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1. LIST OF ABBREVIATIONS 

UTUC – upper tract urothelial carcinoma 

UBC – urothelial bladder cancer 

RC – radical cystectomy 

sPD-L1 – soluble programmed death ligand 1  

sPD-1 – soluble programmed death 1  

NLR – neutrophil-to-lymphocyte ratio 

PLR – platelet-to-lymphocyte ratio 

CRP – C reactive protein 

ICI – immune checkpoint inhibitor 

RCC – renal cell carcinoma 

(m)UC – (metastatic) urothelial carcinoma 

NSCLC – non small cell lung cancer 

IHC – immunohistochemistry  

HNSCC – head and neck squamous cell cancer 

RNU – radical nephroureterectomy  

PRISMA – preferred reporting items for systematic reviews and meta-analyses 

OS – overall survival 

PFS – progression free survival 

CTX - chemotherapy 

ECOG – eastern cooperative oncology group  

ROC – receiver operating characteristic   

HR – hazard ratio 

CI – confidence interval 

ORR – objective response rate 

QUIPS – quality in prognosis studies 

TUKEB – tudományos és kutatásetikai bizottság  - research ethics committee  

ELISA – enzyme linked immunosorbent assay  

OR – odds ratio  

Ki67 – marker of proliferation Kiel 67  

CDCA5 – cell division cycle associated 5  

PAK1 – p21 activated kinase  

ESCC – esophageal squamous cell carcinoma 

MMP-7 – matrix metalloproteinase 7   
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2. STUDENT PROFILE  

2.1. Vision and mission statement, specific goals 

My vision is to optimize therapy for ICI-treated urothelial 

carcinoma patients. As a mission, I am assessing different 

soluble biomarkers, their role in ICI sensitivity, and their 

impact on survival outcomes. 

2.2. Scientometrics 

Number of all publications: 6 
Cumulative IF: 34.3 
Av IF/publication: 5.72 
Ranking (Sci Mago): D1: 2, Q1: 2, Q2: 5 

Number of publications related to the subject of the thesis: 3 
Cumulative IF: 15.2 
Av IF/publication: 5.07 
Ranking (Sci Mago): D1: 1, Q1: 2, Q2: - 

Number of citations on Google Scholar: 39 
Number of citations on MTMT (independent): 11 
H-index:  3 

 
The detailed bibliography of the student can be found on page 55. 
 

2.3. Future plans 

My long-term professional objectives are gathered around  clinical research and practical 

patient care. 

Urology - especially uro-oncology - is an innovative, rapidly developing field, which 

demands not only practical skills but an experienced methodological perspective to 

translate science into everyday patient care. Active participation in clinical environments 

will enhance my ability to generate research ideas that are directly informed by and 

applicable to real-world patient needs. Through the integration of empirical research and 

clinical practice, I seek to develop evidence-based strategies, that improve healthcare 

delivery and outcomes. 
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3. SUMMARY OF THE PH.D. 

Recent development in the field of oncology calls for an exploration of biomarkers of 

which help us personalize treatment decisions. Immune checkpoint inhibitors (ICI) 

revolutionized the therapy of urological malignancies like urothelial and renal cell 

carcinoma. Biomarkers will be a hallmark of survival prognostication, treatment selection 

and rigorous treatment monitoring. For this reason, we conducted two meta-analyses and 

an observational post hoc cohort analysis. In these projects, we assessed soluble 

programmed death ligand 1 (sPD-L1), soluble programmed death 1 (sPD-1) and different 

laboratory inflammation biomarkers like neutrophil-to lymphocyte ration (NLR), C-

reacative protein (CRP) and platelet to lymphocyte ratio (PLR) in the context of human 

malignancies treated with ICI with a focus of UC. Our findings showed that ICI-treated 

patients with high sPD-L1, sPD-1 have significantly worse prognosis. This finding is also 

observed in upper tract urothelial carcinoma patients (UTUC) regardless of treatment 

modality. We similarly demonstrated that ICI-treated UC patients have inferior survival 

when presenting with elevated inflammatory biomarkers. In conclusion, sPD-L1 and 

inflammatory biomarkers are promising biomarkers in ICI-treated human malignancies.  
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4. Graphical abstract  

4.1. Study I 

 

 

 

 

 

 

 

 

 

 

 

 

Aim: to evaluate the prognostic relevance of sPD-L1 and sPD-1 in patients with different 
tumor entities who underwent ICI therapy.   

  

  

  

  

  

  

  

sPD-L1 

sPD-1 

sPD-L1 

sPD-1 VS 

458 patients More than 6 types of cancer 

treated with ICI 
Results: significantly inferior OS in ICI-treated cancer patients with elevated pre-

treatment sPD-L1 levels  

Conclusion: sPD-L1 is a prognostic biomarker for ICI therapy, which should be 

interpreted in a tumor type-specific context.  
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4.2. Study II 

 
  Aim: to analyze the prognostic and predictive significance of liquid biomarkers (NLR, 

CRP, PLR, and LDH) in mUC patients treated with ICI.  

  

  

  

  

  

  

  

  

Results: elevated pre-treatment NLR, CRP, PLR, and LDH are significantly associated 
with worse OS and PFS in ICI-treated urothelial carcinoma patients,  

Conclusion: they have potential prognostic and predictive value in treatment decisions. 

NLR 

CRP 

PLR 

NLR 

CRP 

PLR 
VS 

6673 patients mUC 
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4.3. Study III 

  

      Aim: to determine the prognostic value of pretreatment sPD-L1 in UTUC 

  

  

  

  

  

  

  

  

Results: preoperative sPD-L1 level is a predictor of higher pathological stage and worse 
survival in UTUC  

Conclusion: sPD-L1 could be a useful preoperative prognostic biomarker in UTUC. 

65 UTUC 

sPD-L1 

ELISA 
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5. INTRODUCTION  

5.1. Overview of the topic 

5.1.1. What is the topic? 

Our research focus is on assessing different prognostic and predictive soluble biomarkers 

in the context of UC and ICI therapy. 

 

5.1.2. What is the problem to solve? 

ICIs have revolutionized the systemic treatment of UC; however, the majority of patients 

receiving this therapy do not respond. The main unmet need is to identify those patients 

who will benefit from ICI therapy. 

 

5.1.3. What is the importance of the topic? 

UCs are amongst the most prevalent cancers with devastating survival rates, when 

diagnised in muscle-invasive disease stage. Prognostication and therapy prediction is 

crucial for personalized cancer therapy. As ICIs have reshaped the treatment landscape 

of UC, identifying which patients are most likely to benefit remains an unsolved clinical 

challenge. Investigating potentially predictive biomarkers may help predict treatment 

response, improve patient stratification, and avoid unnecessary therapy. 

 

5.1.4. What would be the impact of our research results? 

The impact of our research project lies in the evaluation of the efficacy of novel 

immunotherapeutic approaches and the identification of reliable predictive biomarkers. 

Our research aims to guide the selection of patients most likely to benefit from these 

treatments. This precision approach can lead to improved response rates and mitigate 

overtreatment. Furthermore, the application of soluble blood-based biomarkers could 

enable disease by tracking therapeutic response, allowing clinicians to make 

individualized treatment decisions. 
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5.2. Urothelial carcinoma 

Urothelial carcinoma (UC) is one of the most prevalent human malignancies worldwide 

(1). UC develop from the urothelium, presenting as either bladder cancer (UBC) or upper 

tract urothelial carcinoma (UTUC)  

Traditionally, UTUC and urothelial bladder cancer (UBC) were considered the same 

disease with different localizations as these tumors have a common etiology and show 

similar therapeutic sensitivities. However, in recent years, a growing body of evidence 

revealed disparities between UTUC and UBC (2). Therefore, UTUC and UBC should be 

considered different tumor entities with substantial similarities. 

5.2.1. Urothelial bladder cancer  

Urothelial bladder cancer (UBC) ranks as the top 10th most prevalent cancer worldwide, 

with the incidence of 573,000 new cases and 213,000 death registered each year. In 

Hungary, approximately 2,400 new cases are diagnosed with a 1,200 death associated 

with UBC annually (3). Therefore, UBC considered a substantial health burden with high 

mortality rates. At the time of the diagnosis, 25% of patients have muscle-invasive 

bladder cancer (MIBC) (4). At this stage the gold standard therapy is radical cystectomy 

(RC) with or without perioperative platinum-based chemotherapy. Locally advanced or 

metastatic UC (mUC) is a clinically challenging, highly aggressive disease characterized 

by short survival rates and limited treatment options. Platinum-based chemotherapy has 

been the only therapeutic option for mUC for decades (5). However, only ~50% of 

patients show radiographic response to this chemotherapy, and only 20% of patients will 

survive longer than two years, while serious side effects of this agent can deeply affect 

its administration (6). 

In 2016 and 2017, two innovative immune checkpoint inhibitor (ICI) therapies, 

atezolizumab (from the IMvigor 210 study) and pembrolizumab (from the KEYNOTE-

045 study), were introduced for patients with UC that had progressed during or after 

platinum-based chemotherapy (7, 8). These therapies achieved objective response rates 

(ORR) of 15-29%, which are substantially higher than the response rates of less than 10% 

observed with other second-line chemotherapies. Notably, patients who responded to 

these treatments experienced a durable response lasting longer than 12 months, an 

unprecedented improvement at this stage of treatment. In 2017, both drugs were also 



 

 

14 

approved for first-line use in platinum-ineligible patients based on the IMvigor 210 and 

KEYNOTE-052 studies (8, 9). In addition, maintenance therapy with avelumab became 

available for patients, who initially responded to platinum chemotherapy [4]. Overall, 

ICIs represent a promising new therapeutic strategy that offers a lasting therapeutic effect 

and prolonged survival for a subgroup of patients. Furthermore, other novel targeted 

therapies and antibody-drug conjugates have become available, such as the FGFR-

inhibitor erdafitinib and the Nectin-4 targeting enfortumab vedotin, both used most 

recently in third-line treatment, and enfortumab vedotin in combination with 

pembrolizumab in the first-line mUC treatment (10, 11). 

5.2.2. Upper tract urothelial carcinoma  

Upper tract urothelial carcinoma (UTUC) represents a distinct clinical and biological 

subset of UC, accounting for approximately 5–10% of all urothelial malignancies (12). 

Traditionally, UTUC has been managed surgically, with radical nephroureterectomy 

(RNU) being the gold standard treatment for localized disease. However, the anatomical 

challenges of the upper urinary tract and limited accuracy of preoperative staging often 

lead to overtreatment in patients with low-risk tumors (13). Moreover, systemic 

therapy—particularly platinum-based chemotherapy—is recommended in advanced 

cases, but its administration is often limited by impaired renal function following 

RNU(14). For cisplatin-ineligible patients, ICIs offer an important therapeutic alternative 

(15). Yet, similar to other cancer types, the response to ICI therapy in UTUC is highly 

variable and currently unpredictable. While PD-L1 overexpression in UTUC has been 

associated with more aggressive disease and improved ICI responsiveness, its value as a 

tissue biomarker is constrained by the same limitations observed in other tumor types. 

The identification of serum-based biomarkers—such as sPD-L1—and their evaluation in 

UTUC is therefore of high clinical interest but remains underexplored. Likewise, the 

prognostic significance of routine inflammatory markers in the UTUC subpopulation 

treated with ICIs has not been thoroughly investigated, leaving a critical gap in the current 

biomarker landscape. 

Given these considerations, there is a compelling need to identify and validate reliable, 

non-invasive biomarkers that can assist in both the prognostication and therapeutic 
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stratification of UTUC and broader UC cases undergoing ICI therapy. Blood-based 

markers such as sPD-L1, sPD-1, and inflammation-related indicators hold promise in 

addressing this need, offering a practical and scalable alternative to tissue-based 

approaches. Moreover, their ability to reflect both tumor burden and immune dynamics 

positions them as ideal candidates for real-time monitoring of treatment response and 

disease progression. 

5.3. Immune checkpoint inhibitors 

In recent years, ICIs have emerged as a cornerstone in the treatment of several 

malignancies, marking a paradigm shift in oncology. ICIs primarily target immune 

checkpoint pathways, such as programmed death protein-1 (PD-1) and its ligand PD-L1, 

which are critical regulators of immune tolerance and immune evasion in cancer. These 

therapies function by blocking the interaction between PD-1—primarily expressed on 

activated T-cells—and PD-L1, which is often overexpressed on tumor cells and various 

immune cells (16). This blockade reactivates the immune system’s ability to recognize 

and destroy cancer cells and has resulted in significant clinical benefits in a subset of 

patients across a range of tumors, including non-small cell lung cancer (NSCLC), 

melanoma, renal cell carcinoma (RCC), and UC (17). 

