would they give equitable access to everyone?
research design
sample size, investments re medical conditions that affect a certain population, rare
diseases
Issues related to the regulatory processes (requiring sex, gender, race/ethnicity data and
analyses)
Studies conducted in Canada, USA, any country in the EU and Australia

We excluded those studies that did not focus on sex/gender; studies that used randomized clinical
trial or pilot clinical trial as a research design; systematic reviews/meta-analyses of effectiveness
and efficacy studies; studies that focus on age, race/ethnicity without a focus on sex/gender;
studies on clinical trial that is not on a drug; grey literature.
Before titles and abstracts screening and full paper screening processes, inclusion criteria were
calibrated among all reviewers. Inter-rater reliability was 0.73.
Data extraction
Data regarding the following information was extracted by one reviewer from the included papers:
study details (authors and year of publication); aim of the study; study design; country of study;
sex/gender analyses; details on population; main findings; limitations, and suggestions for future
research.
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A2: Academic Database Search Terms
Database(s): Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review & Other NonIndexed Citations and Daily <1946 to April 08, 2021>

1
2
3
4
5
6
7
8
9
10
11

12
13
14

15
16
17
18

Searches
exp Gender Identity/
Sex Factors/
Sex Characteristics/
Sexism/
*Women/
*Pregnant Women/
((sex adj5 biological variable$) or (sex adj3 variable)).tw,kf.
(sex adj2 gender adj3 based).tw,kf.
(SABV$ or SGBA$).tw,kf.
(gender adj2 (main stream$ or mainstream$)).tw,kf.
((sex$ or gender$) adj3 (analy$ or aspect$ or based or bias$ or
characteristic$ or comparison$ or determinant$ or differen$ or
dimorphism$ or di-morphism$ or disparit$ or distribut* or equalit$
or equity or factor$ or identit$ or inequit$ or inequalit$ or
informed$ or institutional$ or integrated or interaction* or issue$
or medicine or minorit* or norm or norms or related or responsiv$
or role$ or specific$ or transform$)).tw,kf.
pregnant wom?n.ti.
or/1-12 [Sex and Gender Concept]
clinical trials as topic/ or clinical trials, phase i as topic/ or clinical
trials, phase ii as topic/ or clinical trials, phase iii as topic/ or
clinical trials, phase iv as topic/ or controlled clinical trials as
topic/ or randomized controlled trials as topic/ or early termination
of clinical trials as topic/ or multicenter studies as topic/
clinical trials.ti.
or/14-15 [Clinical Trials as Topic]
13 and 16
limit 17 to yr="2010 -Current"

Results
20312
270331
55968
2325
11501
5355
898
158
57
115
290918

26162
575126
358291

32509
368206
4614
1931
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APPENDIX B1. PK/PD TABLE OF RESULTS
Author(s) &
Year
Hosseini 2013

Desai 2019

Country

Study design

Research aim

Drug/condition

Main findings

USA

randomized
controlled trial

evaluate whether the
combination of 0.1%
dexamethasone and
1.0% azithromycin
compared to each
component alone for the
treatment of
blepharoconjunctivitis
would provide a greater
therapeutic effect than
the individual
components alone

dexamethasone and
azithromycin to treat
blepharoconjunctiviti
s

The outcome on bacterial
eradication when sex
included in multivariate
model, there was no
significant difference by
visit 5 between men and
women but greater
percentage of women in
group 1 compared to
group 3 met secondary
endpoint at visit 2-5.

USA

open-label,
parallel group,
single-dose
study; phase I

to assess the PK of
isavuconazole, for the
purposes of determining
if a dose adjustment
would be needed due to
age or sex

isavuconazole;
antifungal agent

Drug clearance and
exposure (as measured by
AUC) were similar
between nonelderly
males, elderly males, and
nonelderly females.
Elderly females had the
highest exposure of all
groups tested, as well as
the highest number of
reported treatment
emergent adverse events.
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SGBA+
•

•
•
•

Sex was included as a
variable in ANCOVA
looking at sex as
disaggregated
outcome – no
significant difference
between men and
women by 5 visits, but
there was a sig diff
between men and
women with women
achieving bacterial
eradication outcome
earlier.
No age analyses.
Sex was built into the
PK model as covariate
Elderly females had
the highest exposure
of all groups tested
and highest number of
emergent adverse
events

Author(s) &
Year
Halperin

Nichols 2016

Country

Study design

Research aim

US,
Canada,
and Spain

randomized,
controlled trial

evaluate the
immunogenicity, lot
consistency, and safety
of a recombinant
vesicular stomatitis
virus-Zaire Ebola virus
(ZEBOV) envelope
glycoprotein vaccine

USA

Cohort

determine steady state
population
pharmacokinetics of
piperacillin and
tazobactam (TZP) when
administered by
extended infusion in
children hospitalized in a
pediatric intensive care
unit (ICU) and to evaluate
pharmacodynamics of
TZP using various dosing
regimens and infusion

Drug/condition
ZEBOV vaccine

Piperacillin/Tazobact
am; antibiotics
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Main findings

SGBA+

There were no significant
differences due to sex
and/or age across lots by
measure of
immunogenicity. There
was a sex difference with
females who had a
medical history of
arthritis presenting with a
significant 2.2-2.8-fold
higher risk of developing
post-vaccination
arthritis.

•

1) Covariates that
significantly decreased
the model's objective
function value (OFV) and
interindividual variability
in a stepwise forward
process included sex.
The final model for
piperacillin (OFV=448.641)
was CL (in liters per
hour)=3.51+[0.0814 · (WT18)], and V was equal to
6.58 liters. The final

•

131

•

•

•

Sex was used as a
covariate to assess
likelihood of
developing arthritis
after vaccination
No significant sex or
age differences
across lots as
examined by
immunogenicity
Sex difference with
females with history of
arthritis presenting
with 2.2-2.8-fold
higher risk of
developing postvaccination arthritis
Sex was included as a
covariate in the PK
model – female
patients exhibited
significantly slower
tazobactam clearance
than male patients
Age range of
participants (12
months to 9 years) –
limited findings to that
age group, hard to
extrapolate to younger
or older children

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

times over a range of
MICs to determine
optimal dosing regimen
in this patient population

Eke 2020

US

cohort of 29
HIV-positive,
pregnant
women

To determine
pharmacokinetics (PK)
of the antiviral drug
combination of
fosamprenavir and
ritonavir

ritonavir; antiviral
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Main findings

SGBA+

model for tazobactam
(OFV = 195.425) was CL (in
liters per hour) = {3.43 · [1(0.285 · sex)]} + [0.0676 ·
(WT - 18)], and V was
equal to 5.54 liters.

•

Combo approved for
use in 1993

exposure to amprenavir
was higher during
pregnancy [in the third
trimester] versus
postpartum, but for
ritonavir, exposure was
lower in both the second
and third trimesters
compared to postpartum
drug levels. For both
drugs, this was due to
higher drug clearance
during pregnancy.
Importantly, despite drug
exposure and plasma
amprenavir
concentrations being
lower during pregnancy
versus postpartum, the
reduced concentrations
were still above those
required for viral
suppression.

•

Examined PK in
pregnant women
Difference in exposure
between pregnant and
post-partum women;
however,
concentrations were
still in efficacious
range for antiviral
activity
No assessment of age
of participants; no
assessment of
ethnicity/race factors
Approved for use in
1996

132

•

•

•

Author(s) &
Year
Robarge

Liu 2018

Country
US

UK

Study design
Cohort

Cohort

Research aim
determine effects of
both genetic variability
(in the CYP2A6 and
CYP2B6 genes) as well
as non-genetic factors
(e.g., body mass) on the
pharmacokinetics of the
antiviral drug efavirenz

to understand the
gender-related
differences in

Drug/condition
efavirenz; antiviral

doxorubicin
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Main findings

SGBA+

Sex was an important
covariate in the PK model
affecting both clearance
and volume of
distribution. However,
once clearance was
adjusted for body
composition, the
difference disappeared,
however, estimates for
mass and free mass used
in body composition
corrects based on a study
from Australia, and
authors noted possible
issues with applicability
of such to an US
population. Sex-effects
on volume of distribution
remained even
adjustment for BMI.
Carriers of
polymorphisms in the
CYP2B6 gene also had
significantly reduced
clearance of efavirenz.

•

The outcome measures
that included a sexdisaggregated outcome

•

133

•

•

•

Sex was used as
covariate in PK model;
affected both
clearance and volume
of distribution;
difference
disappeared with
adjustment for body
composition
No age stratification,
no multivariate
analysis looking at
both sex and CYP2B6
polymorphism
While not used for
analysis,
socioeconomic and
ethnic data were
collected
Approved for use in
1998

Sex referred to as
gender

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

pharmacokinetics (PK)
of doxorubicin in
adolescents and young
adults (AYA).

Kolesar 2011

USA

cohort

to estimate the
population
pharmacokinetic
parameters of 3aminopyridine-2-

3-aminopyridine-2carboxyaldehyde
thiosemicarbazone
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Main findings

SGBA+

included: 1) differences in
pharmacokinetics of
doxorubicin and
doxorbicinol between
men and women as a
covariate in the model, 2)
the effect of gender on
clearance, and 3) effect of
gender on neutrophils.
Sex/gender was included
as a confounder and
controlled for in the
pharmacokinetic model.
Gender related
differences were evident
in the PK model for
doxorubicin with the
clearance of
doxorubicinol (normalized
to BSA) being faster in
males than females.
Neutrophil nadirs are
lower in female AYA than
male.

•

. The outcome measure
that included a sexdisaggregated was that
gender was included as
one of the covariates in

•

134

•
•
•

•
•

Sex was included as a
covariate in the PK
model
Pk examined in
adolescents and
young adults
Clearance faster in
males vs females
Neutrophil levels lower
in females

Sex referred to as
“gender”
Sex included as a
covariate in PK model
Sex affected volume
of distribution

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

carboxaldehyde
thiosemicarbazone (3AP) and describe the
relationship between
patient-specific
covariates, including,
age, gender, weight,
performance status,
body surface area,
concurrent
chemotherapy, ABCBI
genotype, cycle of
chemotherapy received
and toxicity
Li 2017

USA

cohort

build a population
pharmacokinetic and
covariate model that
quantitatively describes
the disposition of CC292 and to characterize
the major sources of
variability on CC-292
pharmacokinetic
exposure

Main findings

SGBA+

the pharmacokinetic
model. Each of the 15
covariates were
evaluated in a stepwise
model building. Volume of
distribution (V2) was
significantly smaller in
women, 19L compared to
men with 34.8L.

CC-2929 (Bruton’s
tyrosine kinase
inhibitor); chronic
lymphocytic
leukemia or B-cell
malignancies
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the covariates tested in
the univariate and
multivariate logistic
regression analyses
included sex. Inclusion of
sex into Cl/F in the
forward selection step
significantly improved the
model fit. Separating
female from male
reduced the
interindividual variability
for CL/F from 58% in the
base model to 56% in the
final model. Sex was
135

•

•
•

Sex included as
covariate in both
single and multivariate
analysis in PK model
Sex was found to be
not clinically relevant
for compound
No other demographic
factors deemed to be
covariates of
significance

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

Main findings

SGBA+

however not deemed
clinically relevant for CC292 exposure.
Tate 2018

Jager 2012

US

Austria

cohort

Cohort

characterize the
pharmacokinetics (PK)
and pharmacodynamics
(PD) of abemaciclib

abemaciclib

determine the
pharmacokinetics (PK)
of rituximab

rituximab; follicular
lymphoma

Sex as a covariate did not
impact the PK model
described in this paper,
and the authors
concluded that no dose
adjustments are needed
on the basis of sex.

•

Rituximab depended on
both sex (called gender in
this paper) and tumour
burden with females
having higher exposure to
drug (not sig diff)

•

females showed higher
rates of partial remission,
complete remission, and
overall survival with
rituximab versus men
did not find any
relationship between PK
and age
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•
•

•

•
•

Sex was included as
covariate in PK model
PK not found to be
affected by sex
Published effects of
sex on drug
metabolism enzymes
left unexplored by
authors
Sex referred to as
gender
Sex did impact
rituximab PK (females
had higher drug
exposure), but not
significantly different
than males – cannot,
however, rule out
biological or clinical
significance.
Examined, but did not
find, relationship
between PK and age
Not a diverse
participant pool,
cannot rule out
potential ethnic/racial
differences due to

Author(s) &
Year

De Graan
2013a

Country

Netherlan
ds

Study design

Cohort
(270 cancer
patients)

Research aim

generate a
pharmacogenetic
predictive model of
paclitaxel
pharmacokinetics

Drug/condition

paclitaxel

Main findings

Male patients were found
to have altered PK in the
form of higher drug
clearance and elimination
agreeing with previously
published data. However,
the authors concluded
that despite the sex
difference in clearance
and elimination, no firm
genetic associations
were found, and the data
in this report are thus, of
no clinical relevance.

SGBA+

•
•
•

•
•

•

de Graan
2013b

Netherlan
ds

Cohort
(261, 239)
cancer
patients

examine drug
pharmacokinetics (PK)
as well as to explore
potential
pharmacogenetic
determinants of

paclitaxel
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no significant difference
between CYP3A4*22
carriers and non-carriers,
and no differences
between sexes.

137

•
•
•
•

differences in drug
metabolizing genes
Sex referred to as
gender
All participants were
Caucasian
Age, sex, and
Hemoglobin levels
were covariates in PK
model
Males had higher drug
clearance and
elimination
Sought to connect
genetic differences
with potential
differences in drug PK
– found none
Due to limited pool of
ethnicities, did not
explore documented
differences in CYP
gene differences
between ethnicities
Approved in 1993
Sex referred to as
gender
Sex incorporated into
PK model as covariate
No difference in PK
due to sex or CYP3A4
SNP status

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

paclitaxel-induced
neurotoxicity

Flerlage 2016

USA

Cohort 16
pediatric
Hodgkin
lymphoma
patients

evaluate the
pharmacokinetic (PK)
variability of
brentuximab vedotin,
including factors that
contribute to this
variability

vedotin; Hodgkin’s
lymphoma
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Main findings

SGBA+

there was a correlative
relationship [in both
males and females]
between paclitaxel
exposure (as measured by
AUC and Cmax) with
severe neurotoxicity,
female carriers of
CYP3A4*22 were more
likely to report
neurotoxicity events.
Male carriers and noncarriers, on the other
hand, showed an even
distribution of
neurotoxicity

•

sex did impact PK with
both clearance and
volume of distribution
being 17% higher in boys
versus girls in keeping
with previously published
data. There were no
differences in toxicity
that were found.

•

138

•

•
•
•

No demographic data
included
Approved in 1993

Sex included as
covariate in PK model
Pediatric population
(6-18y); examined
different age groups
Sex did impact PK –
clearance and Vd 17%
higher in boys vs girls
While did include
ethnicity
demographics, did not
include in analysis due
to small numbers

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

Main findings

SGBA+
•

Liukas 2011

Finland

cohort

determine the
pharmacokinetics (PK)
of intravenous (IV)
paracetamol
(acetaminophen) in very
older elderly and to
compare to younger
patients

paracetamol

metabolite-to-parent
drug AUC ratios
calculated & variables of
age and sex compared
using stepwise two-way
ANOVA, 2) time to reach
maximal concentration
(tmax to Cmax) compared
with Kruskal-Wallis test
followed by the MannWhitney U-test, 3)
clearance (Cl), Volume of
distribution in terminal
phase (Vz) and half-life
(t1/2). The AUC was higher
in the two oldest groups
as compared to the two
youngest groups and
association with sex was
noted. Cmax (tmax) was
only associated with sex,
Cl was dependent on age,
Vz and t½ were
associated with age and
sex.
age and sex are important
factors affecting PK of
paracetamol, the higher

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022
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•
•

•

1st approval in 2011;
latest in 2018
Age and sex included
as covariates in PK
model
Sex differences also
analyzed for stat
significance via
ANOVA, KruskalWallis, and MannWhitney U-test.
Age and sex found to
be important factors
that affect PK

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

Main findings

SGBA+

age of the patient was
associate with higher
exposure to paracetamol
and female sex is
associated with
increased paracetamol
AUC and Cmax
Fossler 2018

US

randomized,
clinical trials

develop a
pharmacokinetic (PK)
and pharmacodynamic
(PD) model for
Oliceridine

oliceridine

Morton 2016

USA

Randomized
controlled trial

effect of 6 variables (sex, oxycodone/acetamin
race, age, body weight,
ophen
height, and BMI) on the

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

Age and race were not
•
found to impact PK, and
thus, were not included as •
covariates in the final PK
model. Sex was included
in the final models due to
its effect on both
clearance and volume of
•
distribution – both
parameters were found to
be lower in females.
However, comparing total
exposure between sexes
after adjusting for weight,
the effect of sex on
Oliceridine PK was
concluded by the authors
as being “minor” and “not
clinically meaningful”
Sex was identified as a
statistically significant
source of variability in
140

•

Sex was included as
covariate in PK model
Age and race were
evaluated as
covariates, found to
have no impact on PK,
and were not included
in final model
Effect of sex on PK
deemed “minor” and
“not clinically relevant”

Examined multiple
factors on PK: sex,
race, age, body

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

PK of a fixed-dose
combination of the
analgesics oxycodone
(OC) and acetaminophen
(APAP) in a novel
biphasic tablet

Abadias 2013

Spain
UK

Randomized
controlled trial

assess the safety,
tolerability,
pharmacodynamics, and
pharmacokinetics of a
novel analgesic, sigma1-receptor antagonist
(S1RA).

Main findings
clearance and volume of
distribution with men
having ~25% higher rate
of clearance compared to
women. Body weight had
an effect on variability of
volume of distribution
with ~10% higher values in
men compared to women.
Given that women have
altered PK (in the way of
lowered clearance and
volume of distribution),
the data here suggests
that there is a potential
need for a lower dose.

sigma-1-receptor
antagonist

Sex was not found to be a
covariate of influence in
PK modeling. There is no
mention of sex
differences in either
safety/tolerability or
pharmacodynamics.

SGBA+

•

•

•
•
•

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022
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weight, height, and
BMI
Sex was identified as a
statistically significant
source of variability in
clearance and volume
of distribution with
men having ~25%
higher rate of
clearance compared
to women

Sex was included as a
covariate for PK, but
not found to influence
PK
No mention of sex
differences in safety
or tolerability
Only 41 out of 175
participants were
female
Absence of geriatric
patients (age range of
participants: 18-45
yrs.)

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

Main findings

SGBA+
•

Eleveld 2017

US

2 Cohort
1 randomized
controlled
study

Burnett 2013

Netherlan
ds

Cohort

develop a
remifentanil
pharmacokinetic/pharm
acodynamic (PK/PD)
model for the anesthesia
drug remifentanil that
could be applicable to
patients with a wide
range of ages and weight

assess safety and
tolerability of AndroGel
1% via risk of priapism or
related adverse effects

AndroGel (1%);
priapism due to
hypogonadism

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

The final PK model found
that covariates of age,
fat-free mass, weight,
and sex all affected PK
and PD parameters.
Unfortunately, the data
used to generate the PD
model, being based on a
subset (n=15) of a cohort
study, was done only in
adults with unknown
ethnic/racial background,
and thus, cannot be
applied to children.

