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ABSTRACT

Background.Vascular endothelial growth factor pathway (VEGF)-
tyrosine kinase inhibitors (TKIs) are used as the first-line treatment
for patients with metastatic clear cell renal cell carcinoma
(mCCRCC). Recently, programmed death-1 (PD-1) and pro-
grammed death ligand-1 (PD-L1) blockade emerged as promising
therapy for renal cell carcinoma. However, the expression pattern
and prognostic implication of programmed death-ligands (PD-Ls)
in mCCRCC patients receiving VEGF-TKI remain unclear.
Patients and Methods. PD-L1 and PD-L2 expression in tumor
cells and the quantities of PD-11 tumor-infiltrating lympho-
cytes were immunohistochemically evaluated in 91 mCCRCC
patients treated with VEGF-TKI, and their associations with
VEGF-TKI responsiveness and clinical outcomewere analyzed.
Results. PD-L1 immunopositivity was observed in 17.6% and
significantly associated with a high International Society of
Urological Pathology grade (p 5 .031) and sarcomatoid
features (p 5 .014). PD-L2 immunopositivity was observed
in 39.6% and was not associated with any of the assessed

clinicopathological variables. PD-L1-positive cases showed
poor VEGF-TKI responsiveness (p5 .012) compared with PD-
L1-negative cases. In univariate survival analysis, PD-L1
immunopositivity was significantly associated with shorter
overall survival (OS) (p 5 .037) and progression-free survival
(PFS) (p 5 .043). Multivariate survival analysis revealed that
PD-L1 expression was independently associated with poor OS
(p5 .038) andPFS (p5 .013) inaddition to tumornecrosis (p5
.006; p 5 .029, respectively) and Memorial Sloan Kettering
Cancer Center score (p5 .018; p5 .032, respectively). PD-L2
expression was neither associated with VEGF-TKI responsive-
ness nor patients’ outcome.
Conclusion. PD-L1 expression was significantly related to lack
of VEGF-TKI responsiveness and independently associated
with shorter survival in mCCRCC patients after VEGF-TKI
treatment. PD-L1 may have a predictive and prognostic value
for determining the value of VEGF-TKI treatment in patients
with mCCRCC. The Oncologist 2015;20:1253–1260

Implications for Practice:Vascular endothelial growth factor pathway (VEGF)-tyrosine kinase inhibitors (TKIs) are essential for the
treatment of metastatic renal cell carcinoma patients, but the treatment suffers from a lack of predictive markers. This study
demonstrates that PD-L1 expression is a predictor for unfavorable response toVEGF-TKI and aprognostic indicator for pooroverall
survival and progression-free survival in patients with metastatic clear cell renal cell carcinoma receiving VEGF-TKI.

INTRODUCTION

Systemic treatment for patientswithmetastatic clear cell renal
cell carcinoma (mCCRCC) has shifted away from cytokine-
based treatmentand towardtherapies targetingangiogenesis-
related factors [1]. Tyrosine kinase inhibitors (TKIs) targeting
vascular endothelial growth factor (VEGF) signaling, such as
sunitinib, sorafenib, and pazopanib, have been approved by

theFoodandDrugAdministration; currently,VEGF-TKI therapy
or combining interferon-a immunotherapywith theanti-VEGF
monoclonal antibody bevacizumab are recommended as
a first-line systemic treatment for patients with mCCRCC
[2, 3].These therapeutic agents have prolonged the survival of
patients with mCCRCC, but 20%–30% of patients derive no
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benefit from first-line VEGF-TKI treatment [4–6]. In addition,
patients develop acquired resistance to the VEGF-TKI and
occasionally experience adverse effects relating to treatment
[4, 5, 7]. Although several clinicopathological factors were
suggested as potential predictive markers for VEGF-TKI ther-
apy, validated biological predictors of treatment response
and clinical outcome, which would be valuable for deciding
whether treatment formCCRCCpatients should includeVEGF-
targeted therapy, are lacking [8].

