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abstract

PURPOSE Clinical trials determine safety and efficacy of cancer therapeutics and establish standards of care.
Minority patient participation in cancer clinical trials is dismal. We aimed to determine the impact of eligibility
criteria on disparities in pancreatic ductal adenocarcinoma (PDAC) clinical trial candidacy.

METHODS Traditional PDAC trial eligibility criteria were obtained from ClinicalTrials.gov. Patients with PDAC who
sought care at Virginia Commonwealth University Health from 2010 to 2019 were included. Clinical data were
obtained frombilling codes and discrete values in the electronicmedical record. Eligibility criteria differences between
racial groups were determined using chi-squared tests and unconditional maximum likelihood-based odds ratios.

RESULTS Among 676 patients, most identified as Black or White race (42.5% and 51.6%, respectively). Using
traditional criteria, Black patients were more likely to be ineligible for participation compared with White patients
(42.4% v 33.2%, P 5 .023) secondary to hypoalbuminemia (14.1% v 7.9%, P 5 .023), HIV (3.1% v 0.3%,
P5 .010), hepatitis B (1.7% v 0%, P5 .043), and hepatitis C (9.1% v 3.4%, P5 .005). Black patients were also
numerically more likely to be ineligible because of renal dysfunction, recent coronary stenting, and uncontrolled
diabetes mellitus. Prior cancer treatment excluded fewer Black than White patients (9.1% v 14.0%, P5 .072),
most attributable to lower rates of neoadjuvant chemotherapy received. Strategic eligibility criteria revisions
could equalize ineligibility rates between Black and White patients (26.8% v 24.8%, P 5 .581).

CONCLUSION Traditional eligibility criteria differentially exclude Black patients from participating in PDAC clinical
trials. These criteria perpetuate disparities, limit generalizability, and are often not medically justifiable. Revised
criteria may improve participant diversity, without compromising safety or study results.
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INTRODUCTION

Clinical trials investigating novel treatments for pancreatic
ductal adenocarcinoma (PDAC) are troubled with under-
representation of diverse participants. After adjusting for
disease prevalence, Black, Asian or Pacific Islander,
American Indian or AlaskanNative, andHispanic patients
have been significantly under-enrolled in PDAC clinical
trials in the United States.1 In 2017, Congress issued a
federal regulation (42 CFR Part 11) that led to increased
reporting of clinical trial participants’ race/ethnicity.2

However, enrollment of more diverse participants has
not been demonstrated.1 Thus, the standard of care in
cancer treatment is informed by studies conducted with
predominantly non-Hispanic White participants.

In addition to social justice concerns about equitable
access to investigational therapeutics, there are biologic
reasons necessitating diverse participation in trials. Drug-
metabolizing enzymes have different distributions in
African, Asian, and White populations, influencing
pharmacokinetics.3-5 Somatic and germline mutations,

as well as alternative RNA splicing, vary among pop-
ulations, which may affect pharmacokinetics, thera-
peutic resistance, response, and toxicity to targeted
therapies.6-8 Postmarketing data revealing divergent ef-
ficacy and toxicity profiles have even led to race-specific/
ethnicity-specific dosing guidelines.6,7 Although cur-
rently actionable molecular alterations are uncommon,9

matching targeted therapies to actionable alterations
through precision medicine can improve survival.10

