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Objective: Our objective was to conduct a meta-analysis to investigate the clinicopathological features and prognostic value of programmed cell death ligand 1 (PD-L1) expression in
patients with urothelial carcinoma (UC).
Materials and methods: Twenty-seven studies with 4,032 patients were included in the
meta-analysis. Pooled ORs and 95% CIs were used to examine the associations between
clinical factors and PD-L1 expression. HRs and 95% CIs were extracted from eligible
studies. Heterogeneity was evaluated using the chi-squared-based Q test and I2 statistic.
Results: Expression of PD-L1 on tumor cells (TCs) was associated with muscle-invasive
disease (OR=3.67, 95% CI: 2.53–5.33), and inversely associated with the history of intravesical
bacilli Calmette-Guerin therapy (OR=0.39, 95% CI: 0.18–0.82) in bladder cancer patients.
PD-L1 expression on TCs was associated with worse overall survival (HR=2.06, 95%
CI: 1.38–3.06) in patients with organ-conﬁned bladder cancer. PD-L1 expression in patients
with UC was signiﬁcantly related to better objective response rate after PD-1/PD-L1 antibody
treatment.
Conclusions: Expression of PD-L1 on TCs was associated with muscle-invasive disease in
patients with bladder cancer. Patients with PD-L1-positive UC had a signiﬁcantly better
response to PD-1/PD-L1 targeted treatment.
Keywords: urothelial carcinoma, programmed cell death ligand 1, immunotherapy, metaanalysis, prognosis

Introduction
Programmed cell death ligand 1 (PD-L1) is a cell surface glycoprotein that belongs
to the B7/CD28 co-stimulatory factor superfamily.1 It functions as an inhibitor of
the immune response through promoting T-cell apoptosis by either binding to
programmed cell death-1 (PD-1) receptor, or a putative non-PD-1 receptor on the
surface of T lymphocytes.1 Similar to self-antigen recognition, cancer cell can
escape immune surveillance by upregulating PD-L1. Moreover, the PD-1/PD-L1
signaling axis may induce immune inhibitory/exhaustion signaling of activated
T cells, and thus signiﬁcantly impair the anti-tumor immune response.2 Therefore,
it is hypothesized that blockade of the PD-1/PD-L1 pathway may restore the native
anti-tumor function of T cells and facilitate tumor regression. In recent years,
immune checkpoint inhibitors that can block PD-L1 expression and then enhance
T cell function in cancers have been brought identiﬁed.
An association between high pretreatment tumor PD-L1 expression and poor
survival has been reported in multiple cancers, including colorectal cancer and renal
cell carcinoma.3,4 Several studies have indicated that PD-L1 expression on bladder
cancer (BC) cells was related to multiple indicators of poor prognosis, such as high
tumor grade, increased resistance to bacilli Calmette-Guerin therapy, and muscle4171
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invasive disease.5,6 On the other hand, Xylinas et al suggested that PD-L1 expression was not associated with
clinicopathological features in patients after radical
cystectomy (RC).7 So far, data regarding the prognostic
role of PD-L1 expression in BC are conﬂicting. Studies by
Nakanishi et al revealed a higher risk of recurrence and
shorter overall survival (OS) with high PD-L1 expression
in patients with BC, though not all reports support this
conclusion.8–10
Although blocking PD-L1 or PD-1 has emerged as
a promising strategy for treating advanced urothelial carcinoma (UC), a consensus has not been reached regarding the
prognostic value of PD-L1 expression. A previous metaanalysis suggested that patients with urothelial carcinoma
with higher ratios of PD-L1-positive cells responded signiﬁcantly better to anti-PD-1/PD-L1 therapy than those with
lower ratios of PD-L1-positive cells.11 Because of the potential predictive value of PD-L1 expression on immune cells
(ICs) in patients receiving checkpoint inhibitors for
advanced urothelial carcinoma, more attention is being
paid to the clinical signiﬁcance of PD-L1 expression on
ICs.12,13
In this meta-analysis, we aimed to assess PD-L1
expression and its association with clinical outcomes in
urothelial carcinoma patients. Furthermore, this research
attempts to show the potential of using PD-L1 as
a biomarker to identify patients more likely to beneﬁt
from PD-1/PD-L1-targeted therapies.