Despite the impressive outcomes in some cases, the therapeutic success of ICIs is limited 

by considerable inter-individual variability in treatment response. Only a lower rate of 

patients experience durable remission, while others show minimal or no response. In 

metastatic UC (mUC), for example, the response rates to ICIs such as atezolizumab and 

pembrolizumab remain below 30%, even though these treatments offer the advantage of 

prolonged response duration and improved survival for those who benefit (7, 8). This 

variability presents a major clinical challenge, emphasizing the need for predictive 

biomarkers that can guide patient selection and therapeutic decision-making. 

Currently, the most widely used predictive biomarker for ICI therapy is PD-L1 

immunohistochemistry (IHC) (18). While tissue-based PD-L1 expression has shown 

some correlation with treatment response in cancers such as NSCLC and head and neck 

squamous cell carcinoma, its predictive power is inconsistent across different tumor types 

(19, 20). In UC, PD-L1 IHC is routinely used to determine eligibility for ICI in cisplatin-

ineligible patients, yet its negative predictive value is low, meaning that also some PD-
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L1–negative patients may still respond well to treatment (21). Furthermore, the 

application of tissue-based biomarkers is hindered by technical limitations such as 

heterogeneous expression within tumors, variability among diagnostic antibodies, and 

subjective interpretation of results. These issues are compounded by the invasive nature 

of repeated tumor biopsies, which limits their use for longitudinal treatment monitoring. 

As a result, there is increasing interest in developing blood-based biomarkers that are 

minimally invasive, easily repeatable, and more reflective of the patient’s dynamic 

physiological state. 

5.4. Soluble biomarkers  

Of the blood-based biomarkers, soluble forms of immune checkpoint proteins—

specifically, soluble PD-L1 (sPD-L1) and soluble PD-1 (sPD-1)—have garnered 

significant attention. These circulating molecules are detectable in the serum of both 

healthy individuals and cancer patients. Elevated levels of sPD-L1 and sPD-1 have been 

associated with more advanced disease and poorer prognosis in various malignancies, 

suggesting a potential role in cancer progression and immune suppression (22, 23). 

However, the clinical utility of these soluble biomarkers remains poorly defined, 

particularly in terms of their predictive value for ICI therapy response. Conflicting 

evidence from different studies further complicates their interpretation and applicability 

in routine clinical practice. 

In addition to immunological markers, systemic inflammation is increasingly recognized 

as a key player in UC biology and treatment response (24). Chronic inflammation is 

known to promote tumor development, immune evasion, and resistance to therapy (25) 

(26). Therefore, inflammatory markers such as neutrophil-to-lymphocyte ratio (NLR), 

platelet-to-lymphocyte ratio (PLR) and C-reactive protein (CRP) have emerged as 

potential prognostic indicators in various cancers. These markers are widely available, 

routinely measured in clinical practice, and provide insight into the systemic immune-

inflammatory status of the patient (27, 28). In the context of immunotherapy, these 

markers may reflect both tumor-associated inflammation and immune system activation 

or suppression, making them particularly relevant for ICI-treated patients. In mUC—a 

disease characterized by a high mutational burden and immunogenicity—inflammation 
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plays a prominent role in disease progression and may significantly impact treatment 

outcomes (24). 
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6. Objectives 

6.1. Study I. – In this study, we conducted a systematic review and meta-analysis of 

published literature data to assess the prognostic significance of circulating sPD-L1 and 

sPD-1 levels in pre-treatment and on-treatment samples of patients with various cancers 

who underwent ICI therapy. 

6.2. Study II. – In this study, we aimed to systematically investigate the prognostic 

relevance of NLR, CRP, PLR, and LDH in ICI-treated locally advanced and mUC 

patients. 

6.3. Study III. – In this study, we aimed to assess the prognostic value of sPD-L1 and its 

changes in different treatment settings of UTUC. Therefore, in a post hoc pilot study, we 

determined sPD-L1 levels in prospectively collected pre-treatment and on-treatment 

serum samples of UTUC patients who underwent either surgical or systemic (platinum-

based or ICI) treatment. 
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7. Methods  

The study was conducted according to the Preferred Reporting Items for Systematic 

Reviews and Meta-analyses (PRISMA) 2020 recommendations, and followed the 

Cochrane Handbook (29) (30). The study protocols was registered on PROSPERO (Study 

I: CRD42021283222, Study II: CRD42022291449)  

7.1. Literature search and eligibility criteria 

The electronic databases PubMed, EMBASE, and Cochrane Library were screened for 

study I. and we also included Scopus for study II. The dates of literature search and the 

searchkeys are includied in the original articles. 

Two independent authors performed the systematic selection process. Disagreements 

were resolved by a third author. References were screened using Endnote X9 (Clarivate 

Analytics, Philadelphia, PA, USA) and assessed by title, abstract, and full text. 

7.2. Study selection, data collection and patient cohort 

7.2.1. Study selection and data collection for study I. and study II. 

We used the PECO (Population, Exposure, Comparator, Outcome) framework to 

formulate our research question. We included original English-language studies. For 

Study I we examined (P) ICI-treated patients with various tumors, and (E and C) 

compared the hazard of high and low serum or plasma sPD-L1 and/or sPD-1 levels in 

regard to (O) overall survival (OS) or progression-free survival (PFS). There was no pre-

defined cut-off value for the definition of high and low levels of biomarkers. If available, 

on-treatment sPD-L1 and sPD-1 concentrations (median or mean level, range, or 

interquartile range) were also considered as additionally assessed parameters. For Study 

II we invastigated (P) patients with ICI-treated UC and (E and C) compared the hazard of 

high and low serum or plasma NLR, CRP, LDH, and PLR levels for (O) OS or PFS and 

ORR. For the assessed biomarkers, we used cut-off values based on the definitions in the 

original articles. The following exclusion criteria were used: reviews, comments, letters, 

meta-analyses, systematic reviews, animal experiments, and conference abstracts were 

excluded. 
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Data were obtained by reading full-text articles by two independent authors. For Study I 

we extracted the following data: the first name of the author, year of publication, cancer 

type, ICI therapy type, country of sample collection, study type, cohort size, patient age, 

sex, cut-off values for sPD1/ sPD-L1, cut-off definition method (e.g., median, receiver 

operating characteristic [ROC] curve), assay method, follow-up time, OS and PFS. 

For Study II parameters extracted were first name of author, publication year, tumor 

location (upper vs. lower urinary tract), type of ICI therapy, country of sample/data 

collection, type of study, cohort size, patient age, sex, ECOG performance status, cut-off 

values for NLR, CRP, LDH and PLR, follow-up time, OS, PFS, and ORR. 

For eligible studies, the article provided calculated hazard ratios (HR) with 95% 

confidence intervals (CI). In addition, when available, ORR, data on sPD-L1 and sPD-1 

level changes during ICI treatment were extracted.  

7.2.2. Patient cohort for study III 

Pre-treatment serum samples were collected from an overall number of 61 UTUC patients 

(44 males, 17 females), who underwent surgical (RNU cohort; n=37), postoperative 

platinum (CTX cohort; n=25), or second-line ICI therapy (ICI cohort; n=6) at the 

Department of Urology, Semmelweis University between 08/2014 and 07/2020. Six 

patients were included in more than one cohort (three patients both in the RNU and CTX 

cohorts, two patients in the CTX and ICI cohorts, while one patient in all the three 

treatment groups). In addition to pre-treatment samples, we collected samples following 

therapy start at predefined time points. For 14 patients of the RNU cohort, serum samples 

from the first postoperative day were available. For the CTX cohort, 18 samples from the 

first day of the second chemotherapy cycle, while for the ICI cohort four samples after 

three months of therapy were available for analysis.  

Blood samples were collected in 9 ml tubes (Vacuette®) and left at room temperature for 

30 – 90 minutes, then centrifuged with an Eppendorf 5702R centrifuge at 1500 x g for 10 

minutes, and finally aliquoted and kept at -80°C until further analysis. The primary 

endpoint of this study was OS, which was calculated as the period between initiation of 

therapy (RNU, CTX, or ICI) and the last follow-up (01/2022) or death. The secondary 

endpoint was PFS. The study was conducted in accordance with the Declaration of 
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Helsinki and approved by the institutional ethics committee (TUKEB 256/2014). All 

patients provided a written informed consent to participate in this study. 

7.3. Quality assessment and soluble PD-L1 analysis 

7.3.1. Quality assasment for study I. and study II. 

Risk of bias was assessed by two independent authors using the Quality in Prognostic 

Studies (QUIPS) tool (31). The study attrition domain was assessed only for prospective 

studies. The RobVisR tool was used to summarize the results of the evaluations (32). 

GRADEproTM program was used to evaluate the evidence (33). 

7.3.2. Soluble PD-L1 analysis for study III. 

Quantitative sPD-L1 analyses were performed by using the sandwich ELISA method 

(PD-L1/B7-H1 Quantikine ELISA kit, DB7H10, R&D Systems, Wiesbaden, Germany), 

according to the manufacturer’s instructions. To exclude possible interference between 

the therapeutic anti-PD-L1 antibody and the used ELISA assay, we also analyzed 

atezolizumab (anti-PD-L1) and pembrolizumab (anti-PD-1) on our ELISA plates.  

7.4. Data synthesis and analysis 

7.4.1. Statistical analysis for study I and study II 

a) All statistical analyses were performed with R (R Core Team 2023, v4.3.2), using 

the meta (34) package for basic meta-analysis calculations and plots, and dmeta 

(35) package for additional influental analysis calculations and plots. 

b) For time-to-event data, hazard ratio (HR) was used for the effect size measure with 

95% confidence interval (CI). To calculate the pooled HR, we calculated the 

logarithm of HR and its SE from the available data following the methodology of 

Tierney et al.(36). 

c) We extracted or calculated the total number of patients and events ("raw data") from 

available studies. Using these data, we calculated odds ratios (ORs) with 95% 

confidence intervals (CIs) as the effect size measure. Results are reported as the 

odds of the event in the experimental group compared to the control group. 
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d) Pooled OR based on raw data was calculated using the Mantel-Haenszel method 

(37, 38). The pooled HR was calculated using the inverse variance weighting 

method (on a logarithmic scale). 

e) We used a Hartung-Knapp adjustment (39) for CIs (40). To estimate the 

heterogeneity variance measure (τ2), for raw data OR calculation, we used the 

Paule-Mandel method (41) (recommended by Veroniki et al.(42) with the Q-profile 

method for the confidence interval. For HRs, the restricted maximum-likelihood 

estimator was used with the Q profile method for the confidence interval (42, 43). 

f) Results were considered statistically significant if the pooled CI did not contain the 

null value. We summarized the findings  in forest plots. Where applicable, and 

where the number of studies was sufficiently large and not too heterogeneous, we 

also reported the prediction intervals (i.e., the expected range of effects of future 

studies) of results. In addition, between-study heterogeneity was described by the 

Higgins & Thompson’s statistics (44). 

g) For Study I subgroup analysis was conducted based on the used ELISA assays and 

cancer types. For Study II we conducted subgroup analyses by line of therapy (first-

line, second-line vs. mixed), drug (atezolizumab, pembrolizumab and mixed), study 

design (prospective vs. retrospective), and study site (singlecenter vs.multicenter). 

For subgroup analysis, we used a fixed-effects “plural” model (aka. mixed-effects 

model). We assumed that all subgroups had a common τ2 value as we did not 

anticipate differences in the between-study heterogeneity between the subgroups, 

and the number of studies was relatively small in some subgroups (recommended 

by Borenstein et al. (45)., The “Cochrane Q” test (an omnibus test) was used to 

assess differences between subgroups (43). The null hypothesis was rejected at the 

5% significance level. Biomarker level changes were expressed as fold-changes, 

and a median fold-change was calculated separately for PD-1 and PD-L1 inhibitors 

(Table 2.). 

7.4.2. Statistical analysis for study III. 

The non-parametric two-sided Wilcoxon rank-sum test (Mann-Whitney test) was used for 

group comparisons. Univariate OS and PFS analyses were performed using the Kaplan-

Meier log-rank test and univariate Cox analysis. Low event numbers in each cohort did 
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not allow the performance of multivariate analyses. Receiver operating characteristics 

(ROC) curves were applied for RNU and CTX treatment groups to determine PD-L1 cut-

off values with the highest sensitivity and specificity for the dichotomized endpoint of 

death during the follow-up period. Spearman´s rank correlation analysis was used to test 

for correlation between formerly determined serum MMP-7 and PD-L1 levels (46). P-

value of <0.05 was considered as significant. All statistical analyses were performed with 

IBM SPSS Statistics, version 27.0 (IBM Corp., Armonk, N.Y., USA). 

