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Role of Clinical Pharmacology in Diversity 
and Inclusion in Global Drug Development: 
Current Practices and Industry Perspectives: 
White Paper
Aarti Sawant-Basak1,* , Shweta Urva2 , Jatinder Kaur Mukker3 , Sebastian Haertter4 ,  
Dean Mariano2 , Dolly A. Parasrampuria5 , Kosalaram Goteti3 , Ravi Shankar Prasad Singh6 ,  
Manoj Chiney7 , Michael Z. Liao8 , Sandy S. Chang9  and Rashmi Mehta10,*

The 2022 United States Food and Drug Administration (US FDA) draft guidance on diversity plan (DP), which will 
be implemented through the Diversity Action Plans by December 2025, under the 21st Century Cures Act, marks 
a pivotal effort by the FDA to ensure that registrational studies adequately reflect the target patient populations 
based on diversity in demographics and baseline characteristics. This white paper represents the culminated efforts 
of the International Consortium of Quality and Innovation (IQ) Diversity and Inclusion (D&I) Working Group (WG) to 
assess the implementation of the draft FDA guidance by members of the IQ consortium in the discipline of clinical 
pharmacology (CP). This article describes current practices in the industry and emphasizes the tools and techniques 
of quantitative pharmacology that can be applied to support the inclusion of a diverse population during global drug 
development, to support diversity and inclusion of underrepresented patient populations, in multiregional clinical 
trials (MRCTs). It outlines strategic and technical recommendations to integrate demographics, including age, sex/
gender, race/ethnicity, and comorbidities, in multiregional phase III registrational studies, through the application of 
quantitative pharmacology. Finally, this article discusses the challenges faced during global drug development, which 
may otherwise limit the enrollment of a broader, potentially diverse population in registrational trials. Based on 
the outcomes of the IQ survey that provided the current awareness of diversity planning, it is envisioned that in the 
future, industry efforts in the inclusion of previously underrepresented populations during global drug development 
will culminate in drug labels that apply to the intended patient populations at the time of new drug application or 
biologics license application rather than through post-marketing requirements.

Historically, the demographics of participants in clinical trials 
have been fairly homogenous with respect to age, race, and eth-
nicity1 and may not be associated with the epidemiological disease 
prevalence. For example, heart failure is reported to be more preva-
lent in the Black and African American populations (~70%) both 
globally and within the US. Similarly, sickle cell anemia, although 
a rare disease, reports a higher prevalence in certain ethnicities, 
such as Blacks and African Americans, Hispanic Americans from 
Central and South America, and individuals of Middle Eastern 
and Asian descent.2–4 However, this disease prevalence is not re-
flected in registrational trials of these therapies.5 This issue has 
gained attention from lawmakers,6 regulators,7–9 and drug de-
velopers.10,11 Of particular note is the recently issued FDA draft 
guidance on Diversity Plans to Improve Enrollment of Participants 
from Underrepresented Racial and Ethnic Populations in Clinical 
Trials.8 This FDA guidance provides recommendations to plan 

for the enrollment of a sufficient number of participants in phase 
III studies based on the prevalence of the disease in the target 
population by race/ethnicity, age, and sex. The guidance also rec-
ommends diversifying clinical trials based on additional factors 
like socioeconomic status, disability, pregnancy status, lactation 
status, and comorbidities. In the current global drug development 
paradigm, early patient studies (phase Ib/IIa/IIb) may enroll 
a relatively small and often homogenous patient population to 
minimize confounding factors that could otherwise hamper clear 
assessment of the efficacy and safety of the drug molecule. This ho-
mogeneity is because the goal of these early studies is to character-
ize the preliminary safety, to evaluate the pharmacokinetics (PK)/
pharmacodynamics (PD) relationship of the molecule, and to es-
tablish proof-of-concept for the molecule in the intended patient 
population. During these early-stage patient studies, there is lim-
ited understanding of the influence of patient characteristics (age, 

Received March 21, 2024; accepted May 24, 2024. doi:10.1002/cpt.3350

1Clinical Pharmacology and Pharmacometrics, AstraZeneca, Waltham, MA, USA; 2Eli Lilly and Company, Lilly Corporate Center, Indianapolis, IN, 
USA; 3EMD Serono Research and Development Institute, Inc., affiliated with Merck KGaA, Darmstadt, Germany., Billerica, Massachusetts, USA; 
4Clinical Pharmacology, Boehringer-Ingelheim Pharma, Ingelheim, Germany; 5Astellas Pharma Global Development, Inc, Chicago, IL, USA; 6Clinical 
Pharmacology, Pfizer Inc., 1 Portland St., Cambridge, MA, USA; 7Gilead, Parsippany, NJ, USA; 8Genentech, South San Francisco, CA, USA; 9Merck & Co., 
Inc., Upper Gwynedd, Pennsylvania, USA; 10Clinical Pharmacology Modeling and Simulation, GSK PLC, Durham, North Carolina, USA. *Correspondence: 
Aarti Sawant-Basak (aarti.sawant@astrazeneca.com); Rashmi Mehta (rashmi.s.mehta@gsk.com)