Materials and methods
Literature search
Two of the authors (QiaoChao Chen and Xiangli Ding)
independently retrieved published literature up to
December 22, 2017 from the PubMed, Cochrane Library,
and the Web of Science online databases without region or
time restrictions. The following medical subject and text
words were used for the literature searches: (“Bladder cancer” OR “Bladder tumor” OR “Bladder carcinoma” OR
“Urothelial cancer” OR “Urothelial tumor” OR “Urothelial
carcinoma”) and (“PD-L1” OR “B7-H1” OR “CD274” OR
“Programmed Cell Death 1 Ligand 1 Protein”) (Figure 1).

Eligibility criteria
Study inclusion criteria were: 1) sll patients had histologically conﬁrmed urological/bladder carcinoma; 2) studies
provided data regarding the correlation between PD-L1
expression and clinicopathological features; 3) studies
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reported Kaplan–Meier curves, HRs, and 95% CIs describing associations between OS and cancer-speciﬁc survival
(CSS); 4) reported comparisons of PD-L1-positive versus
PD-L1-negative patients receiving anti-PD-1/PD-L1 treatment; and 5) English-language publication. Studies that
failed to meet the inclusion criteria were excluded. When
duplicate publications were identiﬁed, only the newest or
most recent article was used in the analysis.

Data extraction and quality assessment
The data were extracted independently by two reviewers
(QiaoChao Chen and Hui Zhan), and any disagreements
were resolved by achieving consensus with the assistance
of a third reviewer (Xiangli Ding). The following information from each study enrolled was extracted: the ﬁrst author’s
name, year of publication, country of origin, number of
patients, keywords used for indexing, technique used to
assay PD-L1 values, cutoff points, PD-L1-positive expression (deﬁned by tumor cells, tumor-inﬁltrating ICs, or combined positive score [CPS]), survival analysis method, HRs
and 95% CIs for OS and CSS, and objective response rate
(ORR) (deﬁned as the percentage of patients with complete
or partial response as per RECIST 1.1). For studies that
reported survival data indirectly with a Kaplan–Meier
curve, we used the method described by Tierney et al14 to
estimate the log-transformed HR. Quality assessments were
conducted independently for each study by two reviewers
(Xiangli Ding and QiaoChao Chen) using a modiﬁed
Newcastle-Ottawa Scale (NOS). The scale consisted of
three parameters of quality: selection, comparability, and
outcome assessment. The maximum possible score is 9
points, and NOS scores of more than 6 points were considered to indicate high-quality studies.15

Statistical analysis
Pooled ORs and its 95% CIs were used to present the
associations between clinical factors, ORR of anti-PD1/
PD-L1 treatment, and PD-L1 expression, and HRs and
95% CIs were extracted to evaluate the association between
PD-L1 expression and prognosis (OS and CSS).
Heterogeneity among studies was evaluated using the chisquared-based Q test and I2 statistic. An I2>50% or p<0.1
represents signiﬁcant heterogeneity between studies. When
signiﬁcant heterogeneity was present, a random effects
model of analysis was used. Otherwise, a ﬁxed-effects
model was used. Subgroup analysis was performed to examine OS and CSS. Potential publication bias was examined by
Egger’s and Begg’s tests. Data were analyzed by using
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Figure 1 Flowchart of study selection.

STATA version 12.0 (Stata Corporation; College Station,
TX, USA). All p-values and 95% CIs were two-sided, and
p-values <0.05 were considered statistically signiﬁcant.

Results
Search results and study characteristics
A total of 840 studies were identiﬁed in the literature
searches. After removing duplicates, 528 titles and abstracts
were screened, and 493 articles were excluded. After carefully reading the remaining 35 potentially eligible articles, 8
were excluded because key information was absent.
Ultimately, 27 studies5,7–9,16–38 published from 2007 to
2017 that met the inclusion criteria were included in the
analysis. The selection process is shown in Figure 1.

