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« Generalizability of research to ensure broad applicability of findings
 Reflection of general population in clinical trials
« Reflection of those affected by the disease in clinical trials

* Influence of individual factors on drug response

« Benefits and risks of drugs vary based on age, sex, demographics, comorbidities,
polymorphisms, ancestry, and other intrinsic/extrinsic variables

« Premises for diversity-sensitive drug development:
 recruitment of representative cohort
« acquisition of all required data
 analysis and reporting of subgroups
« patient perspective included from the beginning

. a_spilre {n_cllusivity by considering the whole drug development process, not only a
single tria

Bierer B.E., White S.A., Meloney L.G., Ahmed H.R., Strauss D.H., Clark L.T., (2021). Achieving Diversity, Inclusion, and Equity in Clinical Research Guidance Document Version 1.2. Cambridge
and Boston, MA: Multi-Regional Clinical Trials Center of Brigham and Women's Hospital and Harvard (MRCT Center). Available at: https://mrctcenter.org/diversity-in-clinical-trials/
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WHO definitions:

« Sex = biological and physiological characteristics (e.g. chromosomes, hormones, reproductive organs)
» Gender = socially constructed roles, norms and relationships

Gender diversity: beyond binary identities (e.g. nonbinary, genderqueer, agender, gender fluid)

Research challenges:
« Sex and gender are interconnected and influence health in different ways
« Sex and gender are often intertwined in studies
« Most research uses binary variables, though diversity is increasingly recognized

Intersectionality:

« Considering broad and multidimensional aspects of an individual's identity for providing a complete
understanding of the factors impacting health

« Sex and gender intersect with other factors, such as culture, ethnicity, minority status, and socioeconomic
conditions
Bierer B.E., White S.A., Meloney L.G., Ahmed H.R., Strauss D.H., Clark L.T., (2021). Achieving Diversity, Inclusion, and Equity in Clinical Research Guidance Document Version 1.2. Cambridge and

Boston, MA: Multi-Regional Clinical Trials Center of Brigham and Women's Hospital and Harvard (MRCT Center). Available at: https://mrctcenter.org/diversity-in-clinical-trials/
Subramaniapillai, S., Galea, L. A, Einstein, G., & de Lange, A. M. G. (2024). Sex and gender in health research: intersectionality matters. Frontiers in neuroendocrinology, 72, 101104.
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Sex- and gender-disaggregated research

methods
.. . ; ; . Phase 3:
 Clinical trials include diverse populations, Translate to
differing by sex and gender inte;ve:;;ion
. and policy .
- Study reports often show sex/gender differences . R

in baseline differences

« Many analyses adjust for sex/gender in
statistical models but do not truly account for
their impact

» True sex- and gender-disaggregated research
reports and interprets outcomes separately by
sex/gender

in disease risk,
presentation,
diagnosis,
treatment, and
outcomes

Phase 2: Explain sex differences by

- Need for disaggregation: sex and gender should peveal g teamike g mechanisin
be analysed separately to reveal differences in
treatment effects

- Inclusion of intersectional factors
Peters, S.A.E., Woodward, M. A roadmap for sex- and gender-disaggregated health research. BMC Med 21, 354 (2023). https://doi.org/10.1186/s12916-023-03060-w
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representative number

» Where possible, aim to include anumber of
each sex and/or gender

» Sex- and gender-disaggregated research
methods

» Holistic approach needed: minor
methodological adjustments allow for greater
Inclusivity

« Goal of Diversity Initiative:
representativeness

* Produce results of study outcomes by sex and/or
gender and quantify differences

» Report outcomes by sex and/or gender and
interpret degree of difference

REPORTING

Bierer B.E., White S.A., Meloney L.G., Ahmed H.R., Strauss D.H., Clark L.T., (2021). Achieving Diversity, Inclusion, and Equity in Clinical Research Guidance Document Version 1.2. Cambridge
and Boston, MA: Multi-Regional Clinical Trials Center of Brigham and Women's Hospital and Harvard (MRCT Center). Available at: https://mrctcenter.org/diversity-in-clinical-trials/



Sex differences Iin oncology

Women experience more severe treatment-

_ , _ related adverse events; survival outcomes are
655 patients with symptomatic MM
313 received ASCT generally comparable between sexes

