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ABSTRACT

Platinum-based chemotherapy is the standard of care in metastatic bladder cancer. 
With the approval of various checkpoint inhibitors, immunotherapy has revolutionized 
the traditional treatment modalities. The aim of the study was to evaluate whether PD-
L1 expression on tumor cells (TCs) and tumor-infiltrating immune cells (ICs) can be 
used as biomarker to predict recurrence-free survival (RFS), overall survival (OS) and 
disease-specific survival (DSS) in bladder cancer patients after radical cystectomy (RC) 
developing disease recurrence followed by first-line chemotherapy. PD-L1 was measured 
on formalin-fixed, paraffin-embedded tissue sections of RC specimens in all patients 
(n=61) and in 27 matched metastatic biopsy samples by immunohistochemistry. PD-L1 
expression on TCs was defined by the percentage of PD-L1 positive tumor cells (< 1%= 
IC0, ≥1% but <5%=IC1, ≥5 %=IC2/3), and was considered negative or positive for 
ICs. On 27 paired samples, IC1/2/3 score on TCs was homogeneous distributed with 
59.3% in primary tumors and metastases, but with a high discordance rate of 44.4% 
of PD-L1 positivity on ICs. High PD-L1 expression (IC2/3) on TCs was more frequently 
seen in histologic subtypes of urothelial cancer compared to pure urothelial cancers 
(46.2% vs. 20.8%; p=0.002). PD-L1 expression on TCs in primary tumors (IC2/3 
vs. IC0, median: 3.2 vs. 13.8 months, p=0.019) and metastatic sites (IC2/3 vs. IC0, 
median: 6.1 vs. 21.8 months, p=0.014) was associated with poor chemo-response, 
represented by significant shortened DSS. These results suggest that PD-L1 may be a 
potential target being involved in chemo-resistance mechanisms and poses potential 
for therapy stratification in the future.

INTRODUCTION

Bladder cancer is a highly immunogenic 
malignancy, including T cell-inflamed and non-T cell-
inflamed tumors [1]. Despite the successful introduction 
of various checkpoint inhibitors in bladder cancer, the 
objective response rate (ORR) is limited, and lies within 
46.4% ORR in programed death –ligand 1 (PD-L1) 
positive [2] and between 0% and 26.2% ORR in PD-L1  

negative patients [2–3]. Hereby the quantification 
of overall PD-L1 expression on tumor cells or tumor-
infiltrating immune cells ranged in primary tumor between 
32% and 66% [2–3]. Thus, most patients do not benefit 
from immunotherapy and therefore the characterization 
of resistance mechanisms and identification of predictive 
biomarkers are of utmost clinical importance. Thereby, 
the tumor microenvironment seems to play an important 
role for predicting response to Bacillus-Calmette Guérin 
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(BCG) immunotherapy [4–6] in non-muscle invasive 
bladder cancer (NMIBC), and may also regulate 
the resistance to checkpoint inhibitors in metastatic 
bladder cancer disease [7]. Furthermore, immune 
gene expression profiling identified three molecular 
pathways (B-catenin overexpression, FGF3 mutations 
and PPAR-g activation) linked to a non-T cell-inflamed 
tumor microenvironment, being responsible for intrinsic 
resistance to immunotherapies [7], Supplementary 
Figure 1. On the contrary, a T-cell inflamed tumor 
microenvironment is associated with increased CD8+ 
T cell infiltration (Supplementary Figure 1), higher 
amount of tumor-infiltrating lymphocyte (TIL) clonality, 
which correlates with higher PD-L1 expression [8], 
higher mutation load [9] and consecutive radiographic 
response to checkpoint inhibitors such as atezolizumab 
[9], supporting an adaptive immune response-mechanism 
[8, 10]. Moreover, an increased intratumoral CD8+ T cell 
infiltration was predictive of significantly better disease-
free and overall survival (OS) in muscle-invasive bladder 
cancer (MIBC) [11–12]. In responders to immunotherapy, 
low T cell receptor (TCR) clonality was noticed in 
pretreatment blood, whereas TIL clones expanded more 
rapid and robust during immunotherapy. These findings 
underline the dynamic changes and complexity of the anti-
tumor immune response during treatment with checkpoint 
inhibitors [13]. In addition, the tumor microenvironment 
and molecular subtypes in MIBC (luminal, basal, luminal-
infiltrated and claudin-low) seem to play also an important 
role in the response or resistance to chemotherapy [8, 
14]. For example, claudin-low tumors, are resistant to 
cisplatin-based neoadjuvant chemotherapy [14] and 
represent a molecular subtype of bladder cancer with 
the highest expression of immune gene signatures, with 
an up-regulation of chemokines and cytokines from low 
PPAR-g activity, allowing continuous NFKB activity and 
consecutive pro-inflammatory milieu, being primed for 
immunotherapeutic response [15], Supplementary Figure 
1. PD-L1 as a possible novel biomarker in predicting 
oncologic outcome in MIBC after radical cystectomy (RC) 
and therapeutic response to chemotherapy or checkpoint 
inhibitors remains a debated issue, with conflicting 
evidence [12, 16–17] and discordance between PD-L1 
expression in primary tumors and metastatic sites [18].

The aim of presented study was to evaluate PD-
L1 expression on tumor cells (TC) and TIL in MIBC 
specimens at RC as well as in metastatic lesions to 
investigate the influence of PD-L1 expression on relapse 
after RC, disease-specific survival (DSS) and OS.

RESULTS

Patient characteristics

A consecutive series of 61 chemotherapy-naïve 
patients were investigated, including 48 men (78.7%) 
and 13 women (21.3%), with a mean (median, range) 

age of 67.8 (69, 36-84) years who experienced disease 
recurrence after RC and were then consequently treated 
with platinum-based, first-line chemotherapy: 33 (54.1%) 
patients were cisplatin-fit and received gemcitabine/
cisplatin and 28 (45.9%) patients underwent gemcitabine/
carboplatin chemotherapy. Histopathological factors 
and characteristics are described in detail in Table 1. In 
contrast to pure urothelial cancer, histological variants 
of urothelial cancer including squamous differentiation 
(n=9), sarcomatoid (n=3) and micropapillary (n=1) 
features have been confirmed in totally 13 (21.3%) of 61 
patients.

Investigations of PD-L1 expression in surgical 
resected urothelial cancer at RC and biopsy-
verified metastasis

PD-L1 expression was evaluated on TC as well as 
on TILs of primary tumors (n=61) and additionally in 27 
available biopsies from metastatic sites.

In primary tumors expression of PD-L1 in TCs was 
patchy within the individual tumor and was observed in 
the invasive tumor component dominantly at the invasion 
front (Figure 1). ICs expressing PD-L1 were mostly 
detected surrounding invasive tumor cell nests, but few 
tumors also showed an intense intratumoral infiltration by 
PD-L1 positive ICs (Figure 2).

The overall prevalence of PD-L1 IC0, IC1 and 
IC2/3 on TCs in RC tumor samples was 55.7% (n=34/61), 
18.1% (n=11/61) and 26.2% (n=16/61). PD-L1 IC0, IC1 
and IC2/3 expression on TCs in metastatic tumor samples 
was 63% (n=17/27), 18.5% (n=5/27) and 18.5% (n=5/27), 
including a representative example for IC0 and IC2/3 PD-
L1 expression shown in Figure 3.

We confirmed a tendency towards a positive 
correlation between PD-L1 positivity on TCs and ICs, 
in primary tumors (rs= 0.267; p=0.038) as well as in 
metastasis (rs= 0.234; p=0.240), with a steadily increasing 
rate of PD-L1 positivity on ICs from IC0 to IC2/3 PD-
L1 expression on TCs, Table 2. In primary tumors, PD-L1 
negativity was shown in 55.7% (TCs) and 22.9% (ICs). 
Concerning biopsies of metastatic sites (n=27), PD-L1 
negative expression was confirmed in 17 (62.9%) of 27 
patients on TCs, and in 12 (44.4%) of 27 patients on ICs.

