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Abstract
Recently, immunotherapy based on blocking immune checkpoints with programmed 
death-1 (PD-1) or PD-ligand 1 (PD-L1) Abs has been introduced for the treatment of 
advanced clear cell renal cell carcinoma (ccRCC), especially tumors resistant to vascu-
lar endothelial growth factor-tyrosine kinase inhibitors (VEGF-TKIs), but the signifi-
cance of their expression in the tumor microenvironment is unclear. We investigated 
these immune checkpoint markers in tumor cells and tumor-infiltrating immune cells 
(TIIC) in the tumor microenvironment of 100 untreated and 25 VEGF-TKI-treated pri-
mary ccRCC tissues. Upregulated expression of PD-1 and PD-L1 by TIIC, and PD-L1 
by tumor cells was associated with the histological grade and unfavorable prognosis 
of RCC patients. High PD-1 and PD-L1 expression by TIIC was associated with a 
poorer response to VEGF-TKI, whereas PD-L1 expression by tumor cells did not af-
fect the efficacy of the treatment. Furthermore, increased PD-1-positive TIIC and 
PD-L1-positive TIIC were observed in tumors treated with VEGF-TKIs compared 
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1  | INTRODUC TION

Vascular endothelial growth factor-tyrosine kinase inhibitors, includ-
ing sunitinib and sorafenib, are clinically used for advanced ccRCC, 
and they are thought to exert therapeutic effects on ccRCC by an-
tagonizing the VEGF receptor, leading to reduced angiogenesis.1 
Although VEGF-TKI treatment is considered to be superior to con-
ventional immunotherapy,2 resistance to therapy is commonly ob-
served in most ccRCC patients treated with VEGF-TKI within 1 year 
after treatment.2 Several molecular mechanisms for resistance are 
suggested such as the tumor immune escape mechanism, cancer 
stem cells, epithelial mesenchymal transition, and reactivation of 
angiogenesis.1,3-5 Among them, the tumor immune escape mech-
anism is considered to be one of the hallmarks of cancer because 
cancer cells need to escape from destruction by the immune system 
to survive.6

Programmed death-ligand 1 is known to be expressed by both 
TIIC in the tumor microenvironment and tumor cells, and it engages 
PD-1 on T cells, triggering inhibitory signaling of the T-cell recep-
tor, thereby blocking effector functions and reducing T cell killing 
capacity.7 Clinical studies investigating the effects of PD-1/PD-L1 
blockade have yielded promising results in patients with advanced 
melanoma and other cancers, including RCC.8 As not all patients re-
spond to PD-1/PD-L1 blockade therapy, it is important and neces-
sary for treatment selection to predict the likelihood of response to 
therapy. Therefore, information from the tumor microenvironment is 
important because it represents an excellent opportunity for ccRCC 
patients to have access to new drugs and for clinicians to find prog-
nostic and predictive immune biomarkers. However, the focus of 
analyses of PD-L1 in RCC is usually on its expression by tumor cells,9-

11 and the significance of PD-L1 expression by TIIC is unclear.10

Certain subsets of cancer patients respond poorly to targeted 
therapies, probably due to the regional heterogeneity of target mol-
ecules, and immunotherapy is no exception. Expression of PD-1 and 
PD-L1 might have more regional heterogeneity than other muta-
tion alterations because the PD-1/PD-L1 axis is part of a dynamic 
immune reaction. Indeed, recent studies suggest that the value of 
PD-L1 immunohistochemistry as a predictive and prognostic marker 
is debatable because of frequent heterogeneity.12,13 Therefore, the 
regional heterogeneity of PD-1 and PD-L1 expression should be 
evaluated in detail in ccRCC tissues. To the best of our knowledge, 
however, there has been no report on the regional heterogeneity of 
PD-1 and PD-L1 expression on TIIC in the tumor microenvironment 

of ccRCC tissues. The present study was carried out to investigate 
the clinical relevance of PD-1 and PD-L1 expression by TIIC in the 
tumor microenvironment of ccRCC tissues, focusing on the hetero-
geneity of PD-1 and PD-L1 expression by TIIC, and its association 
with VEGF-TKI treatment.

