UPPER
URINARY TRACT

UROTHELIAL
CARCINOMA

unravelling the molecular background
and clinical dilemmas

. .
/ = *
" S T
L ¥
¥

THOMAS VAN DOEVEREN



Upper Urinary Tract Urothelial Carcinoma
Unravelling the molecular background and
clinical dilemmas

Thomas van Doeveren



First print © 2025 Thomas van Doeveren

Produced by Proefschrifterij

/PROEF
SCHRIFTERIJ

www.proefschrifterij.nl

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system,
or transmitted, in any form or by any means, electronic, mechanical, photocopying, recording,
or otherwise, without prior permission from the author.

For this publication, wood from sustainably managed forests has been used, the production of
which is guaranteed not to have led to deforestation. Learn more about how we at Proefschrif-
terij approach sustainability at https://proefschrifterij.nl/en/printing/sustainability.

Printing of this thesis was financially supported by: Stichting Urologisch Wetenschappelijk
Onderzoek (SUWO), Stichting Wetenschappelijk Onderzoek Prostaatkanker Research (SWOP-
research), The Erasmus Foundation, ABN AMRO



Upper Urinary Tract Urothelial Carcinoma

Unravelling the molecular background and clinical dilemmas

Het urotheelcarcinoom van de hoge urinewegen
Het ontrafelen van de moleculaire achtergrond en
dilemma’s in de klinische praktijk.

Proefschrift
ter verkrijging van de graad van doctor aan de
Erasmus Universiteit Rotterdam
op gezagvan de
rector magnificus

Prof. dr.ir. A.J. Schuit

en volgens besluit van het College voor Promoties.
De openbare verdediging zal plaatsvinden op

Woensdag, 12 november 2025 om 13.00 uur
door

Thomas van Doeveren
geboren te Spijkenisse.

/6-2“‘/ 2
Erasmus University Rotterdam



PROMOTIECOMMISSIE

Promotor

Overige leden

Copromotoren

Paranimfen

Prof. dr. J.L. Boormans

Prof. dr. L.A. Kiemeney
Prof. dr. F.J. van Kemenade
Prof. dr. L.V. van de Poll-Franse

Dr. K.K.H. Aben
Dr. P.J. van Leeuwen

Drs. R. Boogaards
Drs. O.A. Welleman



“Now I’ve got a woman at home, she treats me well”

Ben Howard

“Prima, maar je weet je einddoel”

Familie van Doeveren



Chapter1
PART |

Chapter 2

PARTII

Chapter 3

Chapter 4

Chapter 5

PART Il

Chapter 6

Chapter 7

CONTENTS

General introduction
EPIDEMIOLOGY OF UTUC

Rising incidence rates and unaltered survival rates

for primary upper urinary tract urothelial carcinoma:

a Dutch population-based study from 1993 to 2017

MOLECULAR CHARACTERISTICS OF UTUC AND
INTRAVESICAL RECURRENCES

Synchronous and metachronous urothelial

carcinoma of the upper urinary tract and the bladder:

are they clonally related? A systematic review

The clonal relation of primary upper urinary tract
urothelial carcinoma and paired urothelial
carcinoma of the bladder

A deep-learning workflow to predict if upper tract
urothelial cancer protein-based subtypes can
support the identification of patients benefitting
from molecular testing

CLINICAL MANAGEMENT OF UTUC AND
INTRAVESICAL RECURRENCES

Reduce bladder cancer recurrence in patients
treated for upper urinary tract urothelial
carcinoma: the REBACARE-trial

Intravesical instillation with chemotherapy before
radical surgery for upper urinary tract urothelial
carcinoma: the REBACARE trial

21

51

85

105

151

177



Chapter 8

PART IV
Chapter 9

Chapter 10

PART YV

Short-term changes in Health-Related Quality of
Life of patients undergoing radical surgery for
upper urinary tract urothelial carcinoma: results
from a prospective phase Il clinical trial

GENERAL DISCUSSION
General discussion and future perspectives

Perfectionism: proposal for a future study following
the REBACARE-trial

APPENDICES

Summary

Nederlandse samenvatting
List of publications

About the author

PhD portfolio

List of abbreviations
Dankwoord

207

233

255

262
265
269
273
274
276
278






GENERAL
INTRODUCTION




Chapter 1

Upper urinary tract urothelial carcinomas (UTUC) are relatively uncommon in
comparison to carcinomas affecting the lower urinary tract, predominantly
manifested as urothelial bladder carcinoma (UBC) [1]. Consequently, a paucity
of common knowledge and literature regarding UTUC exists. Historically, it
was deemed acceptable to extrapolate research findings considering UBC to
UTUC. However, it is increasingly evident that, while UTUC and UBC do indeed
share certain biological and molecular characteristics, noteworthy distinc-
tions in genetics, therapeutic approaches, disease progression, and outcomes
exists [2-4]. Fortunately, there is an expanding body of literature dedicated to
comprehensively understanding UTUC as a distinct entity where this thesis
contributes to the exploration of the latest developments on UTUC.

Upper urinary tract

UTUCs are neoplasms originating in the renal pelvis (the expanded funnel-
shaped area in the kidneys collecting the urine) or ureter;i.e. the upper urinary
tract. The majority of these tumors arise from the urothelium cell layer which
covers the entire urinary tract and are therefore classified as urothelial carci-
nomas. The urothelium cell layer lines the interior of the urinary tract and
serves as a natural barrier to prevent leakage of urine and solutes during peri-
ods of expansion or contraction. A muscle layer, underneath the urothelium,
facilitates these contractions which are needed for peristalsis to transport the
urine to the bladder. This muscle layer is less pronounced in the upper urinary
tract compared to the well-developed muscle layer of the bladder (detrusor
muscle). This difference can be attributed primarily to the distinct functions of
the bladder, which are storage and voiding. In determining the stage of carci-
noma development within the urinary tract, the muscle layer plays a pivotal
role.

Upper urinary tract urothelial carcinoma

The majority of UTUC patients present with symptoms like hematuria (58%)
and/or flank pain (19%); but one-third of the patients are diagnosed incidentally
following imaging procedures performed for unrelated clinical reasons [5,6].
This is an important factor underlying the common delay in diagnosing UTUC
and contributes to the fact that over 50% of UTUC patients present with invasive
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disease [7-9]. The work-up in the diagnosis of UTUC encompasses imaging, pref-
erably using CT-urography, along with a cystoscopy (to rule out bladder carci-
noma), and (selective) cytology (examination of a single cell type of clusters of
cells in fluid i.e. cancer cells). To confirm a histological diagnosis, the European
Association for Urology (EAU) recommends the performance of a ureterorenos-
copy (URS) to visualize a suspected UTUC and, if feasible, to incorporate a bi-
opsy [1]. After diagnosis of UTUC, the disease stage is determined by the Tumor,
Node, and Metastasis classification system for UTUC, described in Table 1 [10].
Despite extensive diagnostics preoperative risk stratification of patients re-
mains a challenge, due to the limited accuracy of CT-urography in detecting
non-muscle invasive UTUC and the high risk of understaging regarding biopsies
taken during URS [11,12].

Management strategies for localized UTUC

A radical nephroureterectomy (RNU) represents the standard treatment for
patients with non-metastatic UTUC (Figure 1) [1]. This surgical procedure en-
tails the en bloc removal of the kidney and ipsilateral ureter, including the
bladder cuff. RNU can be performed via open surgery or less invasive tech-
nigues such as laparoscopic or robot-assisted. A critical component of RNU in-
volves excising the distal ureter along with a 1 cm margin around the ureteric
orifice; the bladder cuff [13,14]. In highly selected cases, involving low-risk
UTUC-patients (unifocal disease, tumor size <2cm, cytology negative for high-
grade tumor, low-grade biopsy, and no invasive aspect on CT-scan), kidney-
sparing surgery (endoscopic removal or distal ureterectomy) may be consid-
ered. In patients with non-metastatic UTUC, it is recommended to contem-
plate a lymph node dissection (LND) following a specific template, as it may
enhance survival for those with invasive UTUC [15].
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Table 1. TNM classification of upper tract urothelial carcinoma.
T - Primary Tumor

Tx Primary tumor cannot be assessed

TO No evidence of primary tumor

Ta Non-invasive papillary carcinoma

Tis Carcinoma in situ

T1 Tumor invades subepithelial connective tissue

T2 Tumor invades muscularis

T3 Renal pelvis: Tumor invades beyond muscularis into peripelvic fat or renal paren-
chyma
Ureter: Tumor invades beyond muscularis into periureteric fat

T4 Tumor invades adjacent organs or through the kidney into perinephric fat

N - Regional lymph nodes

Nx Regional lymph nodes cannot be assessed

NO No regional lymph node metastasis

N1 Metastasis in a single lymph node 2 cm or less in the greatest dimension

N2 Metastasis in a single lymph node more than 2 cm, or multiple lymph nodes

M - Distant metastasis
MO No distant metastasis
M1 Distant metastasis

For high-risk locally advanced UTUC, chemotherapy might be considered.
Neo-adjuvant chemotherapy (NAC) is preferred since RNU can impair the post-
surgical kidney function which is essential for receiving chemotherapy. How-
ever, as previously mentioned, preoperative risk stratification for UTUC and
patient-selection for administering NAC remains challenging. Recently, the
POUT trial examined the effectiveness of adjuvant chemotherapy initiated
within 90 days following RNU and showed a significantly improved disease-
free survival compared to RNU alone [16]. Subgroup analyses demonstrated a
benefit for patients without lymph node involvement, negative surgical mar-
gins, and pT-stage T3/T4. The standard follow-up protocol for all UTUC patient
consists of regular CT scans, cystoscopies, and urine cytology

Intravesical recurrences

After surgical treatment for UTUC 22-47% of patients will be diagnosed with in-
travesical recurrences (IVR), of which 70% of cases is diagnosed within one year
following surgery [13,17,18]. Two hypotheses have been proposed to explain the
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development of IVR. The first hypothesis states that carcinogenic hits, such as
smoking, affect the entire urinary tract, leading to the development of multiple,
independent tumors [19]. The second hypothesis posits that ‘seeds’ of tumor
cells originating from the primary UTUC implant in the bladder, resulting in IVR.
A meta-analysis has identified multiple significant clinical predictors for devel-
oping IVR, some of which further validate the theory of seeding [20,21]. These
predictors include a history of previous bladder cancer, positive preoperative
urinary cytology, tumor location in the distal ureter, tumor multifocality, inva-
sive pT-stage, tumor necrosis, laparoscopic surgery, and positive surgical mar-
gins [22]. There is level 1 evidence indicating that a single post-operative dose
of intravesical chemotherapy reduces the risk of IVR, with an absolute risk re-
duction of 13% [18,23,24]. However, concerns regarding the risk of adverse
events resulting from chemotherapy extravasation remain, leading to a reluc-
tance to administer chemotherapy instillation. Extravasation of highly concen-
trated MMC (40mg) can result in long-lasting tissue injury, including fat necrosis
and delayed healing.

Scope of this thesis

This thesis explores the molecular background, clinical challenges, and ad-
vancements in the treatment of UTUC and subsequent IVR. First, the incidence
and survival rates of UTUC in the Netherlands was examined (Chapter 2). Then
the focus was on deepening our understanding of the biological and molecular
mechanisms underlying the development of IVR subsequent to UTUC surgery
(Chapter 3,4, and 5). Next, strategies were investigated to reduce IVR following
UTUC surgery by evaluating the efficacy of a preoperative single intravesical
instillation of chemotherapy in the REBACARE trial, instead of the conven-
tional postoperative approach (Chapter 6 and 7). Finally, this thesis concludes
with an assessment of health-related quality of life outcomes in patients un-
dergoing radical surgery for UTUC (Chapter 8).
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Figure 1. Flow chart for the management of UTUC. Based on the EAU Guideline 'Upper

Urinary Tract Urothelial Cell Carcinoma 2024'.
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ABSTRACT

Aim: To assess trends in incidence, disease management and survival of upper
urinary tract urothelial carcinoma (UTUC) in the Netherlands.

Materials and methods: Patients diagnosed with primary UTUC in the Neth-
erlands between 1993 and 2017 were identified through the population-based
Netherlands Cancer Registry (NCR). Patient- and tumor characteristics as well
asinformation on treatment and vital status were retrieved from the NCR. Age-
standardized incidence rates were calculated stratified by age, gender, calen-
dar-period and disease stage. Relative survival served as approximation for
cancer-specific survival.

Results: We identified 13,314 patients with primary UTUC. The age-standard-
ized incidence rate increased from 2.0 in 1993 to 3.2 per 100,000 person-years
in 2017, without change in gender distribution. The increase in incidence holds
for all disease stages except organ-confined (T1-T2) disease. The most promi-
nentincrease was in superficial (Tis/Ta) and metastatic (M+) UTUC; from 0.6 to
1.2 and 0.1 to 0.4 per 100,000 person-years, respectively. The 5-year relative
survival did not change over time; 57.0% (95% Confidence Interval: 55.9-58.1).
Applied treatments were largely the same over the study period, although
fewer radical nephroureterectomies and more kidney-sparing surgeries were
performed in the most recent years. The use of perioperative intravesical
chemotherapy had modestly increased.

Conclusion: Between 1993 and 2017, the age-standardized incidence of pri-
mary UTUC in the Netherlands has increased by more than 50%, but the rela-
tive survival of UTUC patients remained unchanged. Preventive measures
against exposure to risk factors, early detection of disease, and more effica-
cious treatment modalities are needed to improve outcomes of patients with
UTUC.

Keywords: upper urinary tract, urothelial carcinoma, incidence, survival,
treatment, epidemiology
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Rising incidence rates and unaltered survival rates for primary upper urinary tract
urothelial carcinoma: a Dutch population-based study from 1993 to 2017

INTRODUCTION

Upper urinary tract urothelial carcinoma (UTUC) is a rare entity, with an inci-
dence of 1-2 cases per 100,000 person years in Western countries [1]. It is less
common than urothelial carcinoma of the bladder (UBC); only 5 to 10% of all
urothelial carcinomas are located in the upper urinary tract (UUT).

The principal environmental risk factor for developing UTUC is tobacco use [2].
Genetic factors also play a role as UTUC is the second most common diag-
nosed extra-colonic cancer within the spectrum of Lynch syndrome [3]. Hema-
turia and flank pain are the most frequent presenting symptoms, although
many patients present without symptoms [3-5]. A Computed Tomography
(CT) Urography is recommended as the standard diagnostic and staging mo-
dality, which has replaced Intravenous Pyelography (IVP) [6, 7]. To obtain a
histological diagnosis and more definite risk stratification, the European Asso-
ciation of Urology (EAU) recommends a diagnostic ureterorenoscopy (URS)
with biopsy of the tumor [1]. Although URS techniques have improved, accu-
rate tumor staging by diagnostic biopsies carries a high risk of understaging.
Rojas et al. reviewed 137 biopsies obtained by URS in 81 patients and showed
that the radical nephroureterectomy (RNU) specimen was discordant for tu-
mor stage in 57% of cases [8]. Hence, preoperative risk stratification of pa-
tients with suspected UTUC remains a challenge.

RNU with bladder cuff excision is the recommended treatment for patients
with non-metastatic UTUC. For low-risk UTUC, however, kidney-sparing sur-
gery (KSS) seems to be a feasible alternative [9]. Following RNU, 22-47% of the
patients develop a UBC within the first two years after surgery. A single post-
operative intravesical instillation with chemotherapy significantly reduces the
risk of a future UBC and is therefore recommended in current clinical guide-
lines [1]. Conversely to UBC, (neo)adjuvant chemotherapy is rarely applied in
UTUC patients, although the improved survival by adjuvant chemotherapy fol-
lowing RNU from the recently reported POUT-trial might change that in the
future [10].
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To uncover any progress in the clinical management and outcome of patients
with UTUC, we performed a population-based study and evaluated trends in
incidence, disease management and survival of patients diagnosed with UTUC
in the Netherlands from 1993 to 2017.

MATERIAL AND METHODS

Patients diagnosed with primary UTUC between 1993-2017 were identified
through the Netherlands Cancer Registry (NCR). The NCR is a nationwide pop-
ulation-based registry held by the Netherlands Comprehensive Cancer Organ-
ization since 1989. The NCR receives notifications of newly diagnosed cancers
from the nationwide network and registry of histo- and cytopathology
(PALGA). An annual linkage to the national hospital discharge registry is per-
formed to identify non-histologically confirmed cancers. Patient, tumor, and
treatment information is retrieved from patients’ electronic patient files by
well-trained data managers. The vital status of patients is updated each year
by linkage to the Personal Records Database, which keeps information on vital
status of all Dutch residents.

Information on patient and tumor characteristics, as well as applied therapies,
was extracted from the NCR. The diagnosis of UTUC was defined as Interna-
tional Classification of Disease for Oncology (ICD-0-3); C65.9 (renal pelvis) and
C66.9 (ureter) [11]. Tumor stage was defined according to the 7" edition of the
International Union Against Cancer Tumour-Node-Metastasis (TNM) classifica-
tion, as this classification has not changed between 1993 and 2017 [12]. Pa-
tients having histology other than UCC were excluded (n = 327). For patients
diagnosed with bilateral metachronous UTUC, only the primary tumor was in-
cluded in the analysis.

Included patients were categorized into six disease stage groups, based on patho-
logical TNM stage, supplemented with clinical TNM stage if histological confirma-
tion of the primary tumor or metastasis could not be retrieved: i) superficial (Tis-
TaNOMO), ii) organ-confined (T1-T2NOMO), iii) non-organ confined (T3-T4NOMO),
iv) nodal metastatic (N+), v) distant metastatic (M+), and vi) unknown (TxNxMx).
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Five calendar periods were defined based on the date of diagnosis; 1993-1997,
1998-2002, 2003-2007, 2008-2012, and 2013-2017. Treatment modalities were
identified and grouped; RNU, KSS, surgery not otherwise specified (NOS), radio-
therapy only, chemotherapy only, palliative chemotherapy plus radiotherapy, im-
munotherapy, instillation topical therapy UUT only, other therapy and no ther-
apy. The group ‘no therapy’ consisted of patients who received active surveillance
or best supportive care. Asinformation on applied therapies was not recorded un-
til 2005, analyses involving applied therapies were limited to patients diagnosed
from 2005 onwards. Please note that during the period 2005-2008 a transition
from general terminology for treatment to more specified terminology took place.

Statistical analysis

Age-standardized incidence rates using the 1976 European standard popula-
tion expressed as the number of new cases per 100,000 person years (ESR),
were calculated and analyzed according to year of diagnosis, gender, age at
diagnosis, and stage of disease. Trends in incidence were presented by 3-years
moving averages. The Estimated Annual Percentage of Change (EAPC) was cal-
culated to evaluate changes over time.

Follow-up was defined as time from the date of primary diagnosis until date of
death, emigration or last follow up. Relative survival was calculated as an ap-
proximation of disease-specific survival and was defined as the ratio of ob-
served and expected survival [13]. Expected survival was calculated by the
Ederer Il method, using age, sex and calendar year specific life tables of the
Dutch general population [14]. Relative survival rates were age-standardized
by the International Cancer Survival Standard [15].

To evaluate trends in survival over time, relative survival was modelled using
a generalized linear model assuming a Poisson distribution for the observed
number of deaths. Significance of linear trends was obtained with pyena-values
from a likelihood ratio test comparing a model including the midpoint of the
five calendar periods and a model without calendar periods. Statistical anal-
yses were performed using SAS version 9.4 and STATA version 16.1.
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RESULTS

Patient and tumor characteristics

We identified 13,314 patients with diagnosed primary UTUC. The median age
at diagnosis had increased from 70 to 72 years over the 1993-2017 period (Ta-
ble 1). Gender distribution had remained unchanged with a 2:1 male to female
ratio across all five-time periods. Histological proof of the primary UTUC had
been obtained in 94.8% of the 1,823 patients diagnosed during the 1993-1997
period, versus 83.9% of the 3,876 patients diagnosed during the 2013-2017 pe-
riod. The proportion of histologically proven metastases had increased from
0.6% to 4.7%. Overall, the decrease of histologically proven primary or meta-
static UTUC was 6%. The distribution of low-, intermediate- and high-grade
UTUC changed over time, with more high grade/CIS in recent years

Incidence

The ESR of UTUC had increased from 2.0 in 1993 to 3.2 per 100,000 person
years in 2017, equivalent to an EAPC of 1.8% (p<0.01). See Figure 1 for the in-
cidence rates of UTUC from 1993 to 2017 in the Netherlands, visualized as 3-
year moving averages. In absolute numbers, this increase corresponded with
adoubling of UTUC diagnoses - from approximately 400 in 1993 to 800 in 2017.
This trend was irrespective of gender. The increase in incidence was most
prominent in patients with a urothelial carcinoma of the ureter, i.e. EAPC ure-
ter 2.4% (p<0.01) vs. renal pelvis 1.5% (p<0.01) (Suppl. Fig. S1). The incidence
of UTUC in patients aged younger than 60 years had remained stable over time
but had increased in the older age groups (Suppl. Fig. S2). Stage-stratified
analyses showed a statistically significant increase in incidence across all tu-
mor stages, except for organ-confined disease (Figure 2). The increase of the
ESR was most prominent for metastatic UTUC: from 0.1 to 0.4 (EAPC 5.5%;
p<0.01). For superficial UTUC, the ESR increased from 0.6 in 1993 to 1.2 (EAPC
2.7%; p<0.01) in 2017, with a steep increase from 2004 onwards. The age-
standardized incidence rates based on the more recent 2013 European stand-
ard population, second edition, are visualized in the supplementary (Figure
$3-S6).
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Treatment

Between 2005 and 2017, RNU remained the most applied treatment modality
(Table 2), although the proportion of patients who received RNU decreased
from 72.3% of the 2,181 patients (2005-2008) to 62.9% of the 3,876 patients
(2013-2017). The proportion of patients who received KSS more than doubled
from 2005; from 6.0% to 13.6%. The number of lymph node dissections per-
formed in combination with RNU remained limited; 9.3% (2005-2008) versus
11.8% (2013-2017). (Neo)adjuvant chemotherapy was hardly applied, but the
use of postoperative intravesical instillations with chemotherapy had consid-
erably increased; from 2.2% (2005-2008) t0 9.7% (2013-2017).

Survival

The 5-year relative survival was 57.0% (95% confidence interval (Cl) 55.9-58.1)
and had not changed over time (pgend = 0.05) (Figure 3). Tumor stage-specific
analysis showed no improvement in survival of patients diagnosed with super-
ficial (p wena = 0.96) or organ-confined (prend = 0.82) disease from 1993 to 2017,
with a 5-year relative survival of 85.7% (95% Cl 83.9-87.3) and 69.6% (95% Cl
67.6-71.6), respectively. For patients diagnosed with non-organ confined UTUC,
the 5-year survival had modestly improved from 35.6% (Cl 29.8-41.4) to 43.6%
(C137.7-49.3) (prrena = 0.05). The 1-year and 3-year survival for patients diagnosed
with nodal metastatic UTUC had increased from 36.3% (95% Cl 26.5-46.3) to
57.8% (95% Cl 52.3-62.9) (Ptrena = 0.03) and 16.5% (95% C1 9.2-25.6) to 31.9% (95%
Cl 24.7-39.2) (p wena < 0.01), respectively. For distant metastatic disease, the 1-
year relative survival had increased from 11.3% (95% CI 5.9-18.6) to 24.3% (95%
Cl 19.4-29.4) (pwenda = 0.29). Tumor grade-specific analysis for superficial UTUC
showed a difference in the 5-yearr survival, as seen in figure 4.

DISCUSSION

In this nationwide, population-based study on 13,314 primary UTUC patients in
the Netherlands, we found a significant increase in age-standardized incidence;
i.e., from 2.0 to 3.2 cases per 100,000 person years from 1993 to 2017. The litera-
ture on the incidence of UTUC is scarce, studies are often not population-based
and mostly reflect different time periods, which hampers adequate comparison
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with the results of this study. An Australian study reported a stable age-stand-
ardized incidence rate between 2001-2011 [16]. Another study from Australia
confirmed this observation and did also not find an increase in incidence for the
period 1977-2003 [17]. Using the Surveillance, Epidemiology, and End Results
(SEER)-database, Raman et al., reported a slight increase from 1.88 in 1973 to
2.06 cases per 100,000 person years in 2005 in the USA [18]. Based on this SEER-
database, a more recent study covering the period from 2004 to 2016, showed a
decrease from 1.3 to 1.1 cases per 100,000 person years. However, pTa and pTis
UTUC were not included [19]. Two other population-based studies, one con-
ducted in the UK and one in Denmark, describing the periods 1985-2009 and
1944-2003, respectively, also found an increase in UTUC incidence [20, 21]. The
most recent publication on trends in the incidence of UTUC was based on the
Norwegian cancer registry, which reported a similar trend over time as we found
in our study; an increase in incidence from 3.21 to 4.71 per 100,000 person years
during the period 1999 to 2018 [22].

Although the ageing of the population contributes to the increase in the abso-
lute number of patients diagnosed with UTUC, ageing does not explain the in-
crease in the age-adjusted incidence. As smoking is the most important risk
factor for both UTUC and UBC and smoking habits declined over the last dec-
ades, one could have expected a decrease in the trends in incidence for UTUC,
as described for UBC [23]. However, an explanation for the discrepancy in
trends in incidence between UBC and UTUC might be that UTUC develops
slower than UBC, as the UUT has no storage function whereas the bladder has.
Consequently, the urothelium of the UUT is less intensely exposed to carcino-
genic toxins and incidence rates may lag behind on those of UBC.

The most important factor affecting the rising incidence of UTUC is the more
extensive use of cross-sectional imaging in clinical practice. As approximately
one third of UTUC are incidental findings, the degree of abdominal imaging in
clinical practice directly impacts incidence numbers [24]. In addition, the sen-
sitivity of CT-urography for the detection of UTUC has shown to be superior to
conventional IVP (96% versus 50-61%) [25-27]. In 2011, the EAU recommended
CT-imaging as the preferable diagnostic modality for UTUC instead of IVP [28].
The release of the first EAU guidelines on UTUC in 2004 had probably already
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raised awareness on this disease [29]. Hence, growing awareness, improved
imaging techniques and consensus in the diagnostic work-up for UTUC might
have contributed to the increase in incidence.

The better diagnostic accuracy of CT-imaging of the UUT, in combination with
enhanced quality of flexible diagnostic URS and selective urinary cytology,
might also be an important contributor to the stage migration from organ-
confined towards a higher proportion of diagnosed superficial UTUC from
~2005 onwards [7, 30]. After the introduction of Multidetector CT (MDCT) urog-
raphy, correct staging of UTUC improved from 59.5% to 87.5% [31, 32]. The
increase in the incidences of nodal and metastatic disease, also reported by
Ruvolo et al., might also be attributed to better diagnostic accuracy of CT-im-
aging, asrecommended by the EAU since 2011 [19, 28, 29]. For detecting lymph
node involvement, MDCT has a reported sensitivity of 87.5% and specificity of
98% [33]. For FDG-PET/CT, the sensitivity rate of 50% as reported for MDCT for
detecting distant metastases even improved to 85% [34]. The observed
‘grade’-migration towards a higher proportion of patients diagnosed with
TaG3/Tis tumors might be explained by a better awareness among
pathologists and urologists on tumor grade as prognostic factor for this stage
category [35]. With the applicability of kidney sparing surgery in recent years,
it has become more important to find concordance on tumor grade for super-
ficial tumors prior to treatment. For carcinoma in situ, however, detection by
imaging and ureterorenoscopy remains challenging and a ‘paradigm shift’ is
needed [36].

The 5-year relative survival had notimproved over the 25-year time period in the
Netherlands. This is in line with reported findings in other countries. An Austral-
ian population-based study including 722 patients described a stable 5-year rel-
ative survival of 30% (2001-2006) and 36% (2007-2011) [16]. A nationwide study
from the UK, which included patients diagnosed between 1985 and 2010,
showed a decline in the 5-year relative survival from 60% to 48% [20]. Eylert et
al. speculated that this might be explained by a sharp rise in incidence for pa-
tients > 80 years, and that likely more deaths were attributed to UTUC since
more cross-sectional imaging was used. Adibi et al. also described a stable 5-
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year cancer specific survival from 1983 to 2007 in patients all treated by RNU[37].
A Canadian study reported a similar relative 5-year survival as we observed (i.e.
57% in both studies) in 830 UTUC patients between 1995-2004 [38]. Contrary,
the 5-year cancer-specific survival in Norway improved between 1999 and 2018
from 57.4% to 65.4% [22]. Although information on adjuvant treatment regard-
ing UTUC was limited, the authors stated that this improvement might be ex-
plained by the increased use of perioperative chemotherapy and the introduc-
tion of immunotherapy in recent years. A conclusion that cannot be confirmed
within our cohort.

One might expect that the observed shift towards superficial UTUC should
have improved the survival for the entire cohort in our study. However, the
concomitant increase of patients diagnosed with advanced UTUC and in-
creased number of high grade superficial UTUC seemingly has compensated
this expected gain. The increased incidence in the older age groups might also
have contributed to this lack of improvement in survival as with increasing age
the survival decreases. Older patients are less likely to undergo surgical treat-
ment, and are often not eligible for chemotherapy. Noteworthy, due to an in-
crease in absolute number of patients diagnosed with UTUC, an increasing
number of deaths is attributed to UTUC annually. The improved stage-specific
survival we found for non-organ confined, nodal and distant metastatic UTUC
patients is probably the result of stage-migration [39]. As imaging techniques
have become more sensitive for the detection of small metastases before they
become clinically apparent, both (micro)metastatic and non-metastatic pa-
tients are staged more accurately. This stage-shift eventually leads to an im-
proved survival in all three stage-groups.

