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Pancreatic cancer is the third leading cause of cancer-related death in the
United States. Black or African American patients have a higher inci-
dence of pancreatic cancer compared with other racial groups. It is un-
clear whether distinct molecular mechanisms are involved in the
development of pancreatic cancer in different racial groups. To identify
tumor molecular features that are distinctly associated with race in Black
or African American and White patients with pancreatic ductal adeno-
carcinoma (the main subtype of pancreatic cancer), we analyzed dei-
dentified patient records, including tumor sequencing data and
expression of PD-L1, from the Tempus multimodal database. Patients
with a primary diagnosis of pancreatic ductal adenocarcinoma and who
received molecular testing between November 2017 and March 2023
were included in analyses. Among 4,249 patients analyzed in this study,
452 (10.6%) were Black or African American, and 3,797 (89.4%) were
White. Black patients had a higher prevalence of TP53 mutations com-
pared with White patients (P < 0.001). KRAS®'*® mutations occurred

Introduction

Pancreatic cancer ranks as the third leading cause of cancer-related deaths in the
United States, with an estimated 64,050 new cases and 50,550 deaths in 2023
(National Cancer Institute). The current 5-year survival rate for pancreatic cancer
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more frequently in female patients in the Black versus White group
(P = 0.007). Compared with White patients, Black patients had a higher
tumor mutational burden (P < 0.001) and PD-L1 overexpression
(P = 0.047). In a separate analysis of recent clinical trials testing im-
munotherapies for pancreatic cancer, we found that Black patients and
other minorities were underrepresented in most trials. These findings
suggest race-associated molecular differences in tumors that may impact
patient responses to immunotherapies. Our study also supports the
importance of improving patient diversity in clinical trials on pancreatic

cancer treatments.

Significance: By analyzing the records of patients with pancreatic cancer
in the Tempus multimodal database, we identified genomic mutations
and PD-L1 overexpression occurred more frequently in Black patients
compared with their White counterparts. These molecular features may

contribute to racial disparities in pancreatic cancer.

stands at approximately 13%. Late diagnosis and lack of effective treatments with
long-term effectiveness are significant contributors to the high mortality rates
associated with pancreatic cancer (1). Another concerning trend is the contin-
uous increase in new cases of pancreatic cancer in the United States over the past
two decades (2). To tackle these challenges in pancreatic cancer care, there is an
urgent need to enhance our understanding of this disease, ranging from
uncovering novel molecular mechanisms of tumor-microenvironment interac-
tions to delineating the roles of environmental factors and human genetic

backgrounds in cancer initiation and progression.

An important observation from pancreatic cancer epidemiologic studies is
the association between patient race with both disease occurrence and pa-
tient outcome. In a study analyzing data from the Surveillance, Epidemiol-
ogy, and End Results (SEER) program, which collects cancer statistical data
across the United States, Samaan and colleagues (2) reported that the Black
or African American (BAA) population exhibits a higher age-adjusted in-
cidence rate of pancreatic cancer than White individuals. This disparity is
more pronounced among females than males. SEER data from 2000 to
2020 also revealed that BAA patients exhibit higher age-adjusted mortality

rates and lower 5-year survival rates compared with White patients.
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Analyses from multiple studies support that socioeconomic factors play a
critical role in race-associated differences observed in the overall survival of
patients with pancreatic cancer (3, 4). For example, Del Valle and colleagues
(5), who examined data for patients with localized pancreatic cancer who
underwent surgery at Veterans Health Administration (VHA) hospitals from
2006 to 2017, found no association between race and survival outcomes, after
adjusting for socioeconomic status. Khalaf and colleagues (6) analyzed data
for patients with pancreatic cancer at all disease stages in the VHA from
2010 to 2018 and found no significant differences in overall survival by race
after accounting for socioeconomic factors. However, disparities were ob-
served in patients with advanced-stage disease, in which BAA patients
exhibited worse outcomes even after adjusting for other variables, based on

analyses from the National Cancer Database (7).