2  | MATERIAL S AND METHODS

2.1 | Clear cell RCC tissues without pretreatment

Total or partial nephrectomy specimens were obtained from 100 pri-
mary RCC patients without pretreatment from 1994 to 2014 at Keio 
University Hospital (Tokyo, Japan), and were used in the present 
study. This study was undertaken after approval by the Institutional 
Review Board of Keio University Hospital, and informed consent 
for the experimental use of the samples was obtained from the pa-
tients according to the hospital's ethical guidelines. Hematoxylin-
eosin-stained ccRCC samples were reviewed by a well-experienced 
pathologist (S.M.) who is board certified and specializes in geni-
tourinary malignancies. One representative paraffin block for each 
patient was selected by observing H&E-stained sections, and par-
affin sections on aminopropyltrimethoxysilane-coated slides were 
used for immunohistochemistry. The UICC TNM system was used 
for tumor staging,14 and nuclear grading was carried out according 
to the WHO/International Society of Urological Pathology grading 
system.15

2.2 | Clear cell RCC tissues treated with VEGF‐TKIs

After approval by the Institutional Review Board of each participat-
ing institution, informed consent for the experimental use of the 
primary ccRCC tissues treated with VEGF-TKIs was obtained from 
the patients according to ethical guidelines. Pathological slides of 
25 primary ccRCC tissues treated with VEGF-TKIs (7 sorafenib and 
18 sunitinib) were sent for central review and evaluated by a sin-
gle uropathologist (S.M.). Sorafenib or sunitinib was administered 
according to the protocol described previously,2,16 and the effects 
were assessed according to RECIST.17 The clinical features stud-
ied for ccRCC treated with VEGF-TKIs included age, sex, histology, 
and response to the therapy. No patient achieved complete re-
sponse. Among 25 primary ccRCC patients pretreated with VEGF-
TKI, PR was observed in 6 patients and 17 patients achieved SD. 
Progressive disease was observed in the other 2 patients.

with those in untreated tumors. Our data suggest that PD-1 and PD-L1 expression by 
TIIC in the tumor microenvironment is involved in treatment resistance, and that se-
quential therapy with immune checkpoint inhibitors could be a promising therapeutic 
strategy for ccRCC resistant to VEGF-TKI treatment.

K E Y W O R D S
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2.3 | Immunohistochemistry

Paraffin sections were immunostained with anti-PD-1 goat 
polyclonal Ab (5 μg/mL, R&D Systems) or anti-PD-L1 rabbit 
mAb (Clone: E1L3N, 1:200 dilution; Cell Signaling Technology, 
Danvers, MA, USA) on an automated staining platform 
(Benchmark; Ventana, Tucson, AZ, USA)18 with signal visuali-
zation by diaminobenzidine, and sections were counterstained 
with hematoxylin. For positive controls, tonsil tissue was used, 
as it is known to be positive for PD-1 and PD-L1. For negative 
controls, tissues were incubated with non-immune goat IgG or 
rabbit IgG (Sigma-Aldrich, St. Louis, MO, USA) at the same con-
centration used for each Ab.

The slides were then reviewed by an uropathologist (S.M.) blinded 
to the clinical information. Expression of PD-1 or PD-L1 was evalu-
ated by counting the number of PD-1 or PD-L1-positive TIIC, which 
has been reported as a simple method with high reproducibility.19 
Expression of PD-1 and PD-L1 by TIIC was evaluated at the tumor 
nest (tumor tissue) and tumor periphery (adjacent nontumor tissue) 
separately.19 The tumor periphery is the area around and adjacent 
to the tumor nest. All sections were reviewed at low magnification 
(40×) in order to detect representative areas at the tumor nest and 
tumor periphery separately. The average count from the 3 selected 
fields (high-power fields, 400×) was regarded as the PD-1- or PD-L1-
positive TIIC score. For tumor cells, the proportion of PD-L1-positive 
cells was estimated as the percentage of total tumor cells showing 
membranous staining, and it was regarded as the PD-L1-positive 
tumor score.10

2.4 | Statistical analysis

The unpaired t test was used to analyze the relationships between the 
PD-1-positive TIIC score, PD-L1-positive TIIC score, or PD-L1-positive 
tumor score and clinicopathological parameters. Statistical analysis of the 
ccRCC tissues without pretreatment was carried out by dividing them into 
the following groups: groups of low stage (pT1 and pT2) and high stage (pT3 
and pT4) or groups of low grade (grades 1 and 2) and high grade (grades 
3 and 4). Receiver operating characteristic curve analysis was undertaken 
to determine the area under the curve, and the optimal cut-off value was 
taken as the farthest point from the diagonal line of the curve.4 Cases in 
which the PD-1-positive TIIC score, PD-L1-positive TIIC score, or PD-L1-
positive tumor score was higher than the cut-off values were defined as 
high cases, and those with percentages lower than the cut-off values were 
defined as low cases. The log-rank test and Kaplan-Meier method were 
used for survival analyses. Differences among groups were regarded as 
significant when P values were less than 0.05. These analyses were carried 
out using IBM SPSS 24, Windows version (IBM, Armonk, NY, USA).