Over 285 men exposed
over 3 studies; treatment
lasted 84-149 days, no
adverse events reported
as priapism or related
symptoms were reported;
incidence in postmarketing data is
142

•

•

•

•
•
•

Race and ethnicity
unknown
Weight, age, height,
sex, and body mass
index were explored as
covariates
The final PK model
found that covariates
of age, fat-free mass,
weight, and sex all
affected PK and PD
parameters
Unfortunately, the
data used to generate
the PD model, being
based on a subset
(n=15) of a cohort
study, was done only in
adults with unknown
ethnic/racial
background, and thus,
cannot be applied to
children
Approved in 1996
Single sex analysis due
to condition
Did not look at effects
of age, ethnicity/race,
or socioeconomic
status

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

Main findings

SGBA+

extremely low (8 out of 40
million, 6 with data that
could attribute AE to
AndroGel)
Simon 2019

USA

Randomized
controlled trial

"pivotal trial data were
pooled in this
investigation to more
accurately assess key
efficacy endpoints and
safety in premenopausal
women with HSDD who
received the FDAapproved dose of
flibanserin 100 mg once
daily at bedtime"

flibanserin;
premenopausal
hypoactive sexual
disorder

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

Overall, flibanserintreated patients showed
significant improvement
compared to placebo of 1)
SSEs (2.1+/-0.14 at study
end versus 1.2+/-0.11 at
baseline), 2) FSFI desire
domain score (0.9+/-0.04
at study end vs. 0.6+/0.04 at baseline
,p<0.0001), and 3) FSDSR-13:-0.9+/-0.04 at study
end vs.-0.6+/-0.04 at
baseline, p<0.0001); 4)
adverse events (e.g.,
dizziness and
somnolence) were
observed to occur in >
10% of patients. However,
there were some
exceptions in outcomes:
4) in the subgroup of
patients 18-34y, there
was not a statistically
significant improvement
143

•
•

•

Single sex analysis
Did examine different
ethnicities/races, but
found no significant
effect
Also segregated
participants by age
groups (18-34, 35-44,
>= 45)

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

Main findings

SGBA+

of flibanserin on SSEs
compared to placebo. 5)
in the subgroup of
patients with an FSFI
score>1.8, there was no
observed difference in
the treated versus control
group in FSDS-R-13
scores. 6) there were no
significant differences in
efficacy between the
flibanserin and placebo in
the non-White (African
American, Asian) and
Hispanic subgroups.
Hurst 2016

Germany

Randomized
controlled trial

assessed possible
pharmacokinetic (PK)
interactions between
macitentan and an OC
containing
ethinylestradiol and
norethindrone (or
norethisterone).

Macitentan; oral
contraceptive

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

1) no differences for the
PK parameters of ethinyl
estradiol and
norethindrone when the
OC was administered
alone or concomitantly
with macitentan; 2) More
subjects reported AEs in
the presence of
macitentan than without,
and this difference was
mainly driven by different
reporting rates for
headache. All AEs
144

•
•

Single sex analysis
No analysis of
differences that could
result from
ethnic/racial
differences (even
though there are
documented
differences in CYP
enzymes due to
ethnicity)

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

Main findings

SGBA+

resolved without
sequelae before the
safety follow-up
telephone call
Brookfield
2016

USA

Cohort

characterize PK and
placental transfer of
magnesium sulfate in
pregnant women and to
characterize covariates
that could affect the PK

magnesium sulfate;
seizures due to
preeclampsia

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

1) preeclamptic status
and maternal weight
affected serum
concentrations; 2)
women given mag sulfate
for non-preeclamptic
reasons had greater
clearance of mag sulfate
compared to
preeclamptic women; 3)
the higher the maternal
weight, the longer it took
for serum concentrations
to reach steady
state/specified target
level compared to
patients with lower
maternal weight; 4) direct
correlation of maternal
serum concentrations of
mag sulfate and umbilical
cord blood
concentrations of mag
sulfate - strong
suggestion that it does
145

•
•

•

Single sex analysis
Did not examine
whether age has
effect on
preeclampsia – quite
important since
condition examined
arose due to
preeclampsia
Did not look at
ethnicity/race or
socioeconomic status
which could impact
access to health care
(in the US where the
study was conducted)

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

Main findings

SGBA+

cross the placental
barrier
Hoeben 2013

Ismail 2012

Netherlan
ds

USA

Mixed
methods

Cohort

"Develop a population
pharmacokinetic model
to describe the
pharmacokinetics of
JNJ-37822681 in
healthy subjects and
patients with
schizophrenia and to
identify covariates of
interest"

to characterize the PK of
clozapine and to identify
potential contributors to

JNJ-37822681
(dopamine D2receptor agonist);
schizophrenia

clozapine;
schizophrenia

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

1) sex was the one
covariate with a
significant impact on
CL/F in the population PK
model - CL/F was 11%
lower in females
compared to males with a
correspondingly higher
AUC in females - this
could not be explained by
the body weight
differences between
sexes; "observed
difference in exposure
between males and
females could be caused
by a combination of
factors, such as body
weight-related
parameters, CLCR or
metabolic capacity, which
are known to differ
between sexes"

•

1. Seriousness: In
absolute terms, the
reporting in women
dominated regardless of

•

146

•

•

•

•

Sex was included as a
covariate in the PK
model
Sex was the only
covariate with impact
on clearance (11%
lower in females vs
males)
Age had no effect as a
covariate on PK;
however, age of
participants was
younger and especially
since schizophrenia
tends to be diagnosed
later in life in women,
should examine more
older participants
No other covariates (in
SGBA+) examined

Sex included as a
covariate in PK model
Sex had significant
impact on clearance

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

variability in plasma
concentrations

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

Main findings

SGBA+

seriousness and age in
nearly all age groups.
However, the overall
proportion of serious
ICSRs was higher in men.
When dispensed drugs
were taken into account,
reporting rate (RR) was
still equal with regard to
seriousness. 2. Sex:
crude RR was
significantly higher in
women compared to men
for both all and the subset
of non- serious ICSRs,
opposed to higher RR for
serious reports in men. 3.
Age: crude RR was
significantly lower for all
and the non-serious
ICSRs in all age groups,
compared to the
youngest age group. In
the age group ≥85years,
the lowest value for RR
was found. For serious
ICSRs, a more
inconsistent age
distribution was noted.
Crude RR was almost

with females with
lower clearance vs
males
Clearance was also
noted to decrease
with increasing age
(starting at age 39)

147

•

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

Main findings

SGBA+

spread in a similar way in
all age groups for both
men and women, with
minor exception for
serious ICSRs. The
distribution of RR and
RRR for men versus
women varied, with sex
differences consistent to
the overall results in
some age groups. After
standardization, overall
RR was significantly
higher in the two oldest
age groups. 4. The
exclusion of sexdependent drugs led to
loss of significance for
higher RR in the oldest
age groups and for overall
sex differences
concerning serious ICSRs,
respectively.
Bowskill 2012

UK

Cohort

to investigate effect of
dose, smoking habit, and
"other factors" on
plasma clozapine and
norclozapine
(metabolite)

clozapine;
schizophrenia

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

1) sex: no difference
between mean plasma
concentrations, but
significant difference in
mean doses; 2) age:
significantly lower plasma
148

•
•

Dose, age, and sex
examined as
covariates in PK model
While there was a
difference in
prescribed dose of
drug, there was no sex

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

concentrations in
patients >65 yrs. to
guide dosing in this age
group

Bowskill 2012

UK

Cohort

effect of dose and other
factors on plasma
amisulpride
concentrations in
clinical practice

Main findings
concentrations and
prescribed doses in
patients >75 yrs. vs
patients 65-74 yrs. 3)
dosages should be given
more cautiously in elderly
as even with lower doses,
in >30% of patients, were
seeing plasma
concentrations in the
upper working range of
younger patients

amisulpride;
schizophrenia

SGBA+

•

there was no amisulpride •
in 10% of samples, and
only 42% of patients had
plasma concentrations in
the optimal working range
(no significant difference •
between sexes)
•
•

Calarge 2011

USA

Cohort

identify predictors of
risperidone and
metabolite 9-

risperidone;
behavioural issues

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

1)serum risperidone
concentration associated
with stage of pubertal
149

•
•

difference in plasma
concentrations of drug
While older patients
had lower prescribed
doses, the plasma
concentrations were
still in the upper range
of an efficacious dose
in 30% of patients

Examined sex
differences, if any, in
relation to prescribed
dose and plasma
concentrations
No significant
differences were
found
No age analysis
Multiple parameters
(smoking status,
ethnicity) missing
from dataset –
partially due to
practitioners not
entering that info
Pediatric population
Pubertal stage, sex,
BMI z-score, weight-

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

hydroxyrisperidone
serum concentrations;
on a background of
polypharmacy in
adolescent children

Chen 2018

USA

Mixed
methods

evaluate effect of
intrinsic factors such as
age, sex, race, and renal
and hepatic function on
PK of vortioxetine

Main findings
development, weightadjusted dose of
risperidone, time since
last dose, and
concomitant use of
CYP2D6 inhibitors, trend
of higher serum
concentrations in males.
For the metabolite, again,
males trended with higher
serum concentrations
that was dependent on
BMI z-score and weightadjusted dose of
risperidone. Concomitant
use of CYDP2D6 inhibitors
did not factor into 9hydroxyrisperidone
concentrations; higher
concentration in males
due to delayed clearance
arising from increased
CYP2D6 activity in
females

vortioxetine; major
depressive disorder

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

while the AUC(0-24h) and
Cmax were 24% and 27%
higher, respectively, in
women versus men, these
differences were not
150

SGBA+

•

•
•

•
•

adjusted dose, time
since last dose, total
duration of
risperidone therapy [in
years], and
concomitant use of
CYP2D6 inhibitors
were tested as
covariates in PK model
Sex did impact PK
model – males had
higher concentrations
since females had
higher CYP2D6 activity
Pubertal stage was
not a covariate of
significance
92% of participants
was male – how much
power was there to
examine the different
pubertal stages and
really tease out sex
differences?

Examined sex, age,
and race as covariates
Drug exposure was
higher in women
versus men, but not
statistically significant

Author(s) &
Year

Davies 2016

Country

Canada

Study design

Randomized
controlled trial

Research aim

evaluate sertraline PK in
presence of olanzapine

Drug/condition

sertraline; psychotic
depression

Main findings

SGBA+

statistically significant
and did not necessitate a
change in clinical dosing
regimes; similar trends
found in both single and
multiple dose studies

•

apparent clearance in
women = 64.8l/h vs
96.6l/h in men (50%
higher in men; p<0.005)

•
•

•
Greenblatt
2014

USA

Randomized
controlled trial

assessment of PK
parameters of sublingual
zolpidem tartrate tablet
in elderly (avg age=72y)
and nonelderly (avg age
34y) males and females

zolpidem; insomnia

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

1) elderly subjects had
higher plasma
concentrations within the
same sex group; age
effect more pronounced
in females; 2) Cmax
higher in elderly women
than non-elderly,
clearance higher in nonelderly women vs elderly
151

•
•

•

No effects due to age
or ethnicity – the latter
of which may be due to
lack of representation
as there was
underrepresentation
of Asians in study,
particularly the
studies that looked at
effects due to hepatic
impairment
Age, race, and sex
tested as covariates in
PK model
Sex was found to be a
covariate of influence
– clearance was 50%
higher in men vs
women
Age and race were not
found to be covariates
of significance
Sex referred to as
“gender”
Effects of age, sex,
and dosage on PK
evaluated via
Student’s t-test
Effect of sex more
prominent in elderly
group with women
achieving higher
concentrations and

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

Main findings
women; 3) elderly men
and non-elderly men had
differences but these
were not statistically
significant; 4) in the
elderly group, women had
high Cmax, higher
exposure (AUC), and lower
clearance; gender effects
not evident in non-elderly
group

SGBA+

•
•

•
Tomson 2010

Sweden

Cohort

to assess possible
changes in
pharmacokinetics of
lamotrigine in
menopause

lamotrigine; epilepsy

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

while there was a
significantly lower
dose/plasma
concentration ratios of
lamotrigine for women
aged 51-55yr compared to
men (79.2L/24h vs
105.0L/24h); there were
no such differences in the
other lamotrigine age
groups; there was also no
difference in
dose/plasma
concentration ratios for
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•
•

•

•

lower clearance, all of
which led to greater
exposure
Sex difference not
apparent in nonelderly group
Significant difference
between elderly and
non-elderly women,
but no significant
difference between
elderly and non-elderly
men
No analysis of
ethnicity/race
Stratified participants
by age and by sex
Only age group where
there was a difference
between sexes was 5155 yrs.
No difference between
sexes in any other age
groups starting from
18 to >65 yrs.
Non analysis of
ethnic/racial or
socioeconomic
factors

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

Main findings

SGBA+

carbamazepine for all age
groups

Unterecker
2013

Germany

Cohort

examined influence of
gender and age on dosecorrected serum
concentrations of
antidepressants in a
clinical setting with
therapeutic drug
monitoring (TDM)
programs

antidepressants

while for some drugs
there was no difference
between female and male
dose-corrected serum
concentrations of drug
(CLO+N-CLO, ESC,
FLU+N-FLU, MAP, and
SER), for others, there
was a significantly higher
dose in females
compared to males:
"(AMI+NOR (32 %), CIT
(29 %), DOX+N-DOX (29
%), and MIR (20 %)")

•
•
•
•

•

•

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022
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Sex referred to as
“gender”
Sexes were compared
using t-tests and
ANOVA
Females had higher
concentrations for 4
drugs
Patients aged >60 yrs.
had higher
concentrations for 7
drugs
Examined combined
effect of sex and age
and found 4 drugs
where there were
significant differences
in serum
concentrations
between females and
males and between
older and younger
patients
Did not examine
ethnicity/racial or
socioeconomic
factors that could play
a role in adherence,

Author(s) &
Year

Hagemann
2020

Country

Germany

Study design

Cohort

Research aim

investigate influence of
concomitant
antiepileptic drugs
(AEDs) on brivaracetam
(BRV) trough serum
concentrations

Drug/condition

brivaracetam;
epilepsy

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

Main findings

1) LDR (or correlation of
concentration to BRV
dose per body weight)
was not significantly
impacted by sex or age BRV serum
concentrations were
higher in female patients
(+13%) and for patients
aged 60 years or older
(+14%), but neither were
significant; 2) with
regards to
comedications: With
concomitant intake of
CBZ, PHT, and/or
PB/PRM, BRV serum
concentrations were
significantly lower (−49%,
e1 = 0.51, P < .001, 95% CI
= 0.43-0.61), whereas
comedication with OXC or
ESL had no effect (e2 =
1.00, P = .950, 95% CI =
0.86-1.18)

154

SGBA+

•
•

•

seeking medical
attention and getting
prescriptions, and
comedications
Neither sex nor age
had impact on PK
Co-analysis of sex
with age or sex with
comedications – due
to small sample size
No info on how long
patients had been on
treatment nor
demographic details
such as ethnicity/race
or socioeconomic
status that could
speak to access to
comedications,
adherence, and even
more basic, access to
medical care.

Author(s) &
Year
Tack 2017

Buurman 2015

Country
Bulgaria

Netherlan
ds

Study design
Randomized
controlled trial

Cohort

Research aim
assess efficacy and
safety of ibodutant, a
selective neurokinin-2
(NK2) receptor
antagonist, inpatients
with irritable bowel
syndrome with diarrhea
(IBS-D).

development of PK
model of infliximab (IFX)
in irritable bowel
Disease (IBD) patients to
be used for dose

Drug/condition

Main findings

ibodutant; diarrheapredominant IBS

1) Primary efficacy
readouts: Females
showed a statistically
significant response in
the treated groups vs
placebo, but males did
not show a difference in
response between
placebo and treatment
groups; 2)this was also
true for the secondary
read-outs and exploratory
read-outs where females
showed a significant
difference in response
when treated with
ibodutant vs placebo, but
males did not; 3) for
quality of life
assessments, there was
no significant difference
in placebo versus
treatment groups

•

1) serum levels of IFX can
be influenced by ATI,
disease activity, sex
(males had 35% higher
rate of clearance), and

•

infliximab; IBD

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022
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SGBA+

•

•

•

2-sided significance
used to check efficacy
differences between
sexes
females showed a
statistically significant
response in the
treated versus
placebo groups, but
males did not show a
difference in placebo
versus treatment
groups.
Did not examine age,
ethnicity/racial
differences, nor
differences between
socioeconomic status
participants in this
study were 99%
Caucasian/white with
the exception of one
Asian participant in
the 10 mg group;
documented ethnic
and racial differences
in IBS
Sex was used as a
covariate in PK model
– significant influence;
males have 35% higher
clearance vs females

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

optimization and to
predict serum trough
concentrations

Harrell 2016

USA

Randomized
controlled trial

assess effect of age,
sex, and race on PK of
azilsartan medoxomil;
also examined safety
and tolerability

azilsartan
medoxomil;
hypertension

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

Main findings

SGBA+

albumin; 2) in patients
with low ATI, trough
concentrations can be
achieved by increasing
dosing intervals from 8 to
12 weeks combined with a
dose increase

•

Very small cohort,
thus, no assessments
of age, ethnicity, or
socioeconomic status

1)there were no clinically
relevant differences
between female and male
subjects (or black vs
white) after a single or
multiple doses of AZL-M;
2) elderly patients had
higher total and peak
exposure compared to
younger patients; 3)
elderly women had higher
Cmax and exposure (5657% on day 8) compared
to younger women; 4)
elderly women also had
higher Cmax (57%) and
AUC/exposure for the 024h (35%) compared to
elderly men; 5) safety and
tolerability assessments
found no differences
between sexes

•

Analysis of variance
(ANOVA) was used to
evaluate statistical
significance of the
effects of age, sex,
and race on PK
elderly subjects had
higher drug exposure
levels (as measured by
AUC and Cmax)
compared to younger
subjects, with elderly
women having the
highest exposure.
However, none of
these findings were
statistically
significant, and the
authors concluded
that it likely has little
clinical relevance
also, no statistically
significant differences

156

•

•

Author(s) &
Year

Thomas 2014

Macpherson
2016

Country

UK

USA

Study design

Randomized
controlled trial

Cohort

Research aim

examined effect of 5HT2C receptor agonist
metachlorophenylpiperazine
(mCPP) on appetite and
mood

objective was to
describe the PK of
rosuvastatin in patients
with heterozygous
familiar
hypercholesterolemia
(HeFH)

Drug/condition

mCPP; obesity

rosuvastatin;
hypercholesterolemi
a

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

Main findings

SGBA+

1)Eating: men ate
more/faster/larger
mouthfuls than women; 2)
both men and women had
reduced appetite ratings
after treatment with
mCPP, but only women
had enhanced satiety; 3)
no sex effects on salivary
levels of cortisol
(receptor was engaged in
both sexes); 4) no other
effects on mood noted
with sex-difference

•

"1) Gender did not impact
Cl/F in the base model.