We previously reported that several clinicopathological
factors, including tumor necrosis and sarcomatoid features,
are associated with shorter survival after VEGF-TKI therapy in
patients with CCRCC [9]. A recent study analyzed the molec-
ular subtype of primary CCRCC in patients who developed
metastatic tumors and were treated with sunitinib. The study
showed that ccrcc1/ccrcc4 tumors had a lower response
rate, shorter overall survival (OS), and shorter progression-
free survival (PFS) than ccrcc2/ccrcc3 tumors [10]. Among
themolecular subtypes analyzed, ccrcc4 tumors exhibited
sarcomatoid differentiation with a strong inflammatory, Th1-
oriented, but suppressive immune microenvironment, along
with high expression of programmed death-1 (PD-1) and its
ligand, PD-L1 [10]. Meanwhile, PD-L1 expression in tumor
cells and inflammatory cells was associated with aggressive
pathologic features andpoor prognosis in patientswithCCRCC
[11]. Recently, PD-1/PD-L1 pathway blockade showed thera-
peutic benefit in patients with renal cell carcinoma (RCC) [12,
13], thus being raised as a novel therapeutic strategy. In
advanced non-small cell cancer, anti-PD-1 inhibitor (pem-
brolizumab) had an acceptable side effect profile and showed
antitumor activity and PD-L1 expression in tumor cells
correlated with improved efficacy of pembrolizumab [14].
Therefore, PD-L1-High tumormaybeanappropriate subset for
PD-1monotherapy as a first-line therapy in RCC, because they
may have a worse prognosis and potentially greater likelihood
of responding to therapy. However, the relationship between
PD-1or PD-L1expressionandefficiencyofVEGF-TKI treatment
remains unclear. Therefore, we investigated the clinicopatho-
logical and prognostic significance of the expression of PD-1
and PD-1 ligands PD-L1 and PD-L2 on tumors in mCCRCC
patients receiving VEGF-TKI treatment.

MATERIALS AND METHODS

Patients
A total of 193 patients with metastatic renal cell carcinoma
(mRCC)who receivedVEGF-TKI treatment at the AsanMedical
Centre (AMC) between 2006 and 2011 were retrospectively
collected. In total, 16 patients with non-clear cell-type tumors
and 77 patients without nephrectomy specimens of their
primary tumor were excluded. Among the remaining 100
cases, 9 were excluded because of a lack of sufficient
pathological material for analysis. Finally, a total of 91 cases
were included in this study. Formalin-fixed, paraffin-
embedded tissue samples taken from resected primary tumor
at the time of initial diagnosis were exclusively collected, and
1.0-mm-core tissuemicroarray (TMA)blockswereconstructed
with 2 representative cores for each case. The histological
subtypes were classified according to the 2004 World Health
Organization TumorClassification, andeach tumorwas graded

according to the 2013 International Society of Urological
Pathology (ISUP) grading system [15, 16]. Patient clinical
information was obtained from the medical records. Tumor
response to VEGF-TKI therapy was assessed according to the
Revised Response Evaluation Criteria in Solid Tumors (RECIST)
guidelines (version 1.1) [17]. Patients with complete or partial
response (CR or PR) were considered responders, whereas
those with stable or progressive disease (SD or PD) were
considered nonresponders. The Memorial Sloan Kettering
Cancer Center (MSKCC) prognostic risk scores were calculated
according to the presence of six risk factors: a Karnofsky
performance status (KPS) of ,80%, anemia, time from di-
agnosis to treatment of ,1 year, hypercalcemia, thrombocy-
tosis, and neutrophilia [3]. This study was approved by the
Institutional Review Board of AMC (S2014-1122-0002).

Immunohistochemistry for PD-L1, PD-L2, and PD-1
Sections from the TMA blocks were immunostained using the
Ventana Benchmark XT automated staining system (Ventana
Medical Systems, Tucson, AZ, http://www.ventana.com)
according to the manufacturer’s protocol. The following
primary antibodies were used for immunohistochemistry:
anti-PD-L1 (1:100; E1L3N; rabbit monoclonal; Cell Signaling
Technology, Danvers, MA, http://www.cellsignal.com), anti-
PD-L2 (1:3000; #176611; mouse monoclonal; R&D Systems,
Minneapolis,MN, http://www.rndsystems.com), and anti-PD-1
(1:100;MRQ-22;mousemonoclonal; CellMarque, Rocklin, CA,
http://www.cellmarque.com). The expression levels of PD-L1
and PD-L2 were evaluated according to the intensity and
extentofmembranous stainingon the tumorcells.The staining
was scored as follows: 0, no expression or expression in,5% of
tumor cells; 1, weak expression in$5% of tumor cells; 2, moder-
ate expression in$5% of tumor cells; and 3, strong expression in
$5% of tumor cells. The samples were subsequently subdivided
into negative (those with scores of 0–1) or positive (those with
scores of 2–3) subgroups (supplemental online Fig. 1).

