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Immune checkpoint blockade therapies are widely used for cancer treatment, including advanced renal cell carcinoma (RCC).
This study aimed to investigate the impact of zygosity in HLA genes and individual HLA genotypes on the efficacy of an anti-PD-1
Ab, nivolumab, in treating advanced RCC. Patient enrollment was conducted across 23 institutions in Japan from August 19,
2019, to September 30, 2020, with follow-up concluding on March 31, 2021. HLA genotype imputation of HLA-A, B, and C,
DQB1, and DRB1 loci was performed. Among 222 patients, the presence of at least one homozygosity of the HLA-II allele
significantly improved the best objective response (hazard ratio, 0.34; 95% confidence interval, 0.21�0.96; p 5 0.042). The HLA
evolutionary divergence (HED) of the HLA-A and HLA-B loci was higher than the HLA-C ( p< 0.0001 and p< 0.0001,
respectively), with high HED of the HLA-B locus correlating to clinical benefits in nivolumab treatment (hazard ratio, 0.44; 95%
confidence interval, 0.21�0.90; p 5 0.024) and improving cancer-specific survival compared with the low group ( p 5 0.0202).
Additionally, high HED of the HLA-B locus was correlated with the number of infiltrated CD8+ cells in the tumor
microenvironment (correlation coefficient, 0.4042). These findings indicate that the diversity of the HLA-B locus plays a
significant role in the anti-tumor effect of nivolumab treatment in advanced RCC, potentially offering insights for improved risk
stratification in nivolumab treatment and leading to better medical management of advanced RCC. The Journal of Immunology,
2024, 213: 23�28.
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Immune checkpoint blockade (ICB) therapies have been approved
for the treatment of multiple cancer types, including advanced
renal cell carcinoma (RCC), and have demonstrated significant

efficacy in both disease control and overall survival. The second-line
nivolumab (1), first-line ipilimumab plus nivolumab (2), and multiple
ICB plus tyrosine kinase inhibitor regimens (3�6) have been clini-
cally approved for advanced RCC. However, there are a certain
number of patients for whom these treatments do not sufficiently
prove effective. Therefore, the identification of clinically usable
biological biomarkers is necessary.
HLAs are cell surface proteins that play a crucial role in the

immune system. They are expressed on a variety of cells, including
cancer cells and host immune cells. HLA molecules present proc-
essed Ags to T cells and promote a series of signals that activate
immune responses. HLA class I (HLA-I) is expressed on many cell
types and recognized by CD81 T cells; HLA class II (HLA-II) is
expressed on immune cells, mainly APCs, and recognized by CD41

Th cells and regulatory T cells (7). In the cancer immunity cycle,
HLA-I and HLA-II play an important role in terms of T cell priming/
activation, tumor recognition, and tumor killing (8). HLA is highly
polygenic and polymorphic and is classified into subclasses based
on serological specificities and alleles. Additionally, HLA super-
types have been defined, particularly for the HLA-A and the HLA-
B loci, based on their peptide-binding repertoires (9). Polymor-
phisms at these HLA loci lead to differences in peptide affinities,
thereby enabling a wide range of peptides to be presented.
Recently, some studies have reported that host HLA gene zygos-

ity, divergence, and individual HLA genotypes are associated with
the effect of ICB therapy (10�13). Additionally, the downregulation
of the expression of HLA on tumor cells is a well-established mech-
anism by which tumors can evade the immune system (14�16).
Also, a correlation was indicated between HLA-I or HLA-II expres-
sion on tumor cells and the response to ICB therapy (17�20). Thus,
HLA expressed on both host and tumor cells has a significant
impact on the cancer immunotherapy. In this study, we investigated
whether HLA gene zygosity and individual HLA genotypes are asso-
ciated with the effect of nivolumab treatment for advanced RCC.

