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Abstract: Bladder cancer (BC) is one of the most prevalent cancers worldwide. Non-muscle invasive
bladder cancer (NMIBC), comprising the majority of initial BC presentations, requires accurate risk
stratification for optimal management. This review explores the evolving role of programmed cell
death ligand 1 (PD-L1) as a prognostic biomarker in NMIBC, with a particular focus on its implications
in the context of Bacillus Calmette-Guérin (BCG) immunotherapy. The literature suggests a potential
association between elevated PD-L1 status and adverse outcomes, resistance to BCG treatment,
and disease progression. However, conflicting findings and methodological issues highlight the
heterogeneity of PD-L1 assessment in NMIBC, probably due to the complex biological mechanisms
that regulate the interaction between PD-L1 and the tumor microenvironment. The identification of
PD-L1 as a prognostic biomarker provides ground for tailored therapeutic interventions, including
immune checkpoint inhibitors (ICIs). Nevertheless, challenges such as intratumoral heterogeneity
and technical issues underscore the need for standardized protocols and larger, homogeneous trials.
This review contributes to the ongoing debate on the personalized management of NMIBC patients,
focusing on the advances and perspectives of incorporating PD-L1 as a biomarker in this setting.

Keywords: PD-L1; bladder cancer; NMIBC; biomarker

1. Introduction
1.1. Clinical Aspects of Non-Muscle Invasive Bladder Cancer (NMIBC)

Bladder cancer (BC) poses a significant global health burden, ranking seventh among
the most prevalent cancers in both genders worldwide in 2022 and raising to the fourth
position when considering only males [1]. Approximately 75% of BC patients initially
present with non-muscle-invasive mucosa (stage Ta, CIS)- or submucosa (stage T1)-confined
disease (NMIBC) [2], especially younger patients [3]. The standard of care for high-risk
NMIBC spans from transurethral resection (TUR), with the aim to remove visible lesions
and provide specimens for pathological examination, and intravesical instillation (mostly
using Bacillus Calmette-Guérin (BCG)), to radical cystectomy in high-risk cases [4]. Though
BCG immunotherapy stands as the main treatment for this subset of tumors, approximately
30% of patients are non-responders, possibly due to several clinical and pathological factors,
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including multifocality, lymphovascular invasion, and a high grade on the re-transurethral
resection of the bladder (re-TURB) [5].

Furthermore, BCG treatment may be challenging in that local and systemic side
effects have been reported, which may be severe in <5% of patients [4]. Such effects,
along with BCG infections after instillations and interruptions in BCG availability, may
result in treatment discontinuation [6], and even in the absence of such drawbacks, a
notable percentage of patients experience treatment failure, recurrence, or progression of
the disease, highlighting the need to unravel the underlying mechanisms driving these
outcomes in order to identify those BCG non-responders who might benefit of early
alternative treatments. The clinical and biological heterogeneity NMIBC makes it essential
to search for biomarkers capable to identify risk categories for the proper management of
these patients. Several molecules have been examined as prognostic biomarkers in NMIBC
over the years, some of which are feasible as therapeutic targets as well, namely cell cycle
proteins (p53, pRB), transcription factors (HER?2), proliferation marker Ki-67, mismatch
repair proteins (hMLH1, hMSH?2), cadherins, surviving, and androgen receptors [7,8]. The
availability of tissue samples used for diagnosis makes the possibility of assessing new
molecules attractive through immunohistochemical methods, using antibodies that can
be easily incorporated into routine practice. However, so far, no tissue biomarker has
been included into risk categorization tools. Therefore, the search for reliable prognostic
biomarkers is still ongoing.