In addition, there were notable race-associated variations in patient re-
sponses to specific treatments. Fang and colleagues (8) reported worse sur-
vival outcomes among BAA patients with lymph node metastases following
resection compared with their White counterparts within a single-center
study setting. Irfan and colleagues (9) observed that survival benefits con-
ferred by systemic therapy postsurgical resection were only evident among
White (and not BAA) groups. Ogobuiro and colleagues (10) discovered
significantly lower major pathologic responses among BAA patients un-
dergoing resection compared with their White counterparts across seven
high-volume centers. These results suggest that biological mechanisms may

also contribute to racial disparities in pancreatic cancer.

Studies on different types of cancers have highlighted the potential biological
mechanisms contributing to disparities in human tumor development (11),
including gene expression regulation, RNA processing, epigenetic modifi-
cations, and immune signaling pathways. These pathways potentially play
important roles in driving the higher rates of pancreatic cancer in the BAA
group. Interestingly, a study by Biel and colleagues examined gene expres-
sion profiles of pancreatic tumors from 5 BAA and 11 White patients and
identified elevated levels of TSPANS, a gene known to play crucial roles in
pancreatic cancer (12), in BAA patients (13). To further evaluate the impacts
of biological pathways on racial disparities in pancreatic cancer, we first need
to identify molecular features, such as oncogenic mutations or immune
regulators, differentially associated with race in a large population of

patients.

In this study, we investigated the correlation between the molecular char-
acteristics of pancreatic tumors and race within a large patient cohort, as an
initial step toward understanding which biological pathways may partially

drive racial disparities.

Materials and Methods
Patient inclusion criteria from the Tempus database

We analyzed deidentified patient records with a primary diagnosis of pan-
creatic ductal adenocarcinoma (PDAC) from the Tempus multimodal da-
tabase (samples sequenced between November 2017 and March 2023).
Patients over 18 years old and diagnosed with PDAC were included. Both
female and male patients with self-reported races, such as “White,” “Black,”
or “African American,” were selected for analysis. This study was determined
as nonhuman subjects research by the institutional review board at Henry
Ford Health.

Analyses of Tempus data

All patients underwent somatic NGS testing via a commercially available
595 to 648 gene DNA panel (Tempus xT; refs. 14, 15) that assesses somatic
mutations [including single nucleotide variants (SNV), Indels, copy number
variations, and select structural variations], microsatellite instability (MSI),
and tumor mutational burden (TMB). Details on sample preparation and
bioinformatic analyses have been previously published (14, 15). Clinical and
demographic information (including race) was abstracted from clinical
records (e.g., order forms, and patient records). Statistical comparisons be-
tween White and Black samples were made with either the y* or Fisher’s
exact tests. FDR corrections were applied to pairwise comparisons. All sta-
tistical analyses were performed in R version 4.2. This study did not use

randomization and blinding data.

PD-L1 status for applicable samples was predominantly determined by
Tempus clinical testing with the 22C3 anti-PD-L1 antibody (Agilent), as
previously described (16). Briefly, slides were scored by a pathologist using
the tumor proportion score (TPS), calculated as the percentage of tumor cells
with complete or partial membrane staining. Samples are scored as PD-L1
negative (TPS < 1%), PD-L1 low (1%-49%), or PD-L1 high (=50%). This
study has been determined as nonhuman subject research by the internal

review board at Henry Ford Health.

Analyses of AACR GENIE data
Version 15.1 of AACR Project GENIE data hosted on cBioportal (www.

cbioportal.org) were used for analyses. To avoid duplicating data from the
same patients, only patients with single samples (Number of Samplers per
Patient = 1) were selected for analyses. Other selection criteria on cBioportal
include Cancer Type Detailed = “Pancreatic Adenocarcinoma,” Primary
Race = “White” or “Black,” Center = “MSK” or “DFCI,” and Gene
Symbols = “TP53” or “KRAS”.

