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Abstract
The expression of programmed cell death-ligand 1 (PD-L1) 
and its correlation with the prognosis and clinicopathologic 
features of renal cell carcinoma (RCC) remain controversial 
to date. Concerning this issue, we had conducted a meta-
analysis of relevant studies searched in the Web of Science, 
PubMed, EMBASE, and Cochrane Library databases. The 
Newcastle-Ottawa quality assessment scale was applied to 
assess the quality of the included studies. The hazard ratio 
(HR) and its corresponding 95% confidence intervals (CIs) 
were collected by Stata 12.0 and used for the results of over-
all survival (OS) and disease-free survival (DFS). A total of 
1,644 patients in 8 studies were included in this meta-analy-
sis. Results showed that PD-L1 expression significantly cor-
related with OS (HR = 1.98, 95% CI: 1.22–3.22, Z = 2.77, p = 
0.006) and DFS (HR = 3.70, 95% CI: 2.07–6.62, Z = 4.40, p = 
0.0001) in ccRCC. Subgroup analysis indicated that PD-L1 ex-

pression significantly correlated with the lymph-gland trans-
fer ratio (HR = 2.45, 95% CI: 1.02–5.92, Z = 1.99, p = 0.05) and 
tumor necrosis (HR = 6.05, 95% CI: 3.78–9.67, Z = 7.51, p < 
0.00001). This meta-analysis suggests that PD-L1 expression 
is a valuable prognostic tool for patients with ccRCC. Sub-
group analyses demonstrated that it was helpful for screen-
ing patients with RCC who need anti-PD-1/PD-L1 treatment 
and support them to benefit from such immune-targeted 
therapy. © 2020 S. Karger AG, Basel

Introduction

According to the GLOBOCAN 2018, kidney cancer is 
the 16th frequently diagnosed cancer and the third most 
common genitourinary malignancy among both sexes 
[1]. It was estimated that there would be a total of 403,262 
newly occurring kidney cancer (2.2% of all cancers) and 
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175,098 kidney cancer deaths (1.8% of all tumor-related 
deaths) worldwide in 2018, with an increasing incidence 
[1]. Renal cell carcinoma (RCC) is the commonest solid 
lesion within the kidney, accounting for nearly 90% of all 
kidney malignancies [2]. The most common subtype of 
kidney cancer is the clear-cell RCC (ccRCC) which ac-
counts for most of the cancer-related deaths. There is a 
1.5:1 predominance in males over females. The peak in-
cidence of RCC presents at 60–70 years of age [3]. Etiol-
ogy includes genetic characteristics and lifestyle factors 
(i.e., smoking, obesity, and hypertension) [4]. It was re-
ported that up to 30% of patients with RCC have ad-
vanced disease at initial diagnosis, with a 5-year survival 
rate of 11% [5]. Surgical treatment was the first option for 
the early stage of RCC. However, patients with advanced 
RCC usually have a poor prognosis because RCC is high-
ly resistant to chemotherapy.

Immune checkpoint inhibitors have shown efficacy in 
treating multiple solid tumors, including RCC. Since the 
introduction of vascular endothelial growth factor 
(VEGF) pathway inhibitors (i.e., sunitinib and sorafenib) 
in 2005, these regimens have effectively improved the 
perspectives of metastatic RCC (mRCC) patients [6]. 
However, it was reported that the median overall surviv-
al (OS) for mRCC patients remained only 12.5 months 
after first-line targeted therapy [7]. Inspiringly, the devel-
opment of immune checkpoint inhibitors that block pro-
grammed cell death 1 receptor (PD-1) and PD ligand 1 
(PD-L1) interaction was proved to conduct very durable 
responses, reduce tumor volume, and even prolong the 
OS of patients with RCC [8]. The application of inhibitors 
of PD-1 and its ligand PD-L1 was considered as the treat-
ment landscape in advanced RCC.

