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Abstract

Purpose: The survival of patients with clear cell metastatic
renal cell carcinoma (cc-mRCC) has improved substantially
since the introduction of tyrosine kinase inhibitors (TKI). With
the fact that TKIs interact with immune responses, we investigated
whether polymorphisms of genes involved in immune check-
points are related to the clinical outcome of cc-mRCC patients
treated with sunitinib as first TKI.

Experimental Design: Twenty-seven single-nucleotide poly-
morphisms (SNP) in CD274 (PD-L1), PDCD1 (PD-1), and
CTLA-4 were tested for a possible association with progression-
free survival (PFS) and overall survival (OS) in a discovery cohort
of 550 sunitinib-treated cc-mRCC patients. SNPs with a signifi-
cant association (P < 0.05) were tested in an independent vali-
dation cohort of 138 sunitinib-treated cc-mRCC patients. Finally,
data of the discovery and validation cohort were pooled formeta-
analysis.

Results: CTLA-4 rs231775 and CD274 rs7866740 showed
significant associations with OS in the discovery cohort after
correction for age, gender, and Heng prognostic risk group [HR,
0.84; 95%confidence interval (CI), 0.72–0.98;P¼0.028, andHR,
0.73; 95% CI, 0.54–0.99; P ¼ 0.047, respectively]. In the valida-
tion cohort, the associations of both SNPs with OS did not meet
the significance threshold of P < 0.05. Aftermeta-analysis,CTLA-4
rs231775 showed a significant association with OS (HR, 0.83;
95% CI, 0.72–0.95; P ¼ 0.008). Patients with the GG genotype
had longer OS (35.1months) compared with patients with an AG
(30.3 months) or AA genotype (24.3 months). No significant
associations with PFS were found.

Conclusions: The G-allele of rs231775 in the CTLA-4 gene is
associated with an improved OS in sunitinib-treated cc-mRCC
patients and could potentially be used as a prognostic biomarker.
Clin Cancer Res; 24(10); 2350–6. �2018 AACR.

Introduction
Renal cell carcinoma (RCC) is the most common type

of kidney cancer in adults. Almost 70% of RCC is of clear
cell histology, and 20% to 25% of patients have metastatic

spread by the time they are diagnosed with RCC (1, 2). Even
though new cases of RCC remain relatively few compared
with other more frequent malignancies, the global incidence
and mortality are steadily increasing at a rate of 2% to 3% per
decade (2).
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For decades, the outcome for metastatic RCC (mRCC) treat-
ment with IL2 and IFNawas disappointing. With the discovery of
vonHippel–Lindau (VHL) genemutations in themajority of clear
cell RCC, therapies targeting angiogenesis were introduced in
early 2003 including tyrosine kinase inhibitors (TKI), mTOR
inhibitors, and the anti-VEGF mAb bevacizumab. With an
improved understanding of how tumor cells evade antitumor
response and how T cells can be redirected through activating or
inhibiting receptors, the immune checkpoint pathway broadens
the knowledge of the biological behavior of RCC. Checkpoint
inhibitors, such as programmed death-1 (PD-1) inhibitors
(pembrolizumab and nivolumab), PD-1 ligand (PD-L1) inhib-
itor (atezolizumab), and cytotoxic T-lymphocyte antigen 4
(CTLA-4) inhibitor (ipilimumab), have emerged as promising
RCC treatments (3). Given the fact that angiogenesis pathway
inhibitors interact with immune responses (4, 5), the potential
synergy between checkpoint inhibitors and angiogenesis inhibi-
tors has led to several combination trials in mRCC, such as
sunitinib or pazopanib combined with nivolumab (6).