Cancer Management and Research 2019:11

The characteristics of the included studies are shown
in Table 1. The 27 studies included 4,032 patients;
716,18,20,21,23,24,26studies originated from Asian countries/
regions (Japan, Taiwan, China), 925,27,29-35studies were
multicentre and global studies, and the remaining studies
originated from the United States, Germany, and France.
The sample size ranged from 37 to 423. Seventeen studies
were of retrospective design, 26 studies detected PD-L1
expression using immunohistochemistry , and 116 study
examined the gene expression of PD-L1. OS was reported
in 97,9,16–18,20,22,37,38 studies; 57,9,16–18 of them conducted
multivariate analysis of OS. Six7,16,17,24,26,35 studies
reported CSS and 216,26 studies conducted multivariate
analysis of CSS. Study quality ranged from 5 to 8; thus,
the studies were of relatively high quality.
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Correlation between clinicopathological
parameters and PD-L1 expression in
urothelial carcinoma
We explored the correlation between PD-L1 expression and
clinicopathological characteristics of 2,200 patients from
135,7–9,17–22,26,35,37 studies, of which 226,35 studies were
about upper urinary tract urothelial carcinoma (UTUC).
Data including tumor stage, tumor grade, sex, smoking history, preoperative use of chemotherapy, intravesical instillation of bacilli Calmette-Guérin (BCG), lymph node
metastasis, distant metastasis, recurrence of UTUC, and
death due to UTUC were extracted and then pooled ORs
and 95% CIs were computed. As shown in Figure 2, the
meta-analysis of 115,7–9,17–22,37 relevant studies on tumor
stage demonstrated a signiﬁcantly higher incidence of
PD-L1 expression in the muscle-invasive-bladder cancer
(MIBC) group relative to the non-muscle-invasive-bladder
cancer (NMIBC) group (OR=3.67, 95% CI: 2.53–5.33;
p=0.668; ﬁxed-effects) (Figure 2A1), while tumor stage
was not signiﬁcantly associated with PD-L1 expression on
tumor-inﬁltrating ICs in patients with BC (n=4, OR=1.43,
95% CI: 0.93–2.21; p=0.211; ﬁxed-effects) (Figure 2B1). In
addition, we noted a signiﬁcantly decreased expression of
PD-L1 in specimens from patients who received intravesical
therapy of BCG before cystectomy (n=3, OR=0.39, 95% CI:
0.18–0.82; p=0.309; ﬁxed-effects) (Figure 2C).
No signiﬁcant relation was observed between PD-L1
expression on BC tumor cells and higher tumor grade
(grade III) (n=5, OR=1.25, 95% CI: 0.85–1.84; p=0.003; random-effects) (Figure 2D1), sex (n=9, OR=1.01, 95%
CI: 0.73–1.40; p=0.138; ﬁxed-effects) (Figure 2E1), smoking
history (n=3, OR=1.15, 95% CI: 0.65–2.04; p=0.902; ﬁxedeffects) (Figure 2F1), prior use of chemotherapy (n=4,
OR=0.72, 95% CI: 0.31–1.69; p=0.066; random-effects)
(Figure 2G1), lymph node metastases (n=7, OR =1.04, 95%
CI: 0.74–1.45, p=0.230; ﬁxed-effects) (Figure 2H1), and
distant metastases (n=1, OR=2.18, 95% CI: 0.75–6.35)
(Figure 2I1). The analysis suggested that positive PD-L1
expression on TCs in patients with BC could be considered
a signiﬁcant biomarker for diagnosis of advanced
stage disease.
For UTUC, no statistically signiﬁcant signiﬁcance was
observed between PD-L1 expression on TCs and advanced
(≥T3) stage disease (n=2, OR=1.05, 95% CI: 0.70–1.58;
p=0.230; ﬁxed-effects) (Figure 2A2), sex (n=3, OR=0.76,
95% CI: 0.54–1.09; p=0.593; ﬁxed-effects) (Figure 2E2),
smoking history (n=1, OR=1.48, 95% CI: 0.62–3.51)
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(Figure 2F2), prior use of chemotherapy (n=1, OR =0.92,
95% CI: 0.28–3.01) (Figure2G2), lymph node metastases
(n=2, OR=1.49, 95% CI: 0.80–2.80) (Fig. 2H2), distant metastases (n=1, OR =1.11, 95% CI: 0.45–2.76) (Figure 2I2), recurrence (n=2, OR=0.71, 95% CI: 0.46–1.09; p=0.886; ﬁxedeffects) (Figure 2J), and death due to UTUC (n=2, OR=1.08,
95% CI: 0.49–2.40; p=0.130; random-effects) (Figure 2K).