1.2. PD-L1: Biological Mechanisms

Programmed cell death ligand 1 (PD-L1) is a cell surface glycoprotein and a member
of the B7/CD28 co-stimulatory factor superfamily [9]; it is expressed on different types
of immune cells (IC-PD-L1) and tumor cells (TC-PD-L1) [10,11]. As an inhibitor of the
host immune response, PD-L1 induces apoptosis and/or inhibition of tumor-specific T cell
activation and proliferation, cytolytic function, and cytokine production, mostly by binding
to programmed cell death-1 (PD-1) receptor [12]. Similarly, cancer cells can escape immune
surveillance by upregulating PD-L1, resulting in tumor growth [11]. Both TC-PD-L1 and
IC-PD-L1 expression can occur in cancer due to persistent antigenic stimulation, with
subsequent cytokine expression upon T cell activation, which, in turn, can induce PD-L1
on surrounding ICs and TCs [13]. Moreover, the PD-1/PD-L1 signaling axis may induce
immune inhibitory/exhaustion signaling of activated T cells and thus significantly impair
the anti-tumor immune response [14]. PD-L1 can also interact with other molecules and
pathways (IL-6/STAT3, EMT) involved in tumor development and aggressiveness [15].
Furthermore, several pathways have been suggested to be involved in the process of
bladder carcinogenesis associated with PD-L1 induction, such as the PI3K/AKT/PTEN
and JAK/STAT pathways [16,17].

1.3. PD-L1 in Bladder Cancer: Clinical Implications

Since a blockade of the PD-1/PD-L1 signaling pathway may restore the native T-
cell mediated tumor response, leading to tumor regression [18], in the last few years, an
increasing number of immune checkpoint inhibitors (ICI) have been developed and applied
in the management of different types of cancers [19]. Currently, ICI (including PD-1 and
PD-L1 inhibitors) are administered either as maintenance therapy for patients treated with
first-line platinum-based chemotherapy who do not experience disease progression, or
as first-line regimen for those patients ineligible to receive cisplatin [20,21]. According to
a timely systematic review and meta-analysis on the efficacy of ICI in MIBC [22], PD-L1
inhibitors are less effective alone than in combination with other ICI or chemotherapeutic
agents in terms of lower, complete, or partial, pathological response, yet they are associated
with severe immune-related adverse effects. As BC patients treated with PD-L1 inhibitors
show favorable OS and RFS, this treatment seems to be a promising therapeutic option for
selected MIBC patients, highlighting the need to find feasible biomarkers.
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1.4. Prognostic Role of PD-L1 in BC: The Big Picture

Evidence from the literature has shown that pretreatment PD-L1 overexpression is
associated with poor outcome in terms of shorter prognosis and resistance to immune
therapies in multiple cancers, including colorectal, lung, kidney, head and neck, pancreatic,
and gastric cancer [23-30]. Several studies have shown a correlation between PD-L1 expres-
sion in BC samples and multiple clinical and pathological parameters of poor prognosis,
including high tumor grade, increased resistance to BCG therapy, and muscle-invasive
disease [31,32], although there are discrepancies in the literature on this topic [33]. So far,
conflicting findings have been reported regarding the prognostic role of PD-L1 expression
in BC. While some authors have revealed worse survival rates in BC patients with elevated
PD-L1 expression [34-38], others have failed to find such a correlation [39,40]. The prognos-
tic role of PD-L1 has recently been the subject of five meta-analyses over a few recent years
(2019-2022), with a variable number of studies [11-27] and cases (1393-4032) assessed in
each analysis due to different eligibility criteria and search strategy variables (including
databases, interval time, and MeSH terms) [41-45] (Supplementary Table S1). The authors
found a statistically significant association overall between the expression of TC PD-L1 and
poorer outcome parameters. Furthermore, in three papers [41-43], a significant direct corre-
lation with disease stage has been reported. Obviously, meta-analyses have well-known
limitations, partly intrinsic to the methodology itself, mainly (1) heterogeneity in search
criteria and data collection; (2) variations in clinical and pathological characteristics, as well
as treatments among the examined populations; (3) small sample sizes in some studies,
resulting in lack of power for the analysis; and (4) publication bias caused by the trend of
publishing positive results more easily than negative ones. Interestingly, Ding et al. [42]
observed that the meta-analysis of 11 studies on disease stage showed a significantly higher
incidence of TC PD-L1 expression in MIBCs as compared to NMIBC (OR = 3.67, 95% CI:
2.53-5.33), whereas no correlation was found when assessing IC PD-L1. Furthermore,
a consistent inverse association between TC PD-L1 expression and treatment with BCG
before cystectomy was reported (OR = 0.39, 95% CI: 0.18-0.82). So far, no review exists on
the prognostic value of PD-L1 in NMIBC. Therefore, in this study, we assessed the avail-
able evidence to explore the expression of PD-L1 in association with clinicopathological
factors and outcomes of NMIBC patients and provided a detailed discussion on issues and
unmet needs.