Our finding that treatment approaches had remained largely the same, isin line
with the unchanged survival. The shift to more KSS in recent years can probably
be ascribed to the discrimination of low- and high-risk UTUC recommended by
the EAU guidelines since 2011, in combination with improved equipment and
techniques to perform KSS [28]. In combination with the improved detection of
superficial, low-grade tumors, promising recent techniques, such as chemo-
ablation and laservaporisation of UTUC, most likely will increases the use of KSS
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[40, 41]. The significant increase we found in the use of perioperative intravesi-
cal chemotherapy in recent years, is in line with the 2015 EAU guidelines on
UTUC, which recommended a post-operative bladder installation of chemo-
therapy to reduce the risk of a future intravesical recurrence [42-44].

Limitations

The Netherlands Cancer Registry allows us to evaluate trends over time in in-
cidence, treatment and survival of a rare entity as UTUC. Data in the NCR is
collected by well-trained data managers applying (inter)national coding rules
leading to a high quality and uniform registration. However, information on
causes of death is not available in the NCR. Thus, we could not calculate can-
cer-specific survival rates, and had to resort to the relative survival as an ap-
proximation of the cancer specific survival. As smoking is an important risk
factor for the development of UTUC, the relative survival might slightly be
overestimated as background mortality due to smoking is underestimated. On
the other hand, UTUC as cause of death might have been wrongfully scored as
death due to kidney cancer in death certificates, which also would have af-
fected survival rates. We had to limit the analyses concerning changes in treat-
ment to the period from 2005 onwards as specific treatment information in the
NCR was only available from that time point. At last, within the NCR tumors
with predominantly UCC are registered as UCC, regardless of the presence of
a minor component of aberrant histology component. Therefore, this would
have had a negligible influence on survival.

CONCLUSION

In conclusion, the age-standardized incidence of UTUC in the Netherlands has in-
creased with more than 50% over the past decades. A stage shift towards superfi-
cial UTUC has occurred. A concomitant increase was seen in the proportion of pa-
tients with advanced disease as well. Improved quality and increased utilization
of imaging techniques for the upper urinary tract might have contributed to these
observed trends. The relative survival has notimproved, which corresponds to the
overall lack of changes in therapies, although more patients received KSS and
perioperative intravesical chemotherapy in recent years. Effective prevention
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strategies, earlier detection and new, more effective treatment modalities are re-
quired to achieve progress in the care for UTUC patients.
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FIGURE LEGENDS

1.

Figure 1. European standardized rates and absolute number of pa-
tients diagnosed with primary UTUC in the Netherlands from 1993 till
2017 (3-year moving average)

Figure 2. European standardized rates of patients diagnosed with pri-
mary UTUC in the Netherlands from 1993 till 2017 stratified by disease
stage (3-year moving average)

Figure 3. The 1-yr, 3-yr and 5-yr relative survival, including 95% confi-
dence intervals (Cl), of patients diagnosed with primary UTUC strati-
fied by time period (panel A) and stratified by disease stage; B) super-
ficial (Tis-Ta) disease; C) organ-confined (T1-T2) disease; D) non-organ
confined (T3-T4) disease; E) nodal metastatic (N+) disease; F) distant
metastatic (M+) disease

Figure 4. Relative survival, including 95% confidence intervals (Cl), of
patients diagnosed with primary superficial UTUC stratified by tumor
grade WHO1973; TaG1, TaG2, TaG3/Tis and unknown.

SUPPLEMENTARY
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1.

Figure S1. European standardized rates of 13,314 patients diagnosed
with primary UTUC in the Netherlands from 1993 till 2017 stratified by
tumor location; renal pelvis versus ureter (3-year moving average)
Figure S2. European standardized rates of 13,314 patients diagnosed
with UTUC in the Netherlands from 1993 till 2017 stratified by age (3-
year moving average)

Figure $3-S6. Incidence rates of patients diagnosed with primary
UTUC in the Netherlands form 1993 till 2017 based on the European
Standard Population (ESP) 2013, second edition
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Table 1: Patient and tumor characteristics of 13,314 patients diagnosed with UTUC
between 1993 and 2017 in the Netherlands.

Variable 1993- 1998- 2003- 2008- 2013-
1997 2002 2007 2012 2017
N=1823 N=1985 N=2419 N=3211 N=3876
Age (years), median (IQR) 70 70 71 72 72
(63-76) (62-77) (63-77) (64-79) (65-78)
Gender, %
Male 66.8 67.5 66.4 67.6 67.2
Female 33.2 325 33.6 324 32.8
Diagnose based on, %

Histologically proved UTUC 94.8 93.2 89.7 87.0 83.9

Histologically proved 0.6 0.8 1.5 2.9 4.7

metastases

Urinary cytology 2.8 3.4 4.9 5.1 5.9

Clinical assessment 1.9 2.7 3.9 5.0 5.5

Location of UTUC, %
Renal pelvis 57.1 58.6 56.9 56.9 54.2
Ureter 42.9 41.4 43.1 43.1 45.8
Disease stage, %

Superficial (Tis-Ta) 30.6 30.5 28.9 33.0 36.1
TaGl 34.4 26.9 22.9 26.8 27.5
TaG2 443 48.1 52.2 50.4 47.2
TaG3/Tis 6.5 11.1 12.3 13.9 16.8
Unknown 14.8 139 12.6 8.9 8.5

Organ-confined (T1-T2) 324 28.6 29.3 25.3 19.9

Non-organ confined (T3-T4) 19.7 21.2 20.4 18.7 18.6

Nodal metastases (Tany N+ 5.6 7.9 8.1 9.0 8.3

MO)

Distant metastases (Tany 5.3 7.2 9.3 9.2 11.8

Nany M+)

Unknown (TxNxMx) 6.4 4.6 4.0 4.8 5.2

UTUC = upper urinary tract urothelial carcinoma
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Table 2: Distribution of applied therapies by calendar period in patients diagnosed
with primary UTUC in the Netherlands between 2005-2017

Variable 2005-2008 2009-2012 2013-2017
N=2181 N =2584 N = 3876
N % N % N %
Radical nephroureterectomy 1576 72.3 1884 72.9 2439 62.9
Plus neoadjuvant chemotherapy 12 0.8 22 1.2 48 2.0
Plus adjuvant chemotherapy 43 2.7 31 1.6 43 1.8
Plus intravesical chemotherapy 34 2.2 46 2.4 236 9.7
Plus lymph node dissection 146 9.3 171 9.1 287 11.8
Kidney Sparing Surgery 131 6.0 183 7.1 529 13.6
Surgery, not otherwise specified 108 5.0 9 0.3 19 0.5
Radiotherapy only 31 1.4 49 1.9 66 1.7
Chemotherapy only 44 2.0 88 34 170 4.4
Palliative chemotherapy + radio- 17 0.8 17 0.7 33 0.9
therapy
Immunotherapy - - - - 4 0.1
Instillation topical therapy UUT 13 0.6 13 0.5 30 0.8
only
Other therapy 12 0.5 30 1.2 70 1.8
No therapy 249 11.4 311 12.0 516 13.3

UUT = upper urinary tract




Rising incidence rates and unaltered survival rates for primary upper urinary tract
urothelial carcinoma: a Dutch population-based study from 1993 to 2017

Figure 1. European standardized rates and absolute number of patients diagnosed
with primary upper urinary tract urothelial carcinoma (UTUC) in the Netherlands from
1993 till 2017 (3-year moving average. EAPC, estimated annual percentage of change;
ESR, European standardized rate.
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Figure 2. European standardized rates of patients diagnosed with primary UTUC in the
Netherlands from 1993 till 2017 stratified by disease stage (3-year moving average).
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Figure 3. The 1-yr, 3-yr and 5-yr relative survival, including 95% confidence intervals
(Cl), of patients diagnosed with primary UTUC stratified by time period (panel A) and
stratified by disease stage; B) superficial (Tis-Ta) disease; C) organ-confined (T1-T2)
disease; D) non-organ confined (T3-T4) disease; E) nodal metastatic (N+) disease; F)
distant metastatic (M+) disease.
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Rising incidence rates and unaltered survival rates for primary upper urinary tract
urothelial carcinoma: a Dutch population-based study from 1993 to 2017

Figure 4. Relative survival, including 95% confidence intervals (Cl), of patients diag-
nosed with primary superficial UTUC stratified by tumor grade WHO1973; TaG1, TaG2,
TaG3/Tis and unknown.
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Figure S1. European standardized rates of 13,314 patients diagnosed with primary
UTUC in the Netherlands from 1993 till 2017 stratified by tumor location; renal pelvis
versus ureter (3-year moving average)
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Figure S2. European standardized rates of 13,314 patients diagnosed with UTUC in
the Netherlands from 1993 till 2017 stratified by age (3-year moving average)

0.8
0.6
0.2 \’\/\/

T 1 T T T T T ¥ T T 1
1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016
Year of diagnosis

ESR (100.000 person years)

0.0

— 18-40 yr [EAPC -0.9%, p=0.60] — 41-50 yr [EAPC -0.9%, p=0.26]
51-60 yr [EAPC 0.7%, p=0.08] 6170 yr [EAPC 1.5%, p<0.01]
71-80 yr [EAPC 2.6%, p<0.01] == >80 yr [EAPC 4.1%, p<0.01]

Figure S3: European standardized rates and absolute number of patients diagnosed
with primary UTUC in the Netherlands from 1993 till 2017 (3-year moving average).
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Figure S4: European standardized rates of patients diagnosed with primary UTUC in
the Netherlands from 1993 till 2017 stratified for stadium (3-year moving average).
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Figure S5: European standardized rates of patients diagnosed with primary UTUC in
the Netherlands from 1993 till 2017 stratified by tumor location; renal pelvis versus
ureter (3-year moving average).
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Figure S6: European standardized rates of patients diagnosed with primary UTUC in
the Netherlands from 1993 till 2017 stratified by tumor location; renal pelvis versus
ureter (3-year moving average).
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ABSTRACT

Purpose: Following radical nephroureterectomy for upper urinary tract
urothelial carcinoma (UTUC), intravesical recurrence (IVR) is found in 22-47%
of patients. Patients with a primary urothelial carcinoma of the bladder (UBC)
have an increased risk of a future UTUC (1-5%). Paired UTUC and UBC might
represent clonally related tumors due to intraluminal seeding of tumor cells
or might be separate entities of urothelial carcinoma caused by field canceri-
zation. We systematically reviewed all the relevant literature to address the
possible clonal relation of UTUC and paired UBC.

Materials and methods: MEDLINE, EMBASE, and COCHRANE databases were
systematically searched for relevant citations published between January
2000 and July 2019. This study was performed according to the Preferred Re-
porting Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines.
Of 5038 citations identified, eighty-six full papers were screened, and nine
studies met the inclusion criteria.

Results: The populations studied and the molecular techniques used to as-
sess clonality of UTUC and paired UBC differed largely over time. Eight studies
reported on primary UTUC and meta- or synchronous IVR without a history of
UBC. A total of 118 tumors (55 UTUC and 63 IVR) from 49 patients were in-
cluded, of which 94% seemed to be clonally related. Five studies reported on
primary UBC and subsequent UTUC with a total of 61 tumors (30 UBC and 31
UTUC) from 14 patients; a possible clonal origin was identified for 85% of the
tumors.

Conclusion: Taking into account the limitations of microsatellite technology
in comparison to Next Generation Sequencing (NGS) and currently accepted
concepts of tumor heterogeneity and evolution, this systematic review shows
that most, if not all, UTUC and paired UBC likely are clonally related.
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1. INTRODUCTION

Urothelial carcinomas can arise throughout the entire urinary tract, but the
urinary bladder is the predominant side of origin. The incidence of upper uri-
nary tract urothelial carcinoma (UTUC) is 1-2 per 100,000 persons/year in
Western Europe, and UTUC accounts for 5-10% of all urothelial carcinomas [1].
UTUC and urothelial bladder cancer (UBC) are considered similar entities. Ac-
cordingly, results of studies on UBC are often extrapolated to UTUC. Although
UBC and UTUC share certain histopathological characteristics and have sev-
eral risk factors in common, with tobacco use as the most imperative one, im-
portant clinical and molecular differences exist between the two entities [2].
At diagnosis, 60% of UTUC patients have an invasive tumor versus 20-25% of
UBC patients [1,3]. Hence, the prognosis of UTUC is poor with a 5-year overall
survival (OS) of approximately 70%; for invasive disease the 5 year OS is less
than 40%, which is lower than reported for UBC patients treated with radical
cystectomy [4,5]. Recent genomic characterization of UTUC revealed different
molecular alterations in comparison to UBC and, in contrast to UBC, UTUC
seemed to be associated with Lynch syndrome (LS) [6-8].

Following radical nephroureterectomy (RNU), which is the recommended
treatment for non-metastatic UTUC, intravesical recurrence (IVR) within the
first two years following surgery is found in 22-47% of the patients [1,9,10].
Clinical risk factors for the development of an IVR following RNU are: a history
of UBC, tumor multiplicity, tumor location (distal ureter), advanced tumor
stage, and the operative modality [11]. Guidelines recommend administration
of a single dose of intravesical chemotherapy within 10 days after RNU to re-
duce the risk of a future IVR [1,12,13]. A neoadjuvant regimen of intravesical
Mytomicin C is being evaluated in an ongoing multicenter study [14].

UTUC patients also have an increased risk of developing a tumor in the con-
tralateral upper urinary tract; 2-6% develop a recurrence in the contralateral
upper urinary tract following RNU [15]. Moreover, the incidence of concomi-
tant UBC at the time of diagnosis of primary UTUC is 17% [16], whereas the risk
of developing an UTUC following the diagnosis of a primary UBC is much
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lower. In a cohort of 1,529 patients with primary non-muscle invasive UBC, the
incidence of a subsequent UTUC was only 2.6%, although the proportion was
higher in multifocal and high-risk tumors [17]. In summary, urothelial carci-
noma is an important risk factor for developing a subsequent tumor through-
out the entire urinary tract; patients with a primary UTUC have the highest risk
of developing a recurrence in the bladder.

Two hypotheses have been proposed for the increased risk of recurrence in
the urinary tract following a primary diagnosis of urothelial carcinoma. One
hypothesis is that the entire urinary tract is affected by carcinogenic hits [18],
which results in multifocal tumors that develop independently from one an-
other. These tumors are therefore thought not to share the same progenitor
cell. However, this would not explain the difference in incidence of UTUC and
UBC in general, nor the difference in incidence of tumors in the contralateral
urinary tract vs. the bladder after a primary diagnosis of UTUC. The second hy-
pothesis states that by intraluminal seeding or intraepithelial spread, tumor
cells located in the upper urinary tract implant in the bladder and give rise to
a recurrence [19,20]. In the latter, IVR will be of monoclonal origin as it arises
from the antecedent UTUC. This hypothesis seems plausible taking into ac-
count the low incidence of UTUC and hence the chance that a patient would
develop two or more tumors that derive in different parts of the urinary tract
is very low [21,22]. In 2002, a review concluded that the majority of the studies
investigating the clonal relationship of multiple urothelial carcinomas of the
urinary tract revealed tumors to be of monoclonal origin [23].

We present the results of a systematic review of all the relevant and recent lit-
erature addressing whether synchronous and metachronous urothelial carci-
noma of the upper urinary tract and bladder are clonally related.

2. MATERIALS AND METHODS

The electronic databases Medline (Ovid) and Embase, the Cochrane Central
Register of Controlled Trials, and the Cochrane Database of Systematic Re-
views were searched for citations published between January 2000 and July
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2019. The review was performed according to the Preferred Reported Items for
Systematic Reviews and Meta-analysis statement [24] and the protocol has
been published in the PROSPERO database (CRD42018105617).

Original studies that performed a genomic characterization of UTUC and
paired IVR (i.e. both tumors diagnosed in the same patient) were included,
whereas studies that reported on a molecular analysis of UTUC and UBC sam-
ples not derived from the same patient were excluded (see Figure 1). Key-
words arranged in variable combinations included “upper urinary tract

» o«

intravesical recurrences,

» o« » o«

urothelial carcinoma, ureter,” “renal pelvis,”

bladder urothelial carcinoma,” “clonality,” and “molecular genetics” (see
Supplementary Materials for details of the search strategy). The search was
complemented by cross-referencing of the studies included. Two reviewers
(T.v.D. and J.L.B.) independently screened all abstracts and full-text articles.
Disagreement was resolved by discussion, and if no agreement was reached,

a third independent party acted as arbiter (E.C.Z.).

2.1 In- and exclusion criteria

Studies with UTUC patients who developed a subsequent IVR and studies with
UBC patients who developed a subsequent UTUC were included. Studies that
reported on patients who had recurrences limited to either the upper or lower
urinary tract were excluded. At least one genomic alteration had to be present
in one of the two paired tumors of a patient in order to be included in the final
analysis.

2.3 Definition of a clonal relationship between UTUC and paired UBC

Monoclonal origin: Tumors were considered to be of clonal origin when both
the UTUC and paired UBC shared synonymous/non-synonymous or noncoding
somatic mutations, microsatellite instability (MSI), methylation and Loss of Het-
erozygosity (LOH). These molecular alterations had to be identical in expansion
or deletion. An interface of 100% between the alterations of the two tumors was
not considered mandatory since subclones derived from the primary tumor can
expand in the number of alterations independently over time. A single concord-
ant alteration, pattern of methylation, or LOH between two paired tumors, as
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assessed by Next Generation Sequencing (NGS), bisulfate sequencing, or Whole
Exome Sequencing (WES), was considered determinative for a clonal relation-
ship or a shared progenitor cell, as these techniques permit to approach the ex-
act gene position of an alteration. The possibility that a shared molecular alter-
ation alters on the exact same gene position in two analyzed tumors of the same
patient was considered to be negligible, especially in ‘passenger genes’ [25].

Undefined clonal origin: In case of absence of concordant molecular altera-
tions, we marked the paired tumors as ‘undefined’ and not of ‘oligoclonal
origin’. We chose to do so as for the analysis we were dependent on the (some-
times limited) number of markers/loci analyzed in the studies included. Theo-
retically, it could be possible that both tumors did share a progenitor cell and
were clonally related but that the specific examined marker(s) did not cover
that specific alteration. In those cases, it was not possible to exclude clonality
and, as such, tumors were classified as ‘undefined’.

It is important to stress that the determination of clonal relatedness by the
aforementioned definitions in some cases differed from the original authors'
conclusions, which discrepancy might lead to a different assessment of clon-
ally related tumors.

2.4 Definition of synchronous UTUC and UBC
A synchronous recurrence was defined if both tumors, either UTUC or UBC, were
diagnosed within three months following the diagnosis of the primary tumor.

2.5 Calculation of proportion of clonally related tumors

The large variety of techniques used to analyze clonality of UTUC and paired
UBC precluded a formal meta-analysis. All patients were considered to share
equal weight in the final analysis, i.e. a patient with multiple recurrences
should have the same contribution to the analysis as a patient with only one
recurrence. To do so, the contribution of a patient for the final analysis was
calculated as follows:

, . . 1
patients contribution = ; * Ne
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In which nisthe number of recurrences and n.is the number of clonally related
recurrences.

For example: the contribution to the final analysis of a patient who had five
recurrences (n=5), of which four (n=4) were clonally related to the primary tu-
mor, was considered 0.8.

1
patients contribution = 3 x4=0.8

The final percentage of clonally related tumors per study was calculated with
the formula:

nc
percentage clonally related tumors = ZT -100%

In which N is the total number of patients from a study and 3n. is the sum of all
clonal contributions of all included patients of that study.

3. RESULTS

After removal of duplicates, titles and abstracts of 5038 records identified in
the initial search were screened for relevance. In total, 4951 abstracts were ex-
cluded because the inclusion criteria were not met. Eventually, 86 full-text pa-
pers were evaluated and nine studies met the inclusion criteria (see Figure 1).
Forty-six of the 78 studies that were excluded performed a genomic character-
ization of either UBC or UTUC without a comparison between the two entities;
seven studies focused on prognostic molecular markers; 11 records were re-
views; 11 studies did not include any genomic analysis; and three studies ana-
lyzed unpaired cohorts of UBC and UTUC. Furthermore, a publication by Jones
et al. was excluded from the analysis because information on the site of origin
in the urinary tract and the timing of tumor development was lacking [26]. See
Table 1 for an overview of the nine studies included in this review.
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Table 2: Study characteristics of the series that analyzed a possible clonal relation-
ship of UTUC and IVR/UBC (n =9).

Year Studydesign Numberof Paired Number of
patients UTUC-UBC tumors
samples

Takahashietal.®® | 2000 Case report 1 Yes 1UTUC, 1 UBC

Dalbagnietal.®® | 2001 Retrospective 13 Yes 11UTUC, 39
UBC

Hafner et al. 63 2001 Retrospective 19 Yes 6 UTUC, 16 UBC
*72UC

Takahashietal.®® | 2001 Pro-and 15 Yes 16 UTUC, 18

retrospective UBC

Catto et al. 67 2006 Prospective 9 Yes 12 UTUC, 20
UBC

Warrick et al. 2010 Retrospective 1 Yes 3UTUC,2UBC

Wang et al. % 2013 Retrospective 5 Yes 6 UTUC, 6 UBC

Du et al. ™ 2017 Retrospective 3 Yes 10 UTUC, 4 UBC

Audenet et al. ™ 2018 Prospective 29 Yes 29 UTUC, 29
UBC

*Location in urinary tract not specified. UC: urothelial carcinoma
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Figure 3: PRISMA flow diagram of the study.
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3.1 Primary UTUC and subsequent UBC

Eight of the nine studies included patients who had a primary UTUC and a
meta- or synchronous IVR without a history of UBC (see Table 2). Since some
patients developed more than one UTUC and/or IVR, a total of 118 (55 UTUC,
63 IVR) tumors from 49 patients were included in the analysis (Supplementary
information Figure S1). The paired tumors had been analyzed for clonality by
various techniques, which had changed over time. In total, 93.5% of the pa-
tients had concordant patterns of molecular alterations, indicating that a
large proportion of IVR and UTUC were of monoclonal origin [27-31,33-35].

Takahashi et al. (2000) analyzed one case of primary UTUC and IVR for mi-
crosatellite shifts and LOH of chromosomes 2, 4,8,9,11,and 17 using 21 mark-
ers[27]. Each tumor showed LOH of chromosomes 9q and 17p, and the IVR had
additional LOH of chromosomes 2q, 4p, and 11p (Fig. S1, patient #1). These
tumors were considered to be of clonal origin.

Dalbagni et al. assessed mutations of the TP53 gene in four patients who had
16 tumors (5 UTUC, 11 IVR) [28]. All tumors showed identical mutations of TP53
and thus the paired tumors were considered to be of monoclonal origin (Fig.
S1, patient # 2 - #5). Hafner et al. assessed mutations in TP53 exons 5to 9, LOH
of chromosome 9, MSl at six loci, and protein expressions of hMLH1 and hMSH2
in 15 patients [29]. This study only reported data on a patient considered not
to have clonally related paired tumors; consisting of one UTUC followed by
three IVRs. The UTUC had loss of the short allele of D9S113, whereas the IVRs
had loss of the longer allele of the same marker. The three IVRs also had iden-
tical alterations of TP53, which were not present in the UTUC. Therefore, we
could not consider these tumors as clonally related and were therefore scored
as ‘undefined’ (Fig. S1, patient #6).

Catto et al. combined MSI analysis using 17 markers together with methylation
of seven promoter regions [31]. MSI analysis was performed in 210 patients; only
nine patients had a UTUC and an IVR showing MSI. Five of these nine patients
had a primary UTUC followed by one or multiple IVR(s). All paired tumors of
these five patients shared at least one identical alteration of the methylation
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markers or had a similar pattern of MSl indicating a clonal relationship (Fig. S1,
patient #20 - #24).

In a second study by Takahashi et al. (2001), which used identical markers as in
the 2000 study, a total of 14 UTUC patients who developed 16 IVRs were analyzed
[30] (Fig. S1, patient #7 - #19). Only one patient seemed to have discordant mo-
lecular alterations; the primary UTUC showed no alterations in the analyzed
markers, while the two IVRs had LOH of a marker on chromosome 11p (Fig. S1,
patient #17). Therefore, we considered the clonal relationship of the paired tu-
mors as ‘undefined’.

Wang et al. analyzed paired tumors of five patients by three markers for LOH
of chromosome 9 and exons 5-8 of the TP53 gene [33] (Fig. S1, patient #25 -
#29). All five paired samples showed identical patterns of chromosomal loss
or TP53 mutations. One patient, however, had an identical pattern of TP53 and
D9S303, with a complete loss of D9S171 in the UTUC. Conversely, the IVR only
had a loss of the shorter allele (Fig. S1, patient #26). It is possible that tumor
cells of the primary tumor had seeded or migrated to the bladder in the pos-
session of LOH of the shorter allele of D9S171. Due to evolution, the UTUC
might have lost the other allele, contributing to a discordant pattern of this
marker between the two tumors. However, an identical LOH pattern is consid-
ered an indication of clonality [59], whereas identical point mutations in the
TP53 gene are considered even a stronger indication because many possible
point mutations exist that lead to inactivation of TP53. Hence, we concluded
that all tumors were clonally related (Fig. S1, patient #25 - #29).

Du et al. analyzed by whole exome sequencing (WES) three cases: one female
patient had three synchronous UTUCs and two IVRs; the other two patients
each had one UTUC and one IVR [70] (Fig. S1, patient #30 - #32). The three
UTUCs and one IVR shared the same alterations in TP53, BRAF, and APC genes.
The other IVR had a mutation in MTOR and shared no alterations with the other
tumors, so there was no proof of clonality (Fig. S1, patient #31). One of the
two other patients showed a clonal relationship of both tumors (Fig. S1, pa-
tient #32). The other patient showed no shared alterations and, since Du et al.
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used WES, this is a strong indication that these tumors were not clonally re-
lated (Fig. S1, patient #30).

Audenet et al. applied NGS with the targeted 230 to 468-gene MSK-IMPACT on-
copanel to analyze primary UTUCs of 17 patients who subsequently developed
an IVR [35,36]. All paired tumors had identical point mutations, which is a
strong indicator of monoclonal origin as the chance that identical point muta-
tions develop independently is highly unlikely. Comparing the somatic muta-
tions between the initial UTUC and the subsequent IVR revealed that 86% of
the mutations were present in both tumors. Hence, the additional mutations
of the IVR were presumably caused by ongoing tumor evolution (Fig. S1, pa-
tient #33 - #49).
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3.2 Primary UBC and subsequent UTUC

Five of the studies included evaluated the possible clonal relationship in pa-
tients diagnosed with primary UBC who subsequently developed a recurrence
in the upper urinary tract. Since some patients developed more than one UBC
and/or UTUC following the primary diagnosis of UBC, a total of 14 patients hav-
ing 30 UBCs followed by 31 UTUCs (see table 3) were included. A total of 85.1%
of the tumors were considered to be of monoclonal origin [29-32,35].

In four of the studies, which included 11 patients with 19 UBCs and 15 UTUC
recurrences, all tumors originating from one patient had identical alterations,
indicating a monoclonal origin [30-32,35]. The studies by Catto et al.,
Takahashi (2001) et al. and Audenet et al. are discussed in section 3.1 above
[30,31,35]. The techniques used to analyze a clonal relationship did not differ
for patients having a primary UBC and a subsequent UTUC. These three stud-
ies showed all paired tumors to be of monoclonal origin (Fig. S2, patient #4 -
#6 and #8 - #14).

Warrick et al. included one patient having one UBC and three UTUC and found
with the use of NGS identical mutations in the genes HRAS, FLT4, MLL2, NTRK3,
and PIK3CA[32]. Copy number analysis and LOH revealed a compatible pattern
of gain and loss between the paired tumors (Fig. S2, patient #7).

Hafner et al. included patients having one or multiple UBC(s) followed by one
or more UTUC [29]. Two patients had one UBC with one subsequent UTUC and
both tumors could not be defined as clonally related (Fig. S2, patient #1 and
#2). The other patient had multiple urothelial carcinomas, i.e., nine UBCs with
three subsequent UTUCs (Fig. S2, patient #3). Clustering, based on the re-
ported molecular markers, showed that multiple UTUC and UBC shared com-
mon alterations and these were therefore marked as clonally related (Figure
$3). One UBC had a distinct pattern of alterations, however, and was marked
as ‘undefined’.
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4. DISCUSSION

We conducted a systematic review of the relevant literature on the possible
clonal relation of synchronous and metachronous urothelial carcinoma of the
upper urinary tract and bladder. Based on the available literature, we con-
cluded that the majority of UTUC and paired UBC had a clonal relation. Litera-
ture on this matter, however, was scarce and the techniques used differed sig-
nificantly between series and over time. Some of the techniques used are now-
adays considered less accurate to address a possible clonal relation of two tu-
mor entities. Conversely, currently available large-scale sequencing tech-
niques such as WES or Whole Genome Sequencing (WGS) can much better pro-
vide profound evidence whether paired UTUC and UBC samples are of mono-
clonal origin, as the probability that point mutations occur multiple times in-
dependently from another is negligible. Hence, the more recent studies in-
cluded in this review provide more conclusive evidence on clonally related
UTUC and paired UBC.

The order of clinical detection of multiple tumors in visceral organs is not al-
ways in line with the molecular development of the tumors. This characteristic
has previously been proposed for multiple metachronous UBC by van Tilborg
etal. [37]. Moreover, clones that derive from a primary tumor of the upper uri-
nary tract could evolve over time and develop additional genomic alterations.
An IVR derived from such a clone, however, could be diagnosed prior to the
primary UTUC and molecular analysis of both entities will, in such cases, reveal
more genomic alterations of the IVR in addition to overlapping mutations. This
‘tumor evolution’ could also apply to the primary UTUC. Therefore, not all al-
terations will necessarily be shared by two paired tumors due to evolution of
tumors, although a large proportion will. Consequently, a 100% overlap of al-
terations s rarely presentin clonally related UTUC and paired UBC, as Audenet
et al. demonstrated with an 86% overlap [35]. Therefore, when analyzing re-
currences in the urinary tract and when interpreting a clonal or a non-clonal
relationship of both entities, one should be aware that the clinical order is not
necessarily the molecular order of tumor development [31,37].
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The proportion of patients diagnosed with a primary UBC who later developed
a UTUC recurrence might be overestimated in the studies included. Twelve of
the 29 (41.3%) patients analyzed by Audenet et al. had a primary UBC followed
by a diagnosis of UTUC, which is a higher proportion than that reported in the
literature (1-5%) [1,17]. Four of these twelve patients, however, showed a
clonal relationship compatible with a previously developed UTUC instead of a
primary UBC, as the UBCs showed a surplus of alterations compared to the
UTUCs. Therefore, it is possible that the UTUCs originated first and the UBCs
were clones or subclones of the UTUC with an accumulation of molecular al-
terations, and had developed later than the UTUCs.