Materials and Methods
Patients

This study used data from the SNPs in Nivolumab PD-1 Inhibitor for RCC
(SNiP-RCC) study (21), which enrolled Japanese patients with histologi-
cally diagnosed clear cell RCC and at least one measurable metastatic
lesion according to RECIST version 1.1 criteria (22). Informed consent was
obtained from all patients, and the study was conducted in accordance with
the principles described in the Declaration of Helsinki and the ethical guide-
lines for epidemiological research established by the Japanese government.
The inclusion and exclusion criteria for the SNiP-RCC trial were previously
described (21). This study was approved by the review committee of each
institution, and the protocol was registered on the Web site of the University
Hospital Medical Information Network in Japan on August 20, 2019 (proto-
col ID UMIN000037739). Further information can be found at the follow-
ing link: http://www.umin.ac.jp/ctr/.

Study design

Patient enrollment was conducted at 23 institutions in Japan between
August 19, 2019, and September 30, 2020, and patient follow-up ended on
March 31, 2021. Blood samples were collected from all patients after inclu-
sion in the study, and genomic DNA was extracted from whole-blood sam-
ples by LSI Medience Co. Nivolumab treatment and imaging evaluation
were performed at the discretion of each physician. Enrolled patients were
allocated into a development set and a validation set on the basis of their
best objective response.

Objective response and radiographic progression-free survival (rPFS)
were evaluated by RECIST version 1.1 criteria (22). For the analysis of
rPFS, radiographic progression or death of any cause was defined as an
event. Patients who did not experience any events were censored at the last

follow-up visit. The duration from the date of treatment initiation to the date
of event or censor was calculated. Adverse events (AEs) were graded
according to the CTCAE version 5.0, and treatment-related grade $3 AEs
were collected as severe AEs (SAEs) (23).

Serum sample collection and HLA typing

Genomic DNA was extracted from whole-blood samples, which were stored
at −80◦C until analysis. Among 222 samples,112 samples from the develop-
ment set in the SNiP-RCC study were genotyped using the Japonica Array
version 2, which was customized for the Japanese genome and manufactured
by Thermo Fisher Scientific (21). HLA-I (A, B, C) and HLA-II (DQB1,
DRB1) genotypes were determined by imputation using the Japonica Array
version 2 (Toshiba) as previously described (24). The remaining 110 samples
from the validation set in the SNiP-RCC study were genotyped for HLA-I
(A, B, C) and HLA-II (DQB1, DRB1) alleles by PCR with a sequence-
specific oligonucleotide probe using WAKFlow HLAtyping kits (Wakunaga
Pharmaceutical Co.) and LABType SSO (One L) as described previously
(25). The supertypes of the HLA-A and HLA-B loci were classified using a
previously described method (9).

Calculation of patients’ HLA evolutionary divergence (HED)

The HED was calculated as previously described (26). The divergence
between allele sequences was calculated using the Grantham distance, which
is a quantitative distance that considers the physicochemical properties of
amino acids and their functional similarity between sequences (27). Briefly,
for each HLA-I (A, B, C) or HLA-II (DQB1, DRB1) locus, the sequences
of the peptide-binding domains of each allele were aligned, and the Gran-
tham distance was calculated as the sum of amino acid differences, account-
ing for the biochemical composition, polarity, and volume of each amino
acid, along the sequence of the peptide-binding domain following the for-
mula by Grantham et al. (27). For HLA-A, C, DQB1, and DRB1 loci, HED
could be calculated in all 222 patients and for the HLA-B locus in 221
patients. The threshold of the HED at each HLA locus was defined as the
median: High was defined as having a value greater than the median, and
low was defined as having a value less than or equal to the median.

Immunohistochemistry

Formalin-fixed, paraffin-embedded specimens of pretreatment RCC resection
or biopsy at Kyushu University Hospital were used. Formalin-fixed, paraffin-
embedded tumor tissue sections at 4 mm thickness were used for immuno-
histochemical staining for CD8 (mouse monoclonal, clone 4B11, prediluted;
Leica Biosystems) and CD4 (mouse monoclonal, clone 4B12, prediluted;
Nichirei Biosciences). Sections were pretreated by Target Retrieval Solution
(Agilent). All immunohistochemical data were evaluated by two pathologists
(F.G. and D.T.) independently. The lymphocytes located in the tumor were
counted and averaged over five high-power fields for each case.