Upon activation, some T-cell receptors (such as CD28) posi-
tively regulate T cells, leading to tumor destruction, whereas
others (such as PD-1 and CTLA-4) negatively regulate T cells,
resulting in prolonged tumor survival. When PD-1 binds to
PD-L1, the activation of T cells is inhibited, resulting in the
suppression of T-cell attack and tumor immune escape (7). After
binding to B7.1 (CD80) and B7.2 (CD86), CTLA-4 reduces the
activated T-cell response to tumor cells, thereby failing to halt
tumor progression (8). Generally, there is a balance among the
receptors which makes the immune response of T cells main-
tain a proper intensity in order to protect normal cells from
collateral damage (7). However, overexpression of PD-L1 and
CTLA-4 was observed in patients with many tumor types, includ-
ing clear cell mRCC (cc-mRCC; refs. 8–11).

Recently, the prognostic and/or predictive value of afore-
mentioned immune checkpoints has been evaluated in several
tumor types. It was reported in RCC patients that higher PD-L1
expression was associated with a larger tumor size and a higher
risk of death (10, 12, 13). Subsequently, the association of
higher PD-L1 tumor expression with shorter progression-free

survival (PFS) and/or overall survival (OS) in mRCC patients
treated by TKIs was reported by Choueiri and colleagues (14)
and Fukuda and colleagues (15). The possible association
between CTLA-4 expression and OS has been investigated in
different tumor types with controversial results. A meta-analysis
was conducted to pool all data, but consistent results were
lacking possibly due to heterogeneity of the tumor types,
differences in experimental methods (immunohistochemistry,
ELISA, or PCR), and varying sample sources (blood or tumor)
used in the studies (16).

Thus far, there are no studies investigating the role of single-
nucleotide polymorphisms (SNP) in genes related to the immune
checkpoints in cc-mRCC patients. In this study, we investigated
whether genetic variants within CD274 (PD-L1), PDCD1 (PD-1),
andCTLA-4 could be useful as predictive biomarkers for sunitinib
treatment outcome in cc-mRCC patients.

Materials and Methods
Discovery cohort

The discovery cohort was composed of patients who partici-
pated in the EuroTARGET project (17). In brief, the EuroTARGET
is amulticenter observational study aiming to identify biomarkers
for prediction of response to TKI treatment in mRCC, within
which a hypothesis-free genome-wide association study was
conducted on sunitinib efficacy in cc-mRCC patients. Thus, clin-
ical information and germline DNA variant chip data (Illumina
Human OmniExpress BeadChip) were available (17). After qual-
ity control checks, 679,324 SNPs met the quality criteria applied
(Supplementary Document S1). A total of 6,540,327 SNPs were
available after imputation by impute2 using the 1000 Genomes
(phase III integrated data set of 2,504 individuals) as reference
panel. In the present study, patients with cc-mRCC who were
treated by sunitinib as first TKI were included in the discovery
cohort.

SNP selection
In order to capture the genetic variation in the target genes,

genomic sequences of CD274, PDCD1, and CTLA-4 genes were
retrieved from the 1000Genomes Project (GRCh37.p13). For our
study, we selected tagging SNPs using the SNP Tagger approach of
the Haploview software package (version 4.2). Pairwise tagging
with r2 threshold 0.8 was used. Based on the 1000 Genomes
Project, only SNPs with minor allele frequency (MAF) of 0.05 or
higher were included. This approach allows to cover the common
genetic variations in candidate genes (18), while reducing the
number of tested SNPs.

Genotyping results of the selected tagging SNPs were extracted
from the EuroTARGET project. To assess the quality of imputa-
tion, an estimated imputation "info" score was used, which was
computed by impute 2 and took values between 0 and 1. An
"info" score near 1 indicates that an SNP has been imputed with
high certainty. SNPs with an "info" score lower than 0.9 were
excluded from statistical analysis.