Prognostic value of PD-L1 expression for
OS and CSS
We evaluated the association between PD-L1 expression on
TCs and OS and CSS in BC patients without anti-PD-1/PD-L1
treatment. A total of eight7,9,16,17,20,22,37,38 studies reported OS
data of BC by univariate analysis. Signiﬁcant heterogeneity
existed among the studies (I2= 77.1%, p=0.000). Three16,20,38
studies indicated that PD-L1 expression was associated with
poor prognosis of BC. The pooled results revealed PD-L1
expression was not signiﬁcantly related to OS (HR=1.24,
95% CI: 0.82–1.88; p=0.000; random-effects) (Figure 3A1).
For patients with organ-conﬁned disease,7,17 PD-L1 expression on TCs was a signiﬁcant predictor of all-cause mortality
following RC (HR=2.06, 95% CI: 1.38–3.06; p=0.763; ﬁxedeffects) (Figure 3A2).
Four7,16,17,24 studies provided CSS data for BC, and
two7,17 studies for organ-conﬁned BC. Pooled results
revealed PD-L1 expression had no signiﬁcant effect on
CSS for either BC (HR=1.60, 95% CI: 0.70–3.66;
p=0.000; random-effects) (Figure 3B1) or organ-conﬁned
BC (HR=1.37, 95% CI: 0.68–2.76; p=0.704; ﬁxed-effects)
(Figure 3B3). Two26,35 studies provided data of UTUC, and
analysis showed that PD-L1 expression had no impact on
CSS (HR 1.38, 95% CI: 0.44–4.29; p=0.007; randomeffects) (Figure 3B2).

Subgroup analyses
To obtain further insight, we performed subgroup analysis
stratiﬁed by the survival analysis method and receiving
anti-PD-1/PD-L1 treatment to evaluate the prognostic signiﬁcance of PD-L1 expression on TC. For OS, the subgroup of the survival analysis revealed a merged HR for
multivariate analysis of 1.57 (n=3, 95% CI: 0.76–3.26;
p=0.034; random-effect) for BC (Figure 4A1), 2.58 (n=2,
95% CI: 1.62–4.11; p=0.303; ﬁxed-effect) for patients
with organ-conﬁned BC following RC (Figure 4A2).
In subgroup analysis of receiving anti-PD-1/PD-L1
treatment, high PD-L1 expression on ICs was signiﬁcantly
associated with better OS for UC patients without (n=2,
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Figure 2 Association between PD-L1 expression and (A1) tumor stage; (B1) tumor stage; (C) intravesical therapy of BCG; (D1) tumor grade; (E1) sex; (F1) smoking
history; (G1) prior use of chemotherapy; (H1) lymph node metastases; and (I1) distant metastases in bladder cancer. Association between PD-L1 expression and (A2)
tumor stage; (B2) tumor stage; (D2) tumor grade; (E2) sex; (F2) smoking history; (G2) prior use of chemotherapy; (H2) lymph node metastases; (I2) distant metastases; (J)
recurrence; (K) death due to UTUC for patients with UTUC. Figure 2(A, C–K) expression of PD-L1 was deﬁned by tumor cells. Figure 2(B) expression of PD-L1 was
deﬁned by tumor-inﬁltrating immune cells.
Abbreviations: PD-L1, programmed cell death-1; BCG, bacilli Calmette-Guerin; UTUC, upper urinary tract urothelial carcinoma; OR, odds ratio.
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Figure 3 Forest plot to assess effect of PD-L1 tumor cell expression on (A1) OS for BC; (A2) OS for organ-conﬁned BC, and (B1) CSS for BC; (B2) CSS for UTUC; (B3)
CSS for organ-conﬁned BC.
Abbreviations: PD-L1, programmed cell death ligand 1; OS, overall survival; BC, bladder cancer; CSS, cancer speciﬁc survival; UTUC, upper urinary tact urothelial
carcinoma.

