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GENERAL INTRODUCTION

Urothelial cancer (UC) involves cancers emerging from the urinary bladder, ureters, and 
renal pelvis. Overall, most cases of UC originate and evolve from the bladder (90-95%). 
With 429,793 new diagnoses worldwide in 2012, bladder cancer is the seventh most 
common cancer in men and nineteenth most common in women, resulting in 123,051 
and 42,033 deaths in 2012, respectively (1). While UC is generally non-invasive at diag-
nosis, UC can progress to muscle-invasive disease. Approximately 30-40% of patients 
present with more advanced disease that invades the detrusor muscle of the bladder (2, 
3). For patients with locally advanced or metastatic UC, platinum-based chemotherapy is 
the mainstay of treatment. Initial response rates to chemotherapy are high (4), but long-
term remissions are found in only a small subset of patients with metastatic disease (5, 6). 
Over time, virtually all patients with metastasized disease and a substantial proportion 
of patients with locally advanced UC will eventually present with platinum-refractory 
disease. At this stage, benefit from standard therapeutic treatment lines is at best limited. 
Several chemotherapeutic agents have been tested in the platinum-refractory setting, 
demonstrating marginal response rates at the cost of substantial toxicity (7). However, 
the abysmal outlook of patients with more advanced disease stages has changed with 
the introduction of therapies targeting the immune system to fight tumors.

PD-1/PD-L1 and CTLA-4 immune checkpoints
An immune response directed against tumor cells is one of the body’s natural defenses 
against the growth and progression of cancer. However, over time and under pressure 
from immune elimination, cancer cells evolve and develop strategies to evade immune-
mediated killing (8), allowing them to develop and invade healthy tissues without inter-
ference. One such mechanism which cancer cells use involves upregulation of specific 
proteins (immune checkpoints) that deliver inhibitory signals to cytotoxic T cells. For 
example, programmed cell death ligand 1 (PD-L1) is upregulated broadly across cancers 
and is highly common within patient populations. PD-L1 is part of a complex system of 
receptors and ligands that are involved in controlling T-cell activation (9). PD-L1 acts at 
multiple sites in the body to help regulate normal immune responses and is utilized and 
exploited by tumors to evade detection and elimination by the host anti-tumor immune 
response (9). In the lymph nodes, PD-L1 on antigen-presenting cells binds to PD-1 or 
CD80 on activated T cells and delivers an inhibitory signal to the T cell (9, 10). This results 
in reduced T-cell activation and fewer activated T cells in circulation. In the tumor mi-
croenvironment, PD-L1 expressed on tumor cells binds to PD-1 and CD80 on activated 
T cells reaching the tumor. This delivers an inhibitory signal to those T cells, preventing 
them from killing target cancer cells and protecting tumors from immune elimination 
(11). Similarly, cytotoxic T-Lymphocyte Antigen 4 (CTLA-4), an activation-induced T-
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cell surface molecule, is a member of the CD28:B7 immunoglobulin superfamily that 
competes with CD28 for B7 (12). CTLA-4 mediated signals are inhibitory and dampen T 
cell-dependent immune responses by interference of the interaction of CTLA-4 with B7 
molecules on antigen presenting cells, primarily occurring in lymph nodes (12). 