Validation cohort and genotyping
Positive hits were tested in an independent validation cohort

consisting of cc-mRCC patients treated with sunitinib as first TKI.
Details have been described previously (19). In brief, patients
were enrolled between 2004 and 2010 in five medical centers in
the Netherlands and in the Cleveland Clinic Foundation Taussig
Cancer Institute in the United States. Germline DNA was isolated

Translational Relevance

Patients with metastatic renal cell carcinoma (mRCC) have
several treatment options, including therapies targeting the
angiogenesis pathway and immune checkpoint pathway, but
there is no biomarker to predict clinical outcome. It has been
reported that there is an interaction between both pathways.
The immune checkpoint, such as PD-L1 expression, has been
associated with treatment outcome of tyrosine kinase inhibi-
tors (TKI). We thus hypothesized that genetic variants in the
immune checkpoint pathway might be used to predict the
outcome of the TKI-sunitinib treatment. In a discovery cohort
and subsequent combined cohort of sunitinib-treated patients
with clear cell mRCC, we observed that patients with the GG
genotype of CTLA-4 rs231775 had longer OS compared with
patients with an AG or AA genotype. Yet, no significant
associations with PFS were found. This study suggests that
CTLA-4 rs231775 is a prognostic biomarker.

CTLA-4 Polymorphism and Survival in Clear Cell mRCC Patients
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from whole blood, serum, plasma, or peripheral blood mono-
nuclear cell samples and genotyped. A flowchart of the study
design is shown in Fig. 1. Genotyping methods are described in
Supplementary Document S2.

Statistical analysis
Study endpoints consisted of PFS and OS. PFS was defined as

the time in months between the first day of sunitinib treatment
and the date of progressive disease (according to RECIST ver-
sion 1.1) or death due to cancer. If no progression was observed
during sunitinib treatment, PFS was censored at the time of the
last follow-up or death due to other reasons (whichever occurred
first). OS was defined as the time in months between the first day
of sunitinib treatment and the date of death or the date at which
patients were last known to be alive. In the discovery cohort,
associations between tagging SNPs and endpoints were univari-
ately tested using an additive geneticmodel. Individual SNPswith
P values lower than 0.1 were tested in a multivariable Cox-
regression model together with well-established covariates age,
gender, and Heng prognostic risk group (20), which have been

repeatedly associated with PFS and OS. Subsequently, individual
SNPs with a P value < 0.05 in the multivariable analysis were
tested in the validation cohort using the same Cox-regression
model and endpoint definitions. Finally, data from the discovery
and validation cohort were pooled using a fixed effect meta-
analysis. Patient characteristics between discovery and validation
cohorts were compared by t test, c2 test, Mann–WhitneyU test, or
Kaplan–Meier survival analysis with the log-rank test depending
on the type of data. All tests were two-sided and carried out using
SPSS Statistical Package forWindows (version 23.0, IBMCorp). R
(version 2.3.2) and package MICE (Multivariate Imputation by
Chained Equations; ref. 21) were used to impute missing values
for variables included in Heng prognostic risk group (World
Health Organization performance status, hemoglobin, neutro-
phil count, thrombocytes, calcium, and time from diagnosis until
start of sunitinib).

Bioinformatic analysis
We used several bioinformatic tools to assess the possible

functional relevance for genetic variants showing significant

713 Patients with metastatic renal cell
carcinoma treated with sunitinib were
enrolled for EuroTARGET project (17)

163 Patients were excluded 
because of limited DNA (n = 85),
quality control (n = 24), or non- 

clear cell histology (n = 54)

Discovery cohort: 550 patients with
clear cell metastatic renal cell carcinoma

treated with sunitinib

Validation cohort: 138 patients with
clear cell metastatic renal cell carcinoma

treated with sunitinib

Genotyping data were extracted
from EuroTARGET project (17)

7 SNPs were excluded because
of low (<0.9) imputation quality

27 Tagging SNPs were
included for analysis

Genetic association analyses with
PFS and OS were performed

The SNPs with P < 0.05 after
multivariate analysis were genotyped

and tested in a validation cohort

Association analyses of SNPs with PFS and OS were performed

34 Tagging SNPs from CD274,
PDCD1, and CTLA-4 were selected

Figure 1.

Flowchart of the study design.