WHITE PAPER

mailto:
https://orcid.org/0000-0003-3749-5222
https://orcid.org/0000-0002-3681-479X
https://orcid.org/0009-0007-7969-9238
https://orcid.org/0000-0003-3569-5626
https://orcid.org/0000-0003-0250-1645
https://orcid.org/0000-0003-3072-1784
https://orcid.org/0000-0002-8971-8283
https://orcid.org/0000-0001-6298-8219
https://orcid.org/0000-0003-3679-9363
https://orcid.org/0000-0003-0684-0150
https://orcid.org/0009-0007-3547-8548
mailto:
https://orcid.org/0009-0006-4444-1950
mailto:aarti.sawant@astrazeneca.com
mailto:rashmi.s.mehta@gsk.com
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fcpt.3350&domain=pdf&date_stamp=2024-07-07


CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 116 NUMBER 4 | October 2024 903

sex, race/ethnicity), comorbidities (hypertension (HTN), obesity, 
organ function insufficiencies, etc.), and any potential genotype 
differences on the overall safety and efficacy of the molecule. This 
in turn may limit the enrollment of broader populations during 
subsequent global, multiregional, phase III/pivotal trials, due to 
unavailability of sufficient safety/efficacy databases in popula-
tions whose baseline characteristics may be outside of the typical 
demographic distribution. As these pivotal trials are globally con-
ducted, socioeconomic factors, such as the lack of accessibility to 
healthcare,12 distrust in clinical trials,13 operational and technical 
factors (e.g., single-site studies, cost efficiency, limited sample size, 
ethical sensitivity, regional availability of standard of care thera-
pies, etc.) may also contribute to the overall underrepresentation 
of target populations. Downstream effects of these constraints 
may result in a significant imbalance in enrollment demograph-
ics; such socioeconomic factors may widen this imbalance during 
global development of novel, alternative modalities such as anti-
body–drug conjugates, mRNA-based therapeutics/vaccines, and 
chimeric antigen receptors—T that may require enhanced safety 
monitoring and additional inpatient visits.14

As a part of the implementation of the 2022 draft guidance, the 
FDA recommends that sponsors submit a DP, as soon as feasible 
during the drug development process, and no later than the End-
of-phase II (EoPII). The importance of a DP to regulators is re-
flected in the passing of “Diverse and Equitable Participation in 
Clinical Trials (DEPICT) Act” in Congress in December 2022 
which goes into effect as a law in December 2025. Implementation 
of this guidance and planning for trial diversification will require 
deliberate efforts across multidisciplinary clinical development 
teams including the field of quantitative pharmacology. Therefore, 
there is a need to understand how clinical pharmacologists can 
contribute to these DPs as a part of global drug development.

Thereby, in May 2023, a WG for diversity and inclusion in clin-
ical trials (CT), “D&I in Clinical Trials WG” was formed within 
the Clinical Pharmacology Leadership Group (CPLG) of the IQ 
(www.​iqcon​sorti​um.​org). The goals of this WG are to assess the 
current state of art and opportunities to utilize the tools and con-
cepts of CP in supporting D&I in CT. To this end, the D&I IQ 
WG, henceforth referred to as “D&I WG” or “WG” throughout 
this article, has summarized how the discipline of CP could poten-
tially minimize the imbalance in participant demographics and/or 
baseline characteristics in registrational trials using the following 
framework:

1.	 What is the current CP practice in IQ member companies 
to implement D&I in global CTs?

2.	 What strategies within CP, can develop confidence in the 
inclusion of previously underrepresented groups by age, sex/
gender, race/ethnicity, and comorbidities in phase III registra-
tional trials?

3.	 What tools can we use to apply modeling and simulation plat-
forms to inform the variability in drug exposure and to support 
the safety and efficacy of underrepresented populations?

4.	 What are the outcomes that will define the success of this ini-
tiative? Are there any CP metrics for consideration?

The cumulative efforts and discussions of this WG using the 
aforementioned framework have been compiled into this white 
paper. Overall, the scope of this manuscript is as follows:

1.	 Assess the current state of affairs for DPs in IQ member 
companies and the role of CP in this regard.

2.	 Summarize tools based on CP principles to support the en-
rollment of diverse populations in multiregional clinical trials 
(MRCT), using model-informed drug development (MIDD).

3.	 Recommend measures to be taken during all stages of drug de-
velopment that support the enrollment of broader demograph-
ics in pivotal trials (e.g., race/ethnicity, age, sex/gender, and 
comorbidities) and support trial diversification.

4.	 Address challenges faced by drug development teams that may 
preclude enrollment of broader demographics while drafting 
the DPs.

Although this guidance is focused on drug development and ap-
proval of new drugs in the US healthcare system, the general prin-
ciples discussed in this article are applicable to enrolling diverse 
populations in global CT.

IQ D&I WG PERSPECTIVES ON CP TOOLS AND 
APPROACHES TO SUPPORT INCLUSION OF DIVERSE 
DEMOGRAPHICS IN CLINICAL TRIALS
To explore current knowledge of DPs and utilization of CP prin-
ciples in drafting DPs, the D&I WG conducted a survey within 
the IQ member companies. The survey questions were drafted by 
the WG team members and then reviewed and endorsed by the IQ 
Board and CPLG. The final survey is composed of 19 questions. 
The survey and the responses are listed in the Supplemental sec-
tion. Each IQ member company was requested to provide a single 
response to the survey, to avoid duplication. The survey was dis-
seminated to member companies by the IQ. Anonymized survey 
responses were collated by the IQ and shared with the D&I WG. 
Survey responses were received from 15 IQ member companies, 
within the consortium. Survey results (Supplement) were ana-
lyzed by the IQ WG team members and are summarized here.

