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Abstract: Background: The major histocompatibility complex (MHC) genes are known to be capable of influencing
the susceptibility of many cancers. All mammalian cells, including cancer cells, express MHC class | molecules con-
sisting of human leukocyte antigens (HLA) A, B, and C. The tumor susceptibility of HLA-A, B, and C alleles has not
been studied extensively in solid tumors. Methods: HLA-A, B, and C genotypes of 179 solid tumors were collected
from Caris Comprehensive Tumor Profiling reports, including 45 GU, 44 Gl, 28 pancreaticobiliary, 21 thoracic, 15
breast, 13 Gyn, among others. The tumors were mainly from Caucasians (82%). The HLA allele frequencies in the
tumors were compared to those of respective ethnic populations in the US National Marrow Donor Program (NMDP)
database. Fisher's exact tests were performed, adjusted P values were calculated using Benjamini-Hochberg's
method for false discovery rate (FDR), and Prevalence ratios (PRs) were calculated to quantify associations. Results:
Twenty-one alleles were not listed in the NMDP. Among them, A*11:303 alone was present in 11 carcinomas, and
B*08:222 was seen in 4 tumors. Among the alleles listed in the NMDP, C*08:02, B*14:02, A*03:02, and B*44:06
were significantly associated with tumors in Caucasian Americans (PR: 2.50-170), while B*44:02 appeared protec-
tive (PR: 0.36). Alleles with less significant associations were listed. Conclusions: From the HLA-A, B, and C data of
the 179 tumors, we identified several susceptible alleles and one protective allele. Of interest, 21 alleles were not
listed in the NMDP. The limited cases prevented our analysis from identifying cancer-susceptible alleles in other
races.
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Introduction immune response to transplantation, infecti-
ous diseases, autoimmune diseases, and tu-
Major Histocompatibility Complex (MHC) pro- mors [1].
teins present antigenic peptides on the cell

surface. MHC class | proteins are present in all Cancer is currently one of the leading causes of

somatic cells, including cancer and mesenchy-
mal cells, while MHC class Il proteins are limit-
ed to the hematopoietic cells. MHC class |
mediated antigen presentation is critical for
CD8+ T-cell responses. Class | genes are res-
ponsible for encoding the MHC class | proteins
and are subdivided into HLA-A, B, and C. HLA
genes are highly polymorphic and expressed in
a co-dominant manner. This polymorphic char-
acteristic provides the immune system with an
advantage in diverse selectivity. It enables HLA
genes to play essential roles in regulating the

death globally [2]. It is proven that MHC pro-
teins play essential roles in tumor immunity.
Class | MHC antigens are pivotal for cytotoxic T
lymphocyte recognition of cancer and mesen-
chymal tumor cells and subsequently in immu-
notherapy response [3, 4]. It has been shown
that structural and functional alterations in HLA
can result in mechanisms that cause tumor
cells to escape immune response, such as loss
of expression of tumor antigens, lack of co-
stimulatory molecules, production of immuno-
suppressive cytokines, and an immune nega-
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tive selection process for mutated cells are
some of the possible mechanisms that cause
tumor cells to escape immune response [5-71].
One would expect tumor cells to gain better
survival by eliminating the HLA expression alto-
gether. However, natural killer (NK) cells recog-
nize cells with low HLA Class | proteins and
subsequently lyze them. As the ligands of the
Killer Ig-like receptors (KIRs) on the NK cells,
HLA Class | proteins need to be at a certain
level binding to KIRs to deactivate the NK cells,
which is known as the “missing self” hypothe-
sis [8, 9]. Many tumor cells are known to evade
NK cell-induced tumor surveillance by influenc-
ing NK cell activities, and modulating NK cell
functions have been explored to enhance the
efficacy of immunotherapy [10].

The association between HLA polymorphism
and cancer susceptibility has been an intrigu-
ing question for decades. It was initially believ-
ed that HLA-dependent immunity mainly influ-
ences the susceptibility of virally associated
malignancies [11]. More studies later showed
that the HLA Class | genotype [12], HLA Class Il
allele [13], and HLA-G [14, 15] were also asso-
ciated with oncogenic mutations or susceptibil-
ity of certain cancers, while recent studies sug-
gest certain HLA Class | alleles might be
predictor of response to immunotherapy [16,
17].

Given the central role of HLA molecules in anti-
tumor immunity, we hypothesize that polymor-
phisms at the HLA loci could differentially affect
the tumor genesis and progression. This study
aims to determine HLA Class | allele represen-
tation among patients presenting with different
types of malignant tumors in comparison with
the general population. The susceptibility of
HLA-A, B, and C alleles has not been extensive-
ly studied in solid tumors.