Liu et al.
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associations with endpoints in the final pooled analysis. The
Genotype-Tissue Expression (GTEx, http://www.gtexportal.org/
home/) portal was employed to identify potential associations
between genetic variants and gene expression levels (eQTL) in all
available tissues (22). The OncoLnc (http://www.oncolnc.org/;
ref. 23) was used to link mRNA expression levels to the survival
data from The Cancer Genome Atlas Kidney Renal Clear Cell
Carcinoma (TCGA-KIRC) collection (24), which included 537
patients with different stages of cc-RCC.

Results
Patient characteristics

A total of 550 and 138 sunitinib-treated cc-mRCCpatientswere
included in the discovery and validation cohort, respectively.
Patient characteristics for the discovery and validation cohorts
are presented in Table 1. In brief, patients included in the dis-
covery cohort were older (median age 63) than those in the
validation cohort (median age 59). Nearly 93% of patients in
the discovery cohort were classified in the intermediate or poor
Heng prognostic risk group, whereas in the validation cohort,
only 72% belonged to these prognostic groups. Consequently,
patients in the validation cohort had longer PFS andOS compared
with those in the discovery cohort. Only 86 (16%) patients in the
discovery cohort and 14 (10%) patients in the validation cohort
had one ormore valuesmissing as variables required for inclusion
in a Heng prognostic risk group.

Discovery study on the associations of the selected SNPs with
PFS and OS

In the discovery analysis, we selected a total of 34 tagging SNPs
in CD274, PDCD1, and CTLA-4 according to our predefined
tagging SNP approach. Genotype results for 27 of 34 tagging
SNPs were imputed based on 1000 genomes project. Seven SNPs
with "info" score lower than 0.9 were excluded from statistical
analysis (Supplementary Table S1).

In the univariate analysis, CTLA-4 rs231775 and CD274
rs7866740 were associated with PFS and OS with P values lower
than 0.1 (Supplementary Table S1). After correction for age,
gender, and Heng prognostic risk group, CTLA-4 rs231775 and
CD274 rs7866740 remained significantly associated with OS
[HR, 0.84; 95% confidence interval (CI), 0.72–0.98; P ¼ 0.028
and HR, 0.73; 95% CI, 0.54–0.99; P ¼ 0.047, respectively). The
minor allele carriers of both SNPs had a better OS compared with
that of major allele carriers. The association of CTLA-4 rs231775
and CD274 rs7866740 with PFS did not reach the significance
threshold in the multivariate analysis (shown in Table 2).

Validation study on the associations of polymorphisms with
PFS and OS

In the validation cohort, the genotype call rate for CTLA-4
rs231775 and CD274 rs7866740 was 99.3% and 98.6%, respec-
tively. Both SNPs were in Hardy–Weinberg equilibrium (P >
0.05). The MAF of both SNPs was similar in both the discovery
cohort and the National Center for Biotechnology Information
(NCBI) dbSNPdatabase (CEUpopulation, which representsUtah
residents with Northern andWestern European ancestry). Only 4
patients with the CD274 rs7866740 GG genotype were detected.
As a consequence, a dominant model was used for the genetic
association analysis.

In the validation study, none of the SNPs was significantly
associated with PFS or OS either in the univariate analysis or after
correction for age, gender, and Heng prognostic risk group.
Nevertheless, CTLA-4 rs231775 showed the same direction of
effect and comparable effect size for OS (HR, 0.74; 95% CI, 0.55–
1.01; P ¼ 0.057; Table 2) than that calculated in the discovery
cohort (HR, 0.84; 95% CI, 0.72–0.98; P ¼ 0.028).

Pooled analysis of the genetic associations with PFS and OS
In the pooled cohort, CTLA-4 rs231775 showed a significant

association with OS (HR, 0.83; 95% CI, 0.72–0.95; P ¼ 0.008).

