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Abstract: The goal of this study was to assess how PD-L1 expression in tissue specimens of patients
with main molecular subtypes of NMIBC (luminal, basal and double-negative p53-mutant) associates
with relapsed-free survival in dependence on the tumor grade and prior treatment of primary bladder
cancer. PD-L1 expressions on the membrane of neoplastic and CD8+ immune cells were assessed in
tumor specimens (n = 240) of primary and relapsed luminal, basal and double-negative p53-mutant
NMIBC. Association between relapse-free survival and PD-L1 expression was estimated for high- and
low-grade relapsed NMIBC according to previous treatment and their molecular profile, using the
Kaplan–Meier method, and assessed by using the log-rank test. Potential confounders were adjusted
by Cox regression models. In a group of patients who underwent only TUR without intravesical
therapy, there were significant differences in relapse time between high- and low-grade tumors in basal
and luminal molecular subtypes; for basal relapsed carcinoma, RFS was shorter in cases where tumors
were less malignant. Both intravesical mitomycin and Bacillus Calmette–Guerin (BCG) therapy
significantly extended the time of recurrence of low-grade luminal and basal bladder malignancies
with no intergroup differences in double-negative NMIBC. PD-L1 expression status was associated
with RFS for luminal relapsed NMIBCs in the group without previous frontline intervention, and with
RFS in the group of patients with luminal relapsed bladder cancer previously utilized BCG. Obtained
results may be considered as a promising approach for further clinical implementation.
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1. Introduction

Despite the extensive information and many previous studies on this topic, in some patients with
non-muscular invasive bladder cancer (NMIBC), the disease progression occurs in an unpredictable
manner. It is obvious that a natural history of disease in a late follow-up period (more than 5 to 10
years) cannot be assessed only by clinical or patho-morphological features of the primary tumor [1].
At the present time, a simple EORTC’s stratification based on tumor type or its grade failed to answer
the question of the possible chemotherapy and/or immunotherapy efficacy, as well as to predict the
progression of the disease in a late follow-up period [2]. Nowadays, programmed death receptor ligand
1 (PD-L1) is the most studied immune checkpoint molecule, which promotes immunosuppression by
binding to PD-1 on T-cells in tumor immunity, and it already plays a crucial role in muscle-invasive
bladder cancers (MIBC) treatment [3,4]. In NMIBC patients, its value remains unclear [5]. It is, therefore,
necessary to investigate the possible potential relationship between PD-L1 expression and Bacillus
Calmette–Guerin (BCG) immunotherapy effectiveness, as well as the prognostic significance of PD-L1
expression in association with other molecular-genetic markers, such as basal and luminal NMIBC
subtypes. The two intrinsic subtypes of bladder cancer show different clinical behavior and responses
to frontline chemotherapy [2,6]. In chemotherapy naive setting, NMIBC of the basal subtype was more
aggressive, with shorter survival, when compared to luminal non-muscle invasive bladder cancer.
On the other hand, basal bladder cancer was more sensitive to particular chemotherapy, and the
patients with this form of the disease have more benefits from frontline chemotherapy than luminal
subtype [6]. The prognostic value of basal or luminal tumor types in association with PD-L1 expression
in NMIBC patients has not been evaluated yet. At the same time, some investigators reported that
bladder cancer expressing high PD-L1 showed a poor prognosis [7–9], but others suggested high
PD-L1 level predicted the good prognosis [10]. Thus, according to Kawahara et al. (2018), correlation
between PD-L1 expression and the prognosis remains controversial [11]. The aim of this study was to
assess how PD-L1 expression in tissue specimens of patients with main molecular subtypes of NMIBC
(luminal, basal and double-negative p53-mutant) associates with relapsed-free survival in dependence
on the tumor grade and prior treatment of primary bladder cancer.

2. Results

Four groups of patients were created, representing individual tumorigenic history as follows:
primarily diagnosed urothelial carcinoma, first relapsed chemotherapy- and immunotherapy-naive
non-muscular bladder cancer, and two groups of first relapsed tumors after either mitomycin or
BCG intravesical treatment. Each group includes tumors of main molecular subtypes, according to
Dadhania et al. [2] signature, as follows: GATA3(+)/KRT5/6(−) (luminal molecular subtype), GATA3
(−)/KRT5/6(+) (basal molecular subtype) and GATA3(−)/KRT5/6(−) (double-negative p53- expressing
molecular subtype) (Appendix A, Figure A1). In turn, every molecular subgroup was divided into high-
and low-grade malignancies based on histological examination [12] and World Health Organization
(WHO) 2004/2016 classification [13].

2.1. PD-L1 Expression in Primary and Relapsed Non-Invasive Urothelial Tumors

Primary carcinomas expressed PD-L1 differently depending on the tumor molecular subtype
and its grade (Figure 1). Primary luminal low-grade tumors’ PD-L1 expression level was 19.6 ± 1.3%,
while in more malignant tumors, it was 29.3 ± 1.3% (p = 0.001). Expression level of firstly detected
basal NMIBC of high-grade was 5.0 ± 0.6% and increased up to 8.4 ± 0.6% in the case of low-grade
tumors. Double-negative p53-mutant primary high-grade urothelial cancer was characterized by
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scantily PD-L1 expression (2.0 ± 0.4%), whereas tumors with low malignant potential had zero-Median
PD-L1-expressing profile.

In relapsed tumors of patients left without any kind of intravesical chemo- and immunotherapy
after transurethral resection of primary urothelial carcinoma, we observed unevenness of PD-L1
expression. Luminal and basal highly malignant non-invasive carcinomas showed intensive membrane
anti-PD-L1-staining occupied 26.7 ± 0.7% and 24.7 ± 0.6% of cells, respectively. Low-grade NMIBC
specimens of luminal molecular subtype were less positively stained than more malignant ones (14.8 ± 1.1%,
p = 0.005). Double-negative p-53 expressing relapsed tumors of both grades contained an equally low
number of PD-L1-expressing cells (high-grade tumor—1.0 ± 0.5%; low-grade tumor—0.8 ± 0.2%).

