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Although the number of countries participating in pivotal trials submitted to enable

drug registration has nearly doubled over the past 25 years, there has not been a

substantial increase in the diversity of clinical trial populations. In parallel, our

understanding of factors that influence medicine response and variability has contin-

ued to evolve. The notion of intrinsic and extrinsic sources of variability has been

embedded into different regulatory guidelines, including the recent guideline on the

importance of enhancing the diversity of clinical trial populations.

In addition to presenting the clinical and scientific reasons for ensuring that clinical

trial populations represent the demographics of patient populations, this overview

outlines the efforts of regulatory agencies, patient advocacy groups and clinical

researchers to attain this goal through strategies to meet representation in

recruitment targets and broaden eligibility criteria. Despite these efforts, challenges

to participation in clinical trials remain, and certain groups continue to be underrepre-

sented in development programmes. These challenges are amplified when the repre-

sentativeness of specific groups may vary across countries and regions in a global

clinical programme.

Whilst enhanced trial diversity is a critical step towards ensuring that results will be

representative of patient populations, a concerted effort is required to characterise

further the factors influencing interindividual and regional differences in response for

global populations. Quantitative clinical pharmacology principles should be applied to

allow extrapolation of data across groups or regions as well as provide insight into

the effect of patient-specific characteristics on a medicine's dose rationale and

efficacy and safety profiles.
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1 | INTRODUCTION

Modern medicine has evolved beyond anecdotal observations and is

now guided by scientific standards. Over many centuries, medicines

have been prescribed to a diverse spectrum of patients: men and

women of different ages and ethnic groups resident in different

geographic regions, without careful consideration of the potential

contribution of these characteristics to interindividual differences and

variability in treatment response.

The evolution of our understanding of the factors that influence

variability in pharmacokinetics (PK), pharmacodynamics (PD), and the

efficacy and safety profile of a medicine has guided the patient char-

acteristics to be evaluated in clinical research programmes. Currently

the approval of a medicine relies on evidence from a sample of the

overall target patient population (Figure 1). Following drug approval,

risk management and pharmacovigilance activities focus on further

characterisation of the safety profile across the wider population.

Such an approach relies on the expectation that the data evaluated

arise from a representative sample of the patient population that

resembles the population from which they were drawn in all the ways

that are important for the medicine and its indication. It also assumes

that the results can be generalised, and consequently will provide

information on a group larger than the sample originally studied.

Indeed, an important contribution of clinical pharmacology during

drug development is to characterise the factors influencing variation

in the PK, PD, efficacy and safety of a medicine, and, when

appropriate, to determine dosing regimens tailored to relevant

patient characteristics. Specifically, the influence of intrinsic factors

(e.g. age, sex/gender, race/ethnicity, comorbidities [renal and hepatic

dysfunction]) and extrinsic factors (e.g. food, drug interactions) should

be investigated.1,2 Clinical pharmacology principles also provide the

basis for extrapolation and/or generalisation of findings, so that

accurate recommendations regarding the dose rationale, and overall

efficacy and safety profile can be applied to the broader patient

population. To achieve this goal without substantial uncertainty,

patient population diversity is not only desirable, but also scientifically

appropriate.

International (e.g. International Council for Harmonisation of

Technical Requirements for Pharmaceuticals for Human Use [ICH])

and local (e.g. European Medicines Association [EMA] in the EU, Food

and Drug Administration [FDA] in the USA) guidelines, which provide

a framework for drug development, specify that the patients included

in clinical trials should be representative of the population for whom

the medicine will be indicated in clinical practice, as defined in the

final label or summary of product characteristics. However, clinical

drug development programmes have enrolled a subset of patients that

has not reflected the epidemiological profile of that indication.3–5 The

clinical relevance of patient characteristics not assessed during

the development programme has been a matter for postmarketing

activities. However, this situation is changing. Various initiatives have

been proposed to ensure that patient populations in clinical trials

reflect the patient population to be treated. However, the ongoing

lack of clinically representative trial populations has prompted the US

FDA to develop a new guidance entitled Enhancing the Diversity of

Trial Populations – Eligibility Criteria, Enrolment Practices, and Trial

Designs Guidance for Industry, which was issued in November 2020.6

This overview outlines several topics pertinent to diversity in

clinical trials and seeks to provide the clinical pharmacologist with

F IGURE 1 The smaller cube represents a fraction of the general patient population enrolled in clinical trials. Despite strict inclusion and
exclusion criteria, this sample is assumed to be representative of the wider patient population, for whom the medicine may be indicated after
marketing authorisation. Due to the limited sample size of the clinical trial population, safety data are collected during the postmarketing phase to
ensure that the benefit–risk profile of the medicine remains accurate

GROSS ET AL. 2701



insights into the current challenges and strategies being adopted to

increase participant diversity. Awareness of these perspectives is

essential for clinical pharmacologists to design suitable clinical studies

and identify alternative, complementary approaches, including model-

ling, simulation and extrapolation to ensure the impact of patient

diversity is evaluated during the clinical development and approval of

new medicines. We conclude with some perspectives on the

implications of these principles for global development programmes,

where regional differences in participant diversity must also be

considered. Attention is given to the role of modelling and simulation

as a basis for the extrapolation of PK, efficacy and safety results, and

assessment of dosing recommendations, across different patient

populations. It is notable that the definitions of demographic variables

used in clinical trials and clinical practice can vary significantly, creat-

ing a barrier to the pooling of results across studies or extrapolation

to additional patient populations.7,8

2 | THE SCIENCE BEHIND THE INCLUSION
OF DIVERSE POPULATIONS

Whilst clinical and disease specific characteristics may ultimately

determine how medicines should be used, demographic differences

can play an important role in interindividual variability in the PK, PD,

and efficacy and safety profile of a medicine. Several ICH guidelines

address the need to explore the potential effect of demographic

differences on dose–exposure–response (E4, M4E) and the safety

profile of a medicine (E8, M3). The demographic factors of age,

race/ethnicity and sex/gender are specifically mentioned in some

guidelines, based on their established associations with response for

some drugs.9 However, the range of factors that can influence medi-

cine response extends beyond age, sex/gender and race/ethnicity,

with the ICH E17 guideline2 advocating for the intrinsic and extrinsic

factors important for each new chemical or biological entity to be

established early during clinical development (Figure 2).

Some additional factors may only be observed in later phase

studies or after a drug has been used in broader patient populations

postmarketing. For example, socioeconomic factors, including level of

education and income, often correlate with disease prevalence and

severity10 and can also be associated with medicine responses.11–13

Individuals who are less well educated or who have lower incomes are

generally not well represented in clinical trials.14 Furthermore, these

additional factors can overlap with sex/gender and race/ethnicity15

and should also be considered as contributing to the variation in

response when interpreting clinical trial results.