•

2) In final mode, Cl/F in
male children was
approximately 1.4 fold
higher in female children.
Males: Cl/F (129 x
WT/42^0.352) x 1.41,
Females: Cl/F=129 x
(WT/42)^0.352

157

•

•

•
•
•

between white and
black participants
Examined sex
differences in control
of appetite as
measured through
food consumption and
feelings of satiety
Found baseline
differences in terms of
men eating more and
larger mouthfuls in
general
Did not examine other
factors such as age,
ethnicity/race, or
socioeconomic status,
all of which can
contribute to obesity
Sex referred to as
gender
Sex included as
covariate in PK model
Clearance 1.4-fold
higher in male children
vs female
Age was not
significant covariate
affecting PK after
factoring in sex and
weight

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

Main findings

SGBA+

Explanation: CL/F in male
children was well
estimated to be 1.4-fold
higher (RSE 6.3 %) than in
female children after
accounting for difference
in weight. In the CHARON
study, a male child
weighing 20 kg had an
estimated CL/F of 140
L/h, whereas a male child
weighing 99 kg had an
estimated CL/F of 246
L/h. A female child
weighing 20 kg had an
estimated CL/F of 99 L/h,
whereas a female child
weighing111 kg had an
estimated CL/F of 182
L/h. "
Luk 2013

USA

Cohort

study addresses
association between use
of different proton pump
inhibitors (PPIs) and
hypomagnesemia by
examining frequency of
occurrence among

proton pump
inhibitors; gastric
diseases (e.g., GERD,
peptic ulcer disease)

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

1) For all 6 PPIs there was
a higher frequency of
ADRs reported in female
subjects. Largest number
of ADRs reported with
esomeprazole followed by
omeprazole, 2) sex
distribution of
158

•
•

Sex was a variable in
multivariable logistic
regression analysis
Higher number of
ADRs reported for
females

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

reported ADRs from the
FDA AERS database

Yoshinobu
2014

Germany

Cohort

examine effect of
ketoconazole, a potent
cytochrome P450(CYP)
3A4 and P-glycoprotein
(P-gp) inhibitor, on
teneligliptin
pharmacokinetics and to
evaluate the safety of
combined
administration of
teneligliptin with
ketoconazole

teneligliptin;
diabetes

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

Main findings

SGBA+

hypomagnesemia was
equal across different
PPIs except with
esomeprazole and
rabeprazole there was a
predominance of females
(68.8% and 81.5%
respectively). Risk of
female subjects
experiencing
hypomagnesemia (OR 0.8,
CI 0.7-0.97) was lower
than for males.

•

1) increased ratios of
teneligliptin Cmax and
AUC0–infinity resulting
from combined
administration with
ketoconazole were higher
in female subjects than in
male subjects; When the
significance level of
interaction was assumed
to be 10%, both Cmax
and AUC0–infinity
produced a relationship
between treatment and
sex(P=0.0916 and 0.0253,

•

159

•

•

•

Age was assessed, but
missing from 30% of
reports
No examination of
ethnicity or race; no
co-evaluation of
multiple variables

Sex and treatment
were covariates
incorporated into the
PK model
no sex difference in
exposure (as
measured by Cmax
and AUC) when
teneligliptin was
administered as a
monotherapy
exposure was
significantly increased
in females versus
males when
teneligliptin was

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

Main findings
respectively); 2) There
were no evident
differences between male
•
and female subjects in
Cmax and AUC0–infinity
when teneligliptin was
administered alone, but
the increased ratios of
teneligliptin Cmax and
AUC0–infinity resulting
from combined
administration with
ketoconazole tended to
be higher in female
subjects than in male
subjects, and there was a
statistically significant
relationship between sex
and treatment
(administration of
teneligliptin alone vs
combined administration
of teneligliptin and
ketoconazole). In female
subjects, the ratio of
teneligliptin AUC0–infinity
with administration of
teneligliptin alone to that
with coadministration
with ketoconazole was

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

160

SGBA+
administered in
combination with
ketoconazole
no assessments of
age, ethnicity/race, or
socioeconomic status,
all of which can affect
diabetes outcomes

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

Main findings

SGBA+

1.65, which is a minor
change; in terms of
clinical relevance, dosage
adjustments are thus not
required.

Manitplisitkul
2014

USA

Cohort of
healthy
patients

to investigate potential
drug-drug interactions
between topiramate and
metformin and
pioglitazone at steady
state.

topiramate,
metformin,
and
pioglitazone/epilepsy
as a result of diabetes

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

1) mean pioglitazone CL/F
was lower in women than
in men when dosed
concomitantly with
topiramate. Effect of
topiramate in reducing
systemic exposure to
pioglitazone (based on
AUC) was more
pronounced in women
than men. In women, 22%
decrease mean AUC 24
and 30% increase in mean
CL/F were observed
during topiramate
coadministration
compared to pioglitazone
alone.

161

•

•

•

•

Sex for most part was
correctly used, but sex
differences was
referred to as gender
differences with
respect to PK in the
discussion
Sex was included as
covariate in PK
modeling of drug
interactions
mean pioglitazone
CL/F was lower in
women than in men
when dosed
concomitantly with
topiramate
Effect of topiramate in
reducing systemic
exposure to
pioglitazone (based on
AUC) was more
pronounced in women
than men.

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

Main findings

SGBA+
•

•

Kohl 2010

USA

Cohort

This report describes a
study and estimates the
values of
pharmacokinetic
parameters for
prophylactic
Posaconazole allogenic
stem cell transplant
(SCT) recipients by
population

Posaconazole;
immunosuppressant
after transplant

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

1) Gender did not
significantly reduce the
OFV in comparison with
the basic model for Cl/F
but was significant for
V/F but when considered
for both Cl/F and V/F the
reduction in OFV was no
longer significant.

162

•
•
•
•
•
•

In women, 22%
decrease mean AUC
24 and 30% increase
in mean CL/F were
observed during
topiramate
coadministration
compared to
pioglitazone alone.
age was not found to
be a significant
covariate after
accounting for
differences in weight
and sex but this does
not mean that age
does not affect CL/F
but rather that weight
and sex are better
predictors of CL/F
over age
Sex referred to as
gender
50% of participants
were female
Sex included as a
covariate in PK model
As a whole, sex had no
significant impact on
PK
Age was discussed,
but no detailed or

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

Main findings

SGBA+

pharmacokinetic
methods from clinical
therapeutic drug
monitoring (TDM) data.
Tornatore
2016

Zhang 2016

USA

USA

Cohort

Cohort

significant findings
reported

1) investigate influence
of sex and race on
pharmacokinetics of
Mycophenolic acid (MPA)
and its inactive
metabolite,
Mycophenolic acid
glucuronide (MPAG) in
stable renal transplant
recipients receiving
enteric-coated
mycophenolate sodium
(ECMPS); 2) evaluate
MPA-associated
gastrointestinal AEs
using a validated,
standardized
assessment scale and
the association with
race, sex, and MPA
pharmacokinetics

mycophenolic acid

evaluate PK of
mycophenolic acid
(MPA), active metabolite
of mycophenolate

mycophenolic acid

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

1)sex and race both play
roles in MPA and MPAG
PK: for MPA, Caucasian
females had the lowest
clearance vs Caucasian
males, who had the
highest clearance of MPA
after adjusting for BMI,
thus, CMs also had the
lowest exposure of MPA;
for the metabolite MPAG,
African American women
had the highest exposure
in terms of the ratio of
MPAG/MPA; for AEs, 2)
females had a higher
score, with African
American females with
the highest scores

•

1) Significantly higher
serum albumin levels
were observed in
pediatric males than in

•

163

•

Sex and race found to
impact PK and
adverse events
No analysis of age or
socioeconomics

Pediatric and adult
patient population, but
no patient over age of
63 yrs.

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

mofetil(MMF), in both
pediatric and adult
patients following
hematopoietic stem cell
transplantation (HSCT)

Fruit 2013

France

Cohort

"1) investigate the
population
pharmacokinetics of
ciclosporin in thoracic
(heart or lung)
transplant patients and
study the influence of
a range of potential

ciclosporin

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

Main findings

SGBA+

pediatric females; 2)
similar serum albumin
levels were observed
between adult males and
adult females; 3) In
pediatric patients males
displayed significantly
higher plasma protein
binding of MPA and MPAG
compared to females ,
resulting in a lower
percentage unbound in
males than females; 4) In
adult patients the plasma
protein binding of MPA
and MPAG was also
significantly higher in
males than in females,
resulting in a lower
percentage unbound in
males than females

•

1) univariate analysis
found a significant effect
of sex on V1/F and CL/F;
2) multivariate analysis
also showed sex as the
only covariate to affect
CL; no other covariate
preserved the impact

•

164

•

•

In the pediatric
population, males had
higher serum albumin
levels, and there was
significantly more
protein binding of both
MPA and MPAG in
males versus females
in the adult
population, there was
no difference in serum
albumin levels
between males and
females, there was
more protein binding
of MPA and MPAG in
males versus females
no ethnic or
socioeconomic
analysis

Sex was found to
affect both clearance
and volume of
distribution with
univariate analysis,
and its impact on
clearance was
preserved with
multivariate analysis.

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

covariates, including
demographic, clinical
and genetic factors, on
pharmacokinetic
parameters; and
2)develop a Bayesian
estimator able to
predict the individual
pharmacokinetic
parameters and
exposures indices in
this population of
patients."

Main findings
seen with univariate
analysis, thus, only sex
impacts ciclosporin PK
through its effect on CL

SGBA+

•

•
Cawello 2016

Germany

Nonrandomized
controlled trial

examine PK, safety, and
tolerability of rotigotine
transdermal patch in
Japanese and Caucasian
subjects

rotigotine;
Parkinson’s Disease

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

1) higher apparent dose in
Caucasian subjects, but in
Japanese subjects,
female patients had
higher absorption versus
male; 2) for both ethnic
groups, female patients
had higher plasma levels
of unconjugated
rotigotine; 3) Cmax and
AUC for unconjugated
165

•

•
•

No other covariate
preserved the impact
on PK found with
univariate analysis
The study did examine
and found no effect
due to age, but there is
no information on
whether
ethnicity/race or
socioeconomic status
such as possible
occupational or
lifestyle habits may
have been influential
on being able to obtain
and maintain a
transplant
No ethnic or
socioeconomic
analyses
Examined both
Japanese and
Caucasian
participants
Examined both ethnic
and sex differences
Did not look at age
differences, no
socioeconomic
evaluations

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

Main findings

SGBA+

rotigotine was not
different between ethnic
groups, but shown to be
higher in women vs men;
4) for total rotigotine,
there was an ethnic
difference in total
rotigotine (but conjugated
forms are considered
inactive), which was
resolved once adjusted
for body weight and dose.
Weir 2013

USA

Mixed
methods

characterize PK/PD for
dalfampridine-extended
release (ER); examined
variability, covariates,
and whether therapeutic
dosage represents
optimal dosage

dalfampridine;
multiple sclerosis

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

1) sex was a covariate of
significance in oral
clearance (females 14.5%
lower), and volume of
distribution (24.7% lower
in women), with higher
plasma concentrations of
dalfampridine-ER in
female patients however, this does not
translate to clinical
significance. 2) Age also
affects oral clearance and
this does have clinical
impact.

166

•
•

•

•

Sex referred to as
gender
Age, sex, race, BMI,
renal impairment
(measured by
creatinine clearance),
concomitant
medications, study,
food effect, and
disease status
assessed as
covariates
Sex and age both had
impact on PK, age with
more relevant clinical
impact
No socioeconomic
evaluations

Author(s) &
Year
Greenblatt
2014

Soulele 2017

Country
USA

Greece

Study design

Research aim

Randomized
controlled trial

assessment of PK
parameters of sublingual
zolpidem tartrate tablet
in elderly (avg age=72y)
and nonelderly (avg age
34y) males and females

Cohort Study
(Prospective
or
retrospective)

investigate PK of inhaled
salmeterol in asthma
patients using 2
different dry powder
inhalers

Drug/condition
zolpidem; insomnia

salmeterol; asthma

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

Main findings

SGBA+

1) elderly subjects had
higher plasma
concentrations within the
same sex group; age
effect more pronounced
in females; 2) Cmax
higher in elderly women
than non-elderly,
clearance higher in nonelderly women vs elderly
women; 3) elderly men
and non-elderly men had
differences but these
were not statistically
significant; 4) in the
elderly group, women had
high Cmax, higher
exposure (AUC), and lower
clearance; gender effects
not evident in non-elderly
group

•

using a 2-compartment
model, sex was found to
affect CL/F with males
having clearance values
that were 27% higher
than females; males have
30-35% lower values in

•

167

•
•

•
•

•

•
•
•

Sex referred to as
gender
Student’s t-test
evaluated effect of
sex and age
Effect of sex more
prominent in elderly
group with women
achieving higher
concentrations
No sex difference in
non-elderly group
Statistically
significant difference
between elderly and
non-elderly women,
but not between
elderly and non-elderly
men
No ethnic or
socioeconomic
evaluations
Sex referred to as
gender
Sex and age were
covariates in PK model
Males had higher
clearance than
females
No difference due to
age

Author(s) &
Year

Lip 2015

Country

UK

Study design

Cohort

Research aim

to gain knowledge of
antithrombotic
properties of AZD0837
compared to vitamin K
antagonist (VKA) therapy
and characterize
therapeutic plasma
concentration range to
guide selection of an
effective dose regimen.

Drug/condition

anticoagulant;
thrombin inhibitor

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

Main findings

SGBA+

Cmax, AUC compared to
females

•

1) PK model presented
with gender as covariates
on pharmacokinetics of
AR-H067637, 2) assessed
gender covariate's effect
on D-dimer levels : in
VKA-naïve patients, fibrin
D-dimer levels decreased
after start of treatment in
all groups. Baseline
plasma D-dimer l94μgl/l in
males and 42% higher,
133μg/l, in females.
Gender was included
(effect larger than for
age). 3) Effect on EC50:
female patients appeared
to be more sensitive to
AZD0837 treatment
compared with males.
The population
pharmacokinetic model
of AR-H067637 showed
moderate inter-individual
variability in CL/F
affecting Css.

•

168

•
•
•

No ethnic or
socioeconomic
analysis
Sex referred to as
gender
30% of participants
were female
Sex included as
covariate in PK model
Females found to be
more sensitive to
treatment

Author(s) &
Year
Schellings
2016

Country
Netherlan
ds

Study design
cohort

Research aim
aim of this study was to
investigate which
laboratory analyses are
suited to measure
trough and peak
concentrations of
DOACs in a general
hospital setting.

Drug/condition

Main findings

dabigatran/rivaroxab
an; oral
anticoagulants

Rivaroxaban
1) Female subjects
displayed faster increase
in rivaroxaban
concentration in
comparison to male
subjects with higher t2
concentration. 2) Males
and females reached
comparable values at 4 h
after drug administration.
3) The difference in
response to rivaroxaban
intake between females
and males was borderline
non-significant, as
measured by two-way
ANOVA repeated
measures (P= 0.08).
Dabigatran
Female subjects
displayed a (nonsignificant P= 0.09) faster
uptake of dabigatran in
comparison to male
subjects

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022
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SGBA+
•

•

•

Sex differences
analyzed for drug
concentrations and
response to drug
Females showed
faster attainment of
drug concentration,
but both males and
females achieved
same concentrations
4h post dose
Difference in drug
response nonsignificant (ANOVA;
p=0.08)

Author(s) &
Year
Brigandi 2015

Teng 2012

Country
USA

France

Study design
Randomized
controlled trial

Nonrandomized
controlled trial

Research aim

Drug/condition

Main findings

Phase I evaluation of
safety, tolerability, and
PK of SBE7-beta-CD
formulation of
vestipitant when
administered in 2
minutes or less in
healthy subjects

vestipitant; postoperative nausea and
vomiting

IV formulation allowed for
rapid infusion of
vestipitant without
accompanying hemolysis
- female patients
reported a higher
incidence of adverse
events (but no statistical
significance analyzed);
efficacy also not sexdisaggregated

•

assess age and sex
effects on ticagrelor
pharmacokinetics (PK)
and pharmacodynamics
(PD)

ticagrelor;
atherothrombosis

1)women had significantly
higher exposure (AUC;
37%) and Cmax (52%) of
both ticagrelor and
metabolite AR-C124910XX
versus men; compared
with young men, young
women, elderly women,
and elderly men had
significantly higher levels
of Cmax (61, 148, and 73%,
respectively); 2) half-life
(t1/2) of ticagrelor was
significantly longer (23%)
in women vs men; t1/2
was slightly longer in
elderly women vs young

•

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022
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SGBA+

•

•

•
•

Actual number of
female participants
not disclosed
Sex differences were
not examined from
efficacy perspective,
only safety and
tolerability
Females reported
higher incidence of
ADRs, but no
statistical evaluations
done to assess
significance
Sex referred to as
gender
sex, age included as
covariates in PK model
evaluated sex, age,
and age-by-sex
effects; no ethnic or
socioeconomic
evaluations

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

Main findings
women, but no
statistically different - no
difference between
young and elderly men;
same trend in t1/2 was
seen for AR-C124910XX;
3) for PD, while 200 mg of
ticagrelor produced
inhibition of platelet
aggregation (IPA) in all
groups, young individuals
had higher IPA, with men
having higher IPA vs
women; gender appeared
to play a role in the
sensitivity of platelets to
ticagrelor with young men
having higher sensitivity
vs young women; and
younger individuals had
higher sensitivity
compared to elderly; 4)
AEs: 3 young women and 1
elderly woman reported
AEs, no serious AEs
reported, overall well
tolerated

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022
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SGBA+

Author(s) &
Year
Inparajah 2010

Country
Canada

Study design
Cohort

Research aim
to evaluate the
performance of this
institution’s once-daily
gentamicin dosing
guidelines (Toronto,
Ontario, Canada) in
children who were being
treated for febrile
neutropenia as a result
of routine antineoplastic
therapy.

Drug/condition
gentamicin; febrile
neutropenia

Main findings
1) Females had higher
Vd/ABW and Cl/ABW
compared to males. Sex
only identified as a
determinant of Cl/ABW in
children older than 5.75
years.