Recurrent tumors after previous transurethral resection and following intravesical instillation of
mitomycin were generally characterized by low PD-L-1 expression. In high- and low-malignant
GATA3-expressing tumors, 9.8 ± 0.5% and 7.8 ± 0.7% of cells expressed PD-L1 (p = 0.06).
We observed differences in the molecular marker expression level between potentially more-malignant
KRT5/6-expressing NMIBC (5.2 ± 0.7%) and a less-malignant one (0.8 ± 0.5%, p = 0.001). Registration of
positively stained cells in double-negative p53-mutant bladder cancer sections also revealed intergroup
significance between high-grade (4.3 ± 0.7%) and low-grade (2.0 ± 0.4%, p = 0.005) tumors.
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Figure 1. PD-L1 expression in primary and recurrent NMIBC. Boxplots show Medians of percentage 
of anti-PD-L1 positively stained cells in high-grade (HG) and low-grade (LG) primary (1), relapsed 
untreated (2), relapsed mitomycin-treated (3) and Bacillus Calmette–Guerin (BCG)-utilized (4) tumor 
specimens of luminal molecular subtype of bladder cancer (A); basal subtype of urothelial carcinoma 
(B) and double-negative (Do.Ne.) p53-expressing NMIBC (C): *—p < 0.05, intergroup comparison 
between HG and LG tumors of the same molecular subtype, independent t-test. Microphotographs 
of anti-PD-L1-stained tumor sections, IHC, ×500. 

Recurrent tumors after previous transurethral resection and following intravesical instillation of 
mitomycin were generally characterized by low PD-L-1 expression. In high- and low-malignant 
GATA3-expressing tumors, 9.8 ± 0.5% and 7.8 ± 0.7% of cells expressed PD-L1 (p = 0.06). We observed 
differences in the molecular marker expression level between potentially more-malignant KRT5/6-
expressing NMIBC (5.2 ± 0.7%) and a less-malignant one (0.8 ± 0.5%, p = 0.001). Registration of 
positively stained cells in double-negative p53-mutant bladder cancer sections also revealed 
intergroup significance between high-grade (4.3 ± 0.7%) and low-grade (2.0 ± 0.4%, p = 0.005) tumors. 

According to our observation, frontline immunotherapy with BCG caused sufficient impact on 
PD-L1-expressing status of afterward relapses of bladder tumor. Thus, both advanced and low-
malignant luminal recurrent NMIBC showed a high marker expression rate (36.0 ± 2.0% and 24.1 ± 
1.2%, respectively), though with intergroup differences (p = 0.005). For basal molecular subtype of 
bladder cancer recurrence, PD-L1 expression profile of both high- and low-grade specimens was 
significantly low—21.0 ± 1.7% and 6.9 ± 1.0%, respectively (p = 0.001, intergroup comparison), 
whereas double-negative p53-mutant highly malignant relapsed tumors exhibited 40.8 ± 3.2% of 

Figure 1. PD-L1 expression in primary and recurrent NMIBC. Boxplots show Medians of percentage
of anti-PD-L1 positively stained cells in high-grade (HG) and low-grade (LG) primary (1), relapsed
untreated (2), relapsed mitomycin-treated (3) and Bacillus Calmette–Guerin (BCG)-utilized (4) tumor
specimens of luminal molecular subtype of bladder cancer (A); basal subtype of urothelial carcinoma
(B) and double-negative (Do.Ne.) p53-expressing NMIBC (C): *—p < 0.05, intergroup comparison
between HG and LG tumors of the same molecular subtype, independent t-test. Microphotographs of
anti-PD-L1-stained tumor sections, IHC, ×500.

According to our observation, frontline immunotherapy with BCG caused sufficient impact
on PD-L1-expressing status of afterward relapses of bladder tumor. Thus, both advanced and
low-malignant luminal recurrent NMIBC showed a high marker expression rate (36.0 ± 2.0% and
24.1 ± 1.2%, respectively), though with intergroup differences (p = 0.005). For basal molecular
subtype of bladder cancer recurrence, PD-L1 expression profile of both high- and low-grade specimens
was significantly low—21.0 ± 1.7% and 6.9 ± 1.0%, respectively (p = 0.001, intergroup comparison),
whereas double-negative p53-mutant highly malignant relapsed tumors exhibited 40.8 ± 3.2% of
positively-stained cells (p = 0.001, in comparison with the low-malignant subgroup, where only 16.8 ±
1.1% of tumor cells expressed PD-L1).

2.2. Intensity of Tumor-Associated Immune Cells’ Infiltration in Primary and Relapsed NMIBC

As it has been reported, tumor microenvironment is broadly involved in cancer development
and progression [14–18]. In relation to the subject of our study, tumor-infiltrating immune cells in
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urothelial cancers can express PD-L1 exhibiting immune downregulation, which should be taken into
consideration when assessing what kind of cells—malignant or stromal—expresses PD-L1. Therefore,
we assessed the level of T-suppressor population in each of the study groups (Figure 2).
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Figure 2. Tumor-associated immune CD8+ cells infiltration in primary and relapsed NMIBCs. 
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Figure 2. Tumor-associated immune CD8+ cells infiltration in primary and relapsed NMIBCs. Boxplots
summarized primary data and Medians of CD8+ expression in high-grade (HG) and low-grade (LG)
luminal (A), basal (B) and double-negative (Do.Ne.) p53-expressing (C) primary (1), relapsed untreated
tumors (2) and recurrent urothelial cancers of patients utilized intravesical mitomycin (3) and BCG
(4): *—p < 0.05, intergroup comparison between HG and LG tumors of the same molecular subtype,
independent t-test. Microphotographs display brown-colored nuclei of anti-CD8+ IHC-stained immune
cells, ×500.
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In primary bladder carcinoma CD8+ cells occupied 26.7± 1.4% of tumor area of high-grade luminal
NMIBC and 16.8 ± 0.8% (p = 0.001) of tumor tissue with low malignant potential; basal molecular
subtype of primary bladder cancers presented a low level of CD8+ expression, which was significantly
higher in low-grade tumors (8.0 ± 0.8%) than in highly malignant tissues (5.3 ± 0.7%; p = 0.005).
Double-negative p53-expressing primary tumors of both grades were equally infiltrated by T-suppressor
immune cells. They occupied no more than 2.8 ± 0.4% of high-grade and 2.4 ± 0.4% of low-grade tumor
area. High-grade relapsed chemotherapy- and immunotherapy-naive tumors of both luminal and
basal molecular subtypes were intensely infiltrated by immune CD8+ cells: T-suppressors occupied
24.9 ± 1.3% and 24.1 ± 1.0% of the tumor area, respectively, while CD8+ expression in low-grade
tumors was 13.4 ± 1.2% for luminal subtype (p = 0.002 in comparison with high-grade GATA3-positive
NMIBC) and 19.5 ± 1.3% for basal one. Double-negative p53-mutant relapsed bladder carcinoma
reproduced the same level of immune cells’ tumor-related population as it was in luminal and basal
NMIBCs, without intergroup differences between high- and low-grade subtypes.