  



 

 

24 

8. RESULTS 

8.1. Search and selection, characteristics of the included studies 

8.1.1. Study I. – Investigating the prognostic role of sPD-L1 and sPD-1 in human 

malignancies treated with immune checkpoint inhibitor 

We retrieved 458 articles from the accessed databases (Figure 1). After the selection 

process, 16 articles matched our eligibility criteria. However, the HR and 95% CI 

estimation in two articles were not possible. Therefore, these two articles were included 

only in the qualitative synthesis. 

 

Figure 1. (47) PRISMA 2020 flowchart representing the study selection process 
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Table 1. (47) Basic characteristics of included studies  
Nivo - ninvolumab, Pembro - pembrolizumab, Termeli - termelimumab, Durva - duvalumab, Atezo - atezolizumab, NSCLC - non-small cell 
lung cancer, RCC - renal cell carcinoma, ESCC - esophageal squamous cell carcinoma, R - retrospective, P – prospective, ROC – receiver 
operating curve, CART - Classification and Regression Trees, sd - standard deviation, OS - overall survival, PFS - progression-free survival 
*IQR, **mean, † included only in systematic review, #  cohort data is supplemented with unpublished data,  ## Fold change 
 

Author (year) 
Type of cancer -

treatment 

Study 

site/type 

No. of 

patients 

(female %) 

Age (year) 

Biomarker/Cut-

off(pg/mL)/type of 

cut-off 

Follow-up period 

(months) 

Type of 

ELISA 
Outcome 

Ando et al. 2019 † (48) 

NSCLC - Nivo/ Pembro 

Gastric - Nivo/ Pembro 

Bladder - Pembro 

Japan/R 21 (29) NA sPD-L1/347/median 6.0 (1.0-27.0) R&D OS 

Castello et al. 2020 † (49) NSCLC - mixed Italy/P 20 (35) 77 (51- 86) sPD-L1/27.2/median 10.3 (2.0-29.0) R&D OS/PFS 

Chiarucci et al. 2020 (50) 
Mesothelioma - 

Durva/Termeli 
Italy/P 40 (34) 66 (42- 83) sPD-L1/70/median 19.2 (13.8 – 20.5) * R&D OS 

Costantini et al. 2018 (51) NSCLC - Nivo France/R 43 (33) 68 (62-72) sPD-L1/34/ROC 16.3 (11.7-21.1) * Abcam OS/PFS 

Incorvaia et al. 2020 (52) RCC - Nivo Italy/P 21 (10) 61 (36–70) 
sPD-L1/660/ROC 

sPD-1/2110/ROC 
NA DYNABIO  PFS 

Ji et al. 2020 (53) 
ESCC - anti PD-1 

Mixed – mixed 
China/R 

21 (5) 

61 (39) 

57 (46-70) 

43 (21-64) 
sPD-L1/NA/ROC NA 

Multiplex 

immunoassay 

kit 

OS/PFS 

Krafft et al. 2021# (54) 
Urothelial - 

Atezo/Pembro 
Hungary/P 19 (26) 66 (43 – 77) sPD-L1/76/median 17.0 (6.0–31.0) R&D 

OS/PFS 

Mahoney et al. 2021 (55) 
RCC - Nivo 

Melanoma - Nivo 
USA/P  

91 (33) 

78 (44) 
NA sPD-L1/NA/NA NA SIMOA 

OS/PFS 

Mazzaschi et al. 2020 (56) 
NSCLC - 

Nivo/Pembro/Atezo 
Italy/P 109 (33) 72 (41-85) 

sPD-L1/113/CART 

tree 
17.3 R&D 

OS/PFS 

Meyo et al. 2020 (57) NSCLC – Nivo France/P 51 (43) 66 (60 – 69) 
sPD-L1/160/median 

sPD-1/70/median 
26.4 (18.1 – 36.5) Cloud-Clone OS/PFS 

Murakami et al. 2020 (58) NSCLC - Pembro/Nivo Japan/R 233 (35) 63 (30-84) sPD-L1/90/mean+2sd NA R&D OS/PFS 

Okuma et al. 2018 (59) NSCLC – Nivo Japan/P 39 (26) 69 (50-88) sPD-L1/3357/ROC NA Cloud-Clone OS 

Oh et al. 2021  (60) Mixed – mixed Korea/R 128 (31) 62 (21–82) sPD-L1/11/ROC NA Invitrogen OS/PFS 

Ugurel et al. 2019 (61) Melanoma - anti PD-1 Germany/R 85 (41) 62** 
sPD-L1/10/ROC 

sPD-1/500/ROC 
12.1 R&D 

OS/PFS 

Yang et al. 2021 (62) NSCLC – mixed China/P 21 (NA) NA sPD-L1/0.95## NA R&D OS/PFS 
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Zhou et al. 2017 (63) Melanoma - Pembro USA/NA 35 (NA) NA sPD-L1/1400/NA NA R&D OS 
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8.1.2. Study II. – Investigating the prognostic role of blood-based inflammatory 

biomarkers in urothelial cancer treated with immune checkpoint inhibitor 

Using the specified search key, we obtained a total of 6,673 articles from the databases 

accessed (Figure 2). After the selection process, 31 articles met our eligibility criteria. 

 

Figure 2. (64) PRISMA 2020 flowchart representing the study selection process 
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Table 2. (64) Basic characteristics of articles included 
Pembro - pembrolizumab, Atezo - atezolizumab, Single – Singlecenter, Multi – Multicenter, R - retrospective, P – prospective, OS - overall 
survival, PFS - progression-free survival *IQR, **mean, UTUC – upper tract urothelial carcinoma, ECOG – Eastern Cooperative Oncology Group
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Author (year) 
Study site/ center/ 

type 

Nr. of pts. 

(female %) 

Type of  

treatment 

Age (median, 

range) 

UTUC 

% 

Follow-up (mo) 

(median, range) 

ECOG 2-4 

(%) 

Line of 

therapy 

Biomarker - Outcome 

Bamias (2023)  Italy/Multi/P 936 (22) Atezo 68 (61 - 74) 23 12.6 N/A 2L NLR - OS 

Brown (2021)  USA/Single/R 53 (15) Mixed 70 (32 - 86) N/A 27.1 11 Mixed CRP - OS 

Kouchkovsky (2021)  USA/Single/R 119 (35) Mixed 71 (65 - 77) 24 6.3 21 N/A NLR - OS, PFS 

Fornarini (2021) Italy/Multi/P 267 (17) Atezo 69 (62 – 74)* 20 9.5 5 2L NLR - OS, PFS 

Fujiwara (2021) Japan/Single/R 74 (26) Pembro  69 (61 - 73)* 51 8.5 (3.5 – 15.7)* 10 2L NLR, CRP, LDH - OS  

Fukushima (2020) Japan/Single/R 28 (32) Pembro 74 (70 - 82)* 32 6 (3 – 18)* 11 2L CRP - OS, PFS 

Furubayashi (2021) Japan/Multi/R 105 (29)  Pembro 72 (67 - 77)* 39 8.4 (4.1 – 15.7)* 10 2L LDH - OS 

Isobe (2021) Japan/Single/R 94 (18) Pembro 72 (47 - 85) N/A 13.6 1 2L NLR, CRP - OS 

Ito (2021) Japan/Multi/R 755 (25) Pembro 72 (63 - 77)  N/A 7.2 20 2L NLR - OS 

Khaki (2021) USA-EU/Multi/R 357 (27) Mixed 71 (32 - 93) 13 22 29 1L NLR - OS  

Klümper (2021) Germany/Multi/R 154 (26) Mixed 68 (43 - 88 19 N/A 14 Mixed CRP - OS, PFS 

Kobayashi (2021) Japan/Multi/R 463 (23) Pembro 71 (31 - 88) 39 10.2 19 Mixed NLR - OS 

Kurushina (2022) Japan/Single/R 54 (32) Pembro 70** (51 - 81)  N/A N/A N/A 2L NLR - OS, PLR - OS, PFS 

Miyama (2022) Japan/Single/R 50 (38) Pembro 72 (70 -77) 46 N/A N/A 2L NLR - OS, PFS 

Ogihara (2020) Japan/Single/R 78 (31) Pembro 72** (46 -89)  45 7.42 (0.9 – 7.9) N/A 2L NLR - PFS 

Park (2022) Korea/Multi/R 224 (28) Mixed 68 (32 - 90) 42 10.5 (5.1 – 17.4)* 10 2L NLR - OS 

Pond (2021) Mixed/Multi/R 79 (N/A) Mixed 74 (45 - 93) N/A N/A 28 1L NLR - OS 

Rijnders (2022)  Netherlands/Single/P 71 (28) Pembro 70 (29 - 85) 30 N/A 33 Mixed NLR - OS, PFS 

Shabto (2020) USA/Single/R 67 (21) Mixed 69 (32 - 93) N/A N/A 12 Mixed NLR, PLR - OS, PFS 

Shimizu (2020)  Japan/Single/R 27 (15) Pembro 73 (52 - 82) 44 7 (1 – 20) 44 2L NLR, CRP, PLR - OS, PFS 

Sonpavde (2020) USA/Multi/P 405 (23) Atezo 66 (32 - 89) N/A 22.8 (19.2 – 30) N/A 2L NLR, LDH - OS 

Taguchi (2021) Japan/Multi/R 150 (26) Pembro 71 (66–76) 45 7.5 (4 – 14)* 12 Mixed NLR, CRP - OS, PFS 

Tamura (2019) Japan/Single/R 41 (30) Pembro 70 (47 - 82) 54 6.2**  (0.3 – 18) 15 2L NLR, CRP - OS 

Tomioka-Inagawa (2022) Japan/Multi/R 160 (25) Pembro 72 (69 - 78)* 31 10 (5 – 19)* 16 2L NLR, CRP - OS 

Tural (2021) Turkey/Multi/R 113 (13) Atezo 65 (37 – 86) 13 23.5 N/A Mixed NLR - OS 

Uchimoto (2021) Japan/Multi/R 212 (29) Pembro 72 (66 - 78)* 39 11.7 N/A 2L NLR - OS  

Une (2022) Japan/Single/R 200 (31) Pembro 71 (38 - 94) 45 13.3  (0 – 183) 11 Mixed CRP, LDH - OS 

Váradi (2023) Hungary/Multi/R 210 (31) Mixed 70 (29- 89) 12 10.2  (0 -68.7) 12 Mixed NLR, CRP, LDH - OS, PFS 

Yamamoto (2021) Japan/Multi/R 121 (28) Pembro 74 (50 - 86) 46 7.9  (0.8 – 55.9) N/A 2L NLR, CRP - OS 

Yasuoka (2019) Japan/Single/R 40 (20) Pembro 69 (44 - 83) 48 5.3  (1.4 -12.3) 14 2L NLR, CRP, LDH - OS 

Yoshida (2022) Japan/Multi/R 755 (25) Pembro 72 (66 - 77) 56 N/A 20 2L NA 
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8.1.3. Study III. – Investigating the prognostic role of sPD-L1 in upper tract urothelial carcinoma  

The median age in the RNU, CTX and ICI cohorts were 69, 72 and 65 years and the median follow-up times were 24, 18 and 20 months, 

respectively. In three patients, histological evaluation after RNU revealed a pT0 stage. Further patients’ characteristics and baseline PD-L1 

levels are given in Table 3. 

Table 3. (65) Patients’ characteristics. For RNU, CTX and ICI treatment 

*Non-malignant – in three cases of RNU histological examination resulted in a pT0 finding, RNU – radical nephroureterectomy, CTX – 
chemotherapy, ICI – immun checkpoint inhibitor therapy, ECOG PS—Eastern Cooperative Oncology Group performance status, R+ —
positive surgical margin, N+ —lymph node metastasis, M+ – distant metastasis, n. a. – not available 
 

        RNU             CTX                     ICI 

 General data n median (range) p n median (range) p   n median (range) 

Age at baseline, median (range) 34 68.9 (46.0 - 90.0) - 25 72.0 (46.0 - 84.0) -  6 64.5 (50.0 - 76.0) 

Follow-up in months, median 

(range) 
34 24.2 (1.1 - 81.9) - 25 17.6 (1.1 - 67.7) -  6 20.4 (2.6 - 28.3) 

Number of patients died 11 - - 13 - -  2 - 

Parameters / sPD-L1 conc. n sPD-L1 cc. p n sPD-L1 cc. p   n sPD-L1 cc. 