PD-L1 (encoded by the CD274 gene), also known as 
B7-H1 or CD274, is a ligand for PD-1. PD-L1 mainly ex-
pressed on the surface of most tumor cells and immune 
cells, that is, macrophage, CD4+ cells, CD8+T cells, and 
adjustment T cells [9, 10]. Current evidence proved that 
multiple cancers expressed high levels of PD-L1. The can-
cer cells can evade T-cell immunity by exploiting PD-L1/
PD-1 signaling [11]. Through the combination with its 
corresponding receptor, PD-L1 can dramatically inhibit 
the excitation, proliferation, and secretion of the relevant 
cell factor of T cells, thus impeding the immune response, 
inducing T-cell failure and even causing apoptosis [12–
15]. Cancer cells, however, can highly express PD-L1 to 
avoid immune monitoring and thus escape the immune 
system, which complicates treatment and further leads to 
poor prognosis [12]. Therefore, the expression of PD-L1 
in cancer may serve as a biomarker for predicting and 

judging the therapeutic effect of immune checkpoint 
blockade. However, the effect of PD-L1 expression on the 
prognosis of patients with RCC remains controversial to 
date. Relevant studies showed that a higher level of PD-L1 
expression in RCC associated with large tumor size, high 
tumor node metastasis (TNM) stage, poor nuclear grade, 
and increased risk of death [16, 17]. Inversely, it was re-
ported that RCC patients with low expression of PD-L1 
mRNA level have higher tumor staging, tumor grading, 
and metastatic level than those with high PD-L1 mRNA 
expression [18]. In this regard, a higher PD-L1 mRNA 
level in RCC seemed to associate with a favorable out-
come in these patients [18].

Presently, results from different studies remain con-
flicted and inconclusive on the prognostic significance of 
PD-L1 in patients with RCC, especially RCC. Though most 
of the relevant researches were inclined to identify PD-L1 
as a positive biomarker on RCC, the negative role of PD-L1 
should not be overlooked. The evidence for this issue is still 
controversial among studies, and the comprehensive in-
formation is limited to date. Therefore, we would like to 
conduct a systematic review and meta-analysis in an at-
tempt to investigate the association between PD-L1 ex-
pression and the clinicopathologic features of RCC and 
further explore the prognostic effect of PD-L1 in RCC.

Methods

The protocol of the present systematic review and meta-analy-
sis was following the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guidelines. The PRISMA 
checklist was shown in online suppl. Table 1; for all online suppl. 
material, see www.karger.com/doi/10.1159/000506296.

Data Sources and Searches
Two authors independently searched relevant studies from the 

Web of Science, PubMed, EMBASE, and Cochrane Library litera-
ture databases. The retrieval time ended on May 15, 2017. The sys-
tematic searching was restricted to the English language and hu-
man subjects. The following search retrieval keywords were em-
ployed in PubMed: “renal cell carcinoma,” “RCC,” “kidney cancer,” 
“programmed cell death-ligand 1,” “PD-L1,” “B7-H1,” and 
“CD274.”

Inclusion and Exclusion Criteria
Two authors independently screened the literatures according 

to the following criteria: (1) studies including patients who were 
diagnosed with primary RCC after cytology or pathology; (2) stud-
ies that used the immunohistochemical method to inspect PD-L1 
protein expression in the RCC tissues; (3) studies that focused on 
PD-L1 expression and patient prognosis, that is, overall survival 
(OS) and disease-free survival (DFS), and/or the correlation be-
tween clinicopathologic features; (4) studies that provided suffi-
cient information to evaluate the hazard ratio (HR); and (5) articles 
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that were published in English. For repeatedly published studies, 
we only chose the latest literature or the literature with the largest 
sample size. The articles were excluded based on the following rea-
sons: (1) without the normal control group data; (2) review articles, 
editorials, comments, letters, and case reports, etc.; (3) duplicated 
data; and (4) animal experiment.

Data Extraction and Literature
A standardized data collection form was employed to extract 

the following information by 2 authors independently: the first 
authors’ name, publication year, country of origin, sample size, 
immunohistochemistry assessment method, antibody, PD-L1 
positive optimum threshold value, general clinicopathological 
data, OS, DFS, and HR and its 95% confidence intervals (CIs). In 
case no direct HR or 95% CI was provided in the publications or 
could not be calculated through the existing data, we tried to con-
tact the corresponding author to obtain the relevant data. If no 
response was received from the author, data were extracted from 
the survival curve. In case of disagreements during data extraction, 
a third author would participate in the discussion.