SGBA+
•
•

•
•

Stalker 2016

USA

Randomized
controlled trial

determine PK/PD of
Epogen (human
recombinant
erythropoietin)
biosimilar, Epoetin
Hospira

Epoetin Hospira;
anemia

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

1)PK equivalence of
Epogen and Epoetin
Hospira after a single
dose was demonstrated
by the 90% confidence
intervals of the geometric
mean ratios (GMR;
Epoetin Hospira/Epogen)
contained within
acceptable limits of 0.81.25 for Cmax and AUC;
2)PD equivalence after a
single dose was
demonstrated by the 95%
confidence intervals of
172

•
•

Age and sex each
applied as univariate
in PK model
Females had higher
volume of distribution
and clearance
compared to males –
measured were
normalized for body
weight
Sex impacted only
children older than
5.75yrs
Did examine pediatric
patients older than 1
yr.
no women were
included in this trial
authors justified this
lack of representation
of women in the
clinical trial on the
basis of potentially
confounding effects
due to the menstrual
cycle, however, they
failed to reference any
studies to support
such an exclusion

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

Main findings

SGBA+

GMR contained within the
limits of 0.8-1.25 for Cmax
and AUC for reticulocyte
counts; 3) incidence of
AEs similar between the
two drugs; there were no
deaths, serious AEs, or
other significant AEs
An 2017

USA

Cohort

develop a population
pharmacokinetic model
for Darbe following
intravenous (i.v.) and
subcutaneous (s.c.)
administration to
infants.

darbepoetin; anemia

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

1) covariate evaluation
demonstrated that
gender has a significant
influence on clearance
and that bodyweight has a
significant impact on
central compartment
volume of distribution. 2)
The clearance of Darbe
was estimated to be
0.050 L/h/kg in male
infants, which is faster
than the clearance in
female infants (0.031
L/h/kg). 3) both sex and
bodyweight were
included as covariates in
the final population PK
model

173

•
•

•

Pediatric cohorts in
US
Sex was found to have
a significant impact as
a covariate in the PK
model influencing
clearance, with male
infants having a faster
rate of clearance
compared to female
infants
No ethnic or
socioeconomic
analyses

Author(s) &
Year
Bellanti 2014

Country
Canada

Study design

Research aim

Cohort Study
(Prospective
or
retrospective)

To characterize the
pharmacokinetics of
deferiprone in healthy
subjects using a modelbased approach and to
assess the effect of
demographic and
physiological factors on
drug exposure.

Drug/condition
deferiprone; ironoverload in βthalassemia

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

Main findings
1) estimated the gender
effect on the apparent
volume of distribution,
which causes V/F values
to be higher in males than
in females,
respectively(i.e., 78.4vs.
65.3 l, a 20% difference
between the two groups).
Such a difference is likely
to have minor or no
clinical implications, if
one assumes that overall
exposure(AUC) rather
than peak concentration
(Cmax) determines
treatment response - i.e.,
"Gender differences in the
apparent volume of
distribution (20%) have
been identified - which
ultimately may impact on
peak plasma
concentrations. But are
unlikely to be of clinical
relevance." 2) simulation
scenarios reveal that
dose adjustment is

174

SGBA+
•
•
•
•
•

Sex referred to as
gender
Age and sex tested as
univariates in PK
model
Sex had an effect, but
not clinically relevant
Age had no effect
No ethnic or
socioeconomic
analyses

Author(s) &
Year

Country

Study design

Research aim

Drug/condition

Main findings
required for patients with
reduced CLcr

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

175

SGBA+

APPENDIX B2. AE TABLE OF RESULTS
Author(s) &
Year

Country

Study design

Research aim

Drug(s)

Main findings

SGBA+

Ekhart et
al. (2018)
[109]

Netherlands

Crosssectional

To investigate whether
reports of adverse drug
reactions (ADRs) when
using selective
serotonin reuptake
inhibitors (SSRIs)
concern women and
men equally in the
database of the
Netherlands
Pharmacovigilance
Centre Lareb, taking
into account the
differences in the
number of users. The
secondary aim was to
explore if differences
could be explained by
the daily dosage
received of the SSRIs
under study.

Selective serotonin
reuptake inhibitors
(SSRIs): citalopram,
escitalopram,
fluoxetine, fluvoxamine,
paroxetine, sertraline,
and venlafaxine.
Venlafaxine in daily
doses up to 150 mg can
be regarded as an SSRI.

16 ADRs reports
(haematoma, alopecia,
purpura, weight
increased, arthralgia,
vision blurred,
palpitations, dry mouth,
dizziness,
hyponatremia,
abdominal pain,
withdrawal syndrome,
tremor, hyperhidrosis,
nausea, fatigue) are
more frequent in
females and 4 are more
frequent in males
(aggression, drug
ineffective, suicide
attempt, tinnitus).

Sex-disaggregated
outcomes and testing for
significance: Results are
reported as a female/male
ratio with 95% confidence
intervals, which takes into
account the proportion of
female and male use of
SSRIs in the Dutch
population. Chi-square and
Mann-Whitney U tests are
used to determine if sex
differences in ADR reports
can be explained by
received daily doses of
SSRIs between males and
females.
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No differences in the
received daily doses
between men and
women were found for
the significant ADRs.
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Gahr et al.
[111]

Germany

Crosssectional

To identify the quantity
of cases of
agomelatine (AGM)related hepatotoxic
ADRs that were
reported to the
database of a German
medical regulatory
body (BfArM) and
frequent
characteristics of
patients featuring
AGM-related
hepatotoxic ADR in
order to provide first
indications of possible
risk factors.

Agomelatine is an
antidepressant and
analogue of melatonin

Of the 58 AGM-related
hepatotoxic ADRs, 69%
correspond to females.
83% of the patients that
had AGM-related toxic
hepatitis were females
(n = 5).

Sex-disaggregated
outcomes (no testing for
significance), reported n

Ronaldson
et al. (2011)
[110]

Australia

Cohort

To compare key
characteristics
between clozapineinduced myocarditis
fatal and non-fatal
cases and to identify
factors which may
serve as clues to the
prevention of
myocarditis- related

Clozapine

Differences between
fatal and non-fatal
cases reveal no
significant differences
between sex, age,
smoking status, mean
dose of clozapine at
onset, or concomitant
use of sodium
valproate.

Sex-disaggregated
outcomes and testing for
significance. Chi-square
tests and 2-tailed Students
t-tests reveal no significant
differences between
women and men in the
clozapine-induced
myocarditis fatal and nonfatal cases.
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To assess the
association between
Stevens-Johnson
syndrome (SJS)/ toxic
epidermal necrolysis
(TENS) and
antiepileptics,
including the most
recently authorized
drugs, based on the
information provided
by the spontaneous
reporting of suspected
adverse drug reactions
(ADR)

Antiepileptic drugs
(phenytoin, lamotrigine,
carbamazepine,
valproate, phenobarbital
oxcarbazepine,
levetiracetam,
primidone, gabapentin)

84 reports of SJS
(59.5% females vs.
38.1% males) and 80
reports of TENS (55%
females vs. 43.8%
males). Cases related to
phenytoin were

Sex-disaggregated
outcomes and testing for
significance. Chi-square
tests.

To investigate the
gender-related
differences in adverse
drug reactions (ADRs)
in the Italian
population, on the
basis of sex, during a
15-year observation
period.

The most reported

fatality in patients
starting clozapine.
Ordonez et
al. (2015)
[112]

Castellana
et al. (2018)
[85]

Spain

Italy

Cohort

Crosssectional

more common in older
men and to lamotrigine
in
younger women

ATCs (Anatomic,
Therapeutic, Chemical
Classification): protease
inhibitors, reverse
transcriptase
nucleoside inhibitors,
thyroid hormones,
aminoquinoline
antimalarials, COX-

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

Of the 301,233 ADR
reports, 55.6% are from
females, 43.1% males,
and 1.3% did not
indicate their sex. Males
younger than 2 and
older than 11 are found
to have more ADRs
whereas females have a
higher risk of ADRs over
the age of 2 and under
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Sex-disaggregated
outcomes (%) (no testing
for significance)
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Study design
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Main findings

inhibitor antiinflammatory and antirheumatic drugs,
selective serotonin
reuptake inhibitor
antidepressants,
benzodiazepine
derivative anxiolytics,
acetic acid derivative
anti-inflammatory and
anti-rheumatic drugs
and related substances,
broad-spectrum
penicillins, penicillin
associations including
beta-lactamase
inhibitors and propionic
acid derivative antiinflammatory and antirheumatic drugs.

the age of 11 years.
However, the majority
of ADRs are found in the
18-64 years age group
and are mostly nonserious with a positive
outcome and females
have more serious ADRs
except death is more
common in males than
females. Males report
more ADRs than
females for protease
inhibitors (61% vs. 39%)
and reverse
transcriptase
nucleoside inhibitors
(70% vs. 30%). For the 9
other commonly
reported drug classes,
females report more
ADRs than males
(thyroid hormones (81%H03AA), aminoquinoline
antimalarials (78%P01BA), COX-inhibitor
anti-inflammatory and
anti-rheumatic drugs,
(71%-M01AH), selective
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serotonin reuptake
inhibitor
antidepressants (68%N06AB), benzodiazepine
derivative anxiolytics
(66%-N05BA), acetic
acid derivative antiinflammatory and antirheumatic drugs and
related substances
(59%-M01AB), broadspectrum penicillins
(58%-J01CA), penicillin
associations including
beta-lactamase
inhibitors (57%-J01CR)
and propionic acid
derivative antiinflammatory and antirheumatic drugs (57%M01AE).
Chavant et
al. (2011)
[106]

France

Crosssectional

To examine which
drugs are associated
with memory disorders.

The main therapeutic
classes suspected were
hypnotics (76 cases),
anticonvulsants (68
cases), anxiolytics (66

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

There were 519 adverse
drug reactions related
to memory loss among
the 188,284 collected
reports and 57% of
them were from women
(sex ratio 0.6).
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Sex-disaggregated
outcomes (no testing for
significance).
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There was no
consistent pattern
among the VAERS
reports from the same
MIV lot. The most
frequent adverse
events (AEs) were
weakness, dizziness,
paresthesia, nausea,
and lethargy. Sex and
race were significantly
associated with
reporting AEs after
receiving MIV, with
females were more
likely to report AEs than
males and Black people
3 times more likely to
report AEs than White
people.

Sex-disaggregated
outcomes and testing for
significance. One-sided
exact p-values, and 95%
mid-p exact confidence
intervals.

cases), antidepressants
(55 cases), analgesics
(45 cases) and
antipsychotic drugs (29
cases).
McNeil et
al.
(2012)[113]

USA

Crosssectional

The aim of this
pharmacovigilance
study was to examine
the spectrum of
adverse events among
reservists in a US
military unit after
receiving monovalent
pandemic 2009 (H1N1)
vaccine (MIV) and to
investigate the factors
contributing to a
cluster of reports to the
Vaccine Adverse Event
Reporting System
(VAERS) that occurred
on February 20, 2010,
from members of this
unit.

Monovalent pandemic
2009 (H1N1) vaccine
(MIV)

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022
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O’Donovan
et al.
(2019)[114]

UK

Crosssectional

To analyze a large
sample of patient
Yellow Card reports
from July to December
2015. Objectives were
to: 1) describe all
patient reports
submitted to the
Medicines and
Healthcare Regulatory
Agency (MHRA) over a
6-month period in
terms of reporter
characteristics, drugs,
reactions, and
outcomes; 2) explore
factors associated with
reports classed by the
MHRA as serious; and 3)
compare selected
parameters to the
analysis of reports from
the first 2 years.

Vaccines and other
drugs

There was a higher
proportion of reports
concerning females for
both vaccines (61.2%)
and other drugs (66.7%).
The distribution of
gender across different
age groups was similar
for both vaccines and
other drugs, with
reports concerning
females predominating
among those aged 10 to
64, whereas there were
more reports
concerning males in
older age groups. For
vaccines, the mean age
of reports was similar
for males (27 years) and
females (28.9 years),
whereas for other
drugs, the mean age of
males experiencing an
ADR was significantly
higher than for females.
More females than
males reported central
nervous system drugs,

Sex and age disaggregated
outcomes.
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while more males
reported cardiovascular
drugs. For general
drugs, significantly
more females reported
serious ADRS (73.2%)
than males (66.6%),
whereas for vaccines,
the difference was
much less (69.5% in
females compared to
66.8% in males).
Jia et al.
(2019) [117]

USA

Cohort

To evaluate the safety
profiles of human
papillomavirus (HPV)
vaccines with regard to
the distribution of
adverse events (AE)
across gender and age,
and the correlations
across various AEs
using the Food and
Drug
Administration/Centers
for Disease Control and
Prevention Vaccine
Adverse Event
Reporting System
(VAERS). Research

Human papillomavirus
(HPV) vaccine (vaccine
types:
HPVX/HPV2/HPV4/HPV9
(HPV
vaccine with no brand
name/HPV Cervarix/HPV
Gardasil/HPV Gardasil
9)).

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

Males were significantly
younger when they
reported AEs than
females (14.14 vs. 16.318,
95% CI [2.073–2.283]; p
< 0.0019). None of the
AEs with significant age
and gender differences
were considered
serious under the FDAs
standards. In males,
older vaccination age
was associated with an
increase in AEs, while in
females the reverse
trend was found. There
were significant
183

Sex-disaggregated
outcomes and testing for
significance. Independent
t-tests with 95%
confidence intervals
assessed the age
distribution across sex and
specific SOCs. Single sex
zero truncated Poisson
regression models were
conducted to assess the
number of individual SOC
cases per year. Logistic
regression models
investigated gender, age,
and interactions between
gender and age on the odds

Author(s) &
Year

Country

Study design

Research aim

Drug(s)

questions: (1) Are the
frequencies of AEs
different across
different gender and
age groups? If
significant differences
are observed, it is
essential to develop a
more precise vaccine
information statement
for these targeted
subgroups. (2) Are
there any correlations
among the AEs?
Specifically, we
explored whether some
AEs were more likely to
occur together.
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interactions by age and
gender for nervous
system disorders;
vascular disorders;
psychiatric disorders;
skin and subcutaneous
tissue disorders;
musculoskeletal and
connective tissue
disorders; general
disorders and
administration site
conditions;
investigations; and
injury, poisoning and
procedural
complications. Nervous
system disorders were
the most common AEs
(12,378), with the lowerlevel symptoms of
headaches and
hypoesthesia occurring
more often in females.
A 1-year increase in age
was associated with a
0.055 decrease in the
odds of developing
nervous system

of developing AEs for
specific SOCs. Chi-square
tests evaluated differences
in symptoms between
males and females.
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disorders in females. In
males, a 1-year increase
in age was associated
with a 0.077 increase
probability of
developing nervous
system disorders.
Jingcheng
et al. (2017)
[116]

USA

Crosssectional

To study individual
differences,
considering sex and
age, in adverse
reactions following
vaccination of the
trivalent influenza
vaccine.

Trivalent influenza virus
vaccine (FLU3).

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

There were 7331 series
reaction reports with
differences by age and
sex. Of the total reports,
3966 were from female
patients, 3169 were
from male patients, and
196 were from an
unknown sex. The least
number of symptoms
were reported by 65+
year olds and the
highest number came
from 50-64 year olds.
Men reported more
symptoms than women.
Women were more
likely than men to report
immune system
disorders and skin and
subcutaneous tissue
disorders after
185

Sex-disaggregated
outcomes and testing for
significance. Zerotruncated Poisson
regression model and with
age and sex as covariates.
Logistic regression models
with p<0.0019 significance
to explore the associations
of age and sex with the
occurrence of SOCs.
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vaccination while men
were more likely to
report renal and urinary
disorders, infections
and infestations,
neoplasms benign,
malignant, and
unspecified (including
cysts and polyps), and
surgical and medical
procedures. In regard to
specific symptoms,
men had a higher
probability of reporting
demyelinating
polyneuropathy
(immune system
disorders) and
myocarditis (cardiac
disorders) while women
had a higher probability
of reporting dyspnea,
chest discomfort, and
palpitations (cardiac
disorders).
Lindsey et
al. (2016)
[115]

USA

Crosssectional

To describe adverse
events following Yellow
Fever (YF) vaccination
reported to the U.S.

Yellow fever vaccine.

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

The vast majority (91%)
of adverse events
reported from the
Yellow Fever (YF)
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Sex-disaggregated
outcomes (no testing for
significance).
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Vaccine Adverse Event
Reporting System
(VAERS) from 2007
through 2013 and to
calculate age- and sexspecific reporting rates
of all serious adverse
events (SAE),
anaphylaxis, YF
vaccine-associated
neurologic disease
(YEL-AND) and YF
vaccine-associated
viscerotropic disease
(YEL-AVD).
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Main findings

vaccine were nonserious. Of the serious
adverse events (SAE),
50% were in males and
reporters were 5-88
years old. There were 17
cases of YF vaccineassociated neurologic
disease (YEL-AND), of
which 12 (71%) were in
males, resulting in a
reporting rate of 1.1 per
100,000, which was
almost three times
higher than females (0.4
per 100,000). All of the 6
cases of YF vaccineassociated
viscerotropic disease
(YEL-AVD) were in
males, resulting in a
reporting rate of 0.3 per
100,000 doses
distributed. Anaphylaxis
was reported at a rate
of 1.4 per 100,000 doses
distributed, of which 19
(63%) were in males.
Hypersensitivity was
187

SGBA+

Author(s) &
Year

Country

Study design

Research aim

Drug(s)

Main findings

SGBA+

reported by 168
patients, with 106 (65%)
in females. Rates of
SAE, YEL-AND, and
YEL-AVD all increased
with age; however, the
rate of anaphylaxis was
higher in younger age
groups (patients aged 18
years old or younger).
Nevin &
Leoutsakos
(2017) [100]

USA

Case control

To identify a distinct
neuropsychiatric
syndrome class
associated with reports
of adverse reactions
from mefloquine use.
To confirm the
association of this
syndrome with
prodromal symptoms,
and to identify other
specific symptoms
commonly associated
with it that might
inform improvements
in case finding.

Mefloquine atovaquoneproguanil, doxycycline,
chloroquine, loperamide

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

A distinct syndrome
class of
neuropsychiatric
adverse reactions to
mefloquine was
discovered that was
found to be more
common among
adverse events reports
from males than from
females. This syndrome
class was characterized
by a high probability of
symptoms of deliria and
a moderate probability
of psychiatric and
neurologic symptoms
such as dementia,
amnesia, and seizures.
188

Sex disaggregated.

Author(s) &
Year

Country

Study design

Research aim

Drug(s)

Main findings

SGBA+

The syndrome class was
also associated with
prodromal symptoms,
such as anxiety,
depression, sleep
disturbance, and
abnormal dreams, and
neurological symptoms
such as dizziness,
vertigo, and
paresthesia.
Lowe &
Costabile
(2012) [101]

USA

Crosssectional

To document the rate
of reported significant
adverse cardiovascular
events or mortality
associated with each of
three
phosphodiesterase
type-5 inhibitors
(PDE5-I) used to treat
erectile dysfunction
over 10 years by a
review of industry and
non-industry reports
submitted to the FDA.