Statistical analyses

All statistical analyses were conducted using JMP16 software (SAS Institute)
and GraphPad Prism 9 (GraphPad Software). Univariate analyses were per-
formed using the Cox proportional hazards model, and odds ratios and haz-
ard ratios were estimated with 95% confidence intervals. Statistical sample
size calculations were not performed. However, for the present study’s sam-
ple size, a two-group t test with a two-sided significance level of p < 0.05
was used to calculate post hoc power to detect differences in the best objec-
tive response between the stable disease/progressive disease and partial
response/complete response groups. Survival analysis was performed using
the Kaplan�Meier method and the log-rank test. The relationships between
groups were compared using one-way ANOVA with Tukey multiple com-
parison test or Mann�Whitney U test. A value of p< 0.05 was considered
statistically significant.

Results
Homozygosity of HLA genotypes

Clinical samples were collected from patients who were enrolled in
the previously reported SNiP-RCC study (21). The patients’ informa-
tion, including the HLA genotyping results, is shown in Supplemental
Table I. Among the 222 patients, homozygosity was observed in
the HLA, HLA-B, HLA-C, HLA-DQB1, or HLA-DRB1 loci in
39 (17.6%), 20 (9.0%), 27 (12.2%), 22 (9.9%), and 17 (7.7%)
patients, respectively. Moreover, at least one homozygosity in the
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HLA-I or HLA-II loci was identified in 63 (28.4%) and 23 (10.4%)
patients, respectively.
We investigated the potential correlation between the HLA homo-

zygosity and the best objective response (stable disease/progressive
disease versus partial response/complete response), cancer-specific
survival (CSS), rPFS, and SAEs in patients treated with nivolumab.
The homozygosity for each HLA-A, HLA-B, HLA-C, HLA-DQB1,
or HLA-DRB1 locus was not found to be significantly associated
with the best objective response (Supplemental Table II), CSS
(Table I), rPFS (Supplemental Table III), or SAEs (Supplemental
Table IV) in response to nivolumab treatment. On the other hand,
the homozygosity of the HLA-DQB1 locus tended to be associated
with the best objective response, and the presence of at least one
homozygosity of the HLA-II allele significantly improved the best
objective response (Supplemental Table II).

HED at each HLA locus

The HED was determined on the basis of HLA-I and HLA-II geno-
types in this cohort. For each patient, the HED was calculated at the
HLA-A, HLA-B, HLA-C, HLA-DQB1, and HLA-DRB1 loci by
measuring the Grantham distance between the peptide-binding
domains of the two alleles (26, 27). Although the previous report
suggested that the HLA-B locus had higher HED than the HLA-A
(10), the HED was not found to be significantly different between
the HLA-A and HLA-B loci in this cohort (Fig. 1A). Notably, the
HLA-C locus exhibited the lowest HED (Fig. 1A), consistent with
earlier studies demonstrating that the HLA-C has evolved most
recently (28�30). Additionally, the HED at the HLA-DRB1 locus
was higher than the HLA-DQB1 locus (Fig. 1B). We subsequently
investigated the association between the HED at each HLA-A,
HLA-B, HLA-C, HLA-DQB1, or HLA-DRB1 locus and the response
to nivolumab treatment for advanced RCC. As shown in Table I,
high HED only at the HLA-B locus was associated with prolonged

CSS after nivolumab treatment, although not with the best objective
response, rPFS, and SAEs (Supplemental Tables II�IV). Consistent
with these results, patients with high HED at the HLA-B locus exhib-
ited prolonged CSS compared with those with low HED (Fig. 2B),
whereas high HED at the HLA-A, HLA-C, HLA-DQ1, and
HLA-DRB1 loci did not correlate with prolonged CSS (Fig. 2A,
2C�2E). Furthermore, we examined the association between the
HED at the HLA-B locus and the infiltration of CD41 or CD81

cells in the tumor microenvironment. Although there was a correla-
tion between the infiltration of CD81 cells and the HED at the
HLA-B locus (Fig. 3A), no such correlation was observed for
CD41 cells (Fig. 3B), as represented in Fig. 3C. These results sug-
gest that high HED at the HLA-B locus promotes infiltration of
CD81 T cells into the tumor microenvironment and may enhance
the response to nivolumab treatment for advanced RCC.

