PREDICTION OF IMMUNE CHECKPOINT
INHIBITOR THERAPY IN UROTHELIAL
CARCINOMA: INTEGRATED ANALYSIS OF
MOLECULAR PATTERNS AND CLINICAL FACTORS

PhD thesis
Melinda Rita Hermann-Varadi

Semmelweis University Doctoral School
Surgical Medicine Division

X AN
& 0
5 \ ({, 00000
: 3 ; .
V i
: 9; af
ol é?
"%
Erwers N
Supervisor: Tibor Szarvas, D.Sc.
Official reviewers: Csaba Bodor, D.Sc.

Tamas Beothe, MD, Ph.D.
Head of the Complex Examination Committee:
Ilona Kovalszky, MD, D.Sc.
Members of the Complex Examination Committee:

Gabor Lotz, MD, D.Sc.
Tibor File, Ph.D.

Budapest
2025



Table of Contents

LiSt OF ADDFEVIALIONS ....c.viiviiiiiiicieie et 3
R a1 oo VT 1 o] o SRS 5
1.1. Epidemiology oOf bladder CANCEN ............coiiiiiiiieeree e 5
1.2, PAtNOIOQY ..o 6
1.3. Disease management Of MIBC ..o s 6
1.4. Immune checkpoint INNIDITOIS ........ccooiiiieece s 7
1.5. Immune checkpoint inhibitor therapy predictive markers in UC ............c..c........ 10
1.5.1. PD-L1 tiSSUE EXPreSSION....cuecveiieiiieiestiesteeieseesteeseesreesteesae s e sraesreennesraeneeas 10
1.5.2. Tumor mutational burden (TMB) .......ccoeiieiiiicieeeccse e 11
1.5.3. Molecular subtypes 0f BC..........coouiiiiiiiiiieree e 11

2. ODJECTIVES ...ttt bbb 14
2.1. Aims of the retrospective clinical data analysis............cc.ccooviiiiiiienicicee 14
2.2. Aims of the molecular analySes ..o 14
3L IMIBENOUS ..ttt 15
3.1. Clinical data analySiS .........ccceoveiieiiiieceece et 15
3.1.1. Patients and data COHECTION .........ccoeiiiiiieeiee e 15
312, OULCOMIES. ...ttt ettt ettt et e sie et e e b e nn e e nnn e 16
3.1.3. Statistical @NAlYSIS ........ccviiiiiieie e 16

3.2. Molecular analyses — gene expression analysisS..........c.ccoovveererenenenesesesens 17
3.2.1. Samples and data COIECTION ...........ccoiiiiiiiic s 17
3.2.2. RNA extraction and gene expression profiling ..........ccccooevvveiinciennnnnnns 18
3.2.3. Molecular subtype classifiCation .............ccoceieiiieiiniiiieee s 18
3.2.4. Gene expression data analysSiS.........ccccviieiieiiiicieese e 19

3.3. Molecular analyses — determination of SPD-L1 levels..........ccccoooviviiiiiiiiecnnnnns 20
3.3.1. Patients and SAMPIES.........occiiiiieie e 20
3.3.2. Serum PD-L1 Enzyme-Linked Immunosorbent Assay (ELISA).................. 20

A RESUITS ...ttt e e e re e te e e nnaeen 22
4.1. Clinical data @analySiS ........cooeiiiiiiiiiieiee e 22
4.1.1. Patient CharaCteriStICS ... .ccuiiieiierieeiesieiesie e et e e ae e eas 22
4.1.2. Real-world efficacy (tumor responses, PFS, OS) of ICIS .........cccccvivininnns 23
4.1.3. Determinants of OS and PFS ..o 24
4.1.4. Determinants of treatment response and disease control ............ccccceeerenee. 28



4.1.5. Comparison of the real-world cohort with corresponding clinical trial cohorts

................................................................................................................................. 30

4.2. Gene expression aNalySIS ... 32
4.2.1. Cohort description and follow-up detailS..........c.ccccevveriiieiieie e 32
4.2.2. Clinicopathological factors associated with survival or therapy response.... 34
4.2.3. Differential gene expression and SUIVIVal .............cccccveeviieveeic e 34
4.2.4. Differential gene expression and therapy reSPONSe..........cccvvevveveereereeseenne 36
4.2.5. Correlation of molecular subtypes with survival and therapy response........ 38
4.2.6. Combined model of clinicopathological and gene expression data............... 40

4.3. Soluble PD-L1 concentration in serum samples...........ccoovvviiinencncncnenenen 42
4.3.1. Cohort description and follow-up details..............ccoovviiiiiiieiiiis 42
4.3.2. Correlation of serum PD-L1 concentrations with survival ..............cc.ccovenen. 43
4.3.3. Serum PD-L1 level changes during ICI therapy .........ccccoevveveiieiecsecee, 43

T B 110 11 (o] o OSSP 44
B. CONCIUSION ...ttt bbb b e sreens 50
S 1101 0T U PRSPPI 52
ST =] (] =] [0TSRSO 53
9. Bibliography of own publiCations .............ccoceiiiiinii s 70
10. ACKNOWIEAGEMENT.......oiiiiiiiiieieeee bbb 73



List of Abbreviations

1L — First-line

2L — Second-line

AC — Adjuvant chemotherapy

Ba/SCC-like — Basal/Squamous cell carcinoma-like molecular subtype
Ba/Sq — Basal/Squamous molecular subtype

BC — Bladder cancer

Cl — Confidence interval

CIS — In situ carcinoma

CR — Complete response (remission)

CRP — C-reactive protein

CTLA-4 — Cytotoxic T-Lymphocyte Antigen-4
DCR — Disease control rate

DOR — Duration of response

ECOG PS- Eastern Cooperative Oncology Group performance status
eGFR — Estimated glomerular filtration rate
ELISA — Enzyme-Linked Immunosorbent Assay
FDA — Food and Drug Administration

FDR — False discovery rate

FFPE — Formalin-fixed, paraffin-embedded

GU — Genomically unstable molecular subtype
IC — Induction chemotherapy

ICI — Immune checkpoint inhibitor

IHC — Immunohistochemistry

LDH - Lactate dehydrogenase

LN — Lymph node

Lum — Luminal molecular subtype

Luml — Luminal-infiltrated molecular subtype
LumNS — Luminal non specified molecular subtype
LumP — Luminal-papillary molecular subtype
LumU- Luminal unstable molecular subtype
MDA — MD Anderson Cancer Center

Mes-like — Mesenchymal-like molecular subtype



MIBC — Muscle-invasive bladder cancer

mUC — metastatic urothelial carcinoma

NAC — Neoadjuvant chemotherapy

Ne — Neuronal molecular subtype

Ne-like — Neuroendocrine-like molecular subtype
NLR — Neutrophil-lymphocyte ratio

NMIBC — Non-muscle invasive bladder cancer
OS — Overall survival

ORR — Overall response rate

PC — Palliative chemotherapy

PD — Progressive disease

PD-1 — Programmed Death-1

PD-L1 — Programmed Death-Ligandl

PFS — Progression-free survival

PR — Partial response

RCE — Radical cystectomy

RCT — Radio chemotherapy

RNU — Radical nephroureterectomy

RT — Radiotherapy

Sc/Ne-like — Small-cell/Neuroendocrine-like molecular subtype
SD — Stable disease

TCGA — The Cancer Genome Atlas

TMB — Tumor mutational burden

UC — Urothelial carcinoma

Uro-like — Urothelial-like molecular subtype
UTUC: — Upper tract urothelial carcinoma



1. Introduction

Urothelial carcinoma (UC) is the second most common urological cancer, that can
develop in both the lower (bladder and urethra) and the upper urinary tract (renal pelvis
and ureter). Bladder cancer (BC) accounts for 90-95% of UCs whilst upper tract

urothelial carcinomas (UTUC) account for only the remaining 5-10% (1).

1.1. Epidemiology of bladder cancer
BC presents a major challenge to global healthcare systems, ranking as the ninth most

common cancer worldwide. According to the 2022 GLOBOCAN data, BC was
responsible for nearly 615,000 new cases and 220,000 deaths in 2022 (2). The incidence
and mortality rates of BC differ between countries due to differences in risk factors,
screening and diagnostic methods, and availability of treatments. In developed countries,
BC often presents higher incidence rates, partly due to lifestyle-related risk factors such
as smoking and occupational exposures (3). Nine European countries are among the top
ten for incidence rates and European countries also continue to dominate in terms of
mortality rates (Table 1). Advanced healthcare systems in these regions facilitate early
detection, which can improve survival rates. However, despite constantly developing
treatment options, BC is still a significant cause of cancer-related deaths, especially
among older adults. Hungary, with nearly 3,300 new cases and more than 1,000 deaths in
2022, ranks 11th for both incidence and mortality rates (Table 1).

Table 1. Top 10 countries (+ Hungary) by incidence (A) and mortality (B) rates of BC

A) B)
Incidence Mortality
Rank Country Number | Rate| Rank Country Number | Rate
1 Italy 34,580 | 57.4 1 Greece 1,554 |15.1
2 Greece 5,122 | 49.7 2 Poland 5,346 |14.2
3 Spain 21,418 | 45.8 3 Italy 8,254 | 13.7
4 The Netherlands | 7,835 |45.5 4 Portugal 1,392 | 13.7
5 Denmark 2,501 [429 5 Croatia 552 | 13.6
6 Canada 15,111 | 39.4 6 Spain 5,832 |125
7 Switzerland 3,202 |36.5 7 Slovenia 255 12.3
8 Portugal 3,517 | 34.7 8 France 7,934 [12.1
9 Germany 29,035 | 34.6 9 Latvia 219 11.9
10 ulize 23643 |345| 10 | The Netherlands | 1,920 |11.2
Kingdom
11 Hungary 3,246 | 33.8 11 Hungary 1,063 |11.1




More than three times as many men as women were among the newly diagnosed BC cases
in 2022 (2). Although men are more likely to develop BC, women tend to be diagnosed

at a more advanced stage and have poorer prognosis (4).

1.2. Pathology
More than 90% of BCs are urothelial (transitional cell) carcinomas, with approximately

5% classified as squamous cell carcinomas, and less than 2% as adenocarcinomas. Non-
epithelial tumor types occur much less frequently (5). Based on histological staging, BC
can be classified into non-muscle-invasive (NMIBC) and muscle-invasive (MIBC) forms.
About 70% of newly diagnosed cases are NMIBC, while in approximately 30% of
patients, the tumor has already invaded the muscularis propria of the bladder wall. All
MIBC cases are poorly differentiated, also referred to as high-grade UCs. Notably,
NMIBC recurs frequently (in 50-70% of cases) after transurethral treatment, but it rarely
progresses to MIBC (only in 10-20% of cases) and shows a good prognosis with over
90% 5-year cancer-specific survival (6, 7). MIBC patients, however, often face high rates
of disease recurrence, progression, and mortality, even after undergoing comprehensive
treatments such as radical surgery (cystectomy) and neoadjuvant or adjuvant therapies.
Approximately 40% of these patients experience metastatic relapse, while 5% are initially
diagnosed with metastatic disease (6, 8). The 5-year overall survival (OS) rate for
metastatic UC (mUC) is around 9% (9).

1.3. Disease management of MIBC
For decades, the gold standard treatment for MIBC has been radical cystectomy (RCE)

with extended pelvic lymph-node dissection. RCE is recommended for patients with
muscle-invasive and clinically organ-confined tumors (>cT2, NO-Nx, MO0), very high-risk
NMIBC, as well as extensive papillary disease that cannot be controlled with transurethral
resection of the tumor and intravesical systematic therapy alone (10). However, RCE
achieves a 5-year survival rate of only about 50% (11). To improve survival outcomes for
patients with organ-confined (cNOMO) disease, cisplatin-based neoadjuvant
chemotherapy (NAC) has been used since the 1980s. According to the latest guidelines,
NAC is strongly recommended for MIBC patients who are eligible for cisplatin-based
chemotherapy (12). Previous studies have shown that NAC can result in an 8%
improvement in the 5-year survival rate, while having no impact on surgical morbidity

(13, 14). Additionally, the neoadjuvant approach allows for early determination of in vivo



chemosensitivity. A disadvantage of NAC is the delay in local treatment for patients who
do not show chemotherapy-sensitivity (15). Other compounds, such as immune
checkpoint inhibitors (IC1), are increasingly being tested in the neoadjuvant setting, either
as monotherapy or in combination with chemotherapy, showing promising results (16).
However, this strategy has not yet received approval for routine clinical use.

For decades, platinum-based chemotherapy has been the standard first-line systematic
treatment for MIBC. The latest guidelines still recommend strongly to offer adjuvant
cisplatin-based combination chemotherapy to patients with locally advanced or metastatic
disease if no NAC has been given before (12). A recent meta-analysis involving 1183
patients treated with adjuvant cisplatin-based chemotherapy has revealed an improvement
in OS of 6% at 5 years. A part of these patients will progress to metastatic disease and the
prognosis for mUC remains poor, with a median OS of only 12-14 months (17, 18).
Moreover, up to 50% of patients are cisplatin ineligible due to poor performance status
or comorbid conditions like renal or heart failure (19).

Lately, the treatment landscape for mUC has been significantly evolved. Recent
randomized controlled trials and real-life studies have challenged the dominance of
cisplatin-based chemotherapy, exploring the benefits of other systematic therapies such
as ICls, the FGFR-inhibitor erdafitinib, and the antibody-drug conjugates enfortumab

vedotin and sacituzumab govitecan.