Targeting the PD-1/PD-L1-axis in UC 
The first sign that PD-L1 inhibition could have potent activity in advanced bladder 
cancer patients originated from an expansion cohort of a phase 1 study testing atezoli-
zumab (MPDL3280A) (13). In this study, durable responses were found in patients heav-
ily pre-treated with chemotherapy. Responses were associated with PD-L1 positivity on 
immune cells based on immunohistochemistry (IHC), though responses were seen in 
all PD-L1 subgroups, including tumors displaying limited to no PD-L1. Results from the 
expansion cohorts were confirmed in a large Phase 2 trial. Here, 315 patients with ad-
vanced bladder cancer that progressed on or after platinum-based chemotherapy were 
treated with atezolizumab until loss of clinical benefit. In the overall study population, 
15% responded and ongoing responses were found in 84% of patients after a median 
follow-up of 11.7 months (14). In a phase 3 trial with pembrolizumab as second-line 
therapy for advanced urothelial carcinoma, durable responses were seen in heavily 
pre-treated patients. Here, 542 patients with advanced urothelial cancer that recurred 
or progressed after platinum-based chemotherapy were randomly assigned to receive 
pembrolizumab 200 mg every 3 weeks or the investigator’s choice of chemotherapy with 
paclitaxel, docetaxel, or vinflunine. Pembrolizumab was associated with significantly 
longer overall survival (by approximately 3 months) and with a lower rate of treatment-
related adverse events when compared to chemotherapy (15). Nivolumab monotherapy 
has shown to be effective in patients with recurrent metastatic bladder cancer as well. 
In the CheckMate 032 study, 86 patients with metastatic urothelial carcinoma were 
enrolled in the nivolumab monotherapy group of which 78 received at least one dose of 
treatment. A confirmed investigator-assessed tumor objective response rate (ORR) was 
achieved in 19 of 78 patients (24% ORR) (16). Another study with nivolumab (CheckMate 
275) in 270 patients progressing on or after platinum-based chemotherapy showed a re-
sponse in 19.6% of patients (17). In the phase I/II Study 1108, durvalumab monotherapy 
was tested in patients with locally advanced or metastatic urothelial cancer. A response 
rate of 20.4% was found in all evaluable patients (n=103) and 29.5% in patients whose 
tumors expressed PD-L1 (n=61) (18). While various immune checkpoint inhibitors (ICIs) 
have shown clinical activity in bladder cancer, pembrolizumab is the only compound 
showing significant survival benefit in a randomized phase III trial. The clinical activity to 
ICIs appears to increase when these therapies are given to first-line patients. In patients 
who are ineligible to receive cisplatin-based therapy, a generally more fragile patient 
population, the response rate to atezolizumab was 23% (+8% compared to second line 
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treatment (19). Similarly, a response rate of 24% was found in a trial testing pembroli-
zumab as first-line treatment in 370 cisplatin-ineligible UC patients (+8% compared to 
second line treatment) (20). Ongoing studies are also testing whether cisplatin-eligible 
patients may benefit from first-line ICIs when compared to cisplatin-based chemo-
therapy.

Although promising activity to anti-PD-L1/anti-PD-1 antibodies has been observed in 
patients with metastasized urothelial cancer, the majority of patients do not respond. 
Reasons for failure to respond to these agents could include insufficient priming of 
the immune system by cancer antigens and/or negative regulation of other steps in 
the “cancer immunity cycle” (21). The addition of anti-CTLA-4 treatment could prevent 
negative regulation of T-cell priming and thereby broaden and intensify the immune 
response to cancer antigens. 

Targeting CTLA-4 signaling in UC
Ipilimumab, a monoclonal antibody targeting CTLA-4, showed prolonged OS in two 
randomized trials in patients with advanced melanoma (22, 23). While PD-1 blockade 
induces higher response rates than CTLA-4 blockade in melanoma patients (24, 25), 
the depth of clinical responses (percentage of tumor load reduction) could be further 
enhanced by the combination of nivolumab and ipilimumab (26, 27). The response rate 
and progression-free survival was superior to ipilimumab or nivolumab monotherapy 
in a randomized phase 3 trial (28), and superior to ipilimumab in another randomized 
phase 2 trial (29). The combination of CTLA-4 plus PD-(L)1 blockade has also been tested 
in patients with platinum-refractory UC. In the Checkmate 032 trial, two schedules of 
ipilimumab and nivolumab were tested: 4 courses of either ipilimumab 1 mg/kg plus 
nivolumab 3 mg/kg (n=104) or ipilimumab 3 mg/kg plus nivolumab 1 mg/kg (n=92), 
followed by nivolumab monotherapy 3 mg/kg every 2 weeks. Response rates were 26% 
and 38.5%, respectively (30). Similar to melanoma, combination immunotherapy could 
potentially change the therapeutic landscape for UC patients. Metastatic UC patients 
with lymph node only disease, treated with frontline immunotherapy, appear to benefit 
most (20). Since responses to immunotherapy often appear to be durable, preopera-
tive immunotherapy treatment strategies may be an attractive neo-adjuvant treatment 
strategy and could potentially improve prognosis.