Ensuring that the demographics of clinical trial populations

reflects the age, race/ethnicity and sex/gender distribution of the

patient population with the relevant disease is the focus of the

recent FDA guidance. Obtaining this information is important when

assessing the benefit: risk balance for each individual patient based on

the generalisability and representativeness of the clinical results

observed.

F IGURE 2 Intrinsic and extrinsic factors
contributing to interindividual variability in
pharmacokinetics and pharmacodynamics,
which may lead to clinically relevant differences
in treatment response (adapted from
Liu et al., 2021)101
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2.1 | Age

Older adults represent a major demographic of relevance for drug

development. In 2019, it was estimated that 9% of the global popula-

tion was aged 65 years or older.16 The burden of disease and the age

distribution of affected patients varies substantially between coun-

tries. For example, in 2019, the proportion of the population aged

≥65 years in China was 11.5% compared with 18.8% in Europe and

28.0% in Japan. Many populations are ageing, and it is anticipated that

by 2050 >1 in every 4 people in China (26.1%), Europe (28.1%) and

Japan (37.7%) will be ≥65 years.16

The importance of including older adults in clinical trials to ensure

that representative populations are investigated has been recognised

by regulatory agencies. Both the ICH E7 guideline Studies in Support

of Special Populations: Geriatrics17 and the US FDA Guideline for the

Study of Drugs Likely to Be Used in the Elderly published in 1989,18

highlight that individuals aged >65 years represent an important

group for inclusion in clinical trials. The ICH E7 guideline defines

geriatrics as “patients aged 65 years or older”, with this age reflecting

the standard retirement age at that time,17 and this definition also

used in the US FDA Guideline for the Study of Drugs Likely to Be Used

in the Elderly.18

It is also critical that drug development programmes consider

appropriate doses for patients aged <18 years. Paediatric consider-

ations are now embedded into the regulatory processes in the USA

and EU, which ensures a systematic assessment of the requirement

for evidence from clinical trials, or alternative approaches, to support

the dose rationale as well as the efficacy and safety profile of a medi-

cine for the paediatric population.19–21 Details on this group are,

therefore, beyond the scope of this overview.

An important point to consider is that increasing age is associated

with co-morbidities and polypharmacy.22,23 Older adults consume the

majority of prescribed medicines, with the number of medicines

related to the number of medical diagnoses.23 Consequently, although

the elderly usually take >3 medications,22 there will be considerable

polypharmacy in some groups. For example, older residents in US

Nursing Homes receive slightly more than 8 oral medications/d.23

Most clinical trials report that a high proportion of participants aged

>65 years receive 3–5 concomitant medications, although estimates

vary.22,24

Age-associated changes in organ function (e.g. renal function) and

body composition, declining homeostatic reserve, and comorbid

diseases contribute to changes in PK with advancing age.25,26 PD

changes have also been reported.27 Characteristics associated with

frailty such as sarcopenia and the increased prevalence of com-

orbidities and polypharmacy also increase the potential for drug–drug

interactions5 and other adverse drug reactions in older relative to

younger adults.25 Factors with the potential to alter the PK or PD of

many drugs have been extensively reviewed and include characteris-

tics summarised in Table 1 for PK and Table S1 for PD. Therefore, the

TABLE 1 Physiological changes of older age and potential influences on pharmacokinetics (adapted from Saeed et al., 2015)27

PK process Age-related change Impact Clinical consequences

Absorption Increased gastric pH Slightly decreased absorption May impact maximum plasma

concentration and time to maximum

plasma concentration
Delayed gastric emptying

Reduced splanchnic blood flow

Decreased absorption surface area

Decreased gastrointestinal motility

Distribution Increased body fat Altered volume of distribution Increased volume of distribution and half-

life of lipophilic drugsReduced lean body mass

Reduced body total water Increased plasma concentration of water-

soluble drugs

Reduced serum albumin Increased free-fraction of highly protein-

bound acidic drugs

Increased α1-acid glycoprotein Decreased free-fraction of basic drugs

Decreased cerebrovascular P-glycoprotein

functionality

Altered blood–brain barrier permeability Excessive levels and prolonged residence

of drugs and xenobiotics in the brain

Metabolism Reduced hepatic blood flow and overall

liver mass

Less effective first-pass and phase I

metabolism

Increased bioavailability of drugs

undergoing extensive first-pass

metabolism or reduced bioavailability of

drugs which need to be activated in the

liver

Excretion Reduced renal blood flow Impaired renal elimination of water-

soluble drugs/metabolites

Increased volume of distribution for water

soluble drugs and enhanced risk of

ADRs especially for drugs with a narrow

therapeutic index (e.g. digoxin,

aminoglycosides)

Reduced glomerular filtration rate

Increased filtration fraction
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changes with age in physiology, frequency of chronic diseases and

high potential for drug–drug interactions can all increase the potential

for variation in treatment response in older populations.

Despite the prevalence of diseases and established polypharmacy

in older populations, this demographic subgroup is frequently under-

represented in clinical trials conducted by academics or sponsored by

industry,22,28–30 as indicated for the simvastatin example in Figure 3.