Quality Assessment
The Newcastle-Ottawa quality (NOS) assessment scale was 

used to evaluate the quality of the included studies by the 2 authors 
independently. The full mark of the scale was 9. Scores with 0–3, 
4–6, and 7–9 were regarded as low quality, moderate quality, and 
high quality, respectively.

Statistical Analyses
Data analyses were conducted through the Review Manager 

5.3 (The Cochrane Collaboration, Oxford, England) and Stata 

12.0 statistical software (Stata Corp LP, College Station, TX, 
USA). The correlation between PD-L1 expression level and the 
general clinical data was evaluated by the odds ratio and its 95% 
CI. The correlation of PD-L1 expression with OS and DFS was 
evaluated by HR with the corresponding 95% CI. HR and 95% CI 
were generated and extracted by the Engauge Digitizer version 
4.1 software from the survival curve. The assessment of hetero-
geneity among the included studies was presented by the χ2 and 
Higgins I2. Substantial heterogeneity has existed when the I2 was 
over 50%. The fixed-effects model was applied for the combined 
analysis when no significant homogeneity among each of the 
studies was found (χ2 p > 0.01 or I2 < 50%). Otherwise, the ran-
dom-effects model was applied. Begg’s rank correlation test and 
Egger’s regression asymmetry test were adopted to test and eval-
uate the potential publication bias. p < 0.05 was considered to 
reach statistical significance.

Results

Literature Retrieval Result
Initially, a total of 874 studies were identified in the 

present meta-analysis, of which 149 were excluded for 
duplication. After overviewing the subjects and abstracts, 
668 irrelevant studies were excluded, and then 40 more 
studies were further eliminated for reasons (i.e., reviews, 
meta-analysis, case reports, letter to the editor, meeting 
abstracts, and other topics or diseases). The 17 remaining 

Records identified through database searching in
Web of Science, PubMed, EMBASE, and Cochrane

(n = 725)

40 records were excluded by screen titles or
abstracts for the following reason: review,
meta-analysis, case report, letter to editor,
meeting abstract, other topics, or diseases

Records screened after duplicates removed
(n = 57)

9 records were excluded:
• Clinical trial (n = 1)
• Metastatic RCC (n = 2)
• Incompleted data (n = 3)
• Study of PD-1 (n = 1)
• mRNA expression of PD-L1 (n = 2)

Full-text reviewed in details
(n = 17)

Final eligible studies
(n = 8)

Fig. 1. Flow chart of study selection.
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studies were evaluated for their full texts, leaving 8 eligible 
studies for this meta-analysis. The literature screening 
process chart is shown in Figure 1.

The detailed characteristics included in the studies are 
summarized in online suppl. Table 1. A total of 1,644 pa-
tients were included in the 8 studies [19–26] for the meta-
analysis. The 8 included studies were published between 
2006 and 2016. There were 3 studies conducted in the 
USA, 2 in Germany, 2 in Korea, and 1 in Japan. The his-
tologic type of kidney cancer was either “clear cell” or 
“non-clear cells”. Among the 8 eligible studies, 6 studies 
reported the stage of RCC was I–IV. All of the included 
studies were employed the percentage of positive cells to 
evaluate the expression of PD-L1. Among the 8 included 
studies, all of them were judged as high-quality method-
ology.

Correlation of PD-L1 Expression with the DFS of 
Patients with RCC
Four studies analyzed the relationship of PD-L1 ex-

pression to the DFS of patients with renal carcinoma, and 
significant heterogeneity was found in each study (I2 = 
85%, p = 0.0001). Therefore, the random-effects model 
was used for analysis. Results indicated that patients with 
high PD-L1 expression had poor DFS (HR = 3.70, CI: 
2.07–6.62, Z = 4.40, p = 0.0001) (Fig. 2a).