2. Materials and Methods

A thorough search of literature databases (PubMed, Scopus, Google Scholar, and the
Cochrane Library) was conducted in February 2024. The search used carefully selected
terms that matched the focus of our work (“PD-L1”, “non muscle invasive bladder can-
cer”, and “NMIBC”). Only peer-reviewed articles in English were included. In the early
phase, two authors meticulously screened titles as well as abstracts to identify and select
manuscripts that met the criteria for inclusion, namely, original articles assessing the prog-
nostic role of PD-L1 in cohorts of NMIBC. We screened 156 articles (title/abstract). The
flow chart is presented in Figure 1.
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Figure 1. Flow chart.

3. Results and Discussion
3.1. Prognostic Role of PD-L1 in NMIBC: Main Findings

The main findings from selected studies aiming to explore the prognostic role of
PD-L1 in NMIBC are summarized in Table 1. Semeniuk-Wojtas et al. reported a significant
association between >1% TC PD-L1 and an unfavorable outcome due to a higher probability
of cancer recurrence after the first year since the first TURB [46]. Accordingly, Romiguié
et al. [47] found that TC PD-L1 expression, assessed as a continuous variable, was an
independent prognostic factor for disease-free survival (DFS). Conversely, according to
Eich et al., tumors showing higher TC PD-L1 expression (at both 1% and 5% cut-offs) had
a lower disease grade and recurrence risk at any following biopsy or cystoscopy [48]. In
keeping with this, Eckstein et al. [49] reported a better overall survival in a cohort of MIBCs
tumors with >1% IC-PD-L1 expression. Other authors have failed to find a prognostic
significance of PD-L1 status in NMIBC [50,51], in keeping with previous findings on MIBC
studies [40]. The higher recurrence risk and/or shorter recurrence-free survival (RFS)
observed in NMIBC patients who show an increased TC PD-L1 expression, as reported
by several studies [46,47,52], has a significant clinical implication, in that it prompts the
need to enhance the follow-up of these patients. In this setting, a closer monitoring of the
disease for a few years after the first diagnosis of NMIBC, through a protocol that includes
more frequent cystoscopies with a shorter interval between them, would be advisable [46].
The occurrence of a statistically significant difference in PD-L1 expression based on the
stage has been observed by some authors [47,48,51,53], possibly due to discrepancies in
the tumor microenvironment or genomic drivers between MIBC and NMIBC [54]. For
instance, Huang et al. [55] examined a cohort of BCs of different stages, finding that
increased levels of PD-L1 mRNA expression in tumors with higher stage and shorter
survival. Accordingly, Eich et al. reported that tumors with higher IC PD-L1 expression, as
assessed in peritumoral lymphocytes, had a significantly higher (>pT1) stage, as compared
with noninvasive lesions [48], as well as a trend toward an increased risk of tumor stage
progression at any biopsy. These findings highlight the need for using different assessment
methods in recording PD-L1 in NMIBC and MIBC settings. Roumiguié et al. [47] achieved
statistically significant results regarding the prognostic value of PD-L1 for DFS only when
assessing its expression as a continuous variable, rather than defining it on the basis of the
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cut-offs used in trials evaluating treatment response in cohorts of advanced /metastatic
BC [56,57]. Therefore, it is not possible to establish a single scoring system for assessing PD-
L1 expression in BC. Rather, selection should be based on the methodology and antibodies
used, the patients’ cohort, and the purpose of the study (prognostic or predictive).