1.0 I male
—=  fomalg n=179 (57%) | n=134 (43%)
08— + censored
59 (31-73) 59 (33-73)  0.523
SCT
2 os N R, MEL200 113 (63%)  79(59%)  0.483
= Melphalan MELRed 66 (37%) 55 (41%)
[
S 04- Toxicity Haem. 168 (94%) 132 (98%)  0.103
< L Infections 131 (73%) 93 (69%) 0.527
Median OS | 95% Cl Gl 91 (51%) 88 (66%) 0.107
0.2 - (monthe) | (onthe) Mucositis 39 (22%) 54 (40%) 0.001
male | 74 52-98 Cardiovasc. 18 (10%) 13 (10%) 0.792
female | 83 55 -111
0 - Response 157 (88%) 113 (84%) 0.410
T T T T I after SCT
0 50 100 150 200 >VGPR
Months since diagnosis
Nurmber at risk g 99 (56%) 79 (59%) 0.504
N=311
male 179 129 79 29
female 134 84 34

Brioli et al., Oncol Res Treat 2022



Intrinsic vs. extrinsic factors

INTRINSIC EXTRINSIC
Genetic Physiological and Environmental
pathological conditions
Age Climate
Gender (children - elderly) Sunlight
Height Pollution
Bodyweight
Liver Culture
Kidney Socio-economic factors
Cardiovascular functions Educational status
ADME Language
Receptor sensitivity ) .
Race Medical practice
Disease definition/Diagnostic
Genetic polymorphism Therapeutic approach

of the drug metabolism

Genetic disease

Smoking

Alcohol
I

Food habits

Stress

Diseases

Drug compliance

Regulatory practice/GCP
Methodology/Endpoints

Adapted from ICH E5(R1)

*: CDDF

.. . Cancer Drug Development Forum

U{(b\j -9 INSTITUTE FOR

DIVERSITY MEDICINE

« Intrinsic factors: biological factors that
Impact health/factors relating to the genetic
and physiologic characteristics, e.q.:

* Presence of polymorphisms
« Co-morbidities

Extrinsic factors: cultural and environmental
characteristics/non-demographic factors,
e.qg..

« Standard of care/access to health care

* Prior medication

« Socio-economic status (SES)

« Factors with extrinsic and intrinsic
components:

« Behavioural factors (e.g. food habits, smoking,
alcohol, stress)

« Ethnicity
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e Factors associated with the environment and culture in which a
nerson resides

» Regionally, culturally and behaviourally determined

« Examples: medical practice, diet, use of tobacco, use of alcohol, exposure
to pollution and sunshine, socio-economic status, compliance with
prescribed medications, and practices in clinical trial design and
conduct.!

Importance of capturing extrinsic factors

« Example: social determinants of health

Bierer, B.E., White, S.A., Meloney, L.G., Ahmed, H.R., Strauss, D.H., Clark, L.T., Achieving diversity, inclusion, and equity in clinical research. 1.2 ed. 2021.
2Shahu, A, et al., Disparities in Socioeconomic Context and Association With Blood Pressure Control and Cardiovascular Outcomes in ALLHAT. J Am Heart Assoc, 2019. 8(15): p. e012277.
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 Extrinsic factors that influence health and disease may derive from the social context
or from the environment

« Often referred to as “Social Determinants of Health— that is, the conditions in which
people are born, grow, live, work and age, and people's access to power, money and
resources” (World report on social determinants of health equity. Geneva: World Health
Organization; 2025. Licence: CC BY-NC-SA 3.0 IGO)

 “Studies suggest that social determinants account for at least 50% of health
outcomes and health inequities” (World report on social determinants of health equity.
Geneva: World Health Organization; 2025. Licence: CC BY-NC-SA 3.0 IGO)