Correlation of PD-L1 Expression with the OS of 
Patients with RCC
A total of 1,014 patients with RCC in 7 studies were 

evaluated to determine the correlation between PD-L1 
expression and the OS. Significant heterogeneity was 
found in each study (I2 = 73%, p = 0.001). Therefore, the 

Hazard Ratio
Study or subgroupa [Hazard Ratio]

log
SE Weight IV, Random [95% CI] Year

Parker A. S., 2009 1.3813 0.15 28.5% 3.98 [2.97, 5.34] 2009
Su-JinShin, 2015 0.9282 0.372 20.7% 2.53 [1.22, 5.25] 2015
Su-Jin Shin, 2016 0.6523 0.3149 22.9% 1.92 [1.04, 3.56] 2016
Takulo Hara, 2017 2.0541 0.1727 27.9% 7.80 [5.56, 10.94] 2017

0.01

Total (95% CI) 100.0% 3.70 [2.07, 6.62]
Heterogeneity: τ2 = 0.29; χ2 = 20.53, df = 3 (p = 0.0001); I2 = 85%
Test for overall effect: Z = 4.40 (p < 0.0001)

Heterogeneity: τ2 = 0.40; χ2 = 21.45, df = 5 (p = 0.0007); I2 = 77%
Test for overall effect: Z = 2.40 (p = 0.02)

Hazard Ratio
IV, Random [95% CI]

R. H. Thompson, 2006 0.8529 0.1547 2.37 [1.72, 3.27] 
T. K. Choueiri, 2014 1.8579 0.5519 10.3%

19.5%
5.41 [2.17, 18.91] 2014

2006

Su-JinShin, 2015 0.81 0.3902 13.9% 2.25 [1.05, 4.83] 2015
M Abbas, 2016 0 0 Not estimable 2016
Mahmoud Abbas, 2016 –0.7765 0 448 12.5% 0.46 [0.19, 1.11] 2016 
Su-JinShin, 2015 0.27 0.3342 15.3% 1.31 [0.68, 2.52] 2016
Takuio Hara, 2017 1.679 0.5144 11.1% 5.36 [1.96, 14.69] 2017

Subtotal (95% CI) 82.7% 2.09 [1.15, 3.82]

Cutoff value 21%
M. Abbas, 2016 0.47 0.2585 17.3% 1.60 (0.96, 2.65] 2016

Subtotal (95% CI) 17.3% 1.60 [0.96, 2.66]
Heterogeneity: Mot applicable
Test for overall effect: Z = 1.82 (p = 0.07)

Total (95% CI) 100.0% 1.98 [1.22, 3.22]
Heterogeneity: τ2 = 0.29; χ2= 22.39, df = 6 (p = 0.001); I2 = 73%
Test for overall effect: Z = 2.77 (p = 0.006)
Test for subgroup differences: χ2 = 0.44, df = 1 (p = 0.51); I2 = 0%

0.1 1 10
PD-L1+ PD-L1–

100

Hazard Ratio
Study or subgroup

Cutoff value ≥5%

b [Hazard Ratio]
log

SE Weight IV, Random [95% CI] Year

0.01

Hazard Ratio
IV, Random [95% CI]

0.1 1 10
PD-L1+ PD-L1–

100

Fig. 2. Forest plot describing the association between PD-L1 expression and OS and DFS of patients with kidney 
cancer: DFS (a) and OS (b). PD-L1, programmed cell death-ligand 1; OS, overall survival; DFS, disease-free sur-
vival.
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a

0.01

Male Female Odds Ratio
Study or subgroup Events Total Events Total Weight M-H, Random [95% Cl] Year

Su-Jin Shin, 2015 9 66 7 25 19.8% 0.41 [0.13, 1.25] 2015
M. Abbas, 2016 16 116 21 61 27.1% 0.30 [0.14, 0.64] 2016
Mahmoud Abbas, 2016 18 37 8 19 19.9% 1.30 [0 43, 3.98] 2016
Su-Jin Shin, 2016 18 157 9 57 24.6% 0.69 [0.29, 1.64] 2016
Takuto Hara, 2017 11 47 1 15 8.7% 4.28 [0.50, 36.29] 2017