Whether IVR are formed by seeding/migration of tumor cells originating from the
upper urinary tract or by field cancerization remains subject of debate [18-20]. The
majority of patients develop an IVR within two years following RNU, possibly due
to manipulation of the tumor during surgery [11]. This hypothesis of distributing
tumor cells by manipulation is further supported by the fact that a diagnostic
ureterorenoscopy prior to RNU increases the risk of an IVR [38]. In addition, a sys-
tematic review showed that instability of the UTUC, defined by presence of necro-
sis and positive preoperative urinary cytology, correlated with the risk of IVR [11].
As we found in the present review that 94% of the primary UTUC and IVRs were
clonally related, we assume that in primary UTUC patients the most important
mechanism of developing an IVR is seeding or migration of tumor cells. However,
it is not excluded that field cancerization could contribute to the development of
separate entities of urothelial carcinoma in the upper and lower urinary tract. An-
alyzing a cohort of 512 UTUCs, Xylinas et al. showed that smoking was significantly
associated with the risk of an IVR [39]. Du et al. addressed exposure to the Aris-
tolochic Acid (AA) [34], a widely used herb in Chinese medicine, in a Chinese pa-
tient cohort and found that all tumors had predominant T to A transversions in
the 5°-CpTpG-3’motif, which is a mutational signature caused by AA [40]. The mu-
tagenic aspect of this herb might contribute to field cancerization in patients and
hence to the development of non-clonally related urothelial tumors. Patients with
Lynch syndrome (LS) have a higher risk of developing urothelial carcinoma,
mainly UTUC [8]. LS is a hereditary cancer syndrome characterized by mutations
in mismatch repair genes leading to mismatch repair deficiency and MSI. Possibly,
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LS could lead to the independent development of UTUC and UBC, but literature is
lacking on this matter. One LS patient analyzed by Audenet et al. showed a clonal
relation of paired UTUC and IVR (personal communication F. Audenet).

Clonality of primary tumors and metachronous or synchronous intracaval re-
currences have been analyzed in malignancies originating from other hollow
visceral organs than the urinary tract, such as the lung, colon, and oral cavity.
LOH analysis and mutational status of EGFR, TP53, and KRAS in multifocal lung
cancer (n = 115) revealed that 64-79% of multiple synchronous intrapulmo-
nary, mostly non-small cell carcinomas (NSCLCs), were clonally related 41-43].
For tumors of the oral cavity, however, it was not clear whether multiple tu-
mors resulted from field cancerization or intraluminal spread [44]. With the
use of microarray-based SNP and copy-number genotyping of 104 paired syn-
chronous colorectal cancers, a clonal relationship was found in 36% [45]. Pa-
tients with oligoclonal NSCLSCs seemed to have a better outcome than pa-
tients with NSCLCs of monoclonal origin, which has also been reported for pa-
tients with oligoclonal colorectal tumors [43,45]. These data show that clonal-
ity of paired tumors originating from the same hollow visceral organ might
correspond with clinical outcome. Therefore, it is of importance to investigate
this phenomenon in the urinary tract by larger, prospective studies.

In case UTUC and IVR are clonally related, the way is paved for the identifica-
tion of patient-specific genomic alterations that can be used to develop non-
invasive urine-based assays for the diagnostic surveillance following RNU.
Cystoscopy, which is invasive and causes discomfort to the patient, might be
replaced by this alternative urine-based strategy [46]. Large-scale genomic
characterization of UTUC and paired bladder recurrences could also identify
new biomarkers that correlate with the risk of a future urinary tract recurrence
or clinical outcome and possibly new actionable molecular alterations. With
an accuracy of only 62-69% of two previous designed predictive tools for the
risk of IVR development after RNU, addition of biomarkers might provide a bet-
ter prediction of recurrences [47,48].
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5. CONCLUSION

Patients diagnosed with a urothelial carcinoma of the urinary tract are at in-
creased risk of developing a subsequent tumor throughout the entire urinary
tract. Patients with a primary UTUC have the highest risk of developing a fu-
ture UBC. We systematically reviewed all the relevant literature to address
whether UTUC and paired UBC derive from the same progenitor cell or
whether they develop independently as a result of field cancerization. The
populations studied and the molecular techniques used to assess clonality dif-
fered largely between the studies and over time. Taking into account the limi-
tations of microsatellite instability technology versus NGS and the currently
accepted concepts of tumor heterogeneity and evolution, we conclude that it
is highly likely that UTUC and paired UBC of one patient are clonally related
and most likely are formed by seeding of tumor cells.
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LEGENDS TO (SUPPLEMENTARY) FIGURES

- Figure 1: PRISMA flow diagram of the study.

- Figure S1: Results of the studies that analyzed clonal relation of UTUC and
IVR

- Figure S2: Results of the studies that analyzed possible clonal relation of
UBC and UTUC

- Figure S3: Clustering of tumors analyzed by Hafner et al. within one pa-

tient. The molecular order of the tumors (right) differed from the order of
clinical detection of the tumors (left).
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STRATEGY SUPPLEMENTARY
Update April 19th 2018: 4520 - Sept 20th 2018: +219 - June 14" 2019: +297

Results
Database Number of refs Refs after deduplication
Embase.com 3045 2983
Medline Epub (Ovid) 3298 603
Cochrane Central 91 66
Web of Science 3463 1307
Google Scholar 200 7
Total 10097 5036

Deduplicated: 5061

Embase.com (Embase incl. Medline): 3045

('upper urinary tract urothelial carcinoma'/de/mj OR 'upper urinary tract transi-
tional cell carcinoma'/de/mj OR 'ureter tumor'/exp/mj OR 'kidney pelvis can-
cer'/de/mj OR 'kidney pelvis carcinoma'/de/mj OR 'kidney pelvis tumor'/de/mj OR
'transitional cell carcinoma'/de/mj OR ((('upper urinary tract' OR 'kidney pelvic' OR
'kidney pelvis' OR ureter” OR 'transitional cell' OR urothelial*) NEAR/6 (neoplas™ OR
cancer* OR carcinoma* OR tumor* OR tumour*))):ab,ti) AND ('bladder tu-
mor'/exp/mj OR 'transitional cell carcinoma'/de/mj OR (((bladder* OR 'transitional
cell' OR urothelial*) NEAR/6 (neoplas* OR cancer* OR carcinoma* OR tumor* OR tu-
mour*))):ab,ti) AND ('molecular genetics'/exp/mj OR 'molecular pathology'/de/mj
OR 'gene expression profiling'/de OR (genom™ OR genetic* OR ((gene OR genes OR
MicroRNA OR 'Micro RNA' OR MiRNA) NEAR/4 (expressi™ OR profil* OR alterati* OR mu-
tat* OR mutant™ OR loss* OR deletion™)) OR molecular®):ab,ti) NOT ('Conference Ab-
stract' OR Editorial)/it NOT ([animals]/lim NOT [humans]/lim)

Medline Epub: 3298

(*Urologic Neoplasms/ OR *Urethral Neoplasms/ OR *Ureteral Neoplasms/ OR
(exp *Kidney pelvis/ AND exp *Neoplasms/f) OR *Carcinoma, Transitional Cell/ OR
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(((upper urinary tract OR kidney pelvic OR kidney pelvis OR ureter* OR transitional
cell OR urothelial*) ADJ6 (neoplas* OR cancer* OR carcinoma* OR tumor* OR tu-
mour*))).ab,ti.) AND (*Urinary Bladder Neoplasms/ OR *Carcinoma, Transitional
Cell/ OR (((bladder* OR transitional cell OR urothelial*) ADJ6 (neoplas* OR cancer*
OR carcinoma* OR tumor* OR tumour®))).ab,ti.) AND (*Molecular Biology/ OR
*Pathology, Molecular/ OR exp Gene Expression Profiling/ OR (genom* OR genetic*
OR ((gene OR genes OR MicroRNA OR Micro RNA OR MiRNA) ADJ4 (expressi™* OR profil*
OR alterati* OR mutat™ OR mutant™ OR loss* OR deletion*)) OR molecular*).abti.)
NOT (congresses OR editorial).pt. NOT (exp animals/ NOT humans/)

Cochrane Central: 91

(((("upper urinary tract" OR "kidney pelvic" OR "kidney pelvis" OR ureter* OR
"transitional cell" OR urothelial*) NEAR/6 (neoplas™* OR cancer* OR carcinoma*
OR tumor* OR tumour*))):ab,ti) AND ((((bladder* OR "transitional cell" OR
urothelial*) NEAR/6 (neoplas* OR cancer* OR carcinoma* OR tumor* OR tu-
mour*))):ab,ti) AND ((genom* OR genetic* OR ((gene OR genes OR MicroRNA OR
"Micro RNA" OR MiRNA) NEAR/4 (expressi* OR profil* OR alterati* OR mutat* OR
mutant* OR loss* OR deletion*)) OR molecular*):ab,ti)

Web of Science: 3463

TS=((((("upper urinary tract" OR "kidney pelvic" OR "kidney pelvis" OR ureter*
OR "transitional cell" OR urothelial*) NEAR/5 (neoplas* OR cancer* OR carci-
noma* OR tumor* OR tumour*)))) AND ((((bladder* OR "transitional cell" OR
urothelial*) NEAR/5 (neoplas* OR cancer* OR carcinoma* OR tumor* OR tu-
mour*)))) AND ((genom™ OR genetic* OR ((gene OR genes OR MicroRNA OR "Mi-
cro RNA" OR MiRNA) NEAR/4 (expressi* OR profil* OR alterati* OR mutat™ OR mu-
tant” OR loss* OR deletion*)) OR molecular*)) NOT ((animal* OR mouse OR
mice OR rat OR rats) NOT (human* OR patient*))) AND DT=Article

Google Scholar: 200 (top relevant refs)

"upper urinary tract"|"kidney pelvic"|ureter|"transitional cell"|urothelial blad-
der|"transitional cell"|urothelial neoplasms|cancer|carcinomaltumor ge-
nomics|genetic|gene|genes|MicroRNA expression|profile|alteration|muta-
tion|deletion|molecular
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Figure S1. Results of the studies that analyzed clonalif

of primary UTUC and IVR (n = 9]
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Figure S2. Results of the studies that analyzed clonality of primary UCB and subsequent UTUC (n =5
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Figure S3. Clustering of tumors analyzed by Hafner et al ?° within one patient. The molecular order (right) differed from

the order of clinical diagnosis (left).
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Chapter 4

Novelty and impact: In this study, we assessed the possible clonal relation-
ship of upper urinary tract cancer and subsequent bladder carcinoma using
targeted DNA sequencing. Since almost 75% of the patients had tumors which
were clonally related this strongly suggest that seeding of tumor cells repre-
sents the most important mechanism of bladder carcinoma development fol-
lowing a radical nephroureterectomy. This result underscore the rationale to
minimalize the risk of seeding during surgery, carefully consider the need of a
diagnostic ureterorenoscopy plus biopsy per patient, and to apply peri-oper-
ative intravesical instillations with chemotherapy.

ABSTRACT

The risk of developing urothelial carcinoma of the bladder (UBC) in patients
treated by radical nephroureterectomy (RNU) for an upper urinary tract
urothelial carcinoma (UTUC) is 22-47% in the two years after surgery. Subject
of debate remains whether UTUC and the subsequent UBC are clonally related
or represent separate origins. To investigate the clonal relationship between
both entities, we performed targeted DNA sequencing of a panel of 41 genes
on matched normal and tumor tissue of 15 primary UTUC patients treated by
RNU who later developed 19 UBCs. Based on the detected tumor-specific DNA
aberrations, the paired UTUC and UBC(s) of 11 patients (73.3%) showed a
clonal relation, whereas in four patients the molecular results did not indicate
a clear clonal relationship. Our results support the hypothesis that UBCs fol-
lowing a primary surgically resected UTUC are predominantly clonally-derived
recurrences and not separate entities.
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INTRODUCTION

Patients undergoing radical nephroureterectomy (RNU) for upper urinary tract
urothelial carcinoma (UTUC) have a 22-47% risk of developing a subsequent
urothelial carcinoma of the bladder (UBC) within two years[1]. Two hypothe-
ses have been proposed for this increased risk. Firstly, the entire urinary tract
of patients with urothelial carcinoma undergoes a “field change”, priming the
tissue for independent transformations[2]. Upper and lower tract tumors
therefore develop independently from one another and are not clonally re-
lated. Secondly, by intraluminal seeding or intraepithelial spread, cancer cells
from the primary UTUC implant in the bladder wall and develop into a UBC
resulting in clonally related tumors[3]. Recently, we performed a systematic
review of the literature on the clonal relationship between UTUC and paired
UBC and found that 94% of the cases originated from the same progenitor
cell[4]. However, the molecular techniques used differed largely over time and
research groups, plus only a limited number of studies used comprehensive
large-scale DNA sequencing techniques, which enables more conclusive as-
sessment of a clonal relation between these two entities.

In this study we used targeted DNA Next Generation Sequencing to analyze the
clonal relationship of primary UTUC and subsequent UBC in patients treated
with an RNU based on shared genomic alterations.

MATERIALS AND METHODS

DNA extraction

Tumor Hematoxylin and Eosin-slides were reviewed by an expert genitouri-
nary pathologist (GvL) and regions containing 250% tumor cells were selected
for DNA isolation (Suppl. Table 2). Tumor and corresponding normal tissue
sections were manually microdissected in 5% Chelex 100 Resin (Bio-Rad, Her-
cules, CA, USA) Cell lysis solution (Promega, Madison, WI, USA). DNA was ex-
tracted by proteinase K (Roche, Mannheim, Germany) digestion at 56°C. Pro-
teinase K was inactivated for 10 minutes at 95°C after which the samples were
centrifuged for 5 minutes at 14000 rpm to collect cell debris and chelexresin.
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Finally, DNA was collected into new tubes and the concentration was meas-
ured by Qubit 2.0 fluorometer (Thermo Fisher Scientific, Waltham, MA, USA),
as described by the manufacturer.

Next Generation Targeted Sequencing

For targeted next-generation sequencing (NGS), a custom-made cancer panel
was designed using the AmpliSeq designer (Thermo Fisher Scientific, Wal-
tham, MA, USA). This panel comprised 330 amplicons covering 41 genes, mul-
tiple hotspot regions in various cancer-related genes, and 154 single nucleo-
tide polymorphismsin multiple tumor suppressor regions to detect copy num-
ber variations (Table 2 and Suppl. Table 3)[5-7]. NGS was performed with the
lon Torrent platform using supplier’s materials and protocols (Thermo Fisher
Scientific). Median coverage depths were 1994x for UTUC, 1712x for UBC and
1914x for the adjacent normal tissue. Libraries were made using the lon Am-
pliSeq Library Kit plus-384 LV, template was prepared with the lon
510/520/530 Chef kit, and sequencing was performed on a 530-chip using the
lon S5 system. Data was analyzed using SeqPilot (JSI medical systems). To cor-
rect for potential germline mutations, NGS was also performed on DNA iso-
lated from matched non-malignant kidney tissue. The final tumor cell percent-
age was calculated based on the DNA quality and quantity and the results of
the NGS.

Genomic alterations

A visual inspection by an experienced technician (ICM) and clinical scientist
(HJD) in molecular pathology making use of Torrent Variant Caller and SNPitty
was carried out to identify the genomic alterations[6]. These genomic altera-
tions were stored in VCF format[6,8]. Figure 1 summarizes all detected ge-
nomic alterations; SNVs, Indels, Allelic Imbalance (Al), amplifications and ho-
mozygous deletions. For Al analysis, single nucleotide polymorphisms with a
total coverage of >100 reads were included. For any informative SNP without
Al a variant allele frequency (VAF) of 0.5 was expected. With a VAF of <0.5 (rel-
ative loss of variant allele) or a VAF of >0.5 (relative loss of reference allele) Al
was indicated[9].
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Clonality assessment

A possible clonal relationship between UTUC and subsequent UBC(s) was as-
sessed by interrogating all single nucleotide variants (SNVs; including synony-
mous mutations), amplifications, Indels and supportive information on Al. To
identify if a mutation that was reported in one sample but not in the paired
other sample because of insufficient quality reads or absence of that muta-
tion, the following steps were undertaken. A list of all mutations reported in
one patient (UTUC and UBCs) was gathered. For every specific position, reads
for normal and tumor samples (Phred quality score above =15) were sub-
tracted from the BAM files using the bam2R function from the deepSNV
(v1.30.0) R package[10]. Only sites where all samples (tumor and normal) re-
ported a minimum total reads of 30x were included for clonality analysis. The
total number of reads was the sum of reference reads plus alternative reads.
The VAF from normal tissue samples (VAFy) was used as reference to deter-
mine SNVs. SNVs and Indels were identified when VAFy < 0.10 and VAF; > 0.10.
Three samples, the UBC’s from patient 1,V and VI, showed some degree of DNA
degradation and the VAF; threshold value was increased to 0.30 to discard
most of the false positives with very low VAF;.

The probability of a clonal relationship between UTUC and UBC samples from
the same patient was evaluated following the clonality test approach devel-
oped by Ostrovnaya et al.[11]. The test was performed on all SNVs and Indels.
As described by Mauguen et al., the clonality test based on SNVs and Indels
was performed using the mutation reference data set for bladder cancer from
the TCGA study[12]. More specifically, frequencies of specific SNVs are as-
sumed to be known. The frequency f=x/n, where x is the number of tumors
with a specific SNV and n is the total number of tumors based on n =411 blad-
der cancer tumors from the TCGA cohort. Note that hotspot mutations would
have high frequencies and rare mutations would have very low frequencies.
When mutations have not been reported in the TCGA data set (in case of Indels
and rare SNVs), the frequency of these mutations was estimated asf=m/(n +
m), where m is the number of patients carrying that specific SNV or Indel. The
frequency of hotspot mutations in TERT promoter (pTERT) have not been in-
cluded in the TCGA data set. We completed the data set by adding reported
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frequencies of pTERT C228T (64%) and C250T (13%) mutations from a study by
Allory et al.[13]. Based on the marginal frequency of all SNVs and Indels, the
Likelihood Ratio test was applied to estimate the probability of a clonal origin
of the paired UTUC and UBC[11]. P-values were adjusted with the Benjamin &
Hochberg method and adjusted p-values < 0.05 were considered significant.

RESULTS

In total, 15 patients with primary UTUC, treated by RNU, who subsequently
developed 19 UBCs, treated by transurethral resection of the bladder, were in-
cluded. Patient, treatment, and tumor characteristics of the study population
are listed in Table 1 and Suppl. Table 1. Shared genomic variants revealed
that UTUC and paired UBC(s) were clonally related in 11/15 patients (73.3%)
(Figure 1). No significance (pAdj = 0.086) was found for the single shared TERT
(C250T) mutation in patient IV, however comparable Al-patterns supported
clonal origin. Patient XIll, diagnosed with Lynch Syndrome (LS), only shared a
Fibroblast Growth Factor Receptor (FGFR)-3 mutation (p.R248C; c.742C>T) be-
tween both tumors. However, as this mutation only occurs in less than 1% of
urothelial carcinoma, a clonal relationship remained statistically significant
(pAdj = 0.025). Patients Il and XV also exhibited only a single shared mutation
between both tumors, but as these alterations are common hotspot muta-
tions in urothelial carcinoma, the presence in both entities did not unambigu-
ously reflect a clonal relation. In patients | and VI, we did not observe any
shared somatic mutations, so could not support a clonal relationship.

DISCUSSION

Studies which used large-scale sequencing techniques to assess the clonality
of UTUC and paired UBC are scarce. In 2017, Du et al. analyzed five patients
with synchronous UTUCs (n=9) and UBCs (n=4) by whole exome sequenc-
ing[14]. Tumors were clonally related in only two patients; a lower proportion
than we found in the present study. Exposure to aristocholic acid was linked
to tumor development in all five patients, which possibly affected the entire
urothelium leading to field cancerization. Audenet et al. reported on a cohort
of 29 patients with paired UTUC and UBC, and found all tumors to be clonally
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related, although this cohort also included patients with a history of primary
UBC and some exhibited synchronous tumors[15]. In the present study, we
only included patients with primary UTUC and metachronous UBC(s); an ap-
proach which more accurately reflects the natural course of surgically treated
UTUC patients.

The observed differences in cohort clonality may reflect patient idiosyncra-
sies, but also highlight remaining technical challenges. Targeted panels do not
to cover all genomic aberrations, so clonality might have been underesti-
mated in this study. Shared alterations could have been missed due to the ex-
tent of this panel, which increases the likelihood that the UBCs, which were
found not to be clonally related, could have been clonally-derived recur-
rences. Reductions in sequencing cost, and the application of whole genome
or exome RNA-DNA sequencing, offer opportunities to expand the search for
clonal markers. Tumor heterogeneity may be an alternative explanation for
the ~25% of paired tumors we analyzed which did not appear clonally related:
it cannot be unambiguously excluded that clonality was masked for these tu-
mors. Furthermore, as a relatively rare cancer, there is limited data on UTUC-
specific mutation frequencies. Pertinently, recent work proposed enrichment
of the FGFR3 p.R248C amino-acid substitution in LS-linked UTUC, and so it is
debatable whether this shared alteration alone indicates a clonal relationship
in patient XIIl. Particularly when LS-patients may exhibit a higher probability
of developing multiple urinary tract tumors[16]. Notwithstanding these limi-
tations, our observation that almost 75% of the paired tumors were clonally
related strongly suggests that seeding of tumor cells from the upper urinary
tract to the bladder represents the most important mechanism of UBC devel-
opment following RNU. Importantly, three patients in our cohort developed
multiple subsequent UBCs, and all tumors were clonally related to the primary
UTUC, which further supports the mechanism of seeding of tumor cells.

CONCLUSION

The results of this study underscore the rationale to: i) minimalize the risk of
seeding of tumor-cells during RNU; i) carefully consider the need for diagnostic
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work-up by ureterorenoscopy and biopsy, which can dissociate cancer cells,
and iii) apply peri-operative intravesical instillations with chemotherapy to kill
cancer cells floating in urine. Large-scale genomic characterization of a properly
selected cohort of UTUC and paired UBC using unbiased sequencing techniques
will overcome the aforementioned limitations and will further clarify clonal re-
lationships between in-patient upper and lower tract urothelial carcinomas.
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Table 2. Genes included in the Next Generation DNA targeted sequencing panel

Diagnostic V5.1 Next Generation Sequencing panel
Erasmus Medical Center, Rotterdam
Gene Exons covered Gene or region Numbers of SNPs included
CDKN2A Chrlp 11 SNPs
PTEN Chr8p 9 SNPs
TP53 Chr7 9 SNPs
AKT1 Exon 3 Chr19q 9 SNPs
ALK Exon 20, 22-25 APC 9 SNPs
Amel_X Not applicable ARIDIA 8 SNPS
Amel_Y Not applicable ATM 9 SNPs
APC Exon 14 BRCAI 9 SNPs
ARAF Exon 7 BRCA2 9 SNPs
BRAF Exon 11,15 CDKN2A 9 SNPs
CHEK2 Exon4,5,12,13 FHIT 9 SNPs
CTNNB1 Exon3,7,8 PTEN 9 SNPs
EGFR Exon 18-21 RB1 9 SNPs
ERBB2 Exon 19-21 SMAD4 9 SNPs
EXH2 Exon 16 STK11 9 SNPs
FBXW7 Exon 9, 10 TP53 9 SNPs
FGFR1 Exon7,9 VHL 9 SNPs
FGFR2 Exon7,9
FGFR3 Exon7,9
FOXL2 Exon 3
GNA11 Exon 4,5 Total number of amplicons
GNAS Exon 8,9 330
HRAS Exon 2-4
IDH1 Exon 4
IDH2 Exon 4
KIT Exon 8,9, 11,13, 14,17
KRAS Exon 2-4
MAP2K1 Exon 2,3
MET Exon 2, 14,19
MYD8S8 Exon 5
NOTCH1 Exon 26, 27
NRAS Exon 2-4
PDGFRa Exon 12, 14, 18
PIK3CA Exon 10, 21
POLDI1 Exon 12
POLE Exon9,13
RAF1 Exon7
RET Exon 11,16
RNF43 Exon 3,4,9
SMAD4 Exon 3,9, 12
STK11 Exon 4,5, 8
TERT promoter Promoter region
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The clonal relation of primary upper urinary tract urothelial
carcinoma and paired urothelial carci-noma of the bladder

Figure 1 Assessment of the clonal relation of 15 primary UTUC and 19 subsequent UBCs
based on (non)shared tumor-specific genomic alterations between both entities de-
tected by Next Generation Sequencing. Additional transcriptomic profiling based on
mRNAseq dataisincluded for patient X, XI, XIl and XIV (NU = normal ureteric tissue; UTUC
=Upper urinary tract urothelial carcinoma; UBC = Urothelial carcinoma of the bladder)
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Chapter 5

ABSTRACT

Upper tract urothelial carcinoma (UTUC) is a rare and aggressive, yet under-
studied, urothelial carcinoma (UC). The more frequent UC of the bladder com-
prises several molecular subtypes, associated with different targeted thera-
pies and overlapping with protein-based subtypes. However, if and how these
findings extend to UTUC remains unclear. Artificial intelligence-based ap-
proaches could help elucidate UTUC’s biology and extend access to targeted
treatments to a wider patient audience. Here, UTUC protein-based subtypes
were identified, and a deep-learning (DL) workflow was developed to predict
them directly from routine histopathological H&E slides. Protein-based sub-
types in a retrospective cohort of 163 invasive tumors were assigned by hier-
archical clustering of the immunohistochemical expression of three luminal
(FOXA1, GATA3, and CK20) and three basal (CD44, CK5, and CK14) markers.
Cluster analysis identified distinctive luminal (N = 80) and basal (N = 42) sub-
types. The luminal subtype mostly included pushing, papillary tumors,
whereas the basal subtype diffusely infiltrating, non-papillary tumors. DL
model building relied on a transfer-learning approach by fine-tuning a pre-
trained ResNet50. Classification performance was measured via three-fold re-
peated cross-validation. A mean area under the receiver operating character-
istic curve of 0.83 (95% Cl: 0.67-0.99), 0.8 (95% Cl: 0.62-0.99), and 0.81 (95% ClI:
0.65-0.96) was reached in the three repetitions. High-confidence DL-based
predicted subtypes showed significant associations (p < 0.001) with morpho-
logical features, i.e. tumor type, histological subtypes, and infiltration type.
Furthermore, a significant association was found with programmed cell death
ligand 1 (PD-L1) combined positive score (p <0.001) and FGFR3 mutational sta-
tus (p=0.002), with high-confidence basal predictions containing a higher pro-
portion of PD-L1 positive samples and high-confidence luminal predictions a
higher proportion of FGFR3-mutated samples. Testing of the DL model on an
independent cohort highlighted the importance to accommodate histological
subtypes. Taken together, our DL workflow can predict protein-based UTUC
subtypes, associated with the presence of targetable alterations, directly from
H&E slides.
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INTRODUCTION

Urothelial carcinomas (UCs) are malignant epithelial neoplasms arising from
the urothelial lining of the urinary tract [1]. The rare upper tract UC (UTUC) rep-
resents 5-10% of all UCs, whereas the remaining 90-95% are urothelial bladder
cancer (UBC). UTUC is frequently associated with poor prognosis, with two-
thirds of patients being diagnosed at an invasive tumor stage [2]. Owing to the
histopathological similarity between UTUC and UBC [3,4], and the preponder-
ance of the latter, UTUC is an understudied disease. However, a better under-
standing of UTUC biology could allow the identification of distinctive molecular
traits with potential strong impact on patient stratification and treatment [3-5].

In recent years, transcriptome-based subtyping allowed an improved
stratification of several cancer entities into subgroups of patients sharing sim-
ilar molecular features [6]. In muscle-invasive BC (MIBC), different molecular
subtypes have been proposed [7-12], and in 2020 a consensus classification
identified luminal and basal as the two distinctive subtypes [1,13]. These sub-
types offer valuable support for guiding targeted therapy options. Indeed, the
luminal subtype appears associated with higher responsiveness to fibroblast
growth factor receptor 3 (FGFR3)-targeted therapies, and the basal subtype to
immunotherapies such as programmed cell death ligand 1 (PD-L1) and pro-
grammed cell death protein 1 (PD-1) inhibitors [13,14]. For UTUC, only few
studies have so far investigated its genomic and transcriptomics landscape
[15-17]. Additionally, no consensus subtypes have been identified yet [2,3].

Assessment of molecular subtypes via high-throughput sequencing is neither
ubiquitously available nor cost-effective. Thus, alternative subtyping ap-
proaches should be considered. In MIBC, studies showed a substantial overlap
between molecular and protein-based subtypes [18,19], identifiable via more
widespread, routinely applicable immunohistochemistry (IHC) analyses.
Moreover, Al-based approaches have recently emerged as novel research tools
able to provide automated and accurate pathological diagnoses, leveraging
the information residing into whole slide images (WSlIs) [20]. Here, we identify
UTUC protein-based subtypes via a set of markers able to well characterize the
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luminal/basal differentiation of the urothelium in both the upper and lower
urinary tract. These protein markers have been used in previous studies to
stratify UTUC and UBC patients [21-24] and have shown to correlate well with
RNA expression [18,19]. In addition, we propose a deep-learning (DL) approach
that can predict the identified protein-based subtypes relying only on digitized
hematoxylin and eosin (H&E) slides.

