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List of abbreviations 

AC – adjuvant chemotherapy  

BC – bladder cancer 

COPD – chronic obstructive pulmonary disease 

CRP – C-reactive protein 

CSS – cancer-specific survival 

CTU – computed tomography urography 

CTX – systemic chemotherapy 

ECM – extracellular matrix 

ECOG PS– Eastern Cooperative Oncology Group Performance Status 

ELISA – enzyme-linked immunosorbent assay 

ICI – immune checkpoint inhibitor 

IVR – intravesical recurrence 

LN – lymph node 

MMP-7 – matrix metalloproteinase-7 
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OS – overall survival 

PD-1 – programmed cell death protein 1 

PD-L1 – programmed death-ligand 1 

PD-L2 – programmed death-ligand 2 

PFS – progression-free survival 

RFS – recurrence-free survival 

RNU – radical nephroureterectomy 

SD – standard deviation 

sPD-L1 – soluble programmed death-ligand 1 

URS - ureteroscopy 

UTUC – upper tract urothelial carcinoma 
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1. Introduction 

Urothelial cancer occurs in the urinary tract, which includes the proximal part of 

the urethra, bladder, ureters, and the renal pelvis. The majority of urothelial cancer cases 

develop in the urinary bladder, while only 5-10% of urothelial carcinomas are found in 

the upper urinary tract. (1) Globocan reported no data on the incidence of upper tract 

urothelial carcinoma (UTUC), while 573,278 cases of bladder cancer (BC) were detected 

worldwide in 2020. (2) Approximately 2 new cases of 100,000 people are diagnosed in 

Western countries annually. (3) According to the data of National Cancer Registry, in 

Hungary, the disease occurs more often in men than in women, and there is an increasing 

trend over the years (Figure 1). (4) 

Figure 1. The incidence of UTUC in Hungary between 2000 and 2020 (Source of data: National 

Cancer Registry (4)) 

The risk factors for UTUC are similar to those of BC, such as smoking, 

occupational exposure to certain chemicals and phenacetin usage. However, there are risk 

factors which are more specific to UTUC, like the Balkan endemic nephropathy, Chinese 

herb nephropathy, black foot disease, Lynch syndrome. (5) Because of the many 

similarities between the two diseases, they were considered as identical forms of cancer 

in different anatomical locations for many years. However, in recent years, an increasing 

amount of evidence has indicated notable clinical and molecular differences between BC 

and UTUC. Since 2011, the European Association of Urology has been publishing 
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different guidelines for BC and UTUC, acknowledging their unique characteristics and 

the need for separate recommendations. (6) 

1.1 Clinical management of UTUC 

Urothelial cancer is the most common histological presentation of upper tract 

tumors. However, in rare cases, non-urothelial cancer can also occur, such as squamous 

cell carcinoma, adenocarcinoma, or mesodermal tumors. (7) 

Localized UTUC is often asymptomatic and may therefore be discovered 

incidentally through imaging tests. Its most common symptoms include hematuria, flank 

pain and dysuria. Systemic symptoms such as fever, weight loss and fatigue usually 

indicate an advanced disease. (1, 8) 

Cytology may help to diagnose high-grade UTUC cases, but its sensitivity is even 

lower for UTUC than for BC. (9) Computed tomography urography (CTU) is the 

recommended imaging test in cases of suspected UTUC. In a study evaluating the 

effectiveness of CTU in patients with hematuria, pooled sensitivity was 96%, while 

pooled specificity was 99% for diagnosing UTUC. (1, 10). CTU is also an important step 

for tumor staging.  

Cystoscopy must be performed to detect possible synchronous BC. If the 

diagnosis is uncertain, diagnostic ureteroscopy (URS) can help to confirm suspected 

UTUC and obtain selective cytology from the ureters. (9) 

UTUC is classified as low risk when the following conditions are met: the disease 

is unifocal, the tumor size is less than 2 centimeters, cytology is negative, the result of 

URS biopsy is low grade and CT scans show no signs of an invasive tumor. All these 

factors must be true to categorize the tumor as low risk. If any of the following factors 

are present, the tumor is considered high risk: multifocality, size greater than 2 

centimeters, high-grade tumor in cytology, high-grade tumor in URS biopsy, invasiveness 

on CT scans, hydronephrosis, history of radical cystectomy for high-grade BC and any 

histological subtype. In low-risk cases, kidney-sparing surgery is possible with various 

techniques such as endoscopic ablation, ureteral resection, chemoablation. (9) The gold 

standard procedure for treating UTUC is radical nephroureterectomy (RNU), which can 

be combined with platinum-based chemotherapy either before (neoadjuvant) or after 

(adjuvant) surgery. There is a strong recommendation in the EAU guideline to give one 

postoperative chemoinstillation with mitomycin C or pirarubicin after the RNU between 
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the postoperative 2-10 days. This treatment can reduce the risk of intravesical recurrence 

(IVR). (9) For chemotherapy resistant or ineligible patients, immune checkpoint inhibitor 

(ICI) therapy may be considered as an option. (9) 

Performing an URS biopsy can be challenging due to the anatomy of upper urinary 

tract, and even in a successful procedure, the accuracy of the biopsy remains uncertain. 

(11) Furthermore, the EAU guidelines mention URS biopsy as a risk-factor for IVR and 

recommends diagnostic URS preferably without biopsy. (9) Therefore, it is difficult to 

select the right patients for organ-sparing surgeries and overtreatment is a real clinical 

problem in the routine management of UTUC. However, without a validated prognostic 

stratification, high-risk patients are at risk of undertreatment, making it challenging to 

detect those who would gain benefit from intensive perioperative systemic therapy. (6, 

11)  

The follow-up strategy depends on various factors, including the risk level of the 

tumor. If RNU confirms a low-risk tumor and the result of the first control cystoscopy at 

three months is negative, the next cystoscopy should occur at 12 months, and then 

annually. In this case, performing a contrast enhanced CT scan to rule out the presence of 

metastases is optional. However, if the histology confirmed a high-risk tumor after RNU, 

cystoscopy should be performed every three months until the second year, and every six 

months until the fourth year. Contrast enhanced CT scan is recommended every six 

months until the second year, and then annually. (9) Patients with a history of BC should 

be followed up for ten years due to their increased risk of IVR. (12) 

Preoperative predictive factors assist in stratifying patients based on their risk of 

a worse prognosis. Patient-related factors previously included female gender, higher age, 

African-American ethnicity as risk-factors. However, these correlations disappeared after 

adjusting for other predictors. Nonetheless, Lynch syndrome, smoking, high comorbidity 

and aristolochic acid or phenacetin exposure in medical history are associated with worse 

prognosis. Tumor-related prognostic factors are higher stage and grade, multifocality, 

ureteral location, hydronephrosis, larger tumor size, histological subtypes, lymph node 

(LN) metastasis, lymphovascular invasion, positive surgical margins. These factors are 

associated with worse prognosis, however their prognostic value is limited. Therefore, 

tissue, blood, and urine biomarkers were investigated to identify novel prognostic factors. 

(9, 13) According to Krabbe et al., PD-1 expression of tumor infiltrating lymphocytes 
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was correlated with worse prognosis in UTUC, while PD-L1 expression of tumor cells 

was independently associated with better recurrence-free survival (RFS) and overall 

survival (OS). (14) In a meta-analysis, high C-reactive protein (CRP) serum level before 

RNU was found to be correlated with poor prognosis. (15) Lower preoperative serum 

pseudocholinesterase level associated with poor prognosis for UTUC in a retrospective 

study. (16) Pretreatment high alkaline phosphatase and low albumin level were 

significantly associated with poor OS in another retrospective study. (17) Preoperative 

albumin-globulin ratio showed a significant correlation with OS as well. (18) However, 

despite the numerous promising results in the field of biomarker research, no validated 

prognostic biomarker has been accepted in daily clinical practice to date. (9) 

 

1.2 The investigated biomarkers 

The matrix metalloproteinase (MMP) family contains more than 25 zinc-

dependent endopeptidases, which are mostly secreted by keratinocytes and fibroblasts. 

MMPs can be classified into various subgroups such as collagenases, gelatinases, 

stromelysins, matrilysins, membrane types and others. (19, 20) MMPs play an important 

role in extracellular matrix (ECM) degradation by cleaving collagens, laminin, 

fibronectin, and gelatine. (20) They are known for their involvement in physiological 

processes like tissue remodeling and tissue repair, angiogenesis, and embryogenesis. (21-

23) On the other hand, the functions of MMPs can be pathological as well, resulting or 

playing a role in non-malignant (arthritis, type 2 diabetes mellitus, pulmonary arterial 

hypertension, idiopathic pulmonary fibrosis, etc.) and malignant diseases (gastric, 

colorectal, pancreatic, bladder, ovarian, breast, melanoma, lung, etc.) (19, 24-26). 

MMP-7 - the smallest enzyme in the MMP family - is a member of the subgroup 

matrilysins. It is also called matrilysin, putative metalloproteinase or punctuated 

metalloproteinase; PUMP1) (19). While other MMPs are mainly secreted by the stromal 

component of the tumor, MMP-7 can be released by tumor cells directly. MMP-7 is 

involved in tumor growth by several different ways. By its ECM degrading effect, it is 

able to enhance the invasive tumor growth, thus promoting metastatic spreading.  MMP-

7 has proteolytic products, which have antiangiogenic effect, and on the other hand, it 

secretes proangiogenic agents as well, providing an angiogenesis promoting 

microenvironment. MMP-7 can activate other MMPs as well. It can save tumor cells from 
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apoptosis by processing proapoptotic proteins, such as Fas ligand. MMP-7 is also 

involved in tumor-induced osteolysis as well as in epithelial-to-mesenchymal transition. 

(20)  

In a previously published study, higher serum MMP-7 level was significantly 

associated with LN or distant metastatic BC.  Moreover, increased serum MMP-7 

concentration correlated with shorter cancer-specific and metastasis-free survival. (27) 

Similarly, in a further study, increased serum MMP-7 levels were found to be correlated 

with OS and cancer-specific survival (CSS) in BC, thus the prognostic value of serum 

MMP-7 levels could be confirmed. (28) Svatek et al. using a multiplex assay assessed the 

preoperative plasma levels of MMP-1, -2, -3, -7, -8, -9, and -12 in samples of 135 patients 

with ≥T1, high grade BC patients. Of the seven MMP types only MMP-7 concentrations 

were independently associated with poor CSS. (29) In a more progressed BC cohort El 

Demery et al. also confirmed high MMP-7 levels as an independent prognostic factor. 

(30) According to the results of a systematic review and meta-analysis by Kubik et al., 

serum preoperative MMP-7 concentrations were significantly higher in patients with 

urothelial carcinoma than in control groups. In addition, cases with LN metastases had 

the highest MMP-7 levels. However, about half of the patients with lymphatic metastases 

had low concentrations of MMP-7, thus serum MMP-7 levels alone are not eligible to 

predict the need for an extended lymphadenectomy. On the other hand, patients with 

higher MMP-7 levels and no LN metastases at radical cystectomy had worse prognosis, 

suggesting the presence of undetected (micro)metastases detected by MMP-7. MMP-7 

was an independent predictor of shorter OS and elevated MMP-7 levels meant a 2.5-fold 

higher mortality risk. (31) Taking together, many independent studies confirmed the 

prognostic value of MMP-7 in BC, but no data is available regarding the prognostic value 

of MMP-7 in UTUC.  

Programmed cell death protein 1 (PD-1) is a co-inhibitory receptor, which has two 

ligands: programmed death-ligand 1 (PD-L1) and programmed death-ligand 2 (PD-L2). 

PD-L1 is expressed on hematopoietic (T cells, B cells, macrophages, dendritic cells) and 

on non-hematopoietic cells, like vascular endothelial cells, keratinocytes, pancreatic cells, 

astrocytes, etc. PD-L2 is expressed mostly on macrophages, dendritic cells, and 

mastocytes, while expression of PD-1 receptor can be observed on activated T cells. The 

PD-1 and PD-L1 interaction is a checkpoint blockade mechanism that plays a crucial role 
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in regulating the immune response. When PD-1 on T cells binds to PD-L1 on other cells, 

it inhibits the immune response, preventing T cells from attacking those cells. This 

interaction is exploited by some cancer cells as an immune escape mechanism. 