1.4. Immune checkpoint inhibitors
The reaction of the immune system to pathogenic organisms as well as self-antigens needs

to be carefully regulated, ensuring the elimination of pathogens and cancerous cells, while
also maintaining immune tolerance (20). Immune checkpoints play a pivotal role in
maintaining a delicate balance between activation and suppression of this system. These
molecular "brakes" are located on the surface of immune cells, including T lymphocytes,
or on tumor cells and trigger different signals that regulate and prevent the over-activation
of T cells (21). The 2018 Nobel Prize in Physiology or Medicine was awarded to Tasuku
Honjo and James Allison for the discovery of the two most important immune
checkpoints: PD-1 (Programmed Death-1) and CTLA-4 (Cytotoxic T-Lymphocyte
Antigen-4). The inhibition of T cell activation by PD-1 and/or CTLA-4 is regarded as one
of the key ways in which cancer cells evade immune detection. By blocking these

molecules, the immune system can be reactivated to effectively fight cancer (22).



The activation of T lymphocytes, the effector cells of anti-tumor immunity, requires
multiple signals. The first signal consists of the connection of MHC-presenting antigen
to T cell receptor (TCR). The other stimulus is provided by co-stimulatory and co-
inhibitory signals (23). The interaction between PD-1 on T cells and PD-L1 on tumor
cells or antigen-presenting cells (APCs) can strongly inhibit T cell activation, leading to
T cell apoptosis, reduced cytokine production, impaired T cell lysis, and the induction of
antigen tolerance (24). This interaction allows tumors to evade immune surveillance.
Anti-PD-(L)1 antibodies block the binding of PD-1 to PD-L1, restoring the immune cells'

ability to recognize and destroy cancerous cells (25) (Figure 1).
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Figure 1. FDA-approved immune checkpoint inhibitors and their mechanism of action (25)

Pembrolizumab was the first anti-PD-1 inhibitor approved by the US Food and Drug
Administration (FDA) in 2014 for the treatment of unresectable or metastatic melanoma
(26). Later, the potential field of application was expanded to numerous other cancer types
such as advanced non-small cell lung cancer, recurrent or metastatic head and neck
squamous cell carcinoma, gastric cancer, ovarian cancer, and others (27, 28). In May
2017, right after the FDA-approval of the anti-PD-L1 inhibitor atezolizumab, the FDA

granted accelerated approval to pembrolizumab for the treatment of patients with locally



advanced or metastatic UC, who are not eligible for cisplatin-containing chemotherapy
(29, 30). The potential field of application was soon further expanded to the post-platinum
setting. Prospective clinical trials such as the IMvigor210 and KEYNOTE-045 served as
the basis for approval (31, 32). Other ICI drugs such as avelumab or nivolumab have also
been approved for certain mUC settings (33, 34). Despite the promising results of the first
clinical trials, the application of ICIs has faced some challenges (35). Early results from
trials KEYNOTE-361 and IMvigor130 indicated that patients receiving pembrolizumab
or atezolizumab as first-line monotherapy had inferior survival to those on traditional
cisplatin- or carboplatin-based treatments (36, 37). Consequently, the use of these ICI
monotherapy (pembrolizumab) in the first-line setting has been restricted to cisplatin
ineligible patients with high levels of PD-L1 protein expression (38). A summary of the

most important clinical trials of different ICI drugs in UC is presented in Table 2.

The clinical trials involved carefully selected and well-defined patient groups, conducted
under standardized and strictly controlled conditions to reduce bias and potential
confounding factors (39). However, since the trial population may differ in many ways
(age, comorbidities, generalized organ dysfunction) from those seen in everyday clinical
practice, the results may not apply to all populations (40). Therefore, there is a need for
real-world data primarily from electronic medical records to assess the efficacy of ICI

treatment in the general population.



Table 2. Summary of key clinical trials of ICls in UC

. Primar A
Study Year Drug Phase Population Comparator endpoin{ Key findings FDA approval Reference
R
Advanced UC, post- Sh°‘f”e“ ORR. OGO (e Approved for post-platinum
Phase latinum (Cohort 2) Single-arm e G o) and cisplatin-ineligible Rosenberg et al
IMvigor210 | 2016 | Atezolizumab P . S J ORR and 23% in cisplatin- . P g 9 ’
Il | and cisplatin-ineligible study Lo . patients (2016, accelerated (2016)
ineligible patients (Cohort
(Cohort 1) 1 approval).
. . P ORR of 29%, with higher Approved for cisplatin-
KEYNOTE- 2017 [Pembrolizumab Phase Advanc.ed UC cisplatiny - Single-arm ORR responses (33%) in PD-L1+ | ineligible patients (2017, Balar et al.
052 1l ineligible study - (2017)
patients. accelerated approval).
No significant OS benefit in
. . Phase | Advanced UC, post- intent-to-treat population; - Powles et al.
IMvigor211 | 2017 | Atezolizumab I | platinum chemotherapy Chemotherapy (6F] higher OS in high PD-L1 No additional approval. (2017)
expression subgroup.
KEYNOTE- . Phase | Advanced UC, post- Pembrolizumab improved OS Approved for post-platinum | Bellmunt et al.
045 2017 |Pembrolizumab m |atinum chemothera Chemotherapy [6F] compared to chemotherapy chemotherapy setting (2017) 2017)
P Py (10.3 vs. 7.4 months). i o ’
Al Atezolizumab +
. Phase OSand |chemotherapy improved PFS - Galsky et al.
IMvigor130 | 2019 2= m Untreated advanced UC | Chemotherapy PES but did not meet OS No additional approval. (2020)
Chemotherapy o
significance threshold.
Did not show superiority of
Pembrolizumab pembrolizumab +
KEYNOTE- 2020 + Phase Untreated advanced UC | Chemotherapy OSand chemotherapy over No additional approval. Powles et al.
361 1] PFS ) (2021)
Chemotherapy chemotherapy alone in OS
and PFS.
Avelumab maintenance Approved for maintenance
JAVELIN 2020 Avelumab Phase | Advanced UC, post- |Best supportive 0s significantly improved OS thSra in nost-platinum Powles et al.
Bladder 100 1] platinum response care (BSC) compared to BSC (median p;:iemps (20p20) (2022)
0S 21.4 vs. 14.3 months). P :
. Significant improvement in .
CheckMate . Phase | Muscle-invasive UC Dlseasg free DFS in both PD-L1+ and all- Approved for adjuvant Bajorin et al.
2021 | Nivolumab Placebo survival ! - therapy post-cystectomy
274 1] post-cystectomy (DFS) comers populations (median (2021) (2021)
DFS 20.8 vs. 10.9 months). '

Although PD-(L)1 inhibitors have shown impressive efficacy in a subset of UC patients,
challenges such as drug resistance and side effects persist. About only 20-30% of mUC
patients benefit from the ICI therapy, and fewer patients could experience durable
responses lasting more than 2 years. In addition, a remarkable subset of patients can face
serious immune-related side effects (41). These facts highlight the growing need for
reliable biomarkers to guide treatment selection and better predict which patients are most
likely to benefit from ICI therapy (42).

1.5. Immune checkpoint inhibitor therapy predictive markers in UC

1.5.1. PD-L1 tissue expression

One of the most extensively studied predictive biomarkers in mUC is PD-L1 tissue
expression determined by immunohistochemistry (IHC). However, clinical trial data
varied markedly, underscoring the challenge of relying on PD-L1 IHC scores as
standalone predictive biomarker (31, 32, 43, 44). The use of different antibodies and
various scoring systems may at least partly explain the lack of reproducibility of PD-L1

IHC (45, 46). In addition, PD-L1 expression can be transient and heterogeneous
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influenced by various molecular mechanisms within both the tumor and its
microenvironment (47-49). Conflicting results regarding the correlation between PD-L1
expression and patient survival may arise from both technical challenges and the dynamic
regulation of PD-L1 expression. The major limitation of PD-L1 staining relates to the
significant proportion of PD-L1-negative patients who respond to ICIs. Thus, the
adequate predictive value of PD-L1 could not be confirmed in large trials (36, 50).

Enzymes such as matrix metalloproteinases can cleave the extracellular domain of PD-
L1, resulting in soluble forms detectable in blood samples from both healthy individuals
and cancer patients (51). Recent studies have suggested a potential prognostic role for
sPD-L1 in various cancer types (52, 53); however, limited data are available regarding its

role as a biomarker in UC.

1.5.2. Tumor mutational burden (TMB)
High TMB through increasing neoantigen load potentially enhances the tumor's

immunogenicity and response to ICI therapy (54). Somatic mutation rates proved to be
usually higher in cancers associated with long-term carcinogenic exposure, including UC
(55). High TMB has been correlated with improved response rates and prolonged survival
in mUC (31, 56, 57). However, the promising results from small single-arm studies need

further validation.

1.5.3. Molecular subtypes of BC
Based on their gene expression patterns urothelial BCs can be classified into different

molecular subtypes. The gene signatures that specify the subtypes are diverse, covering
signatures such as epithelial differentiation, stromal involvement, cell cycle activity, and
immune cell infiltration (58). Multiple classification systems have been developed to
identify and define molecular subgroups of BC (Figure 2) (59).

Gene expression-based molecular subtypes according to various classification systems
have also been suggested to show differences in treatment outcomes to ICI therapy.
However, studies reported rather controversial results. According to consensus
classification system favourable responses to ICI (atezolizumab) could be observed
among patients with luminal non-specified (LumNS), luminal unstable (LumU), and
neuroendocrine like (NE-like) tumors (60). The TCGA classification system
distinguished five different subtypes, of which the luminal-infiltrated group was

characterized by high immune/stromal infiltration and high expression of PD-L1. Thus,
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it has been speculated as ICI responsive subtype (61, 62). However, validation studies
using the same classification system have shown that the luminal and the neuronal
subtypes derive the most benefit from ICI therapy (63, 64). The relationship between
molecular subtypes and response to ICI therapy is still an area of active research, and
further studies are needed to validate previous findings. Despite many promising
associations with clinical outcomes and treatment response, its clinical impact has yet to
be defined.

Classifiers Molecular subtypes

Basal

UNC I. 2014

TeeAlzore | ' <<

Consonsus 0 (NGB BTG I o B

Figure 2. Gene expression-based molecular subtype classification of muscle-invasive
bladder cancers, as recommended by various research groups (59).

Ba/SCC-like: basal/squamous cell carcinoma, Ba/Sq: basal/squamous, Lum: luminal, Lum-inf: luminal-
infiltrated, LUumNS: non-specified luminal, Lum-pap: luminal-papillary, LumU: luminal unstable, Mes:
mesenchymal-like, GU: genomically unstable, Ne: neuronal, Sc/Ne: small-cell/neuroendocrine-like,
Uro-like: urothelial-like.
Other investigated markers such as CD8 expression and other immune gene cell
signatures (65) showed limited results. The predictive value of standalone biomarkers
seems to be restricted and can be influenced by various factors, including the dynamics
of the tumor microenvironment, treatment history, and interpatient variability.
Additionally, the lack of standardization in biomarker assessment methods and scoring
systems can further complicate the interpretation of results and limit their clinical utility.
To address these challenges, the use of integrative approaches that combine various
clinicopathological, molecular, and immune-related factors is essential to improve

predictive accuracy. As the therapeutic landscape for mUC continues to evolve, the
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development of robust and clinically relevant biomarkers remains crucial for refining

patient selection and optimizing treatment outcomes.
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2. Objectives

The aim of the study is to gain a better understanding of the factors affecting the
effectiveness of ICI therapy under real-world conditions and to identify new potential
predictive molecular markers or set of markers. The work presented here has two main

parts: clinical data analysis and molecular analyses (Figure 3).

[CIin. data analysis ] [ Molecular analysis ]

Databank Molecular Immune sPD-L1
preparation subtyping profiling status

v v

v
( Clinical parameters Y}  ((NanoString® technology} (NanoString® technology) ( ELISA \
CRP,LDH, (&) () - (= E 5 E’ E} g E/ .
NLR, AP, DY ¥ g g B 1
antibiotics (= @ @ E’ =2 l{ ﬁ& e g kJI\
etc. el H(E <y 3 & o

[ Dataset ] [ FFPE Tumor tissue J FFPE Tumor tissue [ Serum samples ]

[ Therapy response (Overall survival, radiographic response) ]

Figure 3. Overview of the research plan (Own figure)

2.1. Aims of the retrospective clinical data analysis
This multicentric, retrospective study aimed:

1. To assess the characteristics of UC patients receiving ICI treatment in routine
clinical settings.

2. To compare the effectiveness of two widely used ICI drugs (pembrolizumab and
atezolizumab) against results from respective clinical trials.

3. To evaluate the prognostic significance of standard clinicopathological and
laboratory parameters.

2.2. Aims of the molecular analyses

1. To identify potential ICI-predictive genes in our institutional UC patient cohort
through gene expression analysis of the tumor and its microenvironment.

2. To develop a prognostic model by combining clinicopathological and molecular
factors.

3. To examine how different molecular subtypes of UC relate to therapy response
and survival outcomes in patients undergoing ICI treatment

4. To evaluate the prognostic value of soluble PD-L1 (sPD-L1) as a serum biomarker

14



3. Methods

3.1. Clinical data analysis

3.1.1. Patients and data collection

Eligible patients included adults (>18 years) with a confirmed diagnosis of advanced or
metastatic urothelial tract malignancy who received at least one cycle of ICI
(pembrolizumab or atezolizumab) as first-, second-, or later-line treatment between
January 2017 and December 2021. Exclusion criteria included histological variants other
than UC, combination therapy, monotherapy with nivolumab, avelumab, or durvalumab,
and ICI in the neoadjuvant setting (Figure 4). Patient data were obtained from medical
records and respective files across 6 uro-oncology centers (Semmelweis University;
National Institute of Oncology; Borsod-Abatj-Zemplén County University Hospital,
University Hospital Diisseldorf; University Hospital Essen; University of Szeged),

collecting clinicopathological, laboratory (if available), and clinical outcome data.