A further example is oncology with individuals aged >70 years

comprising approximately 50% of cancer patients, yet historically only

representing 13% of oncology trial participants.24 Osteoarthritis is

another example, with the prevalence higher in women aged

>85 years (>50%) than in women aged 45–65 years (20%).31

Consistent with this profile, the average age of osteoarthritis patients

prescribed selective cyclooxygenase-2 inhibitors is 79 years.31 How-

ever, an extensive review of osteoarthritis intervention trials reported

that the average age of participants was 63 years.31 The failure to

include sufficient older (>65 y) and very old (>75 y) participants in

osteoarthritis trials clearly compromises the relevance of the results

of these trials to the patients who are the most likely to receive these

medicines in clinical practice. Physicians are therefore making

prescribing decisions based on suboptimal evidence.31 For drugs

approved by the US FDA in 2019, 36% of pivotal clinical trial partici-

pants were aged ≥65 years.32

In practice, older individuals often fail to meet other inclusion

criteria for clinical trials, precisely because of their increased potential

for comorbidities and potential for drug–drug interactions. Both the

ICH and US FDA guidelines emphasise that investigators should

ensure older age participants are included in clinical trials, in particular

individuals aged >75 years. The more recent draft US FDA guidance

Inclusion of Older Adults in Cancer Clinical Trials Guidance for Industry

(Draft Guidance) 33 also emphasises the importance of studying

individuals aged >75 years and indicates that sponsors may consider

conducting targeted trials designed to recruit only elderly participants,

rather than relying on subgroup analyses of elderly participants from

trials including a broader age range. However, this approach has not

been widely adopted.34,35 The results of studies in the healthy elderly

may not be generalisable to the frail or those with multiple com-

orbidities and taking numerous medications. Clearly, alternative and

complementary methods are required to ensure the impact of age on

treatment response and dose rationale for these patients is accurately

characterised.27

Above all, the safety of clinical trial participants must be the pri-

mary concern of sponsors and academic investigators, although this

objective should be balanced against the ethical need for clinical trials

to provide information of relevance for the frail and elderly patients

who will ultimately receive the new medicines developed. Despite the

challenges involved, there is evidence to suggest that careful selection

of inclusion criteria and judicious, rather than arbitrary, selection of

exclusion criteria related to organ function, concomitant therapies and

comorbid conditions, can increase the proportion of older participants

enrolled in trials without compromising safety.24 For example,

Mariano et al. analysed adverse event data from 46 breast cancer

clinical trials and reported that the frequency of meaningful toxicity

(defined as grade 3 or 4 adverse events, events leading to dose

reduction or delay, or premature discontinuation of therapy) was simi-

lar between older (≥65 y) and younger patients.36

2.2 | Race and ethnicity

Population differences in the PK and PD of a medicine as well as the

pathophysiology of disease and its local clinical management, can all

contribute to an interethnic difference in the efficacy or safety profile

reported for a medicine.1,37 Nevertheless, for the majority of

medicines, the labels approved by the US FDA and EMA do not

recommend dose adjustments for specific race or ethnic groups. How-

ever, for some molecules, clinically significant interethnic differences

in efficacy or safety have been observed, which can be of a magnitude

to warrant ethnic group-specific dosing recommendations.38

Terminology related to race and ethnicity is complex and not

consistently applied in the literature. Consequently, the definitions

used for these important demographic variables are discussed in the

Supporting Information. In brief, clinical studies in global drug

F IGURE 3 Age distribution of 3 populations providing information on the safety of simvastatin: the participants in clinical trials for
simvastatin approval in France (n = 2221), a random sample of reimbursed simvastatin prescriptions in France (n = 500) and spontaneous report
cases for 20 mg simvastatin in the French Pharmacovigilance database (n = 112; reproduced with permission from Martin et al., 2004)102
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development programmes use the criteria defined by the US FDA

guidance for the Collection of Race and Ethnicity Data in Clinical Trials39

and describe each clinical trial participant according to specified Race

and Ethnicity categories. However, there are limitations to the inter-

pretation of results reported using these categories as they do not

reflect the diversity of populations included in global clinical trials,

have been acknowledged to not be scientifically based39 and do not

always align with terminology used in the scientific literature. Conse-

quently, it is critical to consider the terminology used when evaluating

clinical trial results or literature in this area.

Since 2006, only 1 medicine approved in the USA, the throm-

bopoietin receptor agonist eltrombopag, has a different dose

recommended for a specific ethnic group at first approval. For

eltrombopag, 2-fold higher plasma concentrations (area under the

curve) are observed in patients with immune thrombocytopenia of

East Asian than European ancestry.40 Therefore, to avoid steep

increases in the platelet counts, the recommended initial dose of

eltrombopag in East Asian patients (25 mg) is half the initial dose in

patients of other ancestries (50 mg once daily).41 With tailoring of

subsequent eltrombopag doses to the platelet count response, a

favourable long-term benefit: risk ratio can be achieved in East Asian

patients, despite the interethnic difference in PK and consequent

platelet response.42

Interethnic differences in the target can have important conse-

quences for the choice of medicine to treat a patient or select the

appropriate clinical dose. These examples are usually identified when

the medicine is used in larger patient populations. For example,

ancestry is 1 of the factors that influences the response to warfarin,

principally reflecting population differences in the frequency of

polymorphisms in the gene encoding the warfarin target, VKORC1. In

a cohort of patients in the USA (Figure 4), a target international

normalised ratio of 3–4 was achieved at lower weekly doses in Asian

Americans, than Americans of European ancestry, and even higher

doses were required in African Americans.43 In oncology, differences

in tumour biology across ethnic groups can determine the medicine

selected to treat a specific indication. The example of gefitinib for the

treatment of non-small cell lung cancer is presented in Figure 5.

Factors that can contribute to interethnic differences in response

are discussed in the ICH E5 guideline Ethnic Factors in the Acceptabil-

ity of Foreign Clinical Data1 and relevant literature.44,45 Interethnic

differences in response to a medicine are observed when there are

population differences in the factors leading to interindividual varia-

tion in the response measured. Consequently, it is important to under-

stand the drivers of a medicines' PK and PD as well as the efficacy

and safety reported, and the distribution of these factors across

populations. Both intrinsic factors related to an individual (e.g. body

weight, drug metabolising enzymes, genetics) and extrinsic factors

related to their environment (e.g. medical practice including

concomitant drugs, rating scales used to measure drug response) can

be important and are identified and profiled across populations of

interest when the ethnic sensitivity of a medicine is assessed. This

process is critical, as whenever possible, associations need to be dis-

entangled from causal correlations. For example, for many monoclonal

antibodies, interethnic differences in exposure can be attributed to

population differences in body weight distribution rather than any

differences in biology.46

Given the large number of diverse populations worldwide, esta-

blishing populations with a similar spectrum of intrinsic and extrinsic

factors and anticipated medicine response, could support pooling data

from prespecified ethnic groups. Larger subject numbers would pro-

vide more meaningful assessments of efficacy and safety than smaller

subgroups2 and could facilitate obtaining clinical insights for a broader

spectrum of ancestry groups world-wide. However, understanding

sources of variability may be facilitated by conducting larger clinical

studies, or multiple smaller targeted studies, along with in silico

modelling. Simulation and extrapolation approaches also play an

F IGURE 4 Adjusted mean weekly warfarin
dose (95% confidence interval) in 345 patients in
the USA of different ethnic groups resulting in a
goal international normalised ratio of 3 to
4 (reproduced with permission from Dang et al.,
2005)43
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important, complementary role in characterising interethnic

differences.

2.3 | Sex and gender

The sex (determined by genetic and other biological factors) and

gender (comprising the social, environmental, cultural, and behavioural

factors and choices that influence a person's self-identity) of an indi-

vidual have also been associated with variability in medicine response.

Such a variation may be explained by differences in underlying

pathophysiology as well as PK and PD. Sex-related differences in PK

have been extensively reviewed and are attributable to factors

including the influence of lower average body weight, lower

glomerular filtration rate, gut physiology, different body composition

(e.g. lower lean body mass, higher adipose tissue) as well as sex

hormone effects in women relative to men.47–51 These factors can

result in sex-related differences in volume of distribution or clearance

and consequently exposure of a medicine as well as efficacy and

safety.

