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Summary

Purpose: Platin-based chemotherapies are first-line treat-
ment methods after surgery in bladder cancer. Recently, novel
immunotherapies emerged after platin-based regimens. The
purpose of this study was to evaluate the prognostic signifi-
cance of microsatellite instability (MSI), tumor infiltrating
lymphocytes (TILs) and programmed cell death ligand-1
(PD-L1) expression which are used as predictive biomarkers
in immunotherapy.

Methods: Clinical and pathological features of bladder
cancer patients who underwent radical cystectomy were
retrospectively analyzed from their records in this single-
center study. PD-L1, PD-L1 on TIL, PMS2, MSH2, MSHG
and MLH] immunohistochemistry staining were carried out
to archieve resected tumor specimens of the eligible patients.
MSI was evaluated according to existing of PMS2, MSH2,
MSHG and MLHI.

Results: MSI was high in 24.6% of 61 patients. PD-L1 ex-

Introduction

Urinary bladder cancer was the sixth most com-
mon cancer worldwide among men in 2012 and
responsible for nearly 200.000 deaths estimated in
2018[1,2]. Currently no suitable screening method
exists for early detection or prevention [3]. A 22-
25% reduction in risk of death is obtained with cis-

pression on tumor cells and PD-L1 expression on TIL were
positive in 14.8% and 16.4% of the patients, respectively. In-
tratumoral TIL rate was >10% in 12 patients (19.7%). There
was no statistically significant relationship between PD-L1,
PD-L1 on TIL, MSI and TIL rate and patients’ characteris-
tics including sex, stage, pathologic grade and lymph node
status. There was a positive trend between MSI-high patients
and overall survival (OS) (p=0.089). Univariate analysis did
not reveal any significant difference at 3-years OS with PD-
L1 tumor expression and PD-L1 expression on TIL and TIL
rate >10% (p=0.822, p=0.638, p=0.318, respectively).

Conclusion: This study revealed that there is a positive
trend between OS and MSI but no prognostic significance
of PD-L1 and TIL which are proven predictive biomarkers of
immunotherapy in patients with bladder cancer.

Key words: bladder cancer, urothelial carcinoma, PD-1, PD-
L1, MSI, TIL, immunotherapy

platin-based combinations in adjuvant treatment,
but overall survival (OS) in metastatic disease is
still 13-15 months [4]. Hopefully, the molecular
basis of invasive bladder cancer is capable to help
improve targets for therapies. In particular, when
programmed cell death-1 receptor and its ligand
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(PD-1 and PD-L1, respectively) are expressed in-
tensely on tumors or surrounding T-lymphocytes,
tumor cells can escape from the immune system
and its response [5]. Therefore, blocking this PD-1/
PD-L1 pathway by novel checkpoint inhibitors
is the main approach of bladder cancer immu-
notherapy. Atezolizumab (anti-PD-L1), avelumab
(anti-PD-L1) and pembrolizumab (anti-PD-1) are
mostly investigated and started to be routinely
used immunotherapeutics in urothelial carcino-
ma. Their response rates are 15%, 16% and 28%
(atezolizumab, avelumab and pembrolizumab, re-
spectively) in the metastatic setting after platinum-
based chemotherapy [6-8]. Studies are proceeding
to consolidate their use in the adjuvant setting. Im-
munohistochemically detected presence of PD-1/
PD-L1 axis has predictive value for immunothera-
py. In previous studies response rates were higher
with strong immune or tumor cell PD-L1 expres-
sion by immunohistochemistry (IHC) (15% vs 26%
for atezolizumab, 16% vs 40% for avelumab, 28%
vs 33% for pembrolizumab) [6-8]. Previous studies
have shown different results of PD-L1 expression
on prognosis. Different methods to determine PD-
L1 positivity might interfere with the results which
vary from no correlation to poor prognostic effect
on survival [9-16].

Infiltration of tumor with lymphocytes plays
major role in anti-tumor activity of the immune
system. The existence of tumor-infiltrating lym-
phocytes (TILs) is associated with favorable prog-
nosis in bladder cancer as well as in other can-
cers. CD8+ T-lymphocytes are dominant members
among TILs in anti-tumor immunity [17-21]. Also,
local Bacillus Calmette Guerin (BCG) treatment
for urothelial carcinoma probably has its benefits
through immune response due to T-cell migration
to the tumor site [22].