Patients with BC or UTUC, who received at least one cycle of immune
checkpointinhibitor therapy before 31.12.2021

! . . . .
1 Exclusion of histological variants:
' n=4

! 2 squamous cell carcinoma

1

1

1

1

v

1 neuroendocrine carcinoma
1 clear cell adenocarinoma

Exclusion based on drug type:
n=20

5 Nivolumab

4 Nivolumab + Ipilimumab

3 Avelumab

2 Durvalumab

2 Atezolizumab + Cabozantinib
2 Pembrolizumab + Levatinib

Patients treated with atezolizumab or pembrolizumab ! Pemb_rolizumab+ Nivolu_rn_ab
n=212 i 1 Atezolizumab + Rogaratinib

Patients with histologically confirmed urothelial carcinoma (UC)
n=232

Patients treated with atezolizumab or pembrolizumab as first-, second- or
third-line therapy
n=210

Figure 4. Flow chart of the patient selection.(115)

Figure 4 has been published in the article: Varadi M. et al. Efficacy of immune checkpoint inhibitor therapy
for advanced urothelial carcinoma in real-life clinical practice: results of a multicentric, retrospective study.

Sci Rep. 2023 Oct 13;13(1):17378.

Cut-off values for laboratory parameters were primarily derived from previous studies:
hemoglobin (10 g/dL), C-reactive protein (CRP, 30 mg/L), and neutrophil-lymphocyte

ratio (NLR, 5) were set according to the original and enhanced Bellmunt risk score (66,

15
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67). In addition, the lower limit of the normal range was employed as the cut-off value
for albumin (35 g/l), and the upper limit of the normal range as the cut-off for LDH (250
U/I). In the case of estimated glomerular filtration rate (eGFR), we applied two different
cut-off values 50 ml/min and 40 ml/min respectively. The end date for data analysis was
August 2022.

The study conformed to the Declaration of Helsinki, and the regional ethics committee
approved the protocol (approval no.: SE RKEB 125/2019).

3.1.2. Outcomes

Overall survival (OS) was used as the primary endpoint of this study because it is a robust
and objective endpoint; moreover, information on response and progression was not
always available. Secondary outcomes included progression-free survival (PFS),
objective response rate (ORR), disease control rate (DCR), and duration of response
(DOR).

OS was defined as the period from the initiation of ICI therapy to the date of death from
any cause, while PFS was defined as the time from the first ICI treatment to the date of
disease progression (radiographic or clinical) or death from any cause. Patients who did
not die were censored at the time of the last follow-up.

Responses were assessed by computed tomography (CT), with evaluation performed by
local radiologists at each center according to Response Evaluation Criteria in Solid
Tumors (RECIST) guideline version 1.1 (local guidelines). Treatment response was
determined by the data collector based on radiographic studies and clinical notes. ORR
was defined as the percentage of patients achieving a partial or complete response (PR or
CR) to treatment within the follow-up period, while DCR referred to the proportion of
patients with CR, PR, or stable disease (SD). Time to response was defined as the duration
from the first cycle to the first documented response. DOR was defined as the time from
the first documented radiological response to disease progression or death from any cause,

whichever occurred first.

3.1.3. Statistical analysis

Descriptive statistics included the median and range for continuous variables and counts
with percentages for categorical variables. All time-to-event data (OS, PFS, DOR) were

visualized using Kaplan-Meier estimates, with medians reported alongside corresponding
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95% confidence intervals (Cls). The median and range of time to response were reported
for patients with CR and PR. Cox proportional hazards models were used to assess
differences in hazard ratios (HRs) between groups according to risk factors, and a
stratified two-sided log-rank test was employed to assess differences in OS. A Chi-
Squared Test of Independence was conducted to determine associations between response
(CR/PR) or disease control (CR/PR/SD) and various clinicopathological variables. A p-
value of <0.05 was considered statistically significant. All statistical analyses were
performed with IBM SPSS Statistics, version 27.0 (IBM Corp., Armonk, NY, USA).

3.2. Molecular analyses — gene expression analysis

3.2.1. Samples and data collection

The study included advanced or metastatic UC patients with available formalin-fixed,
paraffin-embedded (FFPE) tumor samples, who received at least one cycle of ICI therapy
(pembrolizumab or atezolizumab) as first- or second-line treatment between January 2017
and February 2023. Patients with low-quality tumor tissue samples or lacking follow-up

data were excluded (Figure 5).

Histologically confirmed UC tissue samples (FFPE slides)
from patients treated with ICI therapy

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

FFPE samples suitable for macrodissection and RNA
isolation
n=135

i Exclusion of samples with <30ng/ul
"} RNA concentration:

RNA samples suitable for Nanostring assay
n=107

i Exclusion of patients receiving
"t combination ICI therapy:

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Samples with gene expression data
n=101

! Exclusion of data after quality control:
o
' n=1

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Gene expression data suitable for statistical analysis
n=100

Figure 5. Flow chart of the sample selection (Own figure)

Data were obtained from medical records at six uro-oncology centers (Semmelweis
University; National Institute of Oncology; University Hospital Diisseldorf; University

Hospital Essen; University of Szeged; University Hospital Frankfurt) as previously
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described. The follow-up cut-off was at 11/2023. The study conformed to the Declaration
of Helsinki, and the respective ethics committees (Semmelweis University Regional and
Institutional Committee of Science and Research Ethics, and the Ethics Commission of
the Medical Faculty of the University of Duisburg-Essen) approved the study protocol
(SE RKEB 125/2019, 15-6400-B0O, 2021-1548).

3.2.2. RNA extraction and gene expression profiling

Samples from radical surgeries (cystectomy or nephroureterectomy) or transurethral
bladder resections were prepared for gene expression analysis. RNA was extracted from
10 um-thick FFPE tissue sections (2—10 slides per case). To reduce contamination with
non-malignant tissue, macrodissection was performed, focusing only on marked tumor
areas with >50% tumor cell content. A board-certified genitourinary pathologist
identified these tumor areas on hematoxylin and eosin (H&E)-stained slides. Selected
areas were carefully scraped, and RNA was isolated using the MagMAX™ FFPE
DNA/RNA Ultra Kit (Thermo Fisher Scientific, Waltham, MA, USA) per the
manufacturer’s protocol. Extracted RNA concentrations were measured with the Qubit™
RNA High-Sensitivity Assay Kit and the Qubit fluorometer (Thermo Fisher Scientific,
Waltham, MA, USA).

Samples with sufficient RNA concentrations (>30 ng/ulL) were hybridized to the
NanoString nCounter® PanCancer 10 360™ Gene Expression Panel (NanoString,
Seattle, WA, USA) for 24 hours in a thermocycler. Samples were processed on the
nCounter Prep Station (NanoString, Seattle, WA, USA), and gene expression profiles

were digitized using the nCounter Digital Analyzer.

3.2.3. Molecular subtype classification

For molecular subtype classification according to the MDA, Lund, TCGA and consensus
classification systems, we used a gene panel based approach with 48 genes covering six
tumor cell-specific (luminal, basal, squamous, neuronal, epithelial-to-mesenchymal
transition (EMT), and in situ carcinoma [CIS]) as well as three stroma-related gene
signatures (p53, extracellular matrix (ECM)/smooth muscle (SM), and immune cell-
specific) (Table 3) (68, 69). NanoString nCounter® analysis with a custom gene panel of
48 subtype-specific genes and 19 additional single genes was conducted, as previously

described.
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Table 3. Applied gene set assigned to signatures and to classification systems (68,69).

Classification system s

TCGAIl MDA LUND C ° elected genes

X X X X Luminal CcYP2)2 ! ERBB2 [ FoFRs | FoxAl GATA3 I KRT20 { PPARG UPKIA  uPKk2

X X X X Basal/Squamous CD44. CDH3 KRT14 | KRT5 KRTéA | DSC2 | DSG3 PI3 ‘ - |

X X X

X - X CIS CRTAC1 CTSE MSN | NR3C1

X X X X

X X X X ECM/SM comp SFRP4 SGCD

X - - Immune CD274 CXCL11

- X
- X X Additional CDKN2A

ACVR1 APOBEC3A | APOBEC3B | APOBEC3G ARID1A B82M CALR CIITA EGFR ERAP1

Additional single genes on the panel
FLT4 Ki67 MMP7 NKG7 PDGFA RB1 SLAMF6 TAGAP TGFBR2

3.2.4. Gene expression data analysis

The NanoString data analysis was conducted within the R for Windows environment
(v4.4.0, R Foundation for Statistical Computing, Vienna, Austria, 2024). Log2 fold
change (log2FC) calculations were manually performed, while normalized NanoString
data (differential expression analysis) was compared using Wilcoxon rank-sum tests. For
parameters with more than two levels, pairwise Wilcoxon rank-sum tests with Holm-
corrected p-values (70) were used. Gene set enrichment analysis was also performed on
data from the nCounter® PanCancer Immune Profiling Panel. Survival analysis utilized
Cox regression models. Optimal cut-off values for each gene were determined by first
calculating the upper (Q3) and lower (Q1) quartiles of each gene’s expression values,
then identifying the best cut-off between these quartiles using Cox regression analysis,
and adjusting p-values with the Benjamini-Hochberg False-Discovery Rate (FDR). All p-
values were FDR-corrected using the Benjamini- Hochberg method (71). Visualizations,
including boxplots and heatmaps, were created with the ggplot2 (v3.5.1) and
ComplexHeatmap (v2.20.0) R-packages, respectively. The Random Survival Forest
(RSF) model was used to combine the significant factors identified from the univariate
analysis to predict survival outcomes. The model was trained using the selected variables
and the survival data, which included time-to-event information and censoring indicators.
Model performance was assessed using Receiver Operating Characteristic (ROC)
analysis, with the Area Under the Curve (AUC) calculated to evaluate the discriminatory
ability of the RSF model. Additionally, C-statistics were calculated to assess the overall
performance of the model. All analyses were performed in R with the randomForestSRC
and pROC packages. To validate the prognostic value of selected genes, the online tool

“Kaplan-Meier Plotter” (www.kmplot.com; accessed on 09/06/2024) was used to analyze
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publicly available gene expression and survival data across cancer datasets, including ICI-
treated UC cases. Additionally, the “ROC Plotter” tool (www.rocplot.com/immune;
accessed on 09/06/2024) was employed to assess the diagnostic and predictive
performance of differentially expressed genes, utilizing a database of 1,434 tumor tissue
samples from 19 datasets that include esophageal, gastric, head and neck, lung,
melanoma, and UC cancers (72). Both pan-cancer and UC-specific (IMvigor210)

validations were performed.

3.3. Molecular analyses — determination of sSPD-L1 levels

3.3.1. Patients and samples

Pre-treatment serum samples were collected from 12 UC patients who underwent ICI
therapy with either atezolizumab (n = 11) or pembrolizumab (n = 1). Blood samples were
collected in 9 mL Vacuette® tubes with the assistance of clinic nurses. After resting at
room temperature for 3090 minutes, tubes for serum preparation were centrifuged at
1500 rcf for 10 minutes. Then, 3 x 1000 uL of serum was pipetted into labelled Eppendorf
tubes and stored at -80°C until use. Ten patients received ICI therapy as a second-line
treatment, while 2 were treated due to platinum ineligibility. The samples were obtained
between April 2019 and March 2020 at the Department of Urology, Semmelweis
University. On-treatment serum samples, collected before the second immunotherapy
cycle, were available for 92% (11/12) of the patients. The study was conducted in
accordance with the Helsinki Declaration and approved by the institutional ethics
committee (TUKEB 55/2014 and 224/2013). Written informed consent of all patients was

available.

3.3.2. Serum PD-L1 Enzyme-Linked Immunosorbent Assay (ELISA)

Soluble PD-L1 levels in serum samples were measured using the PD-L1/B7-H1
Quantikine ELISA kit (DB7H10, R&D Systems, Wiesbaden, Germany) following the
manufacturer’s protocol. The ELISA plates were read using the Thermo Scientific™
Multiscan FC Microplate Photometer with Skanlt 5.0 Software. For dichotomization, the
cut-off values were defined as the median (90 pg/mL). To rule out potential interference
or cross-reactivity between the therapeutic anti-PD-L1 antibody (atezolizumab,
Tecentriq®, Roche, Basel, Switzerland) and the ELISA kit, additional ELISA analyses
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were performed using atezolizumab and pembrolizumab. The low number of cases did

not allow a valid statistical analysis.
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4. Results
4.1. Clinical data analysis

4.1.1. Patient characteristics

Data from 210 eligible patients were analyzed. A full description of patient characteristics
for the whole cohort, as well as for the first- and second-line cohorts, is provided in
Table 4.

Seventy-six patients received atezolizumab, and 134 patients received pembrolizumab.
The median age at the start of ICI therapy was 67.3 years (range: 28.9-87.2 years). The
most common primary tumor localization was in the bladder, affecting 81.9% (n=172) of
patients. Twelve cases (5.7%) presented with tumors in both locations (upper urinary tract
and bladder). Ninety-one patients (43.3%) underwent radical surgery (cystectomy or
nephroureterectomy), and 22 patients (10.5%) received radiochemotherapy as local
treatment. At the time of ICI initiation, 31.9% of patients had lymph node-only
metastases, and 45.2% had visceral metastases. The majority of patients (83.3%) were
categorized into ECOG PS groups 0-1.