Checkpoint blockade therapies, such as PD-1 inhibitors, work by disrupting this 

interaction, allowing the immune system to recognize and attack cancer cells effectively. 

(32) 

Ward et al. analyzed the data of 37 UTUC cases and their PD-L1 expression. 

Overall tissue expression of PD-L1 was 29.7%, but the expression of PD-L1 was 55.6% 

in more advanced stages (pT3 and pT4), while it was 5.3% in lower stages. Accordingly, 

tissue PD-L1 level was correlated with higher pathological stage in UTUC. (33) Lu et al. 

performed a systematic review and meta-analysis regarding the prognostic value of PD-

L1 in UTUC patients. This study included the data of 1406 UTUC patients. The overall 

expression of PD-L1 was 21%. PD-L1 expression was significantly associated with 

higher tumor stages (pT2, pT3 and pT4) and higher tumor grade. Moreover, higher PD-

L1 expression was correlated with poor CSS after RNU. (34) 

 In addition to its tissue expression, PD-L1 can be determined in the blood 

circulation as its extracellular domain is measurable in soluble form in serum and plasma 

samples. How the extracellular domain of PD-L1 is cleaved and appears in the circulation 

is poorly understood. (35) However, Hira-Miyazawa et al. identified MMP-7 as a 

proteolytic enzyme that is able to cleave the extracellular domain of PD-L1. (36) 

Accordingly, a recent study found a significant correlation between the serum levels of 

PD-L1 and MMP-7 in BC. (37) The prognostic value of sPD-L1 has not yet been analyzed 

in UTUC. 
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2. Objectives 

2.1 The aims of the clinical data analysis were: 

1) To identify certain clinicopathological prognostic factors in our clinical 

UTUC cohort that are associated with bladder recurrence after RNU 

2) To identify high-risk patients who would benefit from a stricter follow-up 

management 

3) To identify clinicopathological parameters as independent prognostic factors 

for OS after RNU 

2.2 The aims of the present biomarker studies were:  

1) To analyze the association of pre-treatment serum MMP-7 concentrations 

with clinicopathological factors in UTUC 

2) To identify clinicopathological parameters, which are associated with OS and 

PFS 

3) To find preoperative serum biomarkers, which can improve risk-stratification 

and clinical decision-making in UTUC 

4) To assess the association between the serum levels of MMP-7 and sPD-L1  
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3. Methods 

3.1 Methods of the clinical data evaluation 

The objective of our retrospective study was to identify the clinicopathological 

risk factors for bladder recurrence in patients who underwent RNU at the Department of 

Urology, Semmelweis University, between January 1st, 2005, and December 31st, 2016. 

Data collection was performed using the local hospital healthcare IT system (Medsol).  

To categorize symptoms, we followed the classification suggested by Raman et 

al. (38 - Raman), which classified patients into three groups: (1) no symptoms at the time 

of the diagnosis, (2) local symptoms like flank pain, micro- or macrohematuria or 

palpable mass and (3) systemic symptoms including general symptoms like weight loss, 

weakness, fever or decreased health condition.  

We classified patients according to the localization of their primary tumor into 

two groups: patients with exclusive involvement of the renal pelvis and patients with 

ureteral infiltration. Furthermore, within the ureteral cohort, we categorized patients into 

three subgroups based on the specific localization of the primary tumor in the upper, 

middle or lower ureter. 

Additionally, we grouped patients depending on the number of comorbidities. 

First, we created two groups (patients with none or one and patients with two 

comorbidities). For further analysis, we classified individuals into three groups also based 

on the number of comorbidities: the first group comprised people without any 

comorbidities, the second group consisted of patients with one comorbidity, and the last 

group included patients with two or more comorbidities.  

Statistical analyses were performed using the IBM SPSS Statistics for Windows, 

version 24.0 (IBM Corp., Armonk, NY, USA). Data analysis involved the utilization of 

chi-squared, Mann-Whitney, Kruskal-Wallis tests, univariate and multivariate cox 

analysis. Survival data have been updated on October 9, 2023. 

 

3.2 Methods of the serum biomarker analysis 

3.2.1 Patient cohort of the biomarker studies 

 We collected serum samples prior various therapies from UTUC patients who 

underwent different treatments like RNU, platinum-based systemic chemotherapy or 
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immune checkpoint inhibitor therapy at the Department of Urology, Semmelweis 

University between August 2014 and July 2020. The UTUC cohorts used for the analysis 

of MMP-7 and PD-L1 were only slightly different with 57 patients for the MMP-7 study 

and 61 patients for the PD-L1 study. We collected samples before, during and after 

various treatments. For the RNU cohort, we collected samples before surgery and on the 

first or second postoperative day. For the CTX cohort, baseline samples were collected 

immediately before the first treatment, while on-treatment serum samples were collected 

at the beginning of the second chemotherapy cycle (on-treatment samples). For all ICI-

treated patients, baseline and on-treatment samples (after 3 months of therapy) were 

available for analysis. We also collected serum samples from three patients who had a 

pT0 finding at RNU histology. These pT0 cases highlight the challenging differential 

diagnosis of UTUC with suspicions of cancer before RNU. Although their MMP-7 

concentrations were compared with patients with confirmed UTUC, they were 

subsequently excluded from further analysis. 

The studies were carried out according to the principles outlined in the Declaration 

of Helsinki, and the study protocol received approval from the institutional ethics 

committee (TUKEB 256/2014). All participants of the studies provided written informed 

consent prior to their involvement. 

Blood samples were collected from patients in 9 ml tubes (Greiner, Nürnberg, 

CatNr.: 455071) and processed to obtain serum samples, which means they were left at 

room temperature for 30-90 minutes, then were separated with the help of an Eppendorf 

5702R centrifuge at 1500x g for 10 minutes at room temperature, were aliquoted in 

anonymized tubes and stored at -80°C until further analysis. 

The main focus of these studies was to evaluate OS as the primary endpoint and 

PFS as the secondary endpoint. The study considered the time from the initiation of 

therapy (RNU, CTX or ICI) to the occurrence of disease progression, death or survival as 

the relevant endpoint. The date of the last follow-up update was in June 2021. 

3.2.2 Serum MMP-7 and PD-L1 analysis and statistical analysis 

Serum PD-L1 and MMP-7 levels were analyzed using the sandwich ELISA 

method. For the PD-L1 analysis we utilized the PD-L1/B7-H1 Quantikine ELISA kit 

(R&D Systems, Wiesbaden, Germany, DB7H10), while for the MMP-7 analysis the 

Human Total MMP-7 Quantikine ELISA kit (R&D Systems, Wiesbaden, Germany, 
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Catalog Number: DMP700) was applied. The analysis was done by following the 

manufacturer's instructions.  

Statistical analyses included the Wilcoxon rank-sum test for group comparisons, 

Kaplan-Meier log-rank test, Cox analysis and receiver operating characteristic (ROC) 

curve analysis for determining the ideal cut-off value with the highest sensitivity and 

specificity to predict the patients' death. A p-value must be less than 0.05 to be considered 

statistically significant. IBM SPSS Statistics software was used for all statistical analyses 

(v. 27.0; IBM Corp., Armonk, NY, USA).  
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4. Results 

4.1 Results of the clinical data evaluation 

4.1.1 General characteristics of patients treated with RNU 

A total of 159 RNU procedures were performed at the Department of Urology, 

Semmelweis University, between January 1st, 2005, and December 31st, 2016. Because 

of insufficient data availability, six patients were excluded. Additionally, in 17 cases 

histopathological examination revealed other diseases, such as endometriosis, chronic 

inflammation resulting in granulation tissue, renal cell carcinoma, prostate cancer and 

non-Hodgkin lymphoma. Consequently, these cases were also excluded from the study. 

Among the remaining patients, histopathological results confirmed the presence of 

urothelial cancer in 135 cases, while one case of planocellular cancer was excluded from 

further analysis. 

 

 

Figure 2. The number of UTUC cases treated with RNU at the Department of Urology, 

Semmelweis University between January 1st, 2005, and December 31st, 2016. 

 

An average of 12 new UTUC cases were surgically treated annually at our 

department. Figure 2 shows a rising trend over the time, with a male dominance. The 

average age at the diagnosis was 68.3 years with a range of 45 and 90 years. As the peak 

incidence of the disease is in an older age, comorbidities are frequent in the cohort, which 
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data is summarized in Table 1. It is apparent that the majority (68.9%) of patients had 

hypertension. The second most common comorbidities are cardiovascular diseases 

(excluding hypertension), and the third most common are various pulmonary diseases. 

The category of oncological diseases excludes urological cancers. 

 

Table 1. The comorbidities of the patients (39) 

   

 

The most common symptom of UTUC was hematuria, which was experienced at 

64.5% of the patients, and it was visible in over half of the cases (54.1%). The second 

most common symptom was flank pain (25.2%) followed by dysuria (7.4%). Many of the 

patients had mixed symptoms as well. We categorized the symptoms based on the 

suggestion by Raman et al., which is detailed in the Methods section (38). Figure 3 shows 

that in most cases local symptoms were dominant at the time of the diagnosis. 

 

N=135 N %

Hypertension 93 68.9

Cardiovascular disease 47 34.8

Pulmonary disease 34 25.2

Diabetes mellitus 33 24.4

Oncological disease 26 19.3

Neurological disorder 15 11.1

Deep vein thrombosis 11 8.1

Endocrine disorder 8 5.9
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Figure 3. Symptoms at diagnosis as categorized by Raman et al. (39) 

 

UTUC was diagnosed more frequently on the left side compared to the right side, 

and bilateral involvement was observed in one case.  In terms of gender, left side UTUC 

was more prevalent in males, while right-side UTUC was more common in females. 

However, this difference did not reach statistical significance. The localization of the 

primary tumor was also analyzed. In 53 cases, the tumor infiltrated the renal pelvis only, 

while in the remaining cases, the ureter was affected. The most common localization of 

the primary tumor in the ureter was its lower part. 

Figure 4 illustrates the histopathological findings regarding the infiltration of the 

primary tumor. In 40 cases, the stage of the primary tumor was already at stage pT3 at 

the time of RNU. We also examined the degree of differentiation with G2 characterizing 

57.8% of the lesions, G3 for 28.1%, while G1 was observed in only 5.2% of cases. 

 

14,8%

74,8%

3,7%
6,7%

Incidentally detected

Local symptoms

Systemic symptoms

Missing data
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Figure 4. The histopathological staging of the primary tumor (39) 

 

4.1.2 Characteristics of bladder recurrence after RNU 

The mean postoperative follow-up time was 32 months (SD: 30.25). Bladder recurrence 

occurred in 31 patients (23%), with a mean interval of 19.6 months (SD: 29.7, range 2-

125 months). Table 2 shows the patients’ characteristics of the cohort depending on IVR.  
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Table 2. Association between clinicopathological parameters and intravesical recurrence 

 

 

Σ Yes No

General data n n n p

Time until recurrence (months)

All patients 135 31 104

Number of patients died 85 21 64

Age (years) ≤65 55 13 42 0.877

>65 80 18 62

Sex Male 86 22 64 0.338

Female 49 9 40

Smoking Smoker 67 18 49 0.659

Non-smoker 35 8 27

Missing 33 5 28

Comorbidities None or 1 55 12 43 0.793

2 or more 80 19 61

BC before RNU Yes 29 7 22 0.865

No 106 24 82

pT-stage pTa 32 6 26

CIS 3 0 3

pT1 28 8 20

pT2 21 7 14

pT3 40 7 33

pT4 6 2 4

Missing 5 1 4

pT-stage pTa, pT1, CIS 63 14 49 0.823

pT2-pT4 67 16 51

Grade 1 7 2 5

2 78 17 61

3 38 8 30

Missing 12 4 8

Grade 1 or 2 85 19 66 0.872

3 38 8 30

Multifocality Yes 18 5 13 0.569

No 117 26 91

Necrosis Yes 41 10 31 0.795

No 94 21 73

Vascular invasion Yes 23 7 16 0.350

No 112 24 88

Margin positivity Yes 21 5 16 0.920

No 114 26 88

Intravesical recurrence

              19.6 (1.3-125.4)
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As Table 2 illustrates, we found no significant correlation between IVR and the 

investigated factors. Besides them, the localization of the primary tumor was categorized 

according to the affected part of the ureter (upper-, middle or lower part). In this cohort, 

if the upper ureter was infiltrated, recurrence did not occur. In 11 cases (35.5%), bladder 

recurrence was diagnosed after distal ureteral infiltration. The results did not reach 

statistical significance. 