MATERIALS AND METHODS

The ‘German cohort’ served as training cohort. It comprised formalin-fixed
paraffin-embedded (FFPE) material of N = 163 retrospectively analyzed pa-
tients diagnosed with UTUC between 1995 and 2012 at University Hospital Er-
langen-Niirnberg (Erlangen, Germany) and University Hospital Giefsen and
Marburg (Marburg, Germany). The ‘Dutch cohort’ served as independent test
cohort. It comprised N = 55 samples diagnosed with UTUC between 2017 and
2020 as part of a multicenter, phase Il, prospective trial conducted at Univer-
sity Medical Center Rotterdam (Rotterdam, The Netherlands) [25]. All patients
underwent radical nephroureterectomy or partial ureterectomy, without any
treatment before surgical tissue collection. All samples were invasive (i.e. with
tumor stage = pT1) and for both cohorts one WSI per patient was used, namely
the one showing the most representative invasive part of the tumor. All cases
were systematically reviewed by two uropathologists (VB and AH) according
to the tumor, node, metastasis (TNM) classification (2017) and the WHO
classification of genitourinary tumors [26]. Clinicopathological characteristics
of the two cohorts are summarized in Table 1. The uropathologists also evalu-
ated slides in terms of histological subtype, infiltration type, and tumor type.
Approval for this study was obtained from the Ethics Committee of the Frie-
drich-Alexander University Erlangen-Nirnberg (No. 329_16B) and the Erasmus
Medical Centre Rotterdam (METC 2017-227 NL60919.078.17). All patients gave
informed consent. The study was carried out in accordance with the Declara-
tion of Helsinki and to the principles of Good Clinical Practice (GCP).

H&E staining and tissue microarray (TMA) analysis were performed for the two
cohorts in the respective pathology centers. For each patient a total of four

108



A deep-learning workflow to predict if upper tract urothelial cancer protein-based subtypes
can support the identification of patients benefitting from molecular testing

representative tissue cores (1 mm of diameter), two covering the tumor cen-
trum and two covering the invasion front, were punched from the associated
paraffin block and transferred to distinct recipient blocks using the TMA Grand
Master (3DHistech, Budapest, Hungary).

IHC analysis

All THC analyses were performed at the Institute of Pathology, University Hos-
pital Erlangen (Erlangen, Germany) on a Ventana BenchMark Ultra (Ventana,
Tucson, AZ, USA) autostainer accredited by the German Accreditation Office
(DAKKs) according to DIN EN ISO/IEC 17020. For protein-based subtyping, we
relied on a set of three basal (i.e. CK14, CK5, and CD44) and three luminal (i.e.
CK20, FOXA1, and GATA3) markers that characterize the luminal/basal differ-
entiation of the urothelium in both the upper and lower urinary tract. More
specifically, our marker choice was based on the following considerations:

1. theurothelium of both the upper and lower urinary tract can be stratified into
three major epithelial cell layers based on their localization and cell type [27]:

+ the basal layer sits on the basement membrane. It is a proliferative
cell layer containing stem cells and expressing the basal cy-
tokeratins (CK) 5/6 and CK14, as well as the hyaluronic acid recep-
tor (CD44);

« the intermediate layer contains moderately differentiated cells
with variable expression of CD44, reduced expression of CK5/6, and
high expression of CK18;

« the superficial layer contains the so-called umbrella cells, which are
fully differentiated and express uroplakin proteins as well as CK20.

2. Starting from the differentiation of normal urothelium, urothelial neo-
plasms develop via two distinct oncogenic pathways [27,28]:
« the luminal pathway is driven by the main transcription factors
(TFs) GATA3, FOXAL, and PPARG. Cancer cells express markers
characteristic of the superficial cell layer;
+ thebasal pathway is driven by the TFs p63, STAT2, and EGFR. Result-
ing cancer cells express markers characteristic of the basal layer.
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A subset of the protein markers we utilized have also been used by other
groups to stratify UTUC and UBC patients [21-24]. In addition, the six-marker
set (i.e. CK5, CK14, CD44, FOXA1, GATA3, and CK20) has been extensively used
and validated by our group, who showed that the IHC expression of the chosen
markers correlates well with RNA expression [18,19].

IHC staining was performed on 2-3 um TMA sections from each block using the
following antibodies: CK14 (clone SP53, Cell Marque, Rocklin, CA, USA), CK5
(clone XM26, Diagnostic BioSystems, Pleasanton, CA, USA), CD44 (clone
DF1485, Dako, Santa Clara, CA, USA), CK20 (clone Ks 20.8, Dako), FOXA1 (poly-
clonal, Abcam, Waltham, MA, USA), and GATA3 (clone L50-823, DCS Innovative
Diagnostic Systems, Hamburg, Germany). The expression of these markers
was histologically quantified (VB and PV) using the histoscore (H-score), which
converts immunoreactivity into a semiquantitative range [0-300] proportional
to both staining intensity and percentage of positively stained cells [29]. To
validate model predictions, immunohistochemical evaluations at whole slide
level were performed using the same markers for selected cases.

PD-L1 expression on immune and tumor cells was assessed on TMAs using the
PD-L1 assay (clone SP263, Ventana) as previously described [30].
Quantification was performed by a pathologist (VB) using both immune cells
(IC) score and combined positive score (CPS). The IC score was calculated as
the percentage of the area occupied by PD-L1-positive IC relative to the total
tumor area, whereas the CPS was calculated as the number of immune and
tumor cells positive for PD-L1 out of the total number of tumor cells. Only sam-
ples with IC score =5% or CPS =10 were considered positive for PD-L1 [31,32].

DNA isolation and FGFR3 SNaPshot analysis

Tumor DNA was isolated using the Maxwell 16 LEV Blood DNA Kit (Promega,
Mannheim, Germany) according to the manufacturer’s instructions as previ-
ously described [33]. FGFR3 mutational analysis was performed using the
SNaPshot method, which simultaneously detects nine hot-spot mutations, as
previously described [34].
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Clustering-based protein-based subtype identification and statistical analyses
Hierarchical clustering and statistical analyses were performed within the R
environment v.4.0.3 [35]. For protein-based subtyping, the expression of each
luminal/basal marker in each patient was taken equal to the median H-score
across the four TMA cores. Unsupervised hierarchical clustering was then per-
formed on the standardized marker expression.

Association between categorical variables was assessed using Fisher’s exact test. To
compare the distribution of continuous variables, the Wilcoxon rank- sum test for
independent samples (two groups), the Kruskal-Wallis test (more than two groups),
or the one-tailed Wilcoxon signed-rank test (paired samples) were used. Analyses of
overall survival (OS) and disease-specific survival (DSS) were performed using the
Kaplan-Meier estimator, and statistical differences were assessed through the log-
rank test. p values <0.05 were considered statistically significant. Further details are
provided in Supplementary materials and methods.

WSI annotation and preprocessing

Slides belonging to the two cohorts were digitized in the respective pathology
centers using a Panoramic P250 scanner (3DHistech) at different resolution levels.
For each WSI, tumor tissue was manually annotated in QuPath [36] (v.0.2.3) by a
trained observer (MA) under expert supervision (VB) (see supplementary material,
Figure S1). An automated Python-based pipeline (https://github.com/MiriamAng/
TilGenPro) was implemented to tessellate the identified tumor areas into
nonoverlapping tiles of 512 x 512 pixel edge length, perform quality filtering, and
stain-normalization (see supplementary material, Figure S2). Further details are
provided in Supplementary materials and methods.

DL algorithm and its validation

Our DL framework relied on a transfer-learning approach by fine-tuning a Res-
Net50 [37] initialized with weights pre-trained on the ImageNet database [38].
A repeated three-fold cross-validation was used to estimate the model’s gen-
eralization accuracy and error. Here, to ensure independence between train-
ing and validation folds, random splitting was performed at patient level (see
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supplementary material, Figure S3). To account for class imbalance, the num-
ber of tiles belonging to each class within the training set was equalized. The
DL model’s prediction for single tiles of the validation set was averaged to ob-
tain a WSI-level subtype prediction. For each repetition, the area under the re-
ceiver operating characteristic (AUROC) curve, accuracy, precision, recall, and
F1-score were assessed as mean and 95% confidence interval (Cl) across the
three validation folds relying on Student’s t-distribution. Confusion matrices
for a given repetition were obtained by concatenating the predictions for the
three validation folds. The predicted class in the independent test cohort was
taken equal to the class with the highest average prediction value across the
three models from the best-performing repetition. Further details are pro-
vided in Supplementary materials and methods.

RESULTS

Hierarchical clustering of protein marker expression identifies luminal,
basal, and indifferent UTUC subtypes

To characterize protein-based UTUC subtypes, the expression of three basal
(CK5, CK14, and CD44) and three luminal (CK20, FOXA1, and GATA3) differenti-
ation markers of the urothelium was assessed in a cohort of 163 invasive sam-
ples, referred to as the ‘German cohort’. Hierarchical clustering of protein
marker expression identified a ‘luminal’ cluster (80 samples, 49.1%), a ‘basal’
cluster (42 samples, 25.8%), and an ‘indifferent’ cluster (41 samples, 25.1%)
with low expression of both basal and luminal markers (Figure 1A). Only 2 of
the 41 indifferent samples had marker expression equal to zero, while for the
others weak expression could be detected.

The basal samples exhibited shorter OS and DSS than the luminal and indiffer-
ent samples (Figure 1B). Tumor stages differed across the three subtypes (p =
0.01), with almost half of pT4 samples in the basal group (see supplementary
material, Table S1). Both infiltration ( p = 0.02) and tumor type ( p = 0.02) dif-
fered between basal and indifferent cases (Figure 1C,D). In contrast, no
significant differences were found when comparing luminal and indifferent
subtypes. Indeed, basal samples showed a clear prevalence of diffusely
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infiltrative and non-papillary tumors, whereas the other two subtypes showed
a higher pro- portion of pushing and papillary tumors.

Collectively, hierarchical clustering based on the IHC expression of six differ-
entiation markers of the urothelium identified three distinctive protein-based
UTUC subtypes, with high histopathological similarity between the indifferent
and the luminal subtype.

DL successfully predicts luminal and basal protein- based subtypes from
H&E slides and identifies candidate heterogeneous slides

We hypothesized that a DL model could predict the identified protein-based sub-
types using only the information contained in the digitized H&E slides. With this
aim, slides were annotated in QuPath (see supplementary material, Figure S1)
and preprocessed via an automated Python-based pipeline (https://github.com/
MiriamAng/TilGenPro; see supplementary material, Figure S2). A DL model was
then learned on the 163 German samples in a weakly super- vised way. Notably,
each tile inherited as true class label the protein-based subtype (i.e. luminal, ba-
sal, and indifferent) assigned to the parent slide by hierarchical clustering of the
expression of the chosen markers. A total of 100,178 luminal, 66,770 basal, and
57,874 indifferent tiles were used to train and validate a DL-based classifier in a
three-time repeated three-fold cross-validation set- ting (see supplementary ma-
terial, Figure S3). While most basal (AUROC = 0.77; 95% Cl: 0.67-0.86; repetition
three) and luminal (AUROC =0.71; 95% ClI: 0.44-0.99; repetition two) samples were
correctly predicted, more than 55% of samples labeled as indifferent on the basis
of protein expression were predicted luminal by our DL model on the basis of dig-
itized H&E slides alone (see supplementary mate- rial, Figure S4 and Table S2).
This difficulty of the DL model in predicting the indifferent subtype was consistent
with the observed histomorphological similarity with the luminal subtype. There-
fore, we decided to train a new DL model focusing on those samples assigned, on
the basis of protein expression, to the most distinctive luminal and basal subtypes
(Figure 2A). Again, we relied on a repeated cross-validation setting. Our classifier
achieved a mean AUROC of at least 0.8 (AUROC = 0.83; 95% Cl: 0.67-0.99; repeti-
tion one) and mean accuracy of 20.75 (mean accuracy = 0.79; 95% CI: 0.75-0.84;
repetition two) (see Figure 2B and supplementary material, Table S3). For further
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analyses, we focused on the results of repetition 2, as it showed the best accuracy
and most consistent performance metrics across the three hold-out folds (see
supplementary material, Table S3). First, the so called ‘high-confidence’ slides
were identified, i.e. those slides whose prediction score for the luminal/basal
class, given as output by the model, was at least 0.7 (see supplementary material,
Table S4). These slides were selected exclusively on the basis of the DL model pre-
diction scores, irrespective of their protein-based subtype assigned via clustering
of protein marker expression. The true positive rates in the high-confidence lu-
minal and basal slides were respectively 86.2% (50/58) and 87.5% (14/16). Visual
inspection of tile-level prediction maps of the top high-confidence slides
confirmed the pathological description of these subtypes at histo- pathological
level, i.e. dense nuclei with small stroma bridges as distinctive feature of the lu-
minal subtype (Figure 3A) and dense stroma and keratinization for the basal sub-
type (Figure 3B) [1]. In the top scoring luminal slide, 99.9% of tiles were predicted
luminal. In the top basal, 90% of tiles were predicted basal. These predictions
were confirmed by whole slide level staining with the six luminal and basal mark-
ers (see Figure 3A,B and supplementary material, Figure S5A,B). Taken together,
these results show that the DL model was able to successfully predict the most
distinctive luminal/basal protein-based subtypes on the basis of digitized H&E
slides alone.

Next, we focused on the 22 ‘low-confidence’slides, i.e. those slides whose pre-
diction score for the luminal/basal class, given as output by the model, was be-
tween 0.4 and 0.6 (see supplementary material, Table S5). As for the high-
confidencesslides, the low- confidence slides were chosen exclusively on the basis
of the DL model prediction scores, irrespective of their protein-based subtype.
These slides showed no significant difference in the distribution of luminal and
basal marker expression ( p = 0.43). Tile-level prediction maps allowed categori-
zation of these slides into ‘heterogeneous slides’, with distinguishable clusters of
predicted luminal and basal tiles, and slides without any visible luminal/basal
structured patterns. Visual inspection of a selected candidate heterogeneous
slide supported the predictions, with basal and luminal tiles showing the charac-
teristic histopathological features (Figure 3C). Furthermore, whole slide IHC vali-
dation showed positivity of the entire tumor area for the three luminal markers
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and the basal marker CK14 (see supplementary material, Figure S5C). Notably, in
the luminal-predicted area, the CK14 basal marker appeared expressed only in
the outer cellular layer, whereas in the basal-predicted area it appeared in all cell
layers (Figure 3C). Taken together, the DL model was able to identify candidate
heterogeneous slides showing co-presence of luminal and basal areas.

High-confidence predicted slides show the expected histopathological
features and are significantly associated with PD-L1 and FGFR3 status

To further characterize the high-confidence predictions, we also examined their
marker expression and morphological characteristics. High-confidence pre-
dicted luminal and basal slides showed higher expression of luminal (p =6.62 x
10°) or basal markers (p =0.00241) respectively (Figure 4A). High-confidence
luminal predictions were mainly characterized by papillary tumors, with not oth-
erwise specified (NOS) histological subtype, and with pushing infiltration type. In-
stead, high-confidence basal predictions were mainly non-papillary tumors, ei-
ther squamous or with subtype histology and with diffuse infiltration (Figure 4B).
Of note, five of the eight wrongly predicted luminal slides were samples charac-
terized by papillary growth of the tumor with NOS histology. Instead, both
wrongly predicted basal slides were diffusely infiltrating, non-papillary tumors
with subtype histology. These results show that high-confidence predictions
showed morphologic features consistent with the DL-predicted subtype.

Next, we investigated the association of high- confidence slides with clinically
relevant biomarkers (Figure 4C). The proportion of PD-L1-positive samples
was higher in high-confidence predicted basal slides, both using IC score (p =
0.01) and CPS (p<0.001). Vice versa, the proportion of FGFR3-mutated samples
was higher in high-confidence predicted luminal slides (p = 0.002). Interest-
ingly, one wrongly predicted basal slide was actually PD-L1 positive, whereas
four wrongly predicted luminal slides were FGFR3 mutated.

External validation of the DL model highlights the importance of subtype
histology

To test the generalization ability of the DL model, an external cohort of 55 invasive
UTUC patients, referred to as the ‘Dutch cohort’, was used. Hierarchical clustering
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identified also in this cohort luminal (31 samples, 56.3%), basal (4 samples, 7.3%),
and indifferent (20 samples, 36.4%) subtypes, with expression profiles matching
those in the German cohort (see supplementary material, Figure S6A). WSI-level
predictions on the Dutch cohort were obtained employing an ensemble of the
three DL models trained on repetition 2. The DL model correctly classified all lu-
minal samples, with an average prediction score of 0.89, but not the four basal
samples (see supplementary material, Figure S6B). Three of these samples showed
histological subtypes with glandular, squamous, and sarcomatoid features; one
sample was instead predominantly characterized by papillary growth of the tumor
with NOS histology. However, in this fourth sample, basal features could be ob-
served at the invasion front, where two out of four TMA cores were punched. Inter-
estingly, the tile-level prediction map highlighted a small tumor area predicted ba-
sal in correspondence to the invasion front, whereas the remaining papillary area
was mainly predicted luminal (see supplementary material, Figure S6C).

Thus, although a satisfying performance of the DL model was reached in the
prediction of the luminal samples, the presence of histological subtypes might
have made prediction of the basal samples difficult.

DISCUSSION

We identified three protein-based UTUC subtypes via a set of markers that are able
to characterize the luminal/basal differentiation of the urothelium in both the upper
and lower urinary tract. The three subtypes were identified in a completely unsu-
pervised way, using hierarchical clustering of the protein marker expression. The
samples belonging to the indifferent subtype had very low protein expression of
both luminal and basal markers, thus clearly differing from both luminal and basal
samples. However, our characterization in terms of infiltration type and tumor type
highlighted the histopathological similarity between the indifferent and luminal
subtypes. This similarity was reflected in the performance of a three-class DL model,
which, utilizing only the digitized H&E slides, predicted as luminal a large number of
samples assigned to the indifferent protein-based subtype. Future studies with mo-
lecular data might help to elucidate the molecular-level differences between the in-
different and the luminal protein-based subtypes.
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Instead, a two-class DL model trained on only the samples assigned to the lu-
minal and basal protein- based subtypes could predict with high accuracy
these most distinctive luminal/basal subtypes relying only on digitized H&E
slides. Furthermore, the DL model identified candidate heterogeneous slides
for which whole slide IHC validation confirmed the co-presence of luminal and
basal areas closely matching the tile- level predictions.

At the histopathology level, invasive UCs present different morphological ap-
pearances [1]. As previously observed, MIBC histological subtypes are strong in-
dicators of mMRNA-/protein-based subtypes [18]. Notably, the high-confidence
predictions by our model, even including those slides where the DL-predicted
subtype did not match the protein-based subtype, showed morphological fea-
tures consistent with the DL-predicted subtype. For example, we saw that five
out of the eight WSIs labeled ‘basal’ on the basis of the protein expression, but
predicted luminal by our DL model, showed a NOS histology, which is charac-
teristic of the luminal subtype. Moreover, high- confidence predicted slides
were significantly associated with FGFR3 mutation and PD-L1 expression. In-
deed, basal predictions contained a higher proportion of PD-L1-positive sam-
ples and luminal predictions a higher proportion of FGFR3-mutated samples.
Because of the implementation of anti-PD- L1 and PD-1 therapies, and specific
FGFR3inhibitors [26,39] in UCs, histopathology laboratories have been facingin-
creased requests for PD-L1 assessment and FGFR3 alteration testing. Our DL
model predictions, based exclusively on the information contained in digitized
H&E slides, could thus offer valuable support to pathologists for the prioritiza-
tion of UTUC patients who should undergo FGFR3/PD-L1 testing. This would also
contribute to extending patient access to targeted therapies and improve their
management and care in clinical practice. Yet, a fully digital diagnostics
workflow would be required to implement such prioritization support in daily
practice. In addition, testing on even larger UTUC cohorts would be needed.

Several challenges were encountered during our study. Hierarchical clustering in
the independent Dutch cohort highlighted the same biological tendency observed
in the German cohort, which is even more remarkable considering the prospective
nature of the former. This strongly supported the existence of three distinct UTUC
protein-based subtypes. However, the cluster membership of single samples might
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vary with varying samples being clustered. This uncertainty in the training sample
labels might negatively affect the DL model performance. An additional level of un-
certainty in training labels was due to the assessment of marker expression in se-
lected TMA cores. It is common practice to stain several tumors at once, while also
takinginto account tumor heterogeneity. Yet, expression in TMA cores might not be
representative of whole slide level expression, as clearly seen for the predominantly
papillary case in the Dutch cohort with a basal-like morphology at the invasion
front. RNA-sequencing analyses might offer more robust subtype assignment,
thanks to genome-wide profiling, yet might still fail to correctly characterize heter-
ogeneous samples. Another challenge was linked to histological subtypes. Given
the rarity of UTUC, we had decided not to exclude them, as had been done in previ-
ous UBC studies [19]. However, as the results on the Dutch cohort showed, this
might have impaired model performance. Histological subtypes have gained in-
creasingimportance, given theirimpact on pathological and clinical outcomes [40].
Thus, it would be very important to develop machine learning approaches able to
accommodate the prediction of histological subtypes from H&E slides. This might
be achievable with the future availability of an even more extensive UTUC cohort,
with a sufficient number of samples for all histological subtypes to ensure robust
training of a DL model.

Furthermore, in the future it would be very interesting to investigate the extension
of our DL framework to biopsy samples. Here, challenges will be related to whether
an intrinsically small and superficial biopsy sample provides enough information to
predict sub- types and ultimately offers support in deciding on the best treatment
strategy. Finally, additional steps could be integrated into the workflow to facilitate
the use of the developed DL model in a fully digital pathology laboratory. First, an
upstream tumor segmentation step could be implemented to avoid the manual an-
notation of new samples. In addition, it would be useful to develop a downstream
postprocessing tool for the automatic detection of candidate heterogeneous slides
based on luminal/basal patterns analysis of tile-level prediction maps.

Collectively, our results show that the most distinctive protein-based UTUC

subtypes can be predicted directly from H&E slides and are associated with
the presence of targetable alterations. Thus, our study lays the foundation for
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an Al-based tool to support UTUC diagnosis and extend patient access to tar-
geted treatments.
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Table 1. Clinicopathological variables characterizing the German and the Dutch co-
horts.

Clinicopathological variable German cohort Dutch cohort

Age at diagnosis (years), 73 (47-94) 71 (52-85)
median (min-max)
Gender, n (%)

Female 52 (31.9) 21(38.2)

Male 111 (68.1) 34 (61.8)
Tumor grade (WHO 1973), n (%)

Gl 0(0) 0(0)

G2 52 (31.9) 12 (21.8)

G3 111 (68.1) 36 (65.5)

Missing 0(0) 7(12.7)
Tumor grade (WHO 2004), n (%) -

High 54 (98.2)

Low 0(0)

Missing 1(1.8)
Tumor grade (WHO 2016), n (%) -

High 142 (87.1)

Low 21 (12.9)
Primary tumor, n (%)

pT1l 33(20.2) 17 (30.9)

pT2 28 (17.2) 13 (23.6)

pT3 81 (49.7) 25 (45.5)

pT4 21(12.9) 0(0)
Regional lymph nodes, n (%)

pNO 54 (33.1) 22 (40)

pN1 16 (9.8) 3(5.5)

pN2 14 (8.6) 2(3.6)

Missing 79 (48.5) 28 (50.9)
Distant metastasis, n (%)

cMO 79 (48.5) 54 (98.2)

cM1 8 (4.9) 0(0)

Missing 76 (46.6) 1(1.8)
Anatomic origin, n (%)

Renal pelvis 98 (60.1) 31 (56.4)

Ureter 47 (28.8) 24 (43.6)

Both 18 (11.1) 0(0)

Estimates are given as median (minimum, maximum) or frequency (percent-
age) with respect to the total number of analyzed samples (N = 163 for the
German cohort and N =55 for the Dutch cohort). A dash (-) is used to indicate
information not available within a given cohort.
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Figure 1 (see next page). Protein-based UTUC subtypes and their histopathological
characterization. (A) Heatmap visualization of the hierarchical clustering analysis per-
formed on the expression of the three basal (CD44, CK5, and CK14) and three luminal
(FOXA1, GATA3, and CK20) markers in our UTUC German cohort (N =163 invasive sam-
ples). Heatmap colors represent marker expression (quantified via the standardized
H-score, i.e. in terms of standard deviation differences with respect to the average H-
score of the marker across all samples; white: equal to the average expression; red:
higher than the average expression; blue: lower than the average expression). The
color ribbon at the top of the heatmap indicates the three protein-based subtypes:
luminal (red), indifferent (green), basal (blue). (B) Kaplan-Meier overall survival (top)
and disease-specific survival (bottom) curves for the identified subtypes. p values
from log-rank test. (C and D) Characterization of the identified subtypes in terms of
infiltration type (C) and tumor type (D). Representative histopa thology images are
shown on the left and bar plot distributions on the right. The p values shown above
the bar plots refer to two different Fisher’s exact tests: one test to compare the distri-
bution of histopathology features in basal versus indifferent subtypes (left) and one
test to compare the distribution of histopathology features in luminal versus indiffer-
ent subtypes (right). The histopathology images are framed in the respective color
used in the bar plot to the right (p <0.05 in italic bold).
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Figure 2. DL-based prediction of luminal and basal protein-based subtypes. (A) Steps
of the DL framework: (1) Starting from 80 luminal and 42 basal WSls, a library made up
0f 100,178 luminal (red) and 66,770 basal (blue) stain-normalized tiles is generated us-
ing an automated, custom-developed, pre-processing pipeline. (2) The tiles library is
used for training the network using three-fold cross-validation (CV) (gray: training
folds, yellow: validation fold). Tiles of the trained set are balanced between the two
classes. The CV is repeated three times. (3) For each training/validation set combina-
tion, a DL model is trained using a transfer-learning approach. (4) For each tile, the
model outputs a prediction value for the luminal (pluminal) and for the basal (pbasal)
class. WSI-level predictions for the luminal (pWSI luminal) and basal (pWSI basal) sub-
types are calculated by averaging the tile-level predictions for each class. The subtype
associated with the highest prediction is assigned to the entire slide. In the schemati-
zation, color intensity is proportional to the prediction score. (B) AUROC for the three
repetitions (with basal subtype as positive class). The mean AUROC + standard devia-
tion across folds is reported for each repetition. AUROC, area under the receiver oper-
ating characteristic; NB, number of basal slides; NL, number of luminal slides
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Figure 3. Whole-slide IHC validation of deep-learning predictions. (A) Slide predicted
with the highest pWSI luminal, (B) slide predicted with the highest pWSI basal, and (C)
candidate heterogeneous slide. For all three slides, from left to right: digitized whole
slide with annotated tumor areas (red); tile-level prediction map (red: luminal; blue:
basal; intensity dependent on prediction score); selected areas; and corresponding ar-
eas of the whole-slide IHC validation using CK20 as representative luminal marker and
CK14 as representative basal marker. Whole-slide IHC validation with all six lu-
minal/basal markers is provided in supplementary material, Figure S5.
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Figure 4 (see next page). Characterization of the high-confidence predicted luminal
and basal slides. (A) Boxplot distributions of the mean expression values for the basal
(CK14, CK5, and CD44) and luminal (CK20, FOXA1, and GATA3) markers in the high-
confidence predicted luminal (left) and basal (right) slides. Shape represents the true
slide label (triangle: basal; square: luminal) and color represents the prediction accu-
racy (gray: correct predictions; violet: incorrect predictions). p values from one-tailed
Wilcoxon signed-rank test. (B) Characterization of the high-confidence predicted
slides in terms of tumor type (left), histological subtypes (middle), and infiltration type
(right). An overview of the morphological features for the wrongly predicted slides is
provided through the colored symbols above the bars. n: number of samples; p values
from two-tailed Fisher’s exact test. (C) Characterization of the high-confidence pre-
dicted slides in terms of clinically relevant biomarkers: PD-L1 status (measured as CPS
= combined positive score; IC score = immune cells score) and FGFR3 mutational sta-
tus. An overview of PD-L1 and FGFR3 status of the wrongly predicted slides is provided
through the colored symbols above the bars. n: number of samples; p values from one-
tailed Fisher’s exact test.

125



Chapter 5

126



A deep-learning workflow to predict if upper tract urothelial cancer protein-based subtypes
can support the identification of patients benefitting from molecular testing

REFERENCES

1. WHO Classification of Tumours Editorial Board. Tumours of the urinary
tract. In: Urinary and Male Genital Tumours (5th edn), Compérat E, Netto
G, Tsuzuki T (Eds). Lyon: International Agency for Research on Cancer,
2022;131-191.

2. Rouprét M, Seisen T, Birtle AJ, et al. European Association of Urology
guidelines on upper urinary tract urothelial carcinoma: 2023 update. Eur
Urol 2023; 84: 49-64.

3. DelLorenzisE, Albo G, Longo F, et al. Current knowledge on genomic
profiling of upper tract urothelial carcinoma. Genes (Basel) 2021; 12: 333.

4. Hassler MR, Bray F, Catto JWF, et al. Molecular characterization of upper
tract urothelial carcinoma in the era of next-generation sequencing: a
systematic review of the current literature. Eur Urol 2020; 78: 209-220.

5. Green DA, Rink M, Xylinas E, et al. Urothelial carcinoma of the bladder
and the upper tract: disparate twins. J Urol 2013; 189: 1214-1221.

6. Zhaol, Lee VHF, Ng MK, et al. Molecular subtyping of cancer: current sta-
tus and moving toward clinical applications. Brief Bioinform 2019; 20:
572-584.

7. ChoiW, Porten S, Kim S, et al. Identification of distinct basal and luminal
subtypes of muscle-invasive bladder cancer with different sensitivities to
frontline chemotherapy. Cancer Cell 2014; 25: 152-165.