Methods
Patient cohort

One hundred seventy-nine cases of malighant
solid tumors were collected from Lifespan
Pathology archives (Rhode Island Hospital and
The Miriam Hospital) from 2012-2022. The
series consisted of all the cases that were sub-
mitted to Caris for Comprehensive Cancer
Profiling (carislifesciences.com) for HLA profil-
ing, including 45 genitourinary (GU), 44 gastro-
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intestinal (Gl), 28 Pancreatobiliary, 21 thoracic,
15 breast, 13 gynecologic (GYN) cancers as
well as 5 sarcomas, 4 central nerve system
(CNS) malignancies, and 4 head and neck
(H&N) cancers. The tissue sources included 95
primary and 84 metastatic tumors. Most meta-
static sites were liver (31%), lymph nodes (22%),
bone (10%), and lung (8%). Caris report provid-
ed 4-digit HLA-A, B, and C genotypes for each
patient. The racial composition of the patients
included 11 (6.1%) Black or African Americans,
147 (82%) Caucasians, 16 (8.9%) Hispanics
or Latinos, and 5 (2.8%) Asians and Pacific
Islanders. The study was approved by the
Institutional Review Board of Lifespan Health
System.

Control

Four-digit allele frequencies of each control
race group were obtained from the US National
Marrow Donor Program (NMDP) through Allele
Frequency Net Database (allelefrequencies.
net). The data from NMDP were based on the
HLA typing of 416,581 Black or African Ame-
ricans, 1,242,890 Caucasians, 146,714 His-
panics, 99,672 Chinese, and 27,978 Southe-
ast Asians, which represent the composition of
the general population of the United States
[18].

Statistical analysis

HLA allele frequency estimation: HLA-A, B, and
C allele frequencies were estimated by direct
counting for the entire patient cohort and strati-
fied by their race. The percentage of each allele
was calculated as its frequency divided by 2N,
where N was the corresponding number of
patients in each stratum.

Comparison between the control and patient
cohorts: The patient cohort and the NMDP were
then matched by ethnicity. Standard contingen-
cy tables that compared HLA alleles between
the patient cohort and the NMDP controls were
constructed, and prevalence ratios (PRs) were
calculated. Statistical significance was per-
formed by a two-tailed Fisher’s exact test. Fal-
se discovery rate (FDR)-adjusted P values were
calculated by accounting for the total number
of comparisons (Benjamini-Hochberg (B-H)
method). Only alleles carried by two or more
tumors were reported in the studies. An adjust-
ed P value of <0.05 was considered statisti-
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Table 1. Cancer types and the patients’ racial distribution

. Hispanic or  Black or African  Asian American/
Cancer type O\ierall (Eaucasmr; Latino American Pacific Islander
N=179 N=147 (82%)  N-16 (8.9%)  N=11(6.1%) N=5 (2.8%)

Cancer type based on organ system, n (%)

Breast cancer 15 (8.4) 14 (9.5) 1(6.2) 0(0) 0 (0)

CNS malignancy 4(2.2) 4(2.7) 0 (0) 0 (0) 0 (0)

Gl cancer 44 (25) 36 (24) 3(19) 3(27) 2 (40)

GU cancer 45 (25) 38 (26) 4 (25) 2(18) 1(20)

Gyn cancer 13(7.3) 11 (7.5) 1(6.2) 1(9.1) 0 (0)

H&N cancer 4(2.2) 3(2.0) 1(6.2) 0 (0) 0 (0)

Pancreatobiliary cancer 28 (16) 21 (14) 3(19) 2 (18) 2 (40)

Sarcoma 5(2.8) 4(2.7) 0 (0) 1(9.1) 0 (0)

Thoracic cancer 21 (12) 16 (11) 3(19) 2 (18) 0 (0)
Cancer site, n (%)

Metastatic 84 (47) 71 (48) 5(31) 5 (45) 3 (60)

Primary 95 (53) 76 (52) 11 (69) 6 (55) 2 (40)

cally significant. All statistical analyses were
conducted using R (version 4.2.1).

Results

HLA type | alleles of different tumor types with
different racial background

The cancer patient cohort included Caucasian
Americans (82%), Hispanic or Latino Americans
(8.9%), Black/African Americans (6.1%), and
Asian Americans and Pacific Islanders (2.8%).
The most common cancer types based on
organ system were GU (25%), Gl (25%), pancre-
aticobiliary (16%), and thoracic cancers (12%),
accounting for about three-fourths of the en-
tire patient cohort (Table 1). The frequencies
appeared similar in different race groups, al-
though not all the tumors were represented in
less populated groups. About half of the tumors
were metastases (Table 1).