As mentioned above, hypertension was the most commonly occurring 

comorbidity in the cohort. Out of 31 cases from the recurrence group, 20 patients had 

hypertension and, in these cases, the time until bladder recurrence was significantly 

shorter (p=0.036). We also categorized the patients into three groups depending on the 

number of comorbidities. Bladder recurrence occurred earlier in patients who had two or 

more comorbidities compared to those without known comorbidities. However, the 

observed difference did not reach the significance level (p=0.145). 

 

4.1.3 Association between clinicopathological factors and OS 

Shorter OS was observed in elderly patients (HR: 2.492; 95% CI 1.537-4.041; 

p<0.001), in patients with pulmonary disease (HR: 1.987; 95% CI 1.245-3.171; p=0.004) 

or in cases with BC in their medical history (HR: 1.853; 95% CI 1.088-3.156; p=0.023). 

From the histopathological evaluation, high-grade (HR: 2.701; 95% CI 1.682-4.338; 

p<0.001), surgical margin positivity (HR: 1.898; 95% CI 1.039-3.467; p=0.037), necrosis 

(HR: 1.647; 95% CI; 1.045-2.595; p=0.031) and vascular invasion (HR: 2.249; 95% CI 

1.311-3.856; p=0.003) were correlated with worse OS (Table 3). 
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Table 3. Association between clinicopathological factors and OS (* - missing data: smoking – 

33; pT-stage – 5; grade – 12) 

 

 

We also performed OS analysis. As Table 4 illustrates, older age, pulmonary 

disease, BC in medical history, high-grade tumor and necrosis in histopathological 

evaluation proved to be independent prognostic factors for OS. 

 

 

 

General Data n HR 95% CI p

Age ≤65 55 ref.

>65 80 2.492 1.537-4.041 <0.001

Sex male 86 ref.

female 49 1.007 0.643-1.579 0.975

Smoking* Non-smoker 35 ref.

Smoker 67 0.828 0.497-1.379 0.469

Hypertonia No 42 ref.

Yes 93 1.243 0.775-1.995 0.367

Cardiovascular disease No 88 ref.

Yes 47 1.122 0.718-1.753 0.615

Pulmonary disease No 101 ref.

Yes 34 1.987 1.245-3.171 0.004

Diabetes mellitus No 102 ref.

Yes 33 0.914 0.553-1.510 0.725

Comorbidities None or 1 55 ref.

2 or more 80 1.537 0.987-2.394 0.057

BC before RNU No 106 ref.

Yes 29 1.853 1.088-3.156 0.023

Multifocality No 117 ref.

Yes 18 1.669 0.901-3.091 0.103

pT-stage* pTa, pT1, CIS 63 ref.

pT2-pT4 67 1.554 0.995-2.429 0.053

Grade* 1 or 2 85 ref.

3 38 2.701 1.682-4.338 <0.001

Margin positivity No 114 ref.

Yes 21 1.898 1.039-3.467 0.037

Necrosis No 94 ref.

Yes 41 1.647 1.045-2.595 0.031

Vascular invasion No 112 ref.

Yes 23 2.249 1.311-3.856 0.003

Overall survival
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Table 4. Multivariate survival analysis 

 

4.2 Results of the MMP-7 study 

4.2.1 Clinical background of MMP-7 study 

In the MMP-7 study, we collected 103 serum samples from 57 patients with 

UTUC (40 males and 17 females). The patients underwent different treatments, including 

surgical intervention (RNU cohort; n=34), platinum-based systemic chemotherapy (CTX 

cohort; n=25), or immune checkpoint inhibitor therapy (ICI cohort; n=5) at the 

Department of Urology, Semmelweis University between August 2014 and July 2020. 

There were three patients who were part of both the RNU and CTX treatment groups and 

two patients who were included in both the CTX and ICI treatment groups. Furthermore, 

one patient was included in all three groups (RNU, CTX and ICI). 

Regarding the sample availability, for the RNU cohort, 34 samples were collected 

before surgery, and an additional 16 serum samples were collected postoperatively (on 

the first or second postoperative day). For the CTX cohort, 25 baseline serum samples 

were collected, and 18 on-treatment serum samples were available (collected at the 

beginning of the second chemotherapy cycle). As for all the ICI-treated patients, baseline 

serum samples as well as on-treatment samples (collected after 3 months of therapy) were 

available for analysis. Lastly, the study also included preoperative serum samples from 

General data n HR 95% CI p

Age ≤ 65 55 ref.

  > 65 80 3.193 1.857-5.492 <0.001

Pulmonary disease No 101 ref.

Yes 34 1.739 1.012-2.990 0.045

BC before RNU No 106 ref.

Yes 29 1.887 1.034-3.444 0.038

Grade 1 or 2 85 ref.

3 38 3.254 1.891-5.599 <0.001

Margin positivity No 114 ref.

Yes 21 1.510 0.742-3.070 0.255

Necrosis No 94 ref.

Yes 41 1.930 1.076-3.462 0.028

Vascular invasion No 112 ref.

Yes 23 0.870 0.419-1.809 0.710

Overall survival
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three patients who had a pT0 finding at RNU. The detailed patients’ characteristics are 

given in Table 5.  

 

Table 5. Patients’ characteristics of the MMP-7 cohort (Non-malignant* - histopathological 

evaluation revealed pT0 stage in three cases, R+ - positive surgical margin, N+ - lymph node 

metastasis, M+ - distant metastasis) (40) 

 

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

Follow -up in months, median (range) 34 24.23 (1.08 - 81.93) - 25 16.56 (1.05 - 67.70) - 5 27.97 (6.92 - 30.2)

Age at baseline, median (range) 34 68.50 (45 - 90) - 25 71 (46 - 84) - 5 65 (64 - 75)

Number of patients died 11 - - 13 - - 1 -

Parameters / MMP-7 cc. n MMP-7 cc. p n MMP-7 cc. p n MMP-7 cc.

All patients, median (range) 34 10.63 (3.30 - 31.40) 0.071 25 8.76 (4.13-26.74) - 5 9.28 (4.46-13.90)

Non-malignant* 3 5.96 (5.80 - 6.30)

Age  ≤ 65         10 7.37 (3.3 - 27.36) 0.086 5 7.3 (4.13 - 9.17) 0.129 2 9.14 (9.00 - 9.28)

Age  > 65         24 14.19 (4.05 - 31.40) 20 9.99 (4.92 - 26.74) 3 9.60 (4.46 - 13.90)

Sex                       male 21 10.3 (3.3 - 27.36) 0.381 21 7.91 (4.13 - 26.74) 0.081 4 9.14 (4.46 - 13.90)

                            female 13 13.84 (4.84 - 31.40) 4 12.93 (10.28 - 23.28) 1 9.60

ECOG PS                0 19 13.84 (3.30 - 27.70) - 11 8.08 (5.86 - 17.18) - 5 9.28 (4.46 - 13.90)

1 10 9.32 (4.77 - 31.40) - 10 10.91 (4.13 - 26.74) - 0

2 4 9.89 (8.08 - 17.00) - 4 13.18 (6.68 - 23.28) - 0

3 1 15.92 0 0

ECOG PS               0-1 29 10.44 (3.30 - 31.40) 0.888 21 8.76 (4.13 - 26.74) 0.695 5 9.28 (4.46 - 13.90)

ECOG PS               2-3 5 10.81 (8.08 - 17.00) 4 13.18 (6.68 - 23.28) 0

Nephrouretherectomy data

    pTa 7 9.80 (3.30 - 26.30) - 0 - - 0 -

    CIS 1 4.84 - 0 - - 1 13.90

    pT1 9 8.21 (4.05 - 23.73) - 1 19.13 - 0 -

    pT2 2 22.97 (14.53 - 31.40) - 5 8.76 (6.73 - 24.02) - 1 9.00

    pT3 14 10.63 (4.77 - 27.70) - 15 7.91 (4.13 - 18.59) - 3 9.28 (4.46 - 9.60)

    pT4 1 17.88 - 2 7.31 (4.92 - 9.70) - 0 -

    n.a. 0 2 - 0

pTa-pT1-CIS (non-invasive) 17 8.21 (3.30 - 26.30) 0.140 1 19.13 - 1 13.90

pT2-pT4 (invasive) 17 14.53 (4.77 - 31.40) 22 7.99 (4.13 - 24.02) - 4 9.14 (4.46 - 9.60)

   G1 7 8.06 (4.05 - 13.84) - 0 - 0

   G2 12 13.03 (3.30 - 26.30) - 5 13.2 (6.73 - 24.02) - 2 9.14 (9.00 - 9.28)

   G3 15 15.60 (4.84 - 31.40) - 16 7.53 (4.13 - 18.59) - 2 9.18 (4.46 - 13.90)

    n.a. 0 4 1

   G1-G2 19 8.21 (3.30 - 26.30) 0.077 5 13.2 (6.73 - 24.02) 0.075 2 9.14 (9.00 - 9.28)

   G3 15 15.60 (4.84 - 31.40) 16 7.53 (4.13 - 18.59) 2 9.18 (4.46 - 13.90)

   R0 26 10.37 (3.30 - 31.40) 0.827 14 7.99 (4.13 - 24.02) 0.224 3 9.00 (4.46 - 9.60)

    R+ 8 12.67 (4.77 - 23.73) 9 8.76 (4.92 - 18.59) 1 9.28

    n.a. 0 2 1

Metastatic status at RNU

   N0/M0 25 8.30 (3.30 - 31.40) 0.045 14 7.60 (5.86 - 24.02) 0.781 2 11.45 (9.00 - 13.90)

    N+ or M+ 9 15.92 (8.96 - 27.70) 9 9.26 (4.13 - 19.13) 3 9.28 (4.46 - 9.60)

    n.a. 0 2 0

Metastatic status at CTX baseline

 M0 - 17 7.77 (4.13 - 17.18) 0.040 -

 M+ - 7 18.59 (6.68 - 26.74) -

 n.a. - 1 -

RNU CTX ICI
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4.2.2 Correlation between serum MMP-7 levels and clinicopathological parameters 

  In the case of three patients, the histopathological examination after RNU revealed 

no malignancy (stage pT0 in Table 5). Histopathological evaluation revealed urothelial 

papilloma in one case and chronic inflammation - presumably caused by stones - in the 

other two cases. Additionally, selective urine cytology previously conducted was positive 

in the last two cases. These pT0 patients have a lower preoperative MMP-7 concentration 

(5.96 ng/ml) compared to those patients with >pT0 histological finding (10.63 ng/ml). 

However, this difference slightly missed statistical significance (p=0.071). Table 5 and 

Figure 5 show that preoperative serum MMP-7 levels were higher in patients present with 

LN or distant metastases at RNU (p=0.045). Figure 5 also illustrates that muscle-invasive 

and high-grade tumors tended to have higher MMP-7 concentrations (p=0.140 and 

p=0.077). Age, sex, ECOG performance status and surgical margin positivity were not 

associated with preoperative serum MMP-7 levels. 

 

Figure 5. Correlations between preoperative serum MMP-7 levels and clinicopathological 

parameters in RNU-treated UTUC patients (* significant difference) (40) 
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In the CTX cohort, the presence of distant metastases at the start of chemotherapy 

were correlated with higher MMP-7 levels (7.8 ng/ml and 18.6 ng/ml; p=0.040). Age, sex 

and pathological parameters at RNU were not associated with serum MMP-7 

concentrations before systemic chemotherapy. 