Total No. of patients, median 

(range) 
34  84.0 (49.9 - 172.3) 0.347 25 96.1 (53.1 - 152.9) -  6 78.3 (42.17 - 192.1) 

Non-malignant* 3 68.4 (65.6 - 83.2)  
       

Age ≤ 65          10 77.3 (49.9 – 162.4) 0.183 5 78.6 (53.1 – 139.5) 0.408  3 94.8 (61.9 – 122.9) 

Age > 65          24 91.4 (59.3 – 172.3)  20 99.4 (65.0 – 152.9)   3 57.2 (42.2 – 192.1) 

  Sex             male 21 93.7 (49.9 – 172.3) 0.600 21 102.7 (53.1 – 152.9) 0.452  5 94.8 (57.2 – 192.1) 

                    female 13 80.7 (57.9 – 166.1)  4 93.9 (65.0 – 106.8)   1 42.2 

ECOG PS         0 19 80.6 (50.1 – 166.1) - 11 89.0 (53.1 – 128.8) -  5 61.9 (42.2 – 192.1) 

                         1 10 89.8 (49.9 – 162.4) - 10 103.9 (65.0 – 139.5) -  0 - 

                         2 4 98.4 (73.1 - 172.3) - 4 107.7 (105.6 – 152.9) -  0 - 
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                         3 1 119.6 - 0 - -  1 122.9 

ECOG PS        0-1 29 80.7 (49.9 – 166.1) 0.149 21 91.8 (53.1 – 139.5) 0.132  5 61.9 (42.2 – 192.1) 

ECOG PS        2-3 5 106.7 (73.1 - 172.3)  4 107.7 (105.6 – 152.9)   1 122.9 

Nephroureterectomy data          

pT0 3 68.4 (65.6 - 83.2) - - - -  - - 

pTa 7 70.2 (50.1 - 111.7) - 0 -   -  - - 

CIS 1 57.9 - 0 - -  1 57.2 

pT1 9 68.9 (49.9 - 113.3) - 1 135.3 -  1 122.9 

pT2 2 110.0 (64.1 - 155.3) - 6 80.0 (68.3 - 128.8) -  1 94.78 

pT3 14 102.0 (72.7 - 172.3) - 14 99.4 (53.1 - 152.9) -  3  61.9 (42.2 - 192.1) 

pT4 1 126.8 - 2 92.5 (89.02 - 96.1) -   0 - 

n.a. 0   2    0  

pTa-pT1-CIS (non-invasive) 17 69.4 (49.9 - 113.3) <0.001 1 135.3 -  2 90 (57.2 - 122.9) 

pT2-pT4 (invasive) 17 106.7 (64.6 - 172.3)  22 93.9 (53.1 - 152.9)   4 78.3 (42.2 - 192.1) 

n.a. 0     4      1  

G1-G2 19 80.6 (49.9 - 117.3) 0.019  - -  3 94.8 (61.9 - 122.9) 

G3 15 97.4 (57.9 - 172.3)     - -  2 124.6 (57.2 - 192.1) 

Metastatic status at RNU          

N0/M0 25 76.8 (49.9 - 155.3) 0.002 14 86.0 (53.1 - 134.5) 0.096  2 76.0 (57.2 - 94.8) 

N+ or M+ 9 119.6 (73.1 - 172.3)   9 102.7 (78.6 - 152.9)    3 61.9 (42.2 -192.1) 

n.a. 0   2    1  

Metastatic status at CTX baseline          

M0 - - - 10 76.2 (53.1 - 134.5) <0.001  - - 

M+ - - - 14 110.2 (78.6 - 152.9)   - - 

n.a. - - - 1 -      -  - 

Chemotherapy regimen             

Gem/Cis   - - - 14 89.9 (53.1 - 125.9) 0.013  - - 

Gem/Carbo - - - 11 111.8 (78.6 - 152.9)    - - 
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8.2. Results of the quantitative analysis 

8.2.1. Study I. – Investigating the prognostic role of sPD-L1 and sPD-1 in human 

malignancies treated with immune checkpoint inhibitor 

8.2.1.1. Elevated pre-treatment sPD-L1 predicts OS in NSCLC and melanoma  

Thirteen articles reported univariate OS as a primary outcome. The pooled overall 

estimate showed that patients with high sPD-L1 levels had worse OS (HR:1.67; CI:1.26-

2.23, I2=79%, p<0.001; Figure 3). As for publication bias, the funnel plot seems 

asymmetric; however, Egger’s test shows no publication bias (p=0.177). 

Four of the included articles reported a multivariate Cox proportional hazard model. The 

pooled multivariate analysis confirmed that patients with high sPD-L1 levels had shorter 

OS (HR:1.62; CI:1.00-2.62, I2=84%, p=0.05.  

A subgroup analysis was performed according to cancer type. Based on six studies with 

NSCLC patients, high sPD-L1 levels were consequently associated with poor OS 

(HR:2.93; CI:2.52-3.40, I2=0%, p<0.001). According to three publications, poor OS were 

found for malignant melanoma patients with high sPD-L1 (HR:1.73; CI:1.01-2.97, 

I2=19% p=0.047). No difference was found between high and low sPD-L1 levels in OS 

in the subgroup of mixed tumor types (HR:1.22; CI:0.86-1.72, I2=0%, p=0.263), but in 

this case various studies showed rather heterogeneous results (Figure 3).  

 

8.2.1.2. Elevated pre-treatment sPD-L1 predicts poor PFS in NSCLC  

Eleven articles reported univariate PFS as the primary outcome. The pooled overall 

estimate found no PFS difference between high and low sPD-L1 groups (HR:1.20; 

CI:0.85-1.70, I2=78%, p=0.305; Figure 4). The visual presentation of the Funnel plot and 

Egger’s test suggested publication bias (p=0.007) 

Four of the included articles reported a multivariate Cox proportional hazard model. The 

pooled multivariate analysis showed that patients with high sPD-L1 levels tended to have 

inferior PFS (HR:1.71; CI:1.00-2.94, I2=82%, p=0.051).  
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Figure 3. (47) Forest plots representing hazard ratios of OS for sPD-L1 in different tumor 
types, RCC – renal cell carcinoma, NSCLC – non-small cell lung cancer, ESCC- 
esophageal squamous cell carcinoma 

 

The subgroup analysis of cancer types revealed high pre-treatment sPD-L1 as a strong 

risk-factor in the NSCLC subgroup (HR:2.08; CI:1.81-2.38, I2=0% p<0.001), whereas 

rather heterogeneous results were observed in RCC (HR:0.67; CI:0.12-3.86, I2=88% 

p=0.653), melanoma (HR:1.18; CI: 0.56-2.50, I2=74%, p=0.668) and mixed cohorts 

(HR:0.96; CI:0.47-1.96, I2=74%, p=0.903) (Figure 4). 
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Figure 4. (47) Forest plots representing hazard ratios of PFS for sPD-L1 in different 
tumor types, RCC – renal cell carcinoma, NSCLC – non-small cell lung cancer, ESCC- 
esophageal squamous cell carcinoma 

8.2.1.3. Pre-treatment sPD-1 and PFS and OS 

Three articles reported PFS for sPD-1 (HR:1.16; CI:0.23-5.75, I2=89%, p=0.858) (Figure 

5) with heterogenous results. Meyo et al. in NSCLC and Ugurel et al. found in melanoma 

that higher sPD-1 level patients had shorter PFS, whereas Incorvaia et al. found the 
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opposite result in metastatic RCC. Meyo et al. (HR:2.28; CI:1.11-4.68; p=0.025) and 

Ugurel et al. (HR:2.70; CI:1.10-6.25; p=0.055) reported sPD-1 and OS. 

 

Figure 5. (47) Forest plots representing hazard ratios of progression-free survival for 

sPD-1, RCC – renal cell carcinoma, NSCLC – non-small cell lung cancer 

 

8.2.1.4. sPD-L1 levels strongly increase during anti-PD-L1 therapy 

Ten articles reported both pre-treatment and on-treatment sPD-L1 levels in 12 tumor 

entities. Serum sPD-L1 levels remained unchanged under anti-PD-1 therapy, whereas 

anti-PD-L1 therapy caused a remarkable (27.67-fold) elevation of sPD-L1 levels (Table 

4). Two articles reported both pre-treatment and on-treatment sPD-1 levels during anti-

PD-1 (nivolumab) therapy (Table 4).  
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Table 4. (47) Dynamic changes of sPD-L1 and sPD-1 levels before and after 1-3 months of immune checkpoint inhibitor therapy 

RCC – renal cell carcinoma, NSCLC – non-small cell lung cancer, R – range, IQR – interquartile range  

Author (year) Type of cancer 
Type of 

treatment 

No. of 

patients 

 

Pre-treatment median sPD-L1 

(pg/mL) 

No. of 

patients 

 

On-treatment (1-3 months) 

median sPD-L1 

(pg/mL) 

Fold 

change 

Incorvaia et al. 2020  RCC anti PD-1 9 1090.0 (R 470.0 - 2410.0) 9 730.0 (R 560.0 - 1390.0) 0.67 

Meyo et al. 2020 NSCLC anti PD-1 50 160.0 (IQR 30.0 - 440.0) 50 130.0 (IQR 30.0 - 380.0) 0.81 

Mahoney et al. 2021 Melanoma anti PD-1 78 2312.0 78 2247.0 0.97 

Yang et al. 2021 NSCLC anti PD-1 19 37.7 (R 15.6 - 152.0) 19 36.7 (R 15.6 - 109.0) 0.97 

Mahoney et al. 2021 

(55) RCC anti PD-1 91 1978.0 

91 

2179.0 1.10 

Costantini et al. 2018 NSCLC anti PD-1 43 39.8 (IQR 29.8 - 59.2)  43 51.6 (IQR 31.9 - 72.1) 1.30 

Ando et al. 2019 mixed anti PD-1 21 347.4 (R 251.9 - 1491.1) 9 468.8 (R 256.5 - 881.3) 1.35 

Oh et al. 2021 Genitourinary mixed 10 11.8 (R 5.9 - 21.5)  10 17.1 (R 6.0 - 93.5) 1.46 

Castello et al. 2020 NSCLC anti PD-1 20 27.2 (R 11.2 - 61.3) 20 43.9 (R 19.6 - 77.8) 1.61 

Oh et al. 2021 NSCLC mixed 16 15.0 (R 3.8 - 51.9) 10 58.4 (R 8.7 - 139.5) 3.89 

Krafft et al. 2021 Urothelial anti PD-L1 19 71.2 (R 42.2 - 192.1) 8 1946.5 (R 1694.0–1993.0) 27.34 

Chiarucci et al. 2020  Mesothelioma anti PD-L1 29 70.0 (R 20.0 - 190.0) 14 1960.0 (R 1330.0 - 2750.0) 28.00 

Author (year) Type of cancer 
Type of 

treatment 
No. of 

patients 
Pre-treatment median sPD-1 

(pg/mL) 
No. of 

patients 

On-treatment (1-3 months) 

median sPD-1 
(pg/mL) 

Fold 
change 

Incorvaia et al. 2020 RCC anti PD-1 9 13250.0 (R 1220.0- 25000.0) 9 1230.0 (R 1060.0 - 1930.0) 0.09 

Meyo et al. 2020 NSCLC anti PD-1 50 70.0 (IQR 30.0 - 180.0) 50 70.0 (IQR 30.0 - 200.0) 1.0 
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8.2.1.5. The assay method does not influence the correlations between sPD-L1 and OS  

Our subgroup analysis according to the used assay methods suggested that the sPD-L1 

assay method had no major influence on the OS (R&D: HR:2.11; CI:1.44-3.08, I2=84%, 

p=0.003 vs. “others”: HR:1.35; CI:0.79-2.30, I2=54%, p=0.224; Figure 6). The same 

subgroup analysis was further evaluated based on PFS. Our subgroup analysis suggested 

that the sPD-L1 assay method might influence PFS. (R&D: HR:1.87; CI:1.52-2.32, 

I2=2%, p=0.025 vs. “others”: HR:0.96; CI:0.55-1.66, I2=76%, p=0.873; Figure 5). 

Because of the low number of studies with sPD-1, no comparison was possible between 

various assay methods.  
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Figure 6. (47) Forest plots representing hazard ratios of OS for sPD-L1 for different 
ELISA kits, HR – hazard ratio 

8.2.2. Study II. – Investigating the prognostic role of blood-based inflammatory 

biomarkers in urothelial cancer treated with immune checkpoint inhibitor therapy 

8.2.2.1. High pre-treatment NLR is associated with inferior OS and PFS. 

Twenty articles provided information on NLR and OS. Pre-treatment high NLR was 

associated with worse OS both in univariate (HR: 2.19; 95%CI: 1.80-2.68) (Figure 7)and 

multivariate analyses (HR: 1.77; 95%CI: 1.61-1.94).  