Bladder cancer is classified as T-staging regard-
ing tissue invasion and grade according to its his-
topathological features. Although this classification
predicts prognosis, tumors having the same T stage
and grade may have various outcomes in different
patients. This behavior is associated to genetic al-
terations. Genetic instability and replication errors
commonly occur as a result of defects in mismatch
repair (MMR) genes. When defective mismatch
repair fails to stabilize microsatellites (simple se-
quence repeats) and their length (number of repeti-
tive sequences) it causes microsatellite instability
(MSI). In a previous study MSI was found to be
correlated with tumor stage and grade as well as
with poor prognosis regardless of grade [23,24].

PD-1/PD-L1 pathway, TILs and MSI have an
arguably predictive and prognostic value for blad-
der cancer. This study aimed to determine the prog-

nostic effects of immunohistochemically detected
tumor PD-L1, PD-L1 expression on TILs, MSI and
TIL count on survival outcomes in patients with
radical cystectomy of bladder urothelial carcinoma
treated with the same treatment and followed-up
in a single center.

Methods

Patient selection

Patients with high-grade invasive urothelial carci-
noma subjected to radical cystectomy between 2008-
2017 were included in the study. Archived hematoxylin
and eosin (H&E) stained slides of selected patients were
evaluated for diagnosis and re-classified according to
WHO classification [25].

Histopathological evaluation

All slides of the cases were investigated and blocks
which contained both non-neoplastic epithelia and inva-
sive tumor were studied. Tumor grade, stage and subtype
differentiation were evaluated from original sections of
selected blocks. All histopathological evaluations were
performed by two different pathologists.

Intratumoral tumor TILs were calculated as the
average number of absolute lymphocyte count in five
consecutive high power field (HPF) containing tumor
and lymphocytes [26].

The density of stromal TILs was scored as weak (O-
10 %), moderate (11-50 %) and strong (=51 %) according
to the percentage of stromal area infiltrated by mono-
nuclear cells in the adjacent stroma of invasive tumor
segments [20].

Immunohistochemical evaluation

Four pm sections from selected blocks for immu-
nohistochemical evaluation were transferred on poly-
l-lysine coated slides. PD-L1 (SP-142 clone, Ventana
Roche), MSH-2 (G219-1129 Mouse monoclonal antibody,
Cell Marque), MSH-6 (44 Mouse monoclonal antibody,
Ventana Roche), MLH-1 (M1 clone, Mouse monoclonal
antibody, Ventana Roche), PMS-2 (EPR3947 Rabbit mon-
oclonal antibody, Cell Marque) determinants were car-
ried out via Benchmark XT immunohistochemical (HIC)
staining device. Splenic and placental tissues were used
as positive controls for PD-L1. Non-neoplastic epithelia,
stromal cells or inflammatory cells detected in the in-
vestigated slide were used as positive controls for MSI
determinants.

Evaluation of PD-L1 expression

After standard deparaffinization, rehydration and an-
tigen retrieval (CCV1 antigen retrieval solution, 64 min
in 100°C), IHC staining was carried out with PD-L1 pri-
mary monoclonal mouse antibody (1:50 dilution, 60 min
in 37°C). Following 10 min with OptiView DAB IHC detec-
tion kit (Ventana) and 30 min with OptiView Amplification
kit (Ventana), rinsing with distilled water and hematoxy-
lin counterstaining were performed. Xylene changes were
performed and they were coverslipped for investigation.
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PD-L1 expression was evaluated separately on tu-
mor intratumoral TILs (iTILs) and stromal TILs (sTILs).

Evaluation of PD-L1 expression on tumor: Staining
density was scored as weak, moderate and strong. Stain-
ing pattern were determined as complete membranous,
incomplete membranous and cytoplasmic. Staining
extent was calculated in percentage as proportion of

Figure 1. Immunohistochemical staining images. (a)
Strong membranous and cytoplasmic PD-L1 expressed
urothelial carcinoma (x200); (b) Strong PD-L1 positivity in
urothelial carcinoma sTIL (x200); (c) Urothelial carcinoma
iTILs positive for strong PD-L1 staining (x200); (d) Positive
staining with PMS-2 (urothelial carcinoma, x200).