The majority of the IQ survey respondents worked in bio-
pharmaceutical companies with > 10,000 employees (Figure 1a) 
and were familiar with the regulatory requirement to submit a 
DP (Figure 2a). Survey respondents were also familiar with the 
collaborative authoring of these DPs involving cross-functional, 
multidisciplinary teams that included CP, clinical operations, 
regulatory, clinical development, and biostatistics (Figure 1b). 
Additional functions contributing to these plans were safety, PK/
drug metabolism, epidemiology, and patient advocacy. While the 
majority of the respondents had submitted at least one DP, in some 
cases, five or more DPs were submitted to the FDA at the time of 
the survey response (Figure 2b,c). About 20% of respondents did 
not contribute to DPs because they did not have an opportunity 
for regulatory correspondence or because their program were in 
the pre-investigational new drug (pre-IND) to investigational new 
drug (IND) stages (Figure 2c). Overall, the survey demonstrated 
good awareness of the guidance and its early implementation 
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within a year of the 2022 FDA draft guidance, among the IQ 
member companies.

The majority of the DPs were submitted in oncology and car-
diovascular/metabolic disease areas. There were only a few DPs 
submitted in immunology/inflammation, neuroscience, and in-
fectious diseases, and even fewer in cell/gene therapy, rare diseases, 
vaccines, and device modalities (Figure 3a). This pattern may re-
flect the investments made in these therapeutic areas in the current 
biopharmaceutical landscape. While the majority of the DPs were 
submitted after completion of proof-of-concept (POC) studies, 
either with submission of End-of-phase II (EoPII) background 
package or at the post-EoPII meeting (Figure 3b), the survey re-
sponses suggest that in some instances, DPs were submitted with 
the First-in-human (FIH)/IND application package. An advan-
tage of early DP submission is that it could facilitate dialogue be-
tween the sponsor and agency to identify opportunities for data 
collection and analyses that may be required during early clinical 
development to support the proposed enrollment goals in global 
pivotal trials. On the other hand, given the unavailability of clinical 

data during FIH/IND stages, there may be limited knowledge to 
support safety and efficacy considerations in a diversified patient 
population, resulting in substantial modifications and resubmis-
sion of the DPs at EoPII.

The survey questionnaire also evaluated the impact of agency 
feedback on DPs. In most of the survey responses, regulatory feed-
back on DPs did not result in major revisions to the overall clinical 
development program, including planned studies, timing of the 
planned studies, study conduct, and inclusion/exclusion criteria 
(Figure 4a,b). In some cases, agency input resulted in changes to 
site selection, country selection, or enrollment goals. The survey 
suggested that respondents received FDA feedback on modifica-
tions to enrollment thresholds of demographics such as gender and 
race/ethnicity. FDA feedback did not result in any impact on the 
overall timing or sample size of trials. In addition, respondents also 
received feedback on the removal of protocol exclusion criteria for 
comorbidities such as HTN and obesity. This was likely suggested 
with the intent of including racial/ethnic participants that may 
present a relatively higher prevalence of these comorbidities within 

Figure 1  Summary of IQ Survey outputs regarding company size (a) and disciplines and functions that contribute to diversity plans (b).

Figure 2  Summary of IQ Survey results on (a). Awareness about the need for diversity plan preparation prior to EOP2; (b) Contributions or 
development of diversity plan by survey respondents; (c) Number of diversity plans submitted by survey respondents.
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the intended patient population. In some instances, additional ex-
posure–response and subgroup analyses for efficacy and/or safety 
were requested by the agency. The inclusion of populations with 
comorbidities is likely to mimic the real-world situations in phase 
III/pivotal trials. For example, in oncology, the most prevalent co-
morbidities in patients diagnosed with colon cancer, rectal cancer, 
or lung cancer have been reported to be HTN, chronic obstruc-
tive pulmonary disease (COPD), and diabetes mellitus (DM),15 
whereas for breast cancer, comorbidities, such as ischemic heart 
disease, osteoporosis, hypothyroidism, and DM, ranked high.16 
Similar situations exist in chronic disorders, such as chronic kidney 
disease (CKD) in which HTN and DM are common comorbid-
ities.17 These chronic conditions could lead to exclusions during 
global CT either due to the potential for drug–drug interac-
tions (DDI) in the case of patients taking medications to manage 
these comorbidities, or due to baseline characteristics which may 
not meet trial inclusion/exclusion criteria for safety laboratory 

parameters, vital signs, etc. CP approaches including dedicated CP 
studies and/or model-based approaches should be evaluated to as-
sess the impact of such comorbidities preferably before EoP2. For 
example, the extent of renal elimination of drugs determined from 
phase I/dose escalation studies could inform whether patients with 
moderate renal insufficiency could be enrolled in phase IIa/IIb 
studies, which in turn could support dosing decisions for patients 
with renal insufficiencies during phase III.18 Adequate safety data 
collected from renally insufficient patients in phase IIa/IIb may 
also inform the enrollment of severe, renally impaired patients in 
phase III trials, especially if renal elimination is not a predomi-
nant route of clearance. Similarly, model-based approaches such 
as physiologically-based pharmacokinetics (PBPK), population-
based pharmacokinetics (PopPK), and exposure–response analy-
ses may inform teams about the safety/efficacy and any clinically 
meaningful dose adjustments necessary in populations predis-
posed to renal or hepatic insufficiencies19–21; similarly employing 

Figure 3  Summary of IQ Survey output on (a), the therapeutic areas where diversity plans were developed; and (b) Stage gates of agency 
submission survey respondents.