Figure 4 Forest plot of the combined overall survival (OS) for (A1) bladder cancer patients; (A2) patients with organ-conﬁned BC; analyzed with multivariate analysis, with
PD-L1 status deﬁned by TCs and OS (B1) without and (B2) with anti-PD-1/PD-L1 treatment in urothelial carcinoma patients with PD-L1 status stratiﬁed by ICs.
Abbreviations: OS, overall survival; BC, bladder cancer; TCs, tumor cells; PD-L1, programmed cell death ligand 1; ICs, tumor-inﬁltrating immune cells.

HR=0.47; 95% CI: 0.27–0.83; p=0.352; ﬁxed-effects)
(Figure 4B1) and with (n=5, HR =0.61; 95%
CI: 0.52–0.72; p=0.099; ﬁxed-effects) anti-PD-1/PD-L1
treatment (UC) (Figure 4B2).

Association between location of PD-L1
expression and ORR of PD-L1/PD-1
antibody treatment
Nine25,27–34 studies reported ORR data, and their results are
summarized in Figure 5. We explored deﬁning PD-L1 status
based on TCs, ICs, or CPS and the ORR of PD-1/PD-L1
antibody treatment. Patients with PD-L1 expression had
a signiﬁcantly better ORR after PD-1/PD-L1 antibody treatment (n=13, OR=2.78, 95% CI: 2.08–3.70; p=0.015).
Subgroup analysis showed that when PD-L1 expression
was deﬁned by TC status, the ORRs were 27.4% in the
PD-L1-positive group and 19.3% in the PD-L1-negative
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group (n=6, OR=1.80, 95% CI: 1.19–2.71; p=0.089)
(Figure 5.1). When PD-L1 expression was deﬁned by IC
status, the ORRs were 30% in the PD-L1-positive group
and 12.2% in the PD-L1-negative group (n=5, OR=3.36,
95% CI: 2.14–5.26; p=0.0267) (Figure 5.2). In addition to
TC- or IC-independent deﬁnitions, a combined TC/IC algorithm (CPS, deﬁned as the percentage of tumor and inﬁltrating ICs with PD-L1 expression of the total number of
tumor cells) was developed and seemed to show a clear
dichotomy between responding and nonresponding subgroups: the ORR was 31.74% in PD-L1-high patients and
4.3% in PD-L1-low or negative patients (n=2, OR=8.92,
95% CI: 3.23–24.64; p=0.015) (Figure 5.3).

Publication bias
Funnel plots for the meta-analysis of PD-L1 expression and
clinical features, as well as OS and CSS, were evaluated by
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Figure 5 Forest plot of the combined overall response rate (ORR) of anti-PD-1/PD-L1 antibody treatment for UC with PD-L1 status deﬁned by 1) TCs; 2) ICs; 3) CPS.
Abbreviations: ORR, overall response rate; PD-1/PD-L1, programmed cell death-1/programmed cell death ligand 1; UC, urothelial carcinoma; TCs, tumor cells; ICs,
tumor-inﬁltrating immune cells; CPS, combined positive score.

Figure 6 Funnel plot evaluating possible publication bias for (A) tumor stage; (B) sex; (C) OS; (D) ORR.
Abbreviations: OS, overall survival; ORR, objective response rate.