Total (95% Cl) 423 177 100.0% 0.66 [0.32, 1.35)
Total events 72 46
Heterogeneity: τ2 = 0.34; χ2 = 8.86, df = 4 (p = 0.06); I2 = 55%
Test for overall effect: Z = 1.13 (p = 0.26)

T. K. Choueiri,, 2014 7 27 3 73 13.2% 8.17 [1.93, 34.50] 2014
Su-Jin Shin, 2015 12 51 4 40 15.8% 2.77 [0.82, 9.37] 2015
M. Abbas, 2016 19 67 18 109 22.7% 2.00 [0.96, 4.17] 2016
Mahmoud Abbas, 2016 5 15 21 41 15.5% 0.48 [0.14, 1.64] 2016
Su-Jin Shin, 2016 13 66 14 148 21.4% 2.35 [1.03, 5.33] 2016
Takuto Hara, 2017 2 16 10 46 11.3% 0.51 [0.10, 2.65] 2017

Total (95% Cl) 242 457 100.0% 1.80 [0.90, 3.62]
Total events 58 70
Heterogeneity: τ2 = 0.42; χ2 = 11.86, df = 5 (p = 0.04); I2 = 58%
Test for overall effect: Z = 1.65 (p = 0.10)

Su-Jin Shin, 2015- 4 14 8 48 20.3% 2.00 [0.50, 8.00] 2015
M. Abbas, 2016 10 23 27 154 28.2% 3.62 [1.44, 9.11] 2016
Mahmoud Abbas, 2016 0 6 26 50 7.4% 0.07 [0.00, 1.33] 2016
Su-Jin Shin, 2016 6 21 11 92 24.3% 2.95 [0.94, 9.18] 2016
Takuto Hara, 2017 5 11 7 51 19.7% 5.24 [1.25, 21.89] 2017

Total (95% Cl) 75 395 100.0% 2.45 [1.02, 5.92]
Total events 25 79
Heterogeneity: τ2 = 0.49; χ2 = 8.30, df = 4 (p = 0.08); I2 = 52%
Test for overall effect: Z = 1.99 (p = 0.05)

Mahmoud Abbas, 2016 1 5 25 51 41.7% 0.26 [0.03, 2.49] 2016
M. Abbas, 2016 14 35 23 142 58.3% 3.45 [1.53, 7.76] 2016

Total (95% Cl) 40 193 100.0%

109 243 100.0%

1.17 [0.09, 14.98]

1.08 [0.11, 10.77]

Total events 15 48
Heterogeneity: τ2 = 2.72; χ2 = 4.63, df = 1 (p = 0.03); I2 = 78%
Test for overall effect: Z = 0.12 (p = 0.90)

Odds Ratio
M-H, Random [95% Cl]

R. H. Thompson, 2006 
Mahmoud Abbas, 2016

Total (95% Cl)
Total events 
Heterogeneity: τ2 = 2.46; χ2 = 8.94, df = 1 (p = 0.003); I2 = 89%

34 97 29 199 54.1% 3.16 [1.78, 5.61] 2006
3 12 23 44 45.9% 0.30 [0.07, 1.28] 2016

37 52

Test for overall effect: Z = 0.06 (Pp = 0.95)

0.1 1 10
Male Female

100

d
M+ M– Odds Ratio

Study or subgroup Events Total Events Total Weight M-H, Random [95% Cl] Year
Odds Ratio

M-H, Random [95% Cl]

b
T3/4 T1/2 Odds Ratio

Study or subgroup Events Total Events Total Weight M-H, Random [95% Cl] Year
Odds Ratio

M-H, Random [95% Cl]

0.1 1 10
M+ M–

100

c

0.01

0.01

N+ N– Odds Ratio
Study or subgroup Events Total Events Total Weight M-H, Random [95% Cl] Year

Odds Ratio
M-H, Random [95% Cl]

0.1 1 10
N+ N–

e
III–IV I–II Odds Ratio

Study or subgroup Events Total Events Total Weight M-H, Random [95% Cl] Year
Odds Ratio

M-H, Random [95% Cl]

0.1 1 10
III–IV I–II

1000.01

100

0.01 0.1 1 10
T3/4 T1/2

100

Fig. 3. Forest plots for the association between PD-L1 expression and clinicopathological features: gender (a), 
depth of invasion (b), lymph node (c), distant metastasis (d), TNM (e), nuclear grade (f), and coagulative tumor 
necrosis (g). PD-L1, programmed cell death-ligand 1; OS, overall survival; DFS, disease-free survival; TNM, tu-
mor node metastasis.