8. Damrauer JS, Hoadley KA, Chism DD, et al. Intrinsic subtypes of high-
grade bladder cancer reflect the hallmarks of breast cancer biology. Proc
NatlAcad Sci USA2014;111:3110-3115.

9. Marzouka N-A-D, Eriksson P, Rovira C, et al. A validation and extended
description of the Lund taxonomy for urothelial carci- noma using the
TCGA cohort. Sci Rep 2018; 8: 3737.

10. Mo Q, Nikolos F, Chen F, et al. Prognostic power of a tumor differentia-
tion gene signature for bladder urothelial carcinomas. J Natl Cancer Inst
2018; 110: 448-459.

11. Rebouissou S, Bernard-Pierrot |, de Reynies A, et al. EGFR as a potential
therapeutic target for a subset of muscle-invasive bladder cancers pre-
senting a basal-like phenotype. Sci Transl Med 2014; 6: 244ra291.

127



Chapter 5

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

128

Robertson AG, Kim J, Al-Ahmadie H, et al. Comprehensive molecular
characterization of muscle-invasive bladder cancer. Cell 2017; 171: 540~
556.

Kamoun A, de Reyniés A, Allory Y, et al. A consensus molecular
classification of muscle-invasive bladder cancer. Eur Urol 2020; 77: 420-
433.

Kujtan L, Hussain A, Subramanian J, et al. The evolving genomic land-
scape in urothelial cancer. Curr Opin Oncol 2018; 30: 197-202.

Fujii Y, Sato Y, Suzuki H, et al. Molecular classification and diag- nostics of
upper urinary tract urothelial carcinoma. Cancer Cell 2021; 39: 793-
809.e8.

Moss TJ, Qi Y, Xi L, et al. Comprehensive genomic characterization of up-
per tract urothelial carcinoma. Eur Urol 2017; 72: 641-649.

Robinson BD, Vlachostergios PJ, Bhinder B, et al. Upper tract urothelial
carcinoma has a luminal-papillary T-cell depleted contex- ture and acti-
vated FGFR3 signaling. Nat Commun 2019; 10: 2977.

Weyerer V, Stoehr R, Bertz S, et al. Prognostic impact of molecular mus-
cle-invasive bladder cancer subtyping approaches and correlations with
variant histology in a population-based mono-institutional cystectomy
cohort. World J Urol 2021; 39: 4011-4019.

Woerl AC, Eckstein M, Geiger J, et al. Deep learning predicts molecular
subtype of muscle-invasive bladder cancer from conven- tional histo-
pathological slides. Eur Urol 2020; 78: 256-264.

Bhinder B, Gilvary C, Madhukar NS, et al. Artificial intelligence in cancer
research and precision medicine. Cancer Discov 2021; 11: 900-915.
Bontoux C, Rialland T, Cussenot O, et al. A four-antibody immunohisto-
chemical panel can distinguish clinico-pathological clusters of urothelial
carcinoma and reveals high concordance between primary tumor and
lymph node metastases. Virchows Arch 2021; 478: 637-645.

Dadhania V, Zhang M, Zhang L, et al. Meta-analysis of the lumi- nal and ba-
sal subtypes of bladder cancer and the identification of signature im-
munohistochemical markers for clinical use. EBioMedicine 2016; 12: 105-
117.



23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

A deep-learning workflow to predict if upper tract urothelial cancer protein-based subtypes

can support the identification of patients benefitting from molecular testing

Jung M, Kim B, Moon KC. Immunohistochemistry of cytokeratin (CK) 5/6,
CD 44 and CK 20 as prognostic biomarkers of non- muscle-invasive papil-
lary upper tract urothelial carcinoma. Histopathology 2019; 74: 483-493.
Sikic D, Keck B, Wach S, et al. Immunohistochemical subtyping using
CK20 and CK5 can identify urothelial carcinomas of the upper urinary
tract with a poor prognosis. PLoS One 2017; 12: e0179602.

van Doeveren T, van Leeuwen PJ, Aben KKH, et al. Reduce blad- der can-
cer recurrence in patients treated for upper urinary tract urothelial carci-
noma: the REBACARE-trial. Contemp Clin Trials Commun 2018;9: 121~
129.

Humphrey PA, Moch H, Cubilla AL, et al. The 2016 WHO classi- fication of
tumours of the urinary system and male genital organs—part B: prostate
and bladder tumours. Eur Urol 2016; 70: 106-119.

Guo CC, Czerniak B. Bladder cancer in the genomic era. Arch Pathol Lab
Med 2019; 143: 695-704.

Czerniak B, Dinney C, McConkey D. Origins of bladder cancer. Annu Rev
Pathol 2016; 11: 149-174.

McCarty KS Jr, Miller LS, Cox EB, et al. Estrogen receptor ana- lyses. Cor-
relation of biochemical and immunohistochemical methods using mono-
clonal antireceptor antibodies. Arch Pathol Lab Med 1985; 109: 716-721.
Eckstein M, Erben P, Kriegmair MC, et al. Performance of the Food and
Drug Administration/EMA-approved programmed cell death ligand-1 as-
says in urothelial carcinoma with emphasis on therapy stratification for
first-line use of atezolizumab and pembrolizumab. Eur J Cancer 2019;
106: 234-243.

Bellmunt J, de Wit R, Vaughn DJ, et al. Pembrolizumab as second-line
therapy for advanced urothelial carcinoma. N Engl J Med 2017; 376:
1015-1026.

Rosenberg JE, Hoffman-Censits J, Powles T, et al. Atezolizumab in pa-
tients with locally advanced and metastatic urothelial carci- noma who
have progressed following treatment with platinum- based chemother-
apy: a single-arm, multicentre, phase 2 trial. Lancet 2016; 387: 1909-
1920.

129



Chapter 5

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

130

Pfannstiel C, Strissel PL, Chiappinelli KB, et al. The tumor immune micro-
environment drives a prognostic relevance that cor- relates with bladder
cancer subtypes. Cancer Immunol Res 2019; 7: 923-938.

van Oers JM, Lurkin I, van Exsel AJ, et al. A simple and fast method for the
simultaneous detection of nine fibroblast growth factor receptor 3 muta-
tions in bladder cancer and voided urine. Clin Cancer Res 2005; 11: 7743~
7748.

R Core Team. R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing: Vienna, 2020. Available from:
https://www.R-project.org/.

Bankhead P, Loughrey MB, Fern'andez JA, et al. QuPath: open source
software for digital pathology image analysis. Sci Rep 2017; 7: 16878.

He K, Zhang X, Ren S, et al. Deep residual learning for image recognition.
In 2016 IEEE Conference on Computer Vision and Pattern Recognition
(CVPR), 2016; 770-778. https://doi.org/10. 1109/CVPR.2016.90.

Jung M, Kim B, Moon KC. Immunohistochemistry of cytokeratin (CK) 5/6,
CD 44 and CK 20 as prognostic biomarkers of non- muscle-invasive papil-
lary upper tract urothelial carcinoma. Histopathology 2019; 74: 483-493.
Sikic D, Keck B, Wach S, et al. Immunohistochemical subtyping using
CK20 and CK5 can identify urothelial carcinomas of the upper urinary
tract with a poor prognosis. PLoS One 2017; 12: e0179602.

van Doeveren T, van Leeuwen PJ, Aben KKH, et al. Reduce blad- der can-
cer recurrence in patients treated for upper urinary tract urothelial carci-
noma: the REBACARE-trial. Contemp Clin Trials Commun 2018;9: 121-
129.

Humphrey PA, Moch H, Cubilla AL, et al. The 2016 WHO classi- fication of
tumours of the urinary system and male genital organs—part B: prostate
and bladder tumours. Eur Urol 2016; 70: 106-119.

Guo CC, Czerniak B. Bladder cancer in the genomic era. Arch Pathol Lab
Med 2019; 143: 695-704.

Czerniak B, Dinney C, McConkey D. Origins of bladder cancer. Annu Rev
Pathol 2016; 11: 149-174.



44

45.

46.

47.

48.

49.

50.

51.

52.

A deep-learning workflow to predict if upper tract urothelial cancer protein-based subtypes
can support the identification of patients benefitting from molecular testing

. McCarty KS Jr, Miller LS, Cox EB, et al. Estrogen receptor ana- lyses. Cor-

relation of biochemical and immunohistochemical methods using mono-
clonal antireceptor antibodies. Arch Pathol Lab Med 1985; 109: 716-721.
Eckstein M, Erben P, Kriegmair MC, et al. Performance of the Food and
Drug Administration/EMA-approved programmed cell death ligand-1 as-
says in urothelial carcinoma with emphasis on therapy stratification for
first-line use of atezolizumab and pembrolizumab. Eur J Cancer 2019;
106: 234-243.

Bellmunt J, de Wit R, Vaughn DJ, et al. Pembrolizumab as second-line
therapy for advanced urothelial carcinoma. N Engl J Med 2017; 376:
1015-1026.

Rosenberg JE, Hoffman-Censits J, Powles T, et al. Atezolizumab in pa-
tients with locally advanced and metastatic urothelial carci- noma who
have progressed following treatment with platinum- based chemother-
apy: a single-arm, multicentre, phase 2 trial. Lancet 2016; 387: 1909-
1920.

Pfannstiel C, Strissel PL, Chiappinelli KB, et al. The tumor immune micro-
environment drives a prognostic relevance that cor- relates with bladder
cancer subtypes. Cancer Immunol Res 2019; 7: 923-938.

van Oers JM, Lurkin I, van Exsel AJ, et al. A simple and fast method for the
simultaneous detection of nine fibroblast growth factor receptor 3 muta-
tions in bladder cancer and voided urine. Clin Cancer Res 2005; 11: 7743~
T748.

R Core Team. R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing: Vienna, 2020. Available from:
https://www.R-project.org/.

Bankhead P, Loughrey MB, Fern'andez JA, et al. QuPath: open source
software for digital pathology image analysis. Sci Rep 2017;m7: 16878.
He K, Zhang X, Ren S, et al. Deep residual learning for image recognition.
In 2016 IEEE Conference on Computer Vision and Pattern Recognition
(CVPR), 2016; 770-778. https://doi.org/10. 1109/CVPR.2016.90.

131



Chapter 5

SUPPLEMENTARY MATERIALS AND METHODS

Clustering-based protein-based subtypes identification and statistical anal-
yses Hierarchical clustering and statistical analyses were performed within the
R environment v.4.0.3 [35]. To identify protein-based subtypes, the expression
of each marker in each patient was taken equal to the median H-score across
the four TMA cores. Unsupervised hierarchical clustering was performed on
the standardized marker expression (i.e. scaled to a mean of zero and a stand-
ard deviation of one) using Ward’s clustering method [41]. Ward’s algorithm
was implemented relying on the R function hclust using as input the dissimi-
larity matrix computed through the Euclidean distance and ward.D2 as argu-
ment for the agglomeration method [42].

Heatmap visualization of the hierarchical clustering analysis was performed
relying on the function Heatmap from the R-package ComplexHeatmap
v.2.4.3.

Association analysis between categorical variables was performed using
Fisher’s exact test. To compare the distribution of continuous variables, the
Wilcoxon rank-sum test for independent samples (two groups) or the Kruskal-
Wallis test (more than two groups) were used. Differences in the distribution
of luminal and basal marker expression were evaluated using the one-tailed
Wilcoxon signed-rank test for paired samples.

Analyses of overall survival (OS) and disease-specific survival (DSS) were per-
formed using the Kaplan-Meier estimator relying on the R-packages survminer

v.0.4.9 and survival v.3.2-13. The statistical difference between survival curves
was assessed through the log-rank test. P-values (p) < 0.05 were considered
statistically significant.

Slides digitization and WSI annotation

Slides belonging to the two cohorts were digitized in the respective pathology
centers using a Panoramic P250 scanner (3DHistech, Budapest, Hungary).
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Glass slides from the German cohort were scanned at 20-fold magnification
with a resolution of 0.389 microns per pixel (mpp) whereas those from the
Dutch cohort had three different resolution levels, i.e. 0.1214 mpp at 40-fold
magpnification, 0.2428 mpp at 20-fold magnification and 0.2484 mpp at 40-fold
magpnification. To facilitate the analysis and pre-processing of WSiIs, digitized
slides from the two cohorts were organized into two distinct QuPath [36]
(v.0.2.3) projects and stored as .qpproj files. Within each project, for each WSI
the tumor tissue was manually annotated by a trained observer (MA) under the
supervision of an expert uropathologist (VB).

Manual annotation consisted in drawing a region of interest (ROI) around the
tumor area and leaving out healthy tissue. Annotations were made at high lev-
els of magnification using the brush and wand tools available in QuPath to ex-
clude as much as possible non-tumor tissue including necrosis, bleed-
ing/blood vessels, peri- tumoral lymphocytes and scanning artifacts (Figure
S1).

WSI pre-processing pipeline

WSIs pre-processing as well as deep-learning (DL) analyses were performed in
Pythonv.3.7.12 and run in a dedicated conda environment on a remote server
based on Ubuntu’s 20.04.5 long-term support (LTS) operating system with
NVIDIA Tesla V100-PCIE-32GB graphics processing unit (GPU).

An automated Python-based pipeline (https://github.com/MiriamAng/TilGen
Pro) was implemented for the pre-processing of groovy script is run to tessellate
the annotated tumor areas into smaller non- overlapping square patches, a.k.a.
tiles, of 512x512 pixel edge length. Subsequently, the generated tiles undergo a
quality-filtering step. Namely, for a given WSI the median pixel intensity value
across the RGB channels is calculated for each of the belonging tiles and a log10-
transformed median pixel intensities distribution is obtained. A lower/upper
percentile-based threshold can thus be set on the obtained distribution to filter-
out tiles with a log10 median intensity lower or equal than the lower threshold
(this corresponds to tiles characterized by darker regions) and/or greater or
equal than the upper threshold (this corresponds to tiles with a high amount of
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white pixels). The pipeline was run using as values for the lower/upper thresh-
olds the 5th and 90th percentiles respectively. Finally, to reduce stain variation
between training and test set, the tiles passing the quality-filtering step are
stain-normalized according to the Macenko method [43] (Figure S2). Macenko
stain-normalization was implemented by assigning to the input parameters a
and B thevalues of 1 and 0.15 respectively, as recommended by the authors [43],
and using as reference H&E optical density (OD) matrix the one provided by
Mitko Veta’s ‘Staining unmixing and normalization’ code (https://github.com
/mitkovetta/staining-normalization).

For the Dutch cohort, non-overlapping tiles of 512x512 pixel edge length were
generated with the same resolution level as the German cohort (i.e. 0.389
mpp). A total of 341,906 (mean: 2,098; range: 89-7,514; 146,611 luminal;
109,681 basal; 85,614 indifferent) and 112,562 (mean: 2,047; range: 58-4,964;
57,319 luminal; 10,258 basal; 44,985 indifferent) tiles were generated for the
German and the Dutch cohort respectively. To control, in training dataset
composition, the over- representation of tiles from WSIs characterized by
larger tumor areas, and instead maximize the representativeness of tiles asso-
ciated with smaller tumor areas, a maximum number of 2,000 tiles was ran-
domly subsampled from the WSIs of the German cohort during training.

Deep-learning algorithm and its validation

For protein-based UTUC subtypes prediction a ‘classical weakly supervised’
[44] DL framework was employed. Namely, all tiles originating from a given
WSI inherited the corresponding patient-level label assigned by hierarchical
clustering [44, 45].

Although in real life tumor homogeneity cannot be assumed, weakly super-
vised learning approaches are particularly suited to the computational pathol-
ogy field, whenever DL algorithms aim at predicting labels that cannot be di-
rectly annotated on digitized H&E slides [19, 46, 47]. Indeed, clinically relevant
labels (e.g. mutational status or subtypes) are known only at patient level,
while DL model training is performed on smaller image tiles generated from
the WSI. The goal of the developed DL model is to make a prediction of the
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protein-based subtypes identified via hierarchical clustering using only the in-
formation contained in the digitized H&E slides. In order to achieve this, the
DL model must ‘learn’. During model learning, the dataset with known class
labels (in our case, the German cohort) is split into two portions: a training por-
tion and a validation portion. The training portion is passed to the model to-
gether with the known class labels. The known class labels are necessary to
quantify how much a given prediction deviates from its true class and this in-
formation is used to make the model learn via parameters tuning. The valida-
tion portion is instead used to provide an early estimate on how well the
model learned and tune the model’s hyper-parameters [48]. Often a cross-val-
idation framework is utilized, where a dataset is divided into n folds (portions)
and n DL models are learnt, each time using thei-th fold (i=1 ... n) as validation
portion, a.k.a. hold-out fold, and the remaining (n-1) folds as training portion.

To predict protein-based subtypes in UTUC we chose a ResNet50 [37]. The Res-
Net50, initialized with weights pre-trained for the visual recognition challenge
on the ImageNet database [38], was then fine-tuned for the specific task rely-
ing on a transfer-learning approach. For model’s implementation the DL li-
brary fastaiv.1.0.61 [49], which is built on top of the open source PyTorch ma-
chine-learning framework [50], was employed. The pre-trained ResNet50 was
retrieved from the vision.learner fastai module. This module, through the
cnn_learner method, allows to easily retrieve a pre-trained model with a head
suitable for the specific classification task.

To adapt the pre-trained model to the classification of protein-based sub-
types, only the model’s head was fine-tuned while keeping the layers of the
backbone frozen. Model fitting was performed relying on the 1-cycle training
policy [51] through the fastai function fit_one_cycle, by setting a maximum
number of 30 epochs, a maximum learning rate of 10-5, and a weight decay of
0.1. In addition to weight decay, other regularization techniques were imple-
mented to avoid overfitting, including data augmentation and early stopping.
Data augmentation was performed relying on the fastai get transforms func-
tion using the default random transformations (i.e. horizontal flipping, rota-
tion, zooming, warping, and lighting). To introduce rotational invariance also
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vertical flipping was adopted by setting to true the argument flip vert. For early
stopping implementation validation accuracy was chosen as quantity to be
monitored throughout the whole training process. Notably, the fastai early
stopping callback was implemented to terminate training after a patience
time of three epochs with no improvement (min_delta=0.01) of the monitored
metric. The fastai save model callback was then used to save the model at the
best epoch, i.e. the best model.

A three-time repeated three-fold cross-validation was used to estimate the
model’s generalization accuracy and error. Here, to ensure independence be-
tween training and validation sets, the random splitting into the three folds
was performed at patient level. Further, the splitting was performed in a strat-
ified manner, i.e. preserving the percentage of samples for a given class within
each partition (Figure S3). To this aim, we relied on the module StratifiedKFold
from the scikit-learn package v.0.24.1 using a different value of the random
state argument for each repetition and setting to true the shuffle parameter.
At each round of the cross- validation, the DL model was trained on two folds
out of three and evaluated on the hold-out fold. Run times to fully train the DL
model in a three-time repeated three-fold cross-validation setting were
around 1.5 day. To account for class imbalance, a tiles balancing procedure
was implemented to equalize the number of tiles belonging to each class
within the training set. During inference, a prediction value per subtype was
assigned to each image tile. For each WSI, tile-level predictions were then av-
eraged, class-wise, and the subtype predicted with the highest average pre-
diction was assigned to the WSI.

Performance metrics to evaluate model’s performance were calculated rely-
ing on the sklearn.metrics module. The area under the receiver operating char-
acteristic (AUROC), accuracy, precision, recall, and F1-Score were assessed for
each repetition as mean across the three hold-out folds and 95% confidence
interval (Cl) relying on Student's t-distribution. Confusion matrices for a given
repetition were instead obtained using the concatenated model’s predictions
on the associated hold- out folds.
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As final model for the independent test cohort, a cross-validation ensemble
was used. Namely, for each WSI of the Dutch cohort WSI-level predictions
were obtained using each of the three models from the best-performing repe-
tition on the German cohort. Then, the final WSI-prediction was taken as the
class (luminal/basal) with the highest average prediction value across the
three models.
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SUPPLEMENTARY FIGURES

Figure S1. Example of tumor annotation. (left) Overview of a digitized whole slide im-
age (WSI) with tumor tissue annotation borders in red; (right) zoomed-in tumor area
representative of the employed annotation criteria: necrosis (1), bleeding/blood ves-
sels (2), peri-tumoral lymphocytes (3) and scanning artifacts such as blurring and poor
fixation (4) were excluded from the annotated area.

2 mm
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Figure S2. Overview of the WSI pre-processing workflow. Graphical representation of
the main steps performed by the automated Python-based pre- processing pipeline.
A QuPath project (Project.qpproj) or a set of WSIs to process (provided via a csv file, or
specified individually as a list of one or more WSI names) can be used as input for the
pipeline. The pipeline performs the following steps: (1) the annotated tumor area (red)
within each slide is tessellated into smaller tiles; (2) tiles undergo a quality-filtering
step based on lower/upper thresholds identified on the log10-transformed median in-
tensity values distribution; (3) tiles are stain-normalized according to the Macenko
method.
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Figure S3. Overview of the training set generation procedure in a three-fold cross-val-
idation setting. In the example, each icon represents a patient (in our case correspond-
ing to a slide, as only one slide per patient was used) of the analyzed cohort and the
three colors (red, blue and green) represent three different classes of patients. The pa-
tients’ cohort is randomly split in three stratified partitions, i.e. with the same class
distribution as in the whole cohort. Two partitions out of three are used, in turn, to
train the deep-learning model while the correspondent hold-out folds are used for val-
idation. Tiles belonging to the two training partitions are pooled together and class-
balanced. In the example tiles are represented by the square symbol and inherit the
same color (i.e. class) of the parent patient.
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Figure S4. Deep-learning model performance in the prediction of the luminal, basal,
and indifferent subtypes. (left) AUROC curves and (right) confusion matrices for (A)
repetition 1, (B) repetition 2 and (C) repetition 3 of the three-fold cross-validation. AU-
ROC curves are shown for each subtype (blue: basal, green: indifferent, red: luminal).
The mean AUROC + standard deviation (sd) is reported for each repetition. Confusion
matrices are normalizedover the true class (row). AUROC: area under the receiver op-
erating characteristic.
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Figure S5. Whole-slide IHC validation with the entire marker set of the samples shown
in Figure 3. Whole-slide IHC-validation with the three basal (CK14, CK5, CD44) and
three luminal (CK20, FOXA1, GATA3) markers for (A) the top high- confidence predicted
luminal slide, (B) the top high-confidence predicted basal slide, and (C) a candidate

heterogeneous slide.
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Figure S6 (see next page). Validation of the deep-learning model on the Dutch cohort.
(A) Heatmap visualization of the hierarchical clustering analysis performed on the ex-
pression of the three basal (CD44, CK5, CK14) and three luminal (FOXA1, GATA3, CK20)
markers in the independent UTUC cohort from the Netherlands (N = 55 invasive sam-
ples). Heatmap colors represent marker expression (quantified via the standardized
H-score, i.e. in terms of standard deviation differences with respect to the average H-
score of the marker across all samples; white: equal to the average expression; red:
higher than the average expression, blue: lower than the average expression). The
color ribbon at the top of the heatmap indicates the three protein- based subtypes:
luminal (red), indifferent (green), basal (blue). (B) Confusion matrix with a summary of
model’s generalization accuracy. (C) Selected basal slide predicted luminal by the
model. From left to right: digitized whole-slide image (WSI) with annotated tumor ar-
eas (red); tile-level prediction map (red: luminal, blue: basal; intensity dependent on
prediction score); zoomed area for a better visualization of the basal morphological
features of the invasion front.

143



Chapter 5

144

Expression

0

0

B
count
30
© Basal - L £ o
.% 20
E
7] 15
g 10
= Luminal - 0
5
' =0
Basal Luminal
Predicted subtype

s Luminal
Subtype mmsss Indifferent

s Basal

[e—

250 pm

ssssssssmmm  prediction score luminal

oossssssmmm  prediction score basal

1



A deep-learning workflow to predict if upper tract urothelial cancer protein-based subtypes
can support the identification of patients benefitting from molecular testing

Table S1. Association analysis of the identified subtypes with the main clinicopatho-
logical variables. Estimates are given as median (minimum, maximum) or frequency
(percentage) calculated on the total available samples. Kruskal-Wallis and Fisher’s ex-
act tests were used respectively for continuous and categorical variables.

Clinico-pathological variable Luminal | Indifferent Basal p-
value

Age at diagnosis (yrs), median (min-max) 72 (47- 70 (48-85) 77 (51- 0.02
94) 87)

Gender, n (%) 0.07

F 24 (30) 9(22) 19 (45.2)

M 56 (70) 32 (78) 23 (54.8)

Tumor Grade (WHO 2016), n (%) 0.18

low 12 (15) 7(17.1) 2(4.8)

high 68 (85) 34(82.9) | 40(95.2)

Primary Tumor, n (%) 0.01

pT1 20 (25) 10 (24.4) 3(7.1)

pT2 19 (23.8) 4(9.8) 5(11.9)

pT3 36 (45) 21(51.2) | 24(57.2)

pT4 5(6.2) 6 (14.6) 10 (23.8)

Regional Lymph Nodes, n (%) 0.11

NO 31(77.5) 11 (47.8) 12 (57.1)

N1 4(10) 6 (26.1) 6 (28.6)

N2 5(12.5) 6 (26.1) 3(14.3)

Distant Metastasis, n (%) 0.57

MO 36 (87.8) 23 (95.8) 20 (90.9)

M1 5(12.2) 1(4.2) 2(9.1)

F: female; M: male.
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Table S2. Performance metrics of the deep-learning classifier in the prediction of the
luminal, basal, and indifferent protein-based subtypes for the three repetitions. For
each repetition a measure of precision, recall, F1-Score, and AUROC is reported sepa-
rately for the luminal, basal, and indifferent subtype together with the overall accu-
racy across the three subtypes. All performance metrics are reported as mean [95%
Cl] across the three hold-out folds, i.e. the data portions used, in turn, as validation
set in the three-fold cross-validation setting.

Basal Luminal Indifferent
Precision | 0.43[0.28-0.58] 0.59 [0.43-0.75] 0.11[0-0.43]
Repetition 1 Recall 0.43[0.12-0.74] 0.74 [0.56-0.91] 0.05[0-0.15]
F1-Score | 0.43[0.2-0.66] 0.65[0.5-0.81] 0.06 [0-0.21]
AUROC 0.7 [0.5-0.9] 0.66 [0.58-0.74] 0.43[0.25-0.61]
Accuracy 0.48[0.32-0.65]
Precision | 0.51[0.38-0.64] 0.63 [0.44-0.82] 0.35 [0.15-0.56]
Repetition2 | Recall 0.57[0.1-1] 0.69 [0.57-0.8] 0.24[0.05-0.43]
F1-Score | 0.54[0.24-0.83] 0.65[0.59-0.71] 0.29 [0.1-0.48]
AUROC 0.75[0.56-0.94] 0.71[0.44-0.99] 0.58 [0.27-0.88]
Accuracy 0.55[0.45-0.65]
Precision | 0.51[0.37-0.64] 0.55 [0.5-0.6] 0.33[0-0.7]
Repetition3 | Recall 0.55[0.45-0.65] 0.59 [0.02-1] 0.22 [0-0.57]
F1-Score | 0.52[0.46-0.59] 0.55[0.23-0.88] 0.24[0.06-0.41]
AUROC 0.77[0.67-0.86] 0.66 [0.62-0.71] 0.55 [0.45-0.65]
Accuracy 0.48[0.3-0.67]

AUROC: area under the receiver operating characteristic curve; Cl: confidence

interval.
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Table S3. Performance metrics of the deep-learning classifier in the prediction of the
luminal and basal protein-based subtypes for the three repetitions. For each repeti-

tion a measure of accuracy, AUROC, sensitivity, specificity, precision, and F1-Score is
reported for the basal subtype (here taken as the ‘positive’ class) as mean [95% Cl]
across the three hold-out folds, i.e. the data portions used, in turn, as validation set in

the three-fold cross-validation setting.

Repetition 1 Repetition 2 Repetition 3
Accuracy 0.75[0.52-0.99] 0.79[0.75-0.84] 0.75[0.48-1]
AUROC 0.831[0.67-0.99] 0.8 [0.62-0.99] 0.81[0.65-0.96]
Sensitivity (Recall) 0.67 [0.46-0.87] 0.6 [0.49-0.7] 0.6 [0.32-0.87]
Specificity 0.8 [0.42-1] 0.9 [0.84-0.96] 0.83[0.55-1]
Precision 0.67[0.25-1] 0.76 [0.67-0.85] 0.66 [0.2-1]
F1-Score 0.66 [0.42-0.9] 0.67[0.6-0.73] 0.62[0.27-0.98]

AUROC: area under the receiver operating characteristic curve; Cl: confidence

interval.
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ABSTRACT

Background: Following radical nephro-ureterectomy for urothelial carcinoma
of the upper urinary tract (UUT), the reported bladder recurrence rate of
urothelial carcinoma is 22-47%. A single intravesical instillation of chemother-
apy within 10 days following nephro-ureterectomy has the potential to de-
crease the risk of a bladder recurrence significantly. Despite recommendation
by the European Association of Urology guideline to administer a single instil-
lation postoperatively, the compliance rate is low because the risk of extrava-
sation of chemotherapy.

Aim: To reduce the risk of bladder cancer recurrence by a single intravesical
instillation of Mitomycin immediately (within 3 hours) before radical nephro-
ureterectomy or partial ureterectomy.

Methods: Adult patients (age = 18 years) with a (suspicion of a) urothelial car-
cinoma of the UUT undergoing radical nephro-ureterectomy or partial ureter-
ectomy will be eligible and will receive a single intravesical instillation of Mito-
mycin within 3 hours before surgery. In total, 170 patients will be included in
this prospective, observational study. Follow-up will be according to current
guidelines.