On 27 paired samples, we evaluated dynamic 
changes of PD-L1 expression between primary tumor 
and metastasis, the PD-L1 score on TCs of the primary 
tumor correlated significantly with the PD-L1 score 
of the metastasis (rs= 0.520; p=0.005) with statistical 
homogeneity and equal distribution (p=0.637), confirming 
a low discordance rate of 22.2% (6/27 patients) with a PD-
L1 positivity (IC1/2/3) on TCs of 59.3% in both primary 
tumors and metastases. Regarding PD-L1 expression on 
ICs, no significant correlation between primary tumors 
and metastases were shown (rs= 0.235; p= 0.239) with a 
high discordance rate of 44.4% (PD-L1 positivity tumor 
vs. metastasis: 77.7% vs. 44.4%), resulting in significant 
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Table 1: Histopathological and descriptive characteristics of patients with bladder cancer recurrence after radical 
cystectomy undergoing first line platinum-based chemotherapy

Parameters n (%)
Age, mean ± SD, median (range), years 67.8 ± 10.1, 69 (36-84)
Gender  
 Male 48 (78.7%)
 Female 13 (21.3%)
Tumor stage  
 pT1 6 (9.8%)
 pT2a 5 (8.3%)
 pT2b 11 (18%)
 pT3a 13 (21.3%)
 pT3b 11 (18%)
 pT4a 15 (24.6%)
Concomitant CIS  
 No 27 (44.3%)
 Yes 34 (55.7%)
R Positivity  
 No 47 (77%)
 Yes 14 (23%)
LVI  
 No 23 (37.7%)
 Yes 33 (62.3%)
Number of resected LNs at RC, mean ± SD, median (range) 19.4 ± 10.3, 17 (6-38)
pN Status  
 pN- 40 (65.6%)
 pN+ 21 (34.4%)
Histologic subtype of urothelial cancer  
 Pure urothelial CA 48 (78.8%)
 Subtype of urothelial CA 13 (21.2%)
PD-L1 score on TCs in RC specimens  
 IC0 34 (55.7%)
 IC1 11 (18%)
 IC2/3 16 (26.3%)
PD-L1 score on ICs in RC specimens  
 Negative 14 (23%)
 Positive 47 (77%)
PD-L1 score on TCs in metastatic sites  
 IC0 17 (63%)
 IC1 5 (18.5%)
 IC2/3 5 (18.5%)
PD-L1 score on ICs in metastatic sites  
 Negative 15 (55.6%)
 Positive 12 (44.4%)

CIS=carcinoma in situ; LVI=lympho-vascular invasion; LN=lymph node; RC=radical cystectomy; TC=tumor cell; 
IC=immune cell.
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dynamic changes between primary tumor and metastasis 
(p=0.006).

Association of PD-L1 expression and clinico-
pathologic features

Table 3 shows the association between PD-L1 
expression on TCs and ICs in RC specimens and clinico-
pathologic features. High PD-L1 expression (IC2/3) on 
TCs was more frequently seen in patients with histologic 
subtype of urothelial cancer compared to patients with 
pure urothelial cancer (46.2% vs. 20.8%; p=0.002). There 
was no association between PD-L1 expression on TCs and 
ICs and any remaining histopathologic parameter, Table 3.

Recurrence-free survival (RFS) from RC to local 
or distant metastatic spread

The median recurrence-free survival from RC was 
9.8 months (95% CI 7.2-12.5) in all patients (Figure 4A) 
and was similar between the different PD-L1 tumor cell 
expression (IC0: median [95% CI] RFS 10.2 months 
[8.9-11.4]; IC1: 4.4 [0.0-10.3] and IC2/3: 7.3 [3.6-11.1 
months]; p=0.409) and immune cell groups (positive: 
median RFS 10.0 months [8.1-11.9] and negative: 7.8 
[2.9-12.7]; p=0.759) without statistically significant 
differences, Figure 4B-4C.

Extra-vesical tumor stage [HR=2.76; 95% CI: 
1.54-4.92; p=0.001] was the sole histopathological 
parameter being associated with poor RFS (≤pT2: median 
RFS 16.3 months [6.7-25.8] and ≥pT3: 5.7 [0.8-10.6]; 

p<0.001), respectively (Figure 4D). Stratifying tumor 
cell and immune cell PD-L1 groups by tumor stage at 
RC, patients with an increased PD-L1 score on TCs 
(IC2/3 vs. IC0: median RFS 6.1 vs. 17.2 months for ≤pT2 
tumors; p=0.362; and 7.4 vs. 3.9 months for ≥pT3 tumors; 
p=0.760) and a negative PD-L1 score on ICs (negative 
vs. positive: median RFS 7.8 vs. 17.2 months for ≤pT2 
tumors; p=0.854; and 3.9 vs. 5.7 months for ≥pT3 tumors; 
p=0.324) showed a tendency towards shorter RFS, Figure 
4E-4H.

Disease-specific survival (DSS) from recurrence

With a median DSS from recurrence of 9.9 months 
(95% CI 6.2-13.7) in all patients (Figure 5A), patients 
in the IC2/3 group from primary tumor (median [95% 
CI] CSS 3.2 months [0.0-7.7]) and from metastatic site 
(median [95% CI] CSS 6.1 months [5.9-6.3]) showed a 
statistically significant poorer DSS compared to patients 
in the IC0 group (primary tumor: median [95% CI] CSS 
13.8 months [1.1-26.5], p=0.019; metastatic site: median 
[95% CI] CSS 21.8 months [3.5-40.2], p=0.014) despite 
platinum-based chemotherapy, Figure 5B-5C. The 
6-month DSS rate was 82.4% in the IC0 group, 63.6% 
in the IC1 group and 37.5% in the IC2/3 group on TCs 
of primary tumor, and 88.2% (IC0), 80% (IC1) and 80% 
(IC2/3) concerning the PD-L1 score on TCs of metastatic 
sites.

The PD-L1 expression on ICs of primary tumors 
and metastatic sites had no significant influence on DSS 
(median DSS, positive vs. negative: 10.5 vs. 8.5 months 

Figure 1: PD-L1 staining on TCs in RC specimens. (A) Invasive high grade urothelial carcinoma with desmoplastic stroma, low 
inflammation (H&E) and (B) only faintly perceptible (IC0) PD-L1 staining. (C) Urothelial carcinoma with sarcomatoid differentiation 
(H&E) and (D) a high score PD-L1 (IC2/3) expression.
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[primary tumor], p=0.109; 26.9 vs. 8.9 months [metastatic 
site], p=0.127), Figure 5D-5E.

Interestingly, patients with histologic variants of 
urothelial cancer (median [95% CI] DSS 3.1 [0.6-5.6] 
months) responded less to platinum-based chemotherapy 
with a shorter DSS than those patients with pure 
urothelial cancer (median [95% CI] DSS 11.4 [5.3-17.6] 
months, p=0.013), Figure 5F. Univariate Cox regression 
analysis revealed that histological variants of urothelial 
cancers [HR = 2.35; 95% CI: 1.17-4.71; p=0.016], and 
a high IC2/3 PD-L1 expression on TCs of primary tumor 
[HR=2.53; 95% CI: 1.27-5.03; p=0.008] as well as of 
metastatic sites [HR=3.55; 95% CI: 1.15-10.89; p=0.027] 
were associated with a higher risk of poor DSS after 
recurrence. Moreover, a high PD-L1 expression on TCs 
was associated with histologic subtypes of urothelial 
cancer (p=0.002).