 

Table 6. Patients’ characteristics in the ICI cohort (N – lymph node metastasis, M – distant 

metastasis) (40) 

 

 

As the ICI cohort consisted of only five patients the low case numbers did not 

allow us to perform a solid statistical analysis. Therefore, in Table 6, we provide data on 

individual patient level. 

 

4.2.3 Changes of serum MMP-7 levels under various therapies 

Postoperative MMP-7 levels were significantly lower compared to the pre-

operative concentrations (6.0 ng/ml vs. 10.6 ng/ml, p <0.001) in the RNU cohort (Figure 

6). We also assessed the prognostic value of MMP-7 level changes using four other 

classifications: MMP-7 decrease or increase, and whether the reduction exceeded 30, 40 

or 50 percent. However, we found no significant association in any of the groups.  

Patient 1. Patient 2. Patient 3. Patient 4. Patient 5.

Age 76 64 64 75 65

Sex female male male male male

Clinicopath. parameters at RNU

Stage (pT) 3 2 3 in situ 3

Grade (G) - 2 2 3 3

N yes no yes no yes

M no no no no no

Chemotherapy pre-treatment Gem/Carb Gem/Cis Gem/Carb n.a. Gem/Carb

Clinicopath. parameters at ICI baseline

N yes yes yes no yes

M yes yes no no yes

MMP-7 cc. at baseline (ng/ml) 9.60 9.00 9.28 13.90 4.46

MMP-7 cc. at 3 months (ng/ml) 10.30 11.42 10.33 14.13 5.12
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Figure 6. Changes of MMP-7 levels depending on the time of treatment (A) Pre- and 

postoperative MMP-7 levels in the RNU cohort (B) MMP-7 levels at the start of the chemotherapy 

and on the first day of second cycle (C) Pre-treatment and on-treatment (at 3 months) values in 

the ICI cohort (D) Summarized changes in all the cohorts (* - significant difference) (40) 

 

As Figure 6 illustrates, there were no significant differences between baseline and 

on-treatment MMP-7 concentrations in platinum-treated patients and serum MMP-7 level 

changes were not correlated with survival. 

MMP-7 concentrations slightly elevated in the ICI cohort after 3 months of 

treatment in all cases, but as mentioned above, valid statistical analysis was not possible 

because of the low number of cases. 
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4.2.4 Correlations of pre-treatment clinicopathological parameters as well as MMP-7 

levels with OS and PFS 

In the RNU cohort, shorter OS was found in high-stage (≥pT2) (HR: 7-115; 95% 

CI 1.504-33.659; p=0.013) and high-grade (G3) cases (HR: 5.060; 95% CI 1.325-19.323; 

p=0.018). Similarly, patients present with LN or distant metastases had worse OS (HR: 

4.891; 95% CI 1.379-17.345; p=0.014). In accordance, significantly shorter PFS was 

observed in patients with high-stage (HR: 23.899; 95% CI 3.087-185.035); p=0.002), 

high-grade tumor (HR: 7.670; 95% CI 2.114-27.833; p=0.002) and in presence of LN or 

distant metastases (HR: 8.250; 95% CI 2.742-24.820; p < 0.001). 

 

Table 7. Association between pre-treatment MMP-7 levels and clinicopathological parameters 

with OS and PFS (* - median cut-off for RNU is 10.6 ng/ml, for CTX is 8.8 ng/ml; ** - ROC cut-

off for RNU is 14.2 ng/ml, for CTX is 17.9 ng/ml) (40) 

 

 

Two groups were created using patient’s pre-treatment MMP-7 levels. For 

dichotomization, we used the median value as a cut-off (10.6 ng/ml). In addition, to find 

the cut-off with the highest sensitivity and specificity for predicting death during follow-

up, we also used receiver operating characteristics (ROC) analysis. This method 

identified 14.2 ng/ml as a cut-off with the highest sensitivity (72.7%) and specificity 

(69.6%) (Figure 7A and 7B). Table 7 shows that higher preoperative MMP-7 

OS PFS

General data n HR 95% CI p HR 95% CI p n HR 95% CI p HR 95% CI p

Age           ≤ 65         10 ref. ref. 5 ref. ref.

                  > 65 24 2.142 0.459 - 9.994 0.332 1.775 0.494 - 6.378 0.379 20 1.675 0.370 - 7.584 0.503 0.552 0.171 - 1.783 0.321

Sex            male 21 ref. ref. 21 ref. ref.

                  female 13 0.281 0.060 - 1.301 0.104 0.330 0.091-1.191 0.090 4 0.374 0.049 - 2.884 0.345 0.337 0.044- 2.579 0.295

ECOG PS 0-1 29 ref. ref. 21 ref. ref.

2-3 5 3.451 0.707 - 16.832 0.126 2.926 0.807 - 10.608 0.102 4 2.124 0.571 - 7.899 0.261 0.954 0.212 - 4.291 0.951

Nephrouretherectomy data

Stage      pTa-pT1-CIS 17 ref. ref. 1 ref. ref.

pT2-pT4 17 7.115 1.504 - 33.659 0.013 23.899 3.087 - 185.04 0.002 22 1.000 0.0 - 14926.7 1.000 21.482 0.000 - 7.515E+19 0.888

Metastases N0/M0 25 ref. ref. 14 ref. ref.

N+ or M+ 9 4.891 1.379 - 17.345 0.014 8.250 2.742 - 24.820 <0.001 9 3.065 0.923 - 10.181 0.068 3.651 1.237 - 10.773 0.019

Grade                   1-2 19 ref. ref. 5 ref. ref.

3 15 5.060 1.325 - 19.323 0.018 7.670 2.114 - 27.833 0.002 16 1.379 0.297 - 6.412 0.682 0.945 0.258 - 3.453 0.931

Chemotherapy baseline data

Metastases N0/M0 - - - 10 ref. ref.

N+ or M+ - - - 14 6.722 1.410 - 32.049 0.017 8.985 2.309 - 34.961 0.002

CTX regimen Gem/Cis - - - 14 ref. ref.

Gem/Carb - - - 11 0.907 0.296 - 2.777 0.864 1.893 0.658 - 5.448 0.237

Pretreatment serum MMP-7 level 

serum MMP-7    median cut-off* 17 ref. ref. 13 ref. ref.

serum MMP-7   median cut-off* 17 3.324 0.874 - 12.644 0.078 1.694 0.585 - 4.900 0.331 12 1.270 0.425 - 3.797 0.669 0.799 0.267 - 2.394 0.689

serum MMP-7    ROC cut-off** 19 ref. ref. 20 ref. ref.

serum MMP-7   ROC cut-off** 15 4.413 1.159 - 16.798 0.029 1.676 0.585 - 4.799 0.336 5 12.063 2.800- 51.968 0.001 2.166 0.452 - 10.380 0.334

RNU CTX

OS PFS
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concentrations were significantly associated with shorter OS when using the ROC cut-off 

(p=0.029). 

 

Figure 7. Kaplan-Meier presentation of OS with log-rank test in the RNU and CTX cohorts using 

different cut-off values (A) RNU cohort and median cut-off (B) RNU cohort and ROC cut-off (C) 

CTX cohort and median cut-off (D) CTX cohort and ROC cut-off (40) 

 

Table 7 shows that LN or distant metastases at chemotherapy were associated with 

shorter OS (p=0.017) and PFS (p=0.002) in the CTX cohort. Using the ROC-defined cut-

off value (17.9 ng/ml), higher pre-treatment MMP-7 concentrations correlated with poor 

OS (p < 0.001) (Figure7D). However, as this cut-off value was classified only five 

patients into the high MMP-7 group, this correlation needs to be handled by caution. 

Multivariate survival analyses were not possible to perform because of the low number 

of deaths in the cohorts (RNU: 11, CTX: 13, ICI: 1). 
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4.3 Results of the sPD-L1 study 

4.3.1 Clinical background of sPD-L1 study 

The patient cohort in the PD-L1 study is largely similar to the previous study with 

some minor differences that require further clarification and detailed explanation. 

Serum samples were collected prior to treatment from a total of 61 UTUC patients 

(44 males and 17 females) who underwent different treatment approaches (RNU, n=37; 

CTX, n=25; ICI, n=6) at the Department of Urology, Semmelweis University between 

August 2014 and July 2020. A total of six patients were included in multiple cohorts 

within the study. Specifically, three patients were part of both the RNU and CTX cohorts, 

two patients were included in the CTX and ICI cohorts, and one patient was included in 

all three treatment groups. The median age at baseline was 69, 72 and 65 years in the 

RNU, CTX and ICI cohorts, respectively. The patients were followed for 24 months in 

the RNU, for 18 months in the CTX and for 20 months in the ICI cohort. The number of 

patients who died during the follow-up was 11, 13 and 2, respectively. 

 

4.3.2 Correlations between pre-treatment sPD-L1 levels and survival 

In the RNU cohort, we observed shorter OS in muscle-invasive compared to non-

muscle-invasive disease (HR: 7.115; 95% CI 1.504-33.659; p=0.013) as well as in LN or 

distant metastatic cases (HR: 4.891; 95% CI 1.379-17.345; p=0.014). Similar results were 

observed for PFS; ≥pT2 stage (HR: 10.836; 95% CI 2.865–40.978; p < 0.001); LN or 

distant metastases (HR: 6.185; 95% CI 2.199–17.397; p = 0.001). Higher sPD-L1 

concentrations were correlated with worse OS when using the median (84.0 pg/ml; 

p=0.041) or the ROC-defined cut-off value (118.5 pg/ml; p < 0.001) as well (Figure 8A 

and 8B). 
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Figure 8. Kaplan-Meier presentation of OS with log-rank tests in the RNU and CTX cohorts 

using different cut-off values (A) RNU cohort and median cut-off (B) RNU cohort and ROC cut-

off (C) CTX cohort and median cut-off (41) 

 

The presence of LN or distant metastases was associated with shorter OS in the CTX 

cohort (HR: 14.737; 95% CI 1.810–119.987; p = 0.012). In this cohort, the median and 

the ROC-based cut-off values were close (96.1 pg/ml vs. 93.9 pg/ml) and classified the 

same patients into the high and low sPD-L1 level groups. Figure 8C and Table 8 show 

that higher sPD-L1 concentrations were associated with worse OS (HR: 6.956; 95% CI 

1.461-33.110; p=0.015). 

 

Table 8. Association between pre-treatment sPD-L1 levels and prognosis (* - median cut-off for 

RNU is 84.0 pg/mL, median cut-off for CTX is 96.1 pg/mL; ** - ROC cut-off for RNU is 118.5 

pg/mL, ROC cut-off for CTX is 93.9 pg/mL) (41)  

 

 

4.3.3 Correlation between sPD-L1 and MMP-7 levels 

We used the Spearmen's rank correlation analysis to examine the correlation 

between sPD-L1 and MMP-7 levels in the RNU, CTX, and ICI cohorts. In the 34 patients 

of the RNU cohort with available both sPD-L1 and MMP-7 levels, we observed a 

significant association between the two serum proteins (n=34, rs = 0.445, p = 0.008). 

However, in the ICI (n = 5, rs = 0.900, p = 0.307) and CTX cohorts (n = 25, rs = 0.217, p 

= 0.297), no significant correlation could be detected.  

OS PFS

n HR 95% CI p HR 95% CI p n HR 95% CI p HR 95% CI p

17 ref. ref. 11 ref. ref.

17 4.023 1.06-15.27 0.041 2.793 1.01-7.72 0.048 14 6.956 1.46-33.11 0.015 1.584 0.56-4.48 0.386

27 ref. ref. 11 ref. ref.