The first relapse of NMIBC after intravesical mitomycin treatment was generally characterized by a
low level of CD8+ expression and demonstrated no differences between carcinomas with high and low
malignant potential. On the contrary, recurrent tumors of patients treated with intravesical BCG broadly
differed regarding both the neoplasm molecular subtype and malignant potential. Thus, 26.8 ± 1.8% of
cells of high-grade GATA3-positive relapsed bladder cancer expressed CD8+; in low-grade tumors,
21.7 ± 1.5% of cells represented stromal immune microenvironment. KRT5/6-positive highly malignant
urothelial carcinoma was infiltrated by immune cells at 17.1 ± 1.4% level, whereas in low-grade basal
NMIBC, CD8+ cells occupied only 5.1 ± 0.8% of tumor area (p = 0.001). Unlike all groups described
above, 29.7 ± 1.2% of tumor area of high-grade double-negative p-53 mutant subtype of recurrent
NMIBC was occupied by CD8+-expressing cells; more than twice lower T-suppressor population
(12.3 ± 0.9%; p = 0.001 intergroup comparison) infiltrated relapsed double-negative p53-expressing
bladder carcinoma with low malignant potential.

2.3. Mapping of PD-L1 Expressing Status of Relapsed NMIBCs

As we have mentioned above, to assess tumor PD-L1 expression status correctly, it is crucial to
determine whether neoplastic or stromal immune cells are positively stained with anty-PD-L1 antibody.
We estimated PD-L1 expression level for malignant and CD8+ immune cells in each study subgroup as
per the antibody manufacturer’s interpretation guide [19], and we presented the results as a color-map
(Figure 3).
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All primary low-grade and luminal high-grade tumors had Low PD-L1-expressing status, while
in malignant basal and double-negative cancers, High PD-L1+ status was related to prevalent immune
cells’ membrane expression. Tumor-associated microenvironment determined High PD-L1 status
of GATA3-positive and KRT5/6-expressing bladder tumors detected as the first relapse after TUR
without frontline intravesical instillations. On the contrary, double-negative p53-mutant tumors of
this group did not intensely react with anti-PD-L1 antibody. In the mitomycin-utilized group of
relapsed tumors, low-malignant basal and double-negative recurrent bladder carcinomas had Low
PD-L1+ status. Immune cells of luminal and more malignant types of basal and double-negative
p53 mutant tumors were highly PD-L1-expressive. Among the first recurrent tumors that emerged
after previous BCG intravesical immunotherapy, high-grade luminal and double-negative bladder
carcinomas reproduced High PD-L1+ status. Notably, that expression level was determined in both
stromal and neoplastic cells.

2.4. Association Between PD-L1 Expression and Relapse-Free Survival in Chemotherapy/Immunotherapy-Naive
and Frontline Treated NMIBC of Main Molecular Subtypes with High and Low Malignant Potential

For each molecular subtype of recurrent NMIBC, we evaluated the associations between the
tumor grades and relapsed-free survival (Figure 4). In the group of patients who had not utilized
frontline treatment after TUR, the Kaplan–Meier plot showed that relapse time was lower for those
with high-grade luminal NMIBC. For the basal molecular subtype of bladder cancer, relapse time was
lower for patients with low-grade urothelial carcinoma. In the group of patients with a double-negative
p53-expressing molecular subtype of NMIBC, relapse time was lower for those with high-grade tumors.
According to the long-rank test, there was significant evidence of a difference in relapse times in
luminal and basal NMIBC for low- and high-grade tumors (p < 0.05).

In the group of patients that utilized intravesical mitomycin after TUR, the emerging time of
high-grade luminal relapsed tumor was lower than the time to low-malignant urothelial cancer
recurrence. In the case of high-grade basal NMIBC, relapse-free survival was lower in comparison with
low-grade tumors. Survival time to double-negative p53 mutant NMIBC recurrence was not associated
with the tumor grade. According to long-rank test, there was significant evidence of a difference in
relapse times in luminal and basal NMIBC for low- and high-grade relapsed carcinomas (p < 0.05).

TUR followed by intravesical BCG instillations led to increase relapse-free time to recurrence of
low-grade luminal and basal NMIBC with intergroup RFS significance between low- and high-grade
relapsed tumors (p < 0.05, long-rank test). For double-negative p53-expressing NMIBC, relapse time
was the same for patients with high- and low-grade bladder malignancies.

With the assistance of univariate analysis, we found out that PD-L1 expression status was
associated with relapse time of luminal NMIBC in the group of bladder cancer without previous
frontline intervention, and it was also associated with RFS in the group of patients with luminal
relapsed bladder cancer previously utilized frontline therapy by BCG instillations (Table 1). At the
same time, PD-L1 expression was not associated with RFS in the group of patients with first relapsed
basal NMIBC that previously underwent only TUR (p = 0.053) and in the group of BCG-treated NMIBC
with relapsed double-negative p53-expressing urothelial cancer (p = 0.5). We did not find a link
between PD-L1 expression status and RFS for patients with high- and low-grade NMIBC relapses of all
molecular subtypes whose primary tumors were treated by intravesical mitomycin.
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the tumor, in association with previously utilized frontline treatment.

Table 1. Univariate Cox regression analysis of association between PD-L1 expression status (High vs.
Low) and relapse-free survival.

Relapse Subgroups HR 95% CI p-Value

First relapse,
chemotherapy- and

immunotherapy-naive
settings

Luminal NMIBC 0.29 0.10–0.83 0.022

Basal NMIBC 3.59 0.98–13.14 0.053

Double-negative NMIBC - - -

First relapse,
mitomycin-treated

settings

Luminal NMIBC - - -

Basal NMIBC - - -

Double-negative NMIBC - - -

First relapse,
BCG-treated settings

Luminal NMIBC 0.04 0.006–0.37 0.004

Basal NMIBC - - -

Double-negative NMIBC 1.44 0.49–4.17 0.50
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3. Discussion

Different studies have been initiated to explore difficult and ambiguous relationship among a
broad range of biological, social, gender and other factors involved in development, progression and
treatment response of non-muscular invasive bladder cancer [1,2,4–11]. Tumor behavior is supposed
to be a result of the neoplasia’s nature, its molecular subtype and malignant potential, which in
sophisticated combinations increase predictive uncertainty and leave practitioners without strong
prognosticators. The discovery of immune avoidance as a major mechanism of cancer growth and
progression revolutionized therapeutic approaches in oncology [20]. Programmed cell death receptor
and its ligand 1 form a molecular axis, along which NMIBC, amid other tumors, breaks natural immune
defense [7,8,11]. Therefore, inhibition of PD-1/PD-L1 signaling might be a promising way to control
the disease’s aggressive behavior. At the same time, molecular multiplicity of the tumor influences
the surgical and therapeutical outcomes of anticancer interventions [9,10]. Taking into consideration
molecular and malignant diversity of primary and relapsed bladder cancer, the idea of our study
was to analyze how PD-L1 expression associates with relapse-free survival of patients with recurrent
GATA3 (+), KRT5/6 (+) and double-negative NMIBC regarding tumor grade and previous surgical and
chemo-/immunotherapy settings.