High pre-treatment NLR was associated with poor PFS both in univariate (HR: 1.90; 

95%CI: 1.57-2.31) (Figure 2) and multivariate analysis (HR: 1.77; 95%CI: 1.16-2.71). 

Subgroup analysis of therapy lines revealed that high pre-treatment NLR was associated 

with worse OS rates in the second-line (12 articles) (HR:2.21 95%CI: 1.75-2.80) and the 

mixed-line (5 articles) (HR:3.03 95%CI: 1.67-5.52) ICI settings but no significant 

association was found in the first-line setting (3 articles) (HR:1.32 95%CI: 0.58-3.00);. 

Furthermore, subgroup analysis by ICI drug type revealed that NLR was associated with 

worse OS rates both in the pembrolizumab (12 articles) (HR: 2.09; 95%CI: 1.69-2.60) 

(Figure 7) and in the atezolizumab (4 articles) (HR: 2.90; 95%CI: 1.30-6.49) (Figure 2) 

treatment groups. In an additional subgroup analysis, OS rate remained consistently 

associated with NLR regardless of study design, with an HR of 2.24 (95%CI: 1.67-3.01) 

(Figure 7) for prospective studies (3 articles) and an HR of 2.15 (95%CI: 1.67-2.78) 

(Figure 7) for retrospective studies (17 articles). In addition, singlecenter studies had  

results similar to those of multicenter studies, with singlecenter studies (8 articles) giving 

an HR of 2.16 (95%CI: 1.50-3.10) (Figure 7) and multicenter studies (12 articles) an HR 

of 2.23 (95%CI: 1.64-3.02) (Figure 7). Three articles provided information on NLR and 

ORR, with a pooled ORR of 1.66 (95%CI: 0.47-5.89). 
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Figure 7. (64) Summary plot showing pooled HR values (x-axis) with 95% CI for OS 
and PFS for NLR in different subgroups (y-axis). NLR – neutrophil-to-lymphocyte ratio, 
OS – overall survival, PFS – progression free survival 

 

 

8.2.2.2. High pre-treatment CRP levels are associated with inferior OS and PFS 

Eleven articles provided information on pre-treatment serum CRP levels. High pre-

treatment CRP levels were associated with lower OS rates in both the univariate (HR: 

1.75; 95%CI: 1.37-2.24) (Figure 8) and multivariate (HR: 1.66; 95%CI: 1.18-2.33) 

analyses. Similarly, poor PFS was associated with elevated pre-treatment CRP levels 

(HR: 1.58; 95%CI: 1.26-1.99) (Figure 8). 

Our subgroup analysis revealed that in the second-line ICI setting (7 articles), high pre-

treatment CRP was associated with worse OS rates (HR: 1.85; 95% CI: 1.19-2.88) (Figure 

8). Furthermore, CRP was also associated with worse OS rates in the pembrolizumab (9 

articles) (HR: 1.69; 95%CI: 1.20-2.38) (Figure 8) treatment group, whereas for 

atezolizumab, the two available studies did not allow a statistical evaluation. In addition, 
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CRP levels were associated with poor OS in singlecenter (7 articles) (HR: 1.87; 95%CI: 

1.23-2.86) (Figure 8), but not in multicenter studies (4 articles). 

 

Figure 8. (64) Summary plot of pooled HR values (x-axis) with 95% CI for OS and PFS 
for the CRP based on in different subgroups on the (y-axis). CRP – C reactive protein, 
OS – overall survival, PFS – progression free survival 
 
 

8.2.2.3. High pre-treatment PLR is associated with inferior OS and PFS 

Three articles provided data on PLR and survival endpoints (OS, PFS). In univariate 

analysis, high pre-treatment PLR was associated with shorter OS (HR: 2.74; 95%CI: 

1.74-4.31) (Figure 9) and PFS (HR: 2.25; 95%CI: 1.46-3.47) (Figure 9). Subgroup 

analyses were not possible due to the low number of available articles. 
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Figure 9. (64) Forest plots of pooled univariate HR values and 95% CI for PLR OS (A), 

PLR PFS (B), PLR – platelet-to-lymphocyte ratio, OS – overall survival, PFS – 

progression free survival 
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8.2.3. Study III. – Investigating the prognostic role of sPD-L1 in UTUC 

 

8.2.3.1. Correlation of sPD-L1 concentrations with clinicopathological parameters 

For the RNU cohort, age, sex and ECOG performance status showed no significant 

association with preoperative sPD-L1 levels. Higher sPD-L1 levels were found in muscle-

invasive, high grade (G3) as well as in lymph node and/or distant metastatic cases 

(p<0.001, p=0.019 and p=0.002 respectively) (Table 3, Figure 10). 

 

Figure 10. (65) Association of preoperative sPD-L1 concentration and 
clinicopathological parameters in the RNU cohort. * significant difference, pT(non-inv): 
pTa-pT1, pT(inv): pT2-pT4, G – grade, N0 and M0 – no metastasis, N+/M+ - metastasis 

8.2.3.2. Correlation of pre-treatment sPD-L1 levels with patients’ prognosis 

For the RNU cohort, three patients with pT0 histopathological findings were excluded 

from survival analyses. Muscle-invasive disease (≥pT2) and the presence of lymphatic or 

distant metastases at RNU were associated with shorter OS (HR: 7.115; 95% CI 1.504 – 

33.659; p=0.013 and HR: 4.891; 95% CI 1.379 – 17.345; p=0.014, respectively). 

Similarly, shorter PFS was significantly associated with the same factors: ≥pT stage (HR: 

10.836; 95% CI 2.865 – 40.978; p<0.001), lymph node or distant metastasis (HR: 6.185; 

95% CI 2.199 – 17.397; p=0.001) (Table 5).
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Table 5. (65) Correlation of clinicopathological parameters and pretreatment sPD-L1 concentrations with patients’ prognosis  

* - median cut-off value for RNU is 84.0 ng/ml, median cut-off value for CTX is 96.1 ng/ml; ** ROC cut-off value for 
RNU is 118.5 ng/ml, ROC cut-off value for CTX is 93.9 ng/ml; RNU – radical nephroureterectomy, CTX – chemotherapy; 
OS – overall survival; PFS – progression-free survival; ECOG PS – Eastern Cooperative Oncology Group performance 
status, Gem/Cis – gemcitabine + cisplatin; Gem/Carbo – gemcitabine + carboplatin; bold font represents significant value. 
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Figure 11. (65) Kaplan-Meier OS analyses with log-rank tests (A) for the RNU cohort 
using the median as the cut-off, (B) for the RNU cohort applying the ROC-based cut-off, 
(C) for the CTX cohort with the median cut-off (in this cohort, median- and ROC-based 
cut-off values resulted the same groups) (blue line – low sPD-L1 cc., green line – high 
sPD-L1 cc., cut-off values are shown on each line). RNU – radical nephroureterectomy; 
CTX – chemotherapy; 

 

8.2.3.3. Changes of sPD-L1 levels during and after therapy 

In the RNU cohort, the median preoperative sPD-L1 concentration was 84.0 ng/ml. In 14 

cases, postoperative (first day after RNU) sPD-L1 levels were available with a median of 

114.5 ng/ml, which was significantly higher than the pre-treatment serum concentrations 

(p=0.011) (Figure 12 A,D). 

In the CTX cohort, the baseline median of sPD-L1 level was 96.1 ng/ml which remained 

unchanged (99.4 ng/ml, n=18) after the first treatment cycle (Figure 12 B,D). 

Interestingly, we observed a remarkable, 25-fold increase of sPD-L1 levels after 3 months 

of ICI treatment from 78.3 ng/ml to 1955.5 ng/ml (p<0.001) (Figure 12 C,D, which was 

in accordance with our former observation in ICI-treated UBC patients. In addition, we 

measured atezolizumab and pembrolizumab directly on our assay plates. These, 

substances did not result positive signals, excluding an assay incompatibility with the 

therapeutic antibodies.  



 

 

47 

 

Figure 12. (65) Box-plot presentation of changes of sPD-L1 concentrations in the RNU, 
CTX and ICI cohorts (A) RNU cohort (preop. and postop. values), (B) CTX cohort (at 
chemotherapy baseline and on the first day of cycle 2), (C) ICI cohort (pre-treatment and 
on-treatment values at 3 months), (D) (* significant difference); RNU – radical 
nephroureterectomy; CTX – chemotherapy; ICI – immune checkpoint inhibitor therapy. 
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9. DISCUSSION 

9.1. Summary of findings, international comparisons 

Recently, advances in biomarker research have significantly influenced the optimization 

of immunotherapy treatment modalities. Programmed death-ligand 1 (PD-L1) 

immunohistochemistry has become the standard predictive tool for determining the 

likelihood of response to ICI therapy in several tumor types. However, soluble biomarkers 

have yet to be integrated into clinical risk stratification models. Therefore, we performed 

three distinct yet related analyses: (1) we investigated the clinical relevance of sPD-L1 

levels in ICI-treated solid tumors; (2) we examined the role of routinely used 

inflammatory biomarkers in ICI-treated UC patients; and (3) we evaluated the prognostic 

and therapy predictive value of sPD-L1 in UTUC, a distinct, less common but significant 

subset of UC. 

In UTUC elevated pretreatment sPD-L1 levels were associated with muscle-invasive 

disease, higher tumor grade, metastasis, and poor survival, particularly in the surgically 

and chemotherapy (CTX) treated cohorts. One of the major challenges in UTUC 

management is the inconsistency of preoperative staging due to inaccurate biopsy and 

variability in therapy response. Studies have reported significant rates of upstaging and 

downstaging between pre- and postoperative assessments (66, 67). Grading appears more 

reliable, with higher consistency between biopsy and definitive findings (68). Although 

clinical factors such as age, multifocality, and performance status serve as prognostic 

indicators, they provide limited predictive value (69). Thus, molecular biomarkers 

reflecting tumor biology are needed to improve clinical decision-making. Tissue-based 

biomarkers such as Ki67, CDCA5, and PAK1, while informative, are limited by biopsy 

quality and lack prospective validation (70). Circulating biomarkers like MMP-7, NLR, 

and CRP have shown promising but require larger validation studies (46, 71, 72). Our 

serum sample analysis revealed that high sPD-L1 levels correlate with adverse 

pathological features and shorter survival in UTUC, indicating its potential as a 

preoperative tool for assessing disease severity and guiding surgical or systemic treatment 

decisions. Literature data also revealed heterogeneity in UTUC's response to systemic 

treatments. In the neoadjuvant CTX setting, cisplatin-based chemotherapy showed 

pathological response rates of 47–52% and 8-10% pathological complete response rates, 
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while metastatic cases responded at rates of 35–46% (73, 74). However, PD-L1 tissue 

expression has been linked to improved survival in cisplatin-ineligible patients receiving 

ICI therapy, though individual responses vary widely (75). In our study, high baseline 

sPD-L1 predicted worse outcomes in CTX-treated patients, while the small sample size 

in the ICI cohort prevented statistically robust conclusions. 

Conflicting findings in other tumor types further complicate the predictive interpretation 

of sPD-L1. For instance, in esophageal carcinoma and RCC, high sPD-L1 correlated with 

better outcomes under ICI therapy, while in NSCLC and melanoma, high levels predicted 

worse survival (51-53, 61). These results imply that the prognostic or predictive value of 

sPD-L1 may be tumor-type specific.   

To advance the understanding of the therapy predictive relevance of sPD-L1, a meta-

analysis of 16 studies across six cancer types evaluated sPD-L1 and sPD-1 as prognostic 

markers in ICI-treated patients. Overall, high sPD-L1 levels were associated with a 67% 

increased risk of death and a 20% higher risk of disease progression. Subgroup analyses 

revealed that this prognostic value is more consistent in NSCLC than in melanoma, 

suggesting tumor-specific interpretations are essential. For NSCLC, pre-treatment sPD-

L1 may serve as a predictive marker, though its overall behavior appears more prognostic 

than predictive. Notably, various studies applied different assay kits, but ELISA 

methodology did not significantly influence outcomes. Additionally, multivariate 

analyses from selected studies identified high sPD-L1 as an independent risk factor for 

worse outcomes, along with ECOG performance status and PD-L1 tissue expression. 