Overall survival (OS) from RC

The median OS after RC was confirmed with 25.5 
(95% CI 10.1-40.8) months in all patients, Figure 6A. The 
PD-L1 score on TCs from RC specimens significantly 
influenced the OS after RC. Patients with a IC0 score 
(median [95% CI] OS 32.6 [12.9-52.1] months) had 
a significant better OS than patients with a IC1 score 
(median [95% CI] OS 23.3 [10.5-36.2] months) or IC2/3 
score (median [95% CI] OS 11.1 [6.4-15.8] months; 
p=0.042), Figure 6B. Nevertheless, a positive PD-L1 
expression on TILs had no influence on OS (high vs. low 
PD-L1 score: median [95% CI] OS 32.6 [17.9-47.2] vs. 
14.4 [9.7-19.1] months; p=0.134), Figure 6C.

Focusing on histopathological factors, patients with 
histological subtypes of urothelial carcinoma (median 
OS: 11.1 months) showed to have a significant poorer OS 
than patients with pure urothelial carcinoma in the RC 

Figure 2: PD-L1 staining on ICs in RC specimens. (A) Invasive high grade urothelial carcinoma surrounded by a dense infiltrate 
with partial PD-L1 expression (H&E); (B) peripheral nerve (*) with perineural PDL-1 positive TC infiltration (left) and surrounding 
PDL-1 negative ICs (right); (C) high grade urothelial carcinoma with a dense intratumoral infiltration composed of PD-L1 and (D) CD68 
positive macrophages; (E) muscle invasion with few PD-L1 positive tumor cells accompanied by PD-L1 positive mast cells (*); (F) PD-L1 
immunohistochemistry as highlighted by a GIEMSA stain showing mast cells with granular purple violet cytoplasm.
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specimens (median OS: 31.2 months; p=0.008), Figure 
6D. Univariate analysis confirmed a significant positive 
association between IC2/3 score on TCs of primary tumor 
[HR=2.25; 95% CI: 1.15-4.41; p=0.019], histological 
variants of urothelial cancer [HR=2.48; 95% CI: 1.23-
5.01; p=0.011] and lower OS.

DISCUSSION

Despite radical cystectomy (RC) and pelvic LN 
dissection in localized MIBC, approximately 50% 
of patients will relapse on follow-up, depending on 
pathological tumor stage and LN status at RC specimens 
[19]. Cisplatin-based chemotherapy regimens such as 
gemcitabine/cisplatin (GC) or methotrexate, vinblastine, 
adriamycin and cisplatin (MVAC) are still the standard of 
care since the late 1980s [20], improving median survival 
from 3-6 months [21] to up to 14.0 and 15.2 months 
[22]. However, 50% of patients at metastatic disease are 
unfit for cisplatin-containing chemotherapies [23], with 
the necessity to use carboplatin-based regimes such as 
carboplatin/gemcitabine or methotrexate, carboplatin, 
vinblastine (M-CAVI), and thus resulting in lower survival 
rates (median OS: 9.3 months for gem/carbo and 8.1 
months for M-CAVI), [24]. Therefore, novel treatment 
options besides traditional modalities as surgery and 
chemotherapy are urgently needed, especially for patients 
with limited options of durable therapeutic response [25].

The high accessibility of bladder cancer to 
immunotherapy is well known since the introduction 
of BCG in 1976 [26], still belonging to the standard 
adjuvant treatment in high-risk NMIBC. Intravesical 
BCG instillations activate the innate and adaptive immune 
system leading to bladder cancer rejection via increased 
infiltration and activation of TILs. However, not all 
patients benefit from BCG therapy or develop evasive 
immune escape mechanisms, which include induction of 
TILs exhaustion via PD-L1 overexpression or induction 
of immunosuppressive molecules [27]. Mechanistically 
high PD-L1 expression suggests tumor-associated immune 
tolerance and escape from immune surveillance, which is 
one of the hallmarks of cancer cell immune evasion [28]. 
Thereby, immune checkpoints (ICPs) play an important 
role in cancer cell immune evasion and are expressed by 
tumors to escape T-cell mediated lysis. Recently, many 
ICPs molecules have been described and targeted for 
activating the immune system and unleash anti-tumor 
immunity to eliminate bladder cancer cells, Supplementary 
Figure 1. The most important ICP targets are the cytotoxic 
T-lymphocyte antigen 4 (CTLA-4) and the programmed 
death 1 (PD-1) receptor and its major ligand PD-L1 
[29]. Inhibition of CTLA-4 proved to induce long-term 
responses, however more frequent immune related 
adverse events were reported compared to the inhibition 
of PD-1/PD-L1 axis [30]. The first two FDA-approved 
ICP inhibitors for bladder cancer are atezolizumab [9] and 

Figure 3: PD-L1 staining on TCs in metastatic sites. (A) H&E staining of lung metastasis of a high grade urothelial carcinoma, (B) 
with high score of PD-L1 (IC2/3) expression; (C) bone metastasis (H&E), (D) being completely negative for PD-L1 (IC0).
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Table 2: Bar charts of the association between PD-L1 expression (IC0, IC1, IC2/3) on tumor cells (TCs) and PD-L1 
expression (negative, positive) on immune cells (ICs)
A) Primary tumors (n=61) 

 IC0 IC1 IC2/3

positive 67.6% 81.8% 93.8%

negative 32.4% 18.2% 6.2%

B) Metastatic sites (n=27)

 IC0 IC1 IC2/3

positive 35.3% 60.0% 60.0%

negative 64.7% 40.0% 40.0%
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Table 3: Association of PD-L1 expression and clinico-pathological characteristics

Parameters 

PD-L1 expression on TCs  

P-value* 

PD-L1 expression on ICs 

P-value* Primary tumor n (%) Primary tumor n (%)

IC0 IC1 IC2/3 Negative Positive

Age    0.934   0.353

 <65 (N=20) 12 (60.0%) 3 (15.0%) 5 (25.0%)  17 (85.0%) 3 (15.0%)  

 >65 (N=41) 22 (53.7%) 8 (19.5%) 11 (26.8%)  30 (73.2%) 11 (26.8%)  

Gender    0.757   0.713

 Male (N=48) 28 (58.3%) 8 (16.7%) 12 (25.0%)  36 (75.0%) 12 (25.0%)  

 Female (N=13) 6 (46.1%) 3 (23.1%) 4 (30.8%)  11 (84.6%) 2 (15.4%)  

Tumor stage    0.580   0.382

 ≤pT2b (N=22) 14 (63.6%) 4 (18.2%) 4 (18.2%)  16 (72.7%) 6 (27.3%)  

 ≥pT3a (N=39) 20 (51.3%) 7 (17.9%) 12 (30.8%)  31 (79.5%) 8 (20.5%)  

Concomitant CIS    0.885   0.126

 No (N=27) 14 (51.9%) 5 (18.5%) 8 (29.6%)  18 (66.7%) 9 (33.3%)  

 Yes (N=34) 20 (58.8%) 6 (17.7%) 8 (23.5%)  29 (85.3%) 5 (14.7%)  

R Positivity    0.845   0.277

 No (N=47) 27 (57.4%) 8 (17.1%) 12 (25.5%)  38 (80.9%) 9 (19.1%)  

 Yes (N=14) 7 (50.0%) 3 (21.4%) 4 (28.6%)  9 (64.3%) 5 (35.7%)  

LVI    0.436   0.331

 No (N=23) 11 (47.8%) 6 (26.1%) 6 (26.1%)  17 (73.9%) 6 (26.1%)  

 Yes (N=33) 20 (60.6%) 4 (12.1%) 9 (27.3%)  28 (84.8%) 5 (15.2%)  