One hundred forty-six (146) HLA type | alleles
were found in the tumors, including 44 HLA-A,
72 HLA-B, and 30 HLA-C alleles (Supplemen-
tary Table 1). The 15 most common alleles
were included in Figure 1A, among which the
most prevalent allele was A*02:01 (n=78;
21.8%), followed by C*07:01 (n=65; 18.1%)
and A*03:01 (n=57; 15.9%). All other alleles
collectively accounted for <15%. When strati-
fied by race, tumor type, and cancer site, not all
the alleles had a balanced distribution (Figure
1B-D). For example, A*02:01 and C*04:01,
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and C*06:02 occurred more frequently in
Hispanic or Latino Americans; A*03:01 and
B*35:01 were more frequently present in
Black/African Americans; A*02:01, A*03:01,
and C*06:02 appeared more common in tho-
racic tumors. The prevalence of all alleles in the
cohort were listed in Supplementary Table 1.

Tumor HLA type | alleles not included in the
NMDP database

Not all the 146 alleles in this cohort have been
included in the current NMDP database (ac-
cessed in September 2022). Table 2 listed 21
HLA type | alleles that were not curated in the
NMDP database, accounting for 14.4% of all
the 146 alleles detected. The most striking
finding in our study was allele A*11:303. It is
not curated in the NMDP; however, it was found
in 11 individual cancers, including four Gl tract
cancers, three GU cancers, two cholangiocarci-
nomas, and others (Table 2). The patients car-
rying the allele consisted of 8 Caucasians, 2
Hispanic or Latinos, and 1 Asian. One prostate
cancer had homozygous A*11:303, likely due
to loss of heterogeneity in the tumor. The next
frequent allele was B*08*222, which was seen
in four different tumors (one breast cancer, one
renal cell carcinoma, one high-grade serous
carcinoma, and one pancreatic cancer) from
two races (Table 2). Alleles that occurred in
two different tumors included A*02:215 (two
renal cell carcinomas), A*02:771 (one breast
cancer and one squamous cell carcinoma of
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Figure 1. The fifteen most prevalent alleles in tumor tissues. A. The percentages of the most prevalent alleles (The
numbers on the bars indicate the counts of corresponding alleles). B. Relative prevalence (%) of the alleles as strati-
fied by ethnicity. AA: Black/African American; CA: Caucasian American; HL: Hispanic or Latino. C. Relative prevalence
(%) as stratified by the four common cancer types. D. Relative prevalence (%) as stratified by tumor sites.

the esophagus), A*24:01 (one colon cancer
and one endometrial cancer), B*44:323 (one
urothelial carcinoma and one endocervical can-
cer), B*51:239 (one breast cancer and one
high-grade serous carcinoma) (Table 2).

Tumor HLA type | alleles included in the NMDP
database

For the alleles included in the NMDP, we com-

pared the relative prevalence of the alleles
between the cohort and NMDP, stratified by
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HLA type and race. The differences were quan-
tified by prevalence ratios and tested using
Fisher’s exact text. Figure 2A exhibited a part
of the comparison results, where only those
alleles with P<0.05 and with counts =2 cancers
were included. There were 17 alleles (from 13
Caucasians, 3 Black/African Americans, and 1
Hispanic or Latino American) that exhibited sig-
nificant (unadjusted P value <0.05) prevalence
differences between our cohort and NMDP
controls. After adjusting for FDR, the preva-
lence of five alleles among Caucasians re-
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Table 2. HLA type | alleles that are not included in the NMDP database

HLA-A HLA-B HLA-C
Caucasian

A*11:303 Renal cell carcinoma x2 B*08:222  Renal cell carcinoma C*02:10  Colon cancer
Prostate cancer Pancreatic cancer
Breast cancer Breast cancer
Esophageal adenocarcinoma
Cholangiocarcinoma
Endocervical adenocarcinoma
SMARCA4-deficient malignant neoplasm

A*01:215 Renal cell carcinoma x2 B*44:323  Urothelial carcinoma C*03:32  Breast cancer

Endocervical adenocarcinoma

A*02:771 Breast cancer B*51:239  Breast cancer C*04:356 Colon cancer
Esophageal squamous cell carcinoma High-grade serous carcinoma

A*24:01  Endometrial adenocarcinoma B*35:208 High-grade serous carcinoma C*06:227 Renal cell carcinoma
Colon cancer

A*02:724 Breast cancer B*44:225  Nasopharyngeal carcinoma C*07:18 SMARCA4-deficient malig-

nant neoplasm

A*02:802 Glioblastoma B*44:269  Malignant PEComa

A*02:705 Urothelial carcinoma B*46:24 Breast cancer C*12:143 Colon cancer

A*02:89  Renal cell carcinoma B*51:260  Colon cancer

Hispanic or Latino

A*11:303 Colon cancer
Cholangiocarcinoma

Black or African American

A*01:252 Stomach cancer B*08:222
Asian American and Pacific Islander

A*11:303 Colon cancer

High-grade serous carcinoma C*08:32  Urothelial carcinoma

mained significantly different, which were high-
lighted in the red box in Figure 2A: B*44:02
(PR=0.36, adjusted P=0.03), C*08:02 (PR=
1.94, adjusted P=0.047), B*14:02 (PR=2.5,
adjusted P=0.003), A*03:02 (PR=7.09, adjust-
ed P=0.014), and B*44:06 (PR=170, adjusted
P=0.003). The five alleles were all found in
tumors from Caucasians.