Table 1. Patient characteristics and x? results

staining-positive tumor to whole tumor. Tumors were
accepted as PD-L1 positive when =1% of tumor cells
expressed PD-L1 in IHC staining [27] (Figure 1a).

Evaluation of PD-L1 expression in TILs: PD-L1 stain-
ing density was scored separately on iTILs and sTILs.
The percentage of PD-L1 positive lymphocyte count in
the tumor area was calculated for iTILs whereas the ra-
tio between PD-L1 positive lymphocyte count in tumor-
adjacent stroma and invasive tumor area was calculated
for sTIL [28] (Figure 1b and 1c).

Evaluation of microsatellite instability

Following deparaffinization, slides prepared from
selected formalin-fixed, paraffin-embedded blocks incu-
bated for antigen retrieval with CC1 solution during 60
min for each PMS-2, MLH1, MSH2 and MSHG6. PMS-2,
MLH1, MSH2 and MSHG6 primary antibodies were incu-
bated in 40°C for 16 min, 24 min, 16 min and 16 min, re-
spectively. Rinsing with distilled water and hematoxylin
counterstaining were performed. Deparaffinization with
xylene and rehydration were performed and slides were
coverslipped for investigation.

Positive staining referred to =1% specific nuclear
staining on tumor cells while no staining meant nega-
tive result [29]. Positive staining meant mismatch repair
(MMR) proteins were present in the tumor tissue and
therefore stated as MSI-low (MMR-proficient). One or
more negative staining of four MMR proteins meant
MSI-high (MMR-deficient). (Figure 1d).

Statistics

The characteristics of each group were compared
with chi-square and Mann-Whitney U tests (whichever

Tumor PD-L1 TIL PD-L1 MSI iTIL
Positive Negative Positive Negative p MSH  MSLow p <10% >10% p
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Total 61 (100) 9(14.8) 52(85.2) 10 (16.4) 51 (83.6) 15 (24.6) 46 (75.4) 49 (80.3) 12 (19.7)

Sex 0.563 0.185 0.09 0.252
Male 56 (91.8) 8(88.9) 48(92.3) 8(80) 48(%4.1) 12 (80) 44 (95.7) 46 (93.9) 10 (83.3)
Female 5(82) 1(11.1) 4(7.7) 2(20) 3(59) 3(20) 243 3(6.1) 2(16.7)

Age 0.367 0.262 0.099 0.119
<64 34 (55.7) 6(66.7) 28(53.8) 7 (70) 27 (52.9) 11 (73.3) 23 (50) 25(51.0) 9 (75)
>64 27 (44.3) 3(33.3) 24 (46.2) 3(30) 24 (471) 4(26.7) 23 (50) 24 (49.0) 3 (25)

pT 0.258 0432 0.467 0.252
T 1108 2(222) 21 (404) 3(30) 20(39.2) 5(33.3) 18(39.1) 20 (40.8) 3 (25)

T2 12 (19.7)
s 21 (324) 7(77.8) 31 (59.6) 7 (70) 31 (60.8) 10 (66.7) 28 (60.9) 29 (59.2) 9 (75)
T4 17 (27.9)

Lymph node 0.250 0.860 0.605 0.524
NO 45 (73.8) 8(88.9) 37(71.2) 8(80) 37(72.5) 11 (73.3) 34(73.9) 37 (75.5) 8(66.7)

N1 16 (26.2) 1(11.1) 15(28.8) 2(20) 14 (27.5) 4(26.7) 12(26.1) 12 (24.5) 4 (33.3)

p Grade 0437 0.395 0.358 0.321
Low Grade 5(82) 0(0) 5 (9.6) 0 (0) 5(9.8) 2(13.3) 3(6.5) 5(102) 0(0)

High Grade 56 (91.8) 9 (16.1) 47 (83.9) 10 (100) 46 (90.2) 13 (86.7) 43 (93.5) 44 (89.8) 12 (100)
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was more appropriate). OS was defined as the period
from patients’ diagnosis date to death due to any reason
or last follow-up. For survival analysis, Kaplan-Meier
curves and Log-rank test in univariate analysis and Cox
regression in multivariate analysis were used. Parame-
ters which were significant on OS in univariate analysis,
were evaluated in multivariate analysis. Results with
p<0.05 were considered significant. All analyses were
performed using the SPSS software package (IBM Corp.
Released 2011. IBM SPSS Statistics for Windows, Ver-
sion 20.0. Armonk, NY: IBM Corp.).