Results: The primary endpoint is the bladder cancer recurrence rate up to two
years after surgery. Secondary endpoints are: a) the compliance rate; b) onco-
logical outcome; c) possible side-effects; d) the quality of life; e) the calculation
of costs of a single neoadjuvant instillation with Mitomycin and f) molecular
characterization of UUT tumors and intravesical recurrences.

Conclusions: A single intravesical instillation of Mitomycin before radical
nephro-ureterectomy or partial ureterectomy may reduce therisk of a bladder
recurrence in patients treated for UUT urothelial carcinoma and will circum-
vent the disadvantages of current therapy.
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1. INTRODUCTION

Urothelial carcinoma of the upper urinary tract (UUT) is a relatively rare dis-
ease with an incidence of 2 per 100.000 person/year in Europe [1]. At diagno-
sis 60% of UUT tumors are invasive versus only 15-25% for urothelial carci-
noma of the bladder [2,3]. The outcome of UUT urothelial cancer is rather
poor: the 5-year survival rate following radical nephro-ureterectomy (RNU)
varies from less than 50% for pathological stage pT2 or pT3 disease versus
less than 10% for pT4 disease [3]. The characteristics of high-risk UUT dis-
ease are: high-grade tumor at biopsy, multifocalitiy, positive urinary cytol-
ogy, transmural disease, hydro-nephrosis on imaging and a tumor size = 1
cm [4-6]. For high-risk urothelial carcinoma of the UUT, RNU with excision of
the ipsilateral bladder cuff is the treatment of choice, either by open or min-
imally invasive surgery [2].

Despite this radical surgical procedure, the bladder recurrence rate at two
years following RNU for UUT urothelial carcinoma varies from 22 to 47% [4,7-
9]. A recent study showed that 70% of these recurrences occurred in the first
year following RNU [10]. Risk factors for a bladder recurrence following RNU
are previous bladder cancer, tumor multiplicity, tumor location, tumor stage,
and the operative modality [7,11]. For the prediction of intravesical recur-
rences following RNU, two studies designed predictive tools with an accuracy
of 62% to 69%. This indicates the difficulties in predicting which patients will
develop subsequent bladder recurrences [11,12].

Recently, two randomized controlled trials have shown that a postoperative
intravesical instillation of chemotherapy reduced the risk of a bladder recur-
rence following RNU [8,9]. A meta-analysis of these two studies showed that
an intravesical instillation with chemotherapy within 10 days following RNU
decreased therisk of bladder recurrence with 52%; the absolute risk reduction
was 13% [10]. Despite the fact that the European Association of Urology (EAU)
guideline recommends a single postoperative intravesical instillation with
chemotherapy based on the result of these two studies [2], the compliance
rate in clinical practice to this additional treatment is low. A survey among
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Dutch urologists showed that only 10% actually administers a postoperative
instillation [10]. This reluctance is mainly due to the fact that a fresh wound is
present in the bladder, which could lead to extravesical leakage of chemother-
apy and with that potential life-threatening sequelae [13].

Here, we present the REBACARE study, in which patients receive a single in-
travesical instillation with chemotherapy just before RNU or partial ureterec-
tomy for an UUT urothelial carcinoma. As subsequent bladder recurrences
probably result from intraluminal seeding and the implantation of cancer cells
[14,15], a preoperative instillation with chemotherapy could eradicate possi-
ble seeding of cancer cells in the bladder. This neoadjuvant strategy has pre-
viously been shown to be effective in the treatment of non-muscle invasive
bladder cancer using device-assisted instillations of Mitomycin [16]. The ap-
proach of a single instillation with chemotherapy before surgery has the fol-
lowing advantages: i) it will circumvent the possibility of extravesical leakage
of chemotherapyj; ii) it will spare the patient an invasive diagnostic procedure
(cystogram); and iii) it could result in a better compliance of urologists.

2. STUDY DESIGN

2.1 Study management

The REBACARE study is designed as a multicenter, prospective, non-random-
ized cohort study in a clinical setting. Inclusion of patients will take place from
September 2017 till December 2019. The estimated end of the study is Decem-
ber 2021, two years following RNU or partial ureterectomy of the last included
patient. The follow-up will be in accordance with the ‘EAU guideline for the
treatment of upper urinary tract urothelial carcinoma’ in which the surveil-
lance regimen consists of cystoscopy, urinary cytology, and CT urography
scans [2]. Only bladder recurrences (urothelial carcinoma) within two years
following surgery will be counted for study purposes. In case a bladder recur-
rence is suspected, a diagnostic biopsy is warranted to histologically confirm
a urothelial carcinoma of the bladder (Appendix A for the flow-chart of the
trial).
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The relapse rate in the study cohort will be compared with the relapse rate of
a matched historical cohort. This historical cohort will consist of patients older
than 18 years who underwent a RNU or partial ureterectomy for urothelial car-
cinoma of the UUT, performed between 2001-2015 in the participating centers,
received no perioperative intravesical instillation of chemotherapy and who
had no previous history of a urothelial carcinoma of the bladder.

2.2 Population

Adult patients (age =18 years) who undergo a RNU or partial ureterectomy
(open or laparoscopic) for a primary urothelial carcinoma of the UUT will be
eligible. These patients will be selected from participating centers in the Neth-
erlands. Approximately 150 RNU’s for urothelial carcinoma of the UUT were
performed yearly in the Netherlands between 2006 and 2010.

No exact information is available for the total number of partial ureterectomy
procedures performed in the Netherlands for UUT urothelial carcinoma. How-
ever, probably, these numbers are increasing due to the growing elderly pop-
ulation who are diagnosed with UUT but are too frail to undergo a RNU or have
impaired renal function. Moreover, evidence is emerging that partial ureterec-
tomy is feasible not only for an imperative indication, such as patients having
a solitary kidney [17]. Given this increase in the number of partial ureterecto-
mies performed, it is estimated that at least 90 patients per year can be in-
cluded in the present study, whereby this number includes both patients un-
dergoing RNU or partial ureterectomy.

See Appendix B for full inclusion and exclusion criteria of the study.

2.3 Study objectives

2.3.1 Primary objective

To demonstrate that a single intravesical instillation of chemotherapy immediately
(within 3 hours) before RNU or partial ureterectomy for urothelial carcinoma of the
UUT reduces the risk of a subsequent urothelial bladder cancer recurrence up to
two years after surgery with 40% (from 22-47% to 13.2-28.2%) compared to a
matched historical cohort who received no perioperative intravesical instillation.
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2.3.1.1 Index objective: Risk reduction

Atrial by O’Brien et al. randomized 144 patients to receive Mitomycin 40 mg at
the time of urethral catheter removal following RNU (median time 7 days) and
140 patients to receive standard of care [9]. In the Mitomycin arm, 105 of 144
patients (73%) and 115 of 140 patients (82%) in the standard of care arm re-
ceived their allocated treatment. Thirteen of 105 patients who received Mito-
mycin and 20 of 115 patients allocated to standard of care treatment did not
complete follow up. By modified intention-to-treat analysis, 21 of 120 patients
(17%) in the Mitomycin arm developed a bladder recurrence in the first year
versus 32 of 119 patients (27%) in the standard of care arm (p=0.055). By treat-
ment as per protocol analysis, 17 of 105 patients (16%) in the Mitomycin arm
and 31 of 115 patients (27%) in the standard treatment arm developed a blad-
der recurrence (p=0.03). This resulted in a relative risk reduction in the recur-
rence rate in the first year following RNU of almost 40%; the absolute risk re-
duction was 11%. Ito et al. evaluated the efficacy of a single early intravesical
instillation of Pirarubicin within 48 hours following RNU in the prevention of
bladder recurrence [8]. In this smaller study, 36 patients were included in both
the intervention and control arm. Significantly fewer patients in the Pirarubi-
cin group compared to the control group had a bladder recurrence at 2 years
following surgery (16.9% in the intervention vs. 42.2% in the control group).
Consequently, this resulted in a considerable higher relative risk reduction as
shown by O’Brien et al. (Ito et al. Odds ratio (OR) 0.280; 95% Confidence Inter-
val (Cl): 0.093-0.831, p=0.023 vs. O’Brien et al. OR 0.577; 95% Cl 0.310-1.073,
p=0.82) [10]. It’s possible that they achieved a higher reduction in recurrence
due to the administration of chemotherapy within 48 hours instead of within
10 days after surgery.

In addition a single instillation of chemotherapy following transurethral resec-
tion of bladder tumors (TURBT) for low- and intermediate-risk urothelial car-
cinoma of the bladder (UBC) induces a relative risk reduction of 40% to pre-
vent a subsequent bladder tumor recurrence [18-20]. To prevent the implan-
tation of tumor cells, the instillation should be given as soon as possible fol-
lowing TURB. In all studies which examined the effectiveness of a single, im-
mediate, post-operative, intravesical instillation of chemotherapy following
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TURB, the instillation was given within 24 hours following surgery [21]. This
postoperative instillation following TURBT is most effective when adminis-
tered within few hours of surgery [22].

2.3.2. Secondary objectives

a) To show a =80% compliance rate and accurate and consistent protocol
performance of a single neoadjuvant instillation with MMC three hours be-
fore RNU or partial ureterectomy for a urothelial carcinoma of the UUT.

b) To assess the 2-year overall, cancer-specific and recurrence-free survival
of a single neoadjuvant instillation with MMC before RNU or partial ureter-
ectomy for UUT urothelial carcinoma compared with no perioperative in-
travesical instillations.

c) The toxicity of the regime as assessed by the CTCAE.

d) Theimpact on the quality of life of the subjects when receiving a neoadju-
vant instillation with Mitomycin.

e) Costs from a societal perspective using a time horizon of two years and
incremental cost-effectiveness ratios.

f) A molecular characterization of the UUT urothelial carcinoma and subse-
quent (recurrent) urothelial carcinoma of the bladder (side-study).

2.3.2.1. Index objective: Compliance rate

Despite level | evidence showing that a postoperative instillation with chemo-
therapy following RNU decreases the risk of a subsequent bladder recurrence,
which is also recommended by the EAU guideline (Level B evidence) [2], the
compliance rate is low in current clinical practice. A Dutch survey showed a
compliance rate of less than 10% [10]. Therefore, by conducting this trial, we
aim to show not only that a neoadjuvant instillation of chemotherapy is
equally effective as a postoperative instillation in reducing the risk of a subse-
quent bladder cancer recurrence, but it must also lead to a much higher com-
pliance rate of clinicians to this neoadjuvant strategy because it lacks the po-
tential risk of extravesical extravasation of chemotherapy.
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2.3.2.2 Index objective: Survival rates

At the time of diagnosis, 60% of all urothelial carcinomas of the UUT are inva-
sive resulting in overall poor survival rates for patients with urothelial carci-
noma of the UUT. In a large retrospective study by Adibi et al., the 5-year sur-
vival rates among 1462 patients who underwent RNU were less than 50% for
stage pT2 or pT3 disease and less than 10% for pT4 disease [23].

Several studies have assessed individual patient risk factors for oncologic out-
comes [5,7,12,24,25]. Lughezzani et al. and Mathieu et al. identified tumor
stage and grade to be the most significant factors in oncological outcome
[5,26]. Moreover, with respect to surgery, cancer-free surgical margins and the
method of bladder cuff resection (trans- or extravesically) had the most signif-
icant impact on cancer-specific survival and overall survival. The most signifi-
cant risk factors for intravesical recurrence of a urothelial cell carcinoma post
RNU were a previous history of a urothelial cell carcinoma of the bladder and
multifocalitiy of the UUT tumor [25].

In the present study, the 2-years survival rates post RNU and partial ureterec-
tomy will be assessed and stratified by individual patient characteristics. The
technique of bladder cuff resection is mandatory, including a trans- or extra-
vesical approach, and uniformly performed in all study participants. A second-
ary aim of this study is to develop a novel predictive model for clinical outcome
(bladder cancer recurrence and survival) following RNU for urothelial carci-
noma of the UUT. Predictive nomograms are used widely in urology to help
patients counseling and complex decision-making regarding treatment, but
none of these to date have been developed based on prospective data and
none have achieved widespread routine use, due to low level of evidence and
lack of external validation. In a meta-analysis by Mbeutcha et al. on predictive
models for the treatment of urothelial carcinoma of the UUT [24], a positive
predictive value of 89% was achieved when combining hydronephrosis,
ureteroscopic grade and urinary cytology for prediction of advanced-stage of
UUT urothelial carcinoma [6]. If all three were negative, the negative predictive
value was 100%. Xylinas et al. acquired an accuracy of 69% for postoperative
prediction of intravesical recurrence risk at 2 years [11]. They combined age,
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gender, history of bladder cancer, tumor location, clinical stage, concomitant
carcinoma in situ (CIS), lymph node metastasis, bladder-cuff excision and sur-
gical approach.

2.3.2.3. Index objective: Toxicity

Moriarity et al. reported on the safety of an intravesical instillation with MMC
or Adriamycin that was administered during RNU in 51 patients. Through a
two-way catheter, inserted at the beginning of the procedure, MMC (40 mg)
or Adriamycin (40 mg) was instilled. The catheter was clamped for one to two
hours (median time 60 min, range 45-120 min). Just before the bladder was
opened for the resection of the ureteric orifice, the chemotherapy was
drained passively and the bladder was occasionally irrigated with saline. In
total 31 of the 51 RNU’s were performed by an extravesical excision of the
bladder cuff. The other techniques consisted of intravesical excision of the
bladder cuff or intramural ureterectomy. Nine out of 51 patients underwent
a distal ureterectomy only. The intra- and postoperative complications were
monitored up to 90 days following surgery. No adverse events were reported
that were attributable to MMC or Adriamycin instillation [27]. Furthermore,
in the studies on the efficacy of a single instillation of post-operative in-
travesical chemotherapy by O’Brien et al. and Ito et al. only non-serious ad-
verse events were reported [8,9].

Although the reported toxicity is acceptable it is important to recognize and
monitor possible side-effects attributable to the MMC instillation. To manifest
possible adverse events the toxicity will be assessed in the present study until
3 months following surgery by the National Cancer Institute Common Toxicity
Criteria (CTCAE) version 4.0. These toxicity criteria consist of standardized def-
initions for adverse events that describe the severity of organ toxicity for pa-
tients receiving cancer therapy.

2.3.2.4. Index objective: Quality of life

It is hypothesized that a neoadjuvant instillation with Mitomycin will not have
a negative impact on the quality of life. To address this hypothesis, all patients
will have to complete two questionnaires at inclusion (T0), before surgery
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(with neo-adjuvant treatment), and at two weeks (T2) and three months (T3)
following surgery. The EQ5D-5L, a standardized patient-reported instrument
to measure general health, and the EORTC QLQ-C30, a questionnaire to assess
the quality of life of cancer patients will be used. Both are validated question-
naires for measuring the quality of life within patients suffering from cancer.
All time points (TO, T2 and T3) coincide with regular visits to the outpatient
department in order to limit the extra burden for participating patients. To be
able to adequately address the quality of life end point of the study, the drop-
out rate for completed questionnaires must be less than 10%.

2.3.2.5. Index objective: Costs

The costs consist of direct costs (e.g., single gift of Mitomycin, personnel costs
of health professionals involved, disorder related medication, disorder related
innervations, time duration of hospital, informal care) and indirect costs
(productivity loss) associated with each regimen. The economic evaluation
will be a cost-utility analysis and a cost-effectiveness analysis performed from
a societal perspective and will only be applicable to the Dutch healthcare sys-
tem.

2.3.2.6. Index objective: molecular characterization (side-study)

Dueto the rarity of the disease, little is known about molecular aberrations related
to urothelial carcinoma of the UUT and the prognostic profile of molecular altera-
tions that correspond with or even might predict bladder recurrences. In a time
that cancers are increasingly stratified by their molecular alterations and treat-
ment decisions can be based upon these alterations, it is important to investigate
the genetic profiles of urothelial carcinoma of the UUT. Sfakianos et al. compared
the genetic profile of 59 high-grade urothelial carcinomas of the UUT with another
cohort of 102 high-grade UBC by targeted sequencing [28]. The spectrum of genes
mutated in tumors of the UUT and UBC was similar, but the frequency of muta-
tions in FGFR3, HRAS, TP53 and RB1 was not. In high-grade urothelial carcinoma of
the UUT FGFR3 and HRAS were more frequently mutated, whereas mutations in
TP53 and RB1 were less prevalent compared to high-grade UBC. Most of the dis-
parity in clinical manifestation between urothelial carcinoma of the UUT and UBC
may result from anatomical differences because of the thinner smooth muscle
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coffering the UUT, but Sfakianos et al. showed that there are also genomic differ-
ences that might contribute to this phenomenon [28]. These observations provide
evidence that urothelial carcinoma of the UUT and the bladder have distinct bio-
logical behaviors despite their histopathological similarities and therefore might
require individualized treatment recommendations.

In both retrospective and prospective studies, a high proliferation index as as-
sessed by Ki-67 expression was associated with disease recurrence and can-
cer-specific survival in urothelial carcinoma of the UUT [29-33]. Furthermore,
alterations in the mTOR-pathway, and the genes HER2, BCAT1, CDCA5 and p53
might play a role in the prognosis of high grade urothelial carcinoma of the
UUT, but the impact of these biomarkers hasn’t been sufficiently validated be-
cause of the small portion of samples in single-institution cohorts [24].

Currently two hypotheses for the development of a bladder recurrence follow-
ing RNU for urothelial carcinoma of the UUT are postulated: a) intraluminal
seeding and implantation of cancer cells [14,15]; multifocal tumors are de-
scendants of a single transformed cell, which proliferates and spreads by in-
traluminal seeding or intraepithelial spread or b) in field cancerization [34],
where it is assumed that multiple cells become initiated or partially trans-
formed as a result of carcinogenic hits. In order to address these hypotheses it
is important to compare the genomic profile of the primary urothelial carci-
noma of the UUT and the subsequent bladder recurrence within the same pa-
tients.

Therefore, at inclusion, patients will be asked to provide separate consent for
the use of their tumor tissue for molecular analysis. DNA will be isolated from
the primary urothelial carcinoma of the UUT, the bladder recurrence and a
buccal swap or non-malignant kidney tissue. Genomic sequencing will be per-
formed to investigate tumor-specific somatic mutations and copy number var-
iations to compare the molecular profile of the primary urothelial carcinoma
of the UUT and a subsequent carcinoma of the bladder.
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2.4 Sample size calculation

The estimated recurrence of urothelial carcinoma of the bladder following
RNU for a UUT urothelial carcinoma is based on the literature. It has been
shown that in patients not treated with adjuvant intravesical therapy follow-
ing RNU, the bladder recurrence rate at two years was between 10-50% (mean
33.2%, total number of patients reported 995, range 36-223) [10]. We hypoth-
esize areduction in the risk of a bladder recurrence of 40% after RNU or partial
ureterectomy by the neoadjuvant regimen of a single instillation with chemo-
therapy within three hours before surgery. Consequently, this translates into
a 19.9% estimated bladder recurrence rate for this study. Therefore, it is cal-
culated that a sample size of 170 patients is needed to show a 40% difference
two years following surgery with a power of 80% using a two-sided p-value of
0.05.

2.5 Ethical approval

The study abides by the principles of the Declaration of Helsinki. Ethical ap-
proval for this study was obtained from the institutional review board of Eras-
mus University Medical Center Rotterdam (METC 2017-227, NL60919.078.17).
Also the board of directors of all participating hospitals have given permission
for execution of this particular trial.

3. STATISTICAL ANALYSIS

All analyses are based on the intention-to-treat principle, i.e. all eligible pa-
tients will be included in the analysis independently of whether they received
treatment or not. Data characterized by normal distribution will be expressed
as mean + standard deviation. Parameters not normally distributed will be ex-
pressed as median (range).

3.1 Primary study parameter

The bladder relapse rate at two years following surgery is the primary end-
point of the study. The relapse rate will be compared with the relapse rate of
a matched historical cohort on a 1:2 basis (1 intervention cohort:2 historical
cohort). The historical cases will be selected by the following criteria: age = 18
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years, treated by RNU or partial ureterectomy for a histologically proven UUT
urothelial carcinoma (cT1-T4 with or without CIS), no lymph node or distant
metastasis at the moment of diagnosis as assessed by CT thorax-abdomen
(cNOMO), a minimum of two years of follow-up following surgery, no perioper-
ative systemic chemotherapy administered, and no history of urothelial carci-
noma of the urinary tract before diagnosis of the UUT urothelial carcinoma.
The difference in relapse rate between the intervention cohort and the
matched historical cohort will be assessed using a multivariable Cox regres-
sion analysis and stratified by the following confounders: age, type of surgery
(RNU versus partial ureterectomy), pathological stage, tumor grade, tumor
size, tumor location, tumor multiplicity, concomitant CI/S, medical center of
treatment and surgical techniques (open versus laparoscopic).

3.2 Secondary study parameters

The difference in overall, cancer-specific and recurrence-free survival be-
tween the intervention cohort and matched historical cohort will be estimated
using a multivariable Cox regression analysis. The toxicity of the treatment at
different time points will be tested using a repeated measurements analysis.
The quality of life at baseline, at 2 weeks and at 3 months following surgery
will be compared using a repeated measurements analysis. Furthermore, po-
tential risk factors will be identified using multivariable Cox proportional haz-
ards. Co-variables included in the analysis are: type of surgery (partial ureter-
ectomy or RNU (laparoscopic or open)), result of pre-operative urine cytology,
histological stage and grade of the tumor, tumor location, concomitant CIS
and lymph node involvement.

The primary economic analysis will be a cost-utility analysis performed ac-
cording to the Dutch guideline to determine whether neoadjuvant intravesical
instillations with Mitomycin before organ-sparing surgery or RNU are a cost-
effective alternative to the standard of care (historical cohort) [35]. Addition-
ally, a cost-effectiveness analysis will be conducted to determine the costs per
prevented bladder recurrence. The time horizon will be from start of therapy
(t=0) till 24 months follow-up to take all relevant costs and effects regarding
the MMC and standard of care strategy into account. The costs are defined as
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direct and indirect costs associated with procedures performed within each
regimen. The costs will be estimated by multiplying resource utilization with
the cost per unit of resource (market prices, guideline prices or self-deter-
mined prices based on costing methods, i.e. full costing) [35]. The incremental
cost-effectiveness ratio (ICER) of MMC will be calculated (i.e., the difference in
costs of MMC versus standard of care divided by the average change in QALYs
and bladder recurrence rate, respectively). The sensitivity of various costs per
unit of resource will be tested in sensitivity analyses.

All statistical analyses will be performed using statistics software (SPSS ver-
sion 21.0 for Windows, Chicago, IL, USA). A two-tailed p-value of <0.05 is con-
sidered significant.

4. STUDY PROCEDURES

Aflow diagram of the REBACARE trial is presented in Appendix A. The following
procedures are performed for research purposes at a different time point orin
addition to the standardized care.

4.1 Treatment

After consent is obtained for both the primary study and the side-study, pa-
tients will be asked to provide a buccal swab for the collection of germline
DNA. On the day of surgery, MMC is administered intravesically in all patients
within 3 hours before surgery. The MMC is given directly into the bladder by an
indwelling catheter. The indwelling catheter is inserted through the urethra
and after instillation of the MMC the catheter is clamped, which allows the
medication to remain in the bladder. The doses will be a suspension of 40 mg
MMC in 50 ml sterile saline (NaCl 0.9%) and must remain in the bladder for a
period of at least 1 hour with a maximum of 2 hours, if possible. The patient is
then transported to the operating room. Once the bladder is emptied by the
indwelling catheter, the bladder will be continuously rinsed with NaCl 0.9% to
remove all remains of the MMC and possible floating tumor cells. The indwell-
ing catheter will remain inside the bladder during surgery and the rinsing will
be stopped at the moment the treating surgeon is about to incise the bladder
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wall for excision of the ureteric orifice. The indwelling catheter will remain for
some days after surgery until the patient has recovered. The exact number of
days the indwelling catheter will remain in the bladder following surgery is at
the discretion of the treating physician. From a pilot experiment it is known
that neoadjuvantly administered intravesical MMC can no longer be detected
on the surgical equipment or inside the operating room once the bladder is
appropriately rinsed with 2 x 50mL of NaCl 0,9% (Dr. A.G.M. van der Heijden,
personal communication). Therefore, medical personnel who will treat the
study participants will not be exposed to MMC.

The surgical procedure is not performed for research purposes, however the
participating physicians will be asked to carry out the procedures in a stand-
ardized matter; i.e. both the RNU or partial ureterectomy must start with clip-
ping of the ureter distal of the tumour before manipulation of the ureter can
take place. For a RNU, the ureteric orifice must be circumcised and resected
‘en block’ attached to the ureter (bladder cuff). The pathology report must de-
scribe the presence of the ureteral clip and, for the latter, the presence of a
bladder cuff including the ureteric orifice. The administration of antibiotic
prophylaxis is advocated and the antibiotic regimen (orally or intravenously)
should be in accordance with the local guidelines of the participating hospitals
or based on a urinary culture.

4.2 Follow up

The follow up will be in line with the standardized care and will not include
additional investigations. Cystoscopy plus urine cytology will be performed at
3,6, 12,18 and 24 months. The follow-up also includes CT-urography at 6, 12,
18, 24 months. In case of an invasive tumor, follow-up will include a CT-thorax
at 6 and 12 months. All patients will complete two questionnaires at three mo-
ments during the study (Appendix A) to examine the quality of life following
this treatment. To demonstrate side effects, patients will fill in a side-effects
form 4 times. In case a bladder recurrence is suspected, it is warranted to take
a diagnostic biopsy to histologically confirm and classify urothelial carcinoma
of the bladder.
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4.3 Side study: molecular analysis

Both a buccal swap and a biopsy of the tumor will be collected from partici-
pants who provide separate informed consent. DNA will be isolated from the
primary UUT tumor, the subsequent intravesical recurrence and non-malig-
nant kidney tissue or a buccal swab. Genomic sequencing will be performed
to investigate tumor-specific somatic mutations and copy number variations
to compare the molecular profile of the primary UUT tumor and subsequent
bladder tumor.

5. DISCUSSION

5.1 Exposition of protocol

Following RNU for urothelial carcinoma of the UUT, the reported recurrence
rate of urothelial carcinoma in the bladder is 22-47% (4-7). Intraluminal seed-
ing [14,15] or in field cancerization [34] are thought to be the two hypotheses
of this high recurrence rate. Based on the assumption that intraluminal seed-
ing has most of the impact on this recurrence rate, a single postoperative in-
stillation of chemotherapy following RNU has been introduced, and has shown
to decrease therisk of bladder recurrence by 52% (relative risk reduction) [10].
Given the fact that many treating physicians waive the addition of a postoper-
ative instillation with chemotherapy following RNU or partial ureterectomy,
despite recommendation by the EAU guideline [2], could be an indication that
another (neo)adjuvant treatment is desirable. To avoid the limitations in cur-
rent treatment protocols of urothelial carcinoma of the UUT, the REBACARE
trial will be the first prospective trial that could change current management.
The fact that intravesical instillation will be administered before surgery
makes this study unique and plausible positive for the compliance rate.

The REBACARE trial has additional aims besides the reduction of a subsequent
bladder recurrence and a safer toxicity profile in comparison with a postoper-
ative instillation, since the study also aims to explore the genetic profile of
urothelial carcinoma of the UUT in more detail within a side-study performed
during the REBACARE-trial. This is of specific interest, in a time in which the
decision of certain treatment modalities of various tumors does not only rely
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on clinicopathological characteristics, but can possibly also rely on tumor-
specific molecular alterations. Furthermore, molecular characterization may
reveal tumor-specific alterations that are targets for new anticancer therapies.
More important, by performing a molecular comparison of the primary UUT
tumor and a subsequent bladder recurrence, the hypothesis that intraluminal
seeding is responsible for developing bladder recurrences can be explored. If
this is the case, tumors of both the UUT and the subsequent bladder tumor
should have identical molecular alterations, i.e. tumor-specific mutations. On
the other hand Sfakianos et al. showed differences in the genetic profiles and
mutational status between urothelial carcinoma of the UUT and UBC [28]. Alt-
hough these alterations were not examined within the same patient, their
findings support the hypothesis that subsequent bladder tumors are de novo
primary tumors with specific molecular alterations. Lastly, a molecular com-
parison of the primary UUT of the patients who develop a recurrence versus
those who do not might reveal important aberrations that could explain the
risk of the development of a bladder recurrence or might even be predictive of
a bladder cancer recurrence. The REBACARE trial is one of the first studies in
which DNA from the primary tumor as well as DNA from the bladder recurrence
of the same patient will be compared and this will result in unique infor-
mation.

5.2 Study limitations

There are several limitations associated with the design of the study. Theoret-
ically, the REBACARE trial could be designed as a prospective randomized con-
trolled trial generating level 1 evidence. However, a randomized controlled
trial would not be feasible due to the large number of study participants in re-
lation to the relative low number of patients that will be diagnosed and treated
for urothelial carcinoma of the UUT. In addition, due to the low compliance
rate for a postoperative instillation with chemotherapy, inclusion of patients
in the post-operative instillation arm (standard of care) will take very long. Fur-
thermore, the recommendation in the EAU guideline for a postoperative instil-
lation of chemotherapy following RNU makes it not ethical to conduct a study
in which any form of intravesical instillation with chemotherapy is withholded
in the control arm.
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The exclusion criteria of a previous UBC will limit the inclusion rate of the RE-
BACARE trial as the majority of patients with urothelial carcinoma of the UUT
are known to have had one or more episodes of UBC in their history. However,
this was necessary, because it is known that these patients are at much higher
risk to develop a subsequent bladder recurrence following surgery for urothe-
lial carcinoma of the UUT [11,24,36]. Including these patients will potentially
jeopardize the outcome of this trial because it will have an impact on the pri-
mary endpoint of this trial.