Analyses of SEER data
Analyses of SEER data were performed using the SEER Explorer (https://

seer.cancer.gov/statistics-network/explorer/). The data source was SEER
Incidence Data, November 2023 Submission (1975-2021).

Data availability

Data used in the research were collected in a real-world healthcare setting
and are subject to controlled access for privacy and proprietary reasons.
When possible, derived data supporting the findings of this study have been
made available within the manuscript and its Supplementary Figures/Tables.
Tempus may make access to further deidentified data available pending a
signed data use agreement, with data provisioned via Tempus LENS. In-
quiries should be addressed to LENS@tempus.com.

Results
Patient characteristics

To investigate the relationship between the specific molecular attributes of
pancreatic tumors and race (extracted from clinical records, see “Materials
and Methods”) among patients, we analyzed deidentified data from indi-
viduals diagnosed with PDAC within the Tempus multimodal database. Our
focus was on comparing the tumor profiles of White and BAA individuals, as
the latter group has the highest incidence of pancreatic cancer in the
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United States, whereas the former constitutes the largest racial group among
patients with pancreatic cancer. A total of 4,249 records of patients with
pancreatic cancer were examined. As depicted in Table 1, 3,797 (89.36%)
patients were White, and 452 (10.63%) were BAA. At the time of diagnosis,
the median age for White patients was 68 years (IQR, 61-74; range, 22-90),
and for BAA patients, it was 66 years (IQR, 58-73; range, 31-89). In the
White patient group, 54% were male and 46% were female, whereas in the
BAA group, 46% were male and 54% were female. The ethnicity of ap-
proximately half of the patients was not reported. Among those with
recorded ethnicity, 5% of White patients and 0.5% of BAA patients identified
as Hispanic or Latino. The percentages of patients without documented
disease stages were similar in White (27.2%) and BAA (28.5%) patients
(P = 0.57, Xz test). At the time of biopsy collection, 1,087 White and
119 BAA patients had received chemotherapies.

Genomic alterations associated with patient race

All patients in our study underwent targeted DNA sequencing tests for a
panel of cancer-related genes (Tempus xT, see “Materials and Methods”
section for details). Out of the population of patients who underwent testing,
approximately 58% of the total population (57% of Whites and 58% of BAA)
had tumor-normal matched analysis for Tempus xT, which utilizes an in-
dividual’s germline DNA as a reference genome to improve the accuracy of
somatic mutation calling as well as improving accuracy in determining MSI
and TMB status from NGS data in racially and ethnically diverse pop-
ulations. To efficiently analyze patients’ genomic data, we selected genes with
mutations occurring in at least 1% of patients with pancreatic cancer de-
tected by whole exome sequencing in a recent study (17). Out of the 65 genes
selected, 33 were common cancer-related genes that were sequenced in the
Tempus xT panel (Supplementary Fig. S1). Within our study cohort, the
prevalence of mutations in these 33 genes ranged from <0.1% (SRC) to 74%
(KRAS).

Consistent with previous findings (18-20), KRAS, TP53, CDKN2A, SMAD4,
ARIDIA, KDM6A, and RNF43 were among the most frequently mutated
genes in tumors within our study cohort (Supplementary Table S1). Notably,
we observed that for critical genes associated with pancreatic cancer devel-
opment, such as KRAS and TP53, mutations occurred more frequently in the
BAA group (Fig. 1A; P < 0.05). Other genes that exhibited a higher mutation
prevalence in the BAA group included KMT2D, RNF43, and KMT2C. The
likelihood of KMT2C mutations occurring in BAA patients was three times
higher than in White patients. Conversely, GNAS was the sole gene with
mutations detected significantly more commonly in the White group
(Fig. 1A; P < 0.05). Interestingly, race-associated genomic mutational
prevalences were influenced by patient sex as well. We further stratified
patients by their sex and found that only KMT2C mutations were still sig-
nificantly enriched in BAA patients across both genders (Supplementary
Table S2). Among the female cohort, TP53, KMT2D, and KRAS mutations
occurred more frequently in BAA patients compared with the White group
(Supplementary Table S2). For male patients, RNF43 mutations occurred
more than three times more in the BAA than White group (Supplementary
Table S2).