Egger’s and Begg’s tests (Figure 6). The funnel plots were
symmetric, indicating no obvious publication bias (Egger’s
p: tumor stage (n=11), p=0.461; sex (n=12): p=0.209; OS
(n=8), p=0.169; ORR: p=0.556 (n=13) (Figure 6).
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Discussion
PD-L1, a member of the B7 family, has the ability to
regulate T cell functions through engagement with PD-1,
and is expressed on dendritic cells (immature, mature, and
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follicular) and on many types of cancer cells.39 Agents
blocking either PD-1 or PD-L1 are thought to increase the
T cell-mediated immune response to tumor cells. In recent
years, PD-L1 expression on tumor cells and tumorinﬁltrating cells is thought to have distinct implications
on tumor response to anti-PD-1/PD-L1.40 However, the
prognostic value of PD-L1 in UC has varied between
clinical trials. The conﬂicting data from different research
studies urged us to perform this meta-analysis. Our metaanalysis included 27 studies with 4,032 patients, and
demonstrated that PD-L1 expression on TCs was associated with MIBC and shortened OS for organ-conﬁned
BC patients. The pooled survival analysis results indicated
that PD-L1 expression on ICs was a predictor of better OS
for patients with and without anti-PD-1/PD-L1 antibody
treatment. Moreover, the studies also supported the
hypothesis that positive PD-L1 expression based on staining different cellular populations (tumor cells, tumorinﬁltrating ICs, or both) might be associated with
improved response to PD-1/PD-L1 inhibitors in UC
patients. These results indicate that PD-L1 expression on
TCs may be valuable for evaluation of tumor aggressiveness, and that PD-L1 status may be used to select patients
more likely to respond to anti-PD-1/PD-L1 treatment.
An association between higher PD-L1 expression in
TCs and tumor aggressiveness has been reported in
a two human malignancies.41,42 Forced or constitutive
PD-L1 expression by tumors in vivo and in vitro leads to
immune tolerance, while blockade of PD-L1/PD-1
enhances anti-tumor immunity and inhibits tumor
growth.43,44The presence of PD-L1 glycoprotein on the
surface of UC cells may affect malignant stage progression
via impairing host anti-tumor immunity, which may
explain the positive correlation between PD-L1 expression
and high-risk prognostic factors. Our results regarding PD1 pathway activation in MIBC (OR =3.67) were in consistent with those of prior studies.5,7,17,19 In addition, Le
Goux et al reported low overexpression of both PD-1 and
PD-L1 genes in NMIBC tissue, with no signiﬁcant difference in mRNA expression as compared with normal bladder tissue,19 suggesting that immune checkpoints may be
involved in the pathogenesis of BC.
Emerging data suggest that PD-L1 is expressed by
many tumor types, and is associated with poor prognosis
in several, including UC, lung adenocarcinoma, and renal
cell carcinoma.41,45,46 However, in contrast PD-L1 expression on ICs is an indicator of a favorable prognosis for
vulvar squamous cell carcinoma,47 ovarian carcinoma,48
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and breast cancer.49 In this meta-analysis, only two studies
reported improved OS with PD-L1 expression on tumor
cells.9,37 Thus, no conclusive conclusions with respect to
clinical outcomes and PD-L1 expression on tumors could
be reached. Based on the potential predictive role of PDL1 expression on ICs in UC patients receiving checkpoint
inhibitors, attention has recently switched toward analysis
of PD-L1 expression in ICs instead of TCs. Two studies
reported improved OS with PD-L1 expression in tumorinﬁltrating ICs, with a merged HR=0.47.9,37 The role of
PD-L1 expression in predicting outcomes remains controversial for BC, likely due to the variability of methodologies for evaluating PD-L1 expression and its scoring
between trials.50
The success of BCG in treating NMIBC has
emphasized BC as an immune sensitive disease, and the
role of immune checkpoints inhibitors like pembrolizumab
is also being researched in NMIBC patients, relapsing
after the BCG treatment (KEYNOTE-057).51 Inman et al
reported that PD-L1 tumor cell expression was associated
with increased resistance to BCG therapy, which suggests
that TCs might be protected from attack by ICs through
immune checkpoints, since a fully functional immune
system is prerequisite for BCG efﬁcacy.52 Notably, in our
analysis PD-L1 expression was inversely correlated with
prior use of BCG.
In patients with organ-conﬁned BC after RC, higher
PD-L1 expression in TCs was associated with an increased
risk of all-cause mortality in both univariate and multivariate analysis. These ﬁndings are in accordance with
those of Boorjian et al who reported that PD-L1 expression on TCs was associated with all-cause mortality in
167 BC patients with organ-conﬁned disease treated with
RC.17 The accurate prediction of outcomes for patients
with organ-conﬁned tumors has recently raised
interest.53,54 Approximately 80% of patients with organconﬁned BC may be cured by RC.55 Our observation that
PD-L1 positivity predicts postoperative mortality may help
identify patients with organ-conﬁned tumors who are at
high risk for disease progression and who may beneﬁt
from treatment in addition to surgery.
An ongoing challenge to UC immunotherapy is how to
identify patients who are most likely to beneﬁt from these
therapies. It seems reasonable that PD-L1, highly
expressed in UC and associated with aggressive
tumors,10,56 might be a predictive biomarker, but the data
are inconclusive. An association between increased PD-L1
expression on tumor-inﬁltrating ICs and an increased
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response rate to atezolizumab27 and nivolumab31 has been
reported. These results, however, were in direct contrast to
the results of the Phase II study IMvigor 210, which
showed increased PD-L1 expression in locally advanced
and metastatic UC did not improve treatment responses.29
While a lower HR for death was conﬁrmed for patients
with PD-L1-positive UC (HR=0.57) relative to the total
pembrolizumab population (HR=0.73) in one recent Phase
Ⅲ experience, which suggested that positive PD-L1 status
(deﬁned as a CPS of ≥10%) was a negative predictive
factor. At the same time, pembrolizumab improved the
median OS in all patients compared to standard chemotherapy, regardless of PD-L1 status.57
In this study, the ORR HR was 1.89 when PD-L1 status
deﬁned by TCs, and when PD-L1 status was deﬁned by
tumor-inﬁltrating ICs, the pooled HR was 3.36. Evaluating
both TCs and ICs in a combined deﬁnition of PD-L1 status
(CPS) seemed to show that PD-L1 was a positive predictive
factor for ORR (HR=0.92). It remains to be seen whether
this difference in ORR would translate into long-term differences since a recent Phase Ⅲ trial (IMvigor211) that
randomized 931 patients with metastatic UC to treatment
with either atezolizumab or chemotherapy found a lower
ORR and shorter OS in both intention-to-treat populations
than in the PD-L1-positive-population, for both atezolizumab-treated and chemotherapy-treated patients, negating
the potentially predictive value of PD-L1 expression.58
For PD-L1, three drug-speciﬁc tests have now been
approved by the US Food and Drug Administration as
either companion or complementary immunohistochemical
assays.59 However, variations in staining platforms, antibodies, scoring guidelines, and deﬁnitions of PD-L1 positivity
ranging from any expression to 50% complicate the use of
PD-L1 as a biomarker in UC.60 Our ﬁndings supported the
hypothesis that combined assessment of PD-L1 staining of
TCs and ICs can predict the response to PD-1/PD-L1 antibody treatment in patients with UC. There are some biological rationale for evaluating IC PD-L1 expression as part
of PD-L1 testing in future clinical trials.