Many diseases have well established differences in prevalence,

severity or spectrum of symptoms in women relative to men, which

may also lead to differences in the response to treatment. For exam-

ple, immune responses are generally higher in females than males,

contributing to the 2–10-fold higher incidence and severity of many

autoimmune conditions in women relative to men.48,52 Similarly, for

several cardiovascular conditions such as acute coronary syndrome

and non-ST-elevation myocardial infarction, there are well-established

differences in prevalence, symptomatic presentation and disease

management, which are influenced by both sex (underlying

cardiovascular physiology) and gender (socioeconomic status,

physician perception).53,54

An important sex/gender difference is the nearly 2-fold greater

risk of women than men exhibiting adverse events across all medicine

classes. Furthermore, women are significantly more likely to be

hospitalised secondary to an adverse drug reaction.50,55 The trend to

higher rates of adverse events is not restricted to any particular

category of adverse events, or to any specific class of therapy.50 The

higher incidence of drug-related adverse events in women relative to

men may be explained, at least in part, by higher rates of prescribing

to women,50 or adverse events that are unique to women

(e.g. increased vaginal bleeding associated with anticoagulants).49

The higher rates of adverse drug reactions in women than men,

highlights the importance of appropriate sex or gender representation

in clinical trials. Historically women have been underrepresented in

clinical trials, partially due to US guidelines (now superseded), which

explicitly excluded women of childbearing potential from early phase

clinical trials.56 Based on the most recent data, women do not appear

to be under-represented in clinical trials. Specifically, of the 48 novel

drugs approved by the FDA in 2019, 72% of participants in the pivotal

clinical trials were female.32 However, this 2019 statistic is excep-

tional, reflecting the relatively high proportion of approvals (6 of 49)

for female-only indications (e.g. postmenopausal osteoporosis, post-

partum depression). More broadly, participation of females in both

academic and industry-sponsored clinical trials has progressively

F IGURE 5 Gefitinib response in Asian and non-Asian patients with non-small cell lung cancer103 and the prevalence of somatic EGFR
mutations104 associated with tyrosine kinase responses.105 (Figure reproduced with permission from Chang et al., 2006)103
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increased in recent years.57,58 Nevertheless, female participants are

under-represented in early phase trials58,59 and in later phase trials of

certain indications relative to the global prevalence in women

(e.g. HIV, chronic kidney disease).57

Whilst progress has been made regarding the contribution of

sex-related differences to variability in treatment response, there are

still important gaps to be addressed with regard to gender-related

effects. For example, despite increasing interest in transgender

healthcare research60 the ICH and US FDA do not currently

provide guidelines addressing transgender or intersex individuals.

Furthermore, pregnancy and lactation can influence drug disposition;

however, pregnant and lactating women have generally been excluded

from clinical trials. Therefore, at approval, there is usually a paucity of

information to guide appropriate dosing of a new drug in pregnant or

lactating women.61

The Sex and Gender Equity in Research Guidelines62 published in

2016 with representation from 8 countries provide an international

set of guidelines intended to encourage a more systematic approach

to the reporting of sex and gender in research across scientific disci-

plines. Country-specific guidelines are also in place.62 The interna-

tional guidelines endorse the reporting of both sex and gender in

scientific research and that the method by which sex is assigned in a

trial should be reported (e.g. genetic test, self-reported).62 Further

detail on sex and gender definitions is provided in the Supporting

Information. In many clinical trials, it is not appropriate/ethical to

conduct genetic evaluations to determine the sex of a participant. In

practice, when asked to report “sex assigned at birth”, the percentage

of individuals with inaccurate reporting relative to genetic testing will

probably be low, allowing self-reporting of sex to be an acceptable

surrogate.63

3 | GLOBAL DRUG DEVELOPMENT

3.1 | Clinical pharmacology perspectives

Clinical pharmacology studies are aimed at establishing the dose

rationale taking into account the impact of factors known to cause

variability in treatment response. Therefore, the clinical pharmacology

programme offers an opportunity for efficient data generation,

providing insight into the underlying exposure–response relationship

along with intrinsic and extrinsic sources of variability, which may

affect treatment response and consequently result in dose adjust-

ment. Identifying factors that determine interindividual variability

occurs throughout clinical development from first-in-human studies

up to Phase 3, when large patient cohorts are exposed to a new

treatment at the anticipated therapeutic dosing regimen. Initiatives

to increase efficiency through global programmes have highlighted

questions for early clinical development: are the demographics of

participants in early phase studies representative of the patient

population and are the findings generalisable to other populations?

Historically, the scope of Phase I trials has been to assess the PK,

safety and tolerability of a new molecule and today's consensus has

shifted to include PD as well as evidence of target engagement.

Whilst study protocols are usually too small to understand drivers of

variation using standard trial designs, this should not preclude inclu-

sion of diverse populations. Efforts are needed to ensure data arising

from different groups in the population are evaluated in an integrated

manner throughout the development programme. Stratification and

randomisation techniques can be applied to ensure balanced data

collection across dose levels and treatment arms, so that baseline

demographic and clinical factors such as age, geographic ancestry,

sex/gender, genotype or phenotype can be evaluated and explored

during (covariate) analyses. Further research investigating

personalised drug dosing and responses, based on these and addi-

tional factors, will inform selection of the population characteristics to

guide dosing and be investigated in future clinical studies.

It is worth noting that 2 ICH guidelines are of particular relevance

when considering diversity in global clinical trials: ICH E5 and ICH

E17.1,2 The ICH E5 guideline Ethnic Factors in the Acceptability of

Foreign Clinical Data, describes the importance of determining the

intrinsic and extrinsic factors that can influence drug response and

lead to population differences in response to therapy. Even though

this guideline was finalised in 1998 and knowledge of factors influenc-

ing PK and PD has evolved since that time, the basic principles out-

lined by ICH E5 are still applicable. As concentrations are important

drivers of variability in the dose–response relationship,64 identifying

the intrinsic and extrinsic factors driving absorption, distribution,

metabolism and excretion such as drug metabolising enzymes and

transporters, and knowledge of their relative activity across ethnic

groups, can indicate subgroups warranting further investigation

(Figure 1). Moreover, understanding the important intrinsic and

extrinsic factors influencing PK can also indicate whether age and sex

differences in exposure may be observed.

More recently, ICH E17, General Principles for Planning and Design

of Multi-regional Clinical Trials,2 has been adopted. It provides guidance

for performing multiregional clinical trials (MRCTs) including

considerations related to potential population differences in response.