3  | RESULTS

3.1 | Expression of PD‐1 and PD‐L1 in the 
tumor nest and tumor periphery of ccRCC 
without pretreatment, and its association with 
clinicopathological parameters

We investigated PD-1 and PD-L1 expression by TIIC at the tumor 
nest and tumor periphery. In low-grade ccRCC, no or very few 

F I G U R E  1   Immunohistochemical. 
expression of programmed death-1 (PD-1) 
and PD-ligand 1 (PD-L1) in low-grade and 
high-grade clear cell renal cell carcinoma 
(ccRCC) tissues without pretreatment. 
Paraffin sections were reacted with 
anti-PD-1 (A-F) or PD-L1 (G-L). In low-
grade ccRCC, a small number of tumor-
infiltrating immune cells (TIIC) were 
positive for PD-1 (A-C), whereas many 
PD-1-positive TIIC were found in high-
grade tumors (D-F). No PD-L1 expression 
was found in low-grade ccRCC tissues 
(G-I), and PD-L1 expression was mainly 
observed in TIIC in high-grade tumors 
(J-L). Some tumor cells sporadically 
showed membranous PD-L1 staining (K). 
Scale line = 50 μm. Blue curve (A,D,G,J) 
outlines the areas of the tumor nest and 
periphery. Arrows in B, C, E, F indicate 
PD-1-positive TIIC, arrows in K, L indicate 
PD-L1-positive TIIC and arrowheads in K 
indicate PD-L1-positive tumor cells

(A) (B) (C)

(D) (E) (F)

(G) (H) (I)

(J) (K) (L)
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PD-1-positive TIIC were observed at the tumor nest and tumor 
periphery (Fig. 1A-C, arrows), whereas many TIIC were observed 
in high-grade ccRCC tissues (Fig. 1D-F, arrows). Staining of PD-1 
on TIIC was observed in 43 ccRCC cases (43%) at the tumor nest, 
whereas it was observed in 44 cases (44%) at the tumor periphery. 
Tumor cell expression of PD-1 was not observed. The mean PD-1-
positive TIIC score at the tumor periphery was significantly higher 
than that at the tumor nest (8.2 vs 4.1) (P < 0.001). The correlation 
between PD-1 and PD-L1 expression in ccRCC and the clinicopatho-
logical parameters is summarized in Table 1. Programmed death-1 
expression both at the tumor nest and tumor periphery was associ-
ated with pathological tumor stage, distant metastasis, and histo-
logical grade (Table 1).

In many low-grade ccRCC, neither PD-L1-positive TIIC nor PD-
L1-positive tumor cells were observed (Fig. 1G-I). High-grade ccRCC 
often had PD-L1-positive TIIC at both the tumor nest and tumor 
periphery (Fig. 1J-L). Programmed death ligand-1-positive TIIC were 
found in 24 ccRCC cases (24%) at the tumor nest and 31 cases (31%) 
at the tumor periphery. The mean PD-L1-positive TIIC score at the 
tumor periphery was 2.7, and it was higher than that at the tumor 
nest (0.6) (P = 0.011). The PD-L1-positive TIIC score both at the 
tumor nest and tumor periphery was associated with pathological 
tumor stage and histological grade (Table 1). Programmed death 
ligand-1-positive tumor cells were observed in 18% of ccRCC, and 
the mean PD-L1-positive tumor score was 3.1. The PD-L1-positive 
tumor score was only associated with histological grade, but not 
with primary tumor stage, or regional or distant metastasis (Table 1).

3.2 | Prognostic significance of PD‐1 and PD‐L1 in 
patients with ccRCC without pretreatment

Receiver operating characteristic curve analysis was carried out 
to determine reasonable cut-off points for the PD-1-positive TIIC 
score, PD-L1-positive TIIC score, and PD-L1 tumor score (data now 
shown). Patients with ccRCC harboring a high PD-1-positive TIIC 
score at the tumor nest had significantly shorter progression-free 
and overall survival rates than those with tumors with a low PD-1-
positive TIIC-positive score (P = 0.007 and P < 0.001) (Fig. 2A,B). 
Similarly, a high PD-1-positive TIIC score at the tumor periphery 
was associated with poor progression-free survival (P = 0.006) 
(Fig. 2C). No significant association was observed between the 
PD-1-positive TIIC score at the tumor periphery and overall sur-
vival (P = 0.228) (Fig. 2D).