The biological source of sPD-L1 remains uncertain. Current evidence suggests it is not 

primarily derived from tumor tissue expression, as studies have shown no direct 

correlation between tissue and serum PD-L1 levels (49, 51, 54). Matrix 

metalloproteinases (MMPs), particularly MMP-7, have been implicated in the proteolytic 

release of PD-L1 into circulation (54). In a previous study of the UTUC cohort, a 

significant correlation between serum MMP-7 and sPD-L1 levels supports the hypothesis 

that an active proteolytic tumor environment contributes to elevated sPD-L1 (46). 

Furthermore, the moderate post-surgical increase in sPD-L1 levels hints at non-tumoral 

sources, possibly related to the inflammatory response induced by surgery. Comparing 

the pre-and postoperative sPD-L1 levels, we detected a mild but significant increase after 

RNU, which suggests that tumor cells are not the predominant source of sPD-L1. 
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Postoperative sPD-L1 levels may be increased as a consequence of an inflammatory 

response to the surgical procedure itself. In the CTX cohort, no differences were detected 

between baseline and on-treatment sPD-L1 levels. In contrast, we found strongly, 25-fold 

elevated sPD-L1 concentrations after three months of ICI treatment. These striking results 

are in line with our former observation made in UBC showing a similar increase of sPD-

L1 levels in PD-L1 inhibitor-treated (atezolizumab) patients after three months of therapy 

(54). Interestingly, in PD-1 inhibitor-treated (pembrolizumab) bladder cancer patients no 

sPD-L1 increase could be detected, suggesting that the detected sPD-L1 flare is therapy-

specific. 

To better understand this phenomenon we investigated on-treatment levels in our meta-

analysis (Study 1) with different tumor entities treated with ICI. Similar findings were 

reported in NSCLC, where only PD-L1 inhibitors (e.g., atezolizumab) led to sPD-L1 

elevation (50). The biological relevance of this flare remains unknown but may involve 

immune complex formation that enhances ELISA signal detection. Interestingly, Music 

et al. also observed an increase in soluble PD-1 following pembrolizumab treatment, 

further emphasizing therapy-specific effects (76). 

Comparison between baseline and on-treatment sPD-L1 levels during ICI treatment was 

possible in 12 studies.  Based on our previous observation in UC, we hypothesized that 

anti-PD-L1 therapy leads to an elevation in sPD-L1 levels (54). Accordingly, in the two 

studies with presenting patients who received anti-PD-L1 therapy a strong (27- and 28-

fold) increase in sPD-L1 levels could be observed (50, 54), whereas no such difference 

was detected in anti-PD-1 treated patients (48, 49, 51, 52, 55, 57, 60, 62). Furthermore, 

sPD-1 levels did not increase after anti-PD-1 (nivolumab) therapy (52, 57). In contrast, 

Music et al. observed that sPD-1 elevated after the administration of anti-PD-1 

pembrolizumab therapy (76). Therefore, it appears that anti-PD-L1 rather than anti-PD-1 

therapy induces a significant increase in sPD-L1 levels. However, one possible 

explanation could be that ICIs – especially atezolizumab – can trigger a strong anti-drug-

antibody (ADA) production, which may form antibody complexes that can enhance the 

measured ELISA signal (77). On the basis of these, the on-treatment flare-up of sPD-L1 

seems to be therapy-specific for anti-PD-L1 therapy but the biological and clinical 

relevance of this elevation needs to be further evaluated.  
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Inflammatory markers such as NLR and CRP also play critical roles in predicting ICI 

efficacy, particularly inmUC. Ourcomprehensive meta-analysis involving over 6,000 

mUC patients found that high NLR was associated with a 119% increased risk of death 

and a 90% higher risk of progression. Subgroup analyses of ICI types confirmed these 

associations across both atezolizumab and pembrolizumab. In contrast, the predictive 

value of NLR for chemotherapy or enfortumab vedotin therapy was weaker, suggesting 

its relevance in immunotherapy settings (78, 79).  

Similarly, CRP—an acute-phase protein—showed consistent prognostic value across 

treatment types. Elevated pre-treatment CRP levels were associated with a 75% increased 

risk of death and a 58% higher risk of progression. Dynamic CRP changes during ICI 

treatment further refined prognostic assessments. For instance, patients classified as 

"CRP flare responders," showing a temporary spike followed by normalization, 

demonstrated favorable ORRs of 69–75%. This indicates that CRP may serve not only as 

a prognostic marker but also as a potential early indicator of treatment efficacy (80-83). 

In summary, sPD-L1, along with inflammation-based biomarkers like NLR and CRP, 

holds significant promise for stratifying patients undergoing ICI therapy. The prognostic 

value of sPD-L1 appears consistent across multiple studies and tumor types, particularly 

in NSCLC and UTUC, though its predictive value islikely tumor-dependent. On-

treatment increases in sPD-L1 - particularly in response to PD-L1 inhibitors - further 

supports its potential role in therapy monitoring, although the underlying mechanisms 

need further clarification. 

 

9.2. Strengths 

One of the key strengths of my thesis is the comprehensive investigation of sPD-L1 as 

both a preoperative prognostic biomarker of UTUC by using own institutional patients’ 

samples as well as a potential therapy predictive marker for ICI treatment. Furthermore, 

we incorporated routinely available inflammation-related biomarkers such as NLR, CRP 

and PLR adding a broader immunological perspective. We evaluated more than 45 

eligible studies with >7,000 patients using both OS and PFS as endpoints and evaluated 

on-treatment biomarker level changes. The observed therapy-specific sPD-L1 flare 

during anti-PD-L1 treatment contributes novel insights to the understanding of biomarker 

behavior under immunotherapy. Furthermore, the parallel findings from a meta-analysis 



 

 

52 

strengthen the generalizability of the observed associations, particularly in NSCLC and 

UTUC. Additionally our meta-anylysis is the first review and meta-analysis for PLR in 

ICI-treated UC.  

 

9.3. Limitations 

Both the cohort analysis and the two meta-analyses have limitations inherent from their 

retrospective observational nature. In our UTUC cohort analyisis, the limited number of 

patients treated with ICIs prevented us from evaluating the therapy predictive value of 

sPD-L1. This limitation, however, should be judged in light of the low incidence of this 

disease. A further limitation of our study is that tumor samples were not available for 

correlation analysis between tissue and serum sPD-L1 levels, however, literature data 

based on a large number of cases in various cancers uniformly showed no correlation 

between serum and tissue PD-L1 levels. Regarding the meta-anylses, we faced some 

limitations mainly related to the heterogeneity of the included studies regarding their 

cohort sizes, tumor types, applied ICI drugs, and cut-off values. The limited number of 

studies on certain biomarkers, such as PLR restricted subgroup analyses and weakened 

the conclusions on this marker. While most studies had a low risk of bias, several had 

severe concerns or high risk, which could impact the overall reliability. 
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10. CONCLUSION 

We assessed sPD-L1 levels in UTUC for the first time, demonstrating significantly 

elevated levels in advanced tumor stages. High pre-treatment concentrations shown to be 

associated with shorter survival in both radical nephroureterectomy (RNU) and 

chemotherapy-treated patients. These findings, if validated in larger prospective cohorts, 

may enhance patient stratification and inform therapeutic decision-making in UTUC. In 

addition, we found that high baseline sPD-L1 levels were associated with significantly 

worse OS in ICI-treated cancer patients; however, this prognostic association appears to 

be tumor type-dependent. Thus, sPD-L1 may serve as a valuable pre-treatment prognostic 

biomarker, but its interpretation should be tailored to the specific tumor context. We also 

observed a markedly strong increase in sPD-L1 levels during anti-PD-L1 therapy, a 

phenomenon that appears therapy-specific; its biological basis and clinical implications 

require further investigation. Notably, elevated pre-treatment inflammatory biomarkers 

such as NLR, CRP, and PLR hold promise as reliable prognostic indicators in ICI therapy. 

Therefore, these markers are strong candidates for inclusion in future risk stratification 

models for mUC. 
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11. IMPLEMENTATION FOR PRACTICE 

The above detailed findings may significantly improve clinical practice by helping both 

urologist and clinical oncologist to identify patients who are most likely to benefit from 

immunotherapy. If validated, these biomarkers can assist in selecting the appropriate 

therapy, particularly in the light of the increasing complexity of treatment regimens in 

UC. Incorporating soluble predictive biomarkers into everyday clinical pre-treatment 

diagnostics, clinicians my better select treatment modalities. This can help improving 

survival outcomes, diminishing unnecessary treatment toxicity to ineffective therapies. 

Furthermore, blood-based biomarkers can aid clinicians in close treatment monitoring, 

which can facilitate real-time assessment of therapy response. 
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12. IMPLEMENTATION FOR RESEARCH 

Precision medicine is unimaginable without understanding the underlying biochemical 

pathways, which leads to the inefficacy of a certain drug. Especially in immunotherapy, 

where we can see great survival benefits for a rather small group of patients, but shows 

complete ineffectiveness for most patients. Future research should aim to validate the 

identified biomarkers in larger prospectively designed biomarker-based randomized 

trials. Additionally, future research investigating the underlying biological pathways 

connected to these markers could help our understanding of failure of immunotherapy. 

Integrating biomarker data with clinical and genomic profile may also develop patient 

stratification strategies. This line of research has the potential to shape precision medicine 

practices and enhance the development of adaptive treatment regimes. Ultimately, 

broaden the biomarker scope may provide more tailored and effective cancer care. 
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13. IMPLEMENTATION FOR POLICYMAKERS 

Our findings may inform policymakers by supporting the incorporation of soluble 

biomarker testing into everyday standardized diagnostics for UC. Healthcare 

policymakers should consider allocating reimbursement for the promotion of 

development and implementation of predictive biomarker assays in order to enhance the 

cost-effectiveness of ICI treatment. By enabling more precise patient selection health 

systems can limit nonessential treatment expanses and reduce patient exposure to 

ineffective therapies. This approach aligns with the goals of precision medicine, which 

could lead to a personalized medicine and value-based care. Moreover, implementing 

biomarkers into national cancer guidelines could help standardize care and enhance 

overall clinical outcomes. Funding this field has the potential to standardize resource 

utilization while helping access to an equitable and innovative patient centered cancer-

care. 
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14. FUTURE PERSPECTIVES 

In the future, I am planning to specialize in the field of urooncology, with a particular 

focus on UC. My goal is to integrate everyday clinical practice with translational research 

by combining real-life case studies and surgical experience with the latest scientific 

research. Considering my background in biomarker research within the context of ICI-

treated UC, I aim to investigate molecular mechanisms and contribute to enhanced patient 

management. 

  



 

 

58 

15. REFERENCES  

1. Lobo N, Afferi L, Moschini M, Mostafid H, Porten S, Psutka SP, et al. 
Epidemiology, Screening, and Prevention of Bladder Cancer. Eur Urol Oncol. 
2022;5(6):628–39. 

2. Szarvas T, Modos O, Horvath A, Nyirady P. Why are upper tract urothelial 
carcinoma two different diseases? Transl Androl Urol. 2016;5(5):636–47. 

3. Zhang Y, Rumgay H, Li M, Yu H, Pan H, Ni J. The global landscape of bladder 
cancer incidence and mortality in 2020 and projections to 2040. J Glob Health. 
2023;13:04109. 

4. Krishna SR, Konety BR. Current Concepts in the Management of Muscle Invasive 
Bladder Cancer. Indian J Surg Oncol. 2017;8(1):74–81. 

5. Patel VG, Oh WK, Galsky MD. Treatment of muscle-invasive and advanced 
bladder cancer in 2020. CA Cancer J Clin. 2020;70(5):404–23. 

6. Dash A, Galsky MD, Vickers AJ, Serio AM, Koppie TM, Dalbagni G, et al. 
Impact of renal impairment on eligibility for adjuvant cisplatin-based chemotherapy in 
patients with urothelial carcinoma of the bladder. Cancer. 2006;107(3):506–13. 

7. Bellmunt J, de Wit R, Vaughn DJ, Fradet Y, Lee JL, Fong L, et al. Pembrolizumab 
as Second-Line Therapy for Advanced Urothelial Carcinoma. The New England journal 
of medicine. 2017;376 NO. 11(1533-4406 (Electronic)):1015–26. 

8. Balar AV, Galsky MD, Rosenberg JE, Powles T, Petrylak DP, Bellmunt J, et al. 
Atezolizumab as first-line treatment in cisplatin-ineligible patients with locally advanced 
and metastatic urothelial carcinoma: a single-arm, multicentre, phase 2 trial. The Lancet. 
2017;389(1474-547X (Electronic)):67 – 76. 