Preoperative immunotherapy in UC
Although muscle-invasive UC can be cured by surgery, recurrence rates are high. The 
5-year OS is only 45-55% for patients with pT3N0 tumors, and even worse for patients 
having pT4aN0 (35-45%) or pTxN+ (10-35%) tumors. Neo-adjuvant cisplatin-based 
chemotherapy induces impressive tumor responses, including a pathological complete 
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response (pCR) rate of 22-40% (31). However, the absolute benefit in terms of OS is only 
5% (32), at the cost of substantial toxicity. Given the high rate of distant recurrences, 
improvement of systemic treatment strategies is warranted in order to change the 
abysmal prognosis of operable UC, particularly for tumors having high-risk of recurrence 
(T3-4N0M0 or T1-4N1-3M0). 

A single-arm study (PURE-01 trial) testing pre-operative pembrolizumab in a cohort of 
cT2-4aN0 UC patients showed a pCR rate of 37% (33). In addition, a trial (ABACUS) test-
ing neo-adjuvant atezolizumab in a similar cohort of UC demonstrated a pCR rate of 31% 
(34), providing further confidence that pre-operative immunotherapy may be a viable 
treatment option. However, pathologic complete responses were primarily found in less 
advanced (cT2N0) tumors (34), whereas patients with more extensive disease (cT3-4N0) 
showed only limited pCR to anti-PD1 or anti-PD-L1. As patients with more extensive 
disease or local lymph node involvement have poor prognosis (20-50% OS) and are 
less likely to respond, a more intensive systemic treatment regimen can more easily be 
justified. Thus, combinations including anti-PD-1/anti-PD-L1 plus anti-CTLA might be an 
attractive treatment approach for high-risk resectable UC, as has been shown for UC and 
melanoma in the metastatic setting. 

Immunotherapy biomarkers in UC
Although the introduction of immunotherapy has changed the treatment landscape of 
UC, many patients do not experience clinical benefit to anti-PD-(L)1 alone or combined 
with anti-CTLA-4. Thus, there is an unmet need for biomarkers predicting response and 
survival. Potential biomarkers that have been investigated in UC are tumor mutation 
burden (TMB), tumor molecular subtypes and PD-L1 expression on tumor and immune 
cells (35). However, these markers have not been validated yet and the exact relation 
with tumor response rate and clinical outcome is still unclear. In addition, comparison 
of biomarker findings across trials is complicated by variability in biomarker assays 
(i.e. PD-L1 assessment) and heterogeneity in tumor tissue used to assess biomarkers. 
Heterogeneity in prior therapies and use of archival tissue (diagnostic tumor tissue vs 
metastasized tumor tissue) for biomarker development further cloud interpretation. 
Despite recent efforts, more knowledge on the tumor immune contexture is warranted 
to better understand the immunotherapy response in UC.

This thesis focuses on the outcome to immunotherapy in locoregional and metastatic 
urothelial cancer and biomarkers in the tumor-immune microenvironment that may 
inform outcome, ultimately enhancing cancer immunotherapy. Firstly, we discuss the 
outcome of urothelial cancer patients treated with checkpoint immunotherapy in the 
metastatic (Part I) and preoperative setting (Part II). Next, we focus on the UC tumor-
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immune microenvironment (Part III), as this may facilitate the discovery and develop-
ment of novel cancer immunotherapy as well as predictive biomarkers for immuno-
therapy response in UC. A comprehensive framework based on tumor- and host-specific 
parameters to better understand immunotherapy response in UC is also provided (Part 
III). An outline of this thesis and the corresponding parts is described below. 