Table 1. Prognostic potential of PD-L1 in NMIBC as assessed by IHC, according to selected studies.

Prevalence Significant Correlation Independent Predictor
. Scoring
N# Antibody
Study Stage Grade System/ TC IC TC IC TC IC
Cases Clone Cut-off
<1%—low; o o . shorter RFS
) 150%— low 84%, low 34%, time to age, depth of (high and
) Tis, Ta, LG, . moderate moderate cystectomy,
[46] 55 T1 HC 28-8 moderate; 10%, high 34%  high man bladder wall moderate vs.
>5%—high 6% & 32% 8 recurrer}{ces invasion low
expression expression)
Sp142 >5% IC recurrence/
/ (SP142), >25% progression shorter
[47] 140 TaTI  HG 523 TCIC (5P263), BILN) pr1  PTlsesel@l S
E1L3N ROC curve stage (E1L3N, antibodies) 1y 3N)
(E1L3N) SP263)
LG LG, lower
[48] 61 CIS, Ta HC E1L3N 1%, 5% recurrence higher stage
risk
low
[50] 2 T1 HG SP142 >1% 9% 73% peripheral
blood lym-
phocytes
[51] 140 T1 HG 405.9A11 5%(TC) 4% 34.3% muscle invasion
shorter RFS
in luminal
[21 240 CISTI % SP263 >25% TC-IC tumors after
or BCG
treatment
[53] 59 Ta, T1 %ICG;, E1L3N TCS, ICS, CS 18.6% - T1
immune
infiltrate
8] 186 5. Ta, E1L3N >1%, >5% 18.8% 32.3% density,
T1 increased
PD-L1 after
BCG
refractory
recur-
sop 17 8T pg SP142 >1% 46.2% rence
T1 (inverse
associa-
tion)
non respon-
[60] 63 BT HG 2 5%, CPS siveness
to BCG
22C3, .
4 o o, failure to BCG
[61] 60 CIS gggé%, TPS, IC 16.7% 38.3% therapy /recurrence (22C3)
Tis, Ta, G2, o o BCG
[62] 22 T1 G3 E1L3N IS, PS 9% 50% treatment

BCG: Bacillus Calmette-Guérin; CIS: carcinoma in situ; CPS: combined positive score; CS: combined scoring; DFS:
disease-free survival; HG: high grade; IC: immune cells; ICS: immune cell scoring; IS: intensity score; LG: low
grade; PS: proportion score; RFS: recurrence-free survival; TC: tumor cells; TCS: tumor cell scoring; TPS: tumor
proportion score.

In conclusion, the analysis of PD-L1 expression in BC reveals divergent prognostic
implications depending on tumor stage and assessment methodology. While higher TC PD-
L1 expression seems to correlate with poorer outcomes in NMIBC, the significance of PD-L1
status remains inconclusive in some studies. The varying prognostic value underscores the
necessity for standardized assessment methods and careful interpretation when evaluating
PD-L1 expression in BC.

3.2. Prognostic Role of PD-L1 in NMIBC: Focus on BCG Immunotherapy

Currently, the role of PD-L1 as a prognostic factor for BCG response in HR-NMIBC
remains unclear. Even studies with a large number of patients provided discrepant find-
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ings, suggesting that the assessment of PD-L1 status is not a robust predictor of BCG
response [58,59]. A few studies have shown a positive correlation between increased PD-
L1 expression and BCG unresponsiveness [60,61], highlighting the dynamicity of PD-L1
depending on the time of analysis and treatment in this setting.