We found out that first basal and luminal relapses of NMIBC display upregulation of
PD-L1-expression (except low-grade basal mitomycin-treated NMIBC) regardless of the tumor grade
and previous therapy. On the contrary, high-grade double-negative p53-mutant recurrent NMIBC
expressed PD-L1 differently in dependence on previously utilized treatment, whilst low-grade double
negative bladder relapsed tumors were always PD-L1 low or negative. Davick with co-authors
previously reported upregulation of PD-L1 expression in high-grade urothelial carcinoma, but without
association with overall survival in study groups [20]. The authors highlighted particularities of PD-L1
regulation largely in primary bladder tumors. Earlier we documented the same PD-L1 expressing
pattern in GATA3 (+), KRT (+) and p53-mutant human-derived xenograft tumors of urothelial
origin [21]. It is utterly important to determine a nature of PD-L1 positivity for each molecular and
malignant kind of relapsed urothelial carcinoma, because targeting of PD-1/PD-L1 pathway on the
membrane of neoplastic cells and on CD8+ T-suppressor cells possesses powerful potency for effective
disease control [22]. We observed that tumors of all groups were infiltrated by PD-L1-expressing
CD8+ cells with prevalence of T-suppressor population (more than 10% of all cells) in chemotherapy-
and immunotherapy-naive high- and low-grade relapsed luminal and basal NMIBC, and in high-
and low-grade luminal and double-negative, high-grade basal relapsed urothelial carcinoma after
previously utilized frontline immunotherapy by BCG. A similar level of immune infiltrates in T1
high-grade tumors versus MIBC was reported by Wankowitz et al. [23]. The researchers underlined
that prevalence of immune cell PD-L1 positivity was characterized for non-invasive T1 urothelial
cancer, whereas in muscular invasive bladder tumors, the authors detected a high number of positively
stained neoplastic cells. Similar observations were documented for ovarian and breast cancers, as well
as melanoma [18,24,25]. In our study, we determined that PD-L1 expression in recurrent non-invasive
bladder tumors was associated with not only tumor grade, but also with NMIBC molecular subtype
and previously utilized frontline treatment.

It is widely known that frontline treatment of primary NMIBC influences clinical outcomes and
relapse-free survival, in particular [9]. Nevertheless, an association between previous treatment,
molecular subtype of first relapsed NMIBC and its PD-L1 expression status remains unclear. We found
out that, in the group of patients that underwent only TUR without intravesical frontline therapy,
there were significant differences in the time to relapse between high- and low-grade tumors in basal
and luminal molecular subtypes. Interestingly, for basal relapsed carcinoma, RFS was shorter in
the case of less-malignant tumors. Survival to relapses with high and low malignant potential did
not differ in double-negative bladder cancer. Only for luminal (GATA3-positive) relapses in this
group time to relapse was associated with PD-L1 expression status. Intravesical mitomycin therapy
significantly prolonged the time to recurrence of low-grade luminal and basal bladder malignancies
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with no intergroup differences in double-negative NMIBC. There was not any link between PD-L1
expression status and RFS for relapsed tumors in this group of patients. TUR with subsequent
intravesical instillation of BCG postponed an occurrence of low-grade luminal and basal relapsed
NMIBC, with strong association between PD-L1 expression status and RFS of patients with luminal
molecular subtype of NMIBC relapse.

4. Materials and Methods

4.1. Study Design

The study design is summarized in Figure A2 (Appendix B). The morphological diagnosis and
tumor grades of all malignancies were evaluated by histological examination (HE) of hematoxylin
and eosin-stained sections, according to the WHO classification guidelines. After that, tumors were
classified into CIS, Ta, T1, T2, T3 and T4 [12,13]. We took chemo-/immunotherapeutic background from
medical records for each case of relapsed bladder cancer. Initially, for the purpose of differentiating
basal, luminal and double-negative p53-mutant subtypes of primary NMIBC and relapsed tumor
GATA3, KRT5/6 and p53 expression were determined by immunohistochemistry in formalin-fixed and
paraffin-embedded samples. Regarding the obtained diagnostic data, all cases were divided in twelve
groups, as follows: luminal primary NMIBC, basal primary NMIBC, double-negative p53-mutant
primary NMIBC; first relapsed luminal, basal and p53-mutant double-negative chemotherapy- and
immunotherapy-naive NMIBC, first relapse of luminal, basal and p53-mutant double-negative tumors
previously treated with intravesical mitomycin or BCG, with 20 cases in each group. Taking into
consideration a role of tumor microenvironment in cancer progression and reply to healing intervention,
level of CD8+ immune cells was evaluated for each tumor sample. After that, specimens of all
groups underwent immunohistochemical testing for PD-L1 expression. Finally, association between
relapse-free survival and PD-L1 expression was estimated for high- and low-grade relapsed NMIBCs,
according to previous treatment and molecular profile.

4.2. Ethic Statement

Research Protocol of this non-interventional study and patient’s consent form were reviewed and
approved independently by Ethic Committee of Sechenov University at the Committee Board meeting
on September 16, 2019 (Approval No. 9; Rev. No 16/09-1-2019) and Scientific Board of Bio-Ethic
Commission of National Research Medical Center of Radiology (Approval No. 12, 02 October 2019;
Rev. No. 02/10-2019-E).

4.3. Data Sources and Study Population

4.3.1. Sample Size and Study Population

To date, the data of PD-L1 expression level in NMIBC are limited and controversial. There are a few
studies in which researchers evaluated PD-L1 expression in different NMIBC variants, using different
diagnostic approach, clones of antibody and expression cutoff [20,26–28]. We calculated two variants
of sample size estimation based on minimal and maximal quantity data, using the Chi-squared statistic
(or z-test). Due to the absence of exact data about PD-L1 expression in basal and luminal NMIBCs,
we calculated the sample size based on data from general urothelial cancer population. In the articles
used as the basis for the calculation, some authors assessed PD-L1 expression in tumor cells and the
cutoff for PD-L1 positivity was ≥ 5%. In one previous study, PD-L1 expression on tumor cells after BCG
treatment became positive at 70%. We were planning to assess the PD-L1 expression in both tumor and
immune cells and used the 25% of PD-L1 positive cells as cutoff. Considering the information listed
above, we assumed that the sample size would be near to a mean value between these two calculations.
We used G*Power 3.1.9.4 for Mac OS X 10.7 (HHU, Dusseldorf, Germany) to estimate sample size for
the study.
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An informed consent for using tissue samples and disease-related information was voluntarily
obtained from each study participant. In total, 240 patients diagnosed with non-muscular invasive
bladder cancer who underwent cystoscopy with biopsy and/or transurethral resection with appropriate
6-year follow-up period at Sechenov University and Russian National Research Medical Center of
Radiology between 9 January 2014 and 30 December 2019 were enrolled in the study. The index date for
participants was their diagnosis date. Table 2 displays most important disease-related characteristics
of patients enrolled in the study. All patients met the eligibility criteria listed below.