The PD-L1-positive TIIC score at the tumor nest was not associ-
ated with progression-free survival (P = 0.260) (Fig. 2E), but patients 
with a high PD-L1-positive TIIC score at tumor nest had a signifi-
cantly shorter overall survival than those with tumors harboring 
low PD-L1-positive TIIC score (P < 0.001) (Fig. 2F). A high PD-L1-
positive TIIC score at the tumor periphery was not associated with 
progression-free survival (P = 0.100) (Fig. 2G), but it was associated 
with poor overall survival (P < 0.001) (Fig. 2H). Patients with ccRCC 
harboring a high PD-L1-positive tumor score had a slightly shorter 
progression-free survival and overall survival than those with a low 
PD-L1-positive tumor score (P = 0.015 and P = 0.007, respectively) 
(Fig. 2I,J).

TA B L E  1   Association between programmed death-1 (PD-1) and PD-ligand 1 (PD-L1) expression and clinicopathological parameters in 
primary clear cell renal cell carcinoma without pretreatment

 
Total num‐
ber of cases

PD‐1(+) TIIC tumor 
nest, mean ± SD

PD‐1(+) TIIC 
tumor periphery, 
mean ± SD

PD‐L1(+) TIIC 
tumor nest, 
mean ± SD

PD‐L1(+) TIIC 
tumor periphery, 
mean ± SD

PD‐L1(+) tumor cell 
(%), mean ± SD

Total 100 4.1 ± 7.0 8.2 ± 13.4 0.6 ± 2.6 2.7 ± 7.5 3.1 ± 12.0

Primary tumor stage

pT1 + pT2 71 2.2 ± 4.5 5.1 ± 9.7 0.3 ± 0.7 1.7 ± 4.7 2.0 ± 8.7

pT3 + pT4 29 8.8 ± 9.6 15.8 ± 17.7 1.6 ± 4.7 5.0 ± 11.7 6.0 ± 17.6

P  <0.001 <0.001 0.024 0.049 0.130

Lymph node metastasis

pN0 96 4.1 ± 7.0 8.3 ± 13.5 0.7 ± 2.7 2.8 ± 7.7 3.3 ± 12.3

pN1 4 4.5 ± 7.7 6.3 ± 11.2 0.0 ± 0.0 0.8 ± 1.5 0.0 ± 0.0

P  0.913 0.768 0.629 0.603 0.597

Distant metastasis

pM0 91 3.3 ± 5.8 6.9 ± 11.8 0.7 ± 2.8 2.9 ± 7.9 2.9 ± 12.2

pM1 9 12.9 ± 11.9 21.8 ± 20.8 0.2 ± 0.7 0.6 ± 1.7 5.1 ± 11.0

P  <0.001 0.001 0.630 0.378 0.609

Histological grade

G1 + G2 70 2.3 ± 4.8 4.9 ± 9.9 0.2 ± 0.6 1.2 ± 3.8 1.5 ± 8.3

G3 + G4 30 8.3 ± 9.4 16.0 ± 17.1 1.6 ± 4.7 6.0 ± 12.0 7.0 ± 17.6

P  <0.001 <0.001 0.015 0.003 0.034
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3.3 | Clinical course of ccRCC patients without 
pretreatment and response to VEGF‐TKIs for the 
treatment of metastatic disease

During the follow-up periods of 100 untreated primary ccRCC pa-
tients, 34 patients developed metastatic disease and 25 patients 
died of the disease. For the treatment of metastatic disease, 4 pa-
tients were treated with sorafenib and 14 patients were treated with 
sunitinib according to their respective protocols.2,16 Six other pa-
tients were treated with interferon-α or interleukin-2, and metasta-
ses were removed in the other 4 patients. Among 18 patients treated 
with VEGF-TKIs (sorafenib or sunitinib), the treatment was ceased in 
15 patients because of tumor progression or severe adverse effects, 
and 13 patients died of the disease during the follow-up period.