CONCLUSION

Approximately 40% of patients will develop a intravesical recurrence following
a RNU for urothelial carcinoma of the UUT. A single postoperative instillation
with chemotherapy reduces the risk of a bladder cancer recurrence signifi-
cantly. Nevertheless, the compliance rate of clinicians with a single postoper-
ative instillation is low due to the potential risk of extravasation of chemother-
apy. The REBACARE trial is the first prospective trial that aims to determine the
effect of a single preoperative intravesical instillation with chemotherapy on
the risk of a bladder cancer recurrence following RNU for urothelial carcinoma
of the UUT. This change in order of treatment may prove to be equally effective
as a postoperative instillation but with a safer profile and has the potential to
change clinical practice in a definitive way.
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Appendix A. Flow-chart of the REBACARE trial
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Appendix B. In- and exclusion criteria of the REBACARE trial

Inclusion criteria

Exclusion criteria

1.

Histologically proven urothelial carcinoma of the UUT with or
without concurrent carcinoma in situ (CIS only is also allowed) or
patients with a suspicion of a urothelial carcinoma of the UUT on
CT-scan plus a urinary cytology sample showing high-grade
urothelial carcinoma;

Patients planned to be treated either by partial ureterectomy or
by a radical nephro-ureterectomy (open or laparoscopic) includ-
ing a bladder cuff;

Age = 18 years;

WHO performance status 0, 1 or 2;

Negative pregnancy test in woman with childbearing potential;
Written informed consent.

If pre-operative histology by biopsy: aberrant histology of the UUT
tumor of >50% (adenocarcinoma, small cell carcinoma, squamous
cell carcinoma).

History or presence of a malignant tumor or carcinoma in situ of
the bladder.

History of UUT urothelial carcinoma on the contralateral side or
presence of bilateral UUT urothelial carcinoma.

Known allergy against Mitomycin.

Anticipated adjuvant intravesical treatment with chemo- or im-
munotherapy.

Acute urinary tract infection at the time of inclusion as assessed
by urinary culturing.

Lymphadenopathy or distant metastases as assessed by preoper-
ative CT-scan of thorax and abdomen.

Any other concurrent severe or uncontrolled disease preventing
the safe administration of intravesical Mitomycin.

Breastfeeding women.
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ABSTRACT

Background and Objective

Intravesical instillation with chemotherapy after radical surgery for upper uri-
nary tract urothelial carcinoma (UTUC) reduces the risk of intravesical recur-
rence (IVR). However, compliance is low due to possible extravesical leakage
after bladder cuff excision. This study aimed to enhance compliance and re-
duce IVR risk by evaluating the efficacy of a preoperative intravesical instilla-
tion with chemotherapy.

Methods

In this prospective, single-arm, multi-institutional, phase Il clinical trial, 190
chemo-naive, primary UTUC patients without prior, or concurrent bladder can-
cer, received a single intravesical MMC instillation for 1-2 hours within 3 hours
before surgery. The primary endpoint was the 2-year histologically confirmed
IVR rate, with a target reduction of >40%; from 33.2% (literature-reported) to
<20%. A historical cohort of 247 UTUC patients who did not receive periopera-
tive intravesical chemotherapy served as reference. Secondary endpoints in-
cluded compliance, toxicity, and IVR-free survival, analyzed by multivariable
Cox regression, stratified by previous diagnostic ureteroscopy (d-URS).

Key Findings and Limitations

The 2-year IVR rate was 24% (95% Cl 18-31%) in the intention-to-treat and 23%
(95% CI 13-32%) in the per-protocol analysis. Multivariable analysis showed d-
URS to be associated with increased IVR risk. In the REBACARE cohort, patients
without d-URS had a threefold lower IVR risk (HR 0.33, 95% Cl 0.12-0.87) than
in the reference cohort. Compliance with preoperative instillation was 96%
and no grade >2 toxicity occurred.

Conclusions and Clinical Implications

A preoperative intravesical instillation with MMC was feasible, well-tolerated,
and significantly reduces IVR risk in patients without d-URS. These findings
suggest that a preoperative instillation seems a viable strategy for this subset
of UTUC patients and that d-URS should be performed judiciously.
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Patient summary

This clinical trial showed that a single bladder instillation with chemotherapy
before surgery for upper urinary tract urothelial carcinoma was safe and fea-
sible, with a 96% compliance rate. It reduced the 2-year risk of bladder cancer
recurrence in patients who had not undergone a diagnostic ureteroscopy.
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1. INTRODUCTION

The incidence of upper urinary tract urothelial carcinoma (UTUC) in Western
Europe is 2-3 cases per 100,000 individuals annually, constituting 5-10% of
urothelial carcinoma diagnoses, with a notable increase in incidence in recent
decades [1-4]. Patients with non-metastatic UTUC undergo radical
nephroureterectomy (RNU) with excision of an ipsilateral bladder cuff, with or
without lymph node dissection [2]. Adjuvant platinum-based systemic chem-
otherapy is recommended in patients with locally advanced UTUC to improve
disease-free survival [2,5]. In selected patients with low-risk UTUC, kidney-
sparing surgery is an alternative treatment option [2]

A significant challenge in the clinical management of UTUC patients is the high
risk of intravesical recurrences (IVR) after RNU. The reported IVR rate is 22-47%
within two years in patients who did not receive a perioperative intravesical instil-
lation [6,7]. It is hypothesized that IVR derives from seeding of cancer cells from
the upper urinary tract to the bladder, which might occur prior to clinical diagno-
sis [8-10]. Diagnostic ureteroscopy (d-URS), used in the diagnostic workup for
UTUC confirmation, is reported to be associated with an increased IVR risk [11,12].

Current guidelines recommend a single postoperative intravesical chemother-
apy to mitigate IVR risk [2,13,14]. However, its adoption in clinical practice is
hampered, mainly due to concerns over extravesical chemotherapy leakage
after bladder cuff excision, which can lead to severe morbidity and even mor-
tality [15-20].

We hypothesized that an intravesical instillation of chemotherapy immedi-
ately before radical surgery for UTUC may offer comparable IVR risk reduction
without the risk of extravesical leakage, potentially enhancing physician com-
pliance. Therefore, we initiated the REduce BlAdder Cancer After Radical
nEphroureterectomy (REBACARE) study, which assessed the efficacy, safety,
and compliance rate of a preoperative Mitomycin C (MMC) instillation in pa-
tients with primary localized non-metastatic UTUC undergoing radical sur-

gery.
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2. MATERIALS (PATIENTS) AND METHODS

2.1 Study population

Eligible participants were adults diagnosed with primary UTUC, stage
cTanyNO0-1MO, scheduled for radical surgery. The UTUC diagnosis relied on a
biopsy during diagnostic d-URS and/or CT-urography together with urine cy-
tology suspicious of high-grade urothelial cancer cells. Surgery comprised
open or laparoscopic (conventional or robotic) RNU or partial ureterectomy
with ipsilateral bladder cuff excision. Exclusion criteria included prior or syn-
chronous bladder carcinoma, contralateral UTUC, prior intravesical chemo-
therapy, >50% aberrant histology on preoperative biopsy, MMC allergy, acute
urinary tract infection, or pregnancy. Patients with post-operative histology
showing absence of cancer or >50% aberrant histology were also excluded, as
well as patients who received a postoperative instillation with chemotherapy.

The study, approved by the institutional review board of the Erasmus Medical
Center, obtained enforceability permission for all sites (METC 2017-227
NL60919.078.17). It adhered to the Declaration of Helsinki and Good Clinical
Practice and was registered at clinicaltrialsregister.eu (EudraCT number:
2017-000949-53). All patients provided written informed consent before study
inclusion. The informed consent procedure has been described in detail be-
fore [21].

2.2 Study design

The REBACARE trial, a phase II, single-arm study, was conducted across 18 Dutch
hospitals. Patients were included from November 2017 until August 2020. Pa-
tients received a single intravesical instillation of MMC (40mg in 50ml sterile sa-
line) within three hours before radical surgery. MMC was administered via an in-
dwelling catheter and had to remain in the bladder for 1-2 hours, providing tol-
erance of the patient. Thereafter, the bladder was continuously rinsed with NaCl
0.9% to remove MMC remnants and possible floating tumor cells. Bladder irriga-
tion continued during radical surgery and was stopped at the initiation of blad-
der cuff excision. Surgery had to commence within three hours after the removal
of MMC. RNU or partial ureterectomy was performed following local guidelines
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of the participating centers, but the distal ureter had to be clipped at the begin-
ning of the procedure after the first identification of the ureter. Also, an en-bloc
bladder cuff excision was mandatory when possible. Performance of a lymph
node dissection was to the treating physician. Follow-up adhered to the Euro-
pean Association of Urology (EAU) guidelines on UTUC, encompassing cytology
and cystoscopy every 3 months and CT imaging semi-annually for two years. If
a cystoscopy was suspicious of a bladder tumor, a transurethral biopsy or resec-
tion of the tumor was mandatory. Toxicity and adverse events were assessed
using the National Cancer Institute Common Toxicity Criteria (CTC) version 4.0
and the National Cancer Institute Common Terminology Criteria for Adverse
Events (CTCAE) version 4.0 from inclusion up to six months following surgery
and reported using the Clavien-Dindo classification [22].

2.3 Endpoints and Sample Size Calculation

The primary endpoint was the histologically confirmed 2-year IVR-rate. The lit-
erature-reported proportion of IVR 2-year post-RNU, when no postoperative in-
stillation is administered, is assumed to be 33.2% [7,13,14,23,24]. By assuming
a>40% reduction in IVRrisk (from 33.2% to 19.9%) due to the beneficial effect of
the preoperative instillation with chemotherapy, a total number of 170 included
patients in the REBACARE trial was required (two-sided superiority test for com-
paring two independent proportions; power of 80%, two-sided p-value of 0.05).
Inclusion was increased to 190 due to a larger than expected number of drop-
outs (MEC-2017-227, amendment 10, 19® March 2020, NL60919.078.17, v11).

Secondary endpoints included compliance rate and toxicity of the preopera-
tive instillation, and IVR-free, metastasis-free, cancer-specific, and overall sur-
vival. For calculating metastasis-free survival, patients were censored on the
date of last performed CT-imaging. For cancer- and overall survival, patients
were censored on last date to be alive.

2. 4 Reference cohort

A historical cohort, including patients with primary pTanyN0-1M0 UTUC
treated with radical surgery and who had not received any form of intravesi-
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cal chemotherapy (not post- nor preoperatively) and who were without a his-
tory of bladder cancer served as a reference cohort. It comprised data from
four Dutch hospitals (2000-2018) and a coexisting international, retrospective
cohort (2005-2020) from 18 institutions across Europe, Asia, and the United
States [25,26]. The goal of the REBACARE study was to assess the efficacy of a
preoperative intravesical instillation with chemotherapy in reducing the risk
of IVR in comparison with this historical cohort of UTUC patients.

2.5 Statistical analysis

Descriptive analyses were performed to characterize the patient, tumor, and
treatment features of the REBACARE and reference cohorts. Time-to-event
endpoints were assessed using Kaplan-Meier and Cox Proportional Hazard re-
gression and were calculated from time of inclusion (T0). The primary end
point was evaluated by intention-to-treat and per-protocol analyses. The Mul-
tivariable Cox Proportional Hazard Regression, adjusted for various factors, in-
cluding d-URS (yes/no) as an interaction term to assess whether a d-URS had
different effects per cohort. This model, including the interaction between d-
URS and cohort, showed a statistically better fit on the data than a model with
main effects alone, p = 0.019. For a detailed description of the statistical anal-
yses, see the supplementary materials. Analyses were performed using SPSS
version 28.0.1. (IBM) and R version 4.3.1. (R core team, 2023).

3. RESULTS

3.1 Patient Characteristics and Compliance rate

Between November 2017 and August 2020, 190 patients were enrolled in the RE-
BACARE trial (Figure 1). Twelve patients were excluded: 8 due to absence of cancer
or >50% aberrant histology in the surgical resection specimens, and 4 for not meet-
ing the inclusion criteria (acute UTI: n = 2, lymphadenopathy >cN1 and/or distant
metastasis on preoperative CT-scan: n=2) (Supplementary Table 1). Most patients
were male (69%) with a median age of 70 years (IQR 63-75) (Table 1). A d-URS was
performed in 104 (59%) patients, with biopsy in 78 (44%). The vast majority (n =169,
95%) underwent RNU, with lymphadenectomy in 32 (18%) patients. Pathological T-
stage was =pT2in 79 (42%) and 6 (7.6%) patients were staged as pN+.
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Clinicopathological characteristics of the REBACARE and the reference cohort
were largely similar, except for distribution of a previous d-URS (59% vs 45%),
clipping of the ureter (69% vs 25%), proportion of pT3 (28% vs 37%) and pTa
stage (35% vs 23%), and multifocality (13% vs 20%).

One hundred seventy-one patients (96%) received the preoperative MMC in-
stillation (Supplementary Table 2). The median instillation duration was 75
minutes (IQR 60-105), with surgery starting at a median of 105 minutes after
removal of the MMC instillation. Eighty-four patients (44%) were not treated
according to the study protocol for the following reasons: no bladder cuff ex-
cision (n = 20), no ureter clipping (n = 32), duration of instillation <60 minutes
(n=14), and initiation of radical surgery >3 hours post-instillation (n = 24).

De median follow-up of those without IVR or death in the REBACARE trial was
24 months (IQR 24-24) and in the historical cohort 24 months (IQR 20-24).

3.2 Intravesical Recurrence Rate

By intention-to-treat, the 2-year IVR rate was 24% (95% Cl 18-31%), not reach-
ing the predetermined efficient risk reduction of >40% (IVR rate <20%). The
median time to IVR was 7.5 months (IQR 5.0-14.0) and the IVR-free survival at
1 year was 83% (95% CI 78-89%). In the reference cohort, the 2-year IVR rate
was 26% (95% Cl 20-31%). The 2-year IVR-free survival was 75% (95% Cl| 69-82)
in the REBACARE cohort versus 70% (95% Cl 64-77) in the reference cohort (Fig-
ures 2A and 2B). Per-protocol analysis demonstrated a 2-year IVR rate of 23%
(95% CI 13-32%). As the IVR-rate in the per-protocol was similar to the inten-
tion-to-treat analysis, the following analyses were limited to the latter.

In the subgroup of patients from the REBACARE cohort who did not undergo a
d-URS (n= 73, 41%), multivariable analysis demonstrated a threefold lower
risk of IVR (HR 0.33, 95% Cl 0.12-0.87, p = 0.025) than patients without a diag-
nostic URS in the reference cohort (Table 2, Figure 3 and Supplementary Ta-
ble 3 for baseline characteristics). In the subgroup of patients from the RE-
BACARE cohort in whom a d-URS was performed in the diagnostic workup of
UTUC, the risk of IVR was significantly higher (HR 1.83, 95% CI 1.08-3.10, p =

184



Intravesical instillation with chemotherapy before radical surgery
for upper urinary tract urothelial carcinoma: the REBACARE trial

0.025). The subgroup of patients from the reference cohort with a history of d-
URS had a higher IVR risk than those without d-URS, however, no significance
was reached. Lastly, UTUC located in the mid- or distal ureter was associated
with an increased risk of IVR for both cohorts.

To assess whether there is an association between the date of radical surgery
and the risk of IVR in the reference cohort, a new model including ‘year of sur-
gery’ was developed using the predicters from the model described above.
This new model showed that year of surgery was not a statistical predictor for
IVR (HR = 1.04, 95% Cl 0.98-1.11) and no adjustments for secular trends over
time were necessary.

3.3 Survival Analysis (REBACARE cohort)

The 2-year metastasis-free survival was 77% (95% Cl 71-83%) (Supplemen-
tary Figure 1). The 2-year cancer-specific survival and 2-year overall survival
was 90% (95% Cl 85-94) and 86% (95% CI 81-91), respectively.

3.4 Toxicity and Adverse Events

Twenty-seven (15%) patients experienced surgical complications (hemor-
rhage, urine leakage, wound infection, and bowel motion) within 30 days post-
surgery, with only 2 (7.4%) grade >Il (Clavien-Dindo) complications (both hem-
orrhage). Grade Il or worse adverse events within six months post-surgery
were reported in 48 patients (27%), none being related to MMC. A total of 23
treatment related complications were reported, most frequently bladder
spasms (n =13, 56%), for which medication was prescribed in 11 cases. Second
most frequent complication was hematuria (n = 6, 26%) for which 2 patients
received a temporary indwelling catheter for continuous rinsing.

DISCUSSION

The REBACARE trial is the first prospective study to assess the efficacy and fea-
sibility of an intravesical instillation with MMC before radical surgery for pri-
mary UTUC. Although our study did not reach the predetermined reduction
threshold of >40% in the 2-year IVR rate, a significant reduction was observed
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among patients who had not undergone a d-URS in the diagnostic workup for
UTUC. Therefore, a single preoperative MMC instillation could be a viable strat-
egy for this subgroup of patients. A preoperative instillation exhibited an ex-
cellent safety profile and achieved almost 100% compliance. Although a d-
URS still may contribute to the diagnostic workup of UTUC, i.e. patient-selec-
tion for radical or kidney-sparing surgery, it warrants careful consideration
per-patient due to its strong association with the risk of IVR.

The guideline-recommended postoperative instillation with chemotherapy
following radical surgery for UTUC is based on the outcomes from the THP
Monotherapy Study Group Trial and the ODMIT-C trial [13,14]. These trials were
initiated based on observed benefits in reducing the risk of IVR following tran-
surethral resection of the bladder [27,28]. The theory of seeding of cancer
cells, supported by molecular studies [8-10], posits that IVR may arise from in-
traluminal seeding or the spread of cancer cells during surgery for UTUC.
Hence, a postoperative instillation with chemotherapy aims to mitigate the
IVR risk by killing residual cancer cells in the bladder. Although it has been re-
ported that a postoperative instillation after RNU is safe, the potential risk of
extravesical leakage remains a concern, contributing to reported compliance
rates of less than 50% in real-world clinical practice [17-20,29]. In contrast, a
preoperative instillation bypasses these risks, and within the REBACARE study
excellent safety and compliance rates were demonstrated. It is hypothesized
that a preoperative instillation of MMC may prevent tumor cells form implant-
ing in the urothelium as this neoadjuvant strategy has been shown to be effec-
tive in non-muscle invasive bladder cancer using device-assisted instillations
of MMC before TURBT [30]. Continuous bladder irrigation with a saline solution
might also inhibit tumor cell implantation.

Despite not achieving the predetermined IVR reduction threshold of >40%, the
observed IVR rate of 24% was lower than the literature-reported mean IVR rate
of 33.2% derived from study populations who did not receive a pre- or postop-
erative instillation [7,13,14,23,24,31]. This suggests the potential benefit of a
preoperative instillation. Furthermore, it is noteworthy that the 2-year IVR-
rate of the reference cohort (26%) was also much lower than the reported
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mean IVR rate in the literature. This might be due to more favorable character-
istics of the reference cohort, such as stage <pT2 UTUC and a lower proportion
of patients with a history of a d-URS (45% versus 59%). In the REBACARE co-
hort, 38 out of 43 patients who developed an IVR had a d-URS (88%) in their
history. In addition, in 30 of these 38 (79%) patients the UTUC was biopsied
during d-URS. In addition, being a retrospective cohort, potentially underre-
porting of IVR might have occurred in the reference cohort

The 2-year IVR rate of 24% observed in the REBACARE trial may be deemed in-
adequate when compared to the IVR rates reported in the two trials that evalu-
ated a postoperative instillation with chemotherapy. The study by /to et al. ran-
domized patients to receive a single dose of pirarubicin within 48 hours after
RNU (n = 36) versus observation (n = 36) [13]. They reported a 1- and 2-year IVR
rate of 17% versus 32% and 17% versus 42%, respectively, favoring the interven-
tion arm. The ODMIT-C trial, which randomized patients to receive a single dose
of MMC after RNU prior to catheter removal (<10 days after surgery) versus ob-
servation, was limited by a follow-up duration of 1 year. The reported IVR rate
was 16% versus 27% in favor of the intervention arm in the per-protocol analysis
(88% of included patients, p=0.03) [14]. The intention-to-treat analysis showed
no statistically significant difference between the treatment arms. Importantly,
histological confirmation of IVR was not mandatory, potentially leading to un-
derreporting of the IVR rate. It isimportant to consider whether the outcomes of
these two trials accurately reflect real-world daily clinical practice, as a substan-
tial proportion of patients do not receive a postoperative instillation due to con-
cerns about extravesical leakage of chemotherapy.

Almost 60% of patients in our study underwent d-URS during the diagnostic
workup of UTUC, potentially contributing to the risk of IVR, as these patients ex-
hibited a fivefold higher risk of developing IVR (HR 0.33 vs. 1.83) than patients
without a history of d-URS. No benefit from preoperative instillation was ob-
served in this subgroup, indicating that a d-URS was an important confounder.
Given the time lapse between d-URS and radical surgery, which allows tumor
cells to implant in the urothelium of the bladder, might be an explanation why
a perioperative instillation is of limited benefit in these patients.
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The necessity to perform a d-URS in the diagnostic workup of UTUC is debata-
ble. While offering advantages, such as histopathological diagnosis and upper
urinary tract inspection, it also has limitations, including the risk of understag-
ing when a biopsy is performed, ureter perforation, urinary tract infection, a
delay in time to definitive treatment, and an increased risk of IVR, which might
be higher when a biopsy is performed [11,32,33]. Hence, the outcomes of the
present study underscore the need to carefully consider d-URS on a per-pa-
tient basis, adhering to the EAU guidelines on UTUC recommending its use
only when other diagnostic modalities are inconclusive. Future studies should
explore alternative strategies, such as peri-URS bladder instillations with
chemotherapy, to optimize IVR prevention in UTUC patients [34].

The limitations of the present study largely relate to its single-arm design. Due
to the rarity of UTUC, a randomized controlled trial to compare a preoperative
versus postoperative instillation was not considered feasible. Furthermore,
because the recommendation for a postoperative instillation was only in-
cluded in the guidelines just before the REBACARE trial started, it was not pos-
sible to compile a reference cohort with a representative number of cases who
had received a postoperative instillation. Additionally, less than 50% of the in-
cluded patients were treated according to the study protocol: ureteral clip-
ping, bladder cuff excision, instillation for 1-2 hours, and less than 3 hours be-
tween instillation and surgery. However, the per-protocol analysis demon-
strated similar results to the intention-to-treat analysis, suggesting that devi-
ations from the protocol may not have significantly influenced the outcomes.
Moreover, since repeated cystoscopy was not mandatory between d-URS and
radical surgery, small IVR could have developed before radical surgery. At last,
more prognostic risk factors are known for developing IVR but due to the num-
ber of participants and expected events we were constrained in the number of
variables without risking underpowering of overfitting the analyses. The most
significant risk factors based on current literature were included [35].

In conclusion, the REBACARE trial demonstrated that a single preoperative in-

stillation with MMC before radical surgery for primary UTUC was safe, feasible,
and significantly reduced the risk of IVR in patients without a history of d-URS.
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Therefore, a preoperative instillation with MMC seems a viable strategy for a
subset of UTUC patients. Since a d-URS was strongly associated with increased
risk of IVR, it should be performed judiciously and restricted to patients in
whom imaging and/or urine cytology are inconclusive.
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Figure 1. Study diagram of the REBACARE trial, according to CONSORT guidelines. Of
the 190 patients with primary upper tract urothelial carcinoma included, 186 met the
inclusion criteria. No randomization was performed due to the single-arm study de-
sign. Eventually, 179 patients received the intravesical MMC-instillation. Post-surgery,
8 patients were excluded due to absence of tumor or >50% aberrant histology leaving
a total of 178 patients to be included in the intention-to-treat analysis.
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Figure 2A and 2B. The intravesical recurrence-free survival of patients with primary
non-metastatic upper urinary tract urothelial cell carcinoma who received a preoper-
ative instillation with Mitomycin C (A: REBACARE cohort) versus patients who had not
received a perioperative instillation with chemotherapy (B: Reference cohort). Dashed

line marks the 2-year free survival.
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Figure 3. Predicted* intravesical recurrence-free survival of four hypothetical patients
included in the REBACARE cohort versus the reference cohort, stratified by diagnostic
ureterorenoscopy in the diagnostic work up for upper tract urothelial carcinoma, by
Multivariable Cox Proportional Hazard Regression analysis. *pT-stage = T1-T2, sex =
male, preoperative cytology = benign or atypia, age, tumor location = mid- or distal
ureter, concomitant carcinoma in situ (CIS) = no, multifocality = no.
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Table 1. Baseline characteristics of patients with primary upper urinary tract urothe-
lial carcinoma, stage cTanyNON1MO included in the REBACARE trial and the reference
cohort.

Characteristic REBACARE-trial Reference cohort

N=178 N =247
Sex, n (%)
Female 55 (31) 83 (34)
Age (yr)
<50 9(5.1) 10 (4.0)
50-59 20 (11) 50 (20)
60-69 53 (30) 67 (27)
70-79 85 (48) 90 (36)
>80 11(6.2) 30 (12)
Median (IQR) 70 (63-75) 69 (60-76)
Urinary cytology, preoperative
Not done 26 (15) 83 (34)
Benign 54 (30) 68 (28)
Atypia/inconclusive 39 (22) 4(2)
High grade, malignant 57(32) 38(15)
Missing data 2(1.1) 54 (22)
Diagnostic URS
No 73 (41) 128 (52)
Yes, without biopsy 26 (15) 41 (17)
Yes, with biopsy 78 (44) 70 (28)
Missing data 1(0.6) 8(3)
Type of surgery, n (%)
RNU, open 22 (13) 43 (17)
RNU, laparoscopic/Robot 147 (83) 195 (79)
Partial ureterectomy, open 5(2.8) 8(3.2)
Partial ureterectomy, laparoscopic/Robot 4(2.2) 0 (0)
Lymph Node Dissection, n (%)
Yes 32(18) 32(13)
Missing data 4(2.3) 0 (0)
Pathological tumor stage, n (%)
Tis 4(2.3) 28 (11)
Ta 63 (35) 57 (23)
T1 31(17) 36 (15)
T2 25 (14) 8(3.2)
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Table 1 (continued). Baseline characteristics of patients with primary upper urinary
tract urothelial carcinoma, stage cTanyNON1MO included in the REBACARE trial and
the reference cohort.

T3 49 (28) 91 (37)

T4 5(2.8) 27 (11)

pTx 1(0.6) 0(0)
Tumor grade (WHO 1973), n (%)

Grade 1 19 (11) 8(3.2)

Grade 2 70 (39) 39 (16)

Grade 3 81 (45) 51 (21)

Missing data 8(4.5) 149 (60)
Lymph node involvement, n (%)

NO 25 (14) 39 (16)

N1 6(3.4) 7(2.8)

N2 1(0.6) 0 (0)

Nx 146 (82) 201 (81)
Concomitant CIS

Yes 17 (10) 41(17)

Missing data 2(1.1) 4 (1.6)
Primary tumor location

Renal pelvis or proximal ureter 122 (69) 173 (70)

Mid- or distal ureter 56 (32) 74 (30)
Multifocality

Yes 23 (13) 50 (20)

CIS: carcinoma in situ; IQR: interquartile range; RNU: radical nephroureterectomy; URS:
ureterorenoscopy.
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Table 2. Multivariable Cox Proportional Regression analysis with risk factors associated
with the risk of intravesical recurrence with diagnostic ureterorenoscopy included as in-
teraction term in patients with primary upper urinary tract urothelial carcinoma.

Hazard ratio 95% Cl p-value

pT-stage

Tis-Ta-Tx Ref. Ref.

T1-T2 0.80 0.43-1.37 0.4

T3-T4 0.85 0.54-1.33 0.5
Sex

Male Ref. Ref.

Female 0.66 0.42-1.04 0.077
Preoperative cytology

Not done or unknown Ref. Ref.

Benign or atypia 0.77 0.48-1.28 0.3

High grade 0.88 0.50-1.53 0.6
Age (per 10 year) 0.92 0.76-1.11 0.4
Tumor location

Renal pelvis or proximal ureter Ref. Ref.

Mid- or distal ureter 1.83 1.23-2.73 0.003
Concomitant CIS

No Ref. Ref.

Yes 1.04 0.58-1.86 0.9
Multifocality

No Ref. Ref.

Yes 1.11 0.66-1.87 0.7
Groups

Historical and no d-URS Ref.

Historical and d-URS performed 1.67 0.98-2.83 0.057

REBACARE and no d-URS 0.33 0.12-0.87 0.025

REBACARE and d-URS performed 1.83 1.08-3.10 0.025

CIS = carcinoma in situ; Cl = Confidence Interval; d-URS = diagnostic ureterorenoscopy. P-
values of <0.05 were considered statistically significant.
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Supplementary Table 2. Characteristics of the preoperative instillation with Mito-
mycin Cin 178 patients with primary upper urinary tract urothelial carcinoma, stage

TanyNON1MO treated by radical surgery

REBACARE-trial

N=178 (IQR)
Preoperative instillation with MMC
No 7 (4.0%)
Yes 171 (96%)

Median time of instillation, minutes (IQR)
Median time between instillation and surgery, minutes
(IQR)
Treated per-protocol
No
Yes

75.0 (60.0-105.0)
105.5 (79.0-152.8)

IRQ: interquartile range
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Supplementary table 3. Baseline characteristics of patients with primary upper uri-
nary tract urothelial carcinoma, stage cTanyNON1MO included in the REBACARE trial
and the reference cohort stratified by history of diagnostic URS (yes or no).