(Figure continued on next page.)
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random-effects model was used for the combined analy-
sis. The synthetic results showed that high PD-L1 expres-
sion indicated poor prognosis of the patients (HR = 1.98, 
95% CI: 1.22–3.22, Z = 2.77, p = 0.006). Subgroup analyses 
were launched according to the positive optimum thresh-
old value due to the oversize of the overall heterogeneity. 
The analysis showed that the OS of the RCC patients with 
high PD-L1 expression was poor when the positive opti-
mum threshold value of PD-L1 was 5% (HR = 2.09, 95% 
CI: 1.15–3.82, Z = 2.40, p = 0.02) or 1% (HR = 1.60, 95% 
CI: 0.96–2.66, Z = 1.82, p = 0.07) (Fig. 2b).

Correlation of PD-L1 Expression with the 
Clinicopathologic Features of RCC
High PD-L1 expression correlated with high transfer 

ratio of the lymph gland (HR = 2.45, 95% CI: 1.02–5.92, 
Z = 1.99, p = 0.05) and tumor necrosis (HR = 6.05, 95% 
CI: 3.78–9.67, Z = 7.51, p < 0.00001) but not with gender 
(HR = 0.66, 95% CI: 0.32–1.35, Z = 1.13, p = 0.26), depth 
of tumor invasion (HR = 1.80, 95% CI: 0.90–3.62, Z = 
1.65, p = 0.10), distant metastasis (HR = 1.17, 95% CI: 
0.09–14.98, Z = 0.12, p = 0.90), TNM staging (HR = 1.08, 
95% CI: 0.11–10.77, Z = 0.06, p = 0.95), and nuclear grad-
ing (HR = 2.81, 95% CI: 0.90–8.79, Z = 1.78, p = 0.08) 
(Fig. 3).

Publication Bias and Sensitivity Analysis
Based on the publication bias risk assessment and sen-

sitivity analysis by visual inspection, the funnel plot of 

both DFS and OS was symmetric. The result of Egger’s 
linear regression method (DFS: p = 0.383; OS: p = 0.971) 
and Begg’s rank correlation test (DFS: p = 0.734; OS: p = 
0.548) showed no publication bias in both DFS and OS 
among the included studies. The unidirectional method 
was eliminated, but no obvious change in the effect size 
was observed. This finding indicated that the meta-anal-
ysis model was comparatively stable and highly reliable 
(Fig. 4).

Discussion

Immunologically, T cells can selectively recognize and 
eliminate pathogens as well as the abnormal cells (cancer 
cells). PD-L1, a coinhibitory immune checkpoint protein 
which is encoded by the CD274 gene, plays a pivotal role 
to maintain an intricate regulation of T-cell activities, 
participating in keeping the homeostasis in the body. 
Based on a mountain of clinical studies, it was suggested 
that approximately 30% malignant tumor cells, including 
RCC, prostate cancer, testicular cancer, non-small cell 
lung cancer, melanoma, gastric cancer, breast cancer, gli-
oma, and ovarian cancer, aberrantly express PD-L1 and 
closely associate with the prognosis of the patients [27–
32]. The expression of PD-L1 is an immune escape mech-
anism of the tumor cells. Overexpression of PD-L1 con-
tributes to inhibit the tumor-specific T cell-mediated im-
munity, that is, inducing T-cell apoptosis and impairing 