THESIS OUTLINE

In Part I: chapter 2 and 3, the outcome of metastatic urothelial cancer patients treated 
with checkpoint immunotherapy is explored, as well as the efficacy of subsequent 
systemic therapy. In chapter 2, we retrospectively studied whether chemotherapy is 
still effective after progression to ICIs in metastatic UC. We first explore the response 
rates of chemotherapy in metastatic UC patients who progress after checkpoint inhibi-
tion. A subgroup comparison of the response rates of patients who received third-line 
treatment (following chemo- and ICI) and second-line treatment (after ICI only) was also 
performed. In chapter 3, we assessed the survival outcome and efficacy of subsequent 
systemic treatment (SST) after discontinuation of anti–PD-1/PD-L1 treatment in first-line 
and second-line UC using patient data from various patient (study)cohorts. First, we 
assessed the OS outcome of patients having SST or no SST after progressing to check-
point inhibitors. We also explored objective radiological response and progression-free 
survival to subsequent therapies after previous exposure to checkpoint inhibitors. 

In Part II: chapter 4 and 5, the feasibility, efficacy and outcome to preoperative com-
bination immunotherapy is explored, including a retrospective outcome comparison 
to preoperative chemotherapy. In chapter 4, we elaborate on a phase Ib single-arm 
trial that explored whether the addition of anti-CTLA-4 to PD-1 blockade is feasible 
as preoperative treatment in locoregionally advanced (stage III) UC. This is a patient 
population with more extensive disease, which showed limited response to anti-PD-1 
or anti-PD-L1 alone in previous studies, thus, justifying a more intensive treatment 
schedule with a higher toxicity profile. Furthermore, we performed exploratory analysis 
to study whether this combination treatment could broaden efficacy to tumors with 
only limited baseline CD8+ T cell immunity. Additionally, we assessed pretreatment B 
cell abundance and TLS dynamics, given the recently published studies correlating B cell 
and TLS presence to response. In chapter 5, we retrospectively compared the efficacy 
of anti-CTLA-4 plus anti-PD-1 to neoadjuvant/induction platinum-based combination 
chemotherapy in cohorts of locoregionally-advanced UC patients. For this assessment, 
the NABUCCO-patient cohort (anti-PD-1 + anti-CTLA-4) was compared to a cohort of 
stage-matched patients treated with preoperative platinum-based combination che-
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motherapy. Patients in both cohorts attended the Antoni van Leeuwenhoek bladder 
cancer clinic during the same time period. 

In Part III: chapter 6 and 7, we explore potential biomarkers in the UC tumor-immune 
contexture, and provide a comprehensive framework based on tumor- and host-specific 
parameters to better understand immunotherapy response in UC. In chapter 6, we 
describe the tumor immune landscape in UC slides by using (immunofluorescence)
staining and subsequent computational image analysis to better understand the com-
plex interplay between immune cells and tertiary lymphoid structures (TLS), given the 
importance for biomarker discovery. Firstly, we provide an overview of the UC immune 
landscape, followed by detailed assessment of the immune composition of tertiary 
lymphoid structures in untreated and immunotherapy-treated tumors. In chapter 7, a 
novel framework is proposed for UC (UC immunogram), based on accessible transla-
tional and clinical data. The UC immunogram describes various tumor and host-specific 
parameters that are needed for immunotherapy treatment to be successful. These seven 
parameters include tumor foreignness, immune cell infiltration, absence of inhibitory 
checkpoints, general performance and immune status, absence of soluble inhibitors, 
absence of inhibitory tumor metabolism, and tumor sensitivity to immune effectors. The 
UC immunogram can be used to better understand the complexity of the anti-tumor 
immune response in UC and to help prioritize biomarkers that should be prospectively 
tested in clinical studies. This might eventually lead to a multifactorial model that can 
better predict clinical responses to immunotherapy in UC.

In chapter 8, we provide a discussion on the most important findings and future direc-
tions.
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