7 12.114 2.99-49.08 <0.001 6.667 2.14-20.76 0.001 14 6.956 1.46-33.11 0.015 1.584 0.56-4.48 0.386

ROC cut-off**

ROC cut-off**

RNU CTX

OS PFS

median cut-off*

median cut-off*

Pretreatment sPD-L1 cc.
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5. Discussion 

In this present study, we aimed to assess clinical parameters and two serum 

biomarkers for their prognostic values in UTUC patients. Therefore, we conducted a 

retrospective data analysis of patients who underwent RNU. Our aim was to characterize 

the patient cohort and examine the commonly available clinical risk factors associated 

with IVR. Furthermore, we determined the pre-treatment serum levels of two potential 

biomarkers in UTUC patients who underwent various therapies. For this, we examined 

the pre-, on- and post-treatment MMP-7 levels as well as pretreatment concentrations of 

sPD-L1 in UTUC patients who underwent surgical, chemo or immune checkpoint 

inhibitor therapy. According to our results, patients with lymphatic or distant metastases 

had significantly higher MMP-7. Moreover, high levels of MMP-7 and sPD-L1 serum 

levels were correlated with shorter OS in the surgically treated (RNU) and chemotherapy 

treated (CTX) cohorts. 

The rarity of UTUC leads to a lack of high-level evidence in its management, 

resulting in numerous challenges treating this disease. As the use of URS for the 

examination of the bladder and the ureters may increase the risk of IVR, the diagnostic 

procedure of UTUC is complicated. Furthermore, because of the anatomical features of 

the upper urinary tract, the performance of URS biopsy is difficult, and its accuracy is 

limited. (42) Smith et al. examined 56 patients with UTUC and performed diagnostic 

URS biopsy followed by further biopsies or resection. According to their results, 43% of 

the patients’ histological results changed from low-grade to high-grade or from non-

invasive to invasive disease, representing a large rate of understaging. (43)  

Another matter of debate is the clinical benefit of LN dissection at RNU. Roscigno 

et al. analyzed data from 1130 patients to investigate the effect of lymphadenectomy at 

the time of RNU. They found that pathologically confirmed LN metastasis was an 

independent predictor of CSS in invasive cases and uncertain LN status was correlated 

with poor prognosis as well. These suggest that LN dissection may provide benefit for 

well selected patients. However, because of the low sensitivity of current imaging 

methods for the detection of LN metastasis, information on LN positivity is only available 

at the histopathological evaluation of the removed tissue at RNU. Therefore, a 

preoperatively available marker, which may help to identify the patients who would 

benefit from a lymphadenectomy, is of great clinical importance (42, 44).  
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Intravesical chemoinstillation in the postoperative interval after RNU can prevent 

or decrease the risk of IVR. Tari et al. published the first study in 1987 about 

chemoinstillation as a therapeutic tool to prevent bladder recurrence. Intravesical 

chemoinstillation was performed in 16 UTUC patients, two IVR were diagnosed in the 

first two years after RNU (12.5%). In the control group of 26 patients with UTUC, who 

did not receive chemoinstillation, 11 bladder recurrence was identified after RNU (42%). 

According to their results, the risk of IVR significantly decreased after intravesical 

chemoinstillation. (45) According to the results of the ODMIT-C Trial - which was a 

prospective, randomized, multicenter study - one-time intravesical mitomycin C 

chemoinstillation significantly reduced the IVR after RNU. (46) The ODMIT-C Trial 

provided level 1 evidence for the use of chemoinstillation, therefore, in 2013, the EAU 

UTUC guideline recommended the performance of this therapeutic procedure. (47) Based 

on the increasing body of evidence on the successful use of single postoperative 

chemoinstillation, the guideline of the Japanese Urologic Association (JUA) also strongly 

recommended this therapy from the year of 2014, while the American Urological 

Association indicated this treatment from 2023. Despite all these recommendations of 

different UTUC guidelines, the use of postoperative chemoinstillation after RNU to 

prevent IVR is not well established (9, 47). According to the results of Lu et al., only 51% 

of urologic oncologists perform intravesical chemoinstillation routinely in their practice 

in the United States. (48) Dobé et al. asked the participants of the EAU Section of 

Oncological Urology (ESOU) via email about the use of postoperative chemoinstillation 

in 2017, and they found - with a low (12%) response rate - that 47% of the respondents 

performed chemoinstillation after RNU. (49) Further trials and studies investigated the 

limitation of use of this therapeutic tool, and the main causes pointed out by the clinicians 

were lack of evidence, concern about possible complications and limitations of the 

clinical infrastructure. Overall, the use of single postoperative chemoinstillation after 

RNU is supported by randomized clinical trials and various guidelines as well, however, 

the daily utilization remains relatively low. (47) 

A further problem in the UTUC management is the identification of patients who 

would benefit from neoadjuvant systemic chemotherapy. Since 1) there are no validated 

preoperative markers for the risk-stratification of patients and 2) preoperative staging is 

challenging, there is a significant risk of both over- and undertreatment. (6) 
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Furthermore, the uncertainty of preoperative staging may also lead to 

overtreatment in cases where the disease is noninvasive and an organ-sparing surgery 

would be enough (6,42).  

Based on these, a preoperative prediction of tumor stage, LN status and platinum 

sensitivity represent a major difficulty along the management of UTUC. Therefore, 

various pre- and postoperative nomograms were created – to provide a more accurate 

prediction of oncological outcomes. These nomograms were designed to predict OS, CSS 

or RFS of UTUC and may help therapeutic decision-making. However, a recent meta-

analysis that analyzed 26 postoperative predictive models found that only four 

nomograms underwent external validation, while the others still need to be confirmed. 

The analysis identified heterogeneity and the lack of external validation as obstacles to 

the daily application of these models. (50) 

In our institutional cohort, the average age was 68 years at the time of diagnosis, 

which is identical to the findings of Shariat et al., who found a median patient age of 68 

years in a multicentre study conducted in Asia, Canada and Europe. Male dominance is a 

known phenomenon in UTUC and it was confirmed in our patient cohort as well. (51) 

Raman et al. classified the symptoms of UTUC patients into three groups: incidental, 

local or systemic. Thirty-three per cent of UTUC cases were asymptomatic and so 

incidentally identified, 61% of patients had local, while 6% had systemic symptoms. In 

our cohort, local symptoms were more dominant (75%) with less incidental finding 

(15%). However, according to Raman et al., there is no significant difference between 

the oncological outcomes of incidental or local groups, but poor prognosis can be 

observed in the systemic group (38). After the RNU, pT3 stage was confirmed in 29% of 

patients and 50% of the tumors were muscle-invasive at the time of diagnosis. Margulis 

et al. found pT3 tumors in 32.5% and muscle-invasive stage in 56% of cases and the EAU 

guideline mentions that two-third of the cases are muscle-invasive. Our results - with 

49.6% muscle-invasive tumor - reflect characteristics that are slightly more favorable. 

Overall, it is apparent that - in contrast to BC, where 75-85% of tumors are superficial at 

the time of the diagnosis - the majority of UTUC cases are muscle-invasive at diagnosis. 

(9, 52) 

IVR was observed at 31 (23%) patients. The average time between RNU and 

recurrence was 19.6 months. The literature reports that 15-50% of patients may 



33 

 

experience bladder recurrence, mostly within two years after UTUC treatment. Our 

findings are in accordance with these rates. (53) Previously diagnosed BC, ureteral 

localization of the primary tumor, margin positivity, necrosis of the tumor and vascular 

invasion is often associated with IVR, however, neither of these factors were significantly 

correlated to bladder recurrence in our patient cohort. (53-55) 

We analyzed the association of various factors with time to disease recurrence and 

found significantly shorter RFS in patients who were diagnosed with hypertension. Stocks 

et al. analyzed the data of 577,799 individuals who were followed for 12 years. According 

to their results, higher blood pressure was significantly correlated with higher occurrence 

of cancer in men, and with higher cancer-related mortality in both genders. While UTUC 

was not examined in this study, they found a positive correlation in men between higher 

blood pressure and the incidence of bladder cancer. (56) One study analyzed the risk of 

urothelial cancer-related death depending on the type of the prescribed antihypertensive 

drugs. They found a lower risk of cancer-related death in BC patients who were 

angiotensin-receptor or calcium-channel blocker users. However, no such a risk decrease 

was observed in their UTUC cohort. (57) In our study, bladder recurrence occurred sooner 

when one or two comorbidities were present, but this correlation missed the significance 

level. Metabolic syndrome includes large waist circumference, high blood pressure, 

higher fasting glucose level and dyslipidemia. According to a study, metabolic syndrome 

was a prognostic factor for shorter CSS in UTUC patients. (58) In another study, poorly 

controlled diabetes mellitus was found to be associated with shorter RFS in UTUC 

patients treated with RNU and it was identified as an independent prognostic factor for 

IVR besides male gender, ureteral tumor localization and end-stage renal insufficiency. 

(59) IVR was not correlated with advanced age in a systematic review and meta-analysis, 

but according to our results, IVR occurred earlier in the elderly patients. (55) However, 

Ferro et al. found that patients aged 70 or above had worse prognosis after RNU than the 

younger individuals, and age proved to be an independent prognostic factor for OS and 

CSS. (60) In line with these results, in our cohort advanced age was an independent 

prognostic factor for OS. Moreover, pulmonary disease, BC in medical history, high-

grade tumor and tumor necrosis were also significantly and independently associated with 

poor OS in our cohort. BC in medical history, high-grade tumor and tumor necrosis were 

already discussed as possible prognostic factors for IVR, but not pulmonary disease. (9) 
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Huang et al. analyzing 80 BC patients found worse OS and PFS in individuals with 

COPD. In addition, COPD proved to be an independent prognostic factor for OS. (61) 

According to our findings, UTUC patients with elderly age and comorbidities 

need closer follow-up and regular cystoscopy control examination because they are at 

higher risk of IVR and shorter OS. 

As previously mentioned, there is no validated prognostic biomarker for UTUC 

in the daily clinical practice currently. (9) The value of serum MMP-7 and sPD-L1 as a 

biomarker in urothelial bladder cancer has been confirmed by various independent 

studies, but it has not been evaluated in UTUC yet. (27-31, 35-37) In this study, we 

determined the preoperative serum levels of MMP-7 and observed significantly increased 

levels in metastatic UTUC cases. The MMP-7 concentration of 15.9 ng/ml in metastatic 

UTUC cases was similar to those of 13.9 ng/ml that was formerly found in metastatic BC. 

(27) In our study, high preoperative serum MMP-7 concentration was significantly 

associated with shorter OS in UTUC. After RNU, histological evaluation resulted in pT0 

finding in three patients, all these patients had low preoperative serum MMP-7 levels 

(mean concentration: 5.9 ng/ml). These results show that serum MMP-7 concentration 

may be implemented into preoperative prognostic models in order to identify patients 

who would benefit from an organ-sparing treatment strategy.  

The source of sPD-L1 in the blood circulation is not well established, but it has 

been shown, that some members of the MMP family – including MMP-7 – is able to 

cleave membrane-bound PD-L1 thus releasing soluble PD-L1 into the circulation. (36) 

However, current studies found no significant association between the tissue PD-L1 

expression and sPD-L1 level (37, 62). Due to the absence of link between tissue PD-L1 

expression and sPD-L1 concentrations, along with the correlation between serum MMP-

7 and sPD-L1, our hypothesis suggests that higher sPD-L1 levels might result from a 

proteolytically active microenvironment. Similar to MMP-7 results, elevated sPD-L1 was 

associated with poor survival in the RNU and CTX cohorts. 

Similar to former findings in BC, we found a significant decrease in MMP-7 

concentrations after RNU (preoperative: 10.6 vs. postoperative: 6.0 ng/ml) suggesting the 

tumor tissue as the main origin of serum MMP-7. (27)  

We found a significant association between higher pre-treatment MMP-7 levels 

and worse OS in our platinum-treated CTX cohort, which is similar to former findings 
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made in BC. (63) Ansell et al. identified MMP-7 and MMP-13 as predictive biomarkers 

for platinum-resistance in head and neck cancer cell lines. (64) Another study suggested 

that high tissue MMP-7 expression is correlated with poor response to cisplatin-based 

chemotherapy and poor oncological outcome in non-small cell lung cancer. (65) 

According to these results, MMP-7 might have a role in chemotherapy resistance also in 

urothelial cancer.  