R. H. Thompson, 2006 58 127 15 179 25.2% 9.19 [4.88, 17.32] 2006
T. K. Choueiri, 2014 2 9 9 91 16.9% 2.60 [0.47, 14.47] 2014
Su-Jin Shin, 2016 25 142 2 72 18.8% 7.48 [1.72, 32.54] 2016
M. Abbas, 2016 6 20 31 157 22.3% 1.74 [0.62, 4.90] 2016
Mahmoud Abbas, 2016 2 8 23 46 17.0% 0.33 [0.06, 1.83] 2016

Total (95% Cl) 306 545 100.0% 2.81 [0.90, 8.79]
Total events 93 80
Heterogeneity: τ2 = 1.24; χ2 = 17.95, df = 4 (p = 0.001); I2 = 78%
Test for overall effect: Z = 1.78 (p = 0.08)

R. H. Thompson, 2006 49 94 24 212 47.5% 8.53 [4.74, 15.34] 2006
Su-Jin Shin, 2015 13 56 3 35 19.1% 3.22 [0.85, 12.27] 2015
Su-Jin Shin, 2016 20 92 7 111 33.4% 4.13 [1.66, 10.27] 2016

Total (95% Cl) 242 358 100.0% 6.05 [3.78, 9.67]
Total events 82 34
Heterogeneity: χ2 = 2.85, df = 2 (p = 0.224); I2 = 30%
Test for overall effect: Z = 7.51 (p < 0.00001)

f

0.01

Grade 3–4 Grade 1–2 Odds Ratio
Study or subgroup Events Total Events Total Weight M-H, Random [95% Cl] Year

Odds Ratio
M-H, Random [95% Cl]

0.1 1 10
Grade 3–4 Grade 1–2

100

g
Present Absent Odds Ratio

Study or subgroup Events Total Events Total Weight M-H, Random [95% Cl] Year
Odds Ratio
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cytokine production. The combined effects from PD-L1 
help the cancer cells to escape the host immune system 
[33]. Based on this evidence, disrupting the combination 
of PD-1/PD-L1 may be an effective measure to recover 
the immune function of T lymphocytes of tumor specific-
ity [34]. In a phase Ia study, the researchers found that 
atezolizumab, a humanized PD-L1 antibody, has promis-
ing antitumor activity in patients with metastatic RCC 
and has been identified to be a potential predictive and 
pharmacodynamic biomarker [35]. In the more recent 
trial of JAVELIN Renal 101, the results showed that in 
terms of progression-free survival, a PD-L1 inhibitor 
(avelumab) combined with a multikinase inhibitor (ax-
itinib) was superior to sunitinib as a first-line treatment 
[36]. These studies have shown that PD-L1 expression 
can be served as a prognostic tool of tumor progression. 
Up to now, however, the correlation between the expres-
sion level of PD-L1 with the prognosis of RCC remains 
controversial.

In this synthesized meta-analysis, we have evaluated 
the correlation of PD-L1 expression with the prognosis of 
RCC. The results showed that the high expression of PD-
L1 could reduce the OS and DFS of patients with RCC. 
Based on pooled HR, our meta-analysis indicated a 1.98- 
to 3.70-fold increased risk of deaths among RCC subjects 
with high level of PD-L1 compared with those negative/
low expression of PD-L1 (OS: HR = 1.98, 95% CI: 1.22–
3.22, Z = 2.77, p = 0.006; DFS: HR = 3.70, CI: 2.07–6.62, 
Z = 4.40, p = 0.0001). Our study was consistent with a 
previous meta-analysis which also has discovered that the 
upregulation of PD-L1 correlated with poor prognosis of 

RCC [37]. However, this meta-analysis included both the 
ccRCC and non-ccRCC, which might bring the selection 
bias when synthesized the overall HR. Our study was also 
in line with a more previous meta-analysis which demon-
strated that positive (or higher) PD-L1 expression level 
was a negative predictor for the cancer-specific survival 
in RCC patients. This study also concluded that PD-L1 
could serve as a key biomarker in the worse prognosis and 
adverse clinicopathologic features of RCC. However, all 
data used in this meta-analysis originated from the USA, 
which could cause a publication bias as substantial het-
erogeneity across included studies was detected (I2 = 
84.9%, p < 0.001). In addition, the sample size in each of 
the included study was small; thus, the evidence for the 
correlation between PD-L1 and DFS was relatively weak. 
In the present meta-analysis, however, we selected studies 
strictly in accordance with the inclusion criteria, and all 
the eligible studies were confirmed with high method-
ological quality, which made the conclusion more con-
vinced and more suitable for the clinical practice.