We had sufficient data for 184 patients to classify them according to the Bellmunt criteria.
The Bellmunt risk score classifies patients into risk groups based on three factors: ECOG
PS >0, hemoglobin (Hgb) level <10 g/dL, and the presence of liver metastases (67). The
distribution of risk groups was as follows: 35.2% had no risk factors (Bellmunt 0), 38.6%
had one risk factor (Bellmunt 1), 11.4% had two risk factors (Bellmunt 2), and 2.4% (5
patients) had three risk factors (Bellmunt 3). In the first-line cohort, more than half of the

patients had at least one risk factor.
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Table 4. Patient characteristics. Table 4 has been published in the article: Viradi M. et al. Efficacy
of immune checkpoint inhibitor therapy for advanced urothelial carcinoma in real-life clinical practice:
results of a multicentric, retrospective study. Sci Rep. 2023 Oct 13;13(1):17378. (115)

Age at diagnosis, years median (range)
Age at ICl initiation, years median (range)

67.3 (28.9-87.2)
69.8 (29.4-88.8)

70.0 (45.2-87.2)
71.9 (45.3-88.4)

Whole cohort First-line Second-line
Variables n (%) n (%) n (%)
Total number of patients 210 84 126

65.3 (28.9-86.3)
68.2 (29.4-88.8)

Sex Male 146 (69.5) 51 (60.7) 95 (75.4)
Female 64 (30.5) 33(39.3) 31 (24.6)
Location of primary tumor uTuC 26 (12.4) 6 (7.1) 20 (15.9)
BC 172 (81.9) 74 (88.1) 98 (77.8)
Both 12 (5.7) 4 (4.8) 8 (6.3)
Setting 1L 84 (40.0) 84 (100.0) -
2L 126 (60.0) - 126 (100.0)
Drug Atezolizumab 76 (36.2) 18 (21.4) 58 (46.0)
Pembrolizumab 134 (63.8) 66 (78.6) 68 (54.0)
Prior treatments NAC 20 (9.5) 7 (8.3) 13 (10.3)
RCE 63 (30.0) 22 (26.2) 41 (32.5)
RNU 28 (13.3) 8 (9.5) 20 (15.9)
CTX (IC/AC/PC) 126 (60.0) - 126 (100.0)
RCT 22 (10.5) 18 (21.4) 4 (3.2)
RT 77 (36.7) 38 (45.2) 39 (31.0)
ECOG-PS at ICl initiation 0 117 (55.7) 39 (46.4) 78 (61.9)
1 58 (27.6) 28 (33.3) 30 (23.8)
2 22 (10.5) 15 (17.9) 7 (5.6)
3 2(1.0) - 2(1.6)
Unknown 11 (5.2) 2(2.9) 9(7.2)
Metastatic sites LN 144 (68.6) 55 (65.5) 89 (70.6)
Only LN 67 (31.9) 29 (34.5) 38 (30.2)
Liver 33 (15.7) 9 (10.7) 24 (19.0)
Visceral 95 (45.2) 32 (38.1) 63 (50.0)
Bone 49 (23.3) 9 (10.7) 40 (31.7)
No metastases 22 (10.5) 16 (19.0) 6 (4.8)
Bellmunt risk factors 0 74 (35.2) 19 (22.6) 55 (43.7)
1 81 (38.6) 43 (51.2) 38 (30.2)
2 24 (11.4) 9 (10.7) 15 (11.9)
3 5(2.4) - 5 (4.0)
Unknown 26 (12.4) 13 (15.5) 13 (10.3)

ICI: immune checkpoint inhibitor, UTUC: upper tract urothelial carcinoma, BC: bladder cancer, 1L: first-line, 2L:
second-line, NAC: neoadjuvant chemotherapy, RCE: radical cystectomy, RNU: radical nephroureterectomy, CTX:
chemotherapy, IC: induction chemotherapy, AC: adjuvant chemotherapy, PC: palliative chemotherapy, RCT:
radiochemotherapy, RT: radiotherapy, ECOG-PS: Eastern Cooperative Oncology Group performance status, LN:

lymph node

4.1.2. Real-world efficacy (tumor responses, PFS, OS) of ICIs

Patients received a median of 6 treatment cycles (range: 1-80) and remained on therapy

for a median of 4.3 months. At the time of the data cut-off, 31 patients (14.8%) were still

receiving ICI therapy. The primary reason for discontinuing treatment was disease

progression. The median follow-up period after ICI initiation was 10.2 months. No
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radiographic response data was available for 29 patients. Among the 181 patients
evaluable for radiographic response, 13 achieved a complete response, and 53 had a
partial response. The overall response rate (ORR) for the entire cohort was 36.5%, with
ORRs of 32.9% in the first-line setting and 38.9% in the second-line setting. The median
duration of response (DOR) was 11.8 months. Disease control was achieved in 112
patients, resulting in a disease control rate (DCR) of 61.9% for the entire cohort.

The median PFS was 5.9 months (95% ClI: 3.9-7.8 months). For first-line ICI treatment,
the median PFS was 7.2 months (95% CI: 4.2-10.3 months), while for second-line
treatment, it was nearly 3 months shorter, at 4.4 months (95% CI: 2.3-6.5 months). A
total of 140 patients (66.7%) died during the study period. The median OS was 13.6
months (95% CI: 9.4-17.7 months). Tumor responses, and survival data for the whole

cohort, as well as the first- and second-line cohorts, are shown in Table 5.

Table 5. Follow-up characteristic and tumor response. Table 5 has been published in the article: Véradi M. et
al. Efficacy of immune checkpoint inhibitor therapy for advanced urothelial carcinoma in real-life clinical practice: results of a
multicentric, retrospective study. Sci Rep. 2023 Oct 13;13(1):17378. (115)

Whole cohort First-line Second-line

Variables n (%) n (%) n (%)
Time of follow-up, months, median (range) 10.2 (0-68.7) | 10.2 (0.5-68.7) | 10.2 (0-64.8)
Number of cycles of ICI, median 6 (1-80) 7 (1-47) 5 (1-80)
ICI treatment (months), median (range) 4.3 (0-54.6) 4.95 (0-31.8) 3.6 (0-54.6)
ICI treatment ongoing at last follow-up 31 (14.8) 13 (15.5) 18 (14.3)
Best overall response

Complete response (CR) 13 (7.2) 8 (11.0) 5 (4.6)

Partial response (PR) 53 (29.3) 16 (21.9) 37 (34.3)

Stable disease (SD) 46 (25.4) 24 (32.9) 22 (20.4)

Progressive disease (PD) 69 (38.1) 25 (34.2) 44 (40.7)

No radiologic evaluation performed 29 11 18
ORR 66 (36.5) 24 (32.9) 42 (38.9)
DCR 112 (61.9) 48 (65.8) 64 (59.3)
DOR, months, median (range) 11.8 (0.1-67.7) | 11.4 (0.4-67.7) | 11.9 (0.1-62.9)
PFS, months, median (95% CI) 5.9 (3.9-7.8) 7.2 (4.2-10.3) 4.4 (2.3-6.5)
Death at last follow-up 140 (66.7) 50 (59.5) 90 (71.4)
OS, months, median (95% CI) 13.6 (9.4-17.7) |13.7 (10.0-17.5) | 13.6 (7.2-19.9)

ICI: immune checkpoint inhibitor, ORR: overall response rate, DCR: disease control rate, DOR: duration of response, PFS:

progression-free survival, OS: overall survival, Cl: confidence interval

4.1.3. Determinants of OS and PFS

In univariate Cox regression analysis, radical surgery, only lymph node metastases, high

hemoglobin, albumin, and eGFR levels prior to therapy initiation were significantly
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associated with improved OS. In contrast, the presence of liver metastases, visceral
metastases or bone metastases, impaired ECOG PS, the presence of any Bellmunt risk
factor, and elevated NLR values (>5) were identified as prognostic factors for shorter OS,
as shown in Table 6.

In Cox regression analysis examining PFS, age over 68 years at ICI initiation, lymph node
metastases, hemoglobin, and albumin levels above the cut-off were associated with
improved PFS. On the other hand, the presence of liver metastases, visceral metastases,
bone metastases, ECOG PS > 0, NLR >5 and Bellmunt risk group 1+ (Figure 6) were
associated with worse PFS, as shown in Table 6. Univariate Cox regression analyses were
also performed separately for the first- and second-line treatment groups, with the results
for the second-line subgroup being similar to those for the whole cohort (Table 7).

The multivariable analysis included all variables that showed a significant association
with survival and for which data were available for at least 85% of cases. In multivariate
analysis, ECOG PS, the presence of visceral or bone metastases, and hemoglobin levels
>10 g/dL were identified as independent prognostic factors for OS. The presence of one
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Figure 6. Overall survival (OS) (left) and progression-free survival (PFS) (right) for patients

grouped according to Bellmunt risk factors (A,B) and Bellmunt-CRP risk factors (C,D). (115)

Figure 6 has been published in the article: Varadi M. et al. Efficacy of immune checkpoint inhibitor therapy for
advanced urothelial carcinoma in real-life clinical practice: results of a multicentric, retrospective study. Sci

Rep. 2023 Oct 13;13(1):17378.
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or more Bellmunt risk factors was found to be an independent prognostic factor for shorter
OS and PFS as well (Table 8).

Table 6. Univariate Cox regression analysis for the whole cohort. Table 6 has been
published in the article: Varadi M. et al. Efficacy of immune checkpoint inhibitor therapy for
advanced urothelial carcinoma in real-life clinical practice: results of a multicentric,
retrospective study. Sci Rep. 2023 Oct 13;13(1):17378. (115)

Overall survival Progression-free survival

Variables n HR 95%ClI p n HR 95% ClI p
Age at ICI initiation <68 88  ref. 88  ref.

> 68 122/0.907  0.649-1.269 0.569 122 0.711 0.521-0.970 0.032
Sex Male 146 ref. 146 ref.

Female 64 11.071/0.744-1.539| 0.713 | 64  0.952|0.677-1.340 0.779
Tumor site BC 172 ref. 172 ref.

UTUC 26 1 0.733/0.428-1.255| 0.258 | 26 0.904 0.565-1.448 0.675
ICI drug Atezo 76  ref. 76 | ref.

Pembro 134/ 0.905 0.645-1.270| 0.563 | 134/0.832/0.608-1.140 0.253
Setting 1L 84  ref. 84  ref.

2L 126/1.148 0.812-1.624 | 0.435 126 1.227 0.892-1.688 0.209
NAC No 190 ref. 190 ref.

Yes 20 /0.873/0.483-1.578| 0.652 | 20 |0.810/0.468-1.403 | 0.453
Radiochemotherapy No 188 ref. 188 ref.

Yes 22 0.812/0.449-1.468| 0.491 | 22 0.771/0.446-1.334 | 0.353
Radiotherapy No 131 ref. 131 ref.

Yes 77 1.210/0.857-1.708| 0.278 | 77 | 1.2370.897-1.707 | 0.194
Radical surgery No 118 ref. 118 ref.

Yes 92 1 0.6590.468-.0929| 0.017 | 92 0.768 0.562-1.051  0.099
ECOG PS 0 117 ref. 117 ref.

1+ 82 /1.902|1.347-2.686 |<0.001| 82 |1.562|1.133-2.154 | 0.007
Liver metastasis No 176 ref. 176 ref.

Yes 332.8881.907-4.373/<0.001| 33 |2.588 1.725-3.883<0.001
Visceral metastasis No 114 ref. 114 ref.

Yes 95 1.559/1.117-2.176| 0.009 | 95 1.366 1.003-1.859 0.048
Bone metastasis No 161 ref. 161 ref.

Yes 49 12,160 1.485-3.141 <0.001| 49 |2.4111.688-3.443<0.001
LN-only metastasis No 143 ref. 143 ref.

Yes 67 1 0.6360.439-.0921| 0.017 | 67 | 0.545|0.384-0.774 <0.001
Hemoglobin level < 10 g/dI 48  ref. 48 | ref.

>10 g/dl 147 0.541 0.367-0.800| 0.002 | 147/0.6440.450-0.921 0.016
Bellmunt risk factors 0 74 | ref. 74 | ref.

1+ 110 2.933/1.981-4.343 <0.001/110/2.213 1.561-3.137 |<0.001
Bellmunt-CRP 0 33 | ref. 33 | ref.

1+ 60 | 3.567 | 1.853-6.866 | <0.001 60 |2.244|1.326-3.795| 0.003
CRP cutoff < 30 mg/l 89 ref. 89 ref.

>30 mg/l 15 1.876 0.993-3.543 0.052 | 15 |1.627/0.895-2.956 0.110
NLR cutoff <5 109 ref. 109 ref.

>5 47 11.883 1.230-2.882| 0.004 | 47 |2.1701.476-3.191 <0.001
LDH cutoff < 250 U/L 68 ref. 68 ref.

>250 U/L 71 /1.3040.864-1.967 | 0.206 | 71|1.221/0.841-1.773| 0.293
Albumin cutoff <350/ 27 | ref. 27 ref.

>35 g/l 102 0.418 0.256-0.683/<0.001| 102/ 0.5490.344-0.878 0.012
eGFR cutoff <40 ml/min | 27 ref. 27 ref.

>40 ml/min |111 0.514/0.309-0.857 0.011 |111/0.756/0.471-1.215  0.249

Atezo: atezolizumab, Pembro: pembrolizumab, 1L: first-line, 2L: second-line, BC: bladder cancer,
UTUC upper tract urothelial carcinoma, NAC: neoadjuvant chemotherapy, LN: lymph node
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Table 7. Univariate Cox regression analysis for the first- and second-line cohorts. Table 7 been published
in the article: Varadi M. et al. Efficacy of immune checkpoint inhibitor therapy for advanced urothelial carcinoma in real-
life clinical practice: results of a multicentric, retrospective study. Sci Rep. 2023 Oct 13;13(1):17378. (115)

First-line setting

Second-line setting

Variables Overall survival Progression-free survival Overall survival Progression-free survival
n HR 95% ClI p n HR 95% ClI p n HR 95% CI p n HR 95% ClI p

Age at ICl initiation <68 26 ref. 26 ref. 62 ref. 62 ref.

> 68 58  0.857 0.476-1.540 0.605 58 0.755 0.438-1.303 0.313| 64 0.983 0.649-1.488 0.934 64 0.714 0.484-1.054 0.090
Sex Male 51  ref. 51  ref. 95  ref. 95  ref.

Female 33 1.008 0.568-1.787 0.979 33 0.949 0.561-1.606 0.845| 31 1.185 0.735-1.909 0.486 31 1.047 0.661-1.658 0.844
ICI drug Atezo 18  ref. 18  ref. 58  ref. 58  ref.

Pembro 66 0.554 0.293-1.049 0.070 66 0.577 0.320-1.041 0.068| 68 1.099 0.723-1.669 0.659 68 1.047 0.710-1.545 0.816
Tumor site BC 74 ref. 74 ref. 98  ref. 98  ref.

