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Prognostic value of
programmed cell death ligand-1
expression in patients with
bladder urothelial carcinoma
undergoing radical cystectomy:
A meta-analysis

Jindong Zhang, Liangdong Song, Huixuan Zhu,
Qinyuan Liu and Delin Wang *

Department of Urology, the First Affiliated Hospital of Chongqing Medical University, Chongqing, China
Background: Radical cystectomy and removal of pelvic lymph nodes (RC-

PLND) is a recommended treatment for high-risk non-muscle-invasive and

muscle-invasive non-metastatic bladder cancer (BC). However, 50% of

patients relapse after RC-PLND. This study aimed to evaluate the effect of

programmed cell death ligand-1 (PD-L1) on the prognosis of bladder urothelial

carcinoma (BUC) after RC-PLND.

Methods: We present this meta-analysis according to the Preferred Reporting

Items for Systematic Review and Meta-Analyses Guidelines. The main

outcomes were overall survival (OS), recurrence-free survival (RFS), and

cancer-specific survival (CSS) of 3 and 5 years after RC-PLND.

Results: Overall, 11 studies and 1393 BUC cases were included in our meta-

analysis. In tumor cells (TCs), the PD-L1 negative group had statistically

significant advantage in 5-year OS (risk ratio [RR]: 0.85, 95% confidence

interval [CI]: 0.74–0.97, P = 0.02), RFS (RR: 0.76, 95% CI: 0.58–0.99, P =

0.04), and CSS (RR: 0.73, 95% CI: 0.58–0.92, P = 0.009) compared with the PD-

L1 positive group. But, no statistically significant difference in 5-year OS and RFS

was observed between the PD-L1 negative and positive groups in tumor-

infiltrating immune cells.

Conclusions: Our study found that patients with BUC who tested positive for

PD-L1 in TCs had a poor prognosis after RC-PLND. PD-1 or PD-L1 inhibitors

could be used as a adjuvant medication for patients with BUC after RC-PLND

who exhibit PD-L1 overexpression in TCs.
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Introduction

Bladder cancer (BC) is one of the most common malignant

tumors in the world and accounts for more than 500,000 new

cases and 200,000 deaths every year (1). Urothelial carcinoma is

the most common type of BC and accounts for more than 90% of

BC cases (2). According to the latest data of the American

Cancer Society in 2022, the incidence and mortality of BC rank

second among the tumors of the urinary system (3). Radical

cystectomy and removal of pelvic lymph nodes (RC-PLND) is a

recommended treatment for high-risk non-muscle-invasive and

muscle-invasive non-metastatic BC (4). However, 50% of

patients relapse after RC-PLND (5).

Programmed death ligand-1 (PD-L1) expression measured

by immunohistochemistry (IHC) is a predictor of the treatment

outcome of tumors and has been used in clinical practice. PD-L1

is also the most studied biomarker in tumors (6). Given that BC

is an immunogenic tumor (7), blocking the interaction between

programmed death-1 (PD-1) and PD-L1 has positively affected

BC by restoring T cell-mediated immune response (8). However,

PD-L1 expression in tumor cells (TCs) or tumor-infiltrating

immune cells (ICs) have different effects on BC prognosis (9–

11). Therefore, we need to additional more research and data to

obtain a unified result. This biomarker has a high clinical value

for the prognosis evaluation and recurrence prevention of

patients after radical cystectomy.

This study aimed to evaluate the effect of PD-L1 on the

prognosis of bladder urothelial carcinoma (BUC) after RC-

PLND. We present this meta-analysis according to the

Preferred Reporting Items for Systematic Review and Meta-

Analyses Guidelines (12).
Materials and methods

This study was registered in the International Prospective

Register of Systematic Reviews (number: CRD42022301424).
02
Search strategy

All studies written in English language and published from

PubMed, Embase, and Cochrane Library up to February 15,

2022 were searched independently by two reviewers using the

same search formula: (“urothelial carcinoma” [Title/Abstract]

OR “bladder carcinoma” OR “bladder cancer” [Title/Abstract]

OR “bladder tumor” [Title/Abstract]) AND (“PD-1” [Title/

Abstract] OR “programmed death 1” [Title/Abstract] OR

“programmed death ligand 1” [Title/Abstract] OR “PD-L1”

[Title/Abstract]). The reference lists from published studies

were also searched.
Inclusion and exclusion criteria

Inclusion criteria were as follows: (1) patients with BUC had

completed RC-PLND, (2) PD-L1 expression was measured by

IHC after RC-PLND, and (3) written in English language.