Bierer B.E., White S.A., Meloney L.G., Ahmed H.R., Strauss D.H., Clark L.T., (2021). Achieving Diversity, Inclusion, and Equity in Clinical Research Guidance Document Version 1.2.
Cambridge and Boston, MA: Multi-Regional Clinical Trials Center of Brigham and Women's Hospital and Harvard (MRCT Center). Available at: https://mrctcenter.org/diversity-in-clinical-trials/
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World report on social

determinants of health

equity. Geneva: World Health

Organization; 2025. Licence: CC BY-NC-SA 3

Economic
security and
inequality

Employment

Food security
Income inequality

Poverty

Education
access

Education
quality

Education
outcomes

Education

Physical
environment

Air quality
and climate

Disasters

Energy fuels
and technologies

Housing
Land tenure
Road safety

Water, sanitation
and hygiene

Urbanization

Conflict, crime and
violence

Discrimination

Forced displacement
and migration

Gender equality and
women’s empowerment

Healthy ageing
Incarceration

Social support

Social and
community
context

Health
behaviours

Alcohol
Physical activity
Tobacco

Nutrition

Health care access
and affordability

Health systems

Health care
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* Intrinsic factors help to define and identify individual risks

« Rate/frequency of intrinsic factors in subpopulations may influence the
possibility to extrapolate clinical data between regions

« Examples: genetic polymorphism, age, sex, gender, height, weight, lean body mass,
body composition, and organ dysfunction.

Importance of capturing intrinsic factors

* Influence on pharmacodynamics and pharmacokinetics - required
dosing

« Example: predictive factors for fast vs. slow metabolism in patients > CYP450
genes

* If genetic testing is not available, surrogate markers (liver or kidney functions) may
sometimes be used

DIVERSITY MEDICINE ’.. velopment Foru
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Example: polymorphisms &

« Medicines containing 5-fluorouracil (5-FU) are amongst the most commonly
used cytotoxic agents to treat multiple cancers

« Therapy-associated mortality = 0.2—1.0%*
« Side-effects due to lack of dihydropyrimidine dehydrogenase (DPD/NADP+)
-~ Caused by variants of the DPD gene (DPYD)

- EMA recommends genetic testing of patients who are to receive systemic
treatment with medicines containing 5-FU°

- Important to bear in mind: the frequencies of the mutations vary according to
the geographical regions

4Dihydropyrimidin-Dehydrogenase (DPD) -Testung vor Einsatz von 5-Fluorouracil, Capecitabin und Tegafur, D.G.f.H.u.M. Onkologie, Editor. 2020, Deutsche Gesellschaft fiir Himatologie und Medizinische Onkologie e.

SEMA recommendations on DPD testing prior to treatment with fluorouracil, capecitabine, tegafur and flucytosine, E.M. Agency, Editor. 2020: https://www.ema.europa.eu/en/documents/referral/fluorouracil-and-
fluorouracil-related-substances-article-31-referral-ema-recommendations-dpd-testing-prior-treatment-fluorouracil-capecitabine-tegafur-and-flucytosine_en.pdf.
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« Demographic shift
« Aging population

« Age related differences in pharmacokinetics / dynamics

« Drug metabolism varies between younger and older individuals - affecting efficacy
and safety

 Lack of evidence / age-inclusive research

« Many drugs are not adequately tested in older or younger individuals = uncertain
dosing and side effects

Cassidy, E. L., Baird, E., & Sheikh, J. I. (2001). Recruitment and retention of elderly patients in clinical trials: issues and strategies. The American Journal of Geriatric Psychiatry, 9(2), 136-140
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Age and Comorbidities

e Geriatric Medicine

 Increased disease burden through multiple conditions, impacting treatment choices
and drug interactions

« Reduced kidney and liver function in older people alters drug metabolism
« Polypharmacy: multiple medications increase risk of drug interactions

« Adaption of clinical trials: studies should consider frailty, cognitive decline, and age-
specific health outcomes

» Lack of age-specific data: tailored dosing information for elderly patients are needed

Cassidy, E. L., Baird, E., & Sheikh, J. I. (2001). Recruitment and retention of elderly patients in clinical trials: issues and strategies. The American Journal of Geriatric Psychiatry, 9(2), 136-140
Cerreta, F., & Bowen, D. (2016). European Medicines Agency (EMA): Regulatory Perspectives on Geriatric Medicines. In Developing Drug Products in an Aging Society: From Concept to Prescribing (pp.
701-717). Cham: Springer International Publishing.