To determine whether race-associated differences in genomic alterations
were significantly influenced by chemotherapies, we quantified gene muta-
tion frequencies in patients who had no record of chemotherapy treatment

prior to biopsy collection. Among this subcohort, we observed a similar
trend: KMT2C, KMT2D, and TP53 alterations were more prevalent in BAA
patients, whereas White patients had higher frequencies of GNAS mutations
(Supplementary Table S3).

To delve deeper into differences in genomic mutations by racial groups among
patients with pancreatic cancer, we calculated frequencies of specific mutations
within the two racial groups. Common KRAS mutations detected in pancreatic
cancer included G12D, G12V, G12R, and Q61H. Only the G12R mutation had a
significantly higher prevalence (¢ = 0.037) in the BAA group (14.4%) com-
pared with the White group (10.1%; Fig. 1B). This race-associated dis-
parity was even more pronounced among female patients, with
KRAS'?R occurrence being 55% higher (P = 0.007) in BAA females than
in White females (Fig. 1B). The mutant allele KRASGIZC, which is the
target of several FDA-approved KRAS inhibitors, was identified in ap-
proximately 1% of the patients, with similar frequencies across the BAA
and White groups. Specific TP53 mutations (R273H, R175H, and R248Q)
and GNAS (R201H and R201C) did not have significant differences in

prevalence across the two racial groups (Supplementary Table S4).

Given our findings that KMT2C and KMT2D mutations were more prevalent in
BAA patients and KRAS??® was enriched in this racial group, we explored
whether KMT2C and KMT2D mutations might be more frequently detected
alongside certain KRAS mutant alleles. Among patients with KRAS?*® mutants,
3.89% had KMT2C mutations compared with 2.28% for KMT2C mutations in
patients without KRAS®"P mutants (wild-type or other KRAS mutants; P < 0.01;
Fig. 1C). Furthermore, KMT2D mutations occurred more frequently in patients
with KRASCP alleles (P < 0.001; Fig. 1D). No associations between KMT2C/D
and other KRAS mutant alleles were observed.

We next investigated whether the association between race and genomic
features identified in our study was observed in other patient cohorts. AACR
Project GENIE is a cancer registry of real-world clinic-genomic data from
multiple institutions (21). Because participating institutions use different
sequencing platforms and analysis pipelines, we focused on genomic alter-
ations of KRAS and TP53 (the top two altered genes in pancreatic cancer) in
individual centers. Memorial Sloan Kettering Cancer Center (MSK) and
(DFCI) cohorts include more than
1,000 patients of interest for our study (White and BAA combined) and
thus were used in our analyses. The frequencies of TP53 alterations in BAA

Dana Farber Cancer Institute

patients were significantly higher than in White patients, in both MSK
(P = 0.024) and DFCI (P = 0.038) cohorts (Fig. 2A and B). We also
detected a trend for KRASY*?X to occur more frequently in BAA female
patients, particularly in the MSK cohort (P = 0.048; Fig. 2C and D). Those
observations were consistent with patterns discovered in our primary

patient cohort.

TMB in patients of different races

TMB measures the number of protein sequence-altering SNVs and indels
per million coding base pairs. TMB serves as a potential marker for
predicting responses to immunotherapies, based on the rationale that
more neoantigens generated by increased mutations will enhance T-cell
recognition probabilities. We quantitated the TMB of patients’ tumors
based on the Tempus xT panel sequencing. The median TMB across all
patients was 2.34 mut/Mb (IQR, 1.53-3.43; Fig. 3A; Supplementary Table
S5). BAA patients exhibited a significantly higher TMB with a median
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TABLE 1 Characteristics of patients included in this study. Numbers in the brackets represent percentages of patients in designated groups