ICH E17 advocates that the early phase of clinical development

identifies factors that may contribute to variation in PK and PD across

populations, which can then be evaluated in larger later phase clinical

trials in diverse populations. However, understanding the clinical

relevance of the effect of diversity on the overall treatment response

requires an iterative approach, with a mix of hypothesis-generating

and hypothesis-testing leading to ongoing identification and quantifi-

cation of sources of interindividual variation.65 Implementation of

such an iterative approach implies early understanding, or assumption

of the role of, potential influential factors across populations that

would justify further investigation to confirm their clinical

relevance.66,67

ICH E17 indicates that treatment effects across all regions of an

MRCT be evaluated, along with the consistency of treatment effects

among the regions. Structured analyses should also be performed to

confirm the contribution of specific influential factors to any regional

differences identified. These principles signify the importance of the

accurate characterisation of factors influencing variability in medicine
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response early in development and highlight the importance of clinical

trial participant diversity.

The statistical methods applied for the assessment of consistency

are the subject of many scientific papers. The Guideline on the Investi-

gation of Subgroups in Confirmatory Clinical Trials68 issued by the EMA

in 2019 explicitly addresses issues related to subgroup analyses and

nominates age, gender and ethnicity as appropriate categories to eval-

uate. In the USA, marketing authorisation applications to the FDA are

required to include effectiveness and safety results not only for the

overall population but also stratified by sex/gender, age and racial

subgroups in order to identify any modifications of dose or dose inter-

val needed for specific subgroups.69

Therefore, clinical trial diversity is essential to allow identification

of potential differences in drug response between subpopulations.

However, it is important to note that not all differences identified will

be of sufficient magnitude to be of clinical relevance. Specifically,

interindividual differences may or may not require a change in dose,

dosing regimen or clinical management of patients in a specific sub-

population. In fact, Ramamoorthy et al. report that approximately 1/5

of the new molecular entities approved by the US FDA between 2008

and 2013 reported an interethnic or racial difference in the Product

Information. Most differences reported were PK and in nearly all

cases the magnitude observed did not require dose adjustment.38

These findings are in line with the ICH E17 guideline, which indicates

that interpretation of any population differences should be based on

clinical rather than statistical significance.2

3.2 | Inclusiveness and appropriate participant
representation

Whereas the inclusion of predefined cohorts of diverse participants

during Phase I can offer insight into potential influential factors, atten-

tion has primarily been given to Phase 2/3 trials, which should ensure

enrolment of participants representative of the demographics of the

patients who will ultimately use the therapy under investigation.6 As

many medical conditions are more common in specific subgroups

(e.g. older age) the demographics of the clinical trial participants

should reflect the patient profile rather than overall demographics of

the population. For example, in the USA, multiple myeloma (MM) is

more prevalent in men and the elderly70 and 20% of MM patients are

of African American ancestry, whereas census data indicate that Black

or African American individuals represent approximately 13% of the

US population.71 However, African Americans are under-represented

in MM clinical trials.72

A review of submissions to the US FDA's Division of

Haematology Products between 2003 and 2017 reported that the

median percentage of Blacks enrolled in pivotal MM trials was 4.5%.72

In trials that had low enrolment in the USA, the median proportion of

Blacks was 1.8%, whereas in trials with high enrolment in the USA, the

median representation was 10.5%.72 This observation reflects the

reality that the national population distribution by race/ethnicity, as

well as by age and sex/gender, is not the same in every country. The

demographic distribution of patients who are most likely to use a

medicine in 1 country is unlikely to be identical to the demographic

distribution of patients in another country. In the context of the

design of MRCT, this raises the question of defining the reference

population to be enrolled in order to ensure that the patients

recruited reflect the population most likely to use the therapy.

For example, if an MM trial recruits participants only in the USA,

ideally 20% of participants should be of African American ancestry to

reflect the demographics of MM patients in the USA.70 However, if

an MRCT is planned, countries will be included with much lower

proportions of patients of African ancestry such as in Europe

(<2%),73,74 Japan (<1%)75 and China (<1%).75 Consequently, 2 options

for the target population of the MRCT can be considered, as

illustrated in Figure 6.

F IGURE 6 Regional participation in a
hypothetical multiregional clinical trial enrolling
1000 participants allocated by geographic region
(USA n = 200, Europe n = 400, China n = 200,
Japan n = 200). The aim is to ensure 20% of
participants are of African American ancestry
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Option 1 ensures that the proportion of African American partici-

pants in the entire trial reflects the proportion of African Americans in

the USA. Option 2 ensures that the proportion of participants in the

US subset of the trial reflects the proportion of African American

patients in the USA. In Option 1, patients of African ancestry will rep-

resent 20% of the total trial population and could constitute the entire

cohort of participants recruited in the USA. Treatment effects will not

be studied in participants of non-African ancestry in the USA. There-

fore if a difference in treatment response (efficacy or safety) is

observed in the US cohort relative to the patients studied outside the

USA, it will be challenging to determine if this reflects differences due

to ancestry or local medical practice in US vs. non-US regions.76 In

Option 2, the proportion of participants of African ancestry reflects

the US profile (20% of the US allocation) but only 4% of the total trial

population, potentially limiting interpretation of results in the African

American subgroup.

In theory, a third option to achieve appropriate representation of

participants of African ancestry would enrol MM patients in Africa.

However, there are additional issues that must be considered if indi-

viduals resident in sub-Saharan Africa are to be considered represen-

tative of African Americans in the USA. There is great diversity among

the populations of sub-Saharan Africa, with differences in the intrinsic

and extrinsic factors that can influence response, including the genet-

ics of ADME genes.77

This example of African American representation in MM clinical

trials has been simplified to highlight the challenges involved when

considering just 1 of the many factors to consider when planning

clinical trials to reflect diversity targets. In practise, individuals from

multiple, overlapping subgroups of race/ethnicity, sex/gender and age

represent a potential clinical phenotype and should be considered

when defining the rationale for appropriate representation of the tar-

get patient population in a clinical trial. From a scientific perspective,

decisions on the target population required to attain diversity targets

in a Phase 3 MRCT can also be informed by the knowledge of factors

identified in early phase trials to influence PK and PD and in turn the

potential to pool results in prespecified populations.2 This approach

should be complemented by quantitative clinical pharmacology

methods, which can be used to explore the implications of baseline

clinical and demographic characteristics on the PK, PD, safety and

efficacy of new molecules.27

The challenge to ensure adequate representation remains a clini-

cal and scientific rather than a regulatory endeavour. Local differences

in epidemiology and clinical management will need to be considered

during drug development as well as after drug approval. In addition to

potential enrichment approaches, regulatory and clinical decision mak-

ing on questions regarding the implications of intrinsic and/or extrin-

sic factors influencing treatment response can be complemented by

alternative methods. Evolving technologies, such as clinical trial simu-

lation can be performed including virtual patient cohorts with the rele-

vant characteristics to explore treatment performance, considering

not only individual covariates, but also clinical scenarios.