Figure 4  Summary of IQ Survey output on the impact of the FDA review following diversity plan submission on (a) timing of planned studies 
and (b) inclusion/exclusion criteria.
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these model-based approaches using data from early clinical stud-
ies may allow for enrollment of patients in which body weight or 
body mass index (BMI) may be outside of the typical ranges,22 or 
in patients with HTN.23 Standard protocol criteria pertaining to 
cardiovascular and metabolic parameters may limit the inclusion of 
populations in whom these comorbidities are prevalent,24 poten-
tially leading to the exclusion of racial and ethnic subpopulations 
which may be predisposed to such cardiometabolic traits.5 In such 
cases, sponsors may consider it extending the application of expo-
sure–response analyses conducted using data from early clinical 
studies. For example, the outputs of concentration-QT (C-QT) 
analyses25 conducted after phase I/Ib studies could be applied to 
assess the safety of comorbid populations with HTN. Such an as-
sessment could allow for the inclusion of racial and ethnic popula-
tions with hypertensive comorbidities if the C-QT analyses suggest 
no drug effect on cardiac parameters and if protocol-specified 
monitoring plans allow for such inclusion. Applications of C-QT 
analyses could also inform clinical teams of any required dose mod-
ifications, in such patients. Additionally, the use of real-world data 
(RWD) and epidemiological analyses could inform the overall dis-
tribution of baseline parameters of laboratory assessments and vital 
signs in populations of interest.24 Similarly, polypharmacy which 
is inherent in almost all patient populations to a varying extent, 

could be assessed through the conduct of DDI assessments prior 
to EoP2 either via dedicated safety run-in periods of global trials 
or via application of PBPK approaches. These assessments prior to 
EoP2 could support the safety and efficacy of selected phase II/III 
dosing in comorbid populations by informing the potential impact 
of DDIs at the selected dose level and if any dose modifications are 
needed.

The IQ survey questionnaire probed the data sources that sum-
marized the contents of the DP. Key sources included literature 
or epidemiology data and observations from phase I and phase 
II results (Figure 5). Such datasets obtained from methodology 
studies could be significant for understanding disease prevalence 
in different populations globally and could inform the key areas 
of significance for MRCTs. The survey responses also suggested 
that member companies were using data from ethno-bridging 
studies, special population PK bridging studies, PK/PD/phar-
macogenomic studies (e.g., epidermal growth factor receptor, 
human leukocyte antigen (HLA) mutations, etc.), DDI studies, 
and food effect studies (Figure 6a) to support DPs. (Note: sur-
vey respondents could choose more than one option for this ques-
tion). According to the survey, the most prevalent modeling and 
simulation approaches used for drafting DPs were PopPK, PopPK/
PD, exposure–response analyses, PBPK analyses, and quantitative 
systems pharmacology (QSP). Utilization of disease progression 
modeling and Artificial Intelligence (AI)/Machine learning (ML) 
approaches to inform DPs ranked relatively low at the time of the 
survey (Figure 6b). With emerging awareness and increasing up-
take of AI/ML and disease progression modeling26 it is anticipated 
that these approaches will be increasingly applied to integrate 
patient characteristics in the near future. IQ survey respondents 
suggested several CP approaches and tools that could develop con-
fidence for the inclusion of previously underrepresented subpop-
ulations. These approaches could be summarized into a couple of 
distinct themes:

1.	 MIDD approaches: Respondents provided model-based ap-
proaches such as PopPK, exposure–response, subgroup analy-
ses, PK/PD, kinetic-pharmacodynamic models, PBPK, use of 

Figure 5  IQ Survey responses on which data informed the 
development of the DP. Select all that apply.

Figure 6  IQ Survey responses on (a). Use of clinical pharmacology studies included in diversity plans and (b) clinical pharmacology and 
pharmacometrics analyses that were included in diversity plans.
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real-world evidence (RWE)/RWD, and stratification based 
on pharmacogenomic analyses.

2.	 CP and operational approaches: Respondents provided ap-
proaches, such as conducting ethno-bridging studies, open-
ing metropolitan study sites globally, diversification of phase I 
studies, early conduct of organ impairment studies, broadening 
enrollment of populations in phase III, sparse PK sampling in 
pivotal trials to quantify any signals observed in broader patient 
populations, utilizing patient-centric sampling techniques, etc. 
A summary of these approaches is depicted in Figure 7.

While the survey also provided a venue to share case studies or 
examples of DPs, none of the respondents provided such data most 
likely due to the proprietary nature of information that is included 
in the DPs.