UTuC 6 | 1.509 0.460-4.949 0.497 6  1.686 0.667-4.266 0.270| 20 0.623 0.338-1.148 0.129 20 0.710 0.408-1.234 0.224
NAC No 77 ref. 77 ref. 113 ref. 113 ref.

Yes 7 1971 0.824-4.714 0.127 7 | 1.731 0.738-4.063 0.207| 13 0.548 0.239-1.256 0.155 13 @ 0.527 0.255-1.088 0.083
Radiochemotherapy No 66  ref. 66  ref. 122 ref. 122 ref.

Yes 18 0.561 0.263-1.198 0.135 18 0.628 0.318-1.239 0.179| 4  3.994 1.430-11.152 0.008 4 @ 2.242 0.813-6.185 0.119
Radiotherapy No 45  ref. 45  ref. 86 ref. 86 ref.

Yes 38 1122 0.638-1.973 0.689 38 1.066 0.637-1.784 0.807| 39 1.341 0.863-2.086 0.192 39 1.500 0.985-2.283 0.059
Radical surgery No 55  ref. 55  ref. 63 ref. 63 ref.

Yes 29 0562 0.298-1.059 0.075 29 | 0.771 0.446-1.331 0.350( 63 0.674 0.444-1.025 0.065 63 0.691 0.467-1.021 0.064
ECOG PS 0 39 ref. 39 ref. 78  ref. 78  ref.

1+ 43 1.388 0.787-2.449 0.257 43 1359 0.812-2.274 0.244| 39 2715 1.725-4.274 <0.001 39 1.941 1.265-2.980 0.002
Liver metastasis No 74 ref. 74 ref. 102 ref. 102 ref.

Yes 9 1720 0.766-3.864 0.189 9 | 1.529 0.721-3.240 0.268| 24 3.624 2.213-5.937 <0.001 24 @ 3.834 2.302-6.384 <0.00]]
Visceral metastasis No 51  ref. 51  ref. 63 ref. 63  ref.

Yes 32  1.203 0.683-2.119 0.521 32 1.217 0.724-2.048 0.458| 63 1.780 1.172-2.703 0.007 @63 @ 1.455 0.986-2.147 0.059
Bone metastasis No 75  ref. 75 ref. 86 ref. 86 ref.

Yes 9 1469 0.624-3.459 0.379 9  3.094 1.436-6.666 0.004| 40 2.333 1.499-3.630 <0.001 40 2.187 1.440-3.323 <0.001
LN-only metastasis No 55  ref. 55  ref. 88  ref. 88  ref.

Yes 29 1.094 0.613-1.951 0.761 29 0.686 0.394-1.194 0.182| 38 0.459 0.280-0.750 0.002 @38 @ 0.469 0.289-0.740 0.001
Hemoglobin level < 10 g/dI 17 ref. 17 ref. 31 ref. 31 ref.

>10 g/dl 56 0.805 0.393-1.648 0.552 56 0.694 0.374-1.289 0.247| 91 0.437 0.273-0.697 0.001 91 0.619 0.399-0.962 0.033
Bellmunt risk factors 0 19  ref. 19 ref. 55  ref. 55  ref.

1+ 52  1.634 0.780-3.426 0.193 52 1.845 0.945-3.603 0.073| 58 4.672 2.872-7.601 <0.001 58 2.924 1.897-4.508 <0.001|
Bellmunt-CRP 0 10 ref. 10 ref. 23 ref. 23 ref.

1+ 29 1972 0.566-6.872 0.287 29 2.013 0.755-5.368 0.162| 31 5.639 2.580-12.326 <0.001 31 2.823 1.486-5.362 0.002
CRP cutoff <30 mg/l 37 ref. 37 ref. 52 ref. 52 ref.

>30 mg/l 4 | 1.029 0.230-4.606 0.970 4 | 2.079 0.619-6.978 0.236| 11 2.057 0.998-4.240 0.051 @ 11 @ 1.402 0.700-2.805 0.340
NLR cutoff <5 34 ref. 34 ref. 75  ref. 75 ref.

>5 19  1.923 0.905-4.086 0.089 19 2.909 1.460-5.794 0.002| 28 1.802 1.073-3.026 0.026 28 1.851 1.155-2.965 0.010
LDH cutoff <250 U/L 31 ref. 31 ref. 37 ref. 37 ref.

>250 U/L 23 1405 0.683-2.890 0.356 23 1.422 0.750-2.694 0.281| 48 1.234 0.744-2.045 0.415 48 1.088 0.685-1.729 0.721
Albumin cutoff <359/l 6 ref. 6 ref. 21 ref. 21 ref.

>35g/1 39 1.047 0.307-3.578 0.941 39 0.986 0.341-2.855 0.979| 63 0.316 0.180-0.556 <0.001 63 @ 0.436 0.254-0.747 0.003
eGFR cutoff <40ml/min 15  ref. 15 ref. 12 ref. 12 ref.

>40 m/min 36  0.850 0.368-1.960 0.702 36 1.111 0.528-2.336 0.781| 75 0.322 0.168-0.619 0.001 75 0.493 0.263-0.925 0.028

Atezo: atezolizumab, Pembro: pembrolizumab, 1L: first-line, 2L: second-line, BC: bladder cancer, UTUC upper tract

urothelial carcinoma, NAC: neoadjuvant chemotherapy, LN: lymph node
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Table 8. Multivariate Cox regression analysis (whole cohort).

Table 8 has been published in the article: Varadi M. et al. Efficacy of immune checkpoint inhibitor therapy for
advanced urothelial carcinoma in real-life clinical practice: results of a multicentric, retrospective study. Sci
Rep. 2023 Oct 13;13(1):17378. (115)

Varibles Overall survival Progression-free survival
n HR 95% CI p n HR 95% CI p

Model 1
ECOG PS 0 108  ref. 108 ref.

1+ 76 1909 1.304-2.795 <0.001 76  1.454 1.020-2.074 0.039
Visceral metastasis No 104 ref. 104 ref.

Yes 80 1.812 1.085-3.025 0.023 80 1.109 0.725-1.697 0.633
Radical surgery No 99 ref. 99 ref.

Yes 85 0.721 0.491-1.058 0.095 85 0.823 0.582-1.164 0.271
Bone metastasis No 140  ref. 140 ref.

Yes 44 2327 1.446-3.743 <0.001 44  2.017 1.315-3.095 0.001
LN-only metastasis No 123 ref. 123 ref.

Yes 61 1564 0.858-2.854 0.145 61  0.798 0.479-1.328 0.385
Hemoglobin level <10g/dl 46 ref. 46 ref.

>10g/dl 138 0.651 0.425-0.997 0.048 138 0.750 0.507-1.110 0.151
Model 2
Bellmunt risk factors 0 74 ref. 74 ref.

1+ 110 2.638 1.762-3.949 <0.001 110 2.017 1.408-2.891<0.001
Radical surgery No 99 ref. 99 ref.

Yes 85 0.741 0.509-1.080 0.119 85 0.888 0.630-1.252 0.499
Bone metastasis No 140  ref. 140 ref.

Yes 44 1978 1.278-3.060 0.002 44 2,001 1.331-3.008 <0.001
LN-only metastasis No 123 ref. 123 ref.

Yes 61 1.051 0.683-1.618 0.821 61  0.759 0.509-1.132 0.176

4.1.4. Determinants of treatment response and disease control

Information on response during ICI therapy was available for a subset of patients (n=181).
Among the clinical parameters, age at ICI initiation, ECOG PS, the presence of liver,
bone, or LN metastases, and Bellmunt risk factors showed significant associations with
response and disease control. Additionally, two laboratory parameters, NLR and albumin
level, also showed a significant association with these outcomes. The results are

summarized in Table 9 and 10.
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Table 9. Association between the radiographic response, disease control and different

clinicopathological variables (whole cohort). Table 9 has been published in the article: Viradi M. et
al. Efficacy of immune checkpoint inhibitor therapy for advanced urothelial carcinoma in real-life clinical
practice: results of a multicentric, retrospective study. Sci Rep. 2023 Oct 13;13(1):17378. (115)

Disease control Response
SD/PR/

All patients| PD CR PD/SD PR/CR
Variables n (%) n(%) n (%) p n®) n(%) p

Sex Male 124 (69) |46 (37) 78 (63) 77 (60) 47 (40)
Female 57 (31) |23 (40) 34(60) 0.675|38(67) 19 (33) 0.553

Age at ICI <68 years 74 (41) |37 (50) 37 (50) 57 (77) 17 (23)
>68 years | 107 (59) [32(30) 75(70) 0.006 |58 (54) 49 (46) 0.002

Drug Atezo 64 (35) |28 (44) 36 (56) 41 (64) 23 (36)
Pembro 117 (65) |41 (35) 76 (65) 0.249 |74 (63) 43(37) 0.913

ICI setting 1L 73 (40) |25 (34) 48 (66) 49 (67) 24 (33)
2L 108 (60) |44 (41) 64 (59) 0.378 |66 (61) 42 (39) 0.41

Tumor site BC 148 (86) |58 (39) 90 (61) 97 (66) 51 (34)
uTuC 24 (14) |9(38) 15(62) 0.875|13(54) 11 (46) 0.282

Radical surgery Yes 84 (46) [29(35) 55 (65) 48 (57) 36 (43)
No 97 (54) |40 (41) 57 (59) 0.354 |67 (69) 30 (31) 0.096

Radiochemotherapy No 160 (88) |62 (39) 98 (63) 100 (63) 60 (37)
Yes 21(12) | 7(33) 14(67) 0.631|15(71) 6(29) 0.424

Bellmunt risk factors 0 72 (43) [17(23) 55(77) 35 (48) 37 (52)
1+ 95 (57) |45 (47) 50(53) 0.002 |70 (74) 25 (26) 0.001

Bellmunt-CRP 0 33(39) | 9(27) 24(73) 16 (49) 17 (51)
1+ 52 (61) |28 (54) 24(46) 0.016 |40 (77) 12 (23) 0.007

ECOG PS 0 104 (60) |31 (30) 73(70) 57 (55) 47 (45)
1+ 69 (40) |33 (48) 36(52) 0.016 |52 (75) 17 (25) 0.006

Liver metastasis No 158 (87) |54 (34) 104 (66) 98 (62) 60 (38)
Yes 23(13) |15(65) 8(35) 0.004 |17 (74) 6(26) 0.268

Visceral metastasis No 103 (57) |37 (36) 66 (64) 69 (67) 34 (33)
Yes 78 (43) |32 (41) 46(59) 0.484 |46 (59) 32 (41) 0.267

LN-only metastasis No 121 (67) |55 (45) 66 (55) 80 (66) 41 (34)
Yes 60 (33) |14 (23) 46(77) 0.004 |35(58) 25 (42) 0.306

Bone metastasis No 140 (77) |41 (29) 99 (71) 82 (59) 58 (41)
Yes 41 (23) |28(68) 13(32) <0.001|33(80) 8(20) 0.010

CRP <30 my/l 80 (86) |33 (41) 47 (59) 51 (64) 29 (36)
> 30mg/1 13(14) |9(69) 4(31) 0.060|11(85) 2(15) 0.139

LDH <250 U/L 62 (49) |22 (35) 40 (65) 38 (61) 24 (39)
>250 U/L 65 (51) |28 (43) 37 (57) 0.381 |44 (68) 21(32) 0.451

NLR <5 102 (70) |31 (30) 71(70) 55 (54) 47 (46)
>5 43 (30) |22(51) 21(49) 0.018 |34(79) 9(21) 0.005

Hemoglobin <10 g/dl 41 (23) |20(49) 21(51) 31 (76) 10 (24)
>10 g/dl 134 (77) |47 (35) 87 (65) 0.114 |80 (60) 54 (40) 0.064

Albumin <359/l 23(19) |12 (52) 11 (48) 21(91) 2(9)
>35 g/l 98 (81) |29 (30) 69(70) 0.039 |53 (54) 45 (46) 0.001

eGFR <40 ml/minf 25 (20) |12 (48) 13 (52) 18 (72) 7 (28)
>40 ml/min| 97 (80) |35(36) 62 (64) 0.275 |55 (57) 42 (43) 0.164
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Table 10. Association between the radiographic response, disease control and different

clinicopathological variables for first- and second-line settings. Table 10 has been published
in the article: Varadi M. et al. Efficacy of immune checkpoint inhibitor therapy for advanced urothelial
carcinoma in real-life clinical practice: results of a multicentric, retrospective study. Sci Rep. 2023 Oct
13;13(1):17378. (115)

First-line setting Second-line setting
Disease control Response Disease control Response

\Variables All patients| PD  SD/PR/CR PD/SD PR/CR All patients| PD  SD/PR/CR PD/SD PR/CR

n%) | n(%) n(®%) p n@) n®%) p n@) | n(%) n(%) p | n(%) n(®%) p
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Atezo: atezolizumab, Pembro: pembrolizumab, 1L.: first-line, 2L: second-line, BC: bladder cancer, UTUC
upper tract urothelial carcinoma

4.1.5. Comparison of the real-world cohort with corresponding clinical trial cohorts

Although the multicenter design of this study enabled the inclusion of a diverse group of
patients reflective of real-world clinical practice, the characteristics of our cohort—such
as age, sex, and primary tumor location—were largely comparable to those reported in
the corresponding clinical trials (KEYNOTE-045, KEYNOTE-052, IMvigor211, and
IMvigor210), with only minor differences. Interestingly, our real-world cohort included
a lower rate of liver metastases, an unexpected finding given that investigators often tend
to select more fit patients for inclusion in clinical trials.

The ORRs observed in our study were similar to those reported in the clinical trials, with

the exception of second-line atezolizumab treatment. In this setting, the ORR of the real-
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life cohort (34.5%) was more than 20% higher compared to the respective clinical trials
(14.5% and 13.3% in IMvigor210/cohort 2 and IMvigor211, respectively).