Study limitations
Although extensive literature retrieval was conducted to
provide a comprehensive analysis of PD-L1 and prognosis
in patients with UC, there are limitations to this study. First,
a lack of standardized assays and metrics for deﬁning PD-L1
positivity implies that further studies are needed to establish
a baseline for positive PD-L1expression. Second, some HRs
and 95% CIs were calculated based on data extracted from
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Kaplan–Meier curves, and might be affected by the precision
of the original data. Third, we were unable to evaluate the
prognostic value of PD-L1 by stratifying patients according
to their clinical features since most of the primary studies did
not provide sufﬁcient data for this analysis.

Conclusion
In conclusion, this meta-analysis suggests that PD-L1 expression on BC TCs is associated with more aggressive clinical
features and reduced OS in patients with organ-conﬁned disease. PD-1/PD-L1 targeted treatment in patients with UC was
analyzed for response on the basis of expression of PD-L1 on
both TCs and ICs. Although the beneﬁt is greater in patients
who are PD-L1-positive, patients with PD-L1-negative can
also respond to anti-PD-1/PD-L1 therapy, so a more helpful
marker is needed to determine the appropriate patient for antiPD-1/PD-L1 therapy. Data on PD-L1 as a prognosis/predictor
are currently being developed. Detection of these indicators
before UC patients receive anti-PD-1/PD-L1 therapy should
be included in future clinical trials.
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