Results

Fifty-six males (91.8%) and 5 females (8.2%) of
total 61 patients were eligible for the study. Median
age was 61.72 (35-81). In pathological examination;
18% of patients (n=11) had T1 disease while 19.7%
(n=12) had T2, 34.4% (n=21) had T3 and 29.9% of
them (n=17) had T4 disease. 56 (91.8%) patients had
high grade tumors while other 5 (8.2%) patients
had low grade tumors. Forty-five patients (73.8%)
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had NO disease and 16 patients (26,2%) N1 dis-
ease. PMS2, MSH2, MSHG6 and MLH]1 expression
was detected with IHC in 54 (88.5%), 53 (86.9%),
47 (77%) and 55 (90.2%) patients, respectively.
Therefore, MSI was high in 15 patients (24.6%).
PD-L1 expression in tumor cells and PD-L1 ex-
pression on TIL were positive in 14,8% (n=9) and
16.4% (n=10) of patients, respectively. Intratumoral
TIL rate was <10% in 49 patients (80.3%) while
>10% in 12 patients (19.7%). In Chi-square test,
there was no statistically significant relationship
between PD-L1, PD-L1 on TIL, MSI and TIL rate
and patients’ characteristics including sex, stage,
pathologic grade, lymph node status. Table 1 shows
patient characteristics and Chi-square test results.

Three-year OS rate was calculated as 43%.
There was a positive trend with MSI-high patients
and 3-years OS in univariate analysis. (MSI-high:
65.7% vs MSI-low: 38.5%; p=0.089) (Figure 2a).
Univariate analysis did not reveal any significant
difference at 3-year OS with PD-L1 expression
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Figure 2. Kaplan-Meier curves of univariate analyses of MSI (a), PD-L1 on tumor cells (b), PD-L1 on TILs (c) and TIL
rate (d) on 3-year OS (p=0.089, 0.082, 0.638 and 0.318, respectively).
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Table 1. Univariate and multivariate analyses results

Univariate Multivariate
3-year OS (%) p value HR 95% CI p value
Total 43.0
Sex
Male 44.6 0.869
Female 60.0
Age 249 1.136-5.465 0.023
<64 60.9 0.011
>64 20.5
Stage 3.667 1.349-9.970 0.011
pT1-2 77.1 0.004
pT3-4 29.3
Lymph nodes
NO 48.5 0.051
N1 25.6
Tumor PD-L1
Positive 50.0 0.822
Negative 444
TIL PD-L1
Positive 55.0 0.638
Negative 434
MSI
MSH 65.7 0.089
MSLow 38.5
iTIL
<10% 40.8 0.318
>10% 63.5

on tumor cells (positive: 50% vs negative: 44.4%;
p=0.822), PD-L1 expression on TIL (positive:55%
vs negative:43.4%; p=0.638) and TIL rate (<10%:
40.8% vs >10%: 63.5%; p=0.318) (Figure 2b, 2c and
2d). Three-year OS was statistically different with
age (<64: 60.9% vs >64: 20.5%), stage (pT1-2: 77.1%
vs pT3-4: 29.3%) and lymph node status (NO: 48.5%
vs N1: 25.6%).

Age and stage showed statistically signifi-
cant difference in multivariate analysis. (p=0.023,
p=0.011, respectively). Table 2 shows univariate
and multivariate results.