Sildenafil, tadalafil, and
vardenafil

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

Overall, 26,451 reports
were reviewed, of which
14,818 adverse events
(AEs) were reported for
sildenafil, 6,085 AEs
were reported for
vardenafil, and 5,548
AEs were reported for
tadalafil. Cardiovascular
AEs were reported in
12% of reports and
death in 8.2%. Sildenafil
was associated with the
most cardiovascular
AEs (76% versus 14% for
tadalafil and 10% for
vardenafil) as well as
the most reported
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sex/gender group only males
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deaths (83.6% followed
by tadalafil at 11%).
Rydberg et
al. (2014)
[89]

Sweden

Crosssectional

To analyze sex
differences in reported
bleeding events of
warfarin, low-dose
aspirin and clopidogrel
in Swedish
Spontaneous Adverse
Drug Event Reporting
System (SWEDIS),
adjusted by drug
utilization data from
the Swedish Prescribed
Drug register.

Warfarin, low-dose
aspirin, clopidogrel

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

(1.) 1999-2010
Clopidogrel: 235 total
bleeding events (100
women, 135 men); 20052010 Clopidogrel: 147
total (68 women, 79
men). Men were
dispensed more
clopidogrel
prescriptions for men
than women. The risk of
bleeding events was
significantly higher in
women than men. There
was no difference in
prescriptions between
time frames. (2.) 19992010 low-dose aspirin
709 events (307 women,
402 men); 2005-2010
low-dose aspirin 434
total events (185
women, 249 men). The
risk of bleeding events
was significantly lower
in women. More
patients were
190

Sex-disaggregated
outcomes and testing for
significance. Sex
differences are presented
as risk ratios (RR,
women/men).
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dispensed prescriptions
between 2006 and 2010.
(3.) 1999-2010 warfarin:
1432 total events (641
women, 791 men); 20052010 warfarin: 743 total
events (315 women, 428
men). There were no
sex differences in
bleeding event reports
found when adjusting
for number of patients
exposed. Women had a
higher risk of reported
bleeding events in both
time periods. (4.) For
both clopidogrel and
low-dose aspirin, in the
age group 0-49 years
bleeding event reports
were more common in
women than men (67 vs.
33%), but for warfarin
they were equally
distributed (50 vs 50%).
In the 50-74 years age
group, bleeding reports
were more common in
men than women (70 vs.
Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022
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30%), for all 3
substances. In the age
group 75+, bleeding
event reports for all 3
substances were
equally distributed
between women and
men (50 vs 50%).
Serebruany
et al. (2017)
[91]

USA

Crosssectional

To assess the quality
and completeness of
aspirin and other oral
antiplatelet agents
(OAAs) cases reported
to the U.S. Food and
Drug Administration
(FDA) Adverse Event
(AE) Reporting System
(FAERS) in terms of age
and gender.

Oral antiplatelet agents
(OAAs): Aspirin,
clopidogrel, prasugrel,
ticagrelor, and
vorapaxar.
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Aspirin had significantly
less missing gender
data than most other
OAAs, except for
prasugrel (4.8% missing
for Aspirin, 3.4%
missing gender for
Prasugrel).
Demographics were
predominantly missing
from cases with aspirin
identified as the
primary suspect drug
(missing age = 37.1%;
missing gender =
13.9%). When aspirin is
the secondary suspect,
28.6% were missing age
data and 15.4% missing
gender. For aspirin as
an interacting drug,
192
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from reports of AEs.
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17.1% were missing age
data and 8.6% missing
gender. For aspirin as a
concomitant
medication, 29% were
missing age and 3.1%
missing gender. Finally
for aspirin as unknown
in terms of suspected
causality, 25.8% were
missing age and 5%
missing gender. US
reports had less missing
gender data (3.1%) than
international reports
(8.5%) (p < 0.001), but
more missing age data
than international
reports (29.5% vs.
20.4%, p < 0.001).
Garbe et al.
(2013) [90]

Germany

Mixed
methods

To assess the risk of
subarachnoid
hemorrhage (SAH)
associated with prior
use of antithrombotic
drugs and their
influence on 30-day
case fatality.

Warfarin analog
phenprocoumon,
heparin,
clopidogrel/ticlopidine,
and acetylsalicylic acid

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

1) Females had a higher
incidence of
subarachnoid
hemorrhage (SAH) vs.
men [women (8.39; 95%
CI, 7.95–8.85 SAH per
100000 person-years);
men (5.42; 95% CI,
5.02–5.83 per 100000
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outcomes and testing for
significance
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person-years)]; and this
incidence kept
increasing with age; 2)
470 (22%) of patients
with SAH died within 30
days of hospitalization 70% of these were
women and average age
was 60.5 years.
Tkachenko
et al. (2019)
[93]

USA

Crosssectional

To determine the
frequency and rate of
pregnancy and
pregnancy-related
adverse events among
women taking
isotretinoin reported to
the US FDA. The
authors were
interested in
understanding how AEs
might change in the
age of iPLEDGE, a
program initiated in
2006 to reduce fetal
exposure to
isotretinoin as it
carries a risk of
teratogenesis.

Isotretinoin

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

(1.) A total of 4647 of
6740 pregnancies
(68.9%) were reported
after the introduction of
iPLEDGE in 2006.
Abortions (n=291), of
which 247 (84.9%) were
therapeutic, and
pregnancies that
occurred while taking
contraception (n=64)
peaked in 2008. All
pregnancies and
abortions decreased
after this peak. (2.)
Abortions comprised
28.1% of all pregnancy
reports; however, only
10.9% of pregnancy
reports were
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sex/gender group only females
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spontaneous abortions.
Fetal defect reports
peaked in 2000 (n=34)
and decreased to single
digits (0-4) annually
after 2008. (3.) The
highest numbers of
reported pregnancies
(1510), therapeutic
abortions (317), and
spontaneous abortions
(227) occurred among
patients 20 to 29 years
of age. (4.) The rate of
pregnancy per
isotretinoin
prescription in 2006 and
2008-2010 ranged from
0.07% to 0.31%, with a
high of 0.31% in 2006.
The rate of pregnancy
per female of
childbearing potential
registered in iPLEDGE
in 2006 and 2009-2010
ranged from 0.33% to
0.65%, also peaking in
2006 at 0.65%.
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Tkachenko
et al. (2019)
[92]

USA

Crosssectional

To investigate the
frequency of FDA
reports of alopecia for
patients taking
isotretinoin from 1997
to 2017, with attention
to age and gender
differences.

Isotretinoin

Of the 932 reports of
alopecia, 68.7% were in
women.

Sex-disaggregated
outcomes (no testing for
significance).

Wu et al.
(2016) [97]

USA

Crosssectional

To examine the clinical
reports submitted to
FAERS from 2004 to
2014 to compare the
adverse effects of
finasteride and
minoxidil, the only 2
FDA approved alopecia
drugs.

Finasteride (approved
only in males for
alopecia) and minoxidil

Most reports (97.2%)
associated with
finasteride were male
cases whereas 48.2% of
minoxidil related
reports were male
cases and both these
rates were significantly
different from females.
Among males,
finasteride was more
frequently associated
with adverse events
(AEs) in the
reproductive system
compared to minoxidil.
For example, erectile
dysfunction was
reported in 50.39% of
cases of finasteride,
whereas for minoxidil, it

Sex-disaggregated
outcomes and testing for
significance. Fisher’s exact
test.
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was reported in 4.35%
of cases. Males exposed
to finasteride also
reported psychiatric
reactions, such as
anxiety, depression, and
cognitive disorder. Very
few adverse effects
were more common in
males exposed to
minoxidil than
finasteride, including
dermatitis contact and
chorioretinopathy.
Among females, those
exposed to finasteride
reported adverse
effects on the
reproductive system
more than those
exposed to minoxidil,
including fetal toxicity
and negative effects on
the uterus. Females
were more likely to
experience swelling of
the face in response to
minoxidil compared to
finasteride.
Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022
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Study design

Research aim

Drug(s)

Main findings
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De Vries et
al. (2020)
[103]

The
Netherlands

Cohort Study
(Prospective
or
retrospective)

To assess whether sex
differences in reported
adverse drug reaction
(ADRs) for metformin
are observed at
different times after
initiation, and to
explore their
concurrence with sex
differences in the dose
of metformin over
time.

Metformin

(1.) Of all patients, 41%
reported at least one
ADR during follow-up
(37% of the males and
46% of the females),
with a total of 2673
ADRs at the Preferred
Term level of the
MedDRA (1395 by males
and 1278 by females).
(2.) 2 weeks after
metformin initiation,
25% of the men
reported to have
experienced an ADR
compared with 34% of
the women. (3.) The
proportion of women
and men was relatively
similar over time for the
most commonly
reported ADRs. (4.)
Women generally
reported an ADR more
often than men, which
was statistically
significant for the first 2
assessments (at 2
weeks: 34% vs 25%,

Sex-disaggregated
outcomes and testing for
significance. Chi square
tests and Wilcoxon ranksum tests.
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Study design
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Main findings
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p<0.001; at 6 weeks:
37% vs 28%, p=0.001 for
women vs. men,
respectively). (5.)
Average doses of
metformin increased
slightly more for men
(from 830 to 1161 mg)
than for women (from
809 to 1034 mg). (6.)
Doses appeared to be
higher for men at each
assessment, but only
statistically significant
at the 9-month
assessment (p<0.01).
(7.) The average initial
dose for women
completing all 6
assessments was
717mg, and 826mg for
men.
Rydberg et
al. (2018)
[99]

Sweden

Crosssectional

To explore sex
differences regarding
reported adverse drug
events (ADEs) from the
10 most commonly
prescribed
antihypertensive

10 selected groups of
antihypertensives; ACEIs, ACE-I/thiazide
combinations, ARBs,
ARB/thiazide
combinations,
Thiazides, diuretics and

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

A higher prevalence of
ADE reports was seen in
women in 6 of the 10
groups of
antihypertensive drugs:
ACE-Is, ACE-i with
thiazide combinations,
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Sex-disaggregated
outcomes and testing for
significance. Odds ratios
with 95% confidence
intervals.
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Year

Country

Study design

Research aim

Drug(s)

Main findings

medicines in Sweden,
using the Swedish
Spontaneous Adverse
Drug Event Reporting
System (SWEDIS) and
the Swedish Prescribed
Drug Register (SPDR).

potassium-sparing
agents, sulfonamides,
aldosterone
antagonists,
dihydropyridines, beta
blockers.

ARB with thiazide
combinations,
thiazides, diuretics, and
potassium-sparing
agents. For aldosterone
antagonists, there was
higher prevalence of
ADE-reports in men
compared to women.
For ARBs, sulfonamides
and selective beta
blockers, there was no
statistically significant
differences between
men and women in the
prevalence of ADEreports. Majority of the
ADEs came from the
50-74 age group.
Among those 75 years
or older, there was an
observed
preponderance of ADEs
seen in women, but
after adjusting for
prescription data, the
prevalence was in line
with the main findings.
Overall, concomitant
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Study design

Research aim

Drug(s)

Main findings
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antihypertensive
prescriptions were
more common among
men and doses were
higher in men overall.
For aldosterone
antagonists, the sex
difference in dose
exposure was small,
with men having a
higher prevalence of
ADEs in age groups 50–
74 and ≥ 75 years.
BondonGuitton et
al. (2017)
[105]

France

Crosssectional

To identify the drugs
most frequently
suspected in the
occurrence of gingival
bleeding.

Discovering which drugs
are associated with
gingival bleeding was
the main outcome.
Among drugs known to
increase the risk of
gingival bleeding, the
most frequently involved
were fluindione,
furosemide,
paracetamol,
amiodarone, amoxicillin,
paroxetine or
ketoprofen. The authors
also identified signals
for drugs not usually

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

Majority (54.6%) of
gingival bleeding events
occurred in females.
The most frequently
suspected drugs
associated with gingival
bleeding were
antithrombotics
(67.8%), especially
fluindione, followed by
furosemide,
paracetamol,
amiodarone,
amoxicillin, paroxetine,
ketoprofen, zolpidem,
enalapril and ramipril.
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Sex-disaggregated
outcomes (no testing for
significance).

Author(s) &
Year

Ehrenpreis
et al. (2011)
[102]

Country

USA

Study design

Crosssectional

Research aim

To analyze renal risks
of sodium phosphate
tablets, especially the
role of body weight and
gender as risk factors
for renal complications.

Drug(s)

Main findings

known to be involved in
bleeding, like zolpidem,
enalapril or ramipril.

Genitourinary System
and sex hormones were
involved in 11 cases
(2.4%).

Sodium-phosphatecontaining colonoscopy
preparations, such as
sodium phosphate
tablets sold as
OsmoPrep and Visicol as
well as polyethylene
glycol (PEG) colonoscopy
preparations.

The mean weight for
females with renal ADRs
from tablet
preparations was 68.57
± 1.78 kg, compared with
the national average
weight of 74 ± 0.5 kg for
the same age group (P =
0.003). Women in the
60–74years age group
had an average weight
of 65.91 ± 2.48 kg,
compared to women of
the matched age group
in NHANES (74.9 ± 0.6
kg, P = 0.001). Women of
other age groups also
demonstrated smaller
weights than the
national average, but
this difference did not
reach statistical
significance. By
contrast, the mean
weight for female
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Sex-disaggregated
outcomes (no testing for
significance): A two-sided
one group test (for
unknown variance) was
used to assess the mean
weight difference between
all patients with renal
events secondary to
sodium phosphate tablets.
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Study design

Research aim

Drug(s)

Main findings

SGBA+

patients having renal
ADRs from PEG-based
preparations was 71.04
± 4.6 kg, which was not
statistically different
from the age-matched
population (74 ± 0.5 kg).
The mean weight for
males with renal ADRs
from tablet
preparations was only
significantly different
from the population in
men 40-49 years (105.28
± 0.92 vs 89.1 in the
NHANES; p<0.001).
McDonald
et al. (2019)
[104]

USA

Crosssectional

To identify predictors
of gastrointestinal (GI)
bleeding in older adults
(65-100 years) when a
nonsteroidal antiinflammatory drug
(NSAID) was identified
as the primary suspect
for an adverse drug
event (ADE).

Nonsteroidal antiinflammatory drug
(NSAID)

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

Out of the 1347 cases,
51% affected males and
49% affected females.
Neither age nor sex
were found to be
significant predictors of
GI bleeding.
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outcomes and testing for
significance
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Main findings
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Faye et al.
(2013) [98]

France

Cohort Study
(Prospective
or
retrospective)

To describe all ADRs for
oral protein kinase
inhibitors, their
characteristics, and
whether they were
labeled.

Protein kinase inhibitors
(erlotinib, gefitinib,
imatinib, nilotinib,
dasatinib, sunitinib,
sorafenib, pazopanib,
lapatinib)

Men suffered more
frequently from serious
cutaneous ADRs than
women.

Sex-disaggregated
outcomes and testing for
significance

Reitter et
al. (2014)
[94]

France

Cohort Study
(Prospective
or
retrospective)

To evaluate the
mortality rate in France
from anaphylactic
reactions to
neuromuscular
blocking agents
(NMBAs); to identify
risk factors for a fatal
outcome, and to
describe management
of the cases that
proved fatal.

Neuromuscular blocking
agents (NMBAs):
atracurium,
cisatracurium,
mivacurium,
pancuronium,
rocuronium, suxamethonium, and
vecuronium

36.4% of the non-fatal
outcomes were in
males, whereas 62.2%
of the fatal outcomes
occurred in males.

Sex/gender used as a
confounder/controlled for
(e.g., included in a
regression model)

To investigate how
reporting of adverse
drug reactions (ADRs)
among adults in
Sweden is associated
to age and sex, in
addition to seriousness
of the reaction and
drug utilization.

Several ATC: blood and
blood

Regardless of
seriousness, ADRs were
reported more in
women compared to
men.

Holm et al.
[82]

Sweden

Crosssectional

forming organs,
cardiovascular system,
general anti-infective
for systemic use,
nervous system and a
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Male sex was found to
be a significant risk
factor for fatal
outcome.

There were more
serious individual case
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Sex-disaggregated
outcomes and testing for
significance
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Study design

Research aim

Drug(s)

Main findings

fifth composite group,
consisting of

safety reports (ICSRs)
reported for men.

SGBA+

suspected drugs
belonging to the
remaining ATC codes
Macedo et
al. [83]

Portugal

Crosssectional

To evaluate the role of
multiple drug exposure
as an independent risk
factor for serious ADRs
and to validate the
hypothesis of a trend
for increased
seriousness of ADRs in
the presence of an
increased number of
simultaneous drug
exposures.

The drugs most
commonly reported as
responsible for the
suspected ADRs were
anti-infectives for
systemic use (including
vaccines; n = 452;
30.5%), drugs active on
the muscle- skeletal
system (n = 257; 17.3%),
the nervous system (n =
240; 16.2%) and the
cardiovascular system (n
= 210; 14.2%). Together
they accounted for
78.2% of all ADRs.

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

1023 (69.0%) of the 1482
reports were from
female patients.

Sex-disaggregated
outcomes and testing for
significance

47.4% (n = 703) of the
ADRs were considered
serious, of which 460
(65.4%) were from
female patients (median
of age of 54 years;
range from <1 to 94
years).

Sex/gender used as a
confounder/controlled for
(e.g., included in a
regression model)

Increased number of
drug exposure was
associated with
increased serious ADRs
(but decreased
proportion of ADRs) for
both women and men.
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Study design

Research aim

Drug(s)

Main findings

SGBA+

McLernon
et al. [84]

UK

Cohort study

To compare patient
characteristics,
suspected drugs, and
suspected adverse
reactions (ADRs)
reported by patients
with those reported by
healthcare
professionals using the
Yellow Card Scheme
(YCS).

The 20 most frequent
suspect drugs reported:
Simvastatin, Paroxetine,
Atorvastatin, Diclofenac,
Amlodipine, Venlafaxine,
Citalopram, Tramadol,
Cyproterone and
estrogen, Trimethoprim,
Erythromycin,
Fluoxetine, Ibuprofen,
Atenolol, Olanzapine,
Omeprazole,
Bendroflumethiazide,
Paracetamol,
combinations excluding
psycholeptics,
Risperidone.

Of 26,129 adverse event
reports, significantly
more females are
represented in ADR
reports than males.

Sex-disaggregated
outcomes and testing for
significance

The first aim of the
study was to determine
the number of ADR
reports regarding older
adults (> 65 years) and
to set these reports in
relation to i) the
number of spontaneous
ADR reports regarding
younger adults (19–65),
and ii) the number of
inhabitants and

The ten drug classes
most frequently
suspected in older
adults: antithrombotic
agents, antineoplastic
agents, antiphlogistics
and antirheumatics,
systemic antibiotics,
agents acting on the
renin-angiotensin
system,
psycholanaleptics,

A higher absolute
number of ADR reports
referring to older
females with rising age.

Dubrall et
al. [86]

Germany

Crosssectional

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

Sex was missing for
3.6% of all reports.