D&I WG PERSPECTIVES ON CP TOOLS AND APPROACHES 
TO SUPPORT INCLUSION OF DIFFERENT DEMOGRAPHICS 
SPECIFIED IN DPS
Race and ethnicity
Enrolling epidemiologically requisite racially/ethnically diverse 
populations in pivotal trials is one of the key goals of the April 
2022 FDA draft guidance. This requires an early understanding 
of differences in safety, efficacy, and pharmacokinetics of inves-
tigational drugs, across racially diverse patient populations, espe-
cially in those racial subpopulations in which the disease is highly 
prevalent. While we may not have clinical data in the early stages 
(FIH/phase Ib) to evaluate dosing strategies by race/ethnicity, it 
should be noted that protocol criteria do not restrict the inclusion 
of participants by race or ethnicity. Over the years, the impact of 
several factors, such as genetic polymorphism,27–30 environmental 
factors,31 and body weight composition32 on PK33 as well as on 

drug response28,34–36 have been well understood. It is therefore 
important to assess the clinical meaningfulness of differences in 
drug response across race/ethnicities due to these intrinsic and 
extrinsic factors. A formal assessment could be conducted using 
dedicated ethno-bridging studies (e.g., to bridge exposures be-
tween non-Asian and Asian participants during early drug devel-
opment37). Kelleher et al.38 conducted a single-dose, FIH trial of a 
combination agent in Japanese healthy participants. A lack of dif-
ferences in systemic exposures of the individual constituents dosed 
as monotherapies vs. in combination within the same study sup-
ported the inclusion of Japanese participants in the global phase 
III registrational study. In a recent move to promote the partici-
pation of Japan in global, MRCTs during early drug development 
as well as to facilitate timely inclusion of Japan into global pivotal 
trials, the Pharmaceuticals and Medical Devices Agency (PMDA) 
has relaxed existing regulations for dosing of investigational agents 
in Japanese participants. These regulations allow the use of global 
safety data to potentially initiate trials without the need for a ded-
icated phase I study in Japan, if the safety of the investigational 
agent is deemed acceptable at the dose to be evaluated in MRCTs 
in Japanese populations.39 This could immensely benefit global 
drug development paradigms in which MRCTs could be initiated 
in Japan using available safety datasets from a global safety data-
base. Initiating such studies in Japan early on could benefit DPs by 
generating safety data from Japanese participants in real time. For 
investigational drugs in which the predominant clearance mech-
anism (> 70%) may be via polymorphically expressed cytochrome 
P450 (CYP) in compounds with a narrow therapeutic window, 
prospective collection of genotype status in early clinical studies 
can be conducted.40 This could allow for stratification of patients 
based on their genotype and dose adjustments, if necessary.41,42 
Alternately, discounting such risks in phase Ib/IIa/IIb studies by 

Figure 7  Survey Q16: Open text response from survey respondents on Clinical Pharmacology approaches to improve DEI.
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assessing participants of all genotypes could support enrolling all 
comers in phase III without any need for genetic testing, thereby 
reducing additional procedures in larger, global phase III trials.43 
It should be noted that such analyses may require adequate knowl-
edge of the fractional dose metabolized by polymorphic enzymes, 
requiring mass balance/absorption, distribution, metabolism, and 
excretion studies to be conducted during early clinical develop-
ment, especially for compounds with a narrow therapeutic win-
dow and in which the clearance mechanisms are anticipated to be 
predominantly via polymorphically expressed CYPs or transport-
ers.44 Alternately, sensitivity analyses using PBPK model-based 
assessments may help determine the impact of polymorphic iso-
zymes and dose adjustments, only if necessary.

Since the advancements of MIDD in lieu of dedicated clinical 
studies, the industry has been using model-based approaches to 
understand the clinical meaningfulness of racial/ethnic differences 
using covariate testing via PopPK and exposure–response anal-
yses.45,46 Fediuk et al.,47 have used model-informed assessments 
to rule out clinically meaningful differences in ertugliflozin PK, 
across different Asian ethnicities. PBPK-based tools are also widely 
accepted across regulatory landscapes globally to predict exposure 
differences and drug interactions as well as to defer or waive DDI 
studies across racially diverse subpopulations.48–50

Race and ethnicity may be clinically significant covariates of 
safety, efficacy, or PK, and with or without clinical meaningful-
ness. If these covariates are clinically meaningful, dose titrations 
or adjustments may be needed based on racial/ethnic stratifica-
tions.51,52 These dosing strategies may become particularly chal-
lenging when the target population shows comorbidities that are 
highly prevalent in particular races or ethnic groups53 (e.g., HTN 
or organ impairment by race/ethnicity). In such cases, teams may 
consider using global epidemiology databases to understand these 
comorbidity patterns and assess exposure–response in appropri-
ate subpopulations, as discussed in the previous section. While 
statistically significant covariates resulting in clinically meaning-
ful exposure–response may lead to dose titrations or adjustments 
across racial/ethnic populations (e.g., lenvatinib),51,52 a methodical 
review suggests that such differences in posology by race/ethnicity 
have not been very commonly observed in the US and European 
Union (EU) drug labels.52

Based on available data, if no dose adjustment is required across 
racially/ethnically diverse populations, summarizing this in the 
DP during regulatory correspondences such as EoP1 and EoP2 
[commonly referred to as Recommended phase II dose (RP2D) in 
oncology] as suggested in the FDA guidance,8 could result in the 
successful inclusion of such populations in global phase III trials. 
Alternately, drug products requiring a dose adjustment based on 
race/ethnicity may require sponsors to exercise additional caution 
through an adequate safety monitoring plan to support the enroll-
ment of such subpopulations and minimize their exclusion from 
global trials.