Table 1. Patient characteristics

Discovery cohort Validation cohort Pooled cohort
Characteristics (n ¼ 550) (n ¼ 138) (n ¼ 688) P valuea

Median age at sunitinib start in years (range) 63 (33–87) 59 (28–80) 62 (28–87) <0.05
Male 405 (74%) 97 (70%) 502 (73%) 0.453
Heng prognostic risk groupb <0.05
Good (0 risk factor) 38 (6.9%) 38 (27.5%) 76 (11.0%)
Intermediate (1–2 risk factors) 291 (52.9%) 68 (49.3%) 359 (52.2%)
Poor (3–6 risk factors) 221 (40.2%) 32 (23.2%) 235 (36.8%)

Sunitinib starting dose 0.011
50 mg 482 (87.6%) 134 (97.1%) 616 (89.5%)
37.5 mg 46 (8.4%) 4 (2.9%) 50 (7.3%)
25 mg 20 (3.6%) 0 20 (2.9%)
12.5 mg 2 (0.4%) 0 2 (0.3%)

Mean number of metastatic sites 2.1 2.3 2.1 0.024
PFS
Median in months 12.6 20.1 13.4 0.099
Number of events 341 (62.0%) 95 (68.8%) 436 (63.4%) 0.140

OS
Median in months 28.8 33.4 29.1 0.025
Number of deaths 341 (62.0%) 88 (63.8%) 429 (62.4%) 0.768

aP value shows the comparison between discovery and validation cohorts using the t test, c2 test, Mann–Whitney U test, or Kaplan–Meier survival analysis with the
log-rank test, depending on the type of data.
bThe Heng prognostic risk group is based on six risk factors: World Health Organization performance status (�1), low hemoglobin [<lower limit of normal
(LLN); for males, LLN¼ 8.1 mmol/L or 13 g/dL; for females, LLN¼ 7.1 mmol/L or 11.5 g/dL], high calcium (>2.5 mmol/L), time from initial diagnosis to treatment
with sunitinib (<1 year), neutrophil count [>upper limit of normal (ULN)], and thrombocytes (>ULN; ref. 20). R (version 2.3.2) and package MICE (21) were used
to impute missing values for variables included in the Heng prognostic risk group.
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Patients with the GG genotype had longer OS (35.1 months)
compared with the patients with an AG or AA genotype (30.3 and
24.3 months, respectively). The Kaplan–Meier plot for OS is
presented in Supplementary Fig. S1. No significant associations
were found for PFS (shown in Table 2).

Functional effect
We utilized data from GTEx and OncoLnc to provide possible

explanations for our interestingfinding thatCTLA-4 rs231775was
associatedwithOS. In the vastmajority of tissues inGTEx (Release
V6p), GG genotype of CTLA-4 rs231775 was associated with a
decreased mRNA expression of the CTLA-4 gene compared
with the AA and AG genotypes (Supplementary Fig. S2A). Due
to the strict significance threshold, the above association between
CTLA-4 rs231775 and mRNA expression was only observed
in testis tissue (P ¼ 1.0 � 10�7; Supplementary Fig. S2B). By
OncoLnc, OS was compared between cc-RCC patients with lower
and higher CTLA-4 mRNA expression. It was revealed that pati-
ents with lower CTLA-4 mRNA expression (lower 50 percentile)
had a longer OS (P ¼ 0.00255, Supplementary Fig. S3).

Discussion
In the present study, we explored genetic variants in the

checkpoint-related genes CD274 (PD-L1), PDCD1 (PD-1), and
CTLA-4 for a possible association with PFS and OS in cc-mRCC
patients that received sunitinib as first TKI. The most important
finding of our study is the identification of CTLA-4 rs231775 as a
potential prognostic biomarker for OS. Patients with the GG
genotype showed an increased OS compared with those with the
GA or AA genotype. To our knowledge, this is the first time that an
association of the CTLA-4 rs231775 genetic polymorphism with
OS in this specific patient population is reported.