Overall, literature data and our present results suggest MMP-7 as a potential 

therapeutic target. MMP-7 has a broad substrate specificity, and it was shown to 

participate both in physiological and pathological processes. MMP-7 can cleave Fas 

receptor and its ligand, Fas ligand as well, resulting decreased Fas expression and 

function. Decreased Fas activation helps tumor cells to avoid Fas-induced apoptosis, 

therefore supporting tumor growth. (66) MMP-7 by cleaving the extracellular part of E-

cadherin was shown to be involved in the epithelial-to-mesenchymal transition, which 

represents an important step in tumor progression of epithelial tumors. (67) Moreover, 

degradation of various molecules can release agents with biologically active role in tumor 

growth, like the anti-angiogenetic endostatin, which is the degradation product of 

collagen XVIII. (68) MMP-7 can also activate many other MMPs resulting in an 

enhanced proteolytic cascade. (19) We already discussed the relationship between PD-L1 

and MMP-7, which may represent another mechanism of tumor progression. (36) Bolenz 

et al. investigated the impact of broad-spectrum MMP and selective MMP-7 inhibitors in 

BC cells. Their results showed that selective inhibition of MMP-7 significantly correlated 

with lower invasive capability, suggesting MMP-7 as potential therapeutic target. (69) 

Moreover, Lynch et al. observed a decreased level of RANKL and osteolysis in MMP-7 

deficient rodent with prostate tumor. (70) In another study, reduced MMP-7 expression 

in UTUC cells showed a significant association with decreased invasive capability. (71) 

According to these results, MMP-7 may play a major role in tumor growth and metastatic 

progression in various types of cancer including UTUC. Despite the promising results of 

in vitro studies with broad-spectrum MMP inhibitors (batimastat and marimastat), these 

agents failed in prospective clinical studies. (72, 73) The use of MMP inhibitors, specific 

for single MMPs, may provide more specific effect and possibly also better antitumor 

effects. As MMP-7 is a validated target in various cancer types, a selective MMP-7 

inhibitor may have better therapeutic effect compared to broad-spectrum MMP inhibitors. 
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However, developing of specific MMP-7 inhibitors is still a challenge and not solved yet. 

(73) Besides the problem of selective inhibition, proper pharmacokinetics of the 

developed drugs showed the next challenge, however, a recently published study by Oka 

et al. reported about a highly selective inhibitor of MMP-7 with optimal clearance in in 

vitro and in vivo experiment, but further trials are needed until clinical usage. (74) 

According to our findings, both investigated biomarkers seem to have promising 

prognostic value, which results need to be tested in larger prospective studies.  
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6. Conclusions 

In the present work, we aimed to identify factors, which can help the 

prognostication of UTUC patients. 

According to our results, IVR occurs earlier in patients with hypertension. We 

identified patient age, pulmonary disease, BC in medical history, high-grade tumor and 

tumor necrosis as independent prognostic factors for shorter OS after RNU. Therefore, 

elderly patients with comorbidities need a stricter follow-up with regular cystoscopy 

examinations. 

Pretreatment MMP-7 concentrations were significantly associated with certain 

clinicopathological parameters (LN or distant metastases). Higher MMP-7 and sPD-L1 

levels were associated with significantly shorter OS in RNU and CTX cohorts as well. 

Serum MMP-7 levels significantly dropped after RNU. We also revealed a 

significant correlation between MMP-7 and sPD-L1 levels in the RNU cohort. 

According to our results, higher MMP-7 or sPD-L1 levels predict an advanced 

pathological stage and shorter OS in UTUC patients. These findings could help the daily 

therapeutic decision-making and reduce the risk of both under- and overtreatment. 
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7. Summary 

The management of UTUC patients can be challenging due to the obstacles of 

diagnosis and preoperative staging, which can lead to the risk of both under- and 

overtreatment. There are no validated preoperative serum biomarkers available to aid in 

daily clinical decision-making. 

In the present work, our aim was to determine the prognostic value of two serum 

biomarkers (MMP-7 and sPD-L1) and certain clinicopathological parameters via 

retrospective clinical data evaluation and prospective serum level analysis (pre-, on- and 

post-treatment) in UTUC patients. 

In our clinical data analysis with 12 years follow-up, we found significantly 

shorter OS in elderly patients, in case of pulmonary disease as comorbidity, and in 

individuals with BC in their medical history. High-grade tumors, surgical margin 

positivity, tumor necrosis and vascular invasion were also significantly associated with 

worse OS. From these factors, advanced age, pulmonary disease, previous BC in medical 

history, high-grade tumor and necrosis were identified as independent prognostic factors 

of OS. In this cohort, bladder recurrence occurred in 23% of patients after 20 months, on 

average. The time until IVR was significantly shorter in patients with hypertension, while 

no other clinicopathological parameters showed a significant correlation with IVR. 

In our serum biomarker studies, we found that individuals with LN or distant 

metastases had significantly elevated MMP-7 concentrations in the RNU and CTX 

cohorts. We found significantly shorter OS and PFS in case of high-stage and high-grade 

tumors and in patients present with LN or distant metastases in the RNU cohorts. Higher 

preoperative MMP-7 and sPD-L1 levels were also correlated with significantly shorter 

OS in the RNU cohort. In the CTX cohort, LN or distant metastases and higher MMP-7 

and sPD-L1 concentrations showed a significant association with worse OS. MMP-7 

levels decreased significantly after RNU, while changes of MMP-7 concentrations during 

therapy were not significant in the CTX or ICI cohorts. We also found a significant 

correlation between the concentrations of the two serum biomarkers in the RNU cohort, 

but not in the CTX and ICI cohorts. 

According to our results, elderly and multimorbid patients need a closer follow-

up regiment after RNU. Furthermore, both serum biomarkers showed significant 

correlations with prognosis and have a promising prognostic value. 



39 

 

8. References 

1. Soria F, Shariat SF, Lerner SP, Fritsche HM, Rink M, Kassouf W, Spiess PE, 

Lotan Y, Ye D, Fernández MI, Kikuchi E, Chade DC, Babjuk M, Grollman AP, 

Thalmann GN. Epidemiology, diagnosis, preoperative evaluation and prognostic 

assessment of upper-tract urothelial carcinoma (UTUC). World J Urol. 2017 

Mar;35(3):379-387.  

2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray F. 

Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and 

Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin. 2021 

May;71(3):209-249. 

3. Deuker M, Stolzenbach LF, Collà Ruvolo C, Nocera L, Tian Z, Roos FC, Becker 

A, Kluth LA, Tilki D, Shariat SF, Saad F, Chun FKH, Karakiewicz PI. Upper 

Urinary Tract Tumors: Variant Histology Versus Urothelial Carcinoma. Clin 

Genitourin Cancer. 2021 Apr;19(2):117-124. 

4. National Cancer Registry. Data of upper urinary tract [Internet]. 2023 [updated 

2023 March 10 ; cited 2023 June 15] Available from: https://onkol.hu/nemzeti-

rakregiszter/ 

5. Colin P, Koenig P, Ouzzane A, Berthon N, Villers A, Biserte J, Rouprêt M. 

Environmental factors involved in carcinogenesis of urothelial cell carcinomas of 

the upper urinary tract. BJU Int. 2009 Nov;104(10):1436-40. 

6. Szarvas T, Módos O, Horváth A, Nyirády P. Why are upper tract urothelial 

carcinoma two different diseases? Transl Androl Urol. 2016 Oct;5(5):636-647. 

7. McAninch JW, Lue TF. Smith and Tanagho’s General Urology 18th edition. New 

York:The MecGraw-Hill Companies; 2013. 322-323 p. 

8. Lin D, Hong Y, Yang Z, Ye L. Therapeutic strategies for asymptomatic upper 

urinary tract urothelial carcinoma. Wideochir Inne Tech Maloinwazyjne. 2023 

Jun;18(2):343-350. 

9. Rouprêt M, Seisen T, Birtle AJ, Capoun O, Compérat EM, Dominguez-Escrig JL, 

Gürses Andersson I, Liedberg F, Mariappan P, Hugh Mostafid A, Pradere B, van 

Rhijn BWG, Shariat SF, Rai BP, Soria F, Soukup V, Wood RG, Xylinas EN, 

Masson-Lecomte A, Gontero P. European Association of Urology Guidelines on 

https://onkol.hu/nemzeti-rakregiszter/
https://onkol.hu/nemzeti-rakregiszter/


40 

 

Upper Urinary Tract Urothelial Carcinoma: 2023 Update. Eur Urol. 2023 

Jul;84(1):49-64. 

10. Chlapoutakis K, Theocharopoulos N, Yarmenitis S, Damilakis J. Performance of 

computed tomographic urography in diagnosis of upper urinary tract urothelial 

carcinoma, in patients presenting with hematuria: Systematic review and meta-

analysis. Eur J Radiol. 2010 Feb;73(2):334-8. 

11. Territo A, Gallioli A, Meneghetti I, Fontana M, Huguet J, Palou J, Breda A. 

Diagnostic ureteroscopy for upper tract urothelial carcinoma: friend or foe? Arab 

J Urol. 2021 Feb 16;19(1):46-58. 

12. Martini A, Lonati C, Nocera L, Fallara G, Raggi D, Herout R, Zamboni S, 

Ploussard G, Predere B, Mattei A, Simeone C, Krajewski W, Simone G, Soria F, 

Gontero P, Roupret M, Montorsi F, Briganti A, Shariat SF, Necchi A, Moschini 

M. Oncologic Surveillance After Radical Nephroureterectomy for High-risk 

Upper Tract Urothelial Carcinoma. Eur Urol Oncol. 2022 Aug;5(4):451-459. 

13. Benamran D, Seisen T, Naoum E, Vaessen C, Parra J, Mozer P, Shariat SF, 

Rouprêt M. Risk stratification for upper tract urinary carcinoma. Transl Androl 

Urol. 2020 Aug;9(4):1799-1808. 

14. Krabbe LM, Heitplatz B, Preuss S, Hutchinson RC, Woldu SL, Singla N, 

Boegemann M, Wood CG, Karam JA, Weizer AZ, Raman JD, Remzi M, Rioux-

Leclercq N, Haitel A, Rapoport LM, Glybochko PV, Roscigno M, Bolenz C, 

Bensalah K, Sagalowsky AI, Shariat SF, Lotan Y, Xylinas E, Margulis V. 

Prognostic Value of PD-1 and PD-L1 Expression in Patients with High Grade 

Upper Tract Urothelial Carcinoma. J Urol. 2017 Dec;198(6):1253-1262. 

15. Luo Y, Fu SJ, She DL, Xiong HU, Yang LI. Preoperative C-reactive protein as a 

prognostic predictor for upper tract urothelial carcinoma: A systematic review and 

meta-analysis. Mol Clin Oncol. 2015 Jul;3(4):924-928. 

16. Zhang B, Shen C, Jin J, Song Y, Zhao Z, Zhang X, Wang G, Fan Y, Mi Y, Hu S, 

Cui Y, Zhou L, He Z, Yu W, Han W. Pretreatment serum pseudocholinesterase 

level as a novel prognostic biomarker for upper tract urothelial carcinoma. Int 

Urol Nephrol. 2016 Dec;48(12):1993-1999. 



41 

 

17. Sheth KR, Haddad AQ, Ashorobi OS, Meissner MA, Sagalowsky AI, Lotan Y, 

Margulis V. Prognostic serum markers in patients with high-grade upper tract 

urothelial carcinoma. Urol Oncol. 2016 Sep;34(9):418.e9-418.e16. 

18. Zhang B, Yu W, Zhou LQ, He ZS, Shen C, He Q, Li J, Liu LB, Wang C, Chen 

XY, Fan Y, Hu S, Zhang L, Han WK, Jin J. Prognostic Significance of 

Preoperative Albumin-Globulin Ratio in Patients with Upper Tract Urothelial 

Carcinoma. PLoS One. 2015 Dec 17;10(12):e0144961. 