Figure 2B provided a scatterplot of all the
alleles, where -log10 (unadjusted P values) of
each comparison were plotted against log10
(PR) for each allele. Alleles with small P values
tended to appear in the upper half of the figure,
and alleles with significant differences in PR
between cancer and NMDP controls appeared
in the right or left parts of the diagram, away
from zero. For reference, we added a horizontal
line in Figure 2B indicating -log10 (unadjusted
P=0.05) and two arbitrary vertical lines indicat-
ing log10 (PR=1/4) and log10 (PR=4). In Figure
2B, the alleles highlighted in red were those
with highly significant differences (both unad-
justed P<0.05 and BH-adjusted P<0.05). Mo-
reover, five alleles were highlighted in yellow
with PRs of >4 and unadjusted P<0.05 but
BH-adjusted P>0.05. These five alleles were
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B*42:02 and B*18:01 for Black/African Ame-
ricans, C*03:02 and A*02:02 for Caucasians,
and A*02:02 for Hispanic or Latino Americans.
These five alleles may be worth further investi-
gation. The only significant allele associated
with decreased prevalence in the cohort was
B*44:02 (PR=0.36).

We further compared the prevalence of alleles
between the tumors and NMDP controls, strati-
fied by race and cancer organ system. Besides
the five alleles that showed significant differ-
ence collectively for all tumors, we further iden-
tified 15 alleles with significant differences
from the NMDP controls. These included four
alleles in breast cancers (including C*08:02),
one in CNS malignancies, two in Gl cancers,
two in H&N cancers, five in pancreaticobiliary
cancers, and one in sarcomas of Caucasians,
one allele in pancreaticobiliary cancers of
Black/African Americans, and one allele in
breast cancers and one in Gl cancers of His-
panic or Latino Americans (Table 3). Of note,
all 15 alleles were associated with increased
prevalence in the current cohort. A more inclu-
sive list of all the alleles with unadjusted P val-
ues of <0.05 was presented in Supplementary

Am J Transl Res 2023;15(9):5642-5652
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Figure 2. Comparison of allele prevalence between the cancer patient cohort and NMDP controls. A. Pyramid plot of

1

log(prevalence ratio)

allele prevalence. AA: Black or African American; CA: Caucasian American; HL: Hispanic or Latino; p: P-value; p.adj:

“B-H” adjusted P-value. The red box indicates alleles with significant differences (after adjustment). B. -log (unad-

justed P-value) versus log (Prevalence Ratio). The red horizontal line indicates unadjusted P=0.05; so all alleles
above the red line have unadjusted P<0.05. The left yellow vertical line indicates PR=1/4; the right line indicates

PR=4; so the alleles outside the two vertical lines exhibit a clinically major difference (PR<1/4 or PR>4). We further

highlight those alleles with both unadjusted P<0.05 and adjusted P<0.05 in red. Alleles with PR>4 and unadjusted
P<0.05 but adjusted P>0.05 are highlighted in yellow.
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Table 3. Alleles in Caucasian with adjusted P value less than 0.05 and occurred in 2 or more tumors

Allele Count in Tumor Prevalence in Prevalence in Prevalence Pvalue Adjusted P
Samples Patient Series (%) NMDP (%) Ratio value

