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Introduction
Global trials of therapeutic biologics have been historically absent from clinical
drug development. This is particularly true for vaccines as they are developed
for use in endemic parts of the world, particularly the tropics, with comparisons
subsequently made with smaller and/or limited Western trials. This approach is
wrought with challenges related to sample imbalance and baseline entry criteria
for existing disease. Because biologics do not have the same limiting features of
absorption and metabolism as their distant small molecule drug cousins, they are
generally not predisposed to significant changes in pharmacokinetics (PK) and/or
pharmacodynamics (PD). Thus, when publications refer to racial effects, the paucity of
truly global trials limits meaningful consideration of factors that could contribute to a
difference, assuming that the noted difference is indeed real.
COVID-19 is a global viral disease, affecting almost anyone, without regard to socioeconomic status, disease status, or geographic status. Therefore, clinical trials for
COVID-19 monoclonal antibodies (mAbs) and vaccines alike included virtually all
known affected regions and this afforded a truly comprehensive means to assess
covariates that could explain differences, if any, for the very first time. In this
commentary, the authors provide context and reflection about race and ethnicity in
the clinical development of biologics based on a sample of published clinical trials
and offer an expert opinion on how race/ethnicity effects should continue to be
characterized to ensure diversity in clinical trials. To deliver a balanced perspective,
we considered both mAbs and vaccines. The authors believe these two modalities are
sufficient to ensure a comprehensive outlook on biologics.

Race and ethnicity
New therapeutic development is a global phenomenon. These therapeutics are
developed by pharmaceutical and biotechnology enterprises to serve a global need.
A single product can be registered in multiple geographies. Because variability in
drug/biologic exposure and/or response can be affected by several complex factors,
two being race and ethnicity, these can be sometimes rate limiting steps to product
registration. In fact, ICH E5 deals specifically with the role of ethnic factors in the
acceptability of foreign clinical data and suggests frameworks to facilitate the review
and registration of global trials.1 Often, a bridging study or body of evidence is needed
to support a product’s registration in a certain market.
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Race commonly refers to a subgroup of individuals with shared biological
characteristics that distinguish them from other groups, and ethnicity refers to a
social group with shared non-biological characteristics such as lineage, heritage, sense
of identity, and cultural aspects.2 In the context of clinical trials, there are specific
definitions for race and ethnicity as defined in the recent FDA guideline.3 However,
until the release of this guidance, there has been significant variability in how race and
ethnicity were defined and importantly, how such information was collected in clinical
investigations.
Figure 1.
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Monoclonal antibodies
Unlike small molecule drugs, mAbs do not undergo traditional drug-related
metabolism or active excretion by polymorphic drug metabolizing enzymes/
transporters. Therefore, mAbs have low susceptibility to dietary absorption effects,
and little potential for food and drug interactions, making ethnic differences in drug
disposition less likely.4 Indeed, definitive statements regarding the effect of race/
ethnicity on drug exposure are not often found on biologics labels. Body weight and
body surface area are the most common covariates in population PK models for
mAbs5 and the effect of race/ethnicity on PK is generally insignificant after differences
in body weight are considered.6,7 Nevertheless, to preemptively navigate regulatory
barriers and to facilitate entry into new regions, e.g., Japan, pharmaceutical sponsors
routinely conduct ethnic sensitivity studies, where safety and PK are evaluated in a
small number of healthy Japanese subjects before joining global clinical trials.
Figure 2.

The major pharmacokinetic processes determining the disposition of antibody-based
therapeutics and their modulation in young pediatric patients
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In a systematic evaluation of clinical ethnic sensitivity data across a number of mAbs,
both approved and in late-stage clinical development, Matsushima et al.7 concluded
that exposures after a single intravenous (IV) or subcutaneous (SC) administration
could be predicted in Japanese healthy subjects from data in non-Japanese healthy
subjects, regardless of the incidence of immunogenicity, unless target-mediated
disposition was involved. This assessment is supported by the similarity in approved
dosing regimens in the United States and Japan for several mAbs across various
therapeutic areas.8
As a counterpoint, comparable systemic exposures between ethnic groups may not
always necessarily translate into comparable efficacy and/or safety profiles. The risk of
adverse events such as hypersensitivity reactions, cytokine storms, autoimmunity, and
immunosuppression, inherent to immunomodulatory mAbs in particular, has not been
rigorously evaluated in relation to racial/ethnic sensitivity.9
Differences in clinical response to biologics are often attributed to genetic
polymorphisms.10 Fc receptors play an important role in the PK and PD of mAbs.
Changes in expression levels or activity of the neonatal Fc receptor (FcRn) caused by
polymorphisms of the encoding gene FCGRT may lead to interindividual differences
in the PK of therapeutic mAbs. For example, Billiet et al.11 reported that the VNTR2/3
genotype in the FcRn gene is associated with 14% lower infliximab area under the
concentration-time curve (AUC) and 41% lower adalimumab AUC in patients with
inflammatory bowel disease. Similarly, polymorphisms in FcγRs have been found to
alter binding to IgG and thereby affect IgG effector functions.12 For example, FcγRIIa
and/or FcγRIIIa polymorphisms have been reported to play a role in the response
to rituximab therapy in non-Hodgkin’s lymphoma13,14 and systemic autoimmune
diseases.15 These findings, among others, demonstrate the need for systematic
investigation of racial/ethnic differences in genetic polymorphisms and their potential
impact on mAb PK and PD in larger cohort trials.
Figure 3.