The number of PD-11 tumor-infiltrating lymphocytes (TILs)
was manually counted for each core, and the mean number per
unit area (mm2) was calculated for each case. PD-11 TILs were
observed to have increased in the cases with$5 TILs per mm2.

Statistical Analysis
All of the statistical analyses were performed using SPSS
(version 18.0; SPSS, Chicago, IL, http://www-01.ibm.com/
software/analytics/spss/). The relationships between the
groups were compared using the chi-square test, Fisher’s
exact test, or Student’s t test. OS was defined as the time
interval between the date of TKI treatment initiation and the
date of death caused by RCC. PFS was defined as the time
interval between the date of TKI treatment initiation and the
date of disease progression, relapse, or death from RCC. The
Kaplan-Meier method with the log-rank test and the multi-
variate Cox proportional hazard regression model were used
for survival analyses.Toassessmodel accuracy (discrimination)
for patient survival, Harrell’s bias-corrected concordance
index (C-index) was calculated. Model generation was re-
peated 1,000 times with the bootstrap resampling tech-
nique.Two-sided p values,.05were considered statistically
significant.
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Table 1. Correlation between PD-L1 and PD-L2 expression and clinicopathological features of patients with metastatic clear cell

renal cell carcinoma receiving vascular endothelial growth factor-tyrosine kinase inhibitor

PD-L1, n (%) PD-L2, n (%)

Characteristics Negative (n5 75) Positive (n5 16) p value Negative (n5 55) Positive (n5 36) p value

Age at the TKI therapy 56.9 (33–85) 58.8 (39–78) .489 56.6 (33–85) 58.1 (43–70) .465

Sex .129 .364

Male 57 (86.4) 9 (13.6) 38 (57.6) 28 (42.4)

Female 18 (72.0) 7 (28.0) 17 (68.0) 8 (32.0)

Tumor size 8.5 (1.3–19.0) 9.7 (7.5–13.0) .056 8.9 (2.2–19.0) 8.3 (1.3–16.0) .361

ISUP grade .031 .694

2 14 (100) 0 (0) 9 (64.3) 5 (35.7)

3 30 (88.2) 4 (11.8) 22 (64.7) 12 (35.3)

4 31 (72.1) 12 (27.9) 24 (55.8) 19 (44.2)

Lymphovascular invasion .757 .664

Absent 39 (81.3) 9 (18.8) 28 (58.3) 20 (41.7)

Present 36 (83.7) 7 (16.3) 27 (62.8) 16 (37.2)

Necrosis .074 .416

Absent 32 (91.4) 3 (8.6) 23 (65.7) 12 (34.3)

Present 43 (76.8) 13 (23.2) 32 (57.1) 24 (42.9)

Sarcomatoid feature .014 .393

Absent 44 (91.7) 4 (8.3) 31 (64.6) 17 (35.4)

Present 31 (72.1) 12 (27.9) 24 (55.8) 19 (44.2)

Lymph node metastasis .442 .502

Absent 40 (83.3) 8 (16.7) 26 (54.2) 22 (45.8)

Present 10 (71.4) 4 (28.6) 9 (64.3) 5 (35.7)

pT stage .092 .722

1 and 2 36 (90.0) 4 (10.0) 25 (62.5) 15 (37.5)

3 and 4 39 (76.5) 12 (23.5) 30 (58.8) 21 (41.2)

Multiple metastases .089 .731

No 41 (89.1) 5 (10.9) 27 (58.7) 19 (41.3)

Yes 34 (75.6) 11 (24.4) 28 (62.2) 17 (37.8)

KPS 1.000 1.000

,80 8 (10.7) 1 (6.3) 6 (10.9) 3 (8.3)

$80 67 (89.3) 15 (93.8) 49 (89.1) 33 (91.7)

Anemia .808 .996

No 35 (81.4) 8 (18.6) 26 (60.5) 17 (39.5)

Yes 40 (83.3) 8 (16.7) 29 (60.4) 19 (39.6)

Neutrophilia 1.000 .397

No 70 (82.4) 15 (17.6) 50 (58.8) 35 (41.2)

Yes 5 (83.3) 1 (16.7) 5 (83.3) 1 (16.7)

Thrombocytosis .685 .082

No 66 (81.5) 15 (18.5) 46 (56.8) 35 (43.2)

Yes 9 (90.0) 1 (10.0) 9 (90.0) 1 (10.0)

Hypercalcemia .211 .381

No 72 (83.7) 14 (16.3) 53 (61.6) 33 (38.4)