The median OS time for our entire cohort was 13.6 months. When patients were grouped

by the administered drugs and treatment settings, the poorest OS was observed in the first-

line atezolizumab-treated subgroup, although the case numbers in this group were low. A

notable OS difference was seen in the second-line atezolizumab-treated groups, with the

real-life cohort showing a median OS of 17.0 months, compared to 7.9 and 11.1 months

reported in IMvigor210/cohort 2 and IMvigor211, respectively (Table 11)

Table 11. Comparison of the present real-world cohort with patient cohorts in the corresponding clinical

trials. Table 11 has been published in the article: Viradi M. et al. Efficacy of immune checkpoint inhibitor therapy for
advanced urothelial carcinoma in real-life clinical practice: results of a multicentric, retrospective study. Sci Rep. 2023 Oct

13;13(1):17378. (115)

Pembrolizumab

Atezolizumab

First-line Second-line First-line Second-line
Real- Real- Real- Real-
world |KEYNOTE-| world |KEYNOTE-| world IMvigor210 | world | IMvigor210 | IMvigor
cohort 052 cohort 045 cohort Cohort 1 cohort Cohort 2 211
Variables n=66 n=370 n=68 n=270 n=18 n=119 n=58 n=310 n=467
Age at ICI initiation, years median 72 74 68 67 72 73 68 66 67
Sex
Male, no (%) 41 (62.1) 286 (77.3) 55(80.9) | 200 (74.1) 10 (55.6) 96 (87.3) 40 (69.0) | 241 (77.7) 110 (23.6)
Female, no (%) 25 (37.9) 84 (22.7) 13 (19.1) 70 (25.9) 8 (44.4) 23 (20.9) 18 (31.0) 69 (22.3) 357 (76.4)
Location of primary tumor
UTUC, no (%) 6(9.1) 69 (18.6) 9(13.2) 38 (14.1) 0 33(30.0) 11 (19.0) 65 (21.0) 126 (27.0)
BC, no (%) 58 (87.9) 300 (81.1) 54 (79.4) | 232(85.9) 16 (88.9) 85 (77.3) 44 (75.9) | 230(74.2) 324 (69.4)
Boths, no (%) 2 (3.0) 0(0.0) 5 (7.4) 0(0.0) 2(11.1) 3(5.2)
ECOG-PS at ICl initiation
0, no(%) 36 (54.5) 80 (21.6) 39(57.4) | 119 (44.1) 3(16.7) 39(67.2) | 117 (37.7) 218 (46.7)
1, no (%) 19 (28.8) 133 (35.9) 15(22.1) | 143(53.0) 9 (50.0) 15(25.9) | 193 (62.3) 249 (53.3)
2, no (%) 9 (13.6) 156 (42.2) 6 (8.8) 2(0.7) 6 (33.3) 24 (21.8) 1(1.7)
3, no (%) 0(0.0) 1(0.3) 1(1.5) 0(0.0) 0(0.0) 1(1.7)
NA, no (%) 2(3.0) 0(0.0) 7(10.3) 6(2.2) 0(0.0) 2(3.4)
Liver metastasis, no (%) 7 (10.6) 78 (21.1) 14 (20.6) 91 (33.7) 2(11.1) 25 (21.0) 10 (17.2) 96 (31.0) 138 (29.6)
ORR, no (%) 21 (31.8) 106 (28.6) 22 (32.4) 57 (21.1) 3(16.7) 27 (22.7) 20 (34.5) 45 (14.5) 62 (13.3)
DCR, % (95% Cl) 40 (60.6) 173 (46.8) 36(52.9) | 104 (38.5) 8 (44.4) 56 (47.1) 28 (48.3) | 104 (33.5) 154 (33.0)
Best overall response
CR, no (%) 8(12.1) 33(8.9) 4(5.9) 25 (9.3) 0(0.0) 11 (9.2) 1(1.7) 15 (4.8) 16 (3.4)
PR, no (%) 13 (19.7) 73 (19.7) 18 (26.5) 32 (11.99 3(16.7) 16 (13.4) 19 (32.8) 30(9.7) 46 (9.9)
SD, no (%) 19 (28.8) 67 (18.1) 14 (20.6) 47 (17.4) 5 (27.8) 29 (24.4) 8 (13.8) 59 (19.0) 92 (19.7)
PD, no (%) 17 (25.8) 157 (42.4) 24 (35.3) 131 (48.5) 8 (44.4) 43 (36.1) 20 (34.5) 159 (51.3) 240 (51.4)
NA, no (%) 9 (13.6) 40 (10.8) 8 (11.8) 35 (13.0) 2(11.1) 20 (16.8) 10 (17.2) 47 (15.2) 73 (15.6)
PFS, months, median 8.1 2.0 3.6 2.1 2.0 2.7 6.4 2.1 2.1
Death, no (%) 37 (56.1) 239 (64.6) 46 (67.6) | 208 (77.0) 13 (72.2) 59 (49.6) 44 (75.9) | 193 (62.3) 324 (69.4)
0OS, months, median 15.6 113 8.8 10.3 5.6 15.9 17.0 7.9 11.1

ICI: immune checkpoint inhibitor, BC: bladder cancer, UTUC: upper tract urinary cancer, ORR: overall response rate, DCR: disease control
rate, CR: complete response, PR: partial response, SD: stable disease, PD: progressive disease, NA: not available, PFS: progression-free

survival, OS: overall survival
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4.2. Gene expression analysis

4.2.1. Cohort description and follow-up details

The patient cohort included in the gene expression analysis consisted of 100 UC patients.

A comprehensive description of the patient characteristics for the entire cohort, as well

as for first- and second-line treatment groups, is provided in Table 12. Among patients,

34 received atezolizumab and 66 received pembrolizumab. The median age at therapy

initiation was 70.3 years (range: 30.9-88.8 years). Bellmunt risk scores could be

calculated for 97% of the patients, and data on PD-L1 IHC positivity were available in

77 cases.

The median follow-up from ICI therapy baseline was 12.0 months. Of the 99 patients

with available radiographic response could be evaluated, three experienced complete

remission (CR), and 31 had a partial response (PR), resulting in an ORR of 34%. Disease

Table 12. Patient characteristics for the whole cohort and by treatment lines

Whole cohort Fist-line Second-line
Variables n (%) n (%) n (%)
Total number of patients 100 30 70
Age at ICI initiation, years median [range] 70.3 [30.9-88.8] 72.1[46.8-88.4] 68.8 [30.9-88.8]
Sex Male 73 (73) 19 (63) 54 (77)
Female 27 (27) 11 (37) 16 (23)
Location of primary tumor uTuC 14 (14) 3 (10) 11 (16)
BC 79 (79) 25 (83) 54 (77)
Both 7(7) 2(7) 5 (7)
Setting 1L 30 (30) 30 (100) 0 (0)
2L 70 (70) 0(0) 70 (100)
Drug Atezolizumab 34 (34) 8 (27) 26 (37)
Pembrolizumab 66 (66) 22 (73) 44 (63)
ECOG-PS at ICl initiation 0 56 (56) 16 (53) 40 (57)
1 33(33) 12 (40) 21 (30)
2 9(9) 2(7) 7 (10)
NA 2(2) 0(0) 2(3)
Matastatic sites Only LN 29 (29) 10 (33) 19 (27)
Liver 17 (17) 2(7) 15 (21)
Visceral 51 (51) 14 (47) 37 (53)
Bone 24 (24) 2(7) 22 (31)
Bellmunt risk factors 0 40 (40) 11 (37) 29 (41)
1 43 (43) 15 (50) 28 (40)
2-3 14 (14) 3 (10) 11 (16)
NA 3(3) 1(3) 2(3)
PD-L1 IHC CPS>10 46 (46) 14 (47) 32 (46)
CPS<10 31(31) 8 (27) 23 (33)
NA 23 (23) 8 (27) 15 (21)

ICI: immune checkpoint inhibitor, UTUC: upper tract urothelial carcinoma, BC:
lymph

line, NAC: neoadjuvant

immunohistochemistry, CPS: combined positive score

chemotherapy, LN:
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control was achieved in 58 patients. The median PFS was 4.9 months (95% CI: 3.4-8.6).
During the follow-up, 75 patients passed away, and the median OS was 13.6 months (95%

Cl: 9.1-18.4) (Table 13).

Table 13. Follow-up characteristics for the whole cohort and by treatment lines

Whole cohort Fist-line Second-line

Variables n (%) n (%) n (%)
Time of follow-up, months, median [range] 12.0[0.5-81.9] 12.8 [0.5-81.9] 11.7 [0.5-58.3]
Best overall response

Complete response (CR) 3(3) 3 (10) 0

Partial response (PR) 31 (31) 6 (21) 25 (36)

Stable disease (SD) 24 (24) 7 (24) 17 (24)

Progressive disease (PD) 41 (41) 13 (45) 28 (40)

No radiologic evaluation performed 1 1 0
ORR 34 (34) 9(31) 25 (36)
DCR 58 (58) 16 (55) 42 (60)
PFS, months, median [95% CI] 4.9 [3.4-8.6] 6.5[2.9-13.8] 4.6 [3.1-8.6]
Death at last follow-up 75 (75) 22 (73) 53 (76)
OS, months, median [95% CI] 13.6 [9.1-18.4] 13.7 [8.7-30.9] 12.2 [7.6- 23.4]

ORR: overall response rate, DCR: disease control rate, PFS: progression-free survival, OS

confidence interval
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4.2.2. Clinicopathological factors associated with survival or therapy response

As there were significant overlaps between the real-life cohort described previously and
the gene expression analysis cohort, the results of the statistical analyses for the gene
expression cohort, including Cox regression and Chi-squared tests, were similar to those

presented in previous chapters. A summary of results is presented in Table 14.

Table 14. Univariate Cox regression analysis (OS, PFS), and association between the ORR, DCR
and different cliniconatholoaical variables.

0os PES DCR ORR

Variables n HR  95%Cl p |n HR 95%cCl p [No(m) \((:)S p INo() \((:)S P
Age at IClI start <68 44 ref. 44 ref. 23 21 31 13

> 68 56 0.822 0.522-1.294 0.398 |56 0.934 0.600-1.454 0.761 | 18 37 0.050| 34 21 0.369
Sex Male 73 ref. 73 ref. 29 43 48 24

Female 27 1.126 0.676-1.875 0.650 | 27 1.430 0.886-2.308 0.143 | 12 15 0.708| 17 10 0.730
Tumor site BC 79 ref. 79  ref. 35 43 55 23

uTuC 14 1.068 0.526-2.167 0.856 | 14 1.013 0.534-1.923 0.968 4 10 0.256| 6 8 0.044
ICI drug Atezolizumab 34 ref, 34 ref. 14 19 18 15

Pembrolizumab | 66 0.989 0.619-1.579 0.963 |66 1.003 0.636-1.580 0.991| 27 39 0.885| 47 19 0.100
Setting 1L 30 ref. 30 ref. 13 16 20 9

2L 70 1.017 0.618-1.675 0.947 |70 1.027 0.636-1.658 0.913 | 28 42 0.657| 45 25 0.655
ECOG PS 0 56 ref. 56  ref. 20 36 32 24

1+ 42 1616 1.013-2.579 0.044 |42 1.282 0.821-2.003 0.274| 20 21 0197| 31 10 0.060
Liver met No 83 ref. 83  ref. 30 52 52 30

Yes 17 2.369 1.336-4.201 0.003 | 17 2.289 1.295-4.045 0.004 | 11 6 0.032| 13 4 0.302
Visceral met No 49 ref. 49  ref. 18 31 33 16

Yes 51 1.323 0.837-2.091 0.232 |51 1.143 0.736-1.775 0.551| 23 27 0.349| 32 18 0.726
Bone met No 76 ref, 76 ref. 24 51 44 &l

Yes 24 2140 1.271-3.604 0.004 |24 1.486 0.893-2.471 0.127 | 17 7 0.001| 21 3 0.010
LN-only met No 71 ref. 71 ref. 33 37 47 23

Yes 29 0661 0.391-1.116 0.121|29 0.770 0.467-1.269 0.305| 8 21 0.072| 18 11 0.628
Baseline Hg <10 g/di 21 ref. 21 ref. 13 8 18 3

>10 g/dl 72 0.426 0.246-0.737 0.002 |72 0.491 0.291-0.828 0.008 | 25 46 0.029| 43 28 0.032
Bellmunt score 0 40 ref. 40  ref. 10 30 19 21

1+ 57 1936 1.192-4.144 0.008 |57 1.696 1.066-2.699 0.026 | 29 27 0.008| 43 13 0.003
Baseline CRP <30 mg/l 45 ref. 45  ref. 17 27 30 14

>30 mg/l 11 1.402 0.654-3.005 0.386 | 11 1.060 0.488-2.299 0.884 8 3 0.042| 9 2 0373
Baseline NLR <5 54 ref, 54 ref. 21 88 30 24

>5 31 1376 0.821-2.304 0.226 |31 1.241 0.758-2.033 0.391 | 15 15 0324| 24 6 0.025
Baseline LDH <250 U/L 32 ref. 32 ref. 12 19 21 10

>250 U/L 31 2735 1.499-4983 0.001|31 2215 1.266-3.872 0.005| 16 15 0.307| 23 8 0576
Baseline albumin <35 g/l 17 ref. 17 ref. 8 9 14 3

>35 ¢/l 45 0.924 0.441-1.934 0.833 |45 0.523 0.274-0.996 0.049| 13 31 0.197| 24 20 0.045
Baseline eGFR <40 ml/min 17 ref. 17 ref. 11 6 13 4

>40 ml/min 53 0.397 0.211-0.749 0.004 | 53 0.648 0.356-1.182 0.157 | 22 30 0.109| 33 19 0.323