Caucasian - All tumors

C*08:02 22 7.48 3.85 1.94 0.003 0.047

B*14:02 21 7.14 2.86 2.50 0.000 0.003

B*44:02 10 3.40 9.52 0.36 0.000 0.003

A*03:02 5 1.70 0.24 7.09 0.001 0.014

B*44:06 2 0.68 0.00 170 0.000 0.003
Caucasian - Breast cancer

C*08:02 5 17.8 3.85 4.64 0.004 0.022

B*14:02 4 14.3 2.86 5.00 0.008 0.034

B*44:06 2 7.14 <.01 >100 <.001 <.001

B*47.01 2 714 0.27 26.5 0.003 0.022
Caucasian - CNS malignancy

B*49:01 2 25.0 1.58 15.8 0.007 0.033
Caucasian - Gl cancer

C*15:05 3 4.17 0.35 11.9 0.002 0.044

A*02:02 2 2.78 0.09 30.9 0.002 0.044
Caucasian - H&N cancer

A*02:01 5 83.3 27.6 3.02 0.007 0.015

B*50:01 2 33.3 1.05 31.8 0.002 0.006
Caucasian - Pancreatobiliary cancer

A*68:02 3 714 0.84 8.50 0.005 0.031

B*58:01 3 714 0.73 9.78 0.004 0.031

C*03:02 3 714 0.22 32.5 0.000 0.003

A*03:02 2 4.76 0.24 19.8 0.005 0.031

A*69:01 2 4.76 0.14 34.0 0.002 0.024
Caucasian - Sarcoma

A*03:02 2 25.0 0.24 104 0.000 0.001
Black or African American - Pancreatobiliary cancer

C*16:01 2 50.0 9.69 5.16 0.049 0.049
Hispanic - Breast adenocarcinoma

A*02:01 2 100 20.9 4.77 0.044 0.044
Hispanic - GI cancer

C*12:03 2 33.3 4.15 8.03 0.023 0.046

Table 2. Comparisons with stratification by
race and individual cancer type were shown in

Supplementary Table 3. Only alleles carried by
two or more tumors were included in the tables.

Discussion

Next-generation sequencing has provided pow-
erful tools and resulted in massive data for the
HLA community. HLA typing has been through
multiple generations of methodology, and the
next generation sequencing has provided great
opportunities and posed challenges at the sa-
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me time to HLA typing [19, 20]. In the current
study, we extracted HLA-A, B, and C data from
the Caris Comprehensive Tumor Profiling report.
Paraffin-embedded tumor tissue was used by
Caris to perform the HLA typing. The details
of Caris’s methodology are not known to us.
Traditionally, peripheral blood or oral swabs are
the classic sources of DNA for HLA typing. The
current study is the first to our knowledge that
used tumor HLA for a tumor susceptibility stu-
dy. The concern is that cancer cells could ac-
quire HLA mutations to facilitate immune eva-
sion [21], which may void the analysis. In addi-
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tion, a comprehensive study has evaluated the
somatic mutation in HLA genes [22]. Based on
TCGA and other large datasets, the study dis-
covered 73 mutations in 64 alleles of 2545
persons. If we extrapolated their findings to our
cohort, only five mutations could have occurred
in our 179 patients. Although we cannot identi-
fy these somatic mutations, their impacts on
our data and results appeared acceptable.

The general way to obtain a balanced control
group is to recruit patients from the geogra-
phic vicinity. In our study, the NMDP data was
used. NMDP consisted of HLA typing data from
a large number of individuals of each race.
Therefore, its allele frequencies should be well-
representative of the general population of the
United States. Although the detailed racial
composition of our served regional population
is not available, prevalence ratios were calcu-
lated for each major race to avoid selection
bias. NMDP data has been used in similar stud-
ies to reveal the relationship between alleles
and the prevalence of certain tumors [23].

The fact that our cohort had 21 alleles that
have not been listed in the NMDP database is
striking. Among them, A*11:303 is the most
frequent. Very little is known about the
A*11:303. It was initially submitted to Immuno
Polymorphism Database (IPD) from a lab in the
United States based on a buccal swab sam-
ple (https://www.ebi.ac.uk/ipd/imgt/hla/cells/
cell/?cellid=47998). A*11:303 was unlikely to
be caused by HLA somatic mutations, given its
presence in multiple tumors in patients of vari-
ous races. Its high prevalence in our cohort
surely warrants further studies to better char-
acterize these tumors, to examine the patients’
germline HLA genotype, and to determine the
efficacy of antigen presentation. The next most
frequent allele, B*8*222 was carried by four
different tumors in patients of two races. It is
not listed in IPD, and there is no published
information about the allele to our knowledge.
All the remaining alleles in Table 2 are not list-
ed in IPD except A*02:215, which was identi-
fied from a group of stem cell donors [24]. The
study found that out of 2127 new alleles, 156
(7.3%) new alleles were found in multiple peo-
ple, suggesting that these alleles were not nec-
essarily rare [25]. The exact frequencies of the
unlisted alleles in our cohort may not be as
low as expected and are worth further investi-
gation.
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Due to the small sample sizes, few alleles we-
re found to be associated with non-Caucasian
people. In Caucasians, five alleles showed tu-
mor association. C*08:02, B*14:02, A*03:02,
and B*44:06 appeared susceptible with preva-
lence ratios ranging from 1.94 to 170, while
B*44:02 was protective when all the cancers
were considered (Figure 2 and Table 3). For
individual cancers, patients with B*44:06 were
susceptible to breast cancer, and C*03:02
patients were susceptible to pancreaticobiliary
cancers.