Characteristic Overall, N = 4,249 White, N = 3,797 BAA, N = 452 P value
Age at Diagnosis <0.001
Median (Q1, Q3) 68 (60, 74) 68 (61, 74) 66 (58, 73)
Min, max 22, 90 22,90 31, 89
Gender <0.001
Male 2,266 (53%) 2,060 (54%) 206 (46%)
Female 1,983 (47%) 1,737 (46%) 246 (54%)
Ethnicity 0.002
Not Hispanic or Latino 1,932 (95%) 1,715 (95%) 217 (100%)
Hispanic or Latino 92 (4.5%) 91 (5.0%) 1(0.5%)
Unknown 2,225 1,991 234
Smoker status 0.3
Current/former smoker 1,779 (52%) 1,581 (52%) 198 (55%)
Never smoker 1,619 (48%) 1,458 (48%) 161 (45%)
Unknown 851 758 93
Chemotherapy prior to biopsy collection 0.3
No 3,043 (72%) 2,710 (71%) 333 (74%)
Yes 1,206 (28%) 1,087 (29%) 19 (26%)

value of 3.07 mut/Mb compared with White patients with a median TMB
of 2.31 mut/Mb (P < 0.001). This race-associated difference was con-
sistent in both female and male patients (Fig. 3B). To further explore
whether TMB differences between BAA and White patients were influ-
enced by disease stage progression, we conducted TMB comparisons
among patients stratified by stage. In early-stage patients (stage I/II),
BAA and White patients displayed comparable TMB levels; however,
among late-stage patients (stage III/IV), which represented >70% of the
total cohort analyzed in this study, BAA patients demonstrated signifi-
cantly higher TMB levels (Fig. 3C; P < 0.001).

PD-L1 expression in patients of different races

Evading immune surveillance is a hallmark of cancer. The PD-1/PD-L1 immune
checkpoint molecules are frequently overexpressed during tumor progression and
are common targets for cancer immunotherapies. Among our study participants,
PD-L1 expression was evaluated by IHC in 1,376 individuals. Overall, 9.2% of
patients tested positive for PD-L1 expression. Notably, a higher proportion of
BAA patients (13.2%) tested positive for PD-L1 compared with White patients
(8.6%; Fig. 3D; Supplementary Table S5; P = 0.047). This discrepancy was more
pronounced among female individuals than males (Fig. 3D). Surprisingly, this
race-associated difference was also evident even among early-stage patients: Al-
though PD-L1 positivity was observed in 15% of BAA stage I/II patients, only
3.2% of White stage I/II patients exhibited PD-L1 positivity (Fig. 3E). A similar
trend was also observed in stage III/IV patients. Disparities between stage-
stratified patient groups did not reach statistical significance likely due to insuf-
ficient numbers of individuals with both PD-L1 scores and stage information.

BAA patient enroliment in pancreatic cancer
immunotherapy trials

The observation that PD-L1 overexpression is more prevalent among
BAA patients suggested that racial background could influence immune

suppression during pancreatic cancer progression, which may lead to
variations in responses to immunotherapy across different races. Previ-
ous studies have highlighted the underrepresentation of minority groups
in oncology clinical trials. To assess the representation of BAA indi-
viduals in recent clinical trials focusing on immunotherapies for pan-
creatic cancer treatments, we conducted a literature survey using
PubMed to identify clinical trials published between 2018 and
2024 encompassing immunotherapy arms targeting pancreatic cancer.
Out of the 32 reports examined, 15 reports enrolled at least 10 partici-
pants and included self-reported race data within patient demographics
(refer to Table 2; refs. 22-36). The drugs tested across these studies
included CD40 agonists, PD-1 or PD-L1 inhibitors, and CTLA-4 in-
hibitors. Most studies were classified as phase I or II trials. Those studies
predominantly enrolled White participants at an average percentage of
approximately 89.7%. The enrollment percentage for BAA participants
ranged from 0 to 8% across these studies with an average representation
standing at merely 3.8%. This is notably lower than the proportion of
BAA individuals within the overall US population as per the data from
the latest census conducted in 2020, which reported approximately
13.6%. Other minority groups such as Asian Americans as well as
American Indian/Native Hawaiian/Pacific Islanders also exhibited un-
derrepresentation within these clinical trials.