19. Liao HY, Da CM, Liao B, Zhang HH. Roles of matrix metalloproteinase-7 (MMP-

7) in cancer. Clin Biochem. 2021 Jun;92:9-18. 

20. Szarvas T, vom Dorp F, Ergün S, Rübben H. Matrix metalloproteinases and their 

clinical relevance in urinary bladder cancer. Nat Rev Urol. 2011 May;8(5):241-

54. 

21. Haas TL, Milkiewicz M, Davis SJ, Zhou AL, Egginton S, Brown MD, Madri JA, 

Hudlicka O. Matrix metalloproteinase activity is required for activity-induced 

angiogenesis in rat skeletal muscle. Am J Physiol Heart Circ Physiol. 2000 

Oct;279(4):H1540-7. 

22. Fata JE, Ho AT, Leco KJ, Moorehead RA, Khokha R. Cellular turnover and 

extracellular matrix remodeling in female reproductive tissues: functions of 

metalloproteinases and their inhibitors. Cell Mol Life Sci. 2000 Jan 20;57(1):77-

95. 

23. Moracho N, Learte AIR, Muñoz-Sáez E, Marchena MA, Cid MA, Arroyo AG, 

Sánchez-Camacho C. Emerging roles of MT-MMPs in embryonic development. 

Dev Dyn. 2022 Feb;251(2):240-275. 

24. Burrage PS, Mix KS, Brinckerhoff CE. Matrix metalloproteinases: role in 

arthritis. Front Biosci. 2006 Jan 1;11:529-43. 

25. Gajewska B, Śliwińska-Mossoń M. Association of MMP-2 and MMP-9 

Polymorphisms with Diabetes and Pathogenesis of Diabetic Complications. Int J 

Mol Sci. 2022 Sep 12;23(18):10571. 

26. Chi PL, Cheng CC, Hung CC, Wang MT, Liu HY, Ke MW, Shen MC, Lin KC, 

Kuo SH, Hsieh PP, Wann SR, Huang WC. MMP-10 from M1 macrophages 

promotes pulmonary vascular remodeling and pulmonary arterial hypertension. 

Int J Biol Sci. 2022 Jan 1;18(1):331-348. 



42 

 

27. Szarvas T, Becker M, vom Dorp F, Gethmann C, Tötsch M, Bánkfalvi A, Schmid 

KW, Romics I, Rübben H, Ergün S. Matrix metalloproteinase-7 as a marker of 

metastasis and predictor of poor survival in bladder cancer. Cancer Sci. 2010 

May;101(5):1300-8. 

28. Szarvas T, Jäger T, Becker M, Tschirdewahn S, Niedworok C, Kovalszky I, 

Rübben H, Ergün S, vom Dorp F. Validation of circulating MMP-7 level as an 

independent prognostic marker of poor survival in urinary bladder cancer. Pathol 

Oncol Res. 2011 Jun;17(2):325-32. 

29. Svatek RS, Shah JB, Xing J, Chang D, Lin J, McConkey DJ, Wu X, Dinney CP. 

A multiplexed, particle-based flow cytometric assay identified plasma matrix 

metalloproteinase-7 to be associated with cancer-related death among patients 

with bladder cancer. Cancer. 2010 Oct 1;116(19):4513-9. 

30. El Demery M, Demirdjian-Sarkissian G, Thezenas S, Jacot W, Laghzali Y, 

Darbouret B, Culine S, Rebillard X, Lamy PJ. Serum Matrix Metalloproteinase-7 

is an independent prognostic biomarker in advanced bladder cancer. Clin Transl 

Med. 2014 Oct 28;3:31. 

31. Kubik A, das Virgens IPA, Szabó A, Váradi M, Csizmarik A, Keszthelyi A, 

Majoros A, Fehérvári P, Hegyi P, Ács N, Nyirády P, Szarvas T. Comprehensive 

Analysis of the Prognostic Value of Circulating MMP-7 Levels in Urothelial 

Carcinoma: A Combined Cohort Analysis, Systematic Review, and Meta-

Analysis. Int J Mol Sci. 2023 Apr 26;24(9):7859. 

32. Sun C, Mezzadra R, Schumacher TN. Regulation and Function of the PD-L1 

Checkpoint. Immunity. 2018 Mar 20;48(3):434-452. 

33. Ward M, Albertson D, Furtado LV, Deftereos G. PD-L1 Tumor Cell Expression 

in Upper Tract Urothelial Carcinomas is Associated With Higher Pathologic 

Stage. Appl Immunohistochem Mol Morphol. 2022 Jan 1;30(1):56-61.  

34. Lu Y, Kang J, Luo Z, Song Y, Tian J, Li Z, Wang X, Liu L, Yang Y, Liu X. The 

Prevalence and Prognostic Role of PD-L1 in Upper Tract Urothelial Carcinoma 

Patients Underwent Radical Nephroureterectomy: A Systematic Review and 

Meta-Analysis. Front Oncol. 2020 Aug 21;10:1400. 

35. Széles Á, Fazekas T, Váncsa S, Váradi M, Kovács PT, Krafft U, Grünwald V, 

Hadaschik B, Csizmarik A, Hegyi P, Váradi A, Nyirády P, Szarvas T. Pre-



43 

 

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 May;72(5):1061-1073. 

36. Hira-Miyazawa M, Nakamura H, Hirai M, Kobayashi Y, Kitahara H, Bou-

Gharios G, Kawashiri S. Regulation of programmed-death ligand in the human 

head and neck squamous cell carcinoma microenvironment is mediated through 

matrix metalloproteinase-mediated proteolytic cleavage. Int J Oncol. 2018 

Feb;52(2):379-388. 

37. Krafft U, Olah C, Reis H, Kesch C, Darr C, Grünwald V, Tschirdewahn S, 

Hadaschik B, Horvath O, Kenessey I, Nyirady P, Varadi M, Modos O, Csizmarik 

A, Szarvas T. High Serum PD-L1 Levels Are Associated with Poor Survival in 

Urothelial Cancer Patients Treated with Chemotherapy and Immune Checkpoint 

Inhibitor Therapy. Cancers (Basel). 2021 May 22;13(11):2548. 

38. Raman JD, Shariat SF, Karakiewicz PI, Lotan Y, Sagalowsky AI, Roscigno M, 

Montorsi F, Bolenz C, Weizer AZ, Wheat JC, Ng CK, Scherr DS, Remzi M, 

Waldert M, Wood CG, Margulis V.; Upper-Tract Urothelial Carcinoma 

Collaborative Group. Does preoperative symptom classification impact prognosis 

in patients with clinically localized upper-tract urothelial carcinoma managed by 

radical nephroureterectomy? Urol Oncol. 2011 Nov-Dec;29(6):716-23.  

39. Kovács PT, Juhász D, Módos O, Kocsmár I, Terebessy A, Lotz G, Szarvas T, 

Nyirády P, Riesz P. A húgyhólyag-recidíva jellemzői felső üregrendszeri 

daganatos betegekben radikális ureteronephrectomia után [Characteristics of 

bladder recurrence after radical nephroureterectomy in upper urinary tract cancer]. 

Orv Hetil. 2020 May;161(21):881-888. Hungarian. 

40. Kovács PT, Mayer T, Csizmarik A, Váradi M, Oláh C, Széles Á, Tschirdewahn 

S, Krafft U, Hadaschik B, Nyirády P, Riesz P, Szarvas T. Elevated Pre-Treatment 

Serum MMP-7 Levels Are Associated with the Presence of Metastasis and Poor 

Survival in Upper Tract Urothelial Carcinoma. Biomedicines. 2022 Mar 

17;10(3):698. 

41. Széles Á, Kovács PT, Csizmarik A, Váradi M, Riesz P, Fazekas T, Váncsa S, 

Hegyi P, Oláh C, Tschirdewahn S, Darr C, Krafft U, Grünwald V, Hadaschik B, 

Horváth O, Nyirády P, Szarvas T. High Pretreatment Serum PD-L1 Levels Are 



44 

 

Associated with Muscle Invasion and Shorter Survival in Upper Tract Urothelial 

Carcinoma. Biomedicines. 2022 Oct 13;10(10):2560. 

42. Freifeld Y, Krabbe LM, Clinton TN, Woldu SL, Margulis V. Therapeutic 

strategies for upper tract urothelial carcinoma. Expert Rev Anticancer Ther. 2018 

Aug;18(8):765-774. 

43. Smith AK, Stephenson AJ, Lane BR, Larson BT, Thomas AA, Gong MC, Jones 

JS, Campbell SC, Hansel DE. Inadequacy of biopsy for diagnosis of upper tract 

urothelial carcinoma: implications for conservative management. Urology. 2011 

Jul;78(1):82-6. 

44. Roscigno M, Shariat SF, Margulis V, Karakiewicz P, Remzi M, Kikuchi E, 

Langner C, Lotan Y, Weizer A, Bensalah K, Raman JD, Bolenz C, Guo CC, Wood 

CG, Zigeuner R, Wheat J, Kabbani W, Koppie TM, Ng CK, Suardi N, Bertini R, 

Fernández MI, Mikami S, Isida M, Michel MS, Montorsi F. Impact of lymph node 

dissection on cancer specific survival in patients with upper tract urothelial 

carcinoma treated with radical nephroureterectomy. J Urol. 2009 

Jun;181(6):2482-9. 

45. Tari K, Satake I, Kojima S, Negishi T, Yoshida K, Nakame Y, Kanaoya F, 

Horiuchi S, Saito T, Owada F, Noro A. Prophylactic intravesical chemotherapy in 

bladder tumors after surgery of upper tract urothelial carcinoma. Hinyokika Kiyo. 

1987 Jun;33(6):852-6. 

46. O'Brien T, Ray E, Singh R, Coker B, Beard R; British Association of Urological 

Surgeons Section of Oncology. Prevention of bladder tumours after 

nephroureterectomy for primary upper urinary tract urothelial carcinoma: a 

prospective, multicentre, randomised clinical trial of a single postoperative 

intravesical dose of mitomycin C (the ODMIT-C Trial). Eur Urol. 2011 

Oct;60(4):703-10. 

47. Refugia J, Tsivian M. Single instillation intravesical chemotherapy after radical 

nephroureterectomy for upper tract urothelial carcinoma: current evidence and 

future directions. Transl Androl Urol. 2023 Nov 30;12(11):1753-1760. 

48. Lu DD, Boorjian SA, Raman JD. Intravesical chemotherapy use after radical 

nephroureterectomy: A national survey of urologic oncologists. Urol Oncol. 2017 

Mar;35(3):113.e1-113.e7. 



45 

 

49. Dobé TR, Califano G, von Rundstedt FC, Ouzaid I, Albisinni S, Aziz A, Di 

Trapani E, Hendricksen K, Krajewski W, Mari A, Moschini M, Necchi A, Noon 

AP, Poyet C, Pradère B, Rink M, Roghmann F, Sargos P, Seiler R, Soria F, 

Vetterlein MW, Xylinas E. Postoperative Chemotherapy Bladder Instillation 

After Radical Nephroureterectomy: Results of a European Survey from the Young 

Academic Urologist Urothelial Cancer Group. Eur Urol Open Sci. 2020 Nov 

6;22:45-50. 

50. Pallauf M, König F, D'Andrea D, Laukhtina E, Mostafaei H, Motlagh RS, Quhal 

F, Aydh A, Yanagisawa T, Kawada T, Rajwa P, Lusuardi L, Soria F, Karakiewicz 

PI, Rouprêt M, Rink M, Lotan Y, Margulis V, Singla N, Xylinas E, Shariat SF, 

Pradere B. A Systematic Review and Meta-Analysis of Prognostic Nomograms 

After UTUC Surgery. Front Oncol. 2022 Jul 1;12:907975. 

51. Shariat SF, Favaretto RL, Gupta A, Fritsche HM, Matsumoto K, Kassouf W, 

Walton TJ, Tritschler S, Baba S, Matsushita K, Bastian PJ, Martínez-Salamanca 

JI, Seitz C, Pycha A, Otto W, Karakiewicz PI, Ficarra V, Novara G. Gender 

differences in radical nephroureterectomy for upper tract urothelial carcinoma. 