Number of resected LNs    0.940   0.553

 ≤15 (N=26) 15 (57.7%) 4 (15.4%) 7 (26.9%)  19 (73.1%) 7 (26.9%)  

 >15 (N=35) 19 (54.3%) 7 (20.0%) 9 (25.7%)  28 (80.0%) 7 (20.0%)  

LN positivity    0.873   0.527

 No (N=40) 22 (55.0%) 8 (20.0%) 10 (25.0%)  32 (80.0%) 8 (20.0%)  

 Yes (N=21) 12 (57.1%) 3 (14.3%) 6 (28.6%)  15 (71.4%) 6 (28.6%)  

Histologic subtype    0.002   1.000

 No (N=48) 32 (66.7%) 6 (12.5%) 10 (20.8%)  37 (77.1%) 11 (22.9%)  

 Yes (N=13) 2 (15.4%) 5 (38.5%) 6 (46.1%)  10 (76.9%) 3 (23.1%)  

CIS=carcinoma in situ; LVI=lymphovascular invasion; LN=lymph node; P values by Fisher’s exact test; *p<0.05; 
**p<0.01; ***p<0.001.
*From Fisher’s exact test.

nivolumab [28]. Avelumab another PD-L1 ICP inhibitor 
is under clinical testing (NCT02603432) [31], and the two 
ICP inhibitors durvalumab [2] and pembrolizumab [32] 
showed significant prolonged OS in metastatic urothelial 
carcinoma patients that progressed after platinum-based 
chemotherapy, thus being currently in the approval phase. 

An overview of ongoing immunotherapy trials in bladder 
cancer is shown in Supplementary Figure 2.

Prognostic significance of PD-L1 protein 
expression has been studied in many tumor entities [33] 
and its relevance as predictive biomarker for treatment 
stratification for ICP inhibitors is still under critical 
evaluation. Furthermore, the role of PD-L1 as efficient 
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Figure 4: Kaplan-Meier survival curves for recurrence-free survival (RFS) in months. (A) Overall RFS in all patients 
(n=61). (B) RFS according to PD-L1 score (IC0: n=34, IC1: n=11, IC2/3: n=16) on TCs of primary tumor. (C) RFS according to positive 
(n=47) or negative (n=14) PD-L1 staining on TILs of primary tumor. (D) RFS based on pathological tumor stage (≤pT2b: n=22 vs. ≥pT3a; 
n=39). (E and F) RFS according to PD-L1 score (IC0: n=14, IC1: n=4, IC2/3: n=4) on TCs and PD-L1 staining (positive: n=16, negative: 
n=6) on TILs of primary ≤pT2b tumors. (G and H) RFS according to PD-L1 score (IC0: n=20, IC1: n=7, IC2/3: n=12) on TCs and PD-L1 
staining (positive: n=31, negative: n=8) on TILs of primary ≥pT3a tumors. P values by log-rank test; *p<0.05; **p<0.01; ***p<0.001.
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predictive factor in metastatic bladder cancer for selecting 
patients who benefit most from immunotherapy is 
controversially discussed [12, 16–18]. The predictive value 
of PD-L1 is limited due to a lack of uniform definition 
of PD-L1 positivity, a lack of standard assays for PD-L1 
expression [18], with different semi-quantitative scores of 
the PD-L1 expression status in clinical trials, different PD-
L1 antibody clones, and thus resulting in heterogeneous 
data [2-3, 9, 28, 32-33]. Therefore, standardized criteria 

for PD-L1 positivity are urgently needed [34]. Moreover, 
tumor heterogeneity can be a reason that PD-L1 expression 
status may differ between primary tumor and metastatic 
lesions, hypothesizing that the predictive accuracy of PD-
L1 is depending on the time of biopsy, being related to 
previous therapies [18, 33].

PD-L1 expression can occur on the TCs or on TILs 
[17]. Thus, we evaluated PD-L1 in both TCs and ICs. We 
show a tendency towards a positive correlation of PD-L1 

Figure 5: Kaplan-Meier survival curves for disease-specific survival (DSS) in months. (A) Overall DSS in all patients 
(n=61). (B and C) DSS according to PD-L1 score (IC0: n=34, IC1: n=11, IC2/3: n=16) on TCs of primary tumor and metastatic site (IC0: 
n=17, IC1: n=5, IC2/3: n=5). (D and E) DSS stratified by PD-L1 expression (positive vs. negative) on TILs of primary tumor (positive: 
n=47, negative: n=14) and metastasis (positive: n=12, negative: n=15). (F) DSS based on histologic subtypes of urothelial cancer (pure 
urothelial cancer: n=48 vs. variants of urothelial cancer: n=13). P values by log-rank test; *p<0.05; **p<0.01; ***p<0.001.
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positivity between TCs and ICs, in primary tumor as well 
as in metastasis.

Moreover, PD-1 expression correlated between 
primary tumors and metastatic lymph nodes with a 
concordance rate of 78% [35], without dynamic changes 
in PD-1 expression before and after neoadjuvant 
chemotherapy in bladder cancer [16]. In our study, 
consistent PD-L1 positivity on TCs was noticed between 
primary tumor and metastatic site, suggesting a low 
relevance in the timing of tissue sample retrieval when 
staining PD-L1 on TCs [16]. This fact may be important 
in clinical study designs testing efficacy of ICP inhibitors 
where patients are often stratified by a PD-L1 expression 
score [2, 9, 28, 32]. The correct timing of obtaining tissue 
samples for PD-L1 staining (primary tumor, before any 
kind of chemotherapy) and staining localization (TCs 
versus ICs) remains an issue of debate [16].

In addition to PD-L1, other potential biomarkers 
including state of the art molecular subtyping, in 
depth TCR sequencing, somatic mutational density 
quantification, and identification of T cell-inflamed/
non-T cell-inflamed tumor microenvironments using 
immune gene expression profiling are currently under 

investigation with promising results [7, 36], highlighting 
the complexity and dynamic changes of the antitumor 
immune response [13], with the necessity for combined 
biomarkers. Nevertheless, preliminary data suggested 
a significant relationship between PD-L1 expression, 
clinical outcome, radiation response and therapeutic 
response to immunotherapy in bladder cancer [2, 9, 28, 
37].

Here, we describe that higher PD-L1 expression on 
TCs in chemotherapy-naive RC specimens is correlated 
with poor clinical outcome in terms of DSS and OS in 
patients who developed metastatic disease and were 
homogeneously treated with first line platinum-based 
chemotherapy. In line with our results on the prognostic 
role of PD-L1 positivity on TCs it has been reported that 
PD-L1 expression was associated with a shorter survival 
after RC [35, 38–39], whereas other trials showed no 
influence on RFS and OS [40]. Furthermore, we can show 
that PD-L1 may be an efficient predictive biomarker in 
metastatic bladder cancer patients for chemotherapy 
resistance, as already described by Zhang et al (2016) 
in non-small-cell lung cancer patients undergoing 
cisplatin-based neoadjuvant chemotherapy [41]. 