Exclusion criteria were as follows: (1) case report and case

series, (2) conference abstract, and (3) incomplete data or

duplicated data.
Data extraction and quality assessment

All records from the three electronic databases were selected

using the Endnote software. The data of the included studies

were extracted independently by two reviewers using Engauge

Digitizer 12.1 software. The quality of included studies was also

evaluated. Any disagreements were resolved through discussion

with a third reviewer. Newcastle–Ottawa Scale (NOS) (13) was

employed to evaluate the quality of all included retrospective

studies (Supplementary Table 1). The NOS comprises eight

items with a maximum of nine scores, with high scores

indicating good quality.
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Outcomes of interest

The main outcomes were overall survival (OS), recurrence-

free survival (RFS), and cancer-specific survival (CSS) of 3 and 5

years after RC-PLND.
Statistical analysis

All data analyses were performed using the Review Manager

version 5.3 and Stata SE 14.0 tools. The Risk ratio (RR) was used

to describe the results of dichotomous variables. p < 0.05 was

regarded as statistically significant. Heterogeneities among

studies were assessed by heterogeneity (I2) and chi-squared
Frontiers in Immunology 03
(c2) tests. When I2 < 50%, a fixed-effect model was used. For

I2 ≥ 50%, a random-effects model was employed.
Results

Selected studies

We searched 3297 records from the three electronic databases

(PubMed, Embase, and Cochrane Library). Finally, 11 studies (11,

14–23) and 1393 BUC cases were included in our meta-analysis

(Figure 1). This study is the first meta-analysis about the

prognostic value of PD-L1 expression in patients with BUC

after RC-PLND. Table 1 summarizes the characteristics and
FIGURE 1

Flow diagram of the selection process of relevant studies.
frontiersin.org

https://doi.org/10.3389/fimmu.2022.986911
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Zhang et al. 10.3389/fimmu.2022.986911
quality of all included studies that were published within the past 5

years. The patients were divided into PD-L1 positive group (PD-

L1+) and PD-L1 negative group (PD-L1—) for TCs or ICs.
OS

For TCs, the PD-L1 negative group had a statistically

significant better OS of 3 years (RR: 0.84, 95% CI: 0.75–0.95,

P = 0.004) (Figure 2A) and 5 years (RR: 0.85, 95% CI: 0.74–0.97,

P = 0.02) (Figure 2B) compared with the PD-L1 positive group.

For ICs, no statistically significant difference in 3-year (RR: 0.94,

95% CI: 0.70–1.28, P = 0.72) and 5-year (RR: 0.88, 95% CI: 0.59–

1.32, P = 0.54) OS was found between the PD-L1 negative and

positive groups (Figures 2C, D).
RFS

For TCs, the PD-L1 negative group had a statistically

significant advantage in 3-year (RR: 0.70, 95% CI: 0.61–0.81,

P < 0.00001) (Figure 3A) and 5-year (RR: 0.76, 95% CI: 0.58–

0.99, P = 0.04) RFS after RC-PLND (Figure 3B). For ICs, no

statistically significant difference in 3-year (RR: 0.75, 95% CI:

0.48–1.17, P = 0.20) and 5-year (RR: 0.71, 95% CI: 0.43–1.17, P =

0.18) RFS was found between the two groups (Figures 3C, D).
Frontiers in Immunology 04
CSS

Three included studies reported the CSS of patients with

BUC after RC-PLND with PD-L1 detected on TCs. For TCs, the

PD-L1 negative group had a statistically significant advantage in

5-year (RR: 0.73, 95% CI: 0.58–0.92, P = 0.009) CSS (Figure 4).
Sensitivity analysis

We conducted the sensitivity analysis of OS (Figure 5A), RFS

(Figure 5B), and CSS (Figure 5C) for PD-L1 expression on TCs

at 5 years after surgery by separately removing each study and

then merging the effect quantity. The results showed no

remarkable changes in the overall results after the exclusion of

each study from the main analysis.
Publication bias

We constructed the funnel plot of OS (Figure 6A) and RFS

(Figure 6B) for PD-L1 expression in TCs at 5 years after surgery.

The funnel plot was basically symmetrical, indicating the low

probability of publication bias.
TABLE 1 Characteristics and quality of included studies.

Author Year country Type of
study

Gender
Male/
Female

Age (year, n, Median
(IQR)/(range), Mean ± SD)

TC PD-L1 (n) IC PD-L1 (n) NOS
Scores

Positive Negative Positive Negative

Noro et al.
(20)

2017 Japan Retrospective 82/20 69 (range 43–84) 38 64 – – 7

Pichler et al.
(18)

2018 Austria Retrospective 62/21 69 (range 36–87) 33 50 51 30 7

Wang et al.
(15)

2019 China Retrospective 214/34 ≤ 60, 101; > 60, 147 58 190 136 112 8

Eckstein
et al. (21)

2018 Germany Retrospective – 70.2 (range 41.3–90.8) – – 29 59 6

Toren et al.
(16)

2020 Canada Retrospective 154/44 67.95 (61.13 - 75.75) – – 95 80 8

Rubino et al.
(17)

2021 USA Retrospective 98/39 65 (range 33–84) 52 64 – – 8

Murakami
et al. (19)

2021 Japan Retrospective 80/17 66 (41−80) 14 60 34 63 6

Tural et al.
(11)

2021 Turkey Retrospective 56/5 ≤ 64, 34; > 64, 27 9 52 10 51 7

Nechifor-
Boil et al.
(23)

2021 Switzerland Retrospective 57/12 67.35 ± 9.98 28 41 – – 8

Lee et al.
(22)

2021 South
Korea

Retrospective 75/17 < 72, 45; ≥ 72, 47 – – 50 42 7

Horiguchi
et al. (14)

2021 Japan Retrospective 199/63 69 (62-75) 92 170 – – 7
frontie
IQR interquartile range, SD standard deviation, TC tumor cell, IC tumor-infiltrating immune cells, PD-L1 programmed death ligand-1, NOS newcastle-ottawa scale.
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Discussion

The high recurrence rate after radical cystectomy for BC has

become a problem for doctors and patients. This study is the first

meta-analysis of retrospective cohort studies for patients with

BUC after radical cystectomy with long clinical follow-up time.