In addition to these challenges, the planning of a clinical trial must

balance the appropriate patient representation against other practical

considerations such as the speed of enrolment in different geographic

regions and local regulatory requirements. Some regulatory agencies

request representation of nominated proportions of participants from

their local population in pivotal MRCTs. For example, the Pharmaceu-

ticals and Medical Devices Agency guidance presents methods to

calculate the proportion of participants in Japan required to assess

the consistency of efficacy results in the Japan subgroup relative to

the other regions studied.78 If there is a concern that efficacy or

safety responses have not been adequately characterised in a particu-

lar subgroup of a Phase 3 clinical trial, a smaller trial specifically

targeted to enrich the subgroup of concern could be conducted. Post-

approval commitments to conduct clinical trials in specific populations

(e.g. African Americans) or the establishment of a registry to monitor

outcomes in patients prescribed a new medicine after approval may

be alternate paths to provide information on the efficacy and safety

profile and appropriate doses in specific populations.

4 | DIVERSE CLINICAL TRIAL
REPRESENTATION: BARRIERS AND
OPPORTUNITIES

Research, systematic reviews, surveys and consortia conducted over

the past several decades, have offered not only a good understanding

of the barriers to the inclusion of diverse populations in clinical trials

but also approaches that have successfully increased participant diver-

sity.79 To ensure appropriate representation of relevant race/ethnic

groups as well as sex/gender ratios and to increase the inclusion of

older patients in clinical trials, a range of strategies have been pro-

posed. These strategies focus on the sponsor/academic investigator,

the clinical trial site (e.g. staff, referring health care providers) and

potential trial participants. Ongoing commitment from all stakeholders

is required to ensure each trial and clinical trial programme provides

information that is generalisable to the targeted patient population.

4.1 | Barriers to enrolment

Important barriers to the enrolment of diverse populations in clinical

trials from the perspective of the individual participant, clinical trial

sites and the sponsor/academic investigator are summarised in

Table 2. In addition to similar factors having been identified as barriers

to clinical trial participation for ethnic minorities, women and the

elderly,80 there are also factors that are more relevant for specific

groups such as child care access for women who are primary care

givers, or accommodating mobility and health issues for the

elderly.81,82 A recent literature review, along with key stakeholder

input, has reported that critical barriers to diverse participation could

be categorised as mistrust, lack of comfort with the clinical trial

process, lack of information about clinical trials, time and resource

constraints associated with participation and lack of awareness of the

existence of clinical trials.11,83 Mistrust is important in older

populations as they can feel vulnerable to potential exploitation.82
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From the perspective of ancestry, in the USA it has been reported that

mistrust relates to a fear of purposeful mistreatment (e.g. US Public

Health Service Tuskegee Syphilis Experiment conducted in the USA

and Guatemala), unknown research procedures, and unintended

consequences.83,84 Poor communication and cultural barriers have

also been identified as limiting clinical trial participation.11,82

4.2 | Opportunities to enhance participation

4.2.1 | Participant involvement

As mistrust has been reported to be a common barrier to clinical trial

participation, building trust is important to facilitate the enrolment

and retention of diverse participants in clinical trials. Community out-

reach including engaging community and patient advocacy groups or

advisory boards has been demonstrated to be beneficial in building

trust, and it is recommended to ensure these relationships are

maintained beyond the time period relevant for a specific clinical

trial.85 Communication and education including information sessions,

whether culturally or age appropriate, can build awareness and

address scepticism of the clinical research process.79 While mistrust

and fear of exploitation persists, it can be overcome, as indicated by

the high proportion of respondents from a survey of diverse

populations in the USA who would be likely to participate in a clinical

trial if asked.86,87

4.2.2 | Diversity as best practice at clinical trial sites

Clinical trial sites that have successfully recruited diverse populations

have been surveyed to build awareness of best practices.85,88

Commitment to diversity by the trial site leadership is of primary

importance.84,88 Some of the initiatives associated with successful

enrolment of diverse participant populations11,82 in relation to impor-

tant barriers to participation are presented in Table 3.

TABLE 2 Barriers to demographically diverse and clinically
relevant clinical trial enrolment in relation to the participants, clinical
trial sites and the Sponsor/Academic Investigator

Barriers

Participants Clinical trial sites
Sponsor/academic
investigator

Lack of trust in

pharmaceutical

industry and

medical

researchers, and

fears of

exploitation

Limited commitment

and effort

Limited commitment

and effort

Practical obstacles

to participation

and

inconvenience

Unconscious bias Low willingness to

work with research

naïve sites/

investigators

Lack of awareness/

information

about disease

and trials

Lack of culturally or

racially/ethnically

diverse staff

Limited

understanding of

what a potential

participant wants

or needs to enrol

Low health literacy Lack of effective

referral basis/

health care

providers fear of

losing patient

Negative attitudes

about minority

willingness

Lack of access to

clinical trial sites

Lack of community

engagement

Assumptions that

diverse enrolment

would conflict with

trial efficiency

Language barriers Lack of knowledge of

cultural differences

leading to

ineffective

communication

Costs and potential

time delays

associated with

engagement

TABLE 3 Initiatives associated with successful enrolment of
diverse participant populations to address barriers identified11,82

Barrier

Initiatives associated with successful

enrolment

Mistrust • Establish community connections including

through collaborations with community

leaders, community outreach programmes

and patient advocacy groups

• Share research findings with participants

and the community to ensure the

importance of their contribution to

research is understood

• Locate clinical trial sites within relevant

communities and employ staff from those

communities

Lack of comfort

with the process

• Improve communication and ensure

cultural or age competency of clinical trial

site staff through awareness training

• Increase insight from the patient

perspective

Lack of information • Provide culturally, linguistically or age-

appropriate recruitment materials, trial-

related documents and educational

materials explaining clinical research and its

importance

• Engage a lay navigator to provide support

on clinical trial processes

Time and resource

constraints

• Take steps to facilitate clinical trial

participation (e.g. provide transport,

flexible clinical visit times, mobile

technology for response measurement,

flexibility for scheduling postvisit follow

ups)

Lack of awareness • Use an array of recruitment strategies to

inform potential participants of relevant

clinical trials (e.g. multimedia)

• Establish a rapport with relevant referring

clinicians
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4.2.3 | Referring clinicians

Clinicians have an important role to play alerting patients of clinical

trials for which they may be eligible. Indeed, a public poll in the USA

indicated that 72% of Americans would be to participate in a clinical

trial if recommended by their doctor, but that a doctor or other health

care professional had only mentioned clinical research to 22% of the

cohort.89 However, some qualified patients may not be provided the

opportunity to participate in a clinical trial due to unconscious bias by

referring clinicians.90 To address this barrier to clinical trial participa-

tion, assumptions relating to availability to participate (e.g. mobility)

must be overcome.82

4.2.4 | Sponsor or academic investigator

The sponsor of a clinical trial or an academic investigator can contrib-

ute to improving the diversity of clinical trial participants by

addressing issues related to the protocol and clinical trial site selection

as well as their commitment to inclusive research.