HLA supertype at each HLA locus

We also explored the clinical significance of HLA-I supertypes on
patient survival following nivolumab treatment. Among the eight
supertypes analyzed, none of them exhibited a significant association
with improved survival (Table II). Additionally, we investigated the
use of a combination of supertypes for each HLA locus. As indi-
cated in Supplemental Table V, there was no correlation between
the efficacy of nivolumab for advanced RCC and either HLA-A or
HLA-B supertype combinations.

Discussion
Tumor Ags are presented by the HLA-I on tumor cells and APCs,
which activate tumor Ag-specific CD81 T cells and elicit anti-tumor
immune responses (31, 32). Loss of b2-microglobulin, which is a
component of the MHC-I, on cancer cells is associated with intrinsic
or acquired resistance to ICB therapies in melanomas and non�small
cell lung cancers (17, 18). Furthermore, some studies have shown
that MHC-II expression on tumor cells is related to the efficacy of
PD-1 blockade therapies in melanoma (19, 20).
Recently, interest has grown in exploring the impact of the HLA

genetic diversity on the cancer risk and the response to the cancer
immunotherapy. Previous studies have shown that the HLA hetero-
zygosity and higher HED are associated with a decreased risk for
lung cancer, non-Hodgkin lymphoma, and Hodgkin lymphoma, but
not for RCC (33). In addition, the homozygosity at the HLA-I locus
is associated with a shorter overall survival or progression-free sur-
vival in patients with melanoma and non�small cell lung cancer
treated with PD-1/PD-L1 inhibitors (13). On the other hand, the het-
erozygosity of the HLA-I locus is reported to be associated with an
improved prognosis for ICB therapies (10, 12). Furthermore, high
HED at the HLA-A and HLA-B loci has been suggested to correlate
with the beneficial effects of ICB therapies for metastatic melanoma
and non�small cell lung cancer (11). HLA-B presents a greater
diversity of peptides than HLA-A, suggesting that the HED of the

Table I. Associations of HLA homozygosity and HED with CSS

　 HR 95% CI p Value

Homozygosity of HLA allele
HLA-A 1.04 0.43�2.53 0.92
HLA-B 1.29 0.45�3.70 0.63
HLA-C 1.32 0.54�3.24 0.55
HLA-DQB1 1.08 0.41�2.81 0.88
HLA-DRB1 0.99 0.35�2.84 0.99

At least one homozygosity of HLA
HLA-I 1.17 0.57�2.40 0.67
HLA-II 1.01 0.39�2.63 0.99

HED high of HLA allele
HLA-A 1.24 0.63�2.43 0.53
HLA-B 0.44 0.21�0.90 0.024
HLA-C 0.61 0.31�1.22 0.16
HLA-DQB1 1.01 0.52�1.99 0.97
HLA-DRB1 1.01 0.51�1.99 0.98

CI, confidence interval; HR, hazard ratio.