The objective response rate characterized by an experienced 
urologist (R.M.) according to RECIST was 5 patients (29%), all PR. 
Standard disease was noted as the best response for 10 patients 
(59%). The remaining 2 patients (12%) had PD as the best response. 
As shown in Fig. 3A-E, there was no significant association between 
the objective response and PD-1-positive TIIC score, PD-L1-posi-
tive TIIC score, or PD-L1-positive tumor score. In contrast, ccRCC 
tissues from the patients with PD after VEGF-TKI treatment had 
higher PD-1-positive TIIC scores at the tumor nest compared with 
tumors from those with PR or SD (P = 0.045) (Fig. 3F). A more clear 
correlation was observed between clinical benefit and PD-1 TIIC 
score at the tumor periphery (P < 0.002) (Fig. 3G). The PD-L1-pos-
itive TIIC scores at both the tumor nest and tumor periphery were 
also associated with clinical effects, and the difference in the mean 

PD-L1-positive TIIC score at the tumor periphery was greater than 
that at tumor nest (P = 0.016 vs P < 0.001) (Fig. 3H,I). There was 
no significant correlation between clinical effects and PD-L1 tumor 
score (P = 0.934) (Fig. 3J).

3.4 | Expression of PD‐1 and PD‐L1 in ccRCC 
tissues treated with VEGF‐TKIs

Histologically, focal degeneration and necrosis were sporadically ob-
served in primary ccRCC tissues treated with VEGF-TKIs, but viable 
tumor cells survived in all tumor tissues examined in this study. All 
primary ccRCC tissues treated with VEGF-TKIs (7 sorafenib-treated 
and 18 sunitinib-treated tumors) had PD-1-positive TIIC both at 
the tumor nest and tumor periphery (Fig. 4A-C), and there were 
many PD-1-positive TIIC in the primary ccRCC tissues treated with 
VEGF-TKIs (Fig. 4B,C, arrows). There were PD-L1-positive TIIC in 
18 of 25 VEGF-TKI-treated ccRCC tissues both at the tumor nest 
and tumor periphery (72%) (Fig. 4E,F, arrows), and PD-L1-positive 
tumor cells were observed in 10 of 25 VEGF-TKI-treated tumors 
(40%) (Fig. 4D-F). The PD-L1-positive tumor cells were sporadically 
observed in ccRCC tissues (Fig. 4E, arrowheads).

The PD-1-positive TIIC scores at the tumor nest and tumor 
periphery were significantly higher in ccRCC tissues pretreated 
with VEGF-TKIs (sorafenib or sunitinib) than in untreated tumors 
(P < 0.001 and P < 0.001, respectively) (Fig. 5A,B). The PD-L1-pos-
itive TIIC scores at the tumor nest and tumor periphery were also 
significantly higher in VEGF-TKI-pretreated tumors (sorafenib or 
sunitinib) compared with those in untreated tumors (P < 0.001 and 

F I G U R E  2   Kaplan-Meier curves of progression-free survival and overall survival according to programmed death-1 (PD-1)-positive 
tumor-infiltrating immune cell (TIIC) score at the tumor nest (A,B), PD-1-positive TIIC score at the tumor periphery (C,D), PD-ligand 1 
(PD-L1)-positive TIIC score at the tumor nest (E,F), PD-ligand 1 (PD-L1)-positive TIIC score at the tumor periphery (G,H), and PD-L1 tumor 
score (I,J) in 100 untreated primary clear cell renal cell carcinomas. The cut-off points for the PD-1-positive TIIC score at the tumor nest for 
progression-free survival and overall survival were 1 and 9, and those at the tumor periphery were 2 and 2, respectively. The cut-off points 
for the PD-L1-positive TIIC score at the tumor nest for progression-free and overall survival were 1 and 2, and those at the tumor periphery 
were 1 and 3, respectively. The cut-off points for the PD-L1 tumor score were 1 and 2, respectively
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P < 0.001, respectively) .(Fig. 5C,D). In contrast, there was no signif-
icant association between PD-L1 tumor score and VEGF-TKI treat-
ment (Fig. 5E).