However, knowledge of possible differences in molec-
ular profiles across populations is limited by inclusion of
racial/ethnic minority participants in studies. Lack of
diverse trial participants leaves providers with incom-
plete data on safety and efficacy of cancer therapeutics,
potentially exacerbating disparities in survivorship,
where one-year relative survival in 2017 was lower for
Black patients (58.1% localized, 51.7% regional, and
15.3% distant) compared with White patients (63.9%
localized, 58.5% regional, and 21.8% distant), re-
gardless of stage.11
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Although the reasons for under-representation in clinical
trials are complex (mistrust in the medical system, systemic
racism, differential access to care and centers conducting
clinical trials, socioeconomic factors, lack of diversity
among clinicians conducting trials, implicit bias, etc), one
factor that has not been fully investigated is eligibility
criteria.12-14 Intended to standardize participation for effi-
cacy assessments and minimize risks, these criteria are set
by trial sponsors but supported by regulatory authorities.
However, some medical conditions may preferentially ex-
clude minorities from trial participation without strong
medical rationale. ASCO and Friends of Cancer Research
(Friends), in collaboration with the US Food and Drug
Administration (FDA), issued statements in 2017 to address
the concern that restrictive eligibility criteria lead to reduced
generalizability of study results. Modernized criteria were
proposed, with revised guidelines on organ dysfunction, prior
or current malignancy, and comorbidities.15-17 These state-
ments highlighted the importance of expanded eligibility
criteria for experimental therapies, but fell short of acknowl-
edging the effects of restrictive criteria on racial/ethnic dis-
parities in trial participation. To our knowledge, the magnitude
of potential impact of expanded eligibility criteria on improving
racial/ethnic disparities in eligibility has not been well studied.
We sought to investigate the impact of traditional criteria on
potential trial participation by race/ethnicity among a diverse
patient population with PDAC. We hypothesize that traditional
eligibility criteria lead to racial/ethnic disparities in potential
participation in PDAC clinical trials and that eligibility among
racial/ethnic minority patients may be significantly improved
by implementing selectively less restrictive criteria.

METHODS

This cross-sectional study was conducted at Virginia
Commonwealth University (VCU) National Cancer Institute
(NCI)–designated Massey Cancer Center and was per-
formed in accordance with the Strengthening the Reporting

of Observational Studies in Epidemiology (STROBE)
reporting guidelines18 with VCU Institutional Review Board
approval (IRB HM20022715).

Selection of Patients

The Massey Cancer Center Registry was queried to retro-
spectively identify patients age $ 18 years diagnosed with
PDAC on the basis of International Classification of Disease-
Oncology histology codes and who received care at VCU
between January 1, 2010, and December 31, 2019.

Eligibility Criteria

We searched ClinicalTrials.gov for US phase II and III
clinical trials enrolling patients with pancreatic adenocar-
cinoma, from January 1, 2010, through November 20,
2017 (ASCO-Friends’ updated guideline publication date).
Trials were selected (Appendix Fig A1, online only), and
their eligibility criteria were obtained. Inclusion and ex-
clusion criteria common across trials were noted. Criteria
were assessed for objectivity, discrete values, or billing
codes that would be readily available in the medical record,
resulting in a final list of eligibility criteria (Appendix
Table A1, online only) to be applied for a simulated patient
screening process. Criteria were reviewed by a medical and
a surgical oncologist to ensure that appropriate definitions
were included, particularly when the criterion was not
specifically defined. For example, we defined uncon-
trolled diabetes mellitus as HgbA1c $ 10% or median
serum glucose $ 240 mg/dL within 90 days of the first
oncology appointment. If multiple laboratory values were
available, the healthiest (maximum) value was chosen for
albumin, whereas the healthiest (minimum) value was
chosen for creatinine. In the analysis of revised criteria, for
patients with available creatinine results, but without cre-
atinine clearance (CrCl), a higher threshold of 2.0 was
implemented. CrCl was then calculated using the
Cockcroft-Gault equation, and patients were reclassified as
eligible if calculated CrCl was$ 30 mL/min.19 Autoimmune

CONTEXT

Key Objective
To determine the impact of eligibility criteria on disparities in pancreatic cancer clinical trial candidacy among Black and

White patients.
Knowledge Generated
In this cross-sectional study, common eligibility criteria for phase II and III trials were applied to a cohort of patients with

pancreatic cancer from a single institution to simulate the clinical trial screening process, demonstrating that Black
patients had an overall rate of eligibility that was 9% lower than White patients, mostly attributable to malnutrition and
infectious diseases. By implementing medically reasonable revised criteria, rates of ineligibility decreased for both Black
and White patients, but notably equalized ineligibility rates between racial groups, thereby eliminating the eligibility gap
on the basis of medical conditions and organ dysfunction.

Relevance
Revision of eligibility criteria is one potential means to improve representation of diverse patients in clinical trials and

advance the generalizability of results to reflect real-world treatment of pancreatic cancer.
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disorders were removed from the final analysis because of
low case numbers (polyarteritis nodosa [n 5 1], Hashi-
moto’s thyroiditis [n 5 1], autoimmune hepatitis [n 5 1],
scleroderma [n 5 3], and systemic lupus erythematosus
[n 5 4]). Prolonged QTc was removed because of the high
rate of missing data (n 5 516, 81.1%). History of illicit
substance use or alcohol abuse and uncontrolled psy-
chiatric illness were removed because of subjectivity and
risk for bias in reporting.