The results showed the prognostic value of PD-L1 staining in

bladder tumors.

In TCs, the PD-L1 negative group had statistically significant

advantage in 5-year OS (63.1% vs. 51.0%), RFS (65.2% vs.
Frontiers in Immunology 05
48.0%), and CSS (64.4% vs. 45.2%) compared with the PD-L1

positive group. This finding indicated that the prognosis of PD-

L1 positive patients is worse after radical surgery due to the

ability of PD-L1 to promote tumor immune escape (24).

Overexpressed PD-L1 on TCs binds to PD-1 on ICs, and the

TCR-s igna l ing cascade i s counterac ted by SHP-2

phosphorylation. Finally, the activation of T cells is

impaired (25).

However, no statistically significant difference in 5-year OS

and RFS was observed between the PD-L1 negative and positive
B

C

D

A

FIGURE 2

Forest plot of overall survival (OS) between the PD-L1 negative and positive groups in tumor cells (TCs): OS after surgery 3 years (A) and 5 years
(B). Forest plot of OS between two group in tumor-infiltrating immune cells (ICs): OS after surgery 3 years (C) and 5 years (D).
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groups in ICs. This finding confirmed that the PD-L1 expression

is more correlated with patient prognosis in TCs than in

ICs (26).

Different results for PD-L1 expression have been reported in

TCs or ICs removed by radical cystectomy (14, 17–19) due to the

insufficient population included in single-center studies or the

use of different PD-L1 positive determination methods that may

interfere with the results from no correlation to poor prognosis.

Our meta-analysis included many patients and studies

conducted in recent years. The current results showed that

patients with BUC who tested positive for PD-L1 in TCs had a
Frontiers in Immunology 06
poor prognosis after RC-PLND. Meanwhile, the PD-L1

expression in ICs had no statistical significance in the

prognosis of patients with BUC after RC-PLND. Therefore,

PD-1 or PD-L1 inhibitors can be used as a postoperative

medication for patients with BUC after RC-PLND who exhibit

PD-L1 overexpression in their TCs.

Shen et al. reported that compared with traditional drugs,

PD-1 or PD-L1 inhibitors prolong the OS time of patients as

second or later lines of treatment in advanced solid tumors with

PD-L1 positive or negative expression (27). Funt et al. reported

that neoadjuvant atezolizumab with gemcitabine and cisplatin
B

C

D

A

FIGURE 3

Forest plot of recurrence-free survival (RFS) between two group in TCs: RFS after surgery 3 years (A) and 5 years (B). Forest plot of RFS between
two group in ICs: RFS after surgery 3 years (C) and 5 years (D).
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chemotherapy effectively reduced the pathological stage of

patients with muscle-invasive BC prior to RC-PLND and

improved their OS and RFS rates (28). PD-1 or PD-L1

inhibitors have been used in advanced BC or neoadjuvant BC

treatment and have achieved good results (27, 28). We expect

that this regime will be utilized for patients who underwent

radical cystectomy as a preventive rather than a salvage

treatment. Molecular pathology and metabolomics have driven
Frontiers in Immunology 07
efforts to classify BC into subtypes, which could be potentially

valuable in predictions of clinical outcomes and benefit to early

diagnosis and treatment (29).

Our study had several limitations. First, no RCTs were

included. Second, further subgroup analysis according to

clinical or pathological stages was not conducted due to lack

of data. Third, when a patient relapses after surgery, the use of

different treatment methods may affect the patient’s OS and CSS.
B

A

FIGURE 4

Forest plot of cancer-specific survival (CSS) between two group in TCs after surgery 5 years (A), CSS trend chart between the group in TCs (B).
FIGURE 5

Sensitivity analysis between two group in TCs after surgery 5 years. OS (A), RFS (B), and CSS (C).
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However, our results are still credible and have passed the

heterogeneity test, publication bias test, and sensitivity analysis.
Conclusion

Our meta-analysis found that patients with BUC who tested

positive for PD-L1 in TCs had a poor prognosis after RC-PLND.

Meanwhile, PD-L1 expression in ICs had no statistical

significance in the prognosis of patients after RC-PLND. PD-1

or PD-L1 inhibitors could be used as a adjuvant medication for

patients with BUC after RC-PLND who exhibit PD-L1

overexpression in TCs; however, randomized controlled trials

are needed for further verification.
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