Table 2. Disease-specific characteristics of patients, according to their distribution to the study groups.

Study Group Tumor Stage,
Grade, n Gender (n) Age, Mean ± SD Tumor Histology

Primary tumors, n = 20 in each group

Luminal NMIBC
T1, HG, n = 8 M (3), F (5) 54.2 ± 4.1

Urothelial papillary
carcinoma,

micropapillary
carcinoma

T1, LG, n = 12 M (8), F (4) 57.6 ± 3.8

Basal NMIBC
T1, HG, n = 6 M (3), F (3) 61.4 ± 5.3

T1, LG, n = 14 M (9), F (5) 60.2 ± 4.4

Double-negative

CIS, HG, n = 1 M (0), F (1) 72

T1, HG, n = 7 M (4), F (3) 58.3 ± 2.9

T1, LG, n = 12 M (7), F (5) 55.9 ± 3.7

Total LG (41), HG (19) M (34), F (26) Average 57.7 ± 3.6

Immunotherapy/chemotherapy-naive relapsed tumors, n = 20 in each group

Luminal NMIBC
T1, HG, n = 9 M (6), F (3) 63.7 ± 4.1

Urothelial papillary
carcinoma

T1, LG, n = 11 M (8), F (3) 58.7 ± 4.6

Basal NMIBC
T1, HG, n = 7 M (4), F (3) 64.3 ± 3.3

T1, LG, n = 13 M (8), F (5) 51.5 ± 4.5

Double-negative
T1, HG, n = 5 M (3), F (2) 53.1 ± 5.4

T1, LG, n = 15 M (7), F (8) 54.6 ± 2.8

Total LG (39), HG (21) M (36), F (24) Average 55.4 ± 3.8

First relapse after prior intravesical Mitomycin treatment, n = 20 in each group

Luminal NMIBC
T1, HG, n = 8 M (4), F (4) 50.2 ± 3.2

Urothelial papillary
carcinoma

T1, LG, n = 12 M (7), F (5) 54.2 ± 2.7

Basal NMIBC
T1, HG, n = 6 M (2), F (4) 64.0 ± 3.6

T1, LG, n = 14 M (11), F (3) 59.4 ± 3.5

Double-negative
T1, HG, n = 9 M (3), F (6) 55.6 ± 4.8

T1, LG, n = 11 M (5), F (6) 54.7 ± 3.5

Total LG (37), HG (23) M (32), F (28) Average 56.4 ± 3.5

First relapse after prior intravesical BCG treatment, n = 20 in each group

Luminal NMIBC

CIS, HG, n = 2 M (2), F (0) 56; 67

Urothelial papillary
carcinoma,

micropapillary
carcinoma,

squamous cancer

T1, HG, n = 7 M (4), F (3) 61.1 ± 3.2

T1, LG, n = 11 M (7), F (4) 58.9 ± 2.6

Basal NMIBC
T1, HG, n = 3 M (2), F (1) 48.4 ± 4.5

T1, LG, n = 17 M (9), F (8) 53.2 ± 2.9

Double-negative
T1, HG, n = 4 M (3), F (1) 55.9 ± 3.8

T1, LG, n = 16 M (9), F (7) 57.5 ± 3.0

Total LG (46), HG (14) M (36), F (24) Average 53.8 ± 3.4

M—male; F—female; LG—low grade; HG—high grade.
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The inclusion criteria consisted of the following:

• Age > 18 years at the time of first diagnosis;
• Diagnosis of NMIBC;
• With available formalin-fixed tumor tissue sample for IHC testing.

Detection of muscular-invasive bladder cancer as primary tumor and a patient’s death before
NMIBC relapse were exclusive criteria for the study.

Study population consisted of 140 males with average age of 59.6 ± 3.8 and 100 females aged 61.3
± 2.9. The majority of all primary and relapsed cases displayed T1 urothelial papillary carcinoma with
low-grade (total number—176) and high-grade (total number—61) malignant potential, according to
WHO 2004/2016 classification [13]. Three tumors, one of which from the group of primary-detected
neoplasms and the other two from relapsed BCG-treated group, were diagnosed as high-grade
monofocal primary CIS histologically presented by micropapillary carcinoma and squamous cancer.
Overall gender and grade-related intergroup patients’ distribution was homogenous among primary,
relapsed untreated and relapsed treated groups (Table 2).

4.3.2. Data Sources

Primary formalin-fixed and paraffin-embedded tumor specimens (n = 240) were obtained from
Tissue Banks of National Research Medical Center of Radiology and Institute of Urology of Sechenov
University, between 2014 and 2019. Tissue conditions met basic requirements for biological samples’
preserving; this ensured equal diagnostic quality of all samples.

4.4. Immunohistochemistry

For ICH, we used 4µm thick histological sections of surgical or biopsy material of urothelial bladder
cancer. All tissue samples were fixed in a buffered 10% formalin solution for 6–72 h, dehydrated and
saturated with paraffin, according to the standard protocol in tissue histological Spin vacuum processor
(STP250-V, “Histo-Line Laboratories Srl”, Italy) in automated regimen. All paraffin-embedded blocks
contained enough material to study protein expression by using both positive and negative controls.

We used monoclonal antibody against human GATA3 (HG3-31 clone, dilution, 1:100; Santa Cruz
Biotechnology Inc., Santa Cruz, CA, USA), to evaluate transcription factor encoded by GATA3 gene
expression and classify bladder cancer as belonging to luminal molecular subtype. To select basal
molecular subtype of non-invasive urothelial carcinoma, we stained the sections with monoclonal
antibody against human KRT5/6 (D5/16B4 clone, 1:50 dilution, Dako, Denmark). We used >80% cutoff

for KRT5/6 cytoplasm staining with low/undetectable (<10%) GATA3 nuclear positivity to classify
urothelial cancer into basal molecular subtype, and vice versa for luminal subtype of NMIBC [29,30].
To assess CD8+ immune cell population in tumor specimens, we counted positively stained cells, using
anti-CD8 antibody (catalog No. ab4055, Abcam, Cambridge, UK).