Age
The International Council for Harmonization of Technical 
Requirements for Pharmaceuticals for Human Use (ICH) guid-
ance classifies age groups chronologically into neonatal (birth 

27 days), infants (28 days–23 months), children (2–11 years), 
adolescent (12–< 18 years), adults (18–< 65 years), and el-
derly (≥65 years). CT in the 90s largely enrolled only adults 
(18–< 65years) at all stages of drug development through first ap-
proval. Much progress has been made over the years in reversing 
this trend for pediatric drug development, since the commence-
ment of initial draft guidance on pediatric drug development 
as a result of the Pediatric Research Equity Act (PREA), Best 
Pharmaceuticals for Children Act (BPCA),54,55 and initial pe-
diatric study plan/pediatric investigation plan (PIP) within the 
European Medicines Agency (EMA), reducing lag times between 
first approval for adults and pediatric population. The EMA rec-
ommends that all marketing applications for authorization in-
clude the results of studies described and agreed upon through 
PIP unless deferred or waived. Under the “Stepwise PIP” plan, 
the timing of the PIP should be “not later than upon completion 
of the human pharmacokinetic studies in adults, i.e., early in the 
product development,” it could be at the time of initiation of phase 
II studies but cannot be after initiation of pivotal studies.56 The 
BPCA particularly incentivized sponsors to conduct pediatric re-
search for up to 6 months’ extension of patent and exclusivity. An 
IQ working group has supported the implementation of these best 
practice guidance and included a MIDD framework to conduct 
pediatric extrapolations.57,58 Recently, there has been increased 
interest in including adolescents in adult CT to ensure the timely 
availability of innovative medicines within this age group. Given 
the importance of developing innovative medicines for adolescent 
populations to help prevent off-label drug use, health agencies 
have drafted guidance documents that provide recommendations 
on the acceptability of including adolescents and older children 
in adult CT.59 Several of the key considerations for the inclusion 
of adolescents in CT are (i) differences in target expression/PD/
disease severity between adults and adolescents, (ii) differences 
in PK,60 (iii) differences in safety and tolerability,61 and (iv) log-
ical as well as operational considerations when conducting CT in 
adolescents.

Clinical pharmacology (CP) plays a key role in informing the op-
timal dose. Dose selection in adolescents could be conducted using 
model-based assessments or using a Bayesian approach; whereas 
emerging clinical trial data from adult populations can inform the 
likelihood of dose similarity between adults vs. adolescents. Based 
on analyses by Momper et al.,62 the majority of drug products have 
shown dose equivalency between adolescent and adult populations 
at the time of first approval. Similar recommendations have been 
made in FDA guidance59 for adolescent enrollment in oncology 
trials in which up to a lower bound of 40 kg body weight (BW) 
dose equivalency could be considered if available adult clinical 
data do not require body weight or BMI-based dose adjustments. 
Sponsors may also identify a prespecified number of adult patients 
as enrolled or as completers to initiate the enrollment of the ado-
lescent population in phase IIa/IIb studies using an adaptive trial 
design. Similar adaptive designs also could be imagined for phase 
III studies which include elderly populations. Comorbidities in el-
derly populations are a significant concern due to potential safety 
concerns. According to the CDC,63 most prevalent comorbidities 
in elderly populations are reported to be HTN, cardiometabolic 
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disorders, inflammation (asthma, arthritis, and COPD), dementia, 
and depression. As discussed previously, exposure–response assess-
ments for patients with such comorbidities should be considered 
during data collection and analyses of early CT as well as incor-
porated routinely into drug development. An IQ WG on elderly 
populations is currently in progress. Conducting safety run-in arms 
or nested DDI studies with typically prescribed co-medications 
such as verapamil and rosuvastatin64 may support the inclusion 
of elderly participants in pivotal trials in real time. Similarly, for 
predominantly renally cleared drugs, conducting renal impairment 
studies during or in parallel to phase II may be necessary to support 
the enrollment of elderly populations in global phase III studies. 
Where opportunities exist, model-based assessments like PBPK or 
empirical population-based approaches using cumulative data from 
phase Ib/ IIa/IIb and a risk-based assessment could help dissipate 
such concerns regarding common comorbidities and enable enroll-
ment of elderly populations in phase III.65

Sex/gender
Up until the 1990s, CT were largely enrolling male populations. 
The formation of the FDA Office of Women’s Health initiatives 
and guidance66 promoted enrolling women in CT; since then, 
there has been significant attention toward the inclusion of women 
in CT. While women of non-childbearing potential can be gen-
erally enrolled in trials with minimal safety concerns, women of 
childbearing potential (WOCBP) are sometimes excluded from 
clinical studies due to risks associated with potential embryo-fetal 
exposures of investigational drugs, until embryo-fetal toxicity 
data (EFD) can support their inclusion (ICH M(3)R2). In some 
instances, in the absence of EFD studies, sponsors may consider 
the inclusion of WOCBP in CT with adequate contraception re-
quirements in protocols (at least 2–3 methods of contraception). 
After completion of EFD studies, WOCBP is enrolled in CT. 
Oftentimes, these EFD studies are conducted after an adequate 
understanding of the drug disposition (e.g., mass balance studies 
and dose optimization activities), once the potential phase III 
dose has been selected. However, including WOCBP in the early 
phase and proof-of-concept CT is essential, especially for disor-
ders which disproportionally affect women (e.g., urinary tract in-
fections, Rett’s syndrome, polycystic ovarian syndrome, systemic 
lupus erythematosus, etc.) to minimize delays in recruitment, re-
tention, and approval processes in the main population of interest.