Protocol

The inclusion and exclusion criteria nominated in the protocol of a

clinical trial may limit the diversity of the participants enrolled. For

example, arbitrary maximum ages for participation and exclusion of

comorbidities and associated concomitant medications can limit

inclusion of older participants. Actively questioning and broadening

inclusion criteria could enable more older participants to enrol in

clinical trials.91

Ensuring that patient perspectives are considered during protocol

development can result in trial designs that facilitate participation of

diverse populations. Patient representatives, advocates and caregivers

can provide insight on how a disease affects an individual and their

treatment challenges from a diverse range of patient perspectives.

The level of participant burden associated with a proposed protocol

design can be reviewed in order to optimise the frequency of trial

visits and assessments. Electronic resources to facilitate remote data

capture and trial site interactions could also enable participation of

patients who do not reside close to a clinical trial site or whose symp-

toms may limit travel.

Protocols can include targets for sex/gender representation,

participant age distribution as well as inclusion of participants from

diverse ancestry groups and geographic regions. This approach must

be supported by a strong commitment to diversity, as standard

approaches may result in quicker recruitment but a less diverse

demographic profile of clinical trial participants.

Site selection

The sponsor/academic investigator has a critical role in selecting the

clinical sites where a trial will be conducted. For early phase clinical

pharmacology trials, clinical trial units can be selected with experience

in recruiting participants with the specified demographic characteris-

tics. However, in larger Phase 2/3 trials, which provide efficacy and

safety data explored during exposure–response analyses, recruiting

participants with specific demographic characteristics can be

challenging.

While continuing with sites that have a record of clinical trial

delivery assures an expected level of recruitment and retention effi-

ciencies, they will deliver the same patient demographics as histori-

cally unless prompted to change. Therefore, increasing the diversity of

clinical trial participants will often require expanding the pool of trial

sites beyond that usually considered during assessment of site feasi-

bility. Geospatial capabilities can be used to identify new clinical trial

sites with ethnically diverse or elderly communities. Working with

clinical sites and physicians with no clinical trial experience may

indeed be effective, but may require additional time and cost to

engage with the clinical trial team and potentially provide training.

Communication of recruitment goals for desired demographics

and sharing of best practices by sponsors/academic investigators will

build awareness and capabilities of the clinical trial site staff. In addi-

tion, the sponsor can discuss the recruitment plans, engagement with

the local community, staff training in cultural competency and the

provision of culturally, linguistically and age-appropriate clinical trial

information. This sponsor engagement is reported to be a driver for

more successful recruitment of diverse populations.11

Commitment to inclusive research

Prioritising an increase in the diversity of clinical trial populations

requires commitment from all involved in clinical drug development or

academic research. Leadership by each organisation is critical as the

increased time and resources initially required to meet diversity tar-

gets could increase costs and potentially delay trial completion and

regulatory submissions. It is an aspiration that, over time, with appro-

priate awareness raising, trial planning and strategy implementation,

the inclusion of diverse populations will become part of standard prac-

tise. The ultimate goal is that diverse clinical trial populations could be

enrolled without additional costs or delays to trial completion.

5 | WHAT CAN WE DO NOW?

Early phase clinical pharmacology trials can be conducted to deter-

mine the contribution of demographic factors such as age, sex/gender

and race/ethnicity to interindividual variation in drug PK and

PD. Clinical pharmacology units can be selected with experience in

enrolling participants with specific demographic profiles.

For Phase 2/3 trials, proactively considering the demographic

profile of the patient population requiring treatment can provide a tar-

get to ensure a representative population is enrolled and retained.

This can be achieved by initially understanding the epidemiology of

the disease including its prevalence and incidence across age,

sex/gender and geographic ancestry/ethnic subgroups. Real world

evidence can provide important insights on additional factors to con-

sider. For MRCTs, the potential to pool results in participant groups

with similar profiles of intrinsic and extrinsic factors should be

evaluated.
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With the demographic goals for a clinical trial determined, trial

sites can be selected to enrol participants in alignment with the repre-

sentative patient population profile. Appropriate techniques to evalu-

ate the dose–concentration–response relationship in the diverse

subgroups of interest must also be selected. Assigning a clinical trial

team member to champion attainment of diversity targets can rein-

force the participant inclusion goals during trial planning, implementa-

tion and result evaluation.

To characterise responses in defined populations and confirm

appropriate doses during the focussed timelines of a development

programme can be a challenge, especially considering the diverse

populations world-wide. Registries and post marketing surveillance

can collect information on efficacy and safety outcomes in local

populations receiving a new medicine within the full spectrum of local

intrinsic and extrinsic factors particular to that population. This

approach can provide reassurance that global doses are appropriate

for local populations or defined subgroups as well as indicate when

dose adjustment may be required.

In summary, although it would be ideal to include all recognised

patient subgroups and global populations in efficacy and safety clinical

trials, this is clearly an impractical proposition. However, a commit-

ment to address the following 3 steps provides a more realistic

approach to balancing the ethical, scientific and practical

considerations:

F IGURE 7 Illustration of an integrated drug development framework based on modelling, simulation and extrapolation concepts. In the upper
section, each black circle within the nonclinical and clinical matrix represents a study conducted in a given phase of development. The solid black

lines connecting the circles highlight that the data generated from each preceding study may be used to support and plan later studies, allowing
for the creation of a comprehensive and contemporary body of evidence as the cumulative number of studies providing data grows. The dotted
lines connecting the upper nonclinical/clinical matrix to the modelling and simulation tools described in the lower section indicate how such a
framework can be used at each phase to analyse the emerging data and support decision making in subsequent stages of development (Adapted
from Saeed et al.27). DDIs, drug–drug interactions; DDSIs, drug–disease interactions; MABEL, minimal anticipated biological effect level; NOAEL,
no observed adverse effect level; PBPK, physiologically based pharmacokinetics; PopPK, population pharmacokinetics; PBTK, physiology-based
toxicology; PKPD, pharmacokinetic–pharmacodynamic
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1. Invest early in trials characterising the drivers of PK and PD to help

predict and plan for population subgroups that may respond

differently from the average

2. Prioritise enrolment of diverse participants in clinical trials

throughout the development process to allow for identification of

subgroups with unanticipated differences in response

3. If signals of subgroup differences are identified in the larger sample

sizes included in later phase trials, commit to investigate these

subgroups further during the postmarketing phase.