C*08:02 allele was enriched in our cohort and
associated with overall tumor susceptibility
and breast cancer when analyzed individually
(Table 3). C*08:02 T cells have been found
capable of targeting Kirsten rat sarcoma virus
(KRAS) with G12D mutation [25, 26]. How-
ever, the KRAS G12D mutated colon cancer in
C*08:02 patients did not have any unique
immune activity [27]. The underlying mecha-
nisms of the association between C*08:02 and
certain tumor are still not clear. No studies
have been reported regarding any association
between C*08:02 and breast cancer.

B*14:02 was seen in 21 tumors in the current
series with an odd ratio of 2.61. It has been
found to be associated with Gag-specific CD8+
T-cell response against HIV-1 [28]. It was also
found to be able to bind Phox2b, a neuroblasto-
ma-specific marker, and to be used in peptide-
centric chimeric antigen receptors (CARs) for
specific tumor targeting [29]. B*14:02 has also
been shown to be associated with the develop-
ment of cervical dysplasia [30, 31]. In the cur-
rent study, B*14:02 was associated with indi-
vidual cancers such as breast cancer (P=
0.0079, adjusted P=0.034) and thoracic can-
cer (P=0.0127, adjusted P=0.152) (Table 3 and
Supplementary Table 2).

In the current cohort, A*03:02 was seen in
pancreatic cancers, metastatic GIST, and endo-
metrial cancer. The implication of A*03:02 in
cancer has been reported. It could present a
mutated PIK3CA (H1047L) peptide for neoanti-
gen targeting [32]; however, the real-life effect
of the targeting has not been examined. HLA-
A*03 has been shown to be a predictive bio-
marker of poor response to immune check-
point inhibitors (ICls) [16]. The exact role of
A*03:02 needs further evaluation.
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B*44:02 was demonstrated to be one of the
protective alleles for multiple sclerosis [33]. It
was also reported that B*44:02 positively
influenced the overall survival of melanoma
patients treated with ICIs [17]. B*44:02 was
also found as a protective factor for medically
refractory pediatric acute lymphoblastic leuke-
mia [34]. B*44:02, along with other HLA alle-
les, was associated with a lower incidence of
relapse of acute myeloid leukemia after autolo-
gous hematopoietic cell transplantation [35].
Although closely related to B*44:02, the sus-
ceptibility of B*44:06 to breast cancer is a new
finding; no study has been reported on the
effect of B*44:06 on cancer or leukemia.

C*03:02 was found to be associated with long-
term non-progression of HIV disease in African
Pediatric populations [36]. To our knowledge,
no tumor association had been found about
this allele.

Table 3 included some candidate alleles with
tumor association, such as A*02:01 in H&N
cancer, C*15:05 in Gl cancer, among others.
These associations were based on relatively
low tumor samples, and they need to be con-
firmed by further studies. Different HLA mole-
cules differ in their efficacies to present the
antigens. It was found in advanced cancer
patients homozygous MHC type | molecules
reduced the survival and immune checkpoint
inhibitor antitumor response. The same study
revealed that linked MHC type | heterozygosity
broadened the tumor-specific antigen presen-
tations [37]. Furthermore, Marty et al. indicat-
ed that individual MHC type | genotypes could
predict cancer susceptibility, as certain onco-
genic mutations linked to this genotype may
limit possible tumor mutations [12].

Our studies have several limitations. First, due
to the highly polymorphic nature of HLA genes,
our relative sample number (179) might not
properly represent all the different disease/
allele combinations; but those alleles are not
equally distributed in different populations, as
the few most common alleles are presentin the
vast majority of individuals, and this is reflect-
ed in our results. We used Benjamini-Hochberg
method in our statistical analysis to limit the
false discovery rate. Second, as mentioned
above, the HLA genotype in cancer may be
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the same as the germline HLA in the patient.
Although the predicted mutations are limited,
they could cause over-or under-estimate in
some correlation studies. However, such bias is
likely minimal. HLA-typing of the tumor could be
helpful or even necessary when HLA-based tar-
geted therapy is available in the future. Third,
not all the tumors in our health system were
tested by Caris cancer profiling. The tumors in
the cohort were profiled mainly to meet the
requirements of ongoing clinical trials or for the
purpose of targeted therapy. Therefore, it may
introduce some selection biases, such as pos-
sible preferences towards certain patient gr-
oups or tumor stages. Fourth, homozygous
alleles resulting from loss of heterozygosity
(LOH) in the tumor cells could lead to the over-
representation of specific alleles. For exam-
ple, one prostate cancer had two copies of
allele A*11:303. Given the low frequency of
A*11:303 in the general population, it was
very likely an example of LOH. It is one of the
limitations of using tumor tissue to genotype
HLA alleles. Fifth, to increase the robustness of
the analysis, we excluded alleles that only car-
ried in one tumor from our cohort, which could
miss some significant alleles. Finally, due to
limited amounts of cancers and limited general
HLA information from minority groups, particu-
larly Asians and Pacific Islanders, the most
important findings were limited to the Cauca-
sian population.