Kates et al. observed a significantly increased PD-L1 (SP142, 22C3) expression before
treatment in the subgroup of 32 BCG non-responders as compared to 31 responders (0-4%
vs. 25-28%, p < 0.01) in their cohort of HG-NMIBCs, including CIS, Ta, and T1 tumors [60].
Their findings suggest that underlying resistance to BCG might result from pretreatment
immune exhaustion and adaptive immune responses, which, in turn, may lead to BCG
failure and BC recurrence in up to 25% patients. Pierconti et al. assessed the PD-L1 status
in a homogeneous cohort of 60 CIS tumors [61], finding higher TC and IC PD-L1 rates
in BCG-non-responders than in BCG responders, though a significant association with
recurrence was observed only with TC PD-L1 (22C3) expression (p = 0.035). Inman et al.
identified PD-L1 staining in approximately 40% of CIS tumors and reported increased
rates of PD-L1 expression and/or BCG-induced granuloma occurring close to recurrent
tumors after BCG immunotherapy. Furthermore, approximately 15-20-fold more diffuse
and intense PD-L1 expression within such BCG-induced granulomata was observed in non-
responders after vs. before treatment [31]. The authors hypothesized that an accumulation
of PD-L1 in IC granuloma may lead to a decreased interaction of T lymphocytes with
antigen-presenting cells, resulting in a lack of BCG response. Accordingly, Hashizume
et al. observed a consistent increase in TC and IC PD-L1 expression levels (p < 0.001 and
p = 0.030, respectively) after BCG treatment in BCG-resistant and recurrence-free NMIBC
patients [62], possibly due to cancer cells evading immune recognition through PD-L1
upregulation. All in all, these studies seem to imply the role of increased PD-L1 expression
in supporting cancer cells to escape from the killing effects of tumor-specific immune cells
elicited by BCG treatment. Obviously, such findings provide grounds for the use of PD-L1
antibody immunotherapy and/or ICI-BCG combined regimen, as an effective treatment
option after BCG failure, which is the rationale behind ongoing clinical trials [63-65].

Conversely, in the study by Civriz et al., no association was found between PD-L1
(E1L3N) status, assessed through different scoring systems and cut-offs, and recurrence after
BCG treatment [53], in keeping with the findings of previous studies [50,59]. According
to Aydin et al. [59], neither pre-treatment nor post-treatment PD-L1 (SP142) expression
was associated with RFS or progression-free survival (PFS), even using different cut-offs
(>3% or >5%), in a large study cohort of 117 HG-NMIBCs. Furthermore, these authors
observed the downregulation of PD-L1 expression in patients with refractory recurrence,
possibly due to more complex anti-tumor mechanisms involving the PD-L1 pathway. In a
previous study reporting no association between prior adjuvant BCG treatment and TC/IC
PD-L1 expression in 69 urothelial carcinomas, detailed clinicopathological information
were not provided [40]. Delcourt et al. failed to report an association between PD-L1
(EIN3L) expression and early recurrence in a large cohort of 186 NMIBCs. Nevertheless,
only the induction of BCG was administered to the patients in their cohort, resulting in a
possible bias in the result interpretation [58].

Putative reasons which may contribute to affect the consistency and comparability of
available findings in this setting (and more generally the assessment of PD-L1 expression
as a biomarker in BC) are (1) intrinsic to the study population, including a small number of
patients overall [50,58,62], an exceedingly low recurrence rate after BCG treatment, and/or
unbalanced subgroup size (i.e., BCG responders vs. non responders) [53]; (2) intrinsic to the
treatment, including the frequency and/or timing of BCG administration and type of BCG
reagents; (3) intrinsic to the method, such as PD-L1 assessment through heterogeneous
assays, antibody clones, cellular populations, scoring systems, and cut-off points (see next
section); and (4) intrinsic to the tumor/tissue sample, due to the intra-tumoral heterogeneity
of PD-L1 expression and the dynamic nature of the tumor microenvironment [66,67]. Fur-
thermore, the constantly changing of the molecule over time (temporal heterogeneity) has
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been proven by the discrepancy over different tumor stages, as well as between metastatic
sites and corresponding primary tumors, revealed by several authors [68,69].

Variable and sometimes contradictory findings have been reported regarding the
assessment of PD-L1 as a prognostic factor for BCG response in HR-NMIBC, with some
studies suggesting a positive correlation between increased PD-L1 expression and BCG un-
responsiveness, whereas others have failed to establish a significant predictive association.
Factors contributing to such inconsistency are related to heterogeneity of patient cohorts,
BCG treatment regimens, and methodologies for PD-L1 assessment. Moreover, the dynamic
nature of PD-L1 expression over time and its interaction with the tumor microenvironment
play a role in creating a more complex landscape.