Simulated Clinical Trial Screening and

Statistical Analysis

The date of first encounter with clinical oncology was
designated as the baseline date. The time frame for each
criterion (Appendix Table A1) was determined in relation to
this date. Data pertaining to exclusion criteria on the basis
of serologic results and comorbid conditions were obtained
from medical records and billing claims. Eligibility criteria
were applied to each patient. Revised criteria (Table 1)
were adapted from ASCO and Friends guidelines15,16 and
FDA guidelines released in 202020 and further refined on
the basis of clinical judgment by physician members of the
study team. Revised criteria were similarly applied to de-
termine the racial distribution of eligible patients with less
restrictive criteria. Percentage of ineligible patients were
computed in each racial group, and unconditional maxi-
mum likelihood-based odds ratios (ORs) were calculated.
Statistical significance of the difference in the proportion of
ineligibility was assessed using Pearson’s chi-squared test.
Counts in each group were large enough that small sample
size corrections were unnecessary. All analyses were
performed using R v3.6.3 Statistical Software Package.21

RESULTS

Patient Population

A total of 676 patients with PDAC were identified, with 287
Black (42.5%) and 349 White (51.6%) patients comprising
the majority (n 5 636; Table 2). All other racial/ethnic
groups were relatively small and removed from further
analysis. There was a slight male predominance (51.9%),
and the average patient age was 65.9 (SD 5 11.1) years.
Approximately half (51.8%) were insured by Medicare. The
majority (57.7%) had clinical stage III/IV disease. Com-
pared with White patients, Black patients were significantly
younger (64.2 v 67.2 years; P, .001) and more likely to be
female (53.3% Black v 44.7% White, P 5 .037; Table 2).
Insurance coverage of Black patients differed significantly
from that of White patients (P 5 .012), with the greatest
difference attributable to Medicaid-insured (10.5% Black v
4.0% White) and uninsured (10.1% Black v 5.4% White).
The clinical disease stage distribution differed significantly,
with 64.8% of Black patients having stage III/IV disease
versus 51.5% of White patients (P5 .003). Lack of a similar
trend in pathologic stagemay be attributed to 69.7% of data
unknown or missing, reflective of metastatic disease where

primary tumor was not resected or diagnosis of recurrent
disease on the basis of imaging/clinical assessment.

Racial Differences in Eligibility With Traditional Criteria

When traditional trial eligibility criteria were applied, Black
patients were significantly more likely to be ineligible on the
basis of hypoalbuminemia (OR, 1.90; 95% CI, 1.12 to 3.25),
HIV (OR, 11.30; 95% CI, 1.42 to 89.7), or hepatitis C (OR,
2.81; 95% CI, 1.39 to 5.67) infections (Fig 1 and Table 3).
Prior hepatitis B infection led to disqualification of 1.7% of
Black patients, but no White patients were excluded
(P 5 .043). Similarly, coronary stenting within the past
6 months excluded 1.4% of Black patients, whereas no
White patients were excluded (P 5 .087). There was no
difference in trial eligibility among Black and White patients
because of renal dysfunction (OR, 1.95; 95% CI, 0.87 to
4.38) or uncontrolled diabetes mellitus (OR, 1.48; 95% CI,
0.80 to 2.74; Fig 1 and Table 3). Previous cancer rates were
similar between Black (2.4%) and White (2.6%) patients;
however, prior cancer treatment numerically excluded more
White than Black patients (14.0% v 9.1%, P 5 .072; Fig 1
and Table 3). This was attributable to more White patients
initiating neoadjuvant chemotherapy for PDAC before
seeking care at VCU. No patients met exclusion criteria of
body mass index . 55 kg/m2, concurrent pregnancy, or
breastfeeding.

Impact of Alternative Revised Eligibility Criteria

With traditional criteria, Black patients were more likely to be
ineligible for participation compared with White patients
(42.4% v 33.2%, P5 .023; Fig 2). Revised criteria (Table 1)
included removing historical, controllable, or manageable
medical conditions including HIV, hepatitis C virus, hepatitis
B virus, diabetes mellitus, previous cancer, and coronary
stenting. After applying revised criteria, there was no longer
any difference in ineligibility rates for Black or White patients
(26.8% v 24.8%, P 5 .581; Fig 2).