Yes 3 (60.0) 2 (40.0) 2 (40.0) 3 (60.0)

Time from diagnosis to TKI initiation .455 .606

,1 year 49 (80.3) 12 (19.7) 38 (62.3) 23 (37.7)

$1 year 26 (86.7) 4 (13.3) 17 (56.7) 13 (43.3)

MSKCC score .584 .108

Favorable 12 (85.7) 2 (14.3) 6 (42.9) 8 (57.1)

(continued)
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RESULTS

Patient Characteristics
Themedian follow-up period for the patients in this studywas
34.6 months (range, 2.3–171.7 months). Of 91 total patients,
54 (59.3%) patients had metastatic disease at the time of
initial diagnosis (i.e., nephrectomy), and 73 (80.2%) had died
by the time of analysis. The median time between the date of
diagnosisandthedateofVEGF-TKI treatment initiationwas2.9
months (range, 0–126.2months). BeforeVEGF-TKI therapy, 11
patients (12.1%) had undergone interferon-a or interleukin-2
immunotherapies, 6 (6.6%) had received cytotoxic chemo-
therapy, and 4 (4.4%) had received both types of therapy. The
most common TKI used was sunitinib (n 5 70; 76.9% of
patients), followedbysorafenib (n518;19.8%)andpazopanib
(n5 3; 3.3%). Overall, 9 (9.9%) had a KPS value of,80, and 12
(13.2%) showed a poor MSKCC score. The median time
between the date of diagnosis and the date of death was 28.3
months (range, 2.3–132.1months).Themedian time between
the VEGF-TKI treatment initiation and the date of death was
20.1 months (range, 0.9–75.4 months). The estimated 5-year
OS and PFS rates of the patients were 24.7% and 19.5%,
respectively.

The Association Between PD-L1 and PD-L2 Expression
With Clinicopathological Features in the Tumor Cells of
Patients With mCCRCC
Overall, PD-L1 and PD-L2 expression was observed in 17.6%
(16 of 91) and 39.6% (36 of 91) of patients with mCCRCC,
respectively. The frequency of PD-L1 and PD-L2 immuno-
positivitydidnot vary for patientswithdifferent TKI regimens
(p5 .312 and p5 .621, respectively). PD-L1 immunopositivity
was significantly associatedwithahigh ISUPgrade (i.e., grade
3 or 4; p5 .031), and the presence of sarcomatoid features
(p 5 .014). Tumor necrosis (p 5 .074), advanced pT stage
(i.e., stage 3 or 4; p 5 .092), and multiple metastasis (p 5
.089) were more frequently observed in the PD-L1-positive
group than in the PD-L1-negative group, although the dif-
ference was not statistically significant. There was no signif-
icant correlation between PD-L2 expression and any of the
clinicopathological variables (Table 1). Tumor samples from
the metastatic sites were available from three patients, and

the PD-L1 and PD-L2 expression patterns in the primary
renal mass and metastatic lesion were identical in all these
three cases.

The Relationship Between VEGF-TKI Responsiveness
and PD-L1, PD-L2, and PD-1 Expression
According to the RECIST criteria [17], CR was observed in on1
(1.1%) patient, and PR was observed in 36 (39.6%) patients,
whereas 37 (40.7%) patients showed SD, and 17 (18.7%) had
PD. An overall objective response (CR and PR) was observed
in 37 patients (40.7%). As summarized in Table 2, PD-L1
immunopositivity in tumor cells was inversely correlated with
the objective VEGF-TKI responsiveness; responder accounted
for 46.7%of PD-L1-negative cases but 12.5%of PD-L1-positive
cases (p5 .012). Of note, higher expression of PD-L1 showed
a worse response rate (supplemental online Fig. 2). The
response rate to VEGF-TKI was 29.1% and 0% among PD-L1-
positive patients in terms of PD-L1 score 1–3 as immuno-
positive and 3 as immunopositive, respectively. In contrast,
PD-L2 immunopositivity in tumor cellswas unrelated toVEGF-
TKI responsiveness. Patients without PD-11 TILs showed
higher responsiveness (42.0%) than those with positivity for
PD-11 TILs (14.3%), but these results were not statistically
significant.