Figure 6: Kaplan-Meier survival curves for overall survival (OS) in months. (A) Median OS in all patients (n=61). (B) OS 
according to PD-L1 score (IC0: n=34, IC1: n=11, IC2/3: n=16) on TCs of primary tumor. (C) OS based on PD-L1 staining (positive: n=12 
vs. negative: n=15) on TILs of metastatic sites. (D) OS stratified by histologic subtypes of urothelial cancer (n=13) versus pure urothelial 
cancer (n=48) at RC specimens. P values by log-rank test; *p<0.05; **p<0.01; ***p<0.001.
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Moreover, knockdown of PD-L1 expression increased 
chemo-response to cisplatin in vivo and in vitro [41]. 
These results are underlined in the clinical setting by the 
KEYNOTE-024 study in lung cancer showing therapeutic 
superiority of pembrolizumab over platinum-based 
chemotherapy with increased PFS and OS in patients 
with a high PD-L1 tumor proportion score ≥50% [42]. 
In mammary epithelial cells, MERTK overexpression 
a member of the TAM (TYRO3, AXL, and MERTK) 
receptor tyrosine kinases, promotes chemo-resistance 
and induces consecutive PD-L1 overexpression [43]. 
Vice versa MERTK knockdown significantly reduced 
PD-L1 expression levels in highly invasive breast cancer 
cells MDA-MB 231 [43]. In bladder cancer, FGF2 was 
significantly increased in chemo-resistant bladder cell 
lines, stimulating endothelial cell migration, growth and 
tube formation by producing FGF2 [44], and thus playing 
an important role in the development of a cisplatin-
resistant phenotype [45]. A possible explanation for 
poor prognosis of FGF-2 expressing bladder cancers 
is the association with epithelial to mesenchymal 
transition (EMT), high proliferation, low mutation load 
and high expression of CTLA-4, PD-1 and PD-L1, thus 
being more sensitive to immune checkpoint inhibition 
[46]. In line with these in-vitro findings, we are able to 
show that those patients with histological subtypes of 
urothelial cancer (including approximately 70% with 
squamous differentiation, in which FGFR alterations 
are well known [47]) had significant increased PD-L1 
expression, but decreased survival outcomes compared to 
pure urothelial cancers. Nevertheless, results in bladder 
cancer are inconsistent. Erlmeier et al (2016) confirmed no 
significant association between PD-L1 status and response 
to neoadjuvant or adjuvant chemotherapy in MIBC [16]. 
Baras et al (2016) [8] also showed that PD-L1 expression 
on TCs was not a significant predictor of response to 
neoadjuvant chemotherapy [8]. Concerning molecular 
subtypes of MIBC, p53-like [48] and claudin-low tumors 
[15] were identified as being consistently resistant to 
neoadjuvant chemotherapy. Claudin-low MIBCs were 
uniformly enriched for immune gene signatures in 
addition to immune checkpoint molecules, showing that 
these tumors are immune infiltrated and simultaneously 
actively immunosuppressed, with low PPAR-g activity, 
high NFKB activity, inducing pro-inflammatory milieu 
being linked with immunotherapy response [15]. In 
contrast, basal tumors are highly aggressive tumors 
benefiting mostly from neoadjuvant chemotherapy (3-yr 
OS rate: 77.8% vs. 49.2%; p<0.001), [14]. These chemo-
sensitive subtypes of MIBC confirmed an increased p63 
gene signature, being associated with active PPAR-g as 
also reported for ovarian cancer [49]. These findings may 
support the hypothesis that the tumor microenvironment 
and immune system influence response to immunotherapy 
and chemotherapy [8], meaning that immune-infiltrated 
and actively immunosuppressed tumors are more suitable 

for immunotherapy, whereas non-T cell-inflamed tumors 
respond more to chemotherapy [7, 41–42].

Our results must be interpreted with cautions, as 
several limitations exist: we included a relatively small 
sized patient cohort from a single-center institution with 
retrospective and observational study design. Concerning 
statistical limitations, there is lack of multivariate analyses 
due to multicollinearity, moreover, excluding those 
patients who developed recurrence and were followed-
up elsewhere postoperatively may cause a selection bias. 
However, our findings of this study are clearly hypothesis 
generating, identifying a pathophysiological link 
between PD-L1 expression and therapy response. These 
preliminary findings are claiming for further validation in 
prospective, multicenter trials as well as for experimental 
studies analyzing gene expression profiling of tumors as 
well as of tumor microenvironment to get more insights 
how the immune phenotype can influence response to 
immunotherapy and chemotherapy.

MATERIALS AND METHODS

Patients

This study was approved by the local ethics 
committee of the Medical University Innsbruck (study 
number 1006/2017) and was performed according to the 
principles of the Declaration of Helsinki and its subsequent 
amendments [50]. Reviewing medical records from MIBC 
patients who underwent radical cystectomy with extended 
pelvic lymph node dissection and consecutive oncologic 
follow-up at our department, a series of 61 patients who 
developed local recurrence or distant metastasis after RC 
followed by platinum-based chemotherapy at the time of 
recurrence as first-line regime was included in the study. 
Descriptive and histopathological data of patients were 
assessed using our cystectomy database. All included 
patients received neither neoadjuvant nor adjuvant 
platinum-based chemotherapy. Follow-up intervals and 
detailed clinical investigations on surveillance after RC 
according to our institutional practice have been published 
recently [51]. Tumor progression was determined by 
standard imaging, and histologically confirmed by CT 
guided biopsy (due to uncertain diagnosis of metastatic 
lesions) in 27 patients prior to starting first-line 
chemotherapy

Tumor samples and regions

All 61 cystectomy specimens were reviewed for 
diagnosis, tumor grade (according to the WHO 1973 
and 2004) and tumor stage (according to the actual 
TNM) by two experienced uropathologists (BA and 
SS). Further pathology parameters such as the presence 
of lymphovascular invasion (LVI), surgical resection 
margins (R status), pelvic lymph node (LN) infiltration, 
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total number of resected LNs, number of positive LNs, 
and variants of urothelial carcinoma (micropapillary, 
sarcomatoid, squamous differentiation, adeno variant, 
nested) have routinely been reported. Of every case one 
to three representative blocks were selected for further 
analysis including superficial tumor, if available, invasive 
tumor and invasion front.

We further compared the dynamic changes in PD-
L1 expression of primary tumors and metastasis, and 
the corresponding chemotherapy response (DSS) and 
outcome. We assessed PD-L1 expression in 27 patients 
with matched biopsy tissues from metastasis (resulting in 
29 tumor specimens: one patient had metastasis in lung 
and liver, one had a local recurrence and lung metastasis) 
and RC samples.

Immunohistochemistry (IHC)

For detection of PD-L1 expression a monoclonal 
antibody against PD-L1 (Clone CLA-10, Biocare, United 
Kingdom), which has been validated at the Division of 
Pathology, Medical University of Innsbruck, was used. 
Human placental tissue served as positive control.

Staining was performed using an automated 
immunostainer (BenchMark ULTRA, Ventana Medical 
Systems, Tucson, US). Briefly, formalin-fixed, paraffin-
embedded (FFPE) tissue sections were cut in widths of 
1.5 μM. After deparaffinization, the slides were treated 
with cell conditioning reagent 1 (CC1, Ventana Medical 
Systems, Tucson, US) for antigen retrieval. Primary 
antibodies were incubated for 32 minutes at 37°C. The 
Ultra View DAB Detection Kit (Ventana Medical Systems, 
Tucson, US) was used for visualization, in accordance 
with the manufacture’s recommendation. Finally, slides 
were washed in distilled water, counterstained with 
hematoxylin (12 minutes) and bluing reagent (4 minutes), 
dehydrated in a descending order of alcohols, cleared 
in xylene, and coverslipped with Tissue-tek mounting 
medium (Medite, Germany).

Quantification of PD-L1 on tumor cells (TCs) 
and tumor-infiltrating immune cells (ICs) of 
primary tumor and metastatic site

Analysis of PD-L1 staining was done separately for 
expression on TCs as well as on tumor-infiltrating ICs. 
Expression on TCs was evaluated as positive or negative 
and the exact percentage (%) of positive TCs was noted; 
in addition, a semi-quantitative score for the PD-L1 
expression status on TCs in the tumor microenvironment 
was applied for statistical analysis and defined by the 
percentage of PD-L1-positive TCs as published previously 
[9]: < 1%= Score 0 (IC0), ≥1% but <5% = Score 1 (IC1), 
≥5 % = Score 2/3 (IC2/3) in primary tumors (n=61) as 
well as at the metastatic site (n=27).