In summary, we collected HLA-A, B, and C data
from 179 malignant solid tumors and identified
several susceptible alleles and one protective
allele. Of interest, 21 alleles were not reported
in the NMDP, one of the largest allele databas-
es of the American population. The identified
alleles might not be limited only to Caucasian
Americans if we could have more cases from
other races.
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Supplementary Table 1. Alleles prevalence by ethnicity
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C*15:05 4(1.1) 0 (0) 4(1.4) 0 (0) 0 (0)
C*15:11 (0 3) 0 (0) 1(0.3) 0 (0) 0 (0)
C*16:01 4 (3.9) 3 (14) 9(3.1) 2(6.2) 0(0)
C*16:02 1 (0 3) 0 (0) 0 (0) 1(3.1) 0 (0)
C*16:04 1(0.3) 0 (0) 1(0.3) 0 (0) 0 (0)
C*17:01 6 (1.7) 4 (18) 1(0.3) 1(3.1) 0 (0)
The percentage was calculated as frequency/(2*N).
Supplementary Table 2. Alleles with unadjusted P values of <0.05 in cancer organ systems
Allele Count in Tumor Prevalent_:e in Prevalence in Prevalgnce Pvalue Adjusted P
Samples Patient Series (%) NMDP (%) Ratio value
Black or African American - All tumors
A*03:01 5 22.73 8.39 2.71 0.033 0.185
B*18:01 3 13.64 3.20 4.26 0.032 0.185
B*42:02 2 9.09 0.73 12.45 0.011 0.185
Black or African American - Pancreatobiliary cancer
C*16:01 2 50.00 9.69 5.16 0.049 0.049
Black or African American - Thoracic cancer
B*35:01 2 50.00 6.89 7.26 0.026 0.078
Caucasian - All tumors
C*08:02 22 7.48 3.85 1.94 0.003 0.047
B*14:02 21 7.14 2.86 2.50 0.000 0.003
B*49:01 11 3.74 1.58 2.37 0.008 0.091
B*44:02 10 3.40 9.52 0.36 0.000 0.003
B*50:01 8 2.72 1.05 2.59 0.013 0.134
C*03:03 8 2.72 5.34 0.51 0.050 0.238
A*33:01 6 2.04 0.81 2.52 0.034 0.198
B*58:01 6 2.04 0.73 2.80 0.022 0.171
A*03:02 5 1.70 0.24 7.09 0.001 0.014
C*15:05 4 1.36 0.35 3.89 0.021 0.171
C*03:02 3 1.02 0.22 4.64 0.028 0.187
A*02:02 2 0.68 0.09 7.56 0.029 0.187
B*44:06 2 0.68 <0.01 170 0.000 0.003
Caucasian - Breast adenocarcinoma
C*08:02 5 17.86 3.85 4.64 0.004 0.022
B*14:02 4 14.29 2.86 5.00 0.008 0.034
A*33:01 2 7.14 0.81 8.82 0.022 0.073
B*44.:06 2 7.14 <0.001 >100 0.000 0.000
B*47:01 2 7.14 0.27 26.45 0.003 0.022
Caucasian - CNS malignancy
B*49:01 2 25.00 1.58 15.82 0.007 0.033
Caucasian - Gl cancer
B*49:01 4 5.56 1.58 3.52 0.027 0.281
C*15:05 3 417 0.35 11.91 0.002 0.044
A*02:02 2 2.78 0.09 30.87 0.002 0.044
B*07:05 2 2.78 0.30 9.26 0.020 0.274
Caucasian - GU cancer
B*39:01 4 5.26 1.12 4.70 0.011 0.362
B*35:08 2 2.63 0.43 6.12 0.043 0.665