OS: overall survival, PFS: progression-free survival, DCR: disease control rate, ORR: overall response rate, Cl: confidence
interval, ICI: immune checkpoint inhibitor, UTUC: upper tract urothelial carcinoma, BC: bladder cancer, 1L: first-line, 2L:
second-line, ECOG-PS: Eastern Cooperative Oncology Group performance status, LN: lymph node, Hg: hemoglobin, NLR:
neutrophil-to-lymphocyte ratio, LDH: lactate dehydrogenase

4.2.3. Differential gene expression and survival

In total, 95 genes were associated with OS (Figure 7). Of these, 23 genes remained
significant after false discovery rate (FDR) correction (Table 15). Subsequent validation

using the KM Plotter online tool in the transcriptome dataset from the IMvigor210 study
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(second-line atezolizumab in over 300 mUC patients) confirmed the prognostic value of
6 genes (Table 15).
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Figure 7. Heatmap of differentially expressed genes between good (>12 months) and poor
(<12 months) OS. The green and pink boxes on the left represent protective (up-regulated)
and risk (down-regulated) genes, respectively. The brown boxes indicate cancer-immunity
cycle enrichment annotation information.( Own figure)
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Table 15. List of genes with significant (FDR-corrected) prognostic value and their immune response
category according to NanoString® annotation

Cut-off Immune Response Category
0,
ST FOR HR Sl value (Nanostring® Annotation )
MAP2K4 * 0.003 2.37 1.47-3.83 268 Innate immune response
IL4AR 0.004 0.43 0.25-0.72 570 Cytokines, T-Cell Functions
C3 0.007 0.39 0.23-0.67 1624 Innate immune response, Regulation
cxcL12” 0.012 0.45 0.27-0.76 656 Chemokines
ICAM2 0.016 0.42 0.26-0.69 126 Adhesion, Regulation
IRF7** 0.016 0.49 0.30-0.78 324 Innate immune response
MFGES 0.018 0.41 0.23-0.73 2125 Transporter Functions
ROPN1 0.019 0.55 0.33-0.93 10 -
ELANE 0.019 0.54 0.32-0.83 2 Regulation
C10BP 0.019 244 1.35-4.40 1118 Chemokines
RB1 0.020 0.52 0.32-0.86 610 -
CD63 0.021 0.47 0.28-0.78 | 15453 -
NCR1*"* 0.021 0.55 0.32-0.74 12 Cell Functions, NK Cell Functions
CHUK 0.025 0.51 0.28-0.78 388 Innate immune response
MBL2" 0.028 0.57 0.35-0.92 10 Innate immune response
PSMB8** 0.029 0.47 0.28-0.78 850 Chemokines
IL4 0.030 0.71 0.45-1.12 4 Interleukins, Regulation, T-Cell Functions
CR2* 0.035 0.64 0.40-1.02 18 Innate immune response, B-Cell Functions
DMBT1 0.037 0.55 0.32-0.88 7 Innate immune response
PSMB10** 0.041 | 048 | 0.29-0.79 727 Humoral immune response
Adaptive immune response, Cytokines,
IL12A* 0.043 0.56 0.34-0.87 8 Interleukins, NK Cell Functions,
Regulation, T-Cell Functions

ENTPD1 0.046 0.53 0.31-0.85 257 Adaptive immune response
HLA-E** 0.047 0.51 0.30-0.85 3343 Regulation

* validated in IMvigor210 transcriptome dataset
# validated in KM Plotter pan-cancer dataset

4.2.4. Differential gene expression and therapy response

The Wilcoxon test identified 20 genes (analyzed as continuous variables) significantly
associated with ORR. Genes linked to good ORR included MAGEA12, SPP1, GPI,
ENO2, TFRC, BST1, C3, MME, MAGEA3, PRAME, NFKBIA, and CTAG1B, while those
associated with poor ORR included TMEFF2, FLT4, ABCB1, CCL24, CREBBP, CD209,
C8G, and MYD88. Furthermore, 43 genes were associated with disease control (DCR)
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(Figure 8A). Validation using the ROC Plotter online tool in the pan-cancer dataset
revealed 16 differentially expressed genes (Figure 9). Among these, IRF1 and PSMB10
also exhibited significantly different expression levels in the validation UC cohort from
the transcriptome dataset of IMvigor210. Notably, PSMB10 was the only gene validated
for both endpoints: DCR and OS (Figure 10).
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Figure 8. Heatmap of differentially expressed genes between responder and non-
responder groups according to A) DCR and B) ORR. The green and pink boxes on the
left represent up-regulated and down-regulated genes, respectively. The brown boxes
indicate cancer-immunity cycle enrichment annotation information. (Own figure)
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Figure 9. Venn diagram illustrating overlapping associations of genes with
different endpoints.

0.0

B) <)
p=0.003 2500 100%
o
2000 T ’-;_‘ BO0%
£ £
= f
@ z
g 1500 W,
8 =
o <<
-4 a
5
m E :
2 100 o 0%
H @ z
High | = o
a 5
0
=i & oo
Low . -
.
T T T y [
10 20 30 40 PD Non-PD PD Non-PD

Overall survival (months)
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based on gene expression levels of PSMB10. Blue bars represent low gene

expression, and green bars represent high gene expression. (Own figure)

4.2.5. Correlation of molecular subtypes with survival and therapy response

We identified molecular subtypes using four different classification systems (MDA,
TCGA, Lund, and consensus). No significant differences were observed in OS or PFS
among the consensus and Lund-classification subgroups (p=0.575 for OS and p=0.441
for PFS in both systems) (Figure 11A and C). However, patients in the MDA-p53-like
subgroup demonstrated significantly longer OS (p=0.024) and PFS (p=0.043) compared
to those in the luminal and basal subgroups (Figure 11D). According to the TCGA
classification system, the luminal subgroup showed inferior OS (p=0.023) and PFS
(p=0.038) compared to other groups. Additionally, the neuronal and luminal-infiltrated
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subtypes exhibited longer OS, though the number of cases in the neuronal group was
limited (Figure 11B).
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Figure 11. Survival and radiographic response of different molecular subtypes.
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and red for progressive disease (PD). Subtypes are shown based on the (A) consensus,
(B) TCGA, (C) Lund, and (D) MDA classification systems. (Own figure)
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Among the evaluated signature scores (Table 3), high neuronal scores (>3.2), calculated
from the expression levels of 10 genes — APLP1, CHGB, ENO2, GNG4, MSI1, PEG10,
PLEKHG4B, RND2, SV2A, and TUBB2B — were associated with improved OS and PFS
(Figure 12)
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Figure 12. Survival and radiographic response of patients with low (<3.2) versus high
(>3.2) neuronal signature score. Radiographic response is indicated as green for non-
progressive disease (non-PD) and red for progressive disease (PD). (Own figure)

4.2.6. Combined model of clinicopathological and gene expression data

We used the Random Survival Forest model to identify the best prognostic model
combining clinicopathological and molecular factors that showed significant associations
with OS in univariate analysis. An additional inclusion criteria was the availability of the
given parameter for at least 80% of the patients in order to avoid a small sample sizes.
We randomized our dataset into a training subcohort (75%) to develop the prediction
algorithm and a test subcohort (25%), to evaluate the trained classifier. We calculated
both the area under the receiver operating characteristic (ROC) curves (AUC) and the
concordance index (C-index) for the developed predictions. Our final model included four
laboratory parameters (LDH, Hg, eGFR, NLR) and 10 gene-expression based markers
(CR2, HLA-E, IRF7, PSMB10, PSMB8, CXCL12, IL12A, MAP2K4, IRF1, Neuronal
signature score). The AUC and the C-index of this prediction were 0.89 and 0.77 on the
test set, respectively (Figure 13A-B). Each patient was assigned a score based on this
prediction model, and using the median score (38.5), patients could be divided into low-

score and high-score groups. The median overall survival (OS) of the high-score group
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was inferior to that of the low-score group (7.6 months vs. 40.3 months, HR=10.86,
p=0.002) (Figure 13C).
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4.3. Soluble PD-L1 concentration in serum samples

4.3.1. Cohort description and follow-up details

Serum samples before ICI initiation (baseline) were available from 10 male and 2 female
UC patients. Only one patient was treated with pembrolizumab, all of the others received
atezolizumab therapy (Table 16). The median of the baseline SPD-L1 concentration was
90.0 pg/ml (range: 25.3-169.0). On-treatment serum samples, collected before the second
immunotherapy cycle, were available for 11 patients with a median sPD-L1 concentration
of 2316.0 pg/ml (range: 42.5-3818.6). Eight cycles (range: 2-47) was the median therapy
lengths. The median follow-up was 39.7 months (range: 2.2-63.6) with seven patients

died within this period.

Table 16. Patients’ characteristics and serum PD-L1 concentrations

Number of sPD-L1 cc. median
patients (range) [pg/ml]
Variables n (%) Baseline
Age at ICl initiation <68 5 (41.7) 74.6 (26.9-169.0)
> 68 7 (58.3) 95.2 (25.3-145.0)
Sex Male 10 (83.3) 94.2 (60.0 -169.0)
Female 2 (16.7) 26.1 (25.3-26.9)
Setting 1L 2 (16.7) 87.1(80.9-93.3)
2L 10 (83.3) 90.9 (25.3-169.0)
Drug Atezolizumab 11 (91.7) 93.3 (25.3-169.0)
Pembrolizumab 1(8.3) 26.9 (-)
ECOGPS 0 8 (66.7) 84.0 (25.3-99.8)
1+ 4 (33.3) 115.8 (80.9-169.0)
Only LN met No 9 (75.0) 86.6 (25.3-169.0)
Yes 3 (25.0) 95.2 (26.9-99.8)

1L: first-line, 2L: second-line, LN: lymph node
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4.3.2. Correlation of serum PD-L1 concentrations with survival

Although the limited number of cases did not allow for a valid statistical analysis, higher
pre-treatment serum PD-L1 concentrations were associated with poor OS in Kaplan-
Meier analysis dichotomized at the median (p=0.069) (Figure 14A).
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Figure 14. Overall survival stratified by pre-treatment sPD-L1 levels in ICI-treated patients (A)
and box-plot presentation of serum PD-L1 levels in baseline and on-treatment (O-T) samples
(collected at 2-3. therapy cycles (B) (116)

Figure 14 has been published in the article: Krafft U. et al. High Serum PD-L1 Levels Are Associated with Poor
Survival in Urothelial Cancer Patients Treated with Chemotherapy and Immune Checkpoint Inhibitor Therapy.
Cancers (Basel). 2021 May 22;13(11):2548.

4.3.3. Serum PD-L1 level changes during ICI therapy

Interestingly, a >25-fold increase could be observed in sPD-L1 concentrations in all on-
treatment samples after atezolizumab treatment (Figure 14B), whereas no such increase
was showed in the samples of the pembrolizumab-treated patient. To rule out a possible
interference between the therapeutic antibody, atezolizumab and the ELISA kit, we
performed an ELISA analysis with atezolizumab solution, which showed no positive
reaction in our ELISA assay. This suggests no interference between the therapeutic anti-
PD-L1 antibody and the antibodies used in the ELISA.
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5. Discussion

The aim of the present work was to assess the characteristics of UC patients receiving ICI
treatment in real-world clinical practice, compare the efficacy of two widely used ICI
drugs (pembrolizumab and atezolizumab) with respective clinical trial results, and
evaluate the prognostic and predictive value of standard clinicopathological and
laboratory parameters. Through molecular analyses, we intended to identify potential ICI-
predictive genes in UC patients, examine whether different molecular subtypes show
different therapy response and/or survival, and to evaluate the prognostic value of sPD-
L1 as a serum biomarker.

The introduction of ICIs has significantly changed the treatment paradigm for
mUC. While prospective clinical trials have shown, that these agents can provide durable
therapeutic effects and prolong survival, only a relatively small subgroup of patients
benefits from this therapy (31, 32, 35, 73-75). Due to their strict eligibility criteria, clinical
trials often include highly selected patient cohorts, that do not broadly represent real-
world populations (76, 77). Therefore, real-world data have become more important to
researchers and regulators recently, as they provide insights into the effectiveness of
medical interventions in a broader and more representative patient population (78). In
addition, the therapeutic landscape of advanced UC continues to expand, highlighting the
growing importance of accurate prediction of the ICI therapy-efficacy. Since standalone
biomarkers display limited predictive and/or prognostic value, integrative approaches that
combine various clinicopathological, laboratory, and molecular factors are essential to
improve predictive accuracy.

Although the multicentric nature of our study allowed the inclusion of a broad range
of patients in real clinical practice, the characteristics of our cohort (age, sex location of
primary tumor) were comparable to those of the respective clinical trials with only few
exception (Table 11). Interestingly, our real-world cohort included a lower rate of patients
with liver metastasis, which is rather an unexpected finding given that investigators often
prefer to include fitter patients in clinical trials. Similarly, liver metastatic patients were
underrepresented in a Danish real-world pembrolizumab-treated UC cohort. In the
present study, the presence of liver metastasis - a well-known risk-factor of OS and
cancer-specific survival — was associated with poor OS. In line with these findings, a

meta-analysis has reported a significant association between the presence of visceral or
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liver metastasis and worse OS in pembrolizumab-treated UC patients (79, 80). Due to
shorter life expectancy, these patients often do not receive systemic treatment, which may
explain their underrepresentation in the real-world cohort. Additionally, some oncologists
in real-world practice may choose cisplatin-based chemotherapy or prioritize enrolling
these patients in clinical trials, such as those involving antibody-drug conjugates, which
were actively recruiting during the study period.

The ORRs in this study were comparable to those reported in the respective clinical
trials, except for second-line atezolizumab treatment, where the real-world cohort showed
a notably higher ORR (34.5%) compared to IMvigor210/cohort 2 (14.5%) and
IMvigor211 (13.3%). This is supported by similar findings from other real-world studies,
such as Tural et al.'s study of a Turkish atezolizumab-treated UC population (28.7%) (81).
Additionally, DCRs were higher, in the real-world population compared to clinical trials.