3.3. PD-L1 Expression on Immune Cells and Interaction with BCG Immunotherapy

Overall, IC PD-L1 expression rates are higher than their TC counterpart (see Table 1).
Delcourt et al. [58] observed a consistent association between IC PD-L1 expression and
immune infiltrate density, in keeping with the results by Inman et al. [31] and Breyer
et al. [70], with the latter assessing PD-L1 expression through the measurement of its
mRNA level by quantitative RT-PCR. Wankowitz et al. [51] reported a similarly wide IC
PD-L1 expression in T1 HG tumors as in MIBCs, with the latter showing consistently higher
TC PDL1 status (p = 0.001). Blinova et al. observed a higher number of PD-L1-expressing
CD8+ cells in chemotherapy- and immunotherapy-naive relapsed NMIBC, as well as in
luminal and double-negative, high-grade basal relapsed UC after previous frontline BCG
treatment [52]. Accordingly, a parallel increase in CD8+ cells and PD-L1 (E1L3N) expression
after BCG treatment was reported by Hashizume et al. [62]. In keeping with the adaptive
immune resistance and immune escape hypothesis supported by these findings, Kates
et al. [60] showed that IC PD-L1 expression was increased in BCG non-responders and
co-localized with CD8+ cells, with a higher density of CD8+ cells in PD-L1-positive areas
and consistently higher CD8+ cell counts in post-BCG samples from both responders and
non-responders (p = 0.017). Moreover, there were significantly lower pre-treatment CD4+
cell counts in PD-L1-positive BCG responders as compared to PD-L1-negative samples (12%
vs. 50%, p < 0.01), suggesting that inefficient CD4+ trafficking, possibly due to hampered
cytokine expression/interaction may be another mechanism of BCG resistance. In the
process of adaptive immune resistance, the recruitment of cytotoxic CD8+ T cells within
tumor tissues resulted in these cells producing IFN-y in order to elicit a cytotoxic antitumor
response. Subsequently, the activation of these signaling pathways upregulates PD-L1
in surrounding TCs and ICs to escape recognition by such cytotoxic immune cells [67].
BCG immunotherapy exerts its anti-tumor activity by accelerating the infiltration of CD8+
cells in the tumor microenvironment [31], as well as by shifting the CD4+ Th2 to Th1 type
immune responses [71,72]. Furthermore, it has been shown that BCG infection of urothelial
cells can induce PD-L1+ Tregs (a subset of CD4+ cells), partially via an IFN-a-mediated
mechanism, and high levels of urinary Tregs are associated with early recurrence after
BCG treatment [73], suggesting that the interaction between PD-L1 and the different cell
types in the tumor microenvironment is far more complex, especially in the setting of BCG
treatment of NMIBC. Interestingly, only one study addressed the association between PD-
L1 status and IC levels in peripheral blood, reporting lower peripheral lymphocyte counts
and higher neutrophil-to-lymphocyte ratios (NLR) in patients with higher local PD-L1
expression, suggesting a possible relation between local immunosuppression and systemic
inflammation, which may be combined as prognostic markers in NMIBC patients [50].

All in all, the discrepancy between IC and TC PD-L1 expression rates highlights the
complexity of the immune microenvironment in BC. There is strong evidence supporting
higher IC PD-L1 expression in these patients, showing significant association with immune
infiltrate density and CD8+ cell localization, particularly in BCG non-responders. This
complex connections between PD-L1 expression, immune cell infiltration, and treatment
response reveal the multifaceted mechanisms underlying adaptive immune resistance and
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provide grounds for the potential for personalized therapeutic interventions targeting these
pathways in NMIBC.

3.4. Critical Issues in PD-L1 Assessment

Technical issues might also negatively influence assessment of PD-L1 status by im-
munohistochemical staining, including time length and type of tissue fixation, section
preparation, and the quantity of tissue used (whole sections or tissue microarrays), result-
ing in poor reproducibility [74].