Age and
Comorbidities

Wilders et al., J Clin Oncol 2013

Table 2. Issues in Clinical Trial Design for Older Patients With Cancer

Issue

RCTs remain gold standard when possible

Clinical trials should preferably integrate whole age range, including fit and
frail older individuals

Elderly-specific clinical trials in older patients with cancer are required if
standard therapy is different from that for younger patients

Trials of treatment strategy comparing different strategies (eg, therapy v
best supportive care) should be encouraged

Randomized phase |l or even single-arm phase |l trials in specific subsets
of older patients can provide insight into range of efficacy and toxicity
in older populations but ideally should be confirmed in large phase |l
trials, which might be hard to perform for various reasons (eg,
insufficient interest from sponsors/investors, difficulty in finding
sufficient numbers of patients)

Not all questions can be answered with randomized trials, and large
observational cohort studies or registries in community can provide
further insight for frail population with less selection bias (preferably in
parallel with or linked to RCTs)

Comparable/uniform geriatric assessment should be integrated into future
trials in geriatric oncology

Regulatory authorities should require evaluation of efficacy and safety of
new drugs in older and frail patients as well as in younger patients

Abbreviation: RCT, randomized clinical trial.
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* Childhood and Adolescence Medicine

« Children and adolescents process drugs differently due to ongoing physiological
changes

 Lack of suitable formulations: many drugs are not approved or available in child-
friendly forms

« Unique disease patterns: some conditions are specific to younger populations 2>
targeted research is required

« Consider: ability to give informed consent or assent

Domingues C, Jarak |, Veiga F, Dourado M, Figueiras A. Pediatric Drug Development: Reviewing Challenges and Opportunities by Tracking Innovative Therapies. Pharmaceutics. 2023 Oct 6;15(10):2431.
doi: 10.3390/pharmaceutics15102431. PMID: 37896191; PMCID: PMC10610377.
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Diversity in Clinical Trials:
Analytical considerations for Subgroup Analyses .

« Subgroups should be defined a priori, based on biological plausibility and existing
evidence

« Clear distinction between pre-specified, hypothesis-driven analyses

and exploratory post-hoc analyses

« Assessment of statistical power and precision within subgroups, with transparent
reporting of limitations

« Use of interaction tests to evaluate differential effects, rather than relying solely on
stratified estimates

« Careful interpretation to avoid overinterpretation of chance findings

« Subgroup analyses viewed as iterative and evolving, informing future study design
rather than providing definitive conclusions

Brookes ST, Whitely E, Egger M, Smith GD, Mulheran PA, Peters TJ. Subgroup analyses in randomized trials: risks of subgroup-specific analyses; power and sample size for the
interaction test. J Clin Epidemiol. 2004 Mar;57(3):229-36. doi: 10.1016/j.jclinepi.2003.08.009.

Chatelet, F., Verillaud, B., & Chevret, S. (2023). How to perform prespecified subgroup analyses when using propensity score methods in the case of imbalanced subgroups. BMC
Medical Research Methodology, 23(1), 255.
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Challenges in Subgroup Analyses CHA

Difficulties of achieving statistical power in subgroup analyses due to
limited sample sizes

Large trials are needed for increased power in subgroup analyses 2>
higher costs, extended study durations

Overpowered trials may divert focus from primary research objective
Regulatory considerations:

 Balancing trial feasibility within subgroup representation

» Post-approval monitoring can complement limited subgroup analyses in pre-
approval studies

EMA key concepts in the assessment of subgroups:
« Heterogeneity, consistency, credibility, biological plausibility, replication

Bierer B.E., White S.A., Meloney L.G., Ahmed H.R., Strauss D.H., Clark L.T., (2021). Achieving Diversity, Inclusion, and Equity in Clinical Research Guidance Document Version 1.2. Cambridge
and Boston, MA: Multi-Regional Clinical Trials Center of Brigham and Women's Hospital and Harvard (MRCT Center). Available at: https://mrctcenter.org/diversity-in-clinical-trials/

EMA Guideline on the investigation of subgroups in confirmatory clinical trials. Availabe at; https://www.ema.europa.eu/en/investigation-subgroups-confirmatory-clinical-trials-scientific-
guideline
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Diversity and Inclusivity in Clinical Trials

 Sufficient representation to support generalisability
* Inclusive representation to promote equitable access

« Thorough understanding of the intended target population
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Diversity and Inclusivity in Clinical Trials

Clearly defined and appropriate inclusion and exclusion criteria

Subgroup analyses with stratification by relevant characteristics
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Continuous investigation into the underlying causes of observed differences

Regular reassessment of what constitutes an appropriate clinical outcome
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Thank you for your attention.
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