The median OS for the entire cohort was 13.6 months, with the worst OS observed
in first-line atezolizumab-treated patients, although subgroup size was small. Second-line
atezolizumab-treated patients in the real-world cohort had a median OS of 17.0 months,
significantly longer than reported in the respective clinical trials (7.9 and 11.1 months for
IMvigor210/cohort 2 and IMvigor211, respectively). Similar findings from other real-
world studies suggest greater benefits of atezolizumab in real-world conditions than
observed in clinical trials (81-83).

In this study, worse ECOG performance status, metastases (visceral, liver, or bone),
low hemoglobin, and Bellmunt risk factors were independent predictors of shorter OS.

ECOG status is a validated prognostic parameter in oncology outpatient settings. It
has been shown to be an independent prognostic factor for OS in advanced UC treated
with platinum-containing regimens (67). ECOG is also an important factor for the
determination of “platinum-ineligible” patients, and thus worse ECOG status can also be
a criterion of the administration of 1CI drugs in the first-line setting (84). Impaired ECOG
status has been shown to correlate with shorter OS and worse ORR in metastatic
melanoma, head and neck carcinoma, and non-small cell lung cancer (85-87). According
to our findings, impaired ECOG performance status was significantly associated with
shorter OS and worse radiographic response in our ICI-treated UC cohort. These results
align with previous studies reporting worse OS for UC patients with poor ECOG status,
particularly those with ECOG PS>2 in both first- and second-line ICI therapy settings
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(79, 81, 88). Based on these, ICIs appear to be less effective in patients with poor ECOG
status. This effect may be a simple prognostic association, but ECOG was shown to be
linked to immunocompetence in cancer patients. A previous study suggested that T-
lymphocyte subpopulations (CD8+/CD4+ T cells) reflect ECOG PS in gastric cancer
patients (89), which suggests also a functional association between ICI efficacy and
ECOG status.

The Bellmunt risk stratification is a further well-established prognostic model in
mUC (32). Although initially developed for chemotherapy cohorts, it was shown to be
associated with prognosis of ICI-treated patients. To improve its predictive accuracy in
ICI-treated UC patients, an enhanced version, the Bellmunt-CRP score, was recently
introduced by Abuhelwa et al. (66). In this study, we evaluated the performance of this
enhanced score using real-world data and we could confirm its improved prognostic value
in an independent patient cohort for the first time.

Among haematological biomarkers, elevated pre-treatment NLR and low albumin
levels are significantly associated with worse OS, PFS, and therapy response in various
cancers, including UC (90-93). Elevated NLR can result from either increased neutrophil
abundance or decreased lymphocyte levels. Neutrophils may promote a pro-tumor
microenvironment by releasing immunosuppressive factors (e.g. reactive oxygen species,
vascular endothelial growth factor and matrix metalloproteinase 9) (94), while low
lymphocyte levels can reduce tumor-infiltrating lymphocytes, leading to a weaker anti-
tumor response (95). Our results confirm that NLR is a promising candidate for a cost-
effective and widely accessible biomarker for ICI treated UC patients.

Interestingly, our results suggested advanced age (>68 years) to be associated with
enhanced DCR, PFS, but not OS. In accordance, Kugel et al. reported that melanoma
patients over the age of 60 showed a higher response rate to anti-PD-1 therapy and these
findings could be confirmed by in vivo experiments, showing significantly increased
response to anti-PD-1 in aged mice. Furthermore, they found a significantly higher
population of regulatory T cells (Tregs) in young mice, skewing the CD8+:Treg ratio
(96). These findings suggest that the increased sensitivity in elderly patients could be a
consequence of the accumulation of CD8+ T cells, which are the primary target cell type
of anti-PD1 checkpoint blockade. Some other studies, however, found that cytotoxic

CD8+ T cells, which are the primary target cell type of immune checkpoint blockade, in
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elderly adults have decreased T cell receptor (TCR) diversity, reduced proliferative
capacity, and increased sensitivity to apoptotic signals, that contribute to a diminished
anti-tumoral immunogenic response (97, 98). On the contrary, expression of PD-1 was
found to be increased on the T cells of elderly adults, although its blockade did not restore
T cell activity to the same extent as in younger adults (99). The meta-analysis of Elias et
al. found no differences in the OS and PFS between younger and older ICI-treated patients
with metastatic solid tumors (100). These conflicting results suggest that age as
prognostic factor in ICI therapy may have a cancer-specific role, and highlight the need
for further research before considering age as a factor in determining ICI therapy
response.

Although our clinical data analysis revealed that several clinicopathological and
laboratory parameters correlate with OS or radiographic response, their therapy-specific
prognostic or predictive potential is limited, as they mainly reflect the stage of
progression, tumor burden and the general condition of the patients, but do not account
for the biology of the tumor. The molecular heterogeneity of the tumor and the
composition of its microenvironment can play a key role in individual sensitivity to ICI
therapy, making the identification of biomarkers that account for these characteristics
crucial. Therefore, we conducted a detailed molecular characterization of 100 UC tumor
samples, investigating the gene expression profiles of more than 700 immune-related and
48 molecular subtype-specific genes.

Our gene expression analysis identified 23 genes with prognostic value for OS, and
six of these could be validated in a large independent UC cohort (IMvigor210 study
transcriptome dataset). According to ORR and DCR 20 and 43 genes showed
significantly different expressions, respectively. Although 7 genes (C3, CXCL12, HLA-
E, ICAM2, IRF7, MFGE8, PSMB10) were associated with both endpoints (OS and DCR),
PSMB10 was the only one validated in the IMvigor210 transcriptome data for both
outcomes.

The PSMB10 (Proteasome Subunit Beta Type 10) gene encodes a component of the
immunoproteasome (IP), a specialized proteasome involved in antigen processing. The
IP is predominantly expressed in immune cells, such as antigen-presenting cells and plays
a critical role in the generation of peptide fragments presented by MHC class | molecules

to cytotoxic T cells (101). Recent studies in various cancer types have shown that
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overexpression of IP subunits (PSMB8, PSMB9, PSMB10) is associated with improved
survival and better response to ICI therapies (102-104). Wang et al. demonstrated that the
transcript levels of PSMB8, PSMB9, PSMB10, PSME1, PSME2 and IRF1 are closely
associated with CD8+ T lymphocyte levels in UC (105). Additionally, they developed a
predictive score (IP-score) based on these six genes to assess clinical response to ICI
therapy. Notably, UC patients who responded to atezolizumab therapy exhibited a high
IP-score compared to non-responders, and immune checkpoint genes, such as PD-1/PD-
L1, were overexpressed in the high IP-score group (106). Our results further validate the
predictive value of IP-related genes (PSMB8, PSMB10 and IRF1).

In this study, we applied various molecular subtype classification systems (MDA,
TCGA, Lund, Consensus) with an independently validated gene-panel-based approach
and found the highest ORR and longest OS in the neuronal, TCGA-luminal infiltrated,
Lund-mesenchymal, and MDA-p53-like subtypes. However, some associations lacked
statistical significance due to small case numbers in less common subtypes. Our finding
that the TCGA-luminal infiltrated subtype responds well to ICI therapy aligns with
literature data linking it to high immune/stromal infiltration and elevated PD-L1
expression (61, 62). Previous studies suggested that tumors with a neuronal
(neuroendocrine-like) subtype exhibit exceptionally favorable responses to ICI therapies.
However, the low case numbers, possibly due to strict inclusion criteria, limit the
robustness of these findings (63, 64). To address this issue, we analyzed neuronal
signature scores and found high scores (>3.2) associated with improved OS and PFS. This
indicates that even patients with non-neuronal subtypes but elevated neuronal scores may
benefit from ICI therapy.

Recently, integrative prognostic models combining clinicopathological, laboratory,
molecular, and genetic factors have gained interest for improving therapeutic decision-
making. Some risk stratification models incorporating clinicopathological and laboratory
factors such as ECOG PS, liver metastasis, platelet count, NLR, and LDH etc.
outperformed the Bellmunt model (88, 107, 108). Additionally, a 3-factor model
incorporating a genetic factor (TMB) identified patients with low NLR, no visceral
metastases, and high TMB as treatment responders (93). In the present work, we
developed a combination model that includes laboratory and gene expression-based

factors, which enhanced the prognostic performance of standalone biomarkers.
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According to our results, patients with high-risk scores showed significantly worse OS
compared to those in the low-risk score group. These findings need to be further validated
in independent ICI-treated UC cohorts.

The prognostic role of the soluble form of PD-L1 in ICl-treated cohorts is a
subjective of active research. Esophageal and renal cell cancer patients with elevated pre-
treatment sSPD-L1 levels showed better outcomes following ICI therapy, while in NSCLC
and melanoma an opposite tendency could be observed (52, 109-111). The results of a
recent meta-analysis on the predictive value of the pre-treatment sPD-L1 for ICI inhibitor
therapy confirm the tumor-type dependent nature of this potential biomarker (112). In the
present study, we found that higher pre-treatment sSPD-L1 concentrations were associated
with poor OS in ICI-treated UC patients; however, the low number of cases limits the
strength of this finding. In addition, we observed a significant sPD-L1 flare in on-
treatment serum samples from atezolizumab-treated but not pembrolizumab-treated
patients. The therapy-specific nature of this phenomenon has been observed in other
studies, where only PD-L1, not PD-1 inhibitors, induced an sPD-L1 increase (113, 114).
The exact mechanism behind this sPD-L1 flare-up remains unclear and its clinical

relevance requires further investigation.
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6. Conclusion

This study investigated the efficacy of ICI therapy for UC in real-world clinical
practice, finding atezolizumab and pembrolizumab effective for advanced or metastatic
UC patients, regardless of treatment line, with second-line atezolizumab showing better
outcomes than respective clinical trials. The study emphasized the need for easily
accessible prognostic and predictive markers, such as clinicopathological and laboratory
parameters, to optimize treatment decisions. Key prognostic factors included ECOG PS,
metastasis sites, NLR, hemoglobin, albumin, and eGFR levels. The Bellmunt risk score's
utility could be confirmed, and its performance could be further improved by adding CRP
to the model. Our study provides valuable real-world insights, highlighting key
similarities and differences compared to approval studies. These findings can inform
larger meta-analyses and contribute to high-level clinical conclusions, helping to position
ICI therapy within the complex treatment landscape of mUC.

In addition, we analyzed the expression of over 700 immune-related genes to
identify potential ICI-predictive biomarkers in our institutional UC patient cohort. We
found 23 genes with significant prognostic value and 43 genes significantly associated
with DCR. Validation in a large, independent transcriptome dataset of ICl-treated UC
patients confirmed the prognostic and predictive significance of PSMB10.

We used a novel gene-panel-based approach to classify the tumor tissue samples
into molecular subtypes according to four various classification systems and assessed the
predictive value of molecular subtype classification in the context of ICI therapy. We
identified the highest ORR and OS in TCGA-luminal infiltrated, Lund-mesenchymal, and
MDA p53-like subtypes. Although neuronal subtypes showed promising ICI responses,
small case numbers limited statistical robustness. Analyzing neuronal signature scores
revealed that high scores correlated with improved OS and PFS, suggesting that even non-
neuronal subtypes with elevated neuronal signature scores may benefit from ICI therapy.

By combining different laboratory and gene expression-based parameters, we
developed a prognostic model, the applicability of which needs to be evaluated in other
ICI-treated UC cohorts or within the framework of a prospective study, in order to help

to optimize therapeutic decision-making in the future.
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Finally, we evaluated the prognostic value of the serum biomarker sPD-L1 and
found that higher pre-treatment serum PD-L1 levels are associated with poor OS in ICI-
treated UC patients, although the small sample size limits the strength of this finding.

Our study identified a series of clinicopathological, laboratory, serum, and gene
expression-based markers that could help to optimize the disease management of UC,
pending validation in prospective clinical studies.
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7. Summary

In recent years, ICIs have become available for the systemic treatment of advanced
UC. PD-1 and PD-L1 inhibitor therapies have resulted in durable therapeutic effect in a
subset of patients. The molecular background of the large individual heterogeneity
regarding the response to ICls is still poorly understood.

The aim of my research was to identify factors affecting ICI therapy effectiveness
in a real-world UC cohort. We assessed the clinical characteristics of more than 200 UC
patients receiving ICI treatment in routine clinical settings and compared the
effectiveness of pembrolizumab and atezolizumab against results from respective clinical
trials. Our findings revealed that the ORRs and OS times were comparable to those
reported in the clinical trials. Moreover, we identified worse ECOG PS, metastases, low
hemoglobin, and Bellmunt risk factors as independent predictors of shorter OS.

The molecular part of this work aimed to identify potential ICI-predictive genes
through gene expression analysis of the tumor using the NanoString technology. Our gene
expression analysis identified 23 genes with prognostic value for OS. For ORR and DCR,
20 and 43 genes, respectively, showed significantly different expressions. Although seven
genes were associated with both endpoints (OS and DCR), PSMB10 was the only one
validated in the IMvigor210 transcriptome data for both outcomes.

Additionally, we examined how different molecular subtypes of UC relate to
therapy response and survival outcomes. Using various classifications, we found the
highest ORR and longest OS in the neuronal, TCGA-luminal infiltrated, and MDA-p53-
like subtypes. To address the limitation of small sample sizes, we analyzed neuronal
signature scores and found high scores associated with improved OS and PFS. This
indicates that even patients with non-neuronal subtypes but elevated neuronal scores may
benefit from ICI therapy.

We applied the Random Survival Forest model to identify the best combination
model incorporating clinicopathological and molecular factors. Our prognostic model
effectively distinguished patients with longer survival on ICI therapy.

Finally, we evaluated the prognostic value of soluble PD-L1 for ICI-treated UC
patients. Higher pre-treatment serum PD-L1 concentrations were associated with poor
OS. In addition, we observed a significant sPD-L1 flare in on-treatment serum samples

from atezolizumab-treated but not pembrolizumab-treated patients.
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