DISCUSSION

The results of this study demonstrate that traditional eligibility
criteria for PDAC clinical trials disproportionately exclude Black
patients from eligibility on the basis of medical conditions.
Although these criteria are intended to reduce risk and define a
homogenous study population, they have potential to create
bias. Restrictive criteria not only limit generalizability of results
to the healthiest patients, but many medical conditions that
exclude patients from eligibility are also associated with health
disparities. Infectious diseases, such as HIV and hepatitis,
disproportionately affect Black patients.22-25 Similarly, chronic
kidney disease, diabetes mellitus, heart disease, and obesity
are more prevalent in Black and Hispanic populations.26-31

This leads to a double-hit phenomenon whereby patients with
PDAC fromminority backgrounds are less healthy and unlikely
to be provided opportunities to participate in trials. Through
revised eligibility criteria, there is potential to improve equitable
eligibility for clinical trial participation, thus producing more
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generalizable results and reducing disparities in access to
treatment.

To date, few studies have investigated the effect of eligibility
criteria on enrollment of underserved populations. A study
conducted at Howard University, in which consecutively di-
agnosed African-American patients with cancer were
assessed for clinical trial eligibility, found that only 8.5% of
patients were eligible, and among those ineligible, 17.1%
were due to comorbidities.32 Our results likely overestimate
eligibility as we applied only a subset of criteria discretely
available from the medical record. In comparing ineligibility
rates betweenBlack andWhite patients, results have varied. A
study conducted at anNCI-designated cancer center reported
no difference in clinical trial eligibility on the basis of race/
ethnicity.33 However, Langford et al34 investigated patients
treated at 16 NCI Community Cancer Center Program sites

from 2009 to 2012, finding that non-Hispanic Black patients
were approximately 1.5 times more likely to be ineligible for
clinical trial participation than non-Hispanic White patients
because of comorbidities, but not abnormal labs or organ
dysfunction. Penberthy et al35 evaluated reasons for ineligi-
bility in cancer clinical trials from 2006 to 2010, reporting that
comorbidities were the most common reason for ineligibility.
Notably, they found no difference in rates of ineligibility be-
tween African American and White patients on the basis of
comorbidities. However, African Americans were more likely
to be ineligible because of mental status and anticipated
noncompliance, highlighting the possible impact of implicit
bias with subjective eligibility criteria.35 Although few studies
assessing differential clinical trial eligibility for Black patients
have identified discrepant contributing factors, racial/ethnic
disparities in eligibility were consistent.

TABLE 1. Proposed Changes to Traditional Eligibility Criteria for PDAC Clinical Trials, Adapted From Updated Guidelines
Traditional Eligibility Criteria Guidelines on Eligibility Criteria Proposed Criteria Changes

Creatinine # 1.5 mg/dL or CrCl . 30 mL/min Assess CrCl rather than serum creatinine
CrCl . 30mL/min if renal toxicity and clearance are not
of concern (adapted from the study by Lichtman et al15)

Remove creatinine and use CrCl . 30 mL/
min

History of any other malignancy within the past
3 years (except nonmelanoma skin cancer
and in situ carcinomas [excluding breast])

Patients with prior malignancy should generally be
included
Patients with previously treated malignancy should be
eligible if treatment was $ 2 years ago and no evidence
of disease is present

Patients should be eligible if concurrent malignancy is
stable and does not require therapy (adapted from the
study by Lichtman et al15)

Remove if currently off therapy, particularly
for PDAC, given that it is likely more lethal
than the previous malignancy

Known HIV infection Patients should be eligible if
CD41 T-cell counts $ 350 cells/mL
No history or remote history (past 12 months) of AIDS-
defining opportunistic infection
Concurrent treatment with effective ART with . 4
weeks of treatment plus HIV viral load , 400 copies/mL
Not receiving specified ART, excluded because of drug-
drug interactions (adapted from the study by Uldrick
et al16)

Remove if well-controlled and antiviral
medications have low risk of drug-drug
interactions (or are able to be substituted/
changed)