CTLA-4 rs231775 is located at position þ49 in exon 1 of the
CTLA-4 gene and is a common nonsynonymous CTLA-4 poly-
morphism. The þ49 G allele encodes a Thr to Ala substitution at
codon 17 in the signal peptide of the CTLA-4 protein (25). Anjos
and colleagues have found in a cell-free model of in vitro recon-
stitution of translation and endoplasmic reticulum processing
that the G-allele of CTLA-4 rs231775 was associated with ineffi-
cient glycosylation, which leads to a decrease of CTLA-4 expres-
sion in cell surface (26). In addition, Sun and colleagues have
demonstrated that CTLA-4-Ala (coded by the G-allele) had a
lower capability to bind the CTLA-4 ligand and a weaker inhib-
itory effect on T-cell activation compared with the functional
effects of CTLA-4-Thr (coded by the A-allele; ref. 27). In a large

Chinese population, they also found that subjects carrying the AA
genotype were more susceptible for developing cancer than those
with the GG genotype (27). Either by the decrease of protein
expression or through lower binding capability, both studies
reach to the conclusion that theG-allele is associatedwith reduced
inhibition of activated T cells (27). In addition, Ligers and
colleagues have reported in patients with myasthenia gravis and
multiple sclerosis that G-allele carriers showed a significant
decrease ofCTLA-4mRNAandprotein expression (28). Therefore,
it seems likely that the G-allele of CTLA-4 rs231775 is associated
with a decrease of CTLA-4 expression.

We sought evidence that the decreased CTLA-4 expression
contributes to an improved OS. CTLA-4 is thought to play a
negative regulatory role after binding with its ligands. Hence, it
could be hypothesized that low CTLA-4 expression leads to low
ligand binding, because of which T cells can only be weakly
inhibited facilitating an enhanced autoimmune response of pos-
sible benefit for the patient with cancer. We, therefore, investi-
gated the relationship ofCTLA-4mRNA expression levels withOS
by using the TCGA-KIRC dataset (23, 24), which revealed that cc-
RCC patients (regardless of tumor stage) with lower CTLA-4
mRNA expression had longer OS. Combining all findings, the
G-allele of CTLA-4 rs231775 is indeed associated with lower
CTLA-4 mRNA expression, and lower mRNA expression links to
longer OS, which is consistent with our results.

Our finding provides insight into RCC prognosis and corro-
borates the current strategies of new drug development for RCC.
In this respect, ipilimumab, which is designed to inhibit the
CTLA-4 protein, has demonstrated clinical efficacy and manage-
able toxicity as monotherapy or combined with nivolumab in
mRCC (29). To date, there are no studies investigating the role
of CTLA-4 polymorphisms or CTLA-4 protein expression on
ipilimumab outcome in mRCC patients. However, in patients
with melanoma, Breunis and colleagues have assessed seven
CTLA-4 polymorphisms with ipilimumab response. In respond-
ing patients, there were proportionally more rs231775 A-allele
carriers than G-allele carriers, whereas there was no difference
in nonresponding patients (OR, 0.39; 95% CI, 0.18–0.82; P ¼
0.009; ref. 30). If confirmed in mRCC patients on the basis of
the results presented here, rs231775 might be important for the
optimization of ipilimumab treatment of mRCC.

In the present study in cc-mRCCpatients that received sunitinib
as first TKI, we were able to demonstrate an association ofCTLA-4
rs231775 with OS, but not with PFS. Interestingly, Song and
colleagues have also identified CTLA-4 rs231775 is a prognostic
biomarker in patients with advanced non–small cell lung cancer

Table 2. Results of themultivariable Cox regressionmodel for the association of genetic variants with PFS andOS in cc-mRCC patients treated with sunitinib as first
TKIa

PFS OS
Protein Gene rs number HR (95% CI)b P value HR (95% CI)b P value

Discovery cohort (n ¼ 550)
PD-L1 CD274 rs7866740 0.77 (0.56–1.05) 0.093 0.73 (0.54–0.99) 0.047
CTLA-4 CTLA-4 rs231775 0.86 (0.74–1.01) 0.059 0.84 (0.72–0.98) 0.028

Validation cohort (n ¼ 138)
PD-L1 CD274 rs7866740 1.03 (0.64–1.65) 0.911 1.35 (0.85–2.14) 0.197
CTLA-4 CTLA-4 rs231775 1.02 (0.78–1.35) 0.867 0.74 (0.55–1.01) 0.057