Discussion

The number of patients newly diagnosed with pancreatic cancer in the
United States has continued to rise in the last decade. There are significant
disparities in pancreatic cancer incidence among racial groups, with the BAA
population being the most affected. In this study, we analyzed genomic
alterations and immune checkpoint biomarker expression in one of the
largest and most racially diverse cohorts of patients with pancreatic cancer.
We found that several cancer-related genes, such as KRAS, TP53, and
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cioeconomic status and environmental factors, may be responsible for the
higher incidence of pancreatic cancer in the BAA group compared with the
general population.

Previous studies have suggested that socioeconomic factors play a central
role in race-associated differences in the overall survival of patients with
pancreatic cancer. It is important to note that the current standard of care
includes surgery and chemotherapies (such as gemcitabine/nab-paclitaxel or
FOLFIRINOX), and no targeted therapy has been widely used in pancreatic
cancer treatments. As novel treatment options like KRAS inhibition or im-
munotherapies undergo evaluation for efficacy against pancreatic cancer, it
will be intriguing to see whether differential responses based on molecular
features distinctly associated with race may emerge toward therapeutics
targeting specific biological domains.
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KRAS and TP53 are the two most mutated genes in pancreatic cancer.
Previous research has shown that mutations in KRAS and TP53 are adequate
to induce the formation of PDAC in animal models (37). Mutations in KRAS
and TP53 impact cell proliferation, genomic stability, and other cellular
activities. Interestingly, increased genomic alterations of TP53 have been
reported in BAA groups across various cancers such as breast cancer, en-
dometrial cancer, and gastric cancer (38-42). Higher frequencies of KRAS

mutations have also been observed in colon cancer (43-45).

Apart from an overall increase in KRAS mutations, we also noted a specific
KRAS mutant allele, KRASS'?%, which was significantly more prevalent in
BAA patients with pancreatic cancer. This mutant allele is found at high
frequencies (>10%) only in pancreatic cancer, but not in colon or lung
cancer patients. Biochemically, KRAS®'?® is deficient in activating the PI3K-
AKT pathway (46), and targeting this mutation in pancreatic cancer may

G12D
S

require strategies that differ from those used to inhibit KRA. and

KRASC'2V, Associations between specific KRAS mutant alleles and race have
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been discovered in other cancer types. For instance, Wang and colleagues
(47) reported that White patients with lung cancer had higher frequencies of
KRAS'?¢ mutants compared with Asian patients. They also showed that
among the White patients, increased portions of genetically inferred European
ancestry were linked to a higher likelihood of KRAS mutations. Self-reported race
is a social construct, whereas genetically inferred ancestry is a biologically based
estimate of an individual’s ancestry (48). Our study only assessed racial differ-
ences but further delving into ancestry-based differences represents a promising
area for future research, as these two related but different classifications can be
complementary in helping to uncover the socioeconomic and biological mech-

anisms underlying racial disparities in cancer.

The upregulation of immune checkpoint molecules, such as PD-L1 or PD1, is
common during cancer development and serves as a critical mechanism for
suppressing immune responses in the tumor microenvironment. In our study,
we observed that PD-L1 overexpression was more prevalent in BAA patients
compared with White patients with pancreatic cancer, particularly in stage I/II
patients. This finding suggests that there may be race-associated differences in
biological pathways that regulate immunologic responses during cancer devel-
opment, potentially contributing to the high incidence rates of pancreatic cancer
in the BAA population. The association between higher PD-L1 expression and
African heritage has also been reported in triple-negative breast cancer and
prostate cancer (49-51), indicating that the upregulation of immune checkpoint
molecules may be a common biological pathway that increases cancer incidences
among individuals of African descent.