Known HBV or HCV HBV: if chronic infection with active disease, assess
eligibility for anti-HBV therapy and require initiation prior
to clinical trial enrollment

HCV: patients should be eligible if antiviral treatment is
concurrent or has been completed and viral load is
undetectable OR in the setting of incurable cancer, if HCV
is stable and investigational treatment is not expected to
exacerbate HCV infection (adapted from FDA Oncology
Center of Excellence Guidance for Industry20)

Remove if well controlled and anti-viral
medications have low risk of drug-drug
interactions (or are able to be substituted/
changed)

Uncontrolled diabetes mellitus No specific guidance Remove as this can be better controlled in a
relatively short period of time

Coronary stenting within the past 6 months No specific guidance Remove if asymptomatic, with preserved
cardiac function and clearance from a
cardiologist

NOTE. Traditional eligibility criteria that may be revised without compromising patient safety or clinical trial results are listed with conditions. Proposed
criteria changes are adapted from recommendations of the ASCO-Friends of Cancer Research working groups and the Food and Drug Administration
Oncology Center of Excellence Guidance for Industry.
Abbreviations: ART, antiretroviral therapy; CrCl, creatinine clearance; FDA, US Food and Drug Administration; HBV, hepatitis B virus; HCV, hepatitis B

virus; PDAC, pancreatic ductal adenocarcinoma.
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Differences in demographics, insurance provider, and
disease stage between Black and White patients in our
study were not surprising as Black patients tend to be
diagnosed with PDAC at a younger age and more advanced

stage.36 This aligns with fewer Black patients having
Medicare coverage. Higher rates of Medicaid and no in-
surance coverage among Black patients likely reflect higher
rates of financial vulnerability. Even if medically eligible,

TABLE 2. Characteristics of Patients With Pancreatic Cancer Who Received Care at Virginia Commonwealth University From 2010 to 2019
Patient Characteristic All Patients (N 5 676) Black Patients (n 5 287) White Patients (n 5 349) P

Age, years

Mean (SD) 65.9 (11.1) 64.2 (11.5) 67.2 (10.7) < .001

Median (min, max) 66.0 (33.0, 97.0) 64.0 (33.0, 97.0) 67.0 (34.0, 96.0)

Missing, No. (%) 1 (0.1) 1 (0.3) 0 (0)

Sex, No. (%)

Female 325 (48.1) 153 (53.3) 156 (44.7) .037

Male 351 (51.9) 134 (46.7) 193 (55.3)

Race, No. (%)

White 349 (51.6)

Black 287 (42.5)

Asian 5 (0.7)

Multiple 3 (0.4)

Others 16 (2.4)

Unknown 16 (2.4)

Ethnicity, No. (%)

Non-Hispanic 658 (97.3)

Hispanic 7 (1.0)

Unknown 11 (1.6)

Insurance provider, No. (%)

Medicare 350 (51.8) 139 (48.4) 193 (55.3) .012

Private 172 (25.4) 70 (24.4) 95 (27.2)

Medicaid 46 (6.8) 30 (10.5) 14 (4.0)

Tricare, Military, or Veteran Affairs 9 (1.3) 3 (1.0) 6 (1.7)

Not insured 57 (8.4) 29 (10.1) 19 (5.4)

Unknown 42 (6.2) 16 (5.6) 22 (6.3)

Clinical stage, No. (%)

1 83 (12.3) 25 (8.7) 50 (14.3) .003

2 114 (16.9) 45 (15.7) 64 (18.3)

3 109 (16.1) 62 (21.6) 42 (12.0)

4 281 (41.6) 124 (43.2) 138 (39.5)

Unknown or missing 89 (13.1) 31 (10.8) 55 (15.8)

Pathologic stage, No. (%)

1 11 (1.6) 1 (0.3) 9 (2.6) .156

2 80 (11.8) 24 (8.4) 56 (16.0)

3 2 (0.3) 1 (0.3) 1 (0.3)

4 111 (16.4) 41 (14.3) 60 (17.2)

Unknown or missing 472 (69.8) 220 (76.7) 223 (63.9)