World J Urol. 2011 Aug;29(4):481-6. 

52. Margulis V, Shariat SF, Matin SF, Kamat AM, Zigeuner R, Kikuchi E, Lotan Y, 

Weizer A, Raman JD, Wood CG.; The Upper Tract Urothelial Carcinoma 

Collaboration. Outcomes of radical nephroureterectomy: a series from the Upper 

Tract Urothelial Carcinoma Collaboration. Cancer. 2009 Mar 15;115(6):1224-33. 

53. Azémar MD, Comperat E, Richard F, Cussenot O, Rouprêt M. Bladder recurrence 

after surgery for upper urinary tract urothelial cell carcinoma: frequency, risk 

factors, and surveillance. Urol Oncol. 2011 Mar-Apr;29(2):130-6. 

54. Xylinas E, Kluth L, Passoni N, Trinh QD, Rieken M, Lee RK, Fajkovic H, Novara 

G, Margulis V, Raman JD, Lotan Y, Rouprêt M, Aziz A, Fritsche HM, Weizer A, 

Martinez-Salamanca JI, Matsumoto K, Seitz C, Remzi M, Walton T, Karakiewicz 

PI, Montorsi F, Zerbib M, Scherr DS, Shariat SF.; UTUC Collaboration. 

Prediction of intravesical recurrence after radical nephroureterectomy: 

development of a clinical decision-making tool. Eur Urol. 2014 Mar;65(3):650-8. 

55. Seisen T, Granger B, Colin P, Léon P, Utard G, Renard-Penna R, Compérat E, 

Mozer P, Cussenot O, Shariat SF, Rouprêt M. A Systematic Review and Meta-



46 

 

analysis of Clinicopathologic Factors Linked to Intravesical Recurrence After 

Radical Nephroureterectomy to Treat Upper Tract Urothelial Carcinoma. Eur 

Urol. 2015 Jun;67(6):1122-1133. 

56. Stocks T, Van Hemelrijck M, Manjer J, Bjørge T, Ulmer H, Hallmans G, 

Lindkvist B, Selmer R, Nagel G, Tretli S, Concin H, Engeland A, Jonsson H, 

Stattin P. Blood pressure and risk of cancer incidence and mortality in the 

Metabolic Syndrome and Cancer Project. Hypertension. 2012 Apr;59(4):802-10. 

57. Santala EEE, Kotsar A, Veitonmäki T, Tammela TLJ, Murtola TJ. Risk of 

urothelial cancer death among people using antihypertensive drugs-a cohort study 

from Finland. Scand J Urol. 2019 Aug;53(4):185-192. 

58. Xu H, Tan P, Zheng X, Ai J, Lin T, Jin X, Gong L, Lei H, Yang L, Wei Q. 

Metabolic syndrome and upper tract urothelial carcinoma: A retrospective 

analysis from a large Chinese cohort. Urol Oncol. 2019 Apr;37(4):291.e19-

291.e28. 

59. Tai YS, Chen CH, Huang CY, Tai HC, Wang SM, Pu YS. Diabetes mellitus with 

poor glycemic control increases bladder cancer recurrence risk in patients with 

upper urinary tract urothelial carcinoma. Diabetes Metab Res Rev. 2015 

Mar;31(3):307-14. 

60. Ferro M, Chiujdea S, Vartolomei MD, Bove P, Porreca A, Busetto GM, Del 

Giudice F, Antonelli A, Foschi N, Racioppi M, Autorino R, Chiancone F, Longo 

N, Barone B, Crocetto F, Musi G, Luzzago S, Piccinelli ML, Mistretta FA, de 

Cobelli O, Tataru OS, Hurle R, Liguori G, Borghesi M, Veccia A, Greco F, Schips 

L, Marchioni M, Lucarelli G, Dutto D, Colucci F, Russo GI, Giudice AL, 

Montanari E, Boeri L, Simone G, Rosazza M, Livoti S, Gontero P, Soria F. 

Advanced Age Impacts Survival After Radical Nephroureterectomy for Upper 

Tract Urothelial Carcinoma. Clin Genitourin Cancer. 2023 Aug 11:S1558-

7673(23)00184-2. 

61. Huang Z, Xu R, Lv C, Zhong Z, Zhang L, Zhu L, Tang Y, Zhao X. A chronic 

obstructive pulmonary disease negatively influences the prognosis of patients 

with bladder urothelial carcinoma via hypoxia inducible factor-1α. Int J Clin Exp 

Med. 2014 Oct 15;7(10):3344-53. 



47 

 

62. Costantini A, Julie C, Dumenil C, Hélias-Rodzewicz Z, Tisserand J, Dumoulin J, 

Giraud V, Labrune S, Chinet T, Emile JF, Giroux Leprieur E. Predictive role of 

plasmatic biomarkers in advanced non-small cell lung cancer treated by 

nivolumab. Oncoimmunology. 2018 Apr 20;7(8):e1452581. 

63. Szarvas T, Hoffmann MJ, Olah C, Szekely E, Kiss A, Hess J, Tschirdewahn S, 

Hadaschik B, Grotheer V, Nyirady P, Csizmarik A, Varadi M, Reis H. MMP-7 

Serum and Tissue Levels Are Associated with Poor Survival in Platinum-Treated 

Bladder Cancer Patients. Diagnostics (Basel). 2020 Dec 31;11(1):48. 

64. Ansell A, Jerhammar F, Ceder R, Grafström R, Grénman R, Roberg K. Matrix 

metalloproteinase-7 and -13 expression associate to cisplatin resistance in head 

and neck cancer cell lines. Oral Oncol. 2009 Oct;45(10):866-71. 

65. Liu H, Zhang T, Li X, Huang J, Wu B, Huang X, Zhou Y, Zhu J, Hou J. Predictive 

value of MMP-7 expression for response to chemotherapy and survival in patients 

with non-small cell lung cancer. Cancer Sci. 2008 Nov;99(11):2185-92. 

66. Almendro V, Ametller E, García-Recio S, Collazo O, Casas I, Augé JM, Maurel 

J, Gascón P. The role of MMP7 and its cross-talk with the FAS/FASL system 

during the acquisition of chemoresistance to oxaliplatin. PLoS One. 

2009;4(3):e4728. 

67. Lynch CC, Vargo-Gogola T, Matrisian LM, Fingleton B. Cleavage of E-Cadherin 

by Matrix Metalloproteinase-7 Promotes Cellular Proliferation in 

Nontransformed Cell Lines via Activation of RhoA. J Oncol. 2010;2010:530745. 

68. Löffek S, Schilling O, Franzke CW. Series "matrix metalloproteinases in lung 

health and disease": Biological role of matrix metalloproteinases: a critical 

balance. Eur Respir J. 2011 Jul;38(1):191-208. 

69. Bolenz C, Knauf D, John A, Erben P, Steidler A, Schneider SW, Günes C, 

Gorzelanny C. Decreased Invasion of Urothelial Carcinoma of the Bladder by 

Inhibition of Matrix-Metalloproteinase 7. Bladder Cancer. 2018 Jan 20;4(1):67-

75. 

70. Lynch CC, Hikosaka A, Acuff HB, Martin MD, Kawai N, Singh RK, Vargo-

Gogola TC, Begtrup JL, Peterson TE, Fingleton B, Shirai T, Matrisian LM, 

Futakuchi M. MMP-7 promotes prostate cancer-induced osteolysis via the 

solubilization of RANKL. Cancer Cell. 2005 May;7(5):485-96. 



48 

 

71. Hsu WC, Li WM, Lee YC, Huang AM, Chang LL, Lin HH, Wu WJ, Li CC, Liang 

PI, Ke HL. MicroRNA-145 suppresses cell migration and invasion in upper tract 

urothelial carcinoma by targeting ARF6. FASEB J. 2020 Apr;34(4):5975-5992. 

72. Rasmussen HS, McCann PP. Matrix metalloproteinase inhibition as a novel 

anticancer strategy: a review with special focus on batimastat and marimastat. 

Pharmacol Ther. 1997;75(1):69-75. 

73. Almutairi S, Kalloush HM, Manoon NA, Bardaweel SK. Matrix 

Metalloproteinases Inhibitors in Cancer Treatment: An Updated Review (2013-

2023). Molecules. 2023 Jul 21;28(14):5567. 

74. Oka Y, Abe-Sato K, Tabuse H, Yasukawa Y, Yahara T, Nishimoto T, Kamitani 

M, Fukunaga T, Ochiai N, Kumasaka-Abe T, Hitaka K, Gunji E, Ohara H, Takeda 

T, Kojima N, Asami T. Discovery of TP0628103: A Highly Potent and Selective 

MMP-7 Inhibitor with Reduced OATP-Mediated Clearance Designed by Shifting 

Isoelectric Points. J Med Chem. 2024 Jan 25;67(2):1406-1420. 

 

 

 

 

 

 

 

 

 

 

 

 



49 

 

9. Bibliography of the candidate’s publications 

 

Related to the dissertation 

 

1. Kovács PT, Juhász D, Módos O, Kocsmár I, Terebessy A, Lotz G, Szarvas T, 

Nyirády P, Riesz P. A húgyhólyag-recidíva jellemzői felső üregrendszeri 

daganatos betegekben radikális ureteronephrectomia után [Characteristics of 

bladder recurrence after radical nephroureterectomy in upper urinary tract cancer]. 

Orv Hetil. 2020 May;161(21):881-888. 

IF: 0.54 (2020) 

2. Kovács PT, Mayer T, Csizmarik A, Váradi M, Oláh C, Széles Á, Tschirdewahn 

S, Krafft U, Hadaschik B, Nyirády P, Riesz P, Szarvas T. Elevated Pre-Treatment 

Serum MMP-7 Levels Are Associated with the Presence of Metastasis and Poor 

Survival in Upper Tract Urothelial Carcinoma. Biomedicines. 2022 Mar 

17;10(3):698. 

IF: 4.7 (2021) 

3. Széles Á, Kovács PT, Csizmarik A, Váradi M, Riesz P, Fazekas T, Váncsa S, 

Hegyi P, Oláh C, Tschirdewahn S, Darr C, Krafft U, Grünwald V, Hadaschik B, 

Horváth O, Nyirády P, Szarvas T. High Pretreatment Serum PD-L1 Levels Are 

Associated with Muscle Invasion and Shorter Survival in Upper Tract Urothelial 

Carcinoma. Biomedicines. 2022 Oct 13;10(10):2560. 

IF: 4.7 (2021) 

 

Not related to the dissertation 

 

1. Kovács PT, Kopa Zs. A merevedési zavarok korszerű szemlélete. Háziorvos 

Továbbképző Szemle. 2021 26(4), 277-281. 

2. Riesz P, Juhász D, Kovács PT, Vargha J, Szarvas T. Nem izominvazív 

húgyhólyagdaganatok lokális ellátása és szisztémás gyógyszeres kezelése [Local 

care and systemic drug treatment of non-muscle invasive bladder tumors]. Magy 

Onkol. 2021 Dec 7;65(4):313-317. 



50 

 

3. Széles Á, Fazekas T, Váncsa S, Váradi M, Kovács PT, Krafft U, Grünwald 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 Immunol 

Immunother. 2023 May;72(5):1061-1073. 

IF: 5.8 (expected IF value) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



51 

 

10. Acknowledgements 

 

First and foremost, I am profoundly grateful to Professor Péter Nyirády, the 

Director of the Department of Urology at Semmelweis University, for his support and 

guidance throughout the challenging journey of completing my doctoral thesis. A special 

appreciation goes to Semmelweis University for providing the necessary environment to 

finish my dissertation. 

I would like to express my sincere gratitude to my supervisors, Péter Riesz and 

Tibor Szarvas for their expert guidance at every stage of my study. 

I would like to extend my genuine thanks to my colleagues who encouraged me 

all way long and showed positive examples for me from the inception of my research 

projects. 

Finally, I am deeply grateful to my family for their unwavering understanding of 

the importance of this work and for their constant support and belief in me. 

 

Petra Terézia Kovács 