To determine the tumor samples’ PD-L1-expressing status we operated with Ventana PD-L1
(SP263) Assay with the OptiView DAB IHC Detection Kit (Cat. No. 760–700/06396500001) and signal
amplification (Ventana Medical Systems, Inc., Tucson, AZ, USA). From each tumor sample, two sections
were made for research and for negative control. In the negative control, the section was stained
according to the manufacturer’s protocol, similarly to the main study; however, the VENTANA Rabbit
Monoclonal Negative Control Ig (Cat. No. 790–4795/06683380001) negative control reagent was
used as a primary antibody. We used tonsils tissue samples as a positive control in each reaction
cycle. To set up a reaction with the SP263 assay, after the dewaxing and unmasking antigens, rabbit
monoclonal antibody PD-L1 (SP263) in working dilution was applied to the prepared tumor sections.
After incubation with the primary antibody or negative control reagent, the OptiView DAB IHC
Detection Kit with OptiView Amplification Kit was used. The final step was hematoxylin staining.
All reaction steps were carried out in an automated mode on a VENTANA BenchMark ULTRA ICH
stainer (Ventana Medical Systems, Inc., Tucson, AZ, USA), as per manufacturer’s instructions. At the
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first stage of the analysis, the staining of positive and negative cell lines and positive tissue control
was evaluated. Then, ICH reactions were evaluated for urothelial cancer samples. The percentage of
PD-L1-positive immune and tumor cells among the total number of cells was scored in five randomly
PC-selected high-power fields (magnification, ×500), and percentages ≥ 25% of tumor cells (TC) and/or
≥ 25% of immune cells (if they (ICP) represented more than 1% of total cell population) with positively
stained membranes (IC+) were classified as High PD-L1+ status. The positive membrane staining rate
was between 0% and 25% for TC or/and between 0% and 25% for IC+, if ICP ≥ 1% of all cell population
was considered as Low PD-L1+ status. Absence of membrane positive staining appropriated negative
PD-L1 status.

4.5. Statistical Analysis

Descriptive statistics (Mean ± SD), median and frequencies summarized tumor laboratory
characteristics for all enrolled subjects. The following variables were analyzed: primary variable—
relapse-free survival, and laboratory variables PD-L1 expression status, CD8+ expression status,
grade of PD-L1 expression. For statistical analysis SPSS (version 22.0, IBM, Chicago, IL, USA) was
used, and p < 0.05 was considered statistically significant. To study the differences of PD-L1 expression
(high or low expressing status) among the study groups, independent t-test was used. The associations
between PD-L1 expression and relapsed-free survival were estimated using the Kaplan–Meier method
and assessed by using the log-rank test. Potential confounders were adjusted by Cox regression models,
with the PD-L1 fitted as indicator variables.

5. Conclusions

Ultimately, our obtained results illuminate differences in relapse-free survival of patients with
luminal, basal and double-negative NMIBC relapses of high- and low-malignant grade, regarding
previously utilized treatment. The association between PD-L1 expression status and time to relapsed
luminal recurrent urothelial carcinoma of patients who had not received frontline therapy and those
treated with BCG may be considered as a promising approach to further clinical implementation.
The role of other biological markers, such as miRs and FGFR3 gene expression, in relapsing of different
molecular subtypes of NMIBC would be an interesting subject for our future study.
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Figure A1. Histological and immunohistochemical characteristic of the study groups: (1) primary
NMIBC; (2) first untreated relapse of bladder cancer; (3) first relapse of NMIBC after prior intravesical
mitomycin treatment; (4) first relapse of NMIBC treated with intravesical BCG. (A) Hematoxylin-eosin
staining specimens, ×500. (B) IHC-staining with anti-GATA3 antibody, ×500. (C) IHC-staining with
anti-KRT5/6 antibody, ×500. (D) IHC-staining with anti-p53 antibody, ×500.
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Figure A1. Histological and immunohistochemical characteristic of the study groups: (1) primary 
NMIBC; (2) first untreated relapse of bladder cancer; (3) first relapse of NMIBC after prior intravesical 
mitomycin treatment; (4) first relapse of NMIBC treated with intravesical BCG. (A) Hematoxylin-eosin 
staining specimens, ×500. (B) IHC-staining with anti-GATA3 antibody, ×500. (C) IHC-staining with anti-
KRT5/6 antibody, ×500. (D) IHC-staining with anti-p53 antibody, ×500. 

Appendix B 

 

Figure B1. Study design. 

References 

1. Eifler, J.B.; Scarpato, K.R.; Clark, P.E. Management of noninvasive bladder cancers. Curr. Opin. Oncol. 2015, 
27, 185–190, doi:10.1097/cco.0000000000000173. 

2. Dadhania, V.; Zhang, M.; Zhang, L.; Bondaruk, J.; Majewski, T.; Siefker-Radtke, A.; Guo, C.C.; Dinney, C.; 
Cogdel, D.E.; Zhang, S.; et al. Meta-analysis of the luminal and basal subtypes of bladder cancer and the 
identification of signature immunohistochemical markers for clinical use. EBioMedicine 2016, 12, 105–117, 
doi:10.1016/j.ebiom.2016.08.036. 

3. Shi, L.; Chen, S.; Yang, L.; Li, Y. The role of PD-1 and PD-L1 in T-cell immune suppression in patients with 
hematological malignancies. J. Hematol. Oncol. 2013, 6, 74, doi:10.1186/1756-8722-6-74. 

4. Brower, V. Anti-PD-L1 inhibitor durvalumab in bladder cancer. Lancet Oncol. 2016, 17, e275, 
doi:10.1016/s1470-2045(16)30242-x. 

5. Liu, Z.H.; Zheng, F.F.; Mao, Y.L.; Ye, L.F.; Bian, J.; Lai, D.H.; Ye, Y.L.; Dai, Y.P. Effects of programmed 
death-ligand 1 expression on OK-432 immunotherapy following transurethral resection in non-muscle 
invasive bladder cancer. Oncol. Lett. 2017, 13, 4818–4824, doi:10.3892/ol.2017.6080. 