NOTE. Demographic variables and American Joint Committee on Cancer clinical and pathologic stages are reported for patients who were included in the
final analysis. Black and White patients were compared to determine significant differences across variables. Statistically significant P values are shown in
bold text.
Abbreviation: SD, standard deviation.
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variable Medicaid coverage of testing and treatment within
clinical trials may contribute to disparities in participation. In
our study population, rates of renal dysfunction and diabetes
mellitus were not significantly higher in Black compared with
White patients. Higher prevalence of infectious diseases
among Black patients in this study is consistent with national
data,22-25 but in the era of highly effective therapies to control
or cure these conditions, the absolute contraindication may
be reconsidered. The condition independently leading to the

highest number of ineligible Black patients was hypo-
albuminemia, suggesting more malnutrition, poor protein
nutritional intake, or renal-associated protein loss in Black
patients. The rationale for ineligibility because of hypo-
albuminemia is reasonable, but higher rates among patients
with PDAC, particularly Black patients, underscore the need
for nutritional optimization and effective therapies for cancer-
associated cachexia.37 Given the lethality of PDAC, real-
world treatment would not necessarily be withheld for
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FIG 1. Clinical trial ineligibility for select traditional criteria, by racial group. The percentage of patients deemed ineligible for clinical trial
participation on the basis of individual criterion are shown by race. Albumin, HIV, hepatitis B, and hepatitis C contributed significantly to
higher rates of ineligibility for Black patients compared with White patients (*P , .05).

TABLE 3. Clinical Trial Ineligibility for Individual Traditional Criteria, by Racial Group
Eligibility Criteria Black (n 5 287), % White (n 5 349), % OR (95% CI) P

Renal function 5.7 3.0 1.95 (0.87 to 4.38) .147

Albumin 14.1 7.9 1.90 (1.12 to 3.25) .023

Prior cancer 2.4 2.6 0.95 (0.35 to 2.58) 1.000

Prior cancer treatment 9.1 14.0 0.61 (0.37 to 1.01) .072

HIV 3.1 0.3 11.30 (1.42 to 89.7) .010

Hepatitis B 1.7 0.0 — .043

Hepatitis C 9.1 3.4 2.81 (1.39 to 5.67) .005

Supplemental oxygen 0.7 0.9 0.81 (0.14 to 4.89) 1.000

Myocardial infarction 1.7 0.9 2.05 (0.49 to 8.66) .522

Unstable angina 3.5 2.9 1.22 (0.08 to 19.6) 1.000

Congestive heart failure 2.8 2.0 1.41 (0.5 to 3.92) .697

Coronary stenting 1.4 0.0 — .087

Uncontrolled diabetes mellitus 8.6 6.0 1.48 (0.8 to 2.74) .271

NOTE. The percentage of patients deemed ineligible for clinical trial participation on the basis of individual criteria for Black and White patients and OR of
ineligibility are shown. Statistically significant P values are shown in bold text.
Abbreviation: OR, odds ratio.
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medical conditions such as hypoalbuminemia, diabetes
mellitus, HIV, hepatitis, or some cardiovascular diseases.
Indeed, newer FDA-approved therapies for PDAC are ad-
ministered to patients despite the absence of such patients in
registration enabling clinical trials.38 Rather, specialists who
can manage comorbidities may allow for safe enrollment of
these patients. These results are likely translatable to clinical
trials for other cancer types as they reflect common eligibility
criteria barriers that are not specific to PDAC.

The exclusion criterion of uncontrolled diabetes mellitus is
particularly troubling in PDAC trials. Some pancreatic tumors
are diabetogenic, and surgical resection through pancrea-
tectomy can contribute to endocrine insufficiency, which
may be challenging to tightly control. We propose that di-
abetes mellitus status should not exclude any patient from a
clinical trial if they are agreeable to close glucose man-
agement by a nononcology specialist or primary care pro-
vider, concurrent with anticancer therapy. Diabetes mellitus
can be well controlled in a relatively short period of time for a
majority of patients. However, poorly controlled diabetes
mellitus may reflect the impact of underlying social deter-
minants of health and inadequate access to care, and thus,
clinical trial centers may need to facilitate diabetes mellitus
care with providers in local communities or via telehealth.
Regarding recent coronary stenting, if the patient is
asymptomatic with adequate cardiac function, it is medically
reasonable to allow for participation with cardiology approval.
Infectious diseases, such as HIV and hepatitis, are suc-
cessfully managed and suppressed with antiviral medica-
tions, and patients are now experiencing near-normal life