Slightly more ADR
reports referred to
older males than
females when related to
either 100,000
inhabitants or assumed

206

Sex-disaggregated
outcomes and testing for
significance

Author(s) &
Year

Yu et al.
[87]

Country

USA

Study design

Crosssectional

Research aim

Drug(s)

Main findings

assumed drug-exposed
inhabitants, and to
oppose the ADR
reports to the number
of defined daily doses
(DDD) used per insured
person. The second
aim was to analyze, if
some of the reported
characteristics are
more often described
in the ADR reports of
older adults compared
to younger adults.

psycholeptics, lipid
modifying agents,
antidiabetics, and
analgesics. The ten drug
classes most frequently
suspected in:
psycholeptics, systemic
antibiotics,
antineoplastic agents,
psychoanaleptics,
immunostimulants,
antithrombotic agents,
immunosuppressives,
sex hormones,
antiepileptics, and
antiphlogistics and
antirheumatics.

drug-exposed
inhabitants.

To assess the extent of
sex differences in ADEs
across a wide range of
treatments, to identify
the drugs that show
significant sex
differences in 20
treatment regimens
and 668 specific drugs,
and to pinpoint the
specific ADEs that
account for the

Antihypertensives, lipidregulating agents,
antidepressants,
antiulcer agents,
narcotic analgesics,
antidiabetics, thyroid
agents, antiepileptics,
contraceptives,

Of 668 drugs used in the
most frequent 20
treatment regimens in
the United States, 307
drugs have sex
differences in ADEs.

respiratory system
agents, anticoagulants
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Sex-disaggregated
outcomes and testing for
significance

Author(s) &
Year

de Vries et
al. [88]

Country

Netherlands

Study design

Crosssectional

Research aim

Drug(s)

observed sex
differences in the
effects of these drugs.

ADHD agents, insomnia
agents, benign prostate
hyperplasia agents,
antipsychotics,
osteoporosis agents,
overactive bladder
agents, antiparkinsonian
agents, antimigraine
agents, Alzheimer
agents

To assess sex
differences in adverse
drug reactions (ADRs)
reported to the national
pharmacovigilance
centre in the
Netherlands, taking sex
differences in the
number of drug users
into account. The
secondary aims of this
study were to assess
for which drugs and for
which ADRs sex
differences were
identified most often.

74 different drugs, from
many different classes,
were identified as
having a potentially
significant sex
difference in
experiences ADRs.

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022
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A possibly relevant sex
difference was shown in
363 combinations (15%),
which concerned 74
different drugs and 124
different ADRs. In 89%
of the cases, women
had a higher odds ratio
for a specific drug-ADR
combination than men
(322 vs 41
combinations). Drugs
with the highest
number of ADRs that
were more often
reported for women
included thyroid
hormones (32
combinations) and

Sex-disaggregated
outcomes and testing for
significance
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Author(s) &
Year

Country

Study design

Research aim

Drug(s)

Main findings

SGBA+

antidepressants (16
combinations for the
centrally acting
sympathomimetics; 14
combinations for other
antidepressants). The
most common ADRs
with a multitude of
differences with higher
odds for women were
nausea (32
combinations); alopecia
(28 combinations);
headache (20
combinations);
dizziness (18
combinations); and
palpitations (18
combinations). Higher
odds for men were
shown in aggression;
death; pyrexia; sexual
dysfunction; tendon
rupture; and tinnitus (all
in 2 combinations).
Ribeiro-Vaz
et al. [95]

Portuguese

Case series

To characterize a
case series of
anaphylactic reactions

Drugs associated with
the reporting cases:
antibiotics (17%),
nonsteroidal anti-

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

Amongst the 918 cases
of anaphylaxis that met
the inclusion criteria,
overall, there were
209

Sex-disaggregated
outcomes and testing for
significance

Author(s) &
Year

Mertes et
al. [96]

Country

France

Study design

Cohort study

Research aim

Drug(s)

Main findings

reported to the
Portuguese
Pharmacovigilance
authority during the
past decade

inflammatory
drugs/acetaminophen
(13 %),
antineoplastic/cytotoxic
drugs, immunemodulators, vaccines,
and radiographic
contrast media

more cases among
females than males.
While among adults,
70% of the ADR involved
women, there was a
male predominance
among the pediatric
population (56%).

To report the results of
an 8-year survey of

The ADRs were
associated to NMBAs (n
= 539; 31.97%), and
antibiotics

The incidence of
reactions to
neuromuscular blocking
agents (NMBAs) during
anesthesia is at 250.9
per million procedures
for females and 105.5
per million procedures
for males. Contrary to
what was found in the
overall sample, in a
subgroup analysis of
cases in 266 children
under the age of 18 that
occurred between 1997
and 2004, there were
similar incidences of
reactions in males and
females (IgE-mediated
reactions: male, n = 61
cases [50%], female, n

anaphylaxis during
anesthesia in France

(n = 511; 9.02%)

Risk Reviewed: Integrating sex and gender into the lifecycle management of prescription drugs. CEWH 2022

210

SGBA+

Sex-disaggregated
outcomes and testing for
significance
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Study design

Research aim

Drug(s)

Main findings
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= 61 cases [50%]; non–
IgE-mediated
reactions: male, n = 78
cases [55.2%], female,
n = 66 cases [45.8%]).
Chretien et
al. [107]

France

Crosssectional

To determine if druginduced hypoglycaemia
could be a class effect
for opioids.

Opioids (codeine,
fentanyl,
hydromorphone,
methadone, morphine,
oxycodone, tramadol,
buprenorphine and
nalbuphine)

2794 cases of
hypoglycaemia. 133 are
related to the 9 opioids
included in this study.
The opioids associated
with hypoglycaemia are
Tramadol (n = 93, sex
ratio = 0.69), Codeine (n
= 13, sex ratio = 0.625),
Morphine (n = 11, sex
ratio = 1.2), Methadone
(n = 6, sex ratio = 5),
Oxycodone (n = 4, sex
ratio = 0.33), Fentanyl (n
= 3, sex ratio = 2) and
Buprenorphine (n = 3,
sex ratio = 2).

Sex-disaggregated
outcomes (no testing for
significance)

Luk et al.
[108]

USA

Cohort

To examine the
association between
use of different proton
pump inhibitors (PPIs)
and hypomagnesemia
by examining frequency

Proton pump inhibitors
(esomeprazole,
lansoprazole,
omeprazole,
pantoprazole,

of a total of 66102
subjects reporting 1 or
more ADR while taking a
PPI, 57.3% were
females while 38.2%
were males. Sex

Sex/gender used as a
confounder/controlled for
(e.g., included in a
regression model)
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211

Author(s) &
Year

McNeil et
al. [118]

Country

USA

Study design

Crosssectional

Research aim

Drug(s)

Main findings

of occurrence among
reported ADRs from the
FDA AERS database

rabeprazole,
dexlansoprazole)

distribution of
hypomagnesemia was
equal across different
PPIs except for
esomeprazole and
rabeprazole with a
predominance of
females (68.8% and
81.5% respectively).
Risk of female subjects
experiencing
hypomagnesemia (OR
0.8, CI 0.7-0.97) was
lower than for males.

To evaluate the safety
profile of the
adenovirus vaccine by
reviewing reports
submitted to the
Vaccine Adverse Event
Reporting System
(VAERS)

Adenovirus vaccination

among the 100 reports
of AEs, 72 were
reported by males. 39
serious reports,
including 12 cases of
Guillain Barré Syndrome
(GBS).
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Sex-disaggregated
outcomes and testing for
significance

APPENDIX C. Q2 TABLE OF RESULTS
Author(s) & Year

Country

Study Design

Research Aim

SGBA+ Analyses

Main Findings

Andresen, Wilson,
Castillo, & Koopman
(2010)

USA

Cross-sectional

To evaluate a
questionnaire
aimed to
determine
motivations for
participation in
depression clinical
trials.

Sex-disaggregated
outcomes and testing
for significance

1. Females were significantly more likely
than males to report that their hesitancy to
take medication would affect their decision
to participate in a randomized controlled
trial (RCT).

To investigate the
representation of
women in clinical
trials.

Sex-disaggregated
outcomes (no testing
for significance)

Ayuso, Geller, Wang,
Whyte, & Jenkins
(2019)

USA

Cross-sectional

2. Females reported were less likely than
males to report that they would participate
in an RCT with experimental medication.
1. Of the U.S. participants, 49% were
women compared to 40% of the non-U.S.
participants.
2. Representation of women ranged from
34% to 49% depending on the country, with
the highest participation rates of women in
the US (49.1%), followed by France (46.1%),
South Korea
(45.8%), and Canada (45.2%).

Baggstrom et al. (2011)

USA

Cross-sectional

To investigate
barriers to
enrollment in nonsmall cell lung
cancer (NSCLC)
clinical trials.

Sex-disaggregated
outcomes and testing
for significance

No significant gender differences between
those who enrolled in a trial, patients who
were eligible for trial participation but did
not enroll in a trial, and patients who did not
meet eligibility criteria for participation in a
clinical trial.

Bakali, Gafni-Kane,
Botros, & Tincello
(2011)

USA & UK

Cross-sectional

To investigate
factors associated
with willingness to
participate in
urogynecology
trials and whether

Outcomes for one
sex/gender group only

1. US women were less willing to participate
in clinical research than UK women.
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2. UK women were more likely to
participate when the same types of
interventions were being compared (such
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Author(s) & Year

Country

Study Design

Research Aim

SGBA+ Analyses

there are
differences based
on demographics
or quality of life.

Main Findings
as surgery to surgery or drug to drug) in the
study and less prone to consider
participating in alternative medicine
interventions.
3. US women showed higher preference to
participate in alternative interventions.

Bass et al. (2016)

USA

Cross-sectional

To investigate
whether there are
gender differences
among urban
patients of an HIV
clinic on perceived
barriers and
facilitators of
participating in
clinical trials.

Sex-disaggregated
outcomes

1. Men were less prone to participate in
clinical trials than women. They expressed
distrust of the medical system, were
concerned about being experimented on,
and doubted the origin of HIV. They felt that
they lacked information about clinical trials
and lacked time to participate, were
concerned about being in a placebo group,
and were concerned that their HIV status
would be disclosed.
2. Women were more prone to participate.
Barriers to their participation included fear
of losing the stability that their current
medication regime provided and the trial
medication not working in their bodies.
Women were also concerned about being in
the placebo group and experiencing side
effects to the drug.
3. Facilitators of participation for men were
knowledge that they are not required to
take more medications, having a
recommendation
from family members or friends, and being
provided with an incentive.
4. Facilitators of women’s participation
included awareness that the medication
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Study Design
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SGBA+ Analyses

Main Findings
has been tested and is safe, having a
doctor’s recommendation, and knowing a
trusted doctor is part of the trial.

Benchetrit et al. (2019)

Bergenmar,
Johansson, & Wilking
(2011)

Birnbaum (2018)

USA

Sweden

USA

Cross-sectional

Cross-sectional

Cross-sectional

To characterize the Sex-disaggregated
representation of
outcomes and testing
women in head and for significance
neck cancer
chemotherapy
clinical trials.

1. Women were significantly
underrepresented in clinical trials as they
represented 26.2% of US patients and only
17.0% of chemotherapy clinical trials.

To investigate the
factors associated
with knowledge
and perceived
understanding of
clinical trials
among patients
who consented to
participate in
phase II or III
clinical trials
conducted at a
single oncology
centre.

Sex-disaggregated
outcomes and testing
for significance

1. Gender was not associated with
knowledge or perceived understanding of
trials.

To investigate
characteristics of
participants
enrolled in
ophthalmology
clinical trials of

Sex-disaggregated
outcomes and testing
for significance

2. Women were significantly
underrepresented in studies where prior
malignancy was an exclusion criterion.

2. When given longer than 30 minutes and
using additional information sources to
decide about participating in a clinical trial
led to higher perceived understanding of
the risks/discomforts and potential
benefits of participation.
3. Patients who found it difficult to decide
whether to participate had significantly
lower perceived understanding about
clinical trials and potential
risks/discomforts, and benefits to
participation.
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There were no significant differences by
gender, although women made up a
significant proportion of the participant
population.

Author(s) & Year

Country

Study Design

Research Aim

SGBA+ Analyses

Main Findings

New Molecular
Entities (NME) that
resulted in FDA
approval between
2006-2016.
Borno et al. (2019)

USA

Cross-sectional

To investigate the
characteristics of
participants
enrolled in clinical
trials from the
Clinical Trials
Management
System database
and from the
Comprehensive
Cancer Center
institutional
catchment area.

Sex-disaggregated
outcomes and testing
for significance

No differences in sex distribution were
found for breast cancer trials or colorectal
cancer trials.

Brierley et al. (2020)

USA

Cross-sectional

To investigate
whether patients
who participated in
interventional
trials differ
demographically
from those who did
not enroll in a trial.

Sex/gender used as a
confounder/controlled
for (e.g., included in a
regression model)

Men were more likely to participate in a trial
(71% of trial participants were male,
whereas 61% of nonparticipants were P <
.001).

Burke, Brown,
Lisabeth, Sanchez, &
Morgenstern (2011)

USA

Cross-sectional

To investigate the
changes in
enrollment of
women and
minorities in phase
III clinical trials

Outcomes for one
sex/gender group only

1. Of the 56 trials identified, all reported
enrollment by gender.
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2. Women constituted 42.1% of the trial
population, which decreased to 39.1% after
gender-specific trials were excluded.
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Author(s) & Year

Country

Study Design

Research Aim

SGBA+ Analyses

funded by the
National Institute
of Neurological
Disorders and
Strokes (NINDS)
associated with
policy-changes in
inclusion, and
whether published
trials are reporting
gender and
race/ethnicity.
Carandang, Goldsack,
& Sonnad (2016)

USA

Mixed Methods

To investigate
factors that impact
clinical trial
enrollment
decisions among
older patients
(average age of 72).

Main Findings
3. Enrollment of women significantly
increased over time, from 36.9% to 49.0%.

Sex-disaggregated
outcomes and testing
for significance

1. Men had more positive perceptions of
medical research than women, such that
they agreed more than women that their
personal information would be kept private
and confidential, and that medical research
would find cures for many major diseases
during their lifetime.
2. Both men and women made decisions
independently from family members, but
many valued physician recommendations.

Carpenter et al. (2012)

USA

Cross-sectional

To investigate
National Cancer
Institute trial
enrollment rates
over a 10 year
period ending in
2007.

Sex-disaggregated
outcomes and testing
for significance
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1. Men were enrolled at less than half the
rate of women.
2. Minority men had the lowest enrollment
rate (1.36%), participating at a significantly
lower rate than White men (1.74%).
3. White women were enrolled at a rate of
4.04% and minority women were enrolled
at a rate of 3.59%.
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Main Findings

Chen et al. (2018)

USA

Cohort

To investigate the
inclusion of
women, minorities,
and geriatrics and
the presence of
sex-based safety
and efficacy
analyses in phase I,
II, and III clinical
trials submitted in
support of new
drugs in the years
2013 to 2015
compared to
previous years.

Sex-disaggregated
outcomes

1. Sex was reported in almost all (99.9%)
new drug applications.
2. Overall, 40.4% of participants were
women and 59.6% were men. Women’s
participation accounted for 46.6% in 2013,
37.7% in 2014, and 39.2% in 2015. Women’s
participation was 29%–34% in phase I,
41%–51% in phase II, and 38%–49% in phase
III.
3. 83.3% of clinical trials supporting drug
approval had participation of women that
was similar to, or greater than the
estimated proportion of women in the
disease population for that indication.
4. Limited sex-based analyses for both
efficacy and safety were conducted for
93.1% of applications.

Collins, Malvar,
Hamilton, Deapen, &
Freyer (2015)

Connochie, Tingler, &
Bauermeister (2019)

USA

USA

Cohort

Cross-sectional

To investigate
whether
adolescents and
young adults
(AYAs; age 15-39),
children, and older
adults enrolled into
cancer clinical
trials differ by
demographic
factors.

Sex-disaggregated
outcomes and testing
for significance

To examine
awareness of HIV
vaccine trials

Outcomes for one
sex/gender group only

1. There were no significant differences by
sex of those enrolled in therapeutic
studies.
2. A higher percentage of females were
enrolled compared with males (21% vs 12%)
in nontherapeutic studies.
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1. 36.5% reported having heard of HIV
vaccine trials, and the majority learned
about these trials through the internet

Author(s) & Year

Country

Study Design

Research Aim

SGBA+ Analyses

among young men
who have sex with
men (YMSM) and
their willingness to
participate in
future HIV vaccine
trials.

Main Findings
(60%). Of the YMSM aware of HIV vaccine
trials, most had a positive opinion of them
(72%).
2. Greater vaccine-related social concerns
were negatively associated with HIV
vaccine research awareness.
3. Willingness to participate in a HIV
vaccine trial was positively associated with
age and altruism, and negatively associated
with education level.
4. There was no association between
willingness to participate in HIV vaccine
trials and race/ethnicity, prior HIV test), STI
diagnosis, or social concerns regarding
vaccines.

Cooke, Erickson,
Watkins, Matthay,
Hudson, & Rubenfeld
(2010)

USA

Dekker et al. (2021)

The
Netherlands

Cross-sectional

Cross-sectional

To investigate the
representation of
women, racial and
ethnic minorities,
and older patients
in acute lung injury
(ALI) clinical trials
and to investigate
reasons for
nonenrolment.

Sex-disaggregated
outcomes and testing
for significance

To investigate the
inclusion of women
at all phases of
drug development,
the inclusion of sex
in authorization

Sex-disaggregated
outcomes and testing
for significance

1. Older patients of both sexes were less
likely to be enrolled, but older women were
more likely to be enrolled than older men.
2. Older patients and men were less likely to
be enrolled because of medical
comorbidity.
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1. Women were included in all phases of
drug development, but their number in the
phase III clinical trials is not always similar
to disease prevalence rates.
2. Women were somewhat
underrepresented in pharmacokinetic

219

Author(s) & Year
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Study Design
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SGBA+ Analyses

application
dossiers, and

Main Findings
studies (29 to 40% women) and in the
phase III trials (42% women), and the
representation of women in clinical studies
differed across investigated diseases.

whether there are
safety and efficacy
differences
between women
and men.

3. All dossiers contained subgroup analyses
of efficacy and safety by sex.

Detoc, Bruel, Frappe,
Tardy, BotelhoNevers, & GagneuxBrunon (2020)

France

Cross-sectional

To investigate
general population
and healthcare
personnel
intention to get
vaccinated against
COVID-19 and to
participate in a
COVID-19 vaccine
clinical trial.

Sex-disaggregated
outcomes and testing
for significance

Men (59.6%) were significantly more willing
than women (41.8%) to participate in a
COVID-19 vaccine clinical trial.

Downing, Shah,
Neiman, Aminawung,
Krumholz, & Ross
(2016)

USA

Cross-sectional

To investigate the
representation of
women, elderly,
and racial and
ethnic minorities in
pivotal clinical
trials and whether
subgroup analyses
among these
populations are
being made public
by the FDA.