Pooled cohort (n ¼ 688)
PD-L1 CD274 rs7866740 0.83 (0.65–1.07) 0.160 0.89 (0.69–1.14) 0.358
CTLA-4 CTLA-4 rs231775 0.88 (0.77–1.01) 0.073 0.83 (0.72–0.95) 0.008

aMultivariable analysis was adjusted by age, gender, and Heng prognostic risk group.
bMajor allele was the reference.
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(31). Patients with a GG or GA genotype experienced a signifi-
cantly longer OS than those with an AA genotype after correction
for many covariates among which was treatment (31). These
findings strongly suggest that the CTLA-4 genetic variant is more
of influence on the biological behavior of the disease than with
the effects of treatment, implying the prognostic role of this
polymorphism. Introduction of checkpoint inhibitors in the
treatment of cancer patients may, however, change the relevance
of CTLA-4 rs231775 for PFS.

Polymorphisms in PDCD1 (PD-1) and CD274 (PD-L1) are
thought to be promising genetic candidates to explain differences
in immunosuppressive function. It has been reported that PDCD1
rs10204525 was associated with OS in 439 patients with locor-
egional gastric cancer (32) as well as in 668 patients with resect-
able colorectal cancer (33), suggesting that it may serve as a
prognostic factor. In our patient population of metastatic disease,
however, we didnot observe any significant association ofPDCD1
rs10204525 (which was captured by PDCD1 rs41386349) with
survival outcome. CD274 rs4143815 has been reported to be
significantly associated with worse OS in a total of 354 patients
with non–small cell lung cancer who underwent curative resec-
tion (34). We observed an association of CD274 rs7866740 with
OS in the discovery cohort, but failed confirmation in the final
analysis.Owing to the fact that genotypeofCD274 rs7866740was
imputed and the MAF was relatively small, the significant asso-
ciation with CD274 rs7866740 in the discovery cohort might be
detected by chance. Future studies should focus on the relevance
of these SNPs in patients with no/microscopic disease after
surgery versus those with advanced disease.

Whereas previous studies have focused on SNPs in genes of the
VEGF signaling pathway, we are the first to explore the potential
association of the genetic variability in three genes encoding
immune checkpoints with the outcome in sunitinib-treated
patients. Although we did not formally confirm the association
in the validation cohort, the meta-analysis showed similar results
to those of the discovery cohort and with stronger statistical
evidence. In addition, a biological and mechanistic rationale was
provided using expression and survival data from GTEx (22) and
TCGA (23). However, we should interpret results from GTEx and
TCGA carefully. It is because the significant association of geno-
type with CTLA-4 expression is found in testis not in kidney tissue
(only 39 samples available in GTEx) or T cells in microenviron-
ment. Moreover, the TCGA-KIRC datasets include patients with
different stages, and follow-up period is not long enough. As a
result, the plot in Supplementary Fig. S3 might be changed when
tumor stage is taken into account and after enough follow-up
period. The possible reasons of the failed validation could be the
relatively small sample size as well as differences in patient
characteristics between the two cohorts. Due to the need for
imputation, adjustment of PFS andOSmight slightly be distorted.
To reduce this chance, amultiple imputation procedure instead of
a single imputation was used. Moreover, imputation was imple-
mented in 16% and 10% patients in the discovery and validation
cohort, respectively, which could be considered negligible. The

significance threshold in the discovery study was not adjusted by
the strict Bonferroni correction in this exploratory study, because
Bonferroni correctionwill increase the type II error (the chances of
false-negative results; ref. 35). In our opinion, an inflated type I
error due to multiple comparisons is better solved by a validation
study than by a Bonferroni correction.

In conclusion, data from the present study show that the
G-allele of CTLA-4 rs231775 is associated with an improved OS
in cc-mRCC patients receiving sunitinib treatment, suggesting
this polymorphism may serve as a prognostic marker.
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