expectancy. Collaboration with infectious disease experts is
warranted to determine patient eligibility, with consideration
of their disease status and alternative antiviral medications
with less drug-drug interactions. Regarding renal dysfunc-
tion, controversy surrounds the use of historical markers of
renal function that contain race modifiers or were developed
from cohorts lacking diverse patients.39 Black patients tend to
have higher baseline serum creatinine, possibly attributable
to differences in glomerular filtration rates (GFR), tubular
secretion of creatinine, and body composition affecting en-
dogenous creatinine generation.40-42 Creatinine clearance, an
estimate of GFR, has been considered the standard measure
of renal function;43 however, these calculations are imperfect
and updated measures are being standardized.39,44 Re-
gardless, if a study therapy is not affected by renal meta-
bolism or excretion, reasonable renal function should support
trial participation. The summative effect of removing or
modifying these criteria is profound and has potential to
reduce bias in offering more equitable patient participation.
Other barriers to participation include adequate insurance
coverage, whichmay necessitate policy reform, and access to
clinical trials. Hybrid or decentralized study designs, bringing
trials to the patients, may improve accessibility.45,46 Although
community engagement to increase awareness and ac-
ceptance of clinical trials continues,47 if eligibility criteria
disproportionately exclude patients on the basis of comor-
bidities, then the impact on achieving equitable represen-
tation will continue to fall short of our goals.

Eligibility criteria standardization is shared by multiple
stakeholders, extending beyond individual researchers’
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FIG 2. Overall clinical trial ineligibility for traditional and revised criteria, by racial group. Traditional criteria
led to a significantly higher percentage of Black patients being ineligible, but revised criteria eliminated this
disparity (*P 5 .023).
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influence. Updated statements acknowledging the impact
of eligibility criteria on racial/ethnic disparities are justified.
Patient advocacy groups and professional societies have
the voice to demand policy change. Funders should require
eligibility criteria justification before providing support.
Regulatory authorities should scrutinize the medical ne-
cessity of eligibility criteria. Stakeholders should be held
accountable for their role as collective effort can create
impactful results.

This study is subject to information bias given its retro-
spective design. Objective definitions were created for
criteria if not stated explicitly on ClinicalTrials.gov, but these
definitions may not accurately reflect the real-world inter-
pretation by other clinicians. Data were limited to billing
codes and discrete values within the medical record,
contributing to possible information bias and subsequently
misclassification of eligibility. Subjective eligibility criteria
including illicit substance use, alcohol abuse, and un-
controlled psychiatric illness were removed from this
analysis, which likely underestimates the impact that im-
plicit bias adds to enrollment bias. As a single-center study,
our findings may not be representative of other settings.
However, the catchment area of VCU is richly diverse, with
Black patients comprising a large proportion of the pop-
ulation. Our analysis of Hispanic/Latinx patients and other
minority racial groups was limited by few cases and was not
the focus of this analysis. The list of eligibility criteria se-
lected for this simulated study was not comprehensive and

may overestimate true eligibility in the real-world setting
although our results likely reflect the majority of conditions
that may contribute to disparities in eligibility. Similarly,
the revised criteria proposed will need to take into con-
sideration the unique toxicities and risks associated with
novel therapeutics and may not represent a one-size-fits-
all approach to disparity reduction. Finally, this work
establishes the foundation that eligibility criteria may
contribute to racial disparities in clinical trial participation,
paving the way for future investigation on trends in
modernized eligibility criteria implementation and their
influence on disparities in eligibility, which extends be-
yond the scope of this study.

In conclusion, traditional clinical trial eligibility criteria
disproportionately exclude Black patients, leading to re-
duced opportunities to participate in PDAC clinical trials.
These restrictive criteria perpetuate disparities in clinical
trial participation, limit the generalizability of results, and
may not be medically justifiable. Careful consideration of
the medical necessity of each criterion is needed on a trial-
by-trial basis. In addition, more input from medical spe-
cialists may be indicated for the assessment of benefit
versus risk for patient participation and comanagement
throughout the trial. Together, these could have a profound
effect on increasing eligibility of underserved populations,
reducing disparities in clinical trial participation, and cre-
ating results that are more reflective of the patients that we
serve.
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APPENDIX