FIGURE 1. Distributions of the HED for each HLA-I
and HLA-II locus. (A) HLA-A (n 5 222 patients;
median 5 9.76) versus HLA-B (n 5 221 patients;
median 5 7.41; p 5 0.2649); HLA-A versus HLA-C
(n 5 222 patients; median 5 4.66; p< 0.0001);
HLA-B versus HLA-C (p< 0.0001). (B) HLA-DQB1
(n 5 222 patients; median 5 10.02) versus HLA-DRB1
(n 5 222 patients; median 5 10.33; p 5 0.0071).
One-way ANOVA with Tukey multiple comparison
test (A) and Mann�Whitney U test (B) were used.
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HLA-B locus may confer an advantage over HLA-A in ensuring
diversity of Ag presentation (34). Consistent with those findings, we
found that high HED at the HLA-B locus is associated with
improved CSS after nivolumab treatment for advanced RCC. Previ-
ous studies have demonstrated that patients with the HLA-B44
supertype experience higher efficacy of the ICB treatment for mela-
noma and the bacillus Calmette-Guérin treatment for bladder cancer
(10, 25). This suggests that the enhanced presentation of neoantigens
with high affinity to the HLA-B44 supertype may elicit an anti-
tumor immune response. However, in the present study, we found

no association between specific HLA supertypes, including the
HLA-B44 supertype, and the efficacy of nivolumab treatment for
advanced RCC. This may be due to the lower number of tumor
mutation burdens in RCC than in melanoma and bladder cancer
(30), resulting in fewer variations of neoantigens being presented by
MHC-I and fewer neoantigens having an affinity for the HLA-B44
supertype in RCC. Additionally, although a previous study reported
that the HLA-A03 supertype is associated with poor survival in
patients with advanced cancer treated with various ICB therapies
(35), our data did not show the correlation between the HLA-A03

FIGURE 2. Kaplan�Meier survival analysis of CSS, stratified by the HED at each HLA locus. CSS stratified by the HED at the HLA-A (A), HLA-B (B),
HLA-C (C), HLA-DQB1 (D), or HLA-DRB1 (E) loci. The threshold of the HED at each HLA locus was defined as the median. High was defined as having
a value greater than the median, and low was defined as having a value less than or equal to the median. Survival analysis was performed using the
Kaplan�Meier method and the log-rank test.

FIGURE 3. The association of the HED at
the HLA-B locus with tumor-infiltrating CD81

and CD41 cells. (A) The correlation with the
HED at the HLA-B locus and the number of
CD81 cell infiltration in the tumor (n 5 15).
(B) The correlation with the HED at the HLA-
B locus and the number of CD41 cell infiltra-
tion in the tumor (n 5 15). (C) Representative
CD81 and CD41 immunostaining images in
the tumors from patients with high and low
HED at the HLA-B locus. HPF, high-power
field. Scale bar, 100 mm.
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supertype with the efficacy of nivolumab treatment for advanced
RCC.
CD81 T cell infiltration is a well-established favorable prognostic

factor in many cancer types; however, in RCC, CD81 T cell infiltra-
tion is associated with poor prognosis (36�38). CD81 T cells infil-
trating into RCCs exhibit heterogeneity in terms of their activation
and cytotoxic potential, even within the same tumor (39�42). Thus,
the presence of specific subpopulations of CD81 T cells, such as
stemlike TCF11 or PD-11TIM-3−LAG-3−CD81 T cell subsets,
might be a key for an effective anti-tumor response, regardless of
the overall abundance of CD81 T cell infiltration (41). In this
study, high HED at the HLA-B locus was associated with
improved CSS in nivolumab treatment for advanced RCC, and
more CD81 cells were infiltrated in tumors with higher HED at
the HLA-B locus. Future work is needed to analyze the impact
of the HLA-B divergence on the quality of tumor-infiltrating
CD81 T cells by examining the detailed phenotype of CD81

T cells in the tumor microenvironment. Furthermore, in the present
study, we found that the homozygosity at the HLA-II allele was
associated with clinical benefit in patients with advanced RCC treated
with nivolumab. Because HLA-II can activate not only CD41 helper
T cells but also regulatory T cells, the role of MHC-II on RCC
should be further clarified.
Our findings emphasize the significance of the diversity of the

HLA-B locus in nivolumab treatment for advanced RCC. These
results could potentially enhance the risk stratification in nivolumab
treatment and facilitate better medical management of advanced
RCC. However, further research is needed to fully understand the
underlying mechanisms and potential clinical implications of the
diversity of the HLA-B locus in nivolumab treatment for advanced
RCC.
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