IHC analysis of 
PD-L1 expression/IHC 

analysis of CD8+ 
expression/Estimation 
predictive role of PD-L1 

expression for RFS

IHC analyses of GATA3, KRT5/6 and 
p53 expression 

Formalin-fixed and paraffin-
embedded samples of 

bladder cancer/fresh-frozen 
tumor samples/urine 
samples/lavage fluid

n = 240

Primary
NMIBC
n = 60

Luminal 
n = 20

Basal 
n = 
20

p53-
mutant
n = 20

Relapsed NMIBC 
chemo/immune-

naive n = 60

Luninal 
n = 20

Basal 
n = 
20

p53-
mutant 
n = 20

First relapse of 
NMIBC after 

Mitomycin/BCG
n = 60/60

Luminal 
n = 20/20

Basal
n = 20/20

p53-
mutant n
=20/20

Figure A2. Study design.

References

1. Eifler, J.B.; Scarpato, K.R.; Clark, P.E. Management of noninvasive bladder cancers. Curr. Opin. Oncol. 2015,
27, 185–190. [CrossRef] [PubMed]

2. Dadhania, V.; Zhang, M.; Zhang, L.; Bondaruk, J.; Majewski, T.; Siefker-Radtke, A.; Guo, C.C.; Dinney, C.;
Cogdel, D.E.; Zhang, S.; et al. Meta-analysis of the luminal and basal subtypes of bladder cancer and the
identification of signature immunohistochemical markers for clinical use. EBioMedicine 2016, 12, 105–117.
[CrossRef] [PubMed]

3. Shi, L.; Chen, S.; Yang, L.; Li, Y. The role of PD-1 and PD-L1 in T-cell immune suppression in patients with
hematological malignancies. J. Hematol. Oncol. 2013, 6, 74. [CrossRef] [PubMed]

4. Brower, V. Anti-PD-L1 inhibitor durvalumab in bladder cancer. Lancet Oncol. 2016, 17, e275. [CrossRef]
5. Liu, Z.H.; Zheng, F.F.; Mao, Y.L.; Ye, L.F.; Bian, J.; Lai, D.H.; Ye, Y.L.; Dai, Y.P. Effects of programmed

death-ligand 1 expression on OK-432 immunotherapy following transurethral resection in non-muscle
invasive bladder cancer. Oncol. Lett. 2017, 13, 4818–4824. [CrossRef]

6. Choi, W.; Porten, S.; Kim, S.; Willis, D.; Plimack, E.R.; Hoffman-Censits, J.; Roth, B.; Cheng, T.; Tran, M.;
Lee, I.L.; et al. Identification of distinct basal and luminal subtypes of muscle-invasive bladder cancer with
different sensitivities to frontline chemotherapy. Cancer Cell 2014, 25, 152–165. [CrossRef]

7. 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, 1173–1182. [CrossRef]

8. Xylinas, E.; Robinson, B.D.; Kluth, L.A.; Volkmer, B.G.; Hautmann, R.; Kufer, R.; Zerbib, M.; Kwon, E.;
Thompson, R.H.; Boorjian, S.A.; et al. 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,
121–127. [CrossRef]

9. Boorjian, S.A.; Sheinin, Y.; Crispen, P.L.; Farmer, S.A.; Lohse, C.M.; Kuntz, S.M. T-cell coregulatory
molecule expression in urothelial cell carcinoma: clinicopathologic correlations and association with survival.
Clin. Cancer Res. 2008, 14, 4800–4808. [CrossRef]

10. Breyer, J.; Wirtz, R.M.; Otto, W.; Erben, P.; Worst, T.S.; Stoehr, R.; Eckstein, M.; Denzinger, S.; Burger, M.;
Hartmann, A. High PDL1 mRNA expression predicts better survival of stage pT1 non-muscle-invasive
bladder cancer (NMIBC) patients. Cancer Immunol. Immunother. 2018, 67, 403–412. [CrossRef]

11. Kawahara, T.; Ishiguro, Y.; Ohtake, S.; Kato, I.; Ito, Y.; Ito, H.; Makiyama, K.; Kondo, K.; Miyoshi, Y.;
Yumura, Y.; et al. PD-1 and PD-L1 are more highly expressed in high-grade bladder cancer than in low-grade
cases: PD-L1 might function as a mediator of stage progression in bladder cancer. BMC Urol. 2018, 18, 97.
[CrossRef] [PubMed]

http://dx.doi.org/10.1097/CCO.0000000000000173
http://www.ncbi.nlm.nih.gov/pubmed/25695463
http://dx.doi.org/10.1016/j.ebiom.2016.08.036
http://www.ncbi.nlm.nih.gov/pubmed/27612592
http://dx.doi.org/10.1186/1756-8722-6-74
http://www.ncbi.nlm.nih.gov/pubmed/24283718
http://dx.doi.org/10.1016/S1470-2045(16)30242-X
http://dx.doi.org/10.3892/ol.2017.6080
http://dx.doi.org/10.1016/j.ccr.2014.01.009
http://dx.doi.org/10.1007/s00262-006-0266-z
http://dx.doi.org/10.1016/j.ejso.2013.08.023
http://dx.doi.org/10.1158/1078-0432.CCR-08-0731
http://dx.doi.org/10.1007/s00262-017-2093-9
http://dx.doi.org/10.1186/s12894-018-0414-8
http://www.ncbi.nlm.nih.gov/pubmed/30400941


Cancers 2020, 12, 1316 16 of 16

12. Chalasani, V.; Chin, J.L.; Izawa, J.I. Histologic variants of urothelial bladder cancer and nonurothelial
histology in bladder cancer. Can. Urol. Assoc. J. 2009, 3, S193–S198. [CrossRef] [PubMed]

13. Soukup, V.; Capoun, O.; Cohen, D.; Hernandez, V.; Babjuk, M.; Burger, M.; Compérat, E.; Gontero, P.; Lam, T.;
MacLennan, S.; et al. Prognostic performance and reproducibility of the 1973 and 2004/2016 World Health
Organization grading classification systems in non-muscle-invasive bladder cancer: A European association
of urology non-muscle invasive bladder cancer guidelines panel systematic review. Eur. Urol. 2017, 72,
801–813. [PubMed]

14. Blank, C.; Mackensen, A. Contribution of the PD-L1/PD-1 pathway to T-cell exhaustion: an update on
implications for chronic infections and tumor evasion. Cancer Immunol. Immunother. 2007, 56, 739–745.
[CrossRef] [PubMed]

15. Dong, H.; Zhu, G.; Tamada, K.; Chen, L. B7-H1, a third member of the B7 family, co-stimulates T-cell
proliferation and interleukin-10 secretion. Nat. Med. 1999, 5, 1365–1369. [CrossRef]

16. Massard, C.; Gordon, M.S.; Sharma, S.; Rafii, S.; Wainberg, Z.A.; Luke, J.; Curiel, T.J.; Colon-Otero, G.;
Hamid, O.; Sanborn, R.E.; 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, 3119–3125. [CrossRef]

17. Patel, S.P.; Kurzrock, R. PD-L1 Expression as a Predictive Biomarker in Cancer Immunotherapy. Mol. Cancer
Ther. 2015, 14, 847–856. [CrossRef]

18. Descamps-Dudez, O. Heterogeneity in PD-L1 expression and CD8+ infiltrates in low grade versus high
grade serous ovarian carcinomas. Personal communication, 2016. [CrossRef]

19. Ventana PD-L1 (SP263) Assay Staining in Urothelial Carcinoma. Interpretation Guide. Available online:
https://www.accessdata.fda.gov/cdrh_docs/pdf16/p160046c.pdf (accessed on 26 December 2019).