Sex-disaggregated
outcomes and testing
for significance

1. Women are equally represented in pivotal
trials supporting recent novel therapeutic
approvals by the FDA.
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2. FDA reviewers performed and made
available subgroup efficacy analyses by
age, sex, and race for at least one of the
pivotal trials used as the basis of approval
for over 80% of indications.
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SGBA+ Analyses

Main Findings

Eshera, Itana, Zhang,
Soon, & Fadiran (2015)

USA

Cross-sectional

To investigate the
demographics of
participants
enrolled in pivotal
clinical trials and
whether safety and
efficacy outcomes
are analyzed by
sex.

Sex-disaggregated
outcomes (no testing
for significance)

1. Women constituted 45% of trial
participants for new drug applications
(NDAs) and 65% for biologics license
applications (BLAs).

To review the
enrollment
strategies,
retention
challenges, and key
lessons learned in
the Gender, Race,
And Clinical
Experience
(GRACE) study, a
study of
antiretroviral
therapy.

Sex-disaggregated
outcomes and testing
for significance

Falcon et al. (2011)

Faulk, AndersonMellies, Cockburn, &
Green (2020)

USA & Canada

USA

Randomized
Controlled Trial

Cohort

2. Safety and efficacy analyses by sex was
reported in 92% of the surveyed FDA
medical and statistical reviews.
3. Most NDAs and BLAs (82%) had a study
population that was representative of the
sex distribution for the intended patient
population.

2. Despite the focus on retention, a greater
proportion of women (32.8%) discontinued
compared with men (23.2%). The primary
reasons for study discontinuation among
women were loss to follow-up, adverse
events, and reasons categorized as ‘‘other’’
by the study investigator (e.g., site closed,
patient moved, pregnancy).

To investigate
Sex-disaggregated
representation and outcomes (no testing
barriers to
for significance)
enrollment in
Children’s Oncology
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1. The recruitment strategies were
successful in recruiting a representative
sample of women of colour: 67% of
enrolled sample were women, primarily
women of color (Black = 67%, Hispanic =
21%).
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1. Overall, there were more males enrolled
than females (56% vs. 44%).
2. Across age groups, males and females
were enrolled at fairy equal rates: 0-9 years

Author(s) & Year

Country

Study Design

Research Aim

SGBA+ Analyses

Group (COG) clinical
trials.

Main Findings
(54% male, 46% female), 10-19 years (53%
male, 47% female), 20-29 years (45% male,
55% female).

Fisher et al. (2018)

USA

Qualitative
although data
were analyzed
in a quantitative
way

To investigate the
perceived benefits
of participation in
phase I clinical
trials, and to
examine whether
perceived benefits
differ by
participation
history, gender,
race/ethnicity,
educational
attainment,
employment
status, and age.

Sex-disaggregated
outcomes and testing
for significance

Women were statistically more likely than
men to report a strong or super societal
benefit.

Fisher, Fried, Puri,
Macapagal, &
Mustanski (2018)

USA

Cross-sectional

To examine the
motivations of
adolescent (14–17year-old) men who
have sex with men
to participate in an
oral and injectable
PrEP biomedical
randomized
controlled trial
(RCT).

Outcomes for one
sex/gender group only

1. 62% reported they were likely to
participate in a PrEP RCT comparing the
effectiveness of oral PrEP (taken in pill
form daily) versus longer lasting injectable
PrEP (injected by a physician every 3
months) to prevent acquisition of HIV
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2. Most men lacked knowledge about
randomization.
3. Over half of the sample erroneously
assumed that they would be assigned to
the study condition that was deemed best
for them and this contributed to their
choice to participate.
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Country

Study Design

Research Aim

SGBA+ Analyses

Main Findings
4. Reasons for participation were: HIV
protection, access to sexual health
services, not having to rely on partner´s
condom use and altruism. T
5. Barriers to participate were: medication
side effects and confidentiality issues such
as their sexual orientation disclosure to
their parents because of frequent clinic
visits.

Flores et al. (2021)

USA

Cross-sectional

To investigate the
representation of
females, older
adults, and
racial/ethnic
minority groups in
vaccine clinical
trials.

Sex-disaggregated
outcomes (no testing
for significance)

1. Every US-based vaccine trial registered
on ClinicalTrials.gov from 2011 to 2020
reported age and sex. Race was reported in
58.3% and ethnicity in 34.3%.
2. Female adults were overrepresented
(56.0%).

Fouad et al. (2013)

USA

Cohort

To investigate
whether patient or
physician
characteristics are
associated with
participation in
lung and colorectal
clinical trials.

Sex-disaggregated
outcomes and testing
for significance

Patient factors which influenced trial
enrollment included female sex, older age,
and advance disease.

Godskesen, Kihlbom,
Nordin, Silen, &
Nygren (2016)

Sweden

Cross-sectional

To investigate
cancer patients’
knowledge and
motives for
participation in
phase III cancer

Sex-disaggregated
outcomes and testing
for significance

1. Clinical trial knowledge: No significant
differences in knowledge between men and
women or between patients with different
levels of education were observed.
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3. Motives for trial participation: Men put
statistically significantly more emphasis
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Author(s) & Year

Country

Study Design

Research Aim

SGBA+ Analyses

clinical trials and
whether there are
differences by
gender, age,
education, and
former trial
experience.
Gruca, Hottel,
Comstock, Olson, &
Rosenthal (2018)

USA

Cross-sectional

To investigate the
attitudes of males
and females with
cardiovascular
disease (CVD)
towards
participating in
clinical trials.

Main Findings
than women on wanting to give something
back and their duty to help as motives for
trial participation. Men were also more
influenced by close relatives or friends in
their decision on whether to participate or
not.

Sex-disaggregated
outcomes and testing
for significance

1. Men and women did not significantly
differ in terms of willingness to participate.
2. There were no significant differences
between men and women in their attitudes
towards randomization, blinding, side
effects, conflicts of interest or the
perception that clinical research
studies/clinical trials always involve
experimental treatments.
3. Men were more likely to agree that
clinical trial participants are treated like
guinea pigs and that clinical research
participation is only for the terminally ill.

Hoblyn, Rosenheck,
Leatherman, Weil, &
Lew (2013)

USA

Cross-sectional

To investigate
which factors
influence the
recruitment of
veterans with
schizophrenia into
clinical trials.

Sex-disaggregated
outcomes and testing
for significance

Gender, age, and race did not predict
participation in clinical trials.

Hoover-Regan,
Becker, Williams, &
Shenker (2013)

USA

Cross-sectional

To investigate the
compliance to the
National Institutes
of Health (NIH) to

Sex-disaggregated
outcomes and testing
for significance

Males and females did not significantly
differ in their knowledge of the study,
consent to participate, contact
information, rating of the appropriateness
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SGBA+ Analyses

consent standards,
participant

of the consent process, satisfaction with
research staff, or satisfaction with
research staff.

satisfaction with
facility and study
staff at the
University of
Wisconsin, and
participant
understanding of
clinical trials.
Jaffe, Lyerly,
Goldfarb, & Telefus
(2020)

Jansen et al. (2016)

USA

USA

Qualitative

Cross-sectional

Main Findings

To investigate
decision-making
processes among
pregnant women
and recently
pregnant women
and their
willingness to
participate in
hypothetical
clinical trials in the
context of
infectious disease
outbreaks, such as
the Zika Virus.

Outcomes for one
sex/gender group only

To investigate
whether there is an
association
between
dispositional
optimism and
expectations of

Sex-disaggregated
outcomes and testing
for significance

1. Evidence, risk and trust were involved in
the decision-making processes.
2. Evidence in regard to animal and human
studies as well as safety and efficacy were
highlighted by women.
3. Sources of risks identified by women
were in relation to the vaccine, the virus,
pregnancy and concern about the
unknown, although most women expressed
concern regarding the potential risk of
harm for the fetus or baby.
4. Most women felt they could trust
vaccines, research and the medical
establishment in general.
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1. Neither dispositional optimism (a general
positivity) nor unrealistic optimism (a belief
that you are more likely to experience
positive outcomes than similar others
facing the same event) significantly
differed by sex.

Author(s) & Year

Country

Study Design

Research Aim

SGBA+ Analyses

personal
therapeutic benefit
among patients
enrolled in early
oncology trials.

Main Findings
2. Five factors were found to be
significantly associated with therapeutic
misconception (conflation of research and
therapy): male sex, lower education, and
unrealistic optimism.

Jenkins et al. (2010)

UK

Cross-sectional

To investigate
attitudes towards
randomized
controlled trials
among patients of
oncology and
surgical clinics.

Sex-disaggregated
outcomes and testing
for significance

Men were significantly more likely to
participate in a study comparing different
treatments and to participate in a study
where treatment was chosen at random
than were women.

Kaldany et al. (2018)

USA

Cross-sectional

To investigate
whether
participants of
phase I and II renal
cell carcinoma
(RCC) clinical trials
are representative
of the RCC
population.

Sex-disaggregated
outcomes and testing
for significance

Women comprised 30.3% of trial
participants and 33.3% of RCC patients,
however, this difference was not
statistically significant.

Khan et al. (2020)

USA

Cross-sectional

To investigate the
representation of
women and
minorities between
2008 and 2017 in

Sex-disaggregated
outcomes and testing
for significance

1. Women represented 36% of trial
participants. 2. Compared with the
proportion of women in disease
populations, women were underreported in
trials of coronary heart disease, heart
failure, and acute coronary syndrome.

in pivotal trials
supporting the
approval of new
molecular entities
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3. There was no significant association
between enrollment of women and the drug
approval year.
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Main Findings

in cardiometabolic
drugs.
Kick et al. (2018)

Germany

Cohort

To investigate
family
characteristics and
reasons that
influence child
participation in a
type 1 diabetes
clinical trial.

Sex-disaggregated
outcomes and testing
for significance

Child sex did not significantly influence the
decision to participate.

Koblin et al. (2013)

USA

Cohort

To determine the
feasibility of
recruiting and
retaining a cohort
of women at risk of
HIV infection using
geography and
sexual networks.

Outcomes for one
sex/gender group only

1. The women recruited did not have a high
enough incidence of HIV for HIV vaccine
efficacy trials.
2. Retention was fairly high, with 79.5%
completing the 18 month visit.
3. Of the women who did not complete the
study, 82.9% were unable to adhere to the
visit schedule or unable to be contacted
and 6.1% were incarcerated.
4. Older women and Black women were
significantly more likely to complete the
study.
5. Sexual risk behaviours did not
significantly predict retention.

Kragholm et al. (2015)

USA

Cross-sectional

To investigate the
representation of
women in clinical
trials during a 17year period during
which inclusion

Sex-disaggregated
outcomes and testing
for significance
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1. Women were underrepresented in
clinical trials among patients with non–
ST-segment elevation acute coronary
syndrome.

Author(s) & Year

Country

Study Design

Research Aim

SGBA+ Analyses

criteria were
broadened and
federal mandates
for
representativeness
were put in place.
Labots, Jones, de
Visser, Rissmann, &
Burggraaf (2018)

Laguna-Goya & de
Andres-Trelles (2014)

Cross-sectional

Spain

Cross-sectional

Main Findings
2. There was only a small increase in the
proportion of women over the time period.

To investigate the
representation of
women in drug
registration clinical
trials and the
proportion of
women in phase I,
II, and III clinical
trials.

Sex-disaggregated
outcomes (no testing
for significance)

To investigate
whether there is
gender bias in the
publicly available
reports to the
European Union
registration of new
medicines,
specifically from
the European
Public Assessment
Reports (EPARs)

Sex-disaggregated
outcomes (no testing
for significance)

1. 47% of the participants were females,
44% were males and 9% of the participants
did not report their gender.
2. By phase, there were 22% females in
phase I studies, 48% in phase II trials, and
49% in phase III trials.
3. When comparing the US disease
prevalence for females with the proportion
of females included in clinical trials, 26% of
the drugs checked had more than a 20%
difference between the proportion of
females included in the trials and the
disease prevalence.
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1. In the EPARs, 78.5% of trials included
women, 17.9% evaluated the study
population by sex, and 3.6% presented
results disaggregated by sex
2. In the MPARs, only 17 % were published.
Those published reflect less participation
by women than in the EPARs.

228

Author(s) & Year

Country

Study Design

Research Aim

SGBA+ Analyses

Main Findings

and the Mutual
Recognition for
Decentralised
Public Assessment
Reports (MPARs).
Langford et al. (2014)

USA

Cross-sectional

To investigate
racial/ethnic
disparities in
clinical trial
enrollment, refusal
rates, ineligibility,
and willingness to
participate.

Sex-disaggregated
outcomes (no testing
for significance)

Males were less likely to refuse to
participate than females.

Lau et al. (2021)

USA

Cross-sectional

To investigate
gender differences
in study
discontinuation in
Thrombolysis in
Myocardial
Infarction (TIMI)
phase III and IV
clinical trials.

Sex-disaggregated
outcomes and testing
for significance

Women were significantly more likely to
prematurely discontinue study drugs than
men.

Levine et al. (2015)

USA

Cohort

To investigate
whether there
were differences in
end-of-life
characteristics
among deceased
pediatric oncology
patients who were
and were not

Sex-disaggregated
outcomes and testing
for significance

There were no significant differences by
sex.
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Main Findings

Sex-disaggregated
outcomes (no testing
for significance)

Women comprise 37.5% of participants,
which was less than the population, but not
significantly different.

Sex-disaggregated
outcomes and testing
for significance

1. The proportion of female patients
enrolled in trials was on average 6.8% less
than the proportion of female patients in
the disease population.

enrolled in a phase
I trial.
Liu, Wasilewski,
&Mohile (2020)

USA

Cross-sectional

To investigate
whether the
population of
glioblastoma (GBM)
interventional
clinical trials (ICTs)
representative of
the population.

Ludmir et al. (2020)

USA

Cross-sectional

To investigate sex
disparities in
colorectal or lung
cancer randomized
controlled trials.

2. There was no statistically significant
underrepresentation of women.
3. There were no statistically significant
changes in sex disparities over time.

Lyerly, Namey, Gray,
Swamy, & Faden
(2012)

USA

Qualitative

To investigate
women’s views
about participating
in an H1N1 vaccine
trial about
participating while
pregnant.

Outcomes for one
sex/gender group only

1. Women were concerned about the threat
of H1N1 and saw protective benefits for the
vaccine concluding that H1N1 was a higher
risk than the vaccine.
2. Motivators for participation were: early
access to the vaccine, perceived safety
advantages of trial participation, and
altruism.
3. Some of the women reported they would
have stopped their participation if there
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Country

Study Design
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SGBA+ Analyses

Main Findings
were concerns about their health or their
fetus’ health.
4. Women were not prone to participate in
placebo-controlled studies due to the
uncertainty component of receiving the
intervention or the placebo.
5. There was general interest and
willingness to participate in interventions
that did not involve a change in behaviour
or medication regime.

Ma et al. (2014)

Manne et al. (2014)

USA

USA

Mixed Methods

Cross-sectional

To identify
knowledge of and
factors associated
with participating
in clinical trials
among Chinese,
Korean, and
Vietnamese
Americans and to
identify
information
dissemination
strategies to
promote
participation
among these
groups.

Sex-disaggregated
outcomes and testing
for significance

To evaluate
associations
between clinical
trial knowledge,

Sex-disaggregated
outcomes and testing
for significance

1. Amongst females, 39% reported that
they knew a little or more about clinical
trials, and 61% reported no knowledge
about clinical trials.
2. Amongst males, 49% reported a little or
more knowledge and 51% reported no
knowledge.
3. There was no association between
gender and knowledge of clinical trials.
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1. Self-efficacy did not mediate the relation
between knowledge and feeling prepared
to decide about participating in a cancer
clinical trial, with no differences by gender.

Author(s) & Year

Country

Study Design

Research Aim

SGBA+ Analyses

attitudinal barriers
to participating in
clinical trials,
clinical trial selfefficacy, and
clinical trial
preparedness. To
explore effects of
gender,
race/ethnicity,
education, and
metastatic status.

Main Findings
2. Self-efficacy was found to mediate the
relation between attitudinal barriers to
participation and clinical trial
preparedness, with no differences by
gender.

Martin et al. (2013)

USA

Cohort

To investigate the
patient and trial
factors associated
with participation
in cardiovascular
randomized
controlled clinical
trials.

Sex-disaggregated
outcomes and testing
for significance

Female sex was a significantly associated
with not participating in a trial.

McQuaid et al. (2018)

UK

Mixed Methods

To investigate the
Outcomes for one
attitudes of
sex/gender group only
pregnant women
and the healthcare
professionals
involved in their
care, towards
antenatal
vaccination against
Group B
streptococcus
(GBS) disease, to

1. Approximately a quarter of pregnant
women reported they would be either very
or fairly likely to participate in the clinical
trial. This was not significantly affected by
age, parity, or ethnicity
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2. Half of the pregnant women would prefer
to be recruited by their midwife.
3. The concept of randomization did not
affect their decisions.
4. Motivators to participate were: having
extra scans, being tested for GBS carriage,

Author(s) & Year

Country

Study Design

Research Aim

SGBA+ Analyses

identify factors
affecting vaccine
uptake, and to
explore attitudes
towards
participating in
antenatal GBS
clinical trials.
Menezes, Eron,
Leone, Adimora,
Wohl, & Miller (2011)

Mitchell, Lammert,
Danh, & Horvath (2019)

Myles et al. (2018)

USA

USA

USA

Cohort

Cross-sectional

Cohort

Main Findings
their baby having regular checkups for
several years, and having extra antenatal
appointments.

To investigate
demographic
predictors of
participation in
antiretroviral-naïve
patients.

Sex-disaggregated
outcomes and testing
for significance

To evaluate a
multi-step
enrollment process
aimed at recruiting
diverse sexual
minority men at
risk for HIV for a
pilot randomized
controlled trial
aimed to promote
regular HIV testing.

Outcomes for one
sex/gender group only

To investigate
motivating factors,
barriers, and
helpful resources
that may influence
women’s

Outcomes for one
sex/gender group only

1. Participation rates were: 36.5% in men
who have sex with men (MSM), 29.6% in
heterosexual men, and 24.3% in women.
2. Compared with MSM, heterosexual men
were less likely, while women were as
likely, to participate in antiretroviral trials.
1. The majority of men who completed the
enrollment steps as planned enrolled in the
study (81%)
2. Extra efforts by staff, such as follow-up
emails or texts, to reach out to men who
missed any enrollment steps was not likely
to lead to the enrollment of these men.
3. Men were more likely to enroll if they
were screened on weekdays (64%) as
opposed to weekends (58%)
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1. The top two motivating factors were: if
the study was explained well and if the
knowledge learned would benefit others in
the future.

Author(s) & Year

Country

Study Design

Research Aim

SGBA+ Analyses

participation in
clinical trials.

Main Findings
2. The top two barriers were: the risk of
unknown side effects and the multiple
follow-up visits related to the study.
3. Among six helpful resources assessed,
‘‘material in my own language’’ was scored
as the highest in facilitating women’s
decision to participate.
4. Some motivators and barriers were
endorsed differently by race, income, and
employment status.