Therefore, for indications with a higher prevalence in women, 
sponsors may consider conducting EFD studies in parallel to phase 
I or phase IIa trials to support the inclusion of women of all repro-
ductive capabilities as early as in phase IIb trials. Collecting safety 
and PK from these mid-stage trials in women of all reproductive 
abilities could then support their enrollment in global phase III 
trials. Duration of dosing may also be a key consideration in this 
regard. The FDA guidance66 suggests that there is a relatively lower 
rate of pregnancy (< 0.1%) observed in phase II/III trials where 
the duration of dosing is limited to 3 months or less and in which 
sample size is < 150 participants, making such studies suitable in 
consideration of gender-based health equity. In contrast, the in-
clusion of WOCBP in CT may need additional considerations for 
long-acting injectables in which drug properties (i.e., long half-life) 

and route of administration (subcutaneous or intramuscular) may 
result in measurable concentrations in systemic circulation for 
9 months to a year or longer, following participants’ last dose. In 
such cases, WG recommends conducting EFDs prior to EoP2 to 
enroll women of all reproductive capabilities in pivotal trials.

With respect to the enrollment of transgender individuals in reg-
istrational trials, similar to race/ethnicity, clinical trial protocols do 
not include any restrictive language on enrollment of transgender 
individuals. While differences may exist in physiological processes, 
endocrine functioning, and expression levels of drug-metabolizing 
enzymes and transporters by gender,67,68 to date, there are no re-
ports on dose adjustments or clinically meaningful differences 
in PK, PD, and/or safety/efficacy across transgender vs. male 
vs. female populations for any of the approved drugs. However, 
this conclusion is based on a very small dataset available for this 
comparison. If adequate safety margins permit, WG suggests en-
rollment of all genders, including the transgender population in 
pivotal registrational trials. It cannot be ignored that the transgen-
der population may be at an increased risk of comorbidities.69–71 
Therefore, the safety/DDI risks associated with polypharmacy in 
this population should be thoroughly considered before broaden-
ing enrollment. The WG anticipates that in the next few years, we 
may see an increase in enrollment in such underrepresented popu-
lations, and teams will continue to learn about transgender individ-
uals through observational studies and applications of model-based 
assessments.72

RECOMMENDATIONS AND CHALLENGES
Recommendations
1.	 To implement the DP, sponsors should consider studies and 

datasets from early development stages more holistically (e.g., 
learn from outliers as sources of inter-individual variability 
rather than striving to minimize variability, assess the PK and 
the safety and efficacy of molecules in patient populations 
of high disease prevalence based on the epidemiology of the 
disease, etc.). Teams also should consider the inclusion of the 
intended patient populations in phase Ib/ IIa/IIb stages in 
order to assess the impact of covariates prior to EoP2.

2.	 Teams should determine the distribution of demographics (e.g., 
age, body weight, BMI, sex/gender, and race/ethnicity) as well 
as learn about the common comorbidities and co-medications 
in the intended patient populations. The use of RWD, epide-
miology datasets, virtual populations, etc. could assist with 
identifying the baseline characteristics of these comorbidi-
ties. Assessing safety and efficacy differences between extreme 
bounds of demographic characteristics using fit-for-purpose 
modeling and simulation (e.g., HTN in Blacks and African 
Americans, low BMI in Asians, body weight-based dosing, etc.) 
and considering adequate safety monitoring plans may allow 
for better representation of such populations in global pivotal 
trials. Conduct of multivariate analyses should be mainstream 
to assess safety and efficacy in populations with comorbidities 
such as HTN, organ impairment, high/ low BMI, etc.

3.	 Consider the merits of submitting DPs at FIH/ IND/phase 
IIa stages, if this activity may provide an opportunity to de-
velop an early partnership and dialogue between sponsors and 
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health authorities to support diversity planning for global trial 
conduct.

4.	 Applying results and learnings within subgroups from MRCTs 
(e.g., safety and tolerability datasets in patients enrolled in 
Asia, Africa, etc.) to inform DPs as well as extrapolating these 
learnings to support marketing applications in different coun-
tries could reduce the need for unnecessary trials and dedicated 
substudies. Conversely, assessing comparability of indications/
demographics and extrapolating the results of drug develop-
ment program from first markets (e.g., the US and EU) to the 
rest of the world could greatly accelerate drug development and 
access of investigational drugs in emerging markets.

5.	 During mid to later stages of drug development, sponsors could 
consider using MIDD paired meetings to provide an assess-
ment of safety and efficacy across broader populations (e.g., flat 
dosing in all demographics or dose modifications as needed) 
and to support enrollment of all comers in phase III based on 
disease prevalence.

6.	 For populations that may not have access to health care due 
to socioeconomic circumstances (e.g., unavailability of clini-
cal trial sites within close quarters, disability issues, functional 
impairment which preclude individuals from making frequent 
trips to sites), allowing patient-centric measures (e.g., sparse 
sampling schema, use of digital or at-home collected data to de-
velop exposure–response models, fit-for-purpose PK sampling 
schemes, PK/PD sampling plans tailored to minimize site 
visits, development of at-home sampling/bioanalytical meth-
ods like volumetric absorptive microsampling (VAMs)73) may 
minimize the time, efforts, and costs associated with traveling 
to the clinical sites.