All type of tissue samples available in pathology routine have been used for PD-L1
IHC testing in different trials, including transurethral resection bladder (TURB), cystectomy,
lymph node (LN), or visceral metastasis both pre- and post- (neo-)adjuvant chemother-
apy [75], although how such variability can affect clinical findings has rarely been inves-
tigated. Generally, it is recommended to assess PD-L1 status on the most recent tumor
sample collected during the disease course due to intratumoral heterogeneity. Eich et al.
observed consistent differences in PD-L1 status assessing sequential TURBT specimens of
NMIBC patients, with biopsies from the same patient showing variable to absent expres-
sion, irrespective of BCG treatment [48]. The PD-L1 intratumoral heterogeneity may be a
major issue when evaluating a multifocal disease such as CIS, necessitating the sampling
of more affected areas from the same patient rather than only one [61]. Tissue microarray
(TMA) has been used in a few studies [51,60] to optimize the analysis of a number of tissue
specimens by creating one tumor block which includes multiple cores of a few millimeters
each, belonging to specimens from different patients. In order to overcome the issue of
intratumoral heterogeneity, tissue microarray TMA can be applied only punching more
cores (three or more) from the same tumor block [76].

Further technical issues affecting reproducibility of PD-L1 IHC analysis of TC are
non-specific background staining and/or granular staining on crushed or necrotic tissue,
stromal cells, and alveolar macrophages, as well as in case of a heavily keratinized or
inflamed tumor. A reliable determination if total TC area may be hindered by the presence
of a huge amount of necrosis, inflammation, or fibrosis at the edge of the tumor [77].

Different PD-L1 antibody clones are commercially available, each of them requiring
specific technical platforms and scoring systems, prompting the need to assess the reliability
and reproducibility of these tests and explore the analytical correlation among them [78].
Recently, the authors of an international comparison of PD-L1 diagnostic assays in a few
cancers (the Ring Study) have reported interobserver comparison rates as high as k = 0.68—-
0.91 in UC for TC-PD-L1 (SP263) staining at 25% cut-off, in keeping with a previous clinical
study [79]; conversely, low concordance (k= —0.04 to 0.76) was observed regarding the IC
scoring [77]. Currently, atezolizumab is enlisted among the recommended regimens in first-
line systemic therapy for cisplatin ineligible patients with locally advanced or metastatic
BC [80]. Since the SP142 assay is the companion diagnostic for atezolizumab, patients’
tumor samples must be screened for PD-L1 (SP142) staining in >5% tumor-infiltrating ICs
only across the tumor area. Since the tumor microenvironment hosting ICs is more easily
adjustable across samples from the same patients as compared to genomically aberrant
TCs, the SP263 assay may provide more stable results in that it takes into account TC-PD-L1
expression [81]. Moderate to substantial agreement, ranging from «k = 0.43 to k = 0.66, has
been observed in studies comparing the SP142 and SP263 assays in whole-tissue sections
and TMA of BC [81-83]. A fair agreement of staining interpretation was reported in a study
on assessing PD-L1 expression in a cohort of CIS patients among 22C3, SP142, and SP263 in
TC or IC [61]. According to several inter-assay agreement studies, concordance rates were
higher between 22C3 and SP263 assay, as compared to those for SP142 [78,82,84,85]. While
22C3 and SP263 have been developed and validated for different platforms and identify
epitope binding variance (extracellular domain and cytoplasmic domain, respectively),
they both take TC and IC staining into account. On the other hand, the lower concordance
levels between SP263 and SP142, which shares the same platform and epitope, highlight
the major impact of different scoring system in affecting the reliable assessment of PD-L1
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status [86]. As a result, altering assay protocols and /or quantification and interpretation
methods might result in improving agreement among antibody clones [86]. Though used
by a few studies, the EIL3N assay is a laboratory-developed antibody with unvalidated
scoring system, thus accounting for the very low concordance with the above-mentioned
commercially available clones, such as SP142 [87].