Inflammation was scored as weak, intermediate and 
strong and the composition of the inflammatory infiltrate 
was described (lymphocytes, plasma cells, eosinophilic 
granulocytes) [52]. PD-L1 expression on ICs was 
evaluated as either present (positive) or absent (negative) 
for both the primary tumor and the metastatic site.

Statistics

All patient-, clinico- and histopathologic 
characteristics as well as PD-L1 expression levels were 
analyzed descriptively by giving frequencies or means, 
standard deviations, and medians, as appropriate. 
Categorical variables were compared in bivariate analyses 
using Fisher’s exact test. Correlations between various 
PD-L1 expression levels were assessed using Spearman’s 
ρ correlation coefficient (rs). Dynamic changes in PD-L1 
expression levels between primary tumor and metastatic 
sites were analyzed in matched pair analyses with 
marginal homogeneity test and McNemar test, separately 
for expression levels in tumor cells and immune cells. 
Recurrence-free survival (RFS), disease-specific survival 
(DSS), and overall survival (OS) were investigated 
through Kaplan-Meier survival analysis, survival curves 
were plotted, and the influence of various factors on 
survival was tested using log-rank tests. For all statistical 
tests, a significance level of α=0.05 (two-tailed) was 
applied. SPSS, version 22.0 (IBM Corp., Armonk, NY, 
USA) was used for statistical analysis.

CONCLUSION

Bladder cancer is a heterogeneous tumor with 
divergent PD-L1 expression levels between TCs and TILs, 
in primary tumors and metastases. Analyzing a matched 
group, significant dynamic changes of PD-L1 positivity 
on ICs were shown in RC specimens (77.7%) and 
subsequent metastasis (44.4%). The most stable parameter 
was the PD-L1 score on TCs, with homogeneous PD-L1 
positivity in both primary tumors and metastatic sites. This 
important pathological finding suggests that PD-L1 can 
either be determined in the primary tissue as well as in 
metastasis and implicates similar biological behavior of 
primary and metastatic tumor. High PD-L1 expression was 
associated with histologic subtypes of urothelial cancers 
and had a negative predictive value for response to first-
line chemotherapy. Furthermore, high PD-L1 expression 
on TCs was also a negative prognostic marker for DSS and 
OS. Thus, PD-L1 may be a potential target in predicting 
response to chemotherapy in metastatic bladder cancer, 
being a possible promising strategy for individualized 
targeted therapy with selection of patients that mostly 
benefit from chemotherapy or immunotherapy. Further 
trials are necessary to prove these preliminary data and 
to elaborate mechanistic aspects of chemo-resistance and 
PD-L1 overexpression in bladder cancer.



Oncotarget66862www.impactjournals.com/oncotarget

Author contributions

RP, AP and IH designed the study; AB, SS, BZ 
and MD developed the methodology; AB, SS and BZ 
performed the research; JF performed the statistical 
analysis; JF, RP, AP and IH interpreted the data; RP, 
AP and IH wrote the paper; BZ and MD provided 
administrative and material support. AP and IH were 
responsible for critical revision of the manuscript and 
supervised the work.

ACKNOWLEDGMENTS

We thank Roberta Rohregger and Siegrid Amort for 
their helpful contribution and support to this work.

CONFLICTS OF INTEREST

The authors have no conflicts of interest.

FUNDING

This work was supported by a personal research 
grant to RP by the Medical Research Foundation Tyrol 
(MFF Tirol, project number 273).

REFERENCES

1. Gakis G. The role of inflammation in bladder cancer. 
Adv Exp Med Biol. 2014;816:183-96. https://doi.
org/10.1007/978-3-0348-0837-8_8.

2. Massard C, Gordon MS, Sharma S, Rafii S, Wainberg 
ZA, Luke J, Curiel TJ, Colon-Otero G, Hamid O, Sanborn 
RE, O'Donnell PH, Drakaki A, Tan W, et al. Safety and 
efficacy of durvalumab (MEDI4736), an anti-programmed 
cell death ligand-1 immune checkpoint inhibitor, in 
patients with advanced urothelial bladder cancer. J 
Clin Oncol. 2016;34:3119-25. https://doi.org/10.1200/
JCO.2016.67.9761.

3. Sharma P, Callahan MK, Bono P, Kim J, Spiliopoulou 
P, Calvo E, Pillai RN, Ott PA, de Braud F, Morse M, Le 
DT, Jaeger D, Chan E, et al. Nivolumab monotherapy in 
recurrent metastatic urothelial carcinoma (CheckMate 
032): a multicentre, open-label, two-stage, multi-arm, 
phase 1/2 trial. Lancet Oncol. 2016;17:1590-8. https://doi.
org/10.1016/S1470-2045(16)30496-X.

4. Pichler R, Fritz J, Zavadil C, Schäfer G, Culig Z, Brunner 
A. Tumor-infiltrating immune cell subpopulations 
influence the oncologic outcome after intravesical Bacillus 
Calmette-Guérin therapy in bladder cancer. Oncotarget. 
2016;7:39916-30. https://doi.org/10.18632/oncotarget.9537.

5. Nunez-Nateras R, Castle EP, Protheroe CA, Stanton ML, 
Ocal TI, Ferrigni EN, Ochkur SI, Jacobsen EA, Hou 
YX, Andrews PE, Colby TV, Lee NA, Lee JJ. Predicting 
response to bacillus Calmette-Guérin (BCG) in patients with 

carcinoma in situ of the bladder. Urol Oncol. 2014;32:45. 
e23-30.

6. Suriano F, Santini D, Perrone G, Amato M, Vincenzi 
B, Tonini G, Muda A, Boggia S, Buscarini M, Pantano 
F. Tumor associated macrophages polarization dictates 
the efficacy of BCG instillation in non-muscle invasive 
urothelial bladder cancer. J Exp Clin Cancer Res. 
2013;32:87.

7. Sweis RF, Spranger S, Bao R, Paner GP, Stadler WM, 
Steinberg G, Gajewski TF. Molecular drivers of the non-T-
cell-inflamed tumor microenvironment in urothelial bladder 
cancer. Cancer Immunol Res. 2016;4:563-8. https://doi.
org/10.1158/2326-6066.CIR-15-0274.

8. Baras AS, Drake C, Liu JJ, Gandhi N, Kates M, Hoque 
MO, Meeker A, Hahn N, Taube JM, Schoenberg MP, 
Netto G, Bivalacqua TJ. The ratio of CD8 to Treg tumor-
infiltrating lymphocytes is associated with response to 
cisplatin-based neoadjuvant chemotherapy in patients 
with muscle invasive urothelial carcinoma of the bladder. 
Oncoimmunology. 2016;5:e1134412. https://doi.org/10.10
80/2162402X.2015.1134412.

9. Rosenberg JE, Hoffman-Censits J, Powles T, van der 
Heijden MS, Balar AV, Necchi A, Dawson N, O'Donnell 
PH, Balmanoukian A, Loriot Y, Srinivas S, Retz MM, 
Grivas P, et al. Atezolizumab in patients with locally 
advanced and metastatic urothelial carcinoma who have 
progressed following treatment with platinum-based 
chemotherapy: a single-arm, multicentre, phase 2 trial. 
Lancet. 2016;387:1909-20. https://doi.org/10.1016/
S0140-6736(16)00561-4.

10. Taube JM, Anders RA, Young GD, Xu H, Sharma R, 
McMiller TL, Chen S, Klein AP, Pardoll DM, Topalian 
SL, Chen L. Colocalization of inflammatory response with 
B7-h1 expression in human melanocytic lesions supports 
an adaptive resistance mechanism of immune escape. Sci 
Transl Med. 2012;4:127ra37. https://doi.org/10.1126/
scitranslmed.3003689.