9. Balar AV, Castellano D, O'Donnell PH, Grivas P, Vuky J, Powles T, et al. First-
line pembrolizumab in cisplatin-ineligible patients with locally advanced and 
unresectable or metastatic urothelial cancer (KEYNOTE-052): a multicentre, single-arm, 
phase 2 study. The Lancet Oncology. 2017;18(1474-5488 (Electronic)):1483 – 92. 

10. Powles T, Rosenberg JE, Sonpavde GP, Loriot Y, Durán I, Lee JL, et al. 
Enfortumab Vedotin in Previously Treated Advanced Urothelial Carcinoma. The New 
England journal of medicine. 2021;384(1533-4406 (Electronic)):1125–35. 

11. Siefker-Radtke AO, Matsubara N, Park SH, Huddart RA, Burgess EF, Özgüroğlu 
M, et al. Erdafitinib versus pembrolizumab in pretreated patients with advanced or 
metastatic urothelial cancer with select FGFR alterations: cohort 2 of the randomized 
phase III THOR trial. Annals of Oncology. 2024;35(1569-8041 (Electronic)):107 – 17. 

12. Visser O, Adolfsson J, Rossi S, Verne J, Gatta G, Maffezzini M, et al. Incidence 
and survival of rare urogenital cancers in Europe. Eur J Cancer. 2012;48(4):456–64. 

13. Clements T, Messer JC, Terrell JD, Herman MP, Ng CK, Scherr DS, et al. High-
grade ureteroscopic biopsy is associated with advanced pathology of upper-tract 
urothelial carcinoma tumors at definitive surgical resection. J Endourol. 2012;26(4):398–
402. 



 

 

59 

14. Zhang J, Ye ZW, Tew KD, Townsend DM. Cisplatin chemotherapy and renal 
function. Adv Cancer Res. 2021;152:305–27. 

15. Califano G, Ouzaid I, Verze P, Hermieu JF, Mirone V, Xylinas E. Immune 
checkpoint inhibition in upper tract urothelial carcinoma. World J Urol. 
2021;39(5):1357–67. 

16. Sun C, Mezzadra R, Schumacher TN. Regulation and Function of the PD-L1 
Checkpoint. Immunity. 2018;48(3):434–52. 

17. Jacob JB, Jacob MK, Parajuli P. Review of immune checkpoint inhibitors in 
immuno-oncology. Adv Pharmacol. 2021;91:111–39. 

18. Patel SP, Kurzrock R. PD-L1 Expression as a Predictive Biomarker in Cancer 
Immunotherapy. Mol Cancer Ther. 2015;14(4):847–56. 

19. Burtness B, Harrington KJ, Greil R, Soulières D, Tahara M, de Castro G, et al. 
Pembrolizumab alone or with chemotherapy versus cetuximab with chemotherapy for 
recurrent or metastatic squamous cell carcinoma of the head and neck (KEYNOTE-048): 
a randomised, open-label, phase 3 study. The Lancet. 2019;394(10212):1915–28. 

20. Lantuejoul S, Sound-Tsao M, Cooper WA, Girard N, Hirsch FR, Roden AC, et al. 
PD-L1 Testing for Lung Cancer in 2019: Perspective From the IASLC Pathology 
Committee. J Thorac Oncol. 2020;15(4):499–519. 

21. Weng M, Bai Y, Xu L, Chang C, Teng X. Comparison of PD-L1 detection 
methods, platforms and reagents in bladder cancer. Ann Diagn Pathol. 2022;60:151986. 

22. Chang B, Huang T, Wei H, Shen L, Zhu D, He W, et al. The correlation and 
prognostic value of serum levels of soluble programmed death protein 1 (sPD-1) and 
soluble programmed death-ligand 1 (sPD-L1) in patients with hepatocellular carcinoma. 
Cancer Immunol Immunother. 2019;68(3):353–63. 

23. Abu Hejleh T, Furqan M, Ballas Z, Clamon G. The clinical significance of soluble 
PD-1 and PD-L1 in lung cancer. Crit Rev Oncol Hematol. 2019;143:148–52. 

24. Hatogai K, Sweis RF. The Tumor Microenvironment of Bladder Cancer. Adv Exp 
Med Biol. 2020;1296(0065-2598 (Print)):275–90. 

25. Hsu SK, Li CY, Lin IL, Syue WJ, Chen YF, Cheng KC, et al. Inflammation-
related pyroptosis, a novel programmed cell death pathway, and its crosstalk with immune 
therapy in cancer treatment. Theranostics. 2021;11(18)(1838-7640 (Electronic)):8813–
35. 

26. Huang X, Nepovimova E, Adam V, Sivak L, Heger Z, Valko M, et al. Neutrophils 
in Cancer immunotherapy: friends or foes? Mol Cancer 23. 2024;107(1476-4598 
(Electronic)). 

27. Diem S, Schmid S, Krapf M, Flatz L, Born D, Jochum W, et al. Neutrophil-to-
Lymphocyte ratio (NLR) and Platelet-to-Lymphocyte ratio (PLR) as prognostic markers 
in patients with non-small cell lung cancer (NSCLC) treated with nivolumab. Lung 
Cancer. 2017;Volume 111(1872-8332 (Electronic)):176 – 81. 

28. Zhu M, Ma Z, Zhang X, Hang D, Yin R, Feng J, et al. C-reactive protein and 
cancer risk: a pan-cancer study of prospective cohort and Mendelian randomization 
analysis. BMC Medicine 2022;20:301(1741-7015 (Electronic)). 



 

 

60 

29. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et 
al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. 
BMJ. 2021;372. 

30. Cumpston M, Li T, Page MJ, Chandler J, Welch VA, Higgins JP, et al. Updated 
guidance for trusted systematic reviews: a new edition of the Cochrane Handbook for 
Systematic Reviews of Interventions. The Cochrane database of systematic reviews. 
2019;10(10):Ed000142. 

31. Grooten WJA, Tseli E, √Ñng BrO, Boersma K, St√•lnacke B-M, Gerdle Br, et al. 
Elaborating on the assessment of the risk of bias in prognostic studies in pain 
rehabilitation using QUIPS‚Äîaspects of interrater agreement. Diagnostic and Prognostic 
Research. 2019;3(1):5. 

32. McGuinness LA, Higgins JPT. Risk-of-bias VISualization (robvis): An R package 
and Shiny web app for visualizing risk-of-bias assessments. Research Synthesis Methods. 
2020;n/a(n/a). 

33. Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et al. GRADE 
guidelines: 1. Introduction-GRADE evidence profiles and summary of findings tables. J 
Clin Epidemiol. 2011;64(4):383–94. 

34. Schwarzer G. Meta: General Package for Meta-Analysis. 2022. 

35. Harrer M, Cuijpers, P., Furukawa, T. & Ebert, D. D. . dmetar: Companion R 
Package For The Guide 'Doing Meta-Analysis in R' 2022 [Available from: 
http://dmetar.protectlab.org/. 

36. Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR. Practical methods for 
incorporating summary time-to-event data into meta-analysis. Trials. 2007;8(1):16. 

37. Mantel N, Haenszel W. Statistical Aspects of the Analysis of Data From 
Retrospective Studies of Disease. JNCI: Journal of the National Cancer Institute. 
1959;22(4):719–48. 

38. Robins J, Sander Greenland, and Norman E. Breslow. . “A General Estimator for 
the Variance of the Mantel-Haenszel Odds Ratio.”. American Journal of Epidemiology. 
1986;719–23. 

39. Knapp G, Hartung J. Improved tests for a random effects meta-regression with a 
single covariate. Stat Med. 2003;22(17):2693–710. 

40. IntHout J, Ioannidis JP, Borm GF. The Hartung-Knapp-Sidik-Jonkman method 
for random effects meta-analysis is straightforward and considerably outperforms the 
standard DerSimonian-Laird method. BMC Med Res Methodol. 2014;14:25. 

41. Paule R, and John Mandel. “Consensus Values and Weighting Factors.” Journal 
of Research of the National Bureau of Standards. 1982;87 (5): 377–87. 

42. Veroniki AA, Jackson D, Viechtbauer W, Bender R, Bowden J, Knapp G, et al. 
Methods to estimate the between-study variance and its uncertainty in meta-analysis. Res 
Synth Methods. 2016;7(1):55–79. 

43. Harrer M, Pim Cuijpers, Furukawa Toshi A, and David D Ebert. Doing Meta-
Analysis With R: A Hands-On Guide. 1st ed Boca Raton, FL; London: Chapman & 
Hall/CRC Press. 2021. 



 

 

61 

44. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat 
Med. 2002;21(11):1539–58. 

45. Borenstein M, Larry V. Hedges, Julian P. T. Higgins, and Hannah R. Rothstein. . 
Introduction to Meta-Analysis. Chichester, UK: John Wiley & Sons, Ltd. 2009. 

46. Kovacs PT, Mayer T, Csizmarik A, Varadi M, Olah C, Szeles A, et al. Elevated 
Pre-Treatment Serum MMP-7 Levels Are Associated with the Presence of Metastasis and 
Poor Survival in Upper Tract Urothelial Carcinoma. Biomedicines. 2022;10(3). 

47. Szeles A, Fazekas T, Vancsa S, Varadi M, Kovacs PT, Krafft U, et al. Pre-
treatment soluble PD-L1 as a predictor of overall survival for immune checkpoint 
inhibitor therapy: a systematic review and meta-analysis. Cancer Immunol Immunother. 
2023;72(5):1061–73. 

48. Ando K, Hamada K, Watanabe M, Ohkuma R, Shida M, Onoue R, et al. Plasma 
Levels of Soluble PD-L1 Correlate With Tumor Regression in Patients With Lung and 
Gastric Cancer Treated With Immune Checkpoint Inhibitors. Anticancer Res. 
2019;39(9):5195–201. 

49. Castello A, Rossi S, Toschi L, Mansi L, Lopci E. Soluble PD-L1 in NSCLC 
Patients Treated with Checkpoint Inhibitors and Its Correlation with Metabolic 
Parameters. Cancers (Basel). 2020;12(6). 

50. Chiarucci C, Cannito S, Daffina MG, Amato G, Giacobini G, Cutaia O, et al. 
Circulating Levels of PD-L1 in Mesothelioma Patients from the NIBIT-MESO-1 Study: 
Correlation with Survival. Cancers (Basel). 2020;12(2). 

51. Costantini A, Julie C, Dumenil C, Helias-Rodzewicz Z, Tisserand J, Dumoulin J, 
et al. Predictive role of plasmatic biomarkers in advanced non-small cell lung cancer 
treated by nivolumab. Oncoimmunology. 2018;7(8):e1452581. 

52. Incorvaia L, Fanale D, Badalamenti G, Porta C, Olive D, De Luca I, et al. Baseline 
plasma levels of soluble PD-1, PD-L1, and BTN3A1 predict response to nivolumab 
treatment in patients with metastatic renal cell carcinoma: a step toward a biomarker for 
therapeutic decisions. Oncoimmunology. 2020;9(1):1832348. 

53. Ji S, Chen H, Yang K, Zhang G, Mao B, Hu Y, et al. Peripheral cytokine levels as 
predictive biomarkers of benefit from immune checkpoint inhibitors in cancer therapy. 
Biomed Pharmacother. 2020;129:110457. 

54. Krafft U, Olah C, Reis H, Kesch C, Darr C, Grunwald V, 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;13(11). 

55. Mahoney KM, Ross-Macdonald P, Yuan L, Song L, Veras E, Wind-Rotolo M, et 
al. Soluble PD-L1 as an early marker of progressive disease on nivolumab. J Immunother 
Cancer. 2022;10(2). 

56. Mazzaschi G, Minari R, Zecca A, Cavazzoni A, Ferri V, Mori C, et al. Soluble 
PD-L1 and Circulating CD8+PD-1+ and NK Cells Enclose a Prognostic and Predictive 
Immune Effector Score in Immunotherapy Treated NSCLC patients. Lung Cancer. 
2020;148:1–11. 



 

 

62 

57. Tiako Meyo M, Jouinot A, Giroux-Leprieur E, Fabre E, Wislez M, Alifano M, et 
al. Predictive Value of Soluble PD-1, PD-L1, VEGFA, CD40 Ligand and CD44 for 
Nivolumab Therapy in Advanced Non-Small Cell Lung Cancer: A Case-Control Study. 
Cancers (Basel). 2020;12(2). 