Trials identified from
  ClinicalTrials.gov          
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Trials assessed for eligibility   (n = 86) 
  criteria                                        
     Unresectable                        (n = 57) 
     disease 
     Resectable disease              (n = 27) 
     Resectable and                       (n = 2) 
     unresectable disease              

Trials excluded for phase I/II 
design (n = 30) or inclusion of other 
malignancies (n = 14)

Search criteria 
      Pancreatic adenocarcinoma
      Phase II and III 
      Start date January 1,
            2010-November 20, 2017 
      Conducted in the United States 

(n = 130)

FIG A1. Pancreatic cancer clinical trials Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) diagram. Trials registered in ClinicalTrials.gov were reviewed to identify commonly
used eligibility criteria to screen patients for possible enrollment.
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TABLE A1. Clinical Trial Eligibility Criteria
Traditional Inclusion Criteria Additional Definitions

Age 18 years or older

Histologic confirmation of adenocarcinoma ICD O histology codes: 8000, 8010, 8020, 8021, 8022, 8140, 8141,
8211, 8230, 8500, 8521, 8050, 8260, 8441, 8450, 8453, 8470,
8471, 8472, 8473, 8480, 8481, 8503

Creatinine # 1.5 mg/dL or creatinine clearance . 30 mL/min

Albumin . 3 g/dL

Traditional Exclusion Criteria Additional Definitions

Previous chemotherapy or radiation within the past 3 years for pancreatic
cancer

History of any other malignancy within the past 3 years (except
nonmelanoma skin cancer and in situ carcinomas [excluding breast])

BMI . 55 kg/m2

Known HIV, HBV, or HCV infection HIV ICD9/10 codes: 042x, B20x
HBV ICD 9/10 codes: 070.2x, 070.3x, B16x, B18.0, B18.1, B19.1x
HCV ICD 9/10 codes: 070.41, 070.44, 070.51, 070.54, 070.7x, B17.1x,

B18.2, B19.2x

Pregnant or breastfeeding Pregnancy ICD 9/10 codes: Z33.1, Z33.3, Z76.81, Z34x, Z3Ax, V22x,
V23x, O09x

Breastfeeding ICD 9/10 codes: Z39.1, V24.1

Supplemental home oxygen within 30 days ICD 9/10 codes: Z99.81, V46.2

History of illicit substance use or alcohol abuse within the past 6 months ICD 9/10 codes: F10x, 305.0x, F11x, 305.5x, F14x, 305.6x, F15x,
305.7x, F16x, 305.3x

Uncontrolled psychiatric illness Involuntary institutionalization or admission to psychiatry within the past 6
months

Uncontrolled diabetes mellitus HgbA1c $ 10% or median glucose $ 240 mg/dL

Peripheral neuropathy ICD 9/10 codes: G90.09, 337.00, 337.09

Myocardial infarction within the past 6 months ICD 9/10 codes: I21x, 410x

Unstable angina within the past 6 months ICD 9/10 codes: I20.0, 411.1

Coronary stenting within the past 6 months CPT codes: 33621, 36908, 37215, 37216, 37217, 37218, 37236,
37237, 37238, 37239, 92928, 92929, 92933, 92934

Symptomatic congestive heart failure Hospitalization within the past 6 months for exacerbation, ICD 9/10
codes: I50.9, 428.0

QTc . 450ms if male or QTc . 470ms if female within the past 30 days

Systemic lupus erythematosus ICD 9/10 codes: M32x, 710.0

Hashimoto’s thyroiditis ICD 9/10 codes: E06.3, 245.2

Scleroderma ICD 9/10 codes: M34x, L94.0, 701.0, 710.1

Polyarteritis nodosa ICD 9/10 codes: M30.0, 446.0

Autoimmune hepatitis ICD 9/10 codes: K75.4, 571.42

NOTE. Inclusion and exclusion criteria were formulated on the basis of common criteria listed in phase II or phase III clinical trials enrolling patients from
January 1, 2010 throughNovember 20, 2017 on ClinicalTrials.gov. These criteria are not comprehensive, but represent a sample that may bemost relevant to
racial/ethnic disparities in eligibility.
Abbreviations: BMI, body mass index; HBV, hepatitis B virus; HCV, hepatitis C virus; ICD-O, International Classification of Disease-Oncology.
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