11. Sharma P, Shen Y, Wen S, Yamada S, Jungbluth AA, Gnjatic 
S, Bajorin DF, Reuter VE, Herr H, Old LJ, Sato E. CD8 
tumor-infiltrating lymphocytes are predictive of survival in 
muscle-invasive urothelial carcinoma. Proc Natl Acad Sci 
U S A. 2007;104:3967-72.

12. Faraj SF, Munari E, Guner G, Taube J, Anders R, Hicks 
J, Meeker A, Schoenberg M, Bivalacqua T, Drake C, 
Netto GJ. Assessment of tumoral PD-L1 expression 
and intratumoral CD8+ T cells in urothelial carcinoma. 
Urology. 2015;85:703.e1-6. https://doi.org/10.1016/j.
urology.2014.10.020.

13. Funt S, Charen AS, Yusko E, Vignali M, Benzeno S, Boyd 
ME, Moran M, Kania BE, Cipolla CK, Regazzi AM, 
Robins H, Iyer G, Rosenberg JE, Bajorin DF. Correlation of 
peripheral and intratumoral T-cell receptor (TCR) clonality 
with clinical outcomes in patients with metastatic urothelial 
cancer (mUC) treated with atezolizumab. J Clin Oncol. 
2016;34:3005.



Oncotarget66863www.impactjournals.com/oncotarget

14. Seiler R, Ashab HA, Erho N, van Rhijn BW, Winters 
B, Douglas J, Van Kessel KE, Fransen van de Putte EE, 
Sommerlad M, Wang NQ, Choeurng V, Gibb EA, Palmer-
Aronsten B, et al. Impact of molecular subtypes in muscle-
invasive bladder cancer on predicting response and survival 
after neoadjuvant chemotherapy. Eur Urol. 2017. https://doi.
org/10.1016/j.eururo.2017.03.030.

15. Kardos J, Chai S, Mose LE, Selitsky SR, Krishnan B, Saito 
R, Iglesia MD, Milowsky MI, Parker JS, Kim WY, Vincent 
BG. Claudin-low bladder tumors are immune infiltrated and 
actively immune suppressed. JCI Insight. 2016;1:e85902.

16. Erlmeier F, Seitz AK, Hatzichristodoulou G, Stecher L, Retz 
M, Gschwend JE, Weichert W, Kübler HR, Horn T. The 
role of PD-L1 expression and intratumoral lymphocytes 
in response to perioperative chemotherapy for urothelial 
carcinoma. Bladder Cancer. 2016;2:425-32. https://doi.
org/10.3233/BLC-160067.

17. Bellmunt J, Mullane SA, Werner L, Fay AP, Callea M, 
Leow JJ, Taplin ME, Choueiri TK, Hodi FS, Freeman 
GJ, Signoretti S. Association of PD-L1 expression on 
tumor-infiltrating mononuclear cells and overall survival 
in patients with urothelial carcinoma. Ann Oncol. 
2015;26:812-7. https://doi.org/10.1093/annonc/mdv009.

18. Mukherji D, Jabbour MN, Saroufim M, Temraz S, Nasr 
R, Charafeddine M, Assi R, Shamseddine A, Tawil AN. 
Programmed death-ligand 1 expression in muscle-invasive 
bladder cancer cystectomy specimens and lymph node 
metastasis: a reliable treatment selection biomarker? 
Clin Genitourin Cancer. 2016;14:183-7. https://doi.
org/10.1016/j.clgc.2015.12.002.

19. Stein JP, Lieskovsky G, Cote R, Groshen S, Feng AC, 
Boyd S, Skinner E, Bochner B, Thangathurai D, Mikhail 
M, Raghavan D, Skinner DG. Radical cystectomy in the 
treatment of invasive bladder cancer: long-term results in 
1,054 patients. J Clin Oncol. 2001;19:666-75.

20. Bellmunt J, Petrylak DP. New therapeutic challenges in 
advanced bladder cancer. Semin Oncol. 2012;39:598-607. 
https://doi.org/10.1053/j.seminoncol.2012.08.007.

21. Sternberg CN, Vogelzang NJ. Gemcitabine, paclitaxel, 
pemetrexed and other newer agents in urothelial and kidney 
cancers. Crit Rev Oncol Hematol. 2003;46:S105-15.

22. von der Maase H, Sengelov L, Roberts JT, Ricci S, Dogliotti 
L, Oliver T, Moore MJ, Zimmermann A, Arning M. Long-
term survival results of a randomized trial comparing 
gemcitabine plus cisplatin, with methotrexate, vinblastine, 
doxorubicin, plus cisplatin in patients with bladder cancer. 
J Clin Oncol. 2005;23:4602-8.

23. Galsky MD, Hahn NM, Rosenberg J, Sonpavde G, Hutson 
T, Oh WK, Dreicer R, Vogelzang N, Sternberg CN, Bajorin 
DF, Bellmunt J. Treatment of patients with metastatic 
urothelial cancer “unfit” for Cisplatin-based chemotherapy. 
J Clin Oncol. 2011;29:2432-8. https://doi.org/10.1200/
JCO.2011.34.8433.

24. De Santis M, Bellmunt J, Mead G, Kerst JM, Leahy M, 
Maroto P, Gil T, Marreaud S, Daugaard G, Skoneczna I, 
Collette S, Lorent J, de Wit R, Sylvester R. Randomized 
phase II/III trial assessing gemcitabine/carboplatin and 
methotrexate/carboplatin/vinblastine in patients with 
advanced urothelial cancer who are unfit for cisplatin-
based chemotherapy: EORTC study 30986. J Clin Oncol. 
2012;30:191-9. https://doi.org/10.1200/JCO.2011.37.3571.

25. Bellmunt J, Powles T, Vogelzang NJ. A review on the 
evolution of PD-1/PD-L1 immunotherapy for bladder 
cancer: the future is now. Cancer Treat Rev. 2017;54:58-67. 
https://doi.org/10.1016/j.ctrv.2017.01.007.

26. Morales A, Eidinger D, Bruce AW. Intracavitary Bacillus 
Calmette-Guerin in the treatment of superficial bladder 
tumors. J Urol. 1976;116:180-3.

27. Davarpanah NN, Yuno A, Trepel JB, Apolo AB. 
Immunotherapy: a new treatment paradigm in bladder 
cancer. Curr Opin Oncol. 2017. https://doi.org/10.1097/
CCO.0000000000000366.

28. Sharma P, Retz M, Siefker-Radtke A, Baron A, Necchi 
A, Bedke J, Plimack ER, Vaena D, Grimm MO, Bracarda 
S, Arranz JÁ, Pal S, Ohyama C, et al. Nivolumab in 
metastatic urothelial carcinoma after platinum therapy 
(CheckMate 275): a multicentre, single-arm, phase 2 trial. 
Lancet Oncol. 2017;18:312-322. https://doi.org/10.1016/
S1470-2045(17)30065-7.

29. Topalian SL, Drake CG, Pardoll DM. Immune checkpoint 
blockade: a common denominator approach to cancer 
therapy. Cancer Cell. 2015;27:450-61. https://doi.
org/10.1016/j.ccell.2015.03.001.

30. Bertrand A, Kostine M, Barnetche T, Truchetet ME, 
Schaeverbeke T. Immune related adverse events associated 
with anti-CTLA-4 antibodies: systematic review and meta-
analysis. BMC Med. 2015;13:211. https://doi.org/10.1186/
s12916-015-0455-8.

31. Apolo AB, Infante JR, Balmanoukian A, Patel MR, Wang 
D, Kelly K, Mega AE, Britten CD, Ravaud A, Mita AC, 
Safran H, Stinchcombe TE, Srdanov M, et al. Avelumab, an 
anti-programmed death-ligand 1 antibody, in patients with 
refractory metastatic urothelial carcinoma: results from a 
multicenter, phase Ib study. J Clin Oncol. 2017. https://doi.
org/10.1200/JCO.2016.71.6795.