7.	 Adaptive phase 2a/2b study designs to enroll broader popu-
lations should be considered. These include participants who 
may fall outside of typical ranges of age and BMI, and/or pa-
tients with comorbidities (e.g., HTN, organ insufficiencies, 
etc.). Such adaptive designs could take advantage of prespeci-
fied safety datasets to inform the dose selection of broader 
populations during early clinical studies to generate a sufficient 
safety database for supporting enrollment of such broader pop-
ulations in global phase III studies.

8.	 For compounds being developed across multiple indications, 
diversity goals may change based on the disease prevalence for 
each indication. The framework of DPs for each molecule will 
most likely be preserved across indications, except when expo-
sure–response (efficacy and/or safety) in different indications 
warrant dose adjustments across different populations (i.e., due 
to disease burden).

Challenges
1.	 Phase II studies may appear to be the earliest opportunity 

to diversify trials. However, such studies typically have a 
relatively small sample size. There is a high uncertainty of 
PK, safety, and PD datasets. Furthermore, increased costs 
associated with opening additional sites may limit the concept 
of phase I/phase Ib studies to be diversified a priori.

2.	 Oftentimes, dedicated CP studies are performed with very 
specific objectives to study the particular end points related to 

DDI, formulation or effect of food, etc. Allowing diverse popu-
lations in dedicated CP studies may introduce variability and 
confound the interpretation of results thereby impacting the 
primary study objectives.

3.	 For investigational trials, first-inpatient studies (not enroll-
ing healthy participants) are often performed in late-line 
patients where all prior therapies have failed to provide ben-
efit; sometimes, surrogate populations may also be enrolled 
for cost efficiency and ease of recruitment. As target popu-
lations of pivotal studies may sometimes be different from 
the phase-1b/2a populations, diversity planning conducted 
during early stages may require substantial amendments after 
recommended phase II dose (RP2D)/phase III dose has been 
selected (e.g., concomitant medications for patients seeking 
an earlier line of therapy may be different than for patients in 
late-line care).

4.	 Combination drug development brings additional challenges 
for fulfilling diversity goals. Response of individual monother-
apies vs. combination products (and any overlapping toxicities 
or synergies for efficacy) in demographically diverse popula-
tions may also need additional considerations on a case-by-case-
basis, when addressing DPs using quantitative pharmacology 
concepts.

Conclusions
The 2022 FDA Guidance provides a framework for sponsors 
to plan for the inclusion of broader populations in pivotal CT 
through DPs. Submission of a DP will facilitate a dialogue be-
tween the sponsors and agency to discuss the measures that spon-
sors could take to support exposure-safety/efficacy across broader 
demographics of age, sex/gender, race/ethnicity, and comorbid-
ities within the indication. While the current draft guidance is 
focused on the applicability of DPs during drug development and 
marketing applications within the US healthcare system, the rec-
ommendations made in this white paper should be applicable to 
global drug development and to supporting diversity in regions. 
Additionally, while the draft guidance is focused on race/eth-
nicity, the ultimate goal is to assess the safety, efficacy, and PK of 
investigational drugs in demographically representative patient 
populations for whom the new therapy is eventually intended. 
The D&I WG within IQ CPLG concludes that within the phar-
maceutical industry, there is awareness of the FDA draft guidance 
and of the expectation of submission of DPs at the latest by EoP2. 
Clinical pharmacologists are involved in contributing to these 
plans and are using cumulative understanding from interventional 
and observational studies as well as applying MIDD principles to 
drafting these plans. Growing knowledge of biology, physiology, 
genetics, disease characteristics, and the influence of extrinsic 
factors coupled with greater computing ability has expanded the 
possibilities for predictive tools to make a strong case for widen-
ing inclusion/exclusion criteria for global trials. With a wealth of 
data at our fingertips, partnerships with regulators and patient 
advocates, and with clinical pharmacologists at the cross-section 
of multidisciplinary functionalities to consider safety, efficacy, 
covariates’ effects, disease characteristics, and disease prevalence, 
this discipline is well-positioned to support trial diversification. 
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This effort should be conducted in partnership with disciplines 
including safety, biostatistics, clinical, regulatory, drug metab-
olism/disposition, and patient advocacy. The near-term success 
of the D&I initiative might involve ensuring that every clinical 
program has a DP and has a framework that will evolve based on 
discussion between industry and health authorities.

It is acknowledged that including an indication-relevant diverse 
and inclusive population can be challenging, emphasizing the role 
of model-based analyses and extrapolation of learnings from global 
datasets, whenever the opportunity exists. In addition, it is vital to 
have an early understanding of the PK and PD in the population 
of interest or a suitable surrogate population during early clinical 
studies through observed data and use of virtual patient popula-
tions. Through a model-based approach, clinical pharmacologists 
can lower the barrier of entry for underrepresented populations 
into late-phase studies and ascertain if the inclusion/exclusion cri-
teria are well informed by available data to ensure that the right 
patient is given the right dose (Figure 8).

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical 
Pharmacology & Therapeutics website (www.cpt-journal.com).
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