4  | DISCUSSION

In the present study, we found that both PD-1 and PD-L1 were pre-
dominantly expressed in the tumor microenvironment of high-grade 
ccRCC tissues, and that elevated expression of PD-1 and PD-L1 by 
TIIC was associated with poor prognosis, suggesting that the PD-1/
PD-L1 pathway functions at the clinical level to impair immune sur-
veillance, and thus foster tumor progression. Upregulated PD-1 and 
PD-L1 expression by TIIC was also associated with clinical effects 
in ccRCC patients treated with VEGF-TKIs for metastatic disease. 
Furthermore, we retrospectively evaluated the impact of PD-1 and 
PD-L1 expression in ccRCC tissues with VEGF-TKI pretreatment and 
found that VEGF-TKI-treated ccRCC tissues had significantly more 
PD-1-positive TIIC and PD-L1-positive TIIC in the tumor microen-
vironment than untreated tumors. These data further showed that 

overexpression of PD-1 and PD-L1 by TIIC is related to resistance 
to VEGF-TKI treatment, and that binding of PD-L1-positive TIIC to 
PD-1-positive TIIC might protect tumor cells from T cell responses 
against tumor cells. As responses to anti-PD-L1 Ab were mainly 
observed in patients with tumors expressing high levels of PD-L1, 
especially when PD-L1 was expressed by TIIC,10 immunotherapy 
blocking the PD-1/PD-L1 axis could be effective for patients treated 
with VEGF-TKIs, especially for those with ccRCC with high PD-1/
PD-L1-positive TIIC scores. Indeed, recent clinical trials of combined 
therapy using PD-1/PD-L1 axis blockade and VEGF-targeted ther-
apy reported positive antitumor activity.20 The poor prognosis and 
resistance to VEGF-TKI treatment in patients with high PD-1 and 
PD-L1 tumors in the present study provide a rationale for sequential 
treatment with PD-1/PD-L1 blockade after VEGF-targeted therapy.

Clear cell RCC has typical vessel formation and characteristic 
molecular background, with inactivation of the VHL gene and up-
regulation of hypoxia-inducible factor.21 Hypoxia-inducible factor 
enhances the expression of proangiogenic factors such as VEGF 
and platelet-derived growth factor. Although VEGF is an important 
inducer of angiogenesis, there is accumulating evidence that VEGF 

F I G U R E  3   Correlation of programmed death (PD)-1-positive tumor-infiltrating immune cells (TIIC) score at the tumor nest and tumor 
periphery, PD-1 ligand (PD-L1)-positive TIIC score at the tumor nest and tumor periphery, or PD-L1-positive tumor score with objective 
response (partial response [PR] vs stable disease [SD] or progressive disease [PD]) (A-E) or clinical effects (PR or SD vs PR) (F-J) in clear cell 
renal cell carcinoma patients treated with vascular endothelial growth factor-tyrosine kinase inhibitors (VEGF-TKIs) for metastatic disease. 
Note that the PD-1-positive TIIC score and PD-L1-positive TIIC score were associated with clinical effects of VEGF-TKI treatment, whereas 
the PD-L1-positive tumor score was not
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also has immunosuppressive effects.22 Therefore, ccRCC is an im-
munogenic tumor in which angiogenesis and immunosuppression 
work hand in hand, and its growth is associated with impaired tumor 
immunity. Moreover, ccRCC is an immunological tumor that is often 
abundant in TIIC,23 and most patients with metastatic RCC receive 
immunotherapy with interferon-α or interleukin-2 as the standard 
therapy before the introduction of molecular-targeted therapy.24 
However, an elevated number of TIIC was associated with poor 
prognosis,25,26 probably because increased T cell infiltration within 
ccRCC tissues is often impaired and incapable of mediating tumor re-
jection.27 These findings suggest that ccRCC possesses a local mech-
anism to undermine antitumor immunity. In the current study, we 
found that both PD-1 and PD-L1 are expressed by TIIC within ccRCC 
tissues, and this is consistent with the notion that the PD-1/PD-L1 
pathway might, at least in part, lead to the immunosuppression ob-
served in patients with ccRCC. This suggests that blocking the PD-1/
PD-L1 pathway can enhance anticancer immunity in ccRCCs, but 
little is known about the predictive factors of efficacy for therapy 
targeting PD-1/PD-L1 in ccRCC. Patients with ccRCC expressing 
high levels of PD-L1 by TIIC but not tumor cells, responded well to 

the anti-PD-L1 Ab,10 suggesting that PD-1/PD-L1 expression by TIIC 
can be one predictive factor of treatment. As nivolumab, a novel im-
mune checkpoint inhibitor, inhibits PD-1 not PD-L1,28 it is necessary 
to investigate the association between PD-1 and PD-L1 expression 
by TIIC and the efficacy of PD-1/PD-L1 blockade in the future.