32. Bellmunt J, de Wit R, Vaughn DJ, Fradet Y, Lee JL, Fong 
L, Vogelzang NJ, Climent MA, Petrylak DP, Choueiri TK, 
Necchi A, Gerritsen W, Gurney H, et al. Pembrolizumab 
as second-line therapy for advanced urothelial carcinoma. 
N Engl J Med. 2017;376:1015-26. https://doi.org/10.1056/
NEJMoa1613683.

33. Wang X, Teng F, Kong L, Yu J. PD-L1 expression in human 
cancers and its association with clinical outcomes. Onco 
Targets Ther. 2016;9:5023-39. https://doi.org/10.2147/OTT.
S105862.



Oncotarget66864www.impactjournals.com/oncotarget

34. Zhou TC, Sankin AI, Porcelli SA, Perlin DS, Schoenberg 
MP, Zang X. A review of the PD-1/PD-L1 checkpoint in 
bladder cancer: from mediator of immune escape to target 
for treatment. Urol Oncol. 2017;35:14-20. https://doi.
org/10.1016/j.urolonc.2016.10.004.

35. Boorjian SA, Sheinin Y, Crispen PL, Farmer SA, Lohse 
CM, Kuntz SM, Leibovich BC, Kwon ED, Frank I. 
T-cell coregulatory molecule expression in urothelial cell 
carcinoma: clinicopathologic correlations and association 
with survival. Clin Cancer Res. 2008;14:4800-8. https://
doi.org/10.1158/1078-0432.CCR-08-0731.

36. Sweis RF, Galsky MD. Emerging role of immunotherapy 
in urothelial carcinoma-Immunobiology/biomarkers. 
Urol Oncol. 2016;34:556-65. https://doi.org/10.1016/j.
urolonc.2016.10.006.

37. Wu CT, Chen WC, Chang YH, Lin WY, Chen MF. The role 
of PD-L1 in the radiation response and clinical outcome 
for bladder cancer. Sci Rep. 2016;6:19740. https://doi.
org/10.1038/srep19740.

38. Nakanishi J, Wada Y, Matsumoto K, Azuma M, Kikuchi K, 
Ueda S. Overexpression of B7-H1 (PD-L1) significantly 
associates with tumor grade and postoperative prognosis 
in human urothelial cancers. Cancer Immunol Immunother. 
2007;56:1173-82.

39. Xylinas E, Robinson BD, Kluth LA, Volkmer BG, 
Hautmann R, Küfer R, Zerbib M, Kwon E, Thompson RH, 
Boorjian SA, Shariat SF. Association of T-cell co-regulatory 
protein expression with clinical outcomes following radical 
cystectomy for urothelial carcinoma of the bladder. Eur 
J Surg Oncol. 2014;40:121-7. https://doi.org/10.1016/j.
ejso.2013.08.023.

40. Le Goux C, Damotte D, Vacher S, Sibony M, 
Delongchamps NB, Schnitzler A, Terris B, Zerbib M, 
Bieche I, Pignot G. Correlation between messenger RNA 
expression and protein expression of immune checkpoint-
associated molecules in bladder urothelial carcinoma: a 
retrospective study. Urol Oncol. 2017;35:257-63. https://
doi.org/10.1016/j.urolonc.2017.01.014.

41. Zhang P, Ma Y, Lv C, Huang M, Li M, Dong B, Liu X, 
An G, Zhang W, Zhang J, Zhang L, Zhang S, Yang Y. 
Upregulation of programmed cell death ligand 1 promotes 
resistance response in non-small-cell lung cancer patients 
treated with neo-adjuvant chemotherapy. Cancer Sci. 
2016;107:1563-71. https://doi.org/10.1111/cas.13072.

42. Reck M, Rodríguez-Abreu D, Robinson AG, Hui R, Csőszi 
T, Fülöp A, Gottfried M, Peled N, Tafreshi A, Cuffe S, 
O'Brien M, Rao S, Hotta K, et al. Pembrolizumab versus 
chemotherapy for PD-L1-positive non-small-cell lung 
cancer. N Engl J Med. 2016;375:1823-33.

43. Nguyen KQ, Tsou WI, Calarese DA, Kimani SG, Singh S, 
Hsieh S, Liu Y, Lu B, Wu Y, Garforth SJ, Almo SC, Kotenko 
SV, Birge RB. Overexpression of MERTK receptor tyrosine 

kinase in epithelial cancer cells drives efferocytosis in a 
gain-of-function capacity. J Biol Chem. 2014;289:25737-
49. https://doi.org/10.1074/jbc.M114.570838.

44. Chen Y, Zhu G, Wu K, Gao Y, Zeng J, Shi Q, Guo P, Wang 
X, Chang LS, Li L, He D. FGF2-mediated reciprocal tumor 
cell-endothelial cell interplay contributes to the growth of 
chemoresistant cells: a potential mechanism for superficial 
bladder cancer recurrence. Tumour Biol. 2016;37:4313-21. 
https://doi.org/10.1007/s13277-015-4214-4.

45. Miyake H, Hara I, Gohji K, Yoshimura K, Arakawa S, 
Kamidono S. Expression of basic fibroblast growth factor 
is associated with resistance to cisplatin in a human bladder 
cancer cell line. Cancer Lett. 1998;123:121-6.

46. McNiel EA, Tsichlis PN. Analyses of publicly available 
genomics resources define FGF-2-expressing bladder 
carcinomas as EMT-prone, proliferative tumors with low 
mutation rates and high expression of CTLA-4, PD-1 and 
PD-L1. Signal Transduct Target Ther. 2017;2. https://doi.
org/10.1038/sigtrans.2016.45.

47. Baldia PH, Maurer A, Heide T, Rose M, Stoehr R, 
Hartmann A, Williams SV, Knowles MA, Knuechel R, 
Gaisa NT. Fibroblast growth factor receptor (FGFR) 
alterations in squamous differentiated bladder cancer: 
a putative therapeutic target for a small subgroup. 
Oncotarget. 2016;7:71429-39. https://doi.org/10.18632/
oncotarget.12198.

48. Choi W, Porten S, Kim S, Willis D, Plimack ER, Hoffman-
Censits J, Roth B, Cheng T, Tran M, Lee IL, Melquist J, 
Bondaruk J, Majewski T, et al. Identification of distinct 
basal and luminal subtypes of muscle-invasive bladder 
cancer with different sensitivities to frontline chemotherapy. 
Cancer Cell. 2014; 25:152-65. https://doi.org/10.1016/j.
ccr.2014.01.009.

49. Kim S, Lee JJ, Heo DS. PPARγ ligands induce growth 
inhibition and apoptosis through p63 and p73 in human 
ovarian cancer cells. Biochem Biophys Res Commun. 2011; 
406:389-95. https://doi.org/10.1016/j.bbrc.2011.02.052.

50. World Medical Association. World Medical Association 
Declaration of Helsinki: ethical principles for medical 
research involving human subjects. JAMA. 2000; 
284:3043-5.

51. Pichler R, Tulchiner G, Oberaigner W, Schaefer G, 
Horninger W, Brunner A, Heidegger I. Effect of urinary 
cytology for detecting recurrence in remnant urothelium 
after radical cystectomy: insights from a 10-year cytology 
database. Clin Genitourin Cancer. 2017. https://doi.
org/10.1016/j.clgc.2017.03.003.

52. Nickel JC, True LD, Krieger JN, Berger RE, Boag AH, 
Young ID. Consensus development of a histopathological 
classification system for chronic prostatic inflammation. 
BJU Int. 2001; 87:797-805.