Discussion

MSI and inactivation of mismatch repair pro-
teins have established roles for tumorigenesis and
genetic cancer syndromes such as Lynch syndrome.
Additionally, mismatch repair deficient or MSI-
high phenotype appears to be a pan-cancer bio-
marker which predicts response to immunotherapy.
MSI-high tumors express abundant proteins which
provide antigens to immune system to develop re-
sponse. Therefore, the US Food and Drug Adminis-
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tration (FDA) granted approval to pembrolizumab
for MSI-high or MMR-deficient solid tumors re-
gardless of anatomic site in 2017. In a study where
Le et al investigated PD-L1 blockade (pembroli-
zumab) on MMR-deficient tumors with 12 different
tumor-sites; 53% of the patients had durable objec-
tive response and their further functional analysis
revealed that there was a neoantigen-specific T-cell
response to mutant neopeptides [30].

MMR-deficiency is identified using IHC with
loss of one or more of the four mismatch repair
proteins (MSH2, MSH6, MLH1, PMS2). MMR-de-
ficiency is considered to be MSI-high [31] Although
there is 92% consistency between four antibodies
(PMS2, MSH2, MSH6, MLH1) IHC and PCR meth-
ods to determine MSI status in CRC, these two
methods have not been tested between bladder
cancer [32].

Vaish et al investigated MSI-high phenotype
using PCR and its prognostic effects in bladder can-
cer. They found that MSI-high was associated with
high stage and high grade. They also found that pa-
tients with MSI-high tumors had more recurrenc-
es than MSI-low patients regardless of the tumor
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grade [23]. Jin et al evaluated only IHC detected
MSH2 and found that low staining of MSH2 pro-
tein related to recurrence [33]. Saetta et al also in-
vestigated IHC detected MLH1 and MSH2 proteins
and MSI status via molecular methods. In their
study, reduced MLH]1 expression predicted short-
er disease-free survival. However, the presence of
MSI did not show prognostic significance [34]. On
the other hand, reduced expression of MSH2 and
MLHI1 proteins determined with IHC correlated to
fewer recurrence rates. In the same study where
MSI was investigated via PCR, MSI-high status had
no relation with outcome. Interestingly, there was
a discordance between MSH2/MLH]1 loss and MSI
status which acknowledged that none of the pa-
tients who had reduced MMR proteins expression
showed MSI [35]. Mylona et al also found that loss
of MSHG6 and MSH?2 associated with favorable OS
[36]. All previous studies investigated IHC detected
MMR-deficiency/MSI status and their correlation
with outcome had different patient characteristics
such as stage and only focused on few MMR pro-
teins. To our knowledge, this is the first study to
evaluate MSI status with four THC detected MMR
proteins in regard of OS. Our results showed that
MSI-high/MMR-deficient patients had slightly bet-
ter but not statistically significant OS than those
with MSI-low patients (p=0.089). These results
require elucidation with multi-center prospective
clinical trials which would comprise diverse nature
of bladder cancer and use different techniques to
establish a standard.

Checkpoint inhibitors as immunotherapeutics
are currently used in metastatic bladder cancer.
Atezolizumab, durvalumab, avelumab, nivolumab
and pembrolizumab have been approved and rec-
ommended for second-line treatment after platin-
based chemotherapy in metastatic bladder can-
cer. Furthermore, immunotherapy gains ground
with more ongoing clinical investigations such
as atezolizumab monotherapy vs atezolizumab
plus chemotherapy vs chemotherapy plus place-
bo in first-line (clinicaltrials.gov; NCT02807630),
avelumab in post-platin maintenance treatment
(NCT02603432), pembrolizumab in post-platin
maintenance treatment (NCT02500121), dur-
valumab in adjuvant setting (NCT03732677) and
nivolumab in adjuvant setting (NCT02632409).
There are trials and approvals for 5 checkpoint in-
hibitors and 4 different PD-L1 assigning methods
with various IHC antibodies and cut-off values [37].
This situation arises controversies against the pre-
dictive value of PD-L1. Moreover, the prognostic
significance and its effects on survival of PD-L1
should be fully understood in order to determine
its predictive role.