The success of PD-1/PD-L1 blockade therapies underlines the 
notion that tumor-specific T cell responses pre-exist in ccRCC pa-
tients and are controlled by immune modulatory mechanisms. T cells 
reactive to tumor-specific antigens (neoantigens) have been detected 
in many malignancies,29 and neoantigens were found to be the target 
of checkpoint inhibitor-induced T cell responses.30 Compared with 
other malignant solid tumors, RCC has more indel mutations, gener-
ating higher binding affinity neoantigens and more mutation-specific 
binders.31 Furthermore, indel number is significantly associated with 
checkpoint inhibitor response in patients with melanoma.31 Of note, 
integrative analyses of colorectal cancer revealed that a scoring sys-
tem based on the quantification of cytotoxic and memory T cells in 
tumor tissues is a stronger predictor of colorectal cancer patients 
with microsatellite instability.32 This study suggested that assess-
ment of the immune status using immunohistochemistry is a strong 

F I G U R E  4   Immunohistochemical. expression of programmed-death (PD)-1 (A-C) and PD-ligand 1 (PD-L1) (D-F) in clear cell renal cell 
carcinoma treated with vascular endothelial growth factor-tyrosine kinase inhibitors. Scale line = 50 μm. Blue curve (A,D) outlines the areas 
of the tumor nest and periphery. Arrows in B, C indicate PD-1-positive TIIC, arrows in E, F indicate PD-L1-positive TIIC and arrowheads in E 
indicate PD-L1-positive tumor cells

(A) (B) (C)

(D) (E) (F)

F I G U R E  5   Statistical analysis of the differences in programmed death (PD)-1-positive tumor-infiltrating immune cell (TIIC) score at the 
tumor nest (A) and the tumor periphery (B), and PD-ligand (PD-L1) at tumor nest (C), tumor periphery (D) and PD-L1 tumor score (E) in clear 
cell renal cell carcinoma tissues with or without VEGF-TKI vascular endothelial growth factor-tyrosine kinase inhibitor treatment. Bars: 
indicate mean
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indicator of tumor recurrence beyond microsatellite instability, 
which could be an important guide for immunotherapy strategies. 
Furthermore, this study showed that PD-1 and PD-L1 expression 
by TIIC was associated with clinical effects in VEGF-TKI-treated pa-
tients, and that there are many PD-1-positive TIIC and PD-L1-pos-
itive TIIC in ccRCC tissues treated with VEGF-TKI. Taken together, 
these data suggest that VEGF-TKI-treated ccRCC highly infiltrated 
with PD-1-positive TIIC and PD-L1-positive TIIC will also benefit 
from immune checkpoint inhibitors, such as nivolumab, and these 
markers could be helpful for patient selection for immune therapy.

Within individual lesions, PD-L1 staining was heterogeneous 
and PD-L1-positive tumor cells were predominantly detected in 
high-grade areas.33 As PD-L1 expression was mainly observed in 
high-grade tumor cells, whole slides were assessed to avoid false-
negative results in the present study. In contrast to PD-L1 staining 
on tumor cells, to the best of our knowledge, the heterogeneity of 
the staining on TIIC was not reported. Therefore, PD-1 and PD-L1 
staining on TIIC was evaluated at the tumor nest and tumor periph-
ery, respectively. Both PD-1-positive and PD-L1-positive TIIC scores 
at the tumor nest and tumor periphery were associated with clin-
icopathological parameters and prognosis. Importantly, PD-1 and 
PD-L1 TIIC scores at the tumor periphery were more significantly 
correlated with the clinical effects in VEGF-TKI-treated ccRCC pa-
tients than the scores at the tumor nest. This suggested that the 
TIIC score at the tumor periphery reflects the immune status of the 
patients, and evaluation of both the tumor nest and tumor periphery 
is necessary to predict resistance to VEGF-TKI and likelihood of re-
sponse to immunotherapy targeting the PD-1/PD-L1 pathway.

In conclusion, PD-1 and PD-L1 expression on TIIC were closely 
related to poor prognosis of ccRCC patients, and PD-1 and PD-L1 
were also overexpressed on VEGF-TKI-treated ccRCC tissues. These 
findings revealed that PD-1 and PD-L1 expression on TIIC is poten-
tial antitumor biomarkers of sequential therapy by their inhibition 
after VEGF-TKI therapy.
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