Human Fcγ receptors (FcγRs)
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Vaccines
Vaccination programs across the globe over the years have been implemented against
many infectious diseases. Few vaccine studies have carefully assessed whether race
and/or ethnicity affected efficacy. Wherever possible, it remains important to consider
the genetic variation in populations so that phenotypic variation is delineated.
Mild to moderate variations in immune response by race have been described in
the literature for rubella vaccine16 and influenza vaccine.17 These findings are briefly
discussed below.
In the rubella vaccine study, two independent, large, racially diverse cohorts suggested
that subjects of African descent mounted significantly higher rubella-specific
neutralizing antibody concentrations compared to individuals of European descent
and/or Hispanic ethnicity.16 The median neutralizing antibody titer for the Somali
group was more than twice the median neutralizing antibody titer for the Caucasian
group.16 The authors attributed the higher neutralizing antibody levels in subjects of
African descent to higher baseline immunoglobulin (Ig) levels in Blacks as compared
with Whites. Because sample sizes are often imbalanced in such studies and because
less is known about the subjects’ immunization history, the baseline trends in Ig levels
are unclear. This is problematic because of pre-existing vaccinations and/or infections
that might otherwise perturb the immune system. As the authors noted, rubellaspecific Th1/proinflammatory cytokines (IFN and IL-6) did not reveal meaningful
associations.16
Higher antibody responses to the influenza A vaccine were also observed in African
Americans as compared to Caucasians in the study by Kurupati and coworkers.17
This 5-year study analyzed antibody and B cell responses to the influenza A virus
components of the inactivated trivalent or quadrivalent influenza vaccine in agestaggered cohorts of Caucasian and African American subjects. The authors attributed
the differences to an observed higher level of circulating B cells in African American
subjects compared with Caucasian subjects. They also found that two immune
co-regulators, namely programmed death (PD)-1 and the B and T cell attenuator
(BTLA) were differentially expressed on B cells of both cohorts. Moreover, there were
meaningful differences in the blood transcriptome between the two race groups prevaccination. 17
Other instances of race being proposed as a significant determinant of vaccine efficacy
include pertussis, measles, tetanus toxoid, BCG, and rotavirus vaccines.18-25 Whether
the antibody titers were lower in Caucasians18-22 or there were geographic differences
in efficacy23-25, these other studies postulate race or geographic location was an
important determinant.
Clinically meaningful differences in immune responses following vaccines have
generally been attributed to variation in genetic host determinants, including
polymorphisms in immune function-related genes (e.g., cytokine receptor genes,
antiviral effector genes, Toll-like receptors, HLA etc.), and less to demographic factors,
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although much remains to be investigated mechanistically. Although studies on the
mechanisms of immune response due to racial differences are rare, some studies
suggest that there might be differences in immune function-related genes that could
contribute to or explain such differences.26,27

Reflections and recommendations
The COVID-19 pandemic has further highlighted that patients from minority groups
are consistently underrepresented in clinical trials. Early studies examining whether
there were meaningful racial differences in vaccine efficacy have been constrained by
the lack of race-specific information in the trials and by the imbalance in sample size,
leading to wide confidence intervals when assessing vaccine efficacy. Biomarker data
suggests that genetic pre-disposition to vaccine response might differ, however, there
is no credible information on the specificity of markers that could lead to clinically
significant efficacy or safety differences. It is prudent, however, to ensure clinical trials
address race factors. It is also important to confirm genetic ancestry where possible
and ethically acceptable, to ensure continued assessment of these factors in clinical
trial outcomes.
Figure 4.

Underrepresentation of minority racial and ethnic groups in clinical trials. Adapted from the
FDA Office of Women’s Health 28

In all trials resulting in an FDA emergency use authorization (EUA) for COVID-19 vaccines,
there were no clinically meaningful racial/ethnic effects on the vaccines’ safety and
efficacy. Furthermore, because regulatory draft guidelines required race assessment,
race was prominent as one of the subgroup analyses of the primary endpoint. Based on
this emerging body of evidence, there do not appear to be compelling differences by
race and/or ethnicity, from a clinical pharmacology point of view.
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However, it is important to ensure adequacy of sample size to rule out imbalance
and to ensure type 2 error rates are contained. As an example, the demographics
of the evaluable efficacy population for the second primary endpoint of COVID19 occurrence from 7 days after the second dose of the Pfizer-BioNTech Covid-19
vaccine revealed that the population comprised of 7 (active)/146 (placebo) for whites
as compared to 0 (active)/7 (placebo) for blacks.29 While the case can be made for
overlapping confidence intervals, the imbalance in sample size is prominent.
Figure 5.

Risk for COVID-19 Infection, Hospitalization, and Death by Race/Ethnicity. 30

There are many possible ways to mitigate against sample size imbalance as well as
address variability in vaccine response. These approaches rely on the first principles of
model-informed drug development. For example, quantitative systems pharmacology
modeling can be used to inform posology of vaccines. Such models allow the
experimentalist to consider longitudinal antibody response from early phase trials
to extrapolate dose and longer-term vaccination scenarios virtually. In these in-silico
trials, one can consider variability in antibody response as well as any role race/
ethnicity can play in affecting that response.
Recently, regulatory agencies have started to streamline the requirement for sponsors
to collect race information in clinical trials. The FDA (2016) guidance on race data
collection is one such example.3 Racial and ethnic minorities, particularly Blacks,
American Indians, and Hispanics, have been disproportionately affected31,32 by the
pandemic. This fact prompted the Agency to recommend in their guidance regarding
developing mAbs targeting SARS-CoV-2, encouraging sponsors to enroll patients from
these populations in clinical trials.33 These efforts by regulators and sponsors will not
only lead to harmonizing the way race is defined in clinical trials but also lead to more
consistent collection of this information, ultimately allowing for a more definitive
answer to the question “Are there clinically important differences in the efficacy and
safety of biologics due to race and/or ethnicity?”
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