Although current immunotherapy strategies have not yet significantly im-
proved patient survival in pancreatic cancer, there is potential for new im-
munologic agents to effectively inhibit pancreatic tumor progression in the
future. It is crucial to include a diverse population of patients in clinical trials
for pancreatic cancer care, especially considering that these patients may dif-
ferentially benefit from such interventions. In fact, race-associated differences
in responses to immunotherapies have been observed in prostate cancer: Af-
rican American patients who received the Sipuleucel-T cancer vaccine
responded significantly better compared with White patients (median overall
survival 35.3 months versus 25.8 months in a PSA-matched set; ref. 52). Our
analysis of patient demographics enrolled in immunotherapy trials for pan-
creatic cancer revealed that BAA and other minority groups were underrep-
resented in these trials, consistent with the broader trend of historically
disadvantaged groups being underrepresented in oncology clinical trials
(53-57). From a cancer biology perspective, our findings underscore the im-
portance of including a diverse patient population in clinical trials for pan-
creatic cancer treatments to develop therapies that can benefit all patients and

address racial disparities in pancreatic cancer care.

One interesting observation in our analyses is that the association between race
and molecular features of tumors from patients with PDAC was influenced by
sex. Interactions between race, sex, and genomic alterations have been reported
in lung cancer and colorectal cancer (58, 59). Biological pathways that contribute
to sex differences in cancers of nonreproductive organs include epigenetics,
metabolisms, and immunity (60, 61). A promising area of future research may be
to investigate how those pathways may differentially regulate the biology of

pancreatic cancer in different racial and sex groups.

In our study cohort, among patients with recorded disease stages, 76% had stage
4 cancer at the time of testing, a figure higher than the overall proportion of stage
4 patients in the United States (SEER). This trend was consistent among both
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FIGURE 2 TP53 and KRAS mutations in BAA and White patients

from cohorts in AACR Project GENIE. A and B, frequencies of TP53
genomic alterations in BAA (purple) and White (orange) patients from
MSK (A) and DFCI (B). C and D, frequencies of KRAS®™* in BAA
(purple) and White (orange) patients from Memorial Sloan Kettering
Cancer Center (MSK, €) and (DFCI, D). P value indicators: N.S.,

P> 0.05; % 0.01 < P < 0.05.

White and BAA patients in our study, possibly indicating that healthcare pro-
viders are more inclined to order molecular testing for late-stage patients to
explore additional treatments based on genomic mutations. In addition, more
than half of the patients with smoking history available in both White and BAA
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FIGURE 3 Cancer immunology-related molecular features of tumors from BAA and White patients. A and B, TMB of tumors from BAA (purple)
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C, TMB of tumors from BAA (purple) and White (orange) patients at

different clinical stages. D, Percentage of PD-L1 positive patients in BAA (purple) and White (orange) groups. E, Percentage of PD-L1 positive BAA
(purple) and White (orange) patients at different clinical stages. The significance of differences between groups was calculated by Fisher’s exact

test or XZ test. Significance representation: N.S., P > 0.05; *, 0.01 < P < 0.05;

groups were current or former smokers, a significantly higher proportion
compared with the general adult population in the United States (11.5%; ref. 62).

To conclude, we examined molecular characteristics of pancreatic tumor tis-
sues from BAA and White patients and identified genomic alterations and
immune checkpoint molecular expression associated with BAA individuals.
Our findings strongly support that the frequency of somatic tumor mutations
differs in BAA patients, which may contribute to racial disparities in pancreatic

cancer mortality. This study emphasizes the need for further research to

***, P < 0.001.

elucidate signaling pathways influencing pancreatic cancer development
among individuals of different races and underscores the urgency of increasing

diversity among patients included in clinical trials for pancreatic cancer.