Results from the current meta-analysis indicated that 
PD-L1 overexpression correlated with poor prognosis of 
RCC. Moreover, we also conducted a subgroup analysis 
due to the different positive optimum threshold values. 
The combined results showed that the OS of the RCC pa-
tients with high expression of PD-L1 was poor regardless 
of whether the positive optimum threshold value was 5% 
or 1%. The poor prognosis of RCC resulting from PD-L1 
overexpression can be elucidated by the following expla-
nation. First, the PD-1/PD-L1 pathway plays a negative 
regulatory effect in the immunoreaction, which could as-
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sist the tumor cells to escape from the monitoring of the 
immune system by promoting the inhibition of lymph 
cells by T-cell apoptosis and proliferation [38]. Further-
more, high expression of tumor-infiltrating lymphocytes 
indicates a good prognosis, while the tumor-infiltrating 
lymphocyte expression in tissues overexpressing PD-L1 
is low [39]. These conditions may help tumor cells to es-
cape host immunity.

The effective reaction of the drugs, significant survival 
benefit, and well tolerance of the immune checkpoint 
paralyzer opened a new channel for the treatment of RCC 
in fundamental and clinical experiments in the future. 
The in vitro experiment confirmed that suppressing the 
PD/PD-L1 pathway could upregulate CD 8+ T-cell ex-
pression and strengthen the endogenous antitumor effect 
in the body [40]. A recent study has shown that patients 
with high PD-L1 expression are appropriate to receive 
targeted treatment [40]. In the present study, the correla-
tion between PD-L1 expression and the clinicopatholog-
ic features was analyzed. Results showed that high PD-L1 
expression correlated with high lymph-gland transfer ra-
tio and tumor necrosis. Thus, patients with high PD-L1 
expression might greatly benefit from PD-L1-targeted 
treatment. Our study also provided the scientific evidence 
and theoretical foundation for the clinical application of 
the PD-1/PD-L1 paralyzer in treating RCC and also indi-
rectly verified that high PD-L1 expression is related to the 
poor prognosis of RCC.

The present meta-analysis had synthesized all the evi-
dence for combining the HR related to the relationship 
between PD-L1 and the prognosis and clinicopathologic 
features of RCC. Though our study was comprehensive, 
our work still had some limitations. First, heterogeneity 
possibly existed among the results because of the different 
positive optimum threshold values in the studies. Thus, 
we conducted a subgroup analysis to further explain the 
association between PD-L1 and the clinicopathologic fea-
tures of RCC. Second, some of the studies included in the 
meta-analysis lacked antibody information. The different 
antibodies used in the studies probably influenced the ac-
curate evaluation of the PD-L1 positive ratio and the 
prognosis of RCC. Thus, the same antibody and positive 
optimum threshold value should be used to obtain accu-
rate results. Third, not all HR in the 95% CI could be ex-
tracted from the studies. As a result, based on the data 
extracted from the Kaplan-Meier curve, the study was 
conducted, which could compromise the accuracy of the 
data. Fourth, this meta-analysis included studies pub-
lished only in English, resulting in a publication bias. De-
spite the above limitations, this meta-analysis showed the 

correlation between PD-L1 expression and the clinico-
pathologic characteristics of RCC. The treatment effect of 
anti-PD-1/PD-L1 could be improved through the conve-
nient descending a-stratified method.

In summary, this meta-analysis suggests that PD-L1 
expression is a valuable prognostic tool for patients with 
RCC. In addition, high lymph-gland transfer ratio and 
tumor necrosis indicated high PD-L1 expression of the 
patient. This finding could be helpful for screening pa-
tients with RCC who need anti-PD-1/PD-L1 treatment 
and support them to benefit from this immune-targeted 
therapy.
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