58. Murakami S, Shibaki R, Matsumoto Y, Yoshida T, Goto Y, Kanda S, et al. 
Association between serum level soluble programmed cell death ligand 1 and prognosis 
in patients with non-small cell lung cancer treated with anti-PD-1 antibody. Thorac 
Cancer. 2020;11(12):3585–95. 

59. Okuma Y, Wakui H, Utsumi H, Sagawa Y, Hosomi Y, Kuwano K, et al. Soluble 
Programmed Cell Death Ligand 1 as a Novel Biomarker for Nivolumab Therapy for Non-
Small-cell Lung Cancer. Clin Lung Cancer. 2018;19(5):410–7 e1. 

60. Oh SY, Kim S, Keam B, Kim TM, Kim DW, Heo DS. Soluble PD-L1 is a 
predictive and prognostic biomarker in advanced cancer patients who receive immune 
checkpoint blockade treatment. Sci Rep. 2021;11(1):19712. 

61. Ugurel S, Schadendorf D, Horny K, Sucker A, Schramm S, Utikal J, et al. Elevated 
baseline serum PD-1 or PD-L1 predicts poor outcome of PD-1 inhibition therapy in 
metastatic melanoma. Ann Oncol. 2020;31(1):144–52. 

62. Yang Q, Chen M, Gu J, Niu K, Zhao X, Zheng L, et al. Novel Biomarkers of 
Dynamic Blood PD-L1 Expression for Immune Checkpoint Inhibitors in Advanced Non-
Small-Cell Lung Cancer Patients. Front Immunol. 2021;12:665133. 

63. Zhou J, Mahoney KM, Giobbie-Hurder A, Zhao F, Lee S, Liao X, et al. Soluble 
PD-L1 as a Biomarker in Malignant Melanoma Treated with Checkpoint Blockade. 
Cancer Immunol Res. 2017;5(6):480–92. 

64. Szeles A, Kubik A, Vancsa S, Grunwald V, Hadaschik B, Acs N, et al. Prognostic 
and predictive value of pre-treatment blood-based inflammatory biomarkers in patients 
with urothelial carcinoma treated with immune checkpoint inhibitors: a systematic review 
and meta-analysis. Front Immunol. 2025;16:1554048. 

65. Szeles A, Kovacs PT, Csizmarik A, Varadi M, Riesz P, Fazekas T, et al. High 
Pretreatment Serum PD-L1 Levels Are Associated with Muscle Invasion and Shorter 
Survival in Upper Tract Urothelial Carcinoma. Biomedicines. 2022;10(10). 

66. Dev HS, Poo S, Armitage J, Wiseman O, Shah N, Al-Hayek S. Investigating upper 
urinary tract urothelial carcinomas: a single-centre 10-year experience. World J Urol. 
2017;35(1):131–8. 

67. Mori K, Katayama S, Laukhtina E, Schuettfort VM, Pradere B, Quhal F, et al. 
Discordance Between Clinical and Pathological Staging and Grading in Upper Tract 
Urothelial Carcinoma. Clinical genitourinary cancer. 2022;20(1):95 e1– e6. 

68. Simon CT, Skala SL, Weizer AZ, Ambani SN, Chinnaiyan AM, Palapattu G, et 
al. Clinical utility and concordance of upper urinary tract cytology and biopsy in 
predicting clinicopathological features of upper urinary tract urothelial carcinoma. Hum 
Pathol. 2019;86:76–84. 

69. Roupret M, Babjuk M, Comperat E, Zigeuner R, Sylvester RJ, Burger M, et al. 
European Association of Urology Guidelines on Upper Urinary Tract Urothelial 
Carcinoma: 2017 Update. Eur Urol. 2018;73(1):111–22. 



 

 

63 

70. Mbeutcha A, Roupret M, Kamat AM, Karakiewicz PI, Lawrentschuk N, Novara 
G, et al. Prognostic factors and predictive tools for upper tract urothelial carcinoma: a 
systematic review. World J Urol. 2017;35(3):337–53. 

71. Dalpiaz O, Pichler M, Mannweiler S, Martin Hernandez JM, Stojakovic T, 
Pummer K, et al. Validation of the pretreatment derived neutrophil-lymphocyte ratio as a 
prognostic factor in a European cohort of patients with upper tract urothelial carcinoma. 
Br J Cancer. 2014;110(10):2531–6. 

72. Obata J, Kikuchi E, Tanaka N, Matsumoto K, Hayakawa N, Ide H, et al. C-reactive 
protein: a biomarker of survival in patients with localized upper tract urothelial carcinoma 
treated with radical nephroureterectomy. Urol Oncol. 2013;31(8):1725–30. 

73. Grossmann NC, Pradere B, D'Andrea D, Schuettfort VM, Mori K, Rajwa P, et al. 
Neoadjuvant Chemotherapy in Elderly Patients With Upper Tract Urothelial Cancer: 
Oncologic Outcomes From a Multicenter Study. Clinical genitourinary cancer. 2022. 

74. Kikuchi E, Miyazaki J, Yuge K, Hagiwara M, Ichioka D, Inoue T, et al. Do 
metastatic upper tract urothelial carcinoma and bladder carcinoma have similar clinical 
responses to systemic chemotherapy? A Japanese multi-institutional experience. Jpn J 
Clin Oncol. 2016;46(2):163–9. 

75. Park JC, Hahn NM. Emerging role of immunotherapy in urothelial carcinoma-
Future directions and novel therapies. Urol Oncol. 2016;34(12):566–76. 

76. Music M, Iafolla MAJ, Ren AH, Soosaipillai A, Prassas I, Diamandis EP. Serum 
PD-1 Is Elevated after Pembrolizumab Treatment but Has No Predictive Value. Mol 
Cancer Ther. 2019;18(10):1844–51. 

77. Wu B, Sternheim N, Agarwal P, Suchomel J, Vadhavkar S, Bruno R, et al. 
Evaluation of atezolizumab immunogenicity: Clinical pharmacology (part 1). Clin Transl 
Sci. 2022;15(1):130–40. 

78. Jindal T, Zhang L, Deshmukh P, Reyes K, Chan E, Kumar V, et al. Impact of 
Squamous Histology on Clinical Outcomes and Molecular Profiling in Metastatic 
Urothelial Carcinoma Patients Treated With Immune Checkpoint Inhibitors or 
Enfortumab Vedotin. Clin Genitourin Cancer. 2023;21(5)(1938-0682 
(Electronic)):e394–e404. 

79. Adib E, El Zarif T, Jain RK, Skelton WPt, Freeman D, Curran C, et al. FGFR2/3 
genomic alterations and response to Enfortumab Vedotin in metastatic urothelial 
carcinoma. BJUI Compass. 2022;3(2)(2688-4526 (Electronic)):169–72. 

80. Kijima T, Yamamoto H, Saito K, Kusuhara S, Yoshida S, Yokoyama M, et al. 
Early C-reactive protein kinetics predict survival of patients with advanced urothelial 
cancer treated with pembrolizumab. Cancer Immunol Immunother. 2021;70(3):657–65. 

81. Klumper N, Sikic D, Saal J, Buttner T, Goldschmidt F, Jarczyk J, et al. C-reactive 
protein flare predicts response to anti-PD-(L)1 immune checkpoint blockade in metastatic 
urothelial carcinoma. Eur J Cancer. 2022;167:13–22. 

82. Hassler MR, Moedlagl V, Hindinger H, Krauter J, Klager S, Resch I, et al. 
Treatment Patterns and Real-World Outcomes for Locally Advanced or Metastatic 
Urothelial Cancer in the Era of Immunotherapy. Eur Urol Focus. 2023. 



 

 

64 

83. Tomisaki I, Harada M, Tokutsu K, Minato A, Nagata Y, Kimuro R, et al. Impact 
of C-reactive Protein Flare Response in Patients With Advanced Urothelial Carcinoma 
Who Received Pembrolizumab. In Vivo. 2021;35(6):3563–8. 

  



 

 

65 

16. BIBLIOGRAPHY 

16.1. Publications related to the thesis 

Széles Á , Fazekas T, Váncsa Sz, Váradi M, Kovács P T, Krafft U, Grüwald V, Hadaschik 

B, Csizmarik A, Hegyi P, Váradi A, Nyirády P, Szarvas T, Pre-treatment soluble PD-L1 

as a predictor of overall survival for immune checkpoint inhibitor therapy: A systematic 

review and meta-analysis. Cancer Immunology Immunotherapy 72(5): 1061-1073. 

D1, IF: 4.6 

 

Széles Á , Fazekas T, Váncsa Sz, Váradi M, Oláh Cs, Kovács P T, Krafft U, Grüwald V, 

Hadaschik B, Tschirdewahn S, Darr C, Horváth O, Csizmarik A, Nyirády P, Szarvas T,  

High Pretreatment Serum PD-L1 Levels Are Associated with Muscle Invasion and 

Shorter Survival in Upper Tract Urothelial Carcinoma  

Biomedicines 10(10): 2560 

Q1, IF: 4.7 

 

Széles Á , Kubik A , Váncsa Sz, Grüwald V, Hadaschik B, Ács N, Hegyi P, Nyirády P, 

Szarvas T, Prognostic and predictive value of pre-treatment blood-based inflammatory 

biomarkers in patients with urothelial carcinoma treated with immune checkpoint 

inhibitors: A systematic review and meta-analysis. Frontiers in Immunology 

16:1554048  

Q1 IF: 5.9 

 

16.2. Publications not related to the thesis 

Fazekas T, Széles Á, Teutsch B, Kói T, Vékony B, Hadaschik B, Csizmarik A, Ács N, 

Hegyi P, Nyirády P, Szarvas T, Poly (ADP-ribose) Polymerase Inhibitors Have 

Comparable Efficacy with Platinum Chemotherapy in Patients with BRCA-positive 

Metastatic Castration-resistant Prostate Cancer. A Systematic Review and Meta-analysis  

European Urology Oncology 7(3):365-375. 

D1, IF: 9.3 

 



 

 

66 

Fazekas T, Széles Á, Teutsch B, Kói T, Vékony B, Váradi A, Lang Zs, Kopa Zs, 

Grünwald V, Hadaschik B, Csizmarik A, Ács N, Hegyi P, Nyirády P, Szarvas T,  

Therapeutic sensitivity to standard treatments in BRCA positive metastaic castration-

resistant prostate cancer patients - A Systematic Review and Meta-analysis  

Prostate Cancer Prostatic Disease 26(4):665-672. 

Q1, IF: 5.1 

 

Kovács P T, Mayer T, Riesz P, Széles Á , Váradi M, Oláh Cs, Krafft U, Hadaschik B, 

Tschirdewahn S, Csizmarik A, Nyirády P, Szarvas T,  

Elevated Pre-Treatment Serum MMP7 Levels Are Associated with the Presence of 

Metastasis and Poor Survival in Upper Tract Urothelial Carcinoma  

Biomedicines 10(3): 698 

Q1 IF: 4.7 

  



 

 

67 

17. ACKNOWLEDGEMENTS 

I would like to express my gratitude to all those who supported my scientific work.  

Firstly, I deeply thankful for my supervisor Tibor Szarvas Ph.D., D.Sc. whose 

professional guidence and support from the begining helped me write all my publications 

and this thesis. His professional mentorship and personal encouragment inspired me 

through out both my scientific work and patient care profession. I am also grateful for 

letting me join his research laboratory where I could acquire basic scientific and 

methodological bacground.  

I am also thankful for Péter Nyirády M.D., Ph.D., D.Sc., FEBU for giving me the 

opporunity and hiring me to Semmelweis University Department of Urology and 

encouraging me to join both the resiedncy and Ph.D. programme as well.  

I am grateful to Péter Hegyi M.D., Ph.D., MAE, Director of the Centre for Translational 

Medicine Ph.D. Program, for welcoming me into a dynamic professional research 

community where constant care and attention helped my goals achiviable.  

I owe a special thanks to my co-investigators, Tamás Fazekas M.D, Petra Terézia Kovács 

M.D, Ph.D, András Kubik M.D., Anita Csizmarik Ph.D and Melinda Váradi Ph.D., 

without whom my research would not have been possible. 

I would also like to express my gratitude to the Ministry for Innovation and Technology, 

supported by the National Research, Development and Innovation Fund (K139059), the 

Wilhelm Sander Stiftung (D/106-22012), and IFORES (D/107-137709) for their support 

of our scientific work.  

Last but certainly not least I am thankful for Szilárd Váncsa M.D., Ph.D. my scientific 

methodology supervisor, for his consistent attentiveness, prompt responses, and timely 

support he always provided in my scientific carrier.  

Finally, I would like to thank my family and friends who have supported me throughout 

my Ph.D. studies. 

 