Table 1. (continued)

PD-L1, n (%) PD-L2, n (%)

Characteristics Negative (n5 75) Positive (n5 16) p value Negative (n5 55) Positive (n5 36) p value

Intermediate 52 (80.0) 13 (20.0) 39 (60.0) 26 (40.0)

Poor 11 (91.7) 1 (8.3) 10 (83.3) 2 (16.7)

TKI regimen .312 .621

Sunitinib 60 (85.7) 10 (14.3) 43 (61.4) 27 (38.6)

Sorafenib 13 (72.2) 5 (27.8) 11 (61.1) 7 (38.9)

Pazopanib 2 (66.7) 1 (33.3) 1 (33.3) 2 (66.7)

Prior immune or/and cytotoxic therapy .233 .030

No 66 (84.6) 12 (15.4) 51 (65.4) 27 (34.6)

Yes 9 (69.2) 4 (30.8) 4 (30.8) 9 (69.2)

Abbreviations: ISUP, International Society of Urological Pathology; KPS, Karnofsky performance status;MSKCC,Memorial Sloan Kettering Cancer Center;
TKI, tyrosine kinase inhibitor.

Table 2. Correlation between PD-L1, PD-L2, and PD-1 with

vascular endothelial growth factor-tyrosine kinase

inhibitor response

Expression
Responder
(n5 37)

Nonresponder
(n5 54) p value

PD-L1 .012

Negative 35 (46.7) 40 (53.3)

Positive 2 (12.5) 14 (87.5)

PD-L2 .250

Negative 25 (45.5) 30 (54.5)

Positive 12 (33.3) 24 (66.7)

PD-11 lymphocytes .236

Negative 34 (42.0) 47 (58.0)

Positive 1 (14.3) 6 (85.7)
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Prognostic Significance of PD-L1 Expression in Patients
Treated With VEGF-TKI
In the patients with mCCRCC, PD-L1 immunopositivity was
associated with shorter OS and PFS (p 5 .037 and p 5 .043;
Fig. 1A, 1B).The univariate survival analysis for cancer-specific
death after TKI treatment showed that PD-L1 expression, ISUP
grade, tumor necrosis, sarcomatoid feature, LN status, pT
stage, and MSKCC score were significantly associated with OS
(p , .05 for all) (Table 3). The multivariate Cox regression
analysis, including PD-L1 expression, ISUP grade, tumor
necrosis, LN status, pT stage, and MSKCC score, revealed that
tumor necrosis (p5 .006), MSKCC score (p5 .018), and PD-L1
expression (p5 .038)were independent prognostic factors for
poor OS (Table 3). The C-index of this model was 0.723. The
univariate survival analysis for tumor progression after TKI
treatment also showed a significant association of PD-L1
expression, ISUPgrade, tumornecrosis, LNstatus,pTstage,and
MSKCC score with PFS (p , .05 for all) (Table 3). The

multivariate Cox regression analysis revealed that tumor
necrosis (p 5 .029), MSKCC score (p 5 .032), and PD-L1 ex-
pression (p 5 .013) were independent prognostic factors for
poorPFS (Table3), and theC-indexof thePFSmodelwas0.729.
The sarcomatoid features factor was excluded from the
multivariate analysis because ISUP grade 4 tumors include
tumors with rhabdoid and sarcomatoid differentiation and/or
those showing tumor giant cells or showing extreme nuclear
pleomorphism [16]. PD-L2 expression had no prognostic
implication in patients treated with VEGF-TKI (Fig. 1C, 1D;
Table 3).

DISCUSSION

This study demonstrates that PD-L1 expression is associated
withunfavorable response toVEGF-TKI and is also aprognostic
indicator for poor OS and PFS in patients with mCCRCC
receiving VEGF-TKI. This result was consistent with that
observed in recent VEG105192 and COMPARZ trials, which

Figure1. Kaplan-Meier analysis of PD-L1andPD-L2expression inmetastatic clear cell renal cell carcinoma. (A,B):Overall survival (OS) (A)
andprogression-free survival (PFS) (B) rateswere lower in patients showingPD-L1 immunopositivity comparedwith those showingPD-L1
immunonegativity. (C, D): OS (C) and PFS (D) were not associated with PD-L2 immunopositivity.
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also showed that increased tumor PD-L1 expression was
associated with shorter survival in mRCC patients receiving
VEGF-TKI treatment [18, 19].However, unlikeprevious studies,
the present study analyzed the predictive and prognostic
implication of PD-Ls for VEGF-TKI therapy in comparison with
variousclinicopathological featuresassociatedwithaggressive
tumor behavior including pT stage, grade, tumor necrosis,
vascular invasion, and sarcomatoid features. In fact, PD-L1
immunopositivity in tumor cells was associated with sarco-
matoid features, necrosis, advanced pT stage, and multiple
metastases. By incorporating the diverse variables, we could
demonstrate that PD-L1 expression is related with the re-
sponsiveness to VEGF-TKI and furthermore independently
associated with clinical outcome of patients with mCCRCC
after VEGF-TKI treatment. We also investigated the PD-L2
expressionand showed that PD-L2wasnot related toVEGF-TKI
responsiveness and clinical outcome.