Strengths and limitations

Our study analyzed one of the largest and most racially diverse cohorts of
patients with PDAC. We identified tumor genomic mutations and an immu-

nosuppressive marker in the tumor microenvironment associated with patient
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TABLE 2 Summary of race representation in clinical trials evaluating immunotherapies for pancreatic cancer. Numbers in the brackets represent

percentages of patients in designated groups

Total Native
number American Hawaiian/
Trial of Indian/ Pacific Immunotherapy

Study number patients White (%) BAA (%) Asian (%) Native (%) Islander (%) Other (%) drug

Byrne and colleagues (22) NCT02588443 16 15 (94) 0 (0) 0 (0) 0 (0) 0 (0) 1(6) Selicrelumab

Hewitt and colleagues (23) NCTO01836432 303 275 (91) 17 (6) 5@ 0 (0) 0 (0) 6 (2) HAPa

Kamath and colleagues (24) NCT01473940 21 20 (95) 1(5) 0 (0) 0 (0) 0 (0) 0 (0) Ipilimumab

Katz and colleagues (25) NCT02305186 37 34 (92) 1(3) 0 (0) 0 (0) 0 (0) 2 (5) Pembrolizumab

Leidner and colleagues (26) NCT02452268 83 74 (89) 34 4 (5) 0 (0) 0 (0) 22 NIZ985

Lin and colleagues (27) NCT01959672 1 10 (91) 0 (0) 0 (0) 0 (0) 0 (0) 1(9) Oregovomab

O’Hara and colleagues (28)  NCT03214250 24 21 (88) 2(8) 1(4) 0 (0) 0 (0) 0 (0) Sotigalimab

O’Neil and colleagues (29) NCT03080974 10 9 (90) 0 (0) 0 (0) 0 (0) 0 (0) 1(10) Nivolumab

Overman and colleagues (30) NCT02362048 73 62 (85) 4 (5) 2(3) 0 (0) 0 (0) 5@) Pembrolizumab

Padron and colleagues (31) NCT03214250 105 88 (84) 5(5) 7() 0 (0) 0 (0) 5(5) Nivolumab,
sotigalimab

Parikh and colleagues (32) NCTO03104439 25 23(92) 0 (0) 0 (0) 0 (0) 0 (0) 2(8) Ipilimumab,
nivolumab

Reiss and colleagues (33) NCT03404960 84 75 (89) 6 (7) 2(2) 0 (0) 0 (0) 1) Nivolumab,
ipilimumab

Rojas and colleagues (34) NCT04161755 19 19 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) Atezolizumab

Wang-Gillam and NCT02546531 42 36 (86) 3@ 0 (0) 0 (0) 0 (0) 3@ Pembrolizumab

colleagues (35)
Zamarin and colleagues (36) NCT02301130 64 52 (81) 5(8) 4 (6) 0 (0) 0 (0) 3 (5 Mogamulizumab,

durvalumab

races. These findings provide clinically based evidence supporting the role of
biological factors in racial disparities related to pancreatic cancer development.
In our study, the prevalence of select genomic alterations was lower than what
has been reported in several other studies. Our data are derived from clinical
samples, and patients are more likely either at higher risk or later stage.
However, this consisted of a very heterogeneous population of patients, 24% of
which were at an earlier stage. The difference in prevalence between this cohort
of patients and other previously published reports is currently not well under-
stood. We emphasize that all patients were subject to the same analysis pipeline;
therefore, the comparisons between races should not be affected by this factor.
We also acknowledge that DNA was extracted from FFPE slides provided by
different clinical sites, and some operative factors were not possible to control
for. Our study focused on a panel of oncogenes, which were selected based on
the results of previous studies in which patients were predominantly White.
Future studies that compare whole genome sequencing data of PDAC tumors
from BAA and White patients will provide more details on race-associated
genomic alterations in PDAC and their influences on cancer disparities. In
addition, TMBs of tumors were calculated based on exome sequencing of se-
lected genes instead of whole genome sequencing. Conclusions from our study
will need further validation by studies from other large databases.
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