Bellmunt et al showed that 20% of patients
with metastatic bladder cancer have PD-L1 posi-
tive on tumor cells and 37.1% of them have PD-L1
on TIL. Also in the Bellmunt et al study, PD-L1
positivity on TILs was found to be associated with
longer OS but PD-L1 had no significant prognostic
effect when present on tumor cells. This prognos-
tic effect is attributed to PD-L1 positive TILs that
are more antigen specific and ready to response.
They included both invasive and non-invasive dis-
ease in their study [9]. Nakanishi et al reported
that patients with high PD-L1 expression on tumor
cells have worst outcome when compared to those
with PD-L1 negative tumors in their study where
invasive and non-invasive disease was evaluated
collectively [10]. Moreover, PD-L1 expression on
tumor cells was correlated with poor prognosis
in organ-confined bladder cancer in two different
studies [11,12]. Pichler et al investigated the prog-
nostic effects of PD-L1 expression on tumor cells
and on TIL in patients with high-risk for recur-
rence after radical cystectomy and found that pa-
tients with PD-L1 expression on immune cells had
higher recurrence rates and shorter recurrence-free
survival than those without expression. There was
no difference between tumor cell PD-L1 positive
and negative patients regarding recurrence rates
and recurrence-free survival [13]. Faraj et al study
also evaluated PD-L1 expression and disease out-
come (OS) and found no correlation [14]. In an-
other study, where Huang et al investigated PD-L1
mRNA expression via microarray analyses, PD-L1
was found to be associated with shorter OS [15].
However, Breyer et al found that high PDL-1 mRNA
levels in pT1 non-muscle invasive bladder cancer
patients were associated with favorable survival
rates (recurrence-free survival, progression-free
survival and carcinoma-specific survival) [16]. In
the current study, PD-L1 expression on urothelial
carcinoma cells or on TIL detected via IHC showed
no correlation with OS. These results are consist-
ent with the Pichler et al and Faraj et al studies
but conflicting other studies mentioned above.
These controversies may arise from various dis-
ease stages and PD-L1 assessment methods such
as IHC methods and pathologist dependency by na-
ture. These results regarding the prognostic effect
of PD-L1 expression in bladder cancer shows that
this controversy requires clarification with further
investigations.

Invasion of tumor and its stroma with immune
cells (specifically with T-lymphocytes) has key role
for anti-tumor immunity. Previous studies showed
that the presence of immune infiltration corre-
lates to better survival [17-21]. However, cancer
cells create a tumor microenvironment which is
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established with tumor-induced interactions such
as PD-1/PD-L1 axis to disrupt immune cell func-
tion and escape immune surveillance. Accordingly,
there are also studies that report no correlation
between TIL invasion and better prognosis [38]. In
bladder cancer Sharma et al demonstrated in their
study that infiltration of CD8+TILs was associated
with better disease free survival in muscle-invasive
disease [17]. Faraj et al found that CD8+TIL den-
sity which was defined as =60 CD8+TIL per HPF
was associated with favorable OS [14]. Zhang et al
showed that TIL presence (>1% positive expression
of CD8+TILs) was a favorable prognostic factor on
OS in non-organ-confined disease, but was an un-
favorable factor in organ-confined disease [18]. Our
results showed that there is no correlation between
OS and TIL rate which was defined as presence of
>10% TIL per HPF.

In the current study, we evaluated histopatho-
logically detected lymphocytic immune cells, not
specifically CD8+ cells, and this should be taken
into consideration as a limitation of the study. In
breast cancer, high level of TIL presence has prog-
nostic significance and correlated with longer sur-
vival rates. This prognostic effect identified both
non-specific TILs (via H&E) and CD8+TIL (IHC)
[39,40]. But in bladder cancer, the prognostic sig-
nificance of TILs (both non-specific and CD8+) has
not been identified entirely and detecting methods
are still depended to pathologists. Because various
methods and cut-off levels may contribute to differ-
ent study results, immune infiltration of tumor and
tumor microenvironment requires further compre-
hensive investigations.

The study limitations are the small number of
patients, short follow-up time, single-center and
retrospective design, detecting only non-specific
TILs and detecting MSI status only with IHC and
not in correlation with PCR. Therefore, the results
should be interpreted with caution and further in-
vestigations are necessary for verification.

In conclusion, our study provides evidence of
the prognostic effects of PD-L1, TIL and MSI-high
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