The tumor microenvironment and immune surveillance
systemare thought to play an important role for tumor growth
and progression and also to be involved in the treatment
responses to targeted therapy [20, 21]. Beuselinck et al. [10]
demonstrated that the ccrcc4 molecular subtype was closely
related to a poor response to sunitinib treatment. This tumor
subtype also showed increased activity in the hypoxia
pathway, a strong inflammatory immune environment, high
levels of regulatory T-cell markers, such as Foxp3, increased
numbers of myeloid-derived suppressor cells, and high PD-L1
expression. Hugonnet et al. [22] evaluated the level of initial
tumor hypoxia and the changes in these levels after initiation
of sunitinib treatment in mRCC using 18F-fluoromisonidazole
PET/CT; the results demonstrated that patients with initially
hypoxic lesions exhibited shorter PFS upon treatment than
patients with nonhypoxic metastatic targets. PD-L1 has been
shown to enhance and sustain Foxp3 expression and T
regulatory cell suppressive functions, and under hypoxic
conditions, PD-L1 expression in tumor cells leads to cytotoxic
T-cell apoptosis [23, 24]. These previous studies suggested
a possible mechanism between PD-L1, hypoxic microenviron-
ment, and poor therapeutic efficiency of VEGF-TKI in mRCC
patients. Moreover, recent early-phase clinical trials reported
that combined therapy using PD-1/PD-L1 axis blockade and
sunitinib or pazopanib showedencouragingantitumoractivity
and tolerable adverse events [25]. We think that the poor
prognostic implication of PD-L1 expression in mCCRCC
patients with VEGF-TKI treatment observed in this study may

provide a rationale for combined PD-1/PD-L1 blockade and
VEGF-TKI therapy. Therefore, PD-L1 may have predictive and
prognostic potential and therapeutic relevance for the
determination of VEGF-TKI treatment value in patients with
mCCRCC.

However, PD-L2 was associated with neither TKI re-
sponsiveness nor prognosis in patientswithmCCRCC receiving
VEGF-TKI treatment. Our previous study (S.-J. Shin, Y.K. Jeon,
P.-J. Kim, Y.M. Cho, J. Koh, D.H. Chung, H. Go, manuscript
submitted for publication) revealed that PD-L2 expression in
primary CCRCC was associated with LN metastasis and poor
prognosis.BothPD-L1andPD-L2areexpectedtoplayakey role
in cancer-induced immune suppression in the tumor micro-
environment [26, 27]. However, Ghiotto et al. [28] showed
that PD-L1 interacts with not only PD-1 but also CD80, and
significant conformational changes occur upon PD-L1/PD-1
interaction, which is not the case for PD-L2/PD-1 interaction.
Furthermore,PD-L1competeswithPD-L2 forPD-1binding.The
affinity of PD-L2 to PD-1 ismuch higher than that to PD-L1, but
PD-L2 expression is more dependent on environmental cues
thanPD-L1 [27].Thus, it is possible that theeffectsofPD-L1and
PD-L2 expression on TKI responsiveness and prognosis could
be distinct.

CONCLUSION
We demonstrated that PD-L1 expression was independently
associated with poor prognosis in mCCRCC patients undergo-
ing VEGF-TKI treatment and that PD-L1 may be a predictive
factor of the response of patients to TKI treatment. PD-1
pathway blockade as a monotherapy and combination with
VEGF-TKI therapy in patientswith high-PD-L1 tumorswill need
to be assessed prospectively to determine the optimal
treatment for patients with mCCRCC.
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Implications for Practice:
Thedataprovided in thepresent report shouldnotbeconsidered to serveastreatment recommendations for themanagement
of treatment-näıve patients with multiple metastases from metastatic clear cell renal cell carcinoma outside a clinical trial;
however, the data highlight the different treatment options and the criteria used to select them.The diversity in decision
makingandhowresults fromphase III trialscanbeinterpretedand implementeddifferently indailypracticearedemonstrated.
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