20. Davick, J.J.; Frierson, H.F.; Smolkin, M.; Gru, A.A. PD-L1 expression in tumor cells and the immunologic
milieu of bladder carcinomas: A pathologic review of 165 cases. Hum. Pathol. 2018, 81, 184–191. [CrossRef]

21. Blinova, E.; Roshchin, D.; Kogan, E.; Samishina, E.; Demura, T.; Deryabina, O.; Suslova, I.; Blinov, D.;
Zhdanov, P.; Osmanov, U.; et al. Patient-derived non-muscular invasive bladder cancer xenografts of main
molecular subtypes of the tumor for anti-Pd-l1 treatment assessment. Cells 2019, 8, 526. [CrossRef]

22. Xu, Z.; Ho, S.; Chang, C.C.; Zhang, Q.Y.; Vasilescu, E.R.; Vlad, G.; Suciu-Foca, N. Molecular and cellular
characterization of human CD8 T suppressor cells. Front. Immunol. 2016, 7, 549. [CrossRef]

23. Wankowicz, S.A.M.; Werner, L.; Orsola, A.; Novak, J.; Bowden, M.; Choueiri, T.K.; de Torres, I.; Morote, J.;
Freeman, G.J.; Signoretti, S.; et al. Differential expression of PD-L1 in high grade T1 vs. muscle invasive
bladder carcinoma and its prognostic implications. J. Urol. 2017, 198, 817–823. [CrossRef] [PubMed]

24. Krishnamurthy, A.; Jimeno, A. Atezolizumab: A novel PD-L1 inhibitor in cancer therapy with a focus in
bladder and non-small cell lung cancers. Drugs Today (Barc.) 2017, 53, 217–237. [CrossRef]

25. Hodi, F.S.; O’Day, S.J.; McDermott, D.F.; Weber, R.W.; Sosman, J.A.; Haanen, J.B.; Gonzalez, R.; Robert, C.;
Schadendorf, D.; Hassel, J.C.; et al. Improved survival with ipilimumab in patients with metastatic melanoma.
N. Engl. J. Med. 2010, 363, 711–723. [CrossRef] [PubMed]

26. Hodgson, A.; Slodkowska, E.; Jungbluth, A.; Liu, S.K.; Vesprini, D.; Enepekides, D.; Higgins, K.; Katabi, N.;
Xu, B.; Downes, M.R. PD-L1 immunohistochemistry assay concordance in urothelial carcinoma of the bladder
and hypopharyngeal squamous cell carcinoma. Am. J. Surg. Pathol. 2018, 42, 1059–1066. [CrossRef] [PubMed]

27. Pichler, R.; Heidegger, I.; Fritz, J.; Danzl, M.; Sprung, S.; Zelger, B.; Brunner, A.; Pircher, A. PD-L1 expression
in bladder cancer and metastasis and its influence on oncologic outcome after cystectomy. Oncotarget 2017, 8,
66849–66864. [CrossRef]

28. Pardoll, D.M. The blockade of immune checkpoints in cancer immunotherapy. Nat. Rev. Cancer 2012, 12,
252–264. [CrossRef]

29. Wang, C.C.; Tsai, Y.C.; Jeng, Y.M. Biological significance of GATA3, cytokeratin 20, cytokeratin 5/6 and p53
expression in muscle-invasive bladder cancer. PLoS ONE 2019, 14, e0221785. [CrossRef]

30. Lerner, S.P.; McConkey, D.J.; Hoadley, K.A.; Chan, K.S.; Kim, W.Y.; Radvanyi, F.; Höglund, M.; Real, F.X. Bladder
cancer molecular taxonomy: summary from a consensus meeting. Bladder Cancer 2016, 2, 37–47. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.5489/cuaj.1195
http://www.ncbi.nlm.nih.gov/pubmed/20019984
http://www.ncbi.nlm.nih.gov/pubmed/28457661
http://dx.doi.org/10.1007/s00262-006-0272-1
http://www.ncbi.nlm.nih.gov/pubmed/17195077
http://dx.doi.org/10.1038/70932
http://dx.doi.org/10.1200/JCO.2016.67.9761
http://dx.doi.org/10.1158/1535-7163.MCT-14-0983
http://dx.doi.org/10.26226/morressier.578f37fdd462b8028d88f8a5
https://www.accessdata.fda.gov/cdrh_docs/pdf16/p160046c.pdf
http://dx.doi.org/10.1016/j.humpath.2018.06.028
http://dx.doi.org/10.3390/cells8060526
http://dx.doi.org/10.3389/fimmu.2016.00549
http://dx.doi.org/10.1016/j.juro.2017.04.102
http://www.ncbi.nlm.nih.gov/pubmed/28487100
http://dx.doi.org/10.1358/dot.2017.53.4.2589163
http://dx.doi.org/10.1056/NEJMoa1003466
http://www.ncbi.nlm.nih.gov/pubmed/20525992
http://dx.doi.org/10.1097/PAS.0000000000001084
http://www.ncbi.nlm.nih.gov/pubmed/29750666
http://dx.doi.org/10.18632/oncotarget.19913
http://dx.doi.org/10.1038/nrc3239
http://dx.doi.org/10.1371/journal.pone.0221785
http://dx.doi.org/10.3233/BLC-150037
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	PD-L1 Expression in Primary and Relapsed Non-Invasive Urothelial Tumors 
	Intensity of Tumor-Associated Immune Cells’ Infiltration in Primary and Relapsed NMIBC 
	Mapping of PD-L1 Expressing Status of Relapsed NMIBCs 
	Association Between PD-L1 Expression and Relapse-Free Survival in Chemotherapy/Immunotherapy-Naive and Frontline Treated NMIBC of Main Molecular Subtypes with High and Low Malignant Potential 

	Discussion 
	Materials and Methods 
	Study Design 
	Ethic Statement 
	Data Sources and Study Population 
	Sample Size and Study Population 
	Data Sources 

	Immunohistochemistry 
	Statistical Analysis 

	Conclusions 
	
	
	References