Nooka, Behera,
Lonial, Dixon,
Ramalingam, & Pentz
(2016)

USA

Cohort

To investigate the
gender, race,
ethnicity, and age
representation in
phase I clinical
trials.

Sex-disaggregated
outcomes and testing
for significance

1. Gender groups were mostly represented
among phase I trials.
2. Hispanic males were significantly
underrepresented (9% observed vs. 21%
expected).
3. Hispanic females were significantly
underrepresented (6% observed vs. 18%
expected).
4. There was underrepresentation for Black
non-Hispanic males of age 5-9 years with
lymphohematopoietic cancer, and Hispanic
males of age 15-19 with solid malignancies.
5. White non-Hispanic males in the age
group 0-4 years were significantly
underrepresented in phase I trials (6%
observed vs. 19% expected). The trend was
similar in the enrollment of female white
non-Hispanic children in the 0-4 age group.
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Author(s) & Year

Country

Study Design

Research Aim

SGBA+ Analyses

Main Findings
6. Hispanic males in the age group 5-9
years were significantly overrepresented
(20% observed vs. 11% expected).
7. Female children aged 5-9 years in the
Black non-Hispanic population were
overrepresented (19% vs.9%).

O'Neill et al. (2019)

Canada

Cohort

To investigate
informed consent
refusal reasons in
patients eligible for
clinical trial
participation at the
Vancouver Stroke
Program.

Sex-disaggregated
outcomes and testing
for significance

1. Men were significantly less likely to
refuse participation (33%) than women
(48%).
2. There was no significant interaction
between age and gender.
3. Refusal reasons were similar between
genders.
4. Men tended to be less interested in
participating in studies than women (27%
vs 19%) and women expressed concern
about study drug more frequently (33% vs
21%).
5. Only women reported being “too busy or
stressed” (8% vs. 0%) to participate.

Oude Rengerink,
Logtenberg, Hooft,
Bossuyt, & Mol (2015)

The
Netherlands

Qualitative

To investigate
barriers and
motivators for
participation in
obstetrical trials.

Outcomes for one
sex/gender group only
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1. Motivators: scientific contribution,
potential benefits of the intervention, and
the intervention not being available outside
the trial
2. Reasons for not participating were:
negative feelings towards the intervention
and concerns regarding the harmful
aspects of it
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Author(s) & Year

Country

Study Design

Research Aim

SGBA+ Analyses

Main Findings

Palmer, Pudwell,
Smith, & Reid (2016)

Canada

Mixed Methods

To investigate
women’s attitudes
and opinions about
participating in
vaccine and drug
trials during
pregnant.

Outcomes for one
sex/gender group only

1. Of all women in the sample, 16.3%
reported they would be willing to
participate in vaccine clinical trials and
20.0% in medication clinical trials during
pregnancy.
2. Participants reported that they would be
willing to participate depending upon the
potential benefits and risks for the fetus
and maternal health.
3. Logistical issues or offering incentives
were less likely to influence the decision
about the participation in clinical trials.
4. A small number of women mentioned
lack of trust in researchers and the
sponsoring pharmaceutical companies as
factors that would discourage their
participation in clinical trials.

Pang et al. (2016)

Poon et al. (2013)

USA

USA

Cross-sectional

Cross-sectional

To investigate
enrollment
disparities in lung
cancer trials by
sex, age, and
race/ethnicity
between 1990 and
2012.

Sex-disaggregated
outcomes and testing
for significance

To investigate the
participation of
women in late
phase clinical trials
(LPCTs) and
whether FDA

Sex-disaggregated
outcomes and testing
for significance

1. Women were underrepresented, with the
gap closing by the end of the study period
(2012).
2. Elderly women continued to be
underrepresented throughout the study
period.
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1. Women’s participation in LPCTs in 2007,
2008, and 2009 was: 39%, 48%, and 42% in
New Drug Applications (NDAs) and 49%,
62%, and 58% in Biologics License
Applications (BLAs).

Author(s) & Year

Country

Study Design

Research Aim

SGBA+ Analyses

reviews on safety
and efficacy for
approved products
contain analyses by
sex, between 2007
and 2009.
Prakash, Mansukhani,
Helenowski,
Woodruff, & Kibbe
(2018)

USA

Cross-sectional

To investigate the
presence of sex
bias in clinical
trials.

Main Findings
2. Analyses by sex: 96% of NDA and 100% of
BLA reviews included efficacy analyses by
sex; 78% of NDA and 64% of BLA had safety
analyses by sex; and 74% of NDA and 64%
of BLA reviews had both efficacy and
safety analyses by sex.

Sex-disaggregated
outcomes and testing
for significance

1. Overall, the clinical trials included 51.1%
male subjects and 49% female.
2. Inclusion of male and female subjects
statistically differed in all trial phases:
Phase I trials (64.1% males, 35.9% female),
phase II (48.4% male, 51.6% female), phase
III (51% male, 49.1% female).
3. Inclusion of male and female subjects
statistically differed by funding source:
industry (50.7% male, 49.3% female),
National Institutes of Health (NIH) (56.6%
male, 43.4% female), other US federal
(62.5% male, 37.5% female), other funded
(53.4% male, 46.6% female).
4. Sex-matching was poor, with phase I
worse than II and III. Less than 25% of
clinical trials met the 80% sex-matching
standard.

Raheja, Davila,
Johnson, Deovic,
Paine, & Rouphael
(2018)

USA

Cross-sectional

To investigate
older adults’ (60+
years of age)
willingness to
participate in a
vaccine clinical
trial and their

Sex-disaggregated
outcomes and testing
for significance
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Males were more likely than females to
participate in clinical trials.

Author(s) & Year

Country

Study Design

Research Aim

SGBA+ Analyses

Main Findings

To investigate
women’s
participation and
analyses by gender
in cardiovascular
disease (CVD) trials
that supported
drug marketing
applications.

Sex-disaggregated
outcomes and testing
for significance

1. Women were represented at similar or
greater rates in the trials compared to
disease prevalence for hypertension, atrial
fibrillation, and pulmonary arterial
hypertension.

To investigate the
exclusion of
pregnant women
from industry
sponsored clinical
trials.

Outcomes for one
sex/gender group only

overall perceptions
about vaccine
trials.
Scott et al. (2018)

Shields & Lyerly (2013)

USA

USA

Cross-sectional

Cross-sectional

2. Women were underrepresented in trials
for heart failure, coronary artery disease,
and acute coronary syndrome.
3. The majority of approved drugs reported
no gender differences in safety or efficacy,
with one drug, ranolazine, reported as less
efficacious in women than men, and three
hypertension drugs listing gender
differences in safety in the drug label.
1. Five (approximately 1%) of the 558
examined trials were designed for pregnant
women.
2. Out of the remaining 553 trials, 367
disclosed specific inclusion and exclusion
criteria about pregnancy and 348 (95%)
excluded pregnant women.
3. 19 (5%) trials did not exclude pregnant
women.
4. Almost half of the studies that permitted
the enrollment of pregnant women were
nonrandomized (47%) compared with 34%
in the trials that excluded pregnant women.
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Author(s) & Year

Country

Study Design

Research Aim

SGBA+ Analyses

Main Findings

Smeaton et al. (2020)

USA

Cross-sectional

To investigate sex
disparities in
enrollment to HIV
clinical trials.

Sex-disaggregated
outcomes and testing
for significance

1. of the 10,744 persons screened, 18.9%
were women.
2. There were slightly more women than
men (27.9% and 26.5%) screened out, but
this was not statistically significant.
3. The most common reasons for screening
out were not meeting eligibility criteria (30–
35%) and opting out (23%), with no
differences between women and men.

Smyth, Jacoby, &
Elbourne (2012)

UK

Cross-sectional

To investigate
pregnant women’s
motives to
participate in a
large multicentre
randomized trial of
prophylactic
anticonvulsants for
women with severe
pre-eclampsia.

Outcomes for one
sex/gender group only

1. Major motivating factors for participation
were: self-benefit (trial might help treat
pre-eclampsia), benefit to their child
(treatment might minimize the associated
risks of pre-eclampsia to the unborn baby)
and altruism (participation might help
future women or is for the good of medical
science).
2. Willingness to participate was influenced
by their awareness that they could
withdraw at any time and trust for their
midwife or obstetrician.
3. Most women reported that they were not
influenced by the opinions of friends and
family and made the decision to participate
independently.

Tait, Geisser, Ray,
Hutchinson, & VoepelLewis (2018)

USA

Mixed Methods

To investigate
child decision
making about
participating in a
clinical trial, parent
perceptions of

Sex-disaggregated
outcomes and testing
for significance
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1. Among children, there were no
differences between the information
priorities of boys and girls, except that
boys were significantly less concerned
about knowing the risks compared to girls.

Author(s) & Year

Country

Study Design

Research Aim

SGBA+ Analyses

their child’s needs
when deciding to
participate, and
whether parent
perceptions differ
based on child age
or gender.

Main Findings
2. Parents perceived that girls would have
higher information needs than boys.
Mothers and fathers thought that girls
more than boys would want to know the
purpose of the study,
the procedures and place a higher
emphasis on confidentiality.
3. Mothers with lower levels of education
(high school or less) believed that their
children would place greater emphasis on
how long the study would take compared
with more educated mothers. There were
no differences among fathers by education
level.
5. Boys and girls did not differ in their views
of who should make the decision to
participate, with a preference for shared
decision making between parents and
children.

Unger, Blanke,
LeBlanc, & Hershman
(2020)

USA

Cohort

To investigate
whether the
COVID-19
pandemic has
influenced
enrollment in
cancer clinical
trials.

Sex-disaggregated
outcomes and testing
for significance

Women patients were observed to be less
likely to be enrolled in weeks 12 to 17 of the
pandemic, but this was not statistically
significant.

Weng et al. (2011)

USA

Cross-sectional

To evaluate the
utility and efficacy
of an automated,
clinical data

Sex-disaggregated
outcomes and testing
for significance

1. The automated system was found to be
effective, efficient, and precise at enrolling
post-Acute Coronary Syndrome (ACS)
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Author(s) & Year

Country

Study Design

Research Aim

SGBA+ Analyses

repository-based
patient prescreening alert
system to
communicate realtime patient
contact
information and
eligibility factors to
research
coordinators.
Wilcox et al. (2019)

UK

Cohort

To determine: (1)
the awareness of
Respiratory
Syncytial Virus
(RSV) among
pregnant women
and healthcare
professionals
(HCPs), and (2)
attitudes toward
clinical trials and
routine
implementation of
antenatal RSV
vaccination.

Main Findings
patients into a clinical trial, when compared
to other methods.
2. Gender differences in ineligibility factors
were that females were more likely to have
cognitive problems or psychosis and were
more likely to be unable to commit to the
follow-up, while males were more likely to
be ineligible due to problematic alcohol
use.

Outcomes for one
sex/gender group only

1. 29% and 75% would likely accept RSV
vaccination as part of a trial, or if routinely
recommended, respectively.
2. Younger pregnant women, White women,
those of 21–30 weeks’ gestation, and
women who recalled direct experience of
RSV, were significantly more likely to
consider involvement in an RSV vaccine
trial.
3. When deciding whether to participate,
the most important information to women
was the likelihood of side effects for their
fetus followed by the likelihood of side
effects for the mother and the seriousness
of RSV.
4. Women preferred to be recruited by their
midwife.
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Author(s) & Year

Country

Study Design

Research Aim

SGBA+ Analyses

Main Findings

Young, Stephens,
Khaleel, & Havens
(2015)

USA

Cohort

To investigate
willingness to
participate in a
clinical trial for a
prophylactic HCV
vaccine among
injection drug
users, and drugusers willingness
to recruit peers.

Sex-disaggregated
outcomes and testing
for significance

1. There were no statistically significant
differences between men and women
regarding willingness to participate.

To investigate the
perspectives of
women with or at
risk for HIV on
cardiovascular
disease (CVD)
research
participation and
to use the findings
to develop a
campaign to
empower older
women with HIV to
participate in a
CVD prevention
trial.

Outcomes for one
sex/gender group only

Zanni et al. (2017)

Zullig, Fortune-Britt,
Rao, Tyree, Godley, &
Carpenter (2016)

USA

USA

Cross-sectional

Cross-sectional

2. Men were significantly less likely to
report a willingness to encourage others’
participation.

2. Top reasons to participate included to
gain information (63%) and help others
(47%).
3. Top reasons for not participating were
lack of knowledge about studies (29%) and
lack of request to participate (29%).

To investigate sex
Sex-disaggregated
and race/ethnicity outcomes and testing
disparities in
for significance
patient populations
enrolled in cancer
treatment trials in
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1. Endorsed best methods for learning
about a CVD research study included peerto-peer communication (54%), provider
communication (46%), and video-based
communication (39%).
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1. There were more women (3.3%) than men
(1.5%) enrolled in trials.
2. White women had the highest enrollment
rates, at 3.3% across all years.

Author(s) & Year

Country

Study Design

Research Aim

SGBA+ Analyses

North Carolina
conducted
between 1996–
2009, and 2007–
2009.

Main Findings
3. Minority men had the lowest enrollment
rates, at 1.3% across all years.
4. Among women, there was no significant
racial disparity in enrollment rates when
examining all cancers together.
5. Among men, racial disparity was
significant.
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APPENDIX E. SEARCH METHODS AND TERMS USED IN DEVELOPING THE CASE STUDY
A systematic search of the literature was completed to identify potentially relevant studies. An
experienced health sciences librarian designed the search, using a combination of subject terms
and keywords, that was then translated for each database. Searches were performed in MEDLINE
(Ovid), Embase (Ovid), CENTRAL (Wiley), International Pharmaceutical Abstracts (Ovid), Scopus, and
ClinicalTrials.gov, from inception until March 19, 2021. The MEDLINE search is appended, and all
strategies are available upon request. Searches in six databases resulted in n = 470 returns.
Identified studies were deduplicated in EndNote (Version X9). After duplicates were removed n = 311
unique returns were screened by a reviewer. N = 124 full text papers were screened by the same
reviewer.
Inclusion Criteria
•
•

•
•
•

Clinical trials review, submission review, monitoring and intervention and
pharmacovigilance studies were included
All study designs (case control case report, case series, cohort studies, cross sectional
studies, correlational studies, interrupted time series, mixed methods, qualitative,
randomized trials and systematic reviews or meta-analyses, where the primary focus is on
an aspect of the lifecycle management of drugs)
Ongoing studies indexed in ClinicalTrials.gov that included sex-disaggregated a-priori
defined outcomes
Pharmacokinetic or pharmacodynamic trials with SGBA+ commentary
Phase I, II, III or post-market trials that include SGBA+ commentary

Exclusion Criteria
•
•
•
•
•
•
•
•
•
•

Literature that focuses primarily on cost, budget, or cost analysis
Abstracts that do not mention gilteritinib distinctly
Grey literature
In-vitro trials
Abstracts or conference presentations and posters
Editorials, perspective articles and opinion pieces
Literature that focused primarily on the theory behind mechanism of action
Studies that did not include SGBA+ commentary
Clinical trial protocols that do not describe a focus on sex-disaggregated outcomes
Studies unavailable in the English language

Gilteritinib Review Results
After removal of duplicates, the COVIDENCE database returned 311 studies. After title and abstract
screening was performed to exclude studies that did not mention gilteritinib distinctly or focused
on cost, budget, or cost-analysis, 124 studies remained for full-text screening. Of the 124 full texts
that were reviewed, 11 included keywords information related to SGBA+ groups (male, female,
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woman, man, sex, gender, pregnant, lactation), however only 2 included information related to sex
or gender as a component of outcomes rather than just categories or demographics. None of the
studies that are currently enrolling or have yet to enroll participants from the ClinicalTrials.gov
database provide details regarding sex-disaggregated outcomes.
Search Strategy
Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review & Other Non-Indexed
Citations and Daily <1946 to March 18, 2021>
1 (Xospata or gilteritinib).mp.
2 1254053-84-3.rn.
3 or/1-2 [Xospata]
4
drug development/ or exp drug approval/ or exp drug design/ or drug evaluation/ or drug
evaluation, preclinical/ or drug repositioning/
5 Drug Discovery/
6 Drug Costs/
7 legislation, drug/ or "drug and narcotic control"/ or drug approval/ or drug recalls/ or safety-based
drug withdrawals/
8 product surveillance, postmarketing/ or adverse drug reaction reporting systems/ or clinical
trials, phase iv as topic/ or pharmacovigilance/ or prescription drug monitoring programs/
9 Precision Medicine/
10 exp "Drug-Related Side Effects and Adverse Reactions"/
11 ((drug$ or pharm$) adj3 (lifecycle$ or life cycle$)).tw,kf.
12 (precision adj (medicine or pharm$)).tw,kf.
13 pharmacovigilan$.tw,kf.
14 ((drug$ or pharm$) adj2 (approv$ or cost$ or develop$ or design$ or discover$ or disposal$ or
evaluat$ or industr$ or legislat$ or manufacture$ or market$ or registrat$ or regulat$ or recall$ or
reposition$ or re-position$ or research$ or policy or policies or service$)).tw,kf.
15 or/4-14 [Drug Lifecycle]
16 3 and 15 [Xospata and Drug Lifecycle]
17 clinical trials as topic/ or clinical trials, phase i as topic/ or clinical trials, phase ii as topic/ or
clinical trials, phase iii as topic/ or clinical trials, phase iv as topic/ or controlled clinical trials as
topic/ or randomized controlled trials as topic/ or early termination of clinical trials as topic/ or
multicenter studies as topic/
18 Patient Selection/
19 Research Subjects/
20 (trial* adj5 topic).tw,kf.
21 ((data adj1 safety adj1 monitor* boards*) or data monitor* committee*).tw,kf.
22 (study design adj3 framework).tw,kf.
23 (meta-research* or metareesarch*).tw,kf.
24 (bibliometric adj3 analys*).tw,kf.
25 (under report* or underreport*).tw,kf.
26 or/17-25 [Clinical Trials as Topic]
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27 3 and 26 [Xospata and Clinical Trials]
28 exp Gender Identity/
29 Sex Factors/
30 Sex Characteristics/
31 Sexism/
32 Women/
33 Pregnant Women/
34 ((sex adj5 biological variable$) or (sex adj3 variable)).tw,kf.
35 (sex adj2 gender adj3 based).tw,kf.
36 (SABV$ or SGBA$).tw,kf.
37 (gender adj2 (main stream$ or mainstream$)).tw,kf.
38 ((sex$ or gender$) adj3 (analy$ or aspect$ or based or bias$ or characteristic$ or comparison$
or determinant$ or differen$ or dimorphism$ or di-morphism$ or disparit$ or distribut* or equalit$
or equity or factor$ or identit$ or inequit$ or inequalit$ or informed$ or institutional$ or integrated
or interaction* or issue$ or medicine or minorit* or norm or norms or related or responsiv$ or role$
or specific$ or transform$)).tw,kf.
39 pregnant wom?n.ti.
40 or/28-39 [Sex and Gender Concept]
41 3 and 40 [Xospata and Sex]
42 16 or 27 or 41
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