Pitfalls and issues of the IHC method can be overcome by measuring the PD-L1 mRNA
level by quantitative reverse transcriptase-polymerase chain reaction (RT-PCR). Breyer
et al. assessed the PD-L1 mRNA expression in a cohort of patients with T1 NMIBC tu-
mors, treated with BCG and mitomycin C, reporting an association between high PD-L1
mRNA expression and significantly improved recurrence-free survival (RFS), progression-
free survival (PFS), and cancer-specific survival (CSS) [70]. Furthermore, 5-year PFS was
longer in patients treated with mitomycin C than with BCG (100% vs. 80%, respectively;
p = 0.0788) [70]. In a later study from the same group, high-PD-L1 mRNA was an indepen-
dent predictor of longer DSS and RFS by multivariate Cox’s regression analysis, regardless
of their molecular subtype [88]. The implementation of PD-L1 assessment by RT-PCR in
routine practice is hampered by many drawbacks in that this technique is money- and
time-consuming and not as widespread as IHC. Furthermore, only IHC allows the identifi-
cation of the localization of the molecule in TCs or ICs within the tissue by visualizing the
antigen—-antibody binding and quantifying its extent in each cell group.

In conclusion, the assessment of PD-L1 status in BC via IHC staining poses technical
challenges such as tissue fixation, section preparation, and sample heterogeneity. Despite
efforts to standardize protocols, variability in PD-L1 expression assessment persists, im-
pacting treatment decisions and clinical outcomes. Inter-assay agreement studies have
revealed discrepancies among PD-L1 antibody clones, highlighting the need for standard-
ized scoring systems and assay protocols to ensure reliable and reproducible results. While
RT-PCR offers an alternative method for PD-L1 assessment, its limited accessibility and in-
ability to visualize PD-L1 localization within tissue highlight the ongoing need for refining
immunohistochemical techniques for accurate PD-L1 evaluation in BC.

4. Conclusions

This comprehensive review elucidates the evolving landscape of PD-L1 as a prognostic
biomarker in NMIBC, with a focus on Bacillus Calmette-Guérin (BCG) immunotherapy
and on the interaction between PD-L1 and tumor microenvironment in this setting. The
identification of PD-L1 as a potential prognostic factor not only suggests its use, alone
or in combination, to refine the risk stratification of NMIBC patients, but also provides
grounds for tailored therapeutic approaches, including immunotherapy with ICI, especially
for patients showing resistance to conventional treatments. However, challenges such as
intratumoral heterogeneity, technical issues in PD-L1 assessment, and discrepancies in
study outcomes necessitate further efforts to establish standardized protocols. This review
emphasizes the critical need for continued research to shine light on the prognostic role of
PD-L1, offering insights that contribute to the ongoing debate on personalized treatment
strategies for NMIBC patients.
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Abbreviations

BC Bladder cancer

BCG Bacillus Calmette-Guérin

CIS Carcinoma in situ

CSS Cancer-specific survival

DFS Disease-free survival

EMT Epithelial-mesenchymal transition

HER2 Human Epidermal Growth Factor Receptor 2
HR-NMIBC High-risk non-muscle-invasive bladder cancer
IHC Immunohistochemistry

(@ Immune checkpoint inhibitor

IC Immune cells

IL-6 Interleukin 6

IFN-y Interferon y

IFN-o Interferon o

JAK Janus kinases

LN Lymph node

MeSH Medical Subject Headings

MIBC Muscle-invasive bladder cancer

NMIBC Non-muscle-invasive bladder cancer

NLR Neutrophil-to-lymphocyte ratio

oS Overall survival

PD-L1 Programmed cell death ligand 1

PI3K Phosphatidylinositol 3-kinases

PFS Progression-free survival

re-TURB re-transurethral resection of the bladder
RT-PCR Reverse transcriptase-polymerase chain reaction
RFS Recurrence-free survival

STAT3 Signal transducer and activator of transcription 3
STAT Signal transducers and activators of transcription
TC Tumor cells

TMA Tissue microarray

TUR Transurethral resection

TURB Transurethral resection of tumor bladder
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