5.1 | Modelling, simulation and extrapolation

Whilst efforts to ensure data generation in representative populations

are critical to overcome the evidence gap due to the lack of diversity

in the data supporting marketing authorisations, obtaining this clinical

data will often be fraught with operational challenges and sample size

considerations. Therefore, results at the time of approval may not be

easily generalisable to a broader population, especially if the global

market is considered.

Modelling and simulation (M&S) can be used as a basis to assess

the impact of patient diversity in a given indication and its clinical

implications and used to help ensure the selection of appropriate

dose(s)/regimen(s) in the target patient population. While a detailed

overview of the application of M&S in drug development is out-of-

scope, there are various publications providing relevant background

information.92–94 Here we emphasise the need to consider the

concepts of bridging, extrapolation, and subgroup analysis to help

generate appropriate information for safe/effective use of medicines

across the overall patient population.

In this context, M&S can be used to bring together from a range

of sources and disciplines (i.e. evidence synthesis) the available

evidence on PK, PD, safety and efficacy (Figure 7). It also allows for

systematic evaluation of uncertainty when data availability is limited.

Model predictions can then be confirmed by conducting prospective

(exploratory) bridging studies or, if deemed necessary, by investigating

observational cohorts after drug approval. Such an approach does not

only tackle the issues regarding population diversity, but also ensures

treatment personalisation, where appropriate. The term extrapolation

can be described as considering the use of information in 1 or more

source populations (e.g. adult females) to be relevant to a target popu-

lation (e.g. older females), in a way that can be quantified and used as

a basis for clinical and regulatory decision making.95 Ongoing debates

on the importance of enhancing patient diversity in clinical trials

should not overlook important lessons learned from the use of infer-

ential, model-based approaches for evidence synthesis in paediatric

indications.19,20

5.1.1 | Covariate effects and dosing
recommendations

In addition to generating data that reflect population diversity, further

insight can be obtained from extrapolation and simulation scenarios,

including relevant covariates (intrinsic and extrinsic factors). The chal-

lenge is that influential covariates, which may affect the PKPD rela-

tionship or overall efficacy/safety profile of a given medicine, may not

be identified in small clinical studies. This can be even more challeng-

ing when multiple factors contribute to variability and some may be

correlated with each other (e.g. body weight and ethnicity, age and

height). By contrast, the use of quantitative pharmacology methods

may guide study design optimisation and support the characterisation

of potentially important covariates influencing response. Insight into

the magnitude of the effect of a given covariate can subsequently be

obtained in confirmatory trials or during Phase 4. Simulated responses

to treatment in subgroups of interest can support the planning of

future Phase 2/3 trials in diverse populations and ensure that the clin-

ical relevance of earlier observations can be confirmed. Furthermore,

modelling allows exploration of patient characteristics, such as vari-

ability in age, sex and ethnicity/geographic ancestry, and can provide

additional insights that it may not be possible to assess in a random-

ised controlled trial.96 Similarly, physiologically based PK modelling

may be used as a tool to simulate a variety of clinical scenarios and

explore the influence of multiple factors (e.g. body weight and disease

severity) in some subgroups. These simulations can identify key popu-

lation characteristics requiring further focus and inform the design of

later phase trials to confirm the anticipated effect of characteristics in

key population subgroups.64

5.1.2 | Clinical trial simulations and extrapolation

Simulations, and in particular clinical trial simulations (CTS), are a

critical component of a model-based framework for extrapolation. In

addition to providing insight into the interaction between drug-

specific properties and patient-related characteristics, CTS allow for

the evaluation of treatment context, including trial design,

confounding (drop outs, inclusion vs. exclusion criteria) and other rele-

vant factors which are known to affect treatment performance.97,98

Most importantly, it allows the evaluation of multiple interacting fac-

tors in a systematic manner, which can be valuable to establish clinical

relevance of interindividual differences due to diversity and heteroge-

neity in the patient population.99 Consequently, CTS can be used as a

tool for the exploration of suitable uncertainty mitigation methods for

specific situations. Whilst there may be interest in a given group or

individuals, diversity involves a matrix of characteristics, which may

not always be represented in a study (e.g. Participant 1 may be male,

Igbo [Western African], body mass index >30 kg/m2, age >65 y;

Participant 2 may be female, African American, body mass

index >30 kg/m2, age >75 y). Based on a predefined extrapolation

plan, CTS offer the opportunity to explore PK, PD, safety and overall

treatment performance in settings for which data availability is limited

or lacking completely at the time of marketing authorisation.100

6 | CONCLUSION

There is clear evidence that demographic characteristics such as age,

sex/gender and geographic ancestry/ethnicity have the potential to
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influence response to therapy. These demographics may be a surrogate

for underlying factors, or clusters of factors, such as organ function, phe-

notype or genotype, that ultimately influence drug response. Neverthe-

less, in clinical practise, for a physician faced with making prescribing

decisions for an individual patient of known age, sex and ancestry, an

understanding of the clinical relevance of these demographics may be

beneficial. It is therefore surprising, in this era of personalised medicine,

how few clinical trials enrol an appropriately diverse range of partici-

pants, limiting the ability to establish the clinical relevance of inter-

individual differences in a given population or subgroups of patients

who could require a different dose, dosing regimen or even intervention.

Increasing the diversity of clinical trial populations to reflect the

patient population should be best practice in clinical drug develop-

ment. Representative populations will allow a broader range of intrin-

sic and extrinsic factors to be explored, provide more precise

estimates of the clinical relevance of covariate effects and the benefit:

risk profile to be better characterised for relevant groups of the target

population. These richer datasets will establish the need for tailored

dosing and consequently recommendations for specific patient groups

in the prescribing information.

In the context of global drug development and the ethical per-

spective of providing timely access to new therapies, representative-

ness can play a critical role in the implementation of MRCTs, as

diversity will be interpreted differently across regions and countries.

Clearly, the potential to pool data across regions in populations with

similar characteristics further reinforces the need to consider diversity

early in development.

It is imperative that industry sponsors and academic investigators

embrace diversity in research and development to address the vari-

ability of individual patients treated. Clinical pharmacology has a fun-

damental role to play, from basic PK/PD profiling through to

modelling and simulation and clinical trial design, to support the devel-

opment of medicines with evidence to support appropriate dosing of

all patients. This goal can be achieved by working together with

patient populations traditionally underrepresented in clinical trials to

break down barriers to clinical trial participation. It also requires con-

sideration of strategic resources, such as the creation of integrated

databases including relevant epidemiological and clinical characteris-

tics for relevant diseases in diverse populations. Such data will enable

potential discrepancies in patient representation in randomised clinical

trials and real-world settings to be identified.
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