HLA type | molecules of solid malignancies

Caucasian - Gyn cancer

C*14:02 2 9.09 1.27 7.16 0.031 0.361
Caucasian - H&N cancer

A*02:01 5 83.33 27.55 3.02 0.007 0.015

B*50:01 2 33.33 1.05 31.75 0.002 0.006
Caucasian - Pancreatobiliary cancer

A*68:02 3 7.14 0.84 8.50 0.005 0.031

B*40:02 3 714 1.26 5.67 0.016 0.077

B*58:01 3 7.14 0.73 9.78 0.004 0.031

C*03:02 3 7.14 0.22 32.47 0.000 0.003

A*03:02 2 4.76 0.24 19.84 0.005 0.031

A*69:01 2 4.76 0.14 34.01 0.002 0.024
Caucasian - Sarcoma

A*03:02 2 25.00 0.24 104.16 0.000 0.001
Caucasian - Thoracic cancer

B*14:02 4 12.50 2.86 4.37 0.013 0.152

C*02:02 4 12.50 4.35 2.87 0.049 0.188

C*08:02 4 12.50 3.85 3.25 0.033 0.188

C*14:02 3 9.38 1.27 7.38 0.008 0.152

A*33:01 2 6.25 0.81 7.72 0.028 0.188

B*50:01 2 6.25 1.05 5.95 0.044 0.188
Hispanic - All tumors

A*02:02 2 6.25 0.76 8.22 0.025 0.518
Hispanic - Breast adenocarcinoma

A*02:01 2 100.00 20.95 4.77 0.044 0.044
Hispanic - Gl cancer

C*12:03 2 33.33 4.15 8.03 0.023 0.046
Hispanic - Thoracic cancer

B*51:01 2 33.33 6.05 5.51 0.047 0.089

C*06:02 2 33.33 6.14 5.43 0.048 0.089
Supplementary Table 3. Alleles (race x cancer) Not needed
Allele Count in Tumor Prevalence in Patient ~ Prevalence in  Prevalence P Adjusted P

Samples Series (%) NMDP (%) Ratio value value

Black or African American - Colorectal adenocarcinoma

A*03:01 2 100.00 8.39 11.92 0.007 0.007
Black or African American - Gastric adenocarcinoma

C*17:.01 2 50.00 6.81 7.34 0.025 0.025
Black or African American - Lung adenocarcinoma

B*35:01 2 100.00 6.89 14.51 0.005 0.005
Black or African American - Pancreatic ductal carcinoma

C*16:01 2 50.00 9.69 5.16 0.049 0.049
Caucasian - Breast adenocarcinoma

C*08:02 5 17.86 3.85 4.64 0.004 0.022

B*14:02 4 14.29 2.86 5.00 0.008 0.034

A*33:01 2 714 0.81 8.82 0.022 0.073

B*44:06 2 714 <0.01 >100 0.000 0.000

B*47.01 2 714 0.27 26.45 0.003 0.022
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Caucasian - Cholangjocarcinoma

B*49:01 2 16.67
Caucasian - Colon neuroendocrine carcinoma

A*01:01 2 100.00
Caucasian - Colorectal adenocarcinoma

A*02:02 2 4.55
Caucasian - Colorectal neuroendocrine carcinoma

C*03:03 2 100.00
Caucasian - Gastric adenocarcinoma

B*49:01 2 25.00
Caucasian - Glioblastoma

B*49:01 2 25.00
Caucasian - High-grade serous carcinoma

A*25:01 2 25.00
Caucasian - Lung adenocarcinoma

B*51:01 3 25.00

C*14:02 3 25.00
Caucasian - Lung non-small cell carcinoma

C*06:02 2 50.00
Caucasian - Malignant PEComa

C*05:01 2 100.00
Caucasian - Metastatic GIST

A*03:02 2 100.00

C*07:01 2 100.00
Caucasian - Oropharyngeal squamous cell carcinoma

B*50:01 2 100.00
Caucasian - Panceatic acinar cell carcinoma

A*03:01 2 100.00
Caucasian - Pancreas neuroendocrine carcinoma

B*07:02 2 100.00
Caucasian - Pancreatic ductal carcinoma

C*02:02 4 16.67

B*40:02 3 12.50

B*58:01 3 12.50

C*03:02 3 12.50

A*03:02 2 8.33

A*68:02 2 8.33

A*69:01 2 8.33
Caucasian - Prostatic adenocarcinoma

B*39:01 2 14.29
Caucasian - Prostatic sarcomatoid carcinoma

B*14:02 2 100.00
Caucasian - Renal cell carcinoma

B*18:01 3 18.75

C*12:03 3 18.75
Caucasian - Small bowel adenocarcinoma

A*03:01 2 100.00
Caucasian - Squamous cell lung carcinoma

B*40:02 2 50.00

C*02:02 2 50.00
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Caucasian - Thymoma

C*07:01 2 100.00
Caucasian - Urachal adenocarcinoma

B*38:01 2 100.00
Hispanic - Breast adenocarcinoma

A*02:01 2 100.00
Hispanic - Gastric squamous cell carcinoma

A*24:02 2 100.00
Hispanic - Urothelial carcinoma

B*40:02 2 50.00

16.00

2.09

20.95

13.16

4.78

6.25

47.85

4.77

7.60

10.46

0.026

0.000

0.044

0.017

0.013

0.026

0.000

0.044

0.017

0.013