REBACARE REBACARE Historical Historical

No d-URS URS No d-URS URS
N=73 N =104 N=128 N=111

pT-stage

Tis-Ta-Tx 23(32) 45 (43) 45 (35) 35(32)

T1-T2 23(32) 32 (31) 25 (20) 16 (14)

T3-T4 27 (37) 27 (26) 58 (45) 60 (54)
Sex

Male 47 (64) 75 (72) 82 (64) 74 (67)

Female 26 (36) 29 (28) 46 (36) 37(33)
Preoperative cytology

Not done or unknown 11 (15) 17 (16) 64 (50) 65 (59)

Benign or atypia 31(42) 61 (59) 39 (30) 33(30)

High grade 31 (42) 26 (25) 25 (20) 13 (12)
Age (median, IQR) 71 (64-75) 70 (63-75)
Tumor location

Renal pelvis or proximal ureter 56 (77) 66 (63) 93 (73) 77 (69)

Mid- or distal ureter 17 (23) 38 (37) 35 (27) 34 (31)
Concomitant CIS

No 62 (85) 96 (92) 107 (84) 88 (79)

Yes 10 (14) 7(6.7) 18 (14) 22 (20)

Unknown 1(1.4) - 3(2.3) 1(0.1)
Multifocality

No 66 (90) 88 (85) 110 (86) 79 (71)

Yes 7(10) 16 (15) 18 (14) 32 (29)

CIS = carcinoma in situ; Cl = Confidence Interval; URS = ureterorenoscopy.
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SUPPLEMENTARY: STATISTICAL ANALYSIS

Descriptive analyses were performed to describe the patient, tumor, and treat-
ment characteristics of the REBACARE and reference cohort. Categorical char-
acteristics were described using frequencies (n) and percentages (%), and con-
tinuous variables were described using medians and interquartile ranges.

Time-to-event endpoints were analyzed by the Kaplan-Meier method and mul-
tivariable Cox Proportional Hazard regression.

The 2-year IVR rate was evaluated according to the intention-to-treat en per-
protocol analysis and compared to the predefined predicted reduction of
>40% (20% IVR rate). Secondly, the 2-year IVR rate was compared to the 2-year
IVR rate of the reference cohort.

Multivariable Cox Proportion Hazard regression was adjusted for age at diag-
nosis, sex, pT-stage (I: CIS-pTa, Il: pT1-pT2, lll: pT3-pT4), preoperative cytology
(I: unknown, l: benign or atypia, lll: high-grade urothelial cancer cells), tumor
location (I: renal pelvis and proximal ureter, IIl: mid- or distal ureter), concom-
itant carcinoma in situ (CIS), and multifocality. As literature showed diagnostic
URS to be an important effect modifier in developing an IVR [...], the interac-
tion between “cohort x performance of diagnostic URS (yes/no)” was included
in the model as interaction term to assess whether cohort and performance of
a diagnostic URS had different effects per cohort. Low-frequency categories
were merged. Using this model, we calculated the predicted 2-year intravesi-
cal recurrence free-survival by entering values of the included variables of hy-
pothetical UTUC patients.

Analyses are based on the locked of data taken on Dec 15, 2022. All statistical
analyses were performed using SPSS version 28.0.1.0 (SPSS Inc., Chigaco, IL,
USA) and R version 4.3.1. (R Foundation for Statistical Analysis, Vienna, Aus-
tria)
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ABSTRACT

Background: The possible negative impact of radical surgery on patients’
Health-Related Quality of Life (HRQoL) plays animportant role in preoperative
counseling. Here, we analyzed HRQolL of patients treated for Upper Urinary
Tract Urothelial Carcinoma (UTUC) in the context of a single-arm phase Il mul-
ticenter study, in which the safety and efficacy of a single preoperative in-
travesical instillation with Mitomycin C was investigated.

Objective: To investigate early changes in HRQoL in patients undergoing rad-
ical surgery for UTUC and identify factors associated with these outcomes.

Design, setting, and participants: Patients with pTanyN0-1M0 UTUC were
prospectively included. HRQoL was assessed using the EORTC QLQ-C30 ques-
tionnaire at baseline, and at one- and three months post-surgery.

Outcome measurements and statistical analysis: A linear mixed model was
used to evaluate changes in HRQoL over time and identify variables associated
with these outcomes. The clinical effect size (CES) was used to assess the clin-
ical impact and level of perceptibility of HRQoL changes for clinicians and/or
patients based on given thresholds.

Results and limitations: Between 2017 and 2020, 186 patients were included.
At baseline, and one- and three-months post-surgery, response rates were
91%, 84% and 78%, respectively. One month after surgery, a statistically sig-
nificant and clinically relevant deterioration was observed in physical-, role-,
and social functioning, and for the included symptom scales: constipation, fa-
tigue, and pain. An improvement in emotional functioning was observed. At
three months, HRQoL returned to baseline levels, except emotional function-
ing, which improved at one month and persisted to be better than before sur-
gery. Age >70 years was associated with worse physical functioning, but better
social- and emotional functioning. Male patients reported better emotional
functioning than females. Postoperative complications were negatively asso-
ciated with social functioning.

208



Short-term changes in Health-Related Quality of Life of patients undergoing radical surgery for
upper urinary tract urothelial carcinoma: results from a prospective phase Il clinical trial

Conclusion: UTUC patients treated with radical surgery experienced a signifi-
cant, albeit temporary decline in HRQoL. Three months following surgery
HRQoL outcomes returned to baseline levels. This information can be used to
counsel UTUC patients before undergoing radical surgery and contextualize
recovery post-surgery.

Patient summary: We investigated changes in quality of life as reported by
patients who underwent surgery for upper tract urothelial carcinoma (UTUC).
We found that patients experienced a decline in quality of life one month after
surgery, but this was temporarily with full recovery of quality of life three
months after surgery. These findings can help doctors and other medical staff
in counseling UTUC patients before undergoing radical surgery.
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INTRODUCTION

Urothelial carcinoma predominantly originates in the urinary bladder, but in
5-10% of patients the upper urinary tract, i.e., ureter or renal pelvis, is the pri-
mary site of origin [1]. The incidence of upper tract urothelial carcinoma
(UTUC) is on the rise in multiple countries [2-4]. In the Netherlands, the age-
standardized incidence rate increased from two cases per 100,000 persons per
year in 1993 to over three per 100,000 persons per year in 2017 [4]. Although
kidney-sparing surgery is a treatment option in selected low-risk UTUC pa-
tients, the European Association of Urology (EAU) UTUC guideline recommends
radical nephroureterectomy (RNU) with ipsilateral bladder-cuff excision for lo-
calized UTUC [1]. Following RNU, patients undergo close surveillance, alt-
hough adjuvant chemotherapy can be considered for locally advanced UTUC
(pathological stage T3/T4) [5,6]. So, surgery and subsequent treatment trajec-
tory can significantly impact patients’ quality of life.

The POUT (Peri-Operative chemotherapy versus sUrveillance in upper Tract
urothelial cancer) trial is the only study to have reported on the Health-Related
Quality of Life (HRQoL) for UTUC patients treated with RNU. In this trial, UTUC
patients received RNU with or without adjuvant chemotherapy [5]. Mean
global health status scores as measured by the European Organisation for Re-
search and Treatment of Cancer (EORTC) Quality of Life Questionnaire (QLQ)-C30
were reported at baseline (i.e. shortly after the surgery) and after 3, 6, 12, and
24 months. In UTUC patients treated by RNU, but without adjuvant chemo-
therapy, no clear changes were observed in the time period between RNU and
three months later. In UTUC patients receiving adjuvant chemotherapy, the
mean global health score significantly deteriorated during and after chemo-
therapy up to six months after baseline. No results were reported on the im-
pact of surgery on other scales of the EORTC QLQ-C30 (social-, cognitive-,
physical-, role-, and emotional functioning), nor were factors evaluated that
may affect global health status.

Given the evident lack of literature considering the impact of radical surgery on
HRQoL outcomes subsequent to RNU for UTUC, we aimed to assess the impact
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of surgery on HRQoL and identify factors associated with changes in HRQoL out-
comes in UTUC patients.

METHODS

Study design

Patients diagnosed with UTUC between 2017 and 2020 and treated with radi-
cal surgery were included in the REBACARE trial, a single-arm multicenter
study (EU Clinical Trials Register; EudraCT Number 2017-000949-53). Study de-
tails are previously published [16]. Adults (age =18 years) diagnosed with pri-
mary cTanyN0-1M0 UTUC without receiving neoadjuvant chemotherapy and
without (a history of) bladder cancer were enrolled between November 2017
and July 2020 in 18 hospitals in The Netherlands. The majority of patients re-
ceived a single pre-operative intravesical instillation with mitomycin-C (inten-
tion-to-treat protocol) within 3 hours before RNU or partial ureterectomy with
bladder cuff excision instead of a postoperative intravesical instillation, which
is standard of care [7]. Patient, tumor, and treatment characteristics were pro-
spectively collected. The primary endpoint was the proportion of histologi-
cally proven intravesical recurrences two years after surgery. The secondary
endpoint was the assessment of HRQoL by the EORTC QLQ-C30 questionnaire
at three points in time: at the time of inclusion (baseline; following diagnosis
of UTUC but prior to surgery), one month, and three months after surgery.
Hard-copy questionnaires were used at baseline. Online questionnaires were
used at one and three months after surgery for which patients were invited by
email. A varying time window of two weeks was allowed for each measure-
ment. Completed questionnaires (hard copy and online questionnaires) were
processed and linked to the corresponding patient by data managers of the
Netherlands Comprehensive Cancer Organisation (IKNL). The study was ap-
proved by the institutional review board of the Erasmus Medical Center and
received enforceability permission for all participating sites (METC 2017-227
NL60919.078.17). The REBACARE trial was undertaken according to the princi-
ples of Good Clinical Practice (GCP), and sponsored by the Dutch Cancer Soci-
ety (KWF; project number 10319).
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EORTC QLQ-C30

The validated EORTC QLQ-C30 version 3.0 was used to assess HRQoL [8,9].
EORTC QLQ-C30is a tool widely used to assess HRQoL in cancer patients, with
30 items covering different QoL scales; one scale assesses the global health
status and five functional scales measure physical, role, emotional, cognitive,
and social functioning. Three symptom scales measure the burden of fatigue,
pain, and nausea/vomiting. In addition, six single items assess cancer-related
symptoms, such as dyspnea, sleeping problems, appetite loss, constipation,
diarrhea, and financial difficulties. All items are scored on a four-point scale,
ranging from ‘not at all’ to ‘very much’, except for the global health score,
which has a 7-point scale, ranging from ‘very poor’ to ‘excellent’. All scores are
linearly transformed to a 0-100 scale. For the global health score and func-
tional scales, a higher score indicates better functioning, whereas for the
symptom scales a higher score indicates a higher symptom burden. Missing
data were imputed according to the EORTC guidelines, provided that at least
half of the items in that specific scale were completed [18].

Based on expert opinion and the expected minimal effect of the surgical inter-
vention on dyspnea, sleep problems, appetite loss, nausea/vomiting, diar-
rhea, and financial difficulties these symptom scales were not evaluated in the
current study.

Statistical analyses

Descriptive analyses provide insight into the patient, tumor, and treatment
characteristics. Data are separately presented for all included patients of the
REBACARE trial, full responders, and responders who completed two of the
three questionnaires. Categorical characteristics were described using fre-
quencies (n) and percentages (%) and continuous variables were described us-
ing means and standard deviations (SD) or medians and interquartile range
(IQR). All statistical analyses were performed using SPSS version 28.0.1.0 and
Rversion 4.2.1.

Longitudinal linear mixed model analyses assessed HRQoL changes over time
for all five functional scales, the global health scale and the three included
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symptom scales. All analyses were adjusted for pre-defined confounders, in-
cluding sex (male vs female), age at diagnosis (reference 70 years), age-ad-
justed Charlson Comorbidity Index (CCl), lymph node dissection (yes/no),
pathological tumor stage (pT stage <pT2 vs 2pT2), type of surgery (open vs lap-
aroscopic/robot-assisted) and surgical complications (yes (any degree of the
Clavien-Dindo Classification)/no) [10]. Since all patients are measured at the
same time points, time was used as a categorical variable [11]. The model in-
cluded baseline scores, as well as the scores at one month and three months.
To adjust for clustering within patients, each individual patient was included
as a random intercept. Longitudinal linear mixed model analysis corrects for
data missing at random [11]. The effect size on HRQoL for all pre-defined con-
founders is presented separately, including the beta-coefficient, the 95% Con-
fidence Intervals, and p values. Additionally, the interaction between ‘time (as
a categorical variable) x sex’, and ‘time x age’, were included in the model as
interaction terms to assess whether sex and/or age had different effects on
HRQoL at different points in time (effect modification) [11].

To assess clinical relevance, clinical effect size (CES) was used to evaluate the
impact of (statistically significant) differences. CES is calculated by the change
in mean score for the functional, global health, and symptom scales between
baseline and one, and three months and is categorized as trivial, small, me-
dium, and large improvement/deterioration. The outcomes of CES are based
on the thresholds suggested by the ‘Guidelines of interpretation of longitudi-
nal QOL differences’ by Cocks et al. [12]. This approach considers whether the
impact on each HRQoL scale is perceptible for patients and/or clinicians apart
from solely statistical significance [12,13].

RESULTS

In total, 190 patients diagnosed with primary non-metastatic UTUC were en-
rolled in the REBACARE trial. Of these, 186 patients underwent radical surgery
and 171 (92%) eventually received a preoperative intravesical instillation with
MMC as part of the trial. The baseline questionnaire was completed by 170
(91%) patients. See Figure 1 for the flow chart of the REBACARE trial, including
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response rates. Table 1 presents the baseline characteristics of all surgically
treated patients in the REBACARE trial, responders who completed all ques-
tionnaires (N = 133), and responders who completed at least two question-
naires (N=157). There were no significant differences observed in patient, tu-
mor, and treatment characteristics between the three different groups, except
for one: full responders were more likely to be diagnosed with a pT3 tumor
(33% vs 28-29%) and less likely with pT1 tumors (14% vs 17-18%).

Changes over time in health-related quality of life

At one month following surgery, the global health status and cognitive func-
tioning did not statistically differ from the average baseline score: -4.0 points
(95% CI -9.3 to 1.3; CES small) and -3.8 points (95% Cl -9.1 to 1.5; CES small).
However, physical (-16.5 points, 95% Cl -21.4 to -11.7, p<0.001), role (-28.8
points, 95% Cl -37.7 to -20.0, p<0.001), and social functioning (-12.5 points,
95% CI -18.8 to -6.2, p<0.001) significantly deteriorated compared to baseline
(Table 2) and for these scales’ medium to large CES were noted. Additionally,
patients reported higher emotional functioning scores at one month com-
pared to baseline; an improvement of 6.8 points (95% 1.2 to 12.4, p = 0.017)
that was considered of small clinical relevance. Symptom scales showed that
fatigue, pain, and constipation scores were higher at one month compared to
baseline (p>0.001, medium to large CES). At three months post-surgery, all
functioning and symptom scales had returned to baseline levels except for the
improvement in emotional functioning, which persisted (9.5 points, 95% Cl 3.9
to 15.2, p =0.001) and was of medium clinical relevance.

Patient, tumor, and treatment-related factors and HRQolL

The results of the longitudinal linear mixed model analyses, excluding the time
variable (interaction terms), are presented in Table 3. Age was found to be as-
sociated with better social- and emotional functioning, but worse physical
functioning. Men reported better emotional functioning, while a surgical com-
plication (any degree vs no surgical complication) had a negative impact on
social functioning. No significant associations were observed for pathological
T-stage (<pT2vs=2pT2), Charlson Comorbidity Index (<4 vs >4), lymph node dis-
section (yes vs no), and type of surgery (open vs laparoscopic). Furthermore,
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no significant associations were found for patient, tumor, and treatment-re-
lated factors with the different symptom scales.

Sex was the only observed effect modifier, as females experienced signifi-
cantly greater improvement in emotional functioning from baseline to one
month following surgery compared to men (Figure 2). No effect modification
for sex was noted in other HRQoL scales.

DISCUSSION

This study showed that patients with UTUC who underwent radical surgery,
preceded by an intravesical instillation with MMC for most patients, experi-
enced a temporary decline in physical, role, and social functioning, but all
scores returned to pre-treatment levels at three months after surgery. Similar
results were found for fatigue, pain, and constipation. However, for emotional
functioning, an improvement was observed at one month which persisted at
three months after surgery. Older patients experienced better social- and
emotional functioning but worse physical functioning. Male sex was associ-
ated with greater emotional well-being and surgical complications compro-
mised social functioning.

A comparison between the current REBACARE trial and the POUT trial is chal-
lenging due to the difference in the timing of the baseline assessment of the
QLQ-C30. In the POUT trial, the assessment was carried out shortly after sur-
gery, while in the REBACARE trial, it was conducted prior to surgery. Neverthe-
less, for the group of patients who received RNU only, no clear changes during
the period shortly after and up to three months following RNU were noted for
the global health status, which is consistent with the trend found in our study
[5]. It is worth noting that the global health status deteriorated again after
three months in the POUT trial. This could be explained by the fact that the
POUT trial included only patients with advanced UTUC who had a high risk of
disease progression. Previous studies have shown that an advanced disease
stage has a negative impact on HRQoL [14-16]. High dropout rates over time
and disease progression may have contributed to the observed deterioration
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in global health status. However, it is crucial to be aware of a potential decline
in HRQoL for patients included in the REBACARE trial, or surgically treated
UTUC patients in general, more than 3 months after surgery. On the other
hand, the observed rapid recovery in patient QoL in both the POUT trial and
the REBACARE trial could be considered a possible confirmation of the feasi-
bility of adjuvant chemotherapy, currently recommended by the EAU for a
subgroup of UTUC patients [1]. Patients included in our study showed a statis-
tically significant and clinically relevant improvement in emotional function-
ing over time. This contrasts with the results concerning the other functional
scales for which only temporary effects within the study period were observed.
The improvement in emotional functioning might reflect reduced anxiety due
to surgical eradication of the tumor, as described in previous studies evaluat-
ing oncological surgery [17,18]. The timing of the first assessment, conducted
shortly after diagnosis, may have amplified this effect, as the initial diagnosis
of UTUC could have caused an immediate deterioration in emotional function-

ing.

We found that females scored lower on emotional functioning at baseline and
at one- and three months post-surgery compared to men. This difference is
consistent with other cancer populations [19-21]. Varying results have been
reported on gender disparities with regard to coping and anxiety or depres-
sion post-surgery for multiple malignancies [22,23]. For most cancers, female
patients tend to experience more anxiety or depression following diagnosis
and treatment [24]. Notably, in our study, females tend to experience a greater
improvement in emotional functioning during the period pre-surgery to one-
month post-surgery compared to men. Although the exact reason for this ob-
servation remains unknown, it is important to further investigate this finding.
It may have implications for counseling female UTUC patients on the possibil-
ity of significant emotional recovery following surgery.

Patients who experienced a surgical complication within the first month follow-
ing radical surgery for UTUC showed a decline in their social functioning. This is
consistent with a study by Brown et al. on patients with colorectal cancer who
underwent surgery, which reported a negative impact of surgical complications
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on social functioning [25]. In that study, patients with complications had signif-
icantly lower social functioning scores at three months after surgery, which per-
sisted up to 36 months. The reasons for this effect may include longer hospital
stay, additional interventions or medication, slower recovery, and psychologi-
cal or physical consequences. Clinicians should take note of these potential
long-term effects of surgical complications on the HRQoL of surgically treated
patients.

This study is, to our knowledge, the first to report on the impact of radical sur-
gery for UTUC on multiple scales of HRQoL and potential confounders associ-
ated with these outcomes. As the incidence of UTUC and consequently the
number of radical surgeries increases, understanding the patient-reported
quality of life after surgery becomes essential to enhance shared decision-
making and monitor UTUC patients in daily clinical practice [26,27]. This un-
derstanding can be used to inform patients before undergoing surgery and to
contextualize their recovery post-surgery. Moreover, it may help to align the
expectations of patients and surgeons as they often have differing assump-
tions regarding the impact of surgery on HRQoL [28,29].

The present study has several limitations that should be acknowledged.
Firstly, due to the design of the REBACARE trial, patients with node-positive
(>pN1) or distant metastasis UTUC were excluded. Therefore, the outcomes of
our study cannot be generalized to UTUC patients with metastatic disease.
Secondly, although the compliance rate for completed questionnaires at
baseline was high (91%), only 72% of the patients completed the question-
naires at all three assessment points. As the reasons for non-response are
largely unknown, it is possible that patients selectively dropped out, which
could introduce bias in our results. Finally, we did not differentiate the degree
of surgical complications within the linear mixed model analysis, making it un-
clear how much the effect on HRQoL is attributable to patients with more se-
vere (higher Clavien Dindo grade) surgical complications.
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CONCLUSION

Patients undergoing radical surgery for UTUC experience a temporary deteri-
oration in most HRQoL scales shortly after surgery, with full recovery observed
at three months post-surgery. An improvement was observed in emotional
well-being. These findings can help clinicians counsel patients about the ex-
pected impact of radical surgery for UTUC on HRQoL and identify patients at
risk for impaired recovery of their quality of life. Considering the EAU’s recom-
mendation for adjuvant treatment following surgery, this study suggests that,
for the majority of eligible patients, HRQoL will be satisfactory with this treat-
ment approach.
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TAKE HOME MESSAGE

A temporary decline in patient-reported Health-Related Quality of Life can be
expected following radical surgery for UTUC with a full recovery to pre-surgery
levels three months after surgery.
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Figure 1: Flow diagram of the REBACARE HRQoL study. ‘Responders’ answered all the
questions.
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Figure 2: Mean scores at baseline, and at one and three months after radical surgery
for all functional scales of the European Organisation for Research and Treatment of
Cancer Quality of Life Questionnaire-C30 for male versus female UTUC patients. Scores
were adjusted for age, pT-stage, age-adjusted CCl, surgical complication, type of sur-
gery, and lymph node dissection using a linear mixed model analysis.
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Table 1: Baseline characteristics of all surgically treated patients included in the RE-
BACARE trial, the full responders, and the responders who filled in at least two of the
three European Organisation for Research and Treatment of Cancer Quality of Life Ques-

tionnaire-C30 questionnaires.

Characteristic

REBACARE- Responders Responders
trialt completed all with at least
three two
questionnaires  questionnaires
N =186 N=133 N =157
Sex, n (%)
Female 60 (32) 41 (31) 48 (31)
Age (yr)
Mean (SD) 68.3(9.1) 68.9 (8.6) 68.4 (9.0)
WHO performance status, n (%)
0 145 (78) 108 (81) 127 (81)
1 34 (18) 20 (15) 24 (15)
2 3(1.6) 3(2.3) 3(1.9)
Unknown 4(2.2) 2 (1.5) 3(1.9)
Charlson Comorbidity Index, n (%)
Median (IQR) 6.0 (4-7) 6.0 (4-7) 6.0 (4-7)
<4 57 (31) 41 (31) 50 (32)
>4 129 (69) 92 (69) 107 (68)
Type of surgery, n (%)
RNU, open 23 (13) 17 (13) 19 (12)
RNU, laparoscopic/Robot 153 (82) 108 (81) 130 (83)
Distal ureterectomy, open 6(3.2) 4(3.0) 4(2.5)
Distal ureterectomy, laparo- 4(2.2) 4(3.0) 4(2.5)
scopic/Robot
Preoperative intravesical instillation 171 (92) 124 (93) 144 (92)
with MMC, n (%)
Days of hospitalization, median (min- 9(1-17) 8 (1-16) 9 (1-17)
max)
Lymph Node Dissection, n (%)
Yes 35 (19) 27 (20) 29 (19)
No 146 (78) 105 (79) 125 (80)
Unknown 5(2.7) 1(0.8) 3(1.9)
Pathological tumor stage, n (%)
Tis 4(2.2) 3(2.3) 4(2.5)
Ta 63 (34) 43(32) 52 (33)
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Table 1 (continued): Baseline characteristics of all surgically treated patients in-
cluded in the REBACARE trial, the full responders, and the responders who filled in at
least two of the three European Organisation for Research and Treatment of Cancer
Quality of Life Questionnaire-C30 questionnaires.

T1 34 (18) 19 (14) 26 (17)
T2 25 (13) 20 (15) 24 (15)
T3 52 (28) 44 (33) 46 (29)
T4 5(2.7) 3(2.3) 4(2.5)
pTx 3(1.6) 1(0.8) 1(0.6)
Tumor grade (WHO 1973), n (%)
Grade 1 19 (10) 13 (10) 16 (10)
Grade 2 72 (39) 51 (38) 60 (38)
Grade 3 84 (45) 61 (46) 72 (46)
Unknown 11 (5.9) 8(6.0) 9(5.7)
Lymph node involvement, n (%)
No 27 (15) 21(16) 22 (14)
Yes 8 (4.3) 6 (4.6) 7(4.7)
pNXx 151 (82) 106 (80) 128 (82)
Patients with a surgical complication 59 (32) 42 (31) 52 (33)
(<30 days)*, n (%)
Gradel 54 (29) 44 (33) 52 (33)
Grade I 12 (6.5) 5(3.8) 9(5.7)
Grade Il 14 (7.5) 10 (7.5) 11(7.0)
Grade IV 1(0.5) 1(0.8) 1(0.6)
GradeV 1(0.5) -
Readmission rate post-surgery (<30 18 (10) 12 (9) 16 (10)

days), n (%)

Abbreviations: BMI = Body Mass Index, IQR = Inter Quartile Range, RNU = Radical
Nephroureterectomy,

SD = Standard Deviation, WHO = World Health Organization. TSurgically treated. *Some pa-
tients had multiple surgical complications
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Table 2: Changes in the functioning scales of the European Organisation for Research
and Treatment of Cancer Quality of Life Questionnaire-C30 from baseline to one and
three months after radical surgery for UTUC. The clinical effect size, shown as trivial,
small, medium, or large based on the thresholds as indicated by Cocks et al. [12].
Scores were adjusted for age, pT-stage, age-adjusted CCl, surgical complication, type

of surgery, and lymph node dissection using a linear mixed model analysis.

EORTC QLQ-C30 Mean Changet 95% ClI p value CES
Global health status

Baseline 73.8

After 1 month 69.8 -4.0 [-9.3,1.3] 0.14 Small

After 3 months 7.4 3.6 [-1.8,9.0] 0.19 Trivial
Physical functioning

Baseline 81.8

After 1 month 65.3 -16.5 [-21.4,-11.7] <0.001 Medium

After 3 months 79.2 -2.8 [-7.5,2.3] 0.30 Trivial
Role functioning

Baseline 78.5

After 1 month 49.7 -28.8 [-37.7,-20.0] <0.001 Large

After 3 months 75.8 -2.8 [-11.8,6.2] 0.5 Trivial
Social functioning

Baseline 86.7

After 1 month 74.2 -12.5 [-18.8,-6.2] <0.001 Medium

After 3 months 87.0 0.3 [-6.1,6.7] >0.9 Trivial
Emotional functioning

Baseline 70.9

After 1 month 7.7 6.8 [1.2,12.4] 0.017 Small

After 3 months 80.4 9.5 [3.9,15.2] 0.001 Medium
Cognitive functioning

Baseline 85.2

After 1 month 81.4 -3.8 [-9.1,1.5] 0.16 Small

After 3 months 88.5 3.3 [-2.1,8.7] 0.22 Small
Fatigue

Baseline 27.1

After 1 month 44.5 17.4 [10.9, 24.0] <0.001 Medium

After 3 months 25.3 -1.8 [-8.5,4.9] 0.6 Trivial
Pain

Baseline 19.5

After 1 month 38.3 18.9 [11.4,26.4] <0.001 Large

After 3 months 19.9 0.5 [-7.2,8.1] 0.9 Trivial
Constipation

Baseline 6.4

After 1 month 22.5 16.1 [7.7,24.6] <0.001 Medium

After 3 months 8.3 1.9 [-6.7,10.5] 0.7 Trivial

Abbreviations: CES = Clinical Effect Size [117]; p values of <0.05 are considered significant; HRQoL subscales

range from 0 to 100; TDifference between mean baseline score and mean defined time point.
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Although the incidence of upper urinary tract urothelial carcinoma (UTUC) has
shown to be increasing [1-3], UTUC remains a rare cancer since less than <1000
patients are diagnosed with UTUC yearly in the Netherlands. Over the past 25
years, treatment modalities for UTUC have seen little change, and no signifi-
cantimprovements in survival have been achieved [3]. The introduction of the
European Association of Urology (EAU) guideline on UTUC in 2004 has raised
more awareness of this disease and brought some standardization to diagnos-
tic tools and therapeutic options. This guideline is updated annually to incor-
porate the latest significant advancements in UTUC treatment; however, un-
certainties are still present in diagnostics, treatment modalities, and follow-
up of this disease [4].

Risk stratification remains a crucial yet challenging aspect of UTUC manage-
ment, especially with the advent of kidney-sparing surgery (laser ablation via
ureterorenoscopy) and neoadjuvant chemotherapy [4]. Accurate patient se-
lection for these treatment modalities is essential for optimizing oncological
outcomes. However, preoperative CT imaging is notoriously unreliable in pre-
dicting pT-stage and identifying low-risk UTUC, while MRl imaging is even less
specific and sensitive [5-7]. Urine cytology, the last widely available minimally
invasive diagnostic tool, also performs poorly predicting high-grade or inva-
sive disease [8].

As a result, many UTUC patients undergo diagnostic ureterorenoscopy (URS)
- a technically demanding procedure that, despite its value, has limitations
[4]. It is prone to underestimating pT-stage and tumor grade due to biopsy
constraints [9-11] and carries risks such as ureteral perforation, subsequent
stenosis, and an increased risk of intravesical recurrence (IVR) [12-14]. Even
after radical surgery, in the absence of postoperative intravesical instillation
with chemotherapy, 22-47% of the patients develop such an IVR [15,16]. How-
ever, little progress has been achieved in preventing these recurrences. The
psychological burden associated with the potential diagnosis of IVR is sub-
stantial, compounded by the need for frequent invasive cystoscopies to ena-
ble early detection.
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In the context of this very high recurrence rate in this patient population de-
spite introduced therapies, there is an urgent need to better understand and
address IVR in daily clinical practice. Therefore, the aim of this thesis was to
provide deeper insight into the mechanisms underlying IVR development and
prevention, ultimately contributing to new guidelines and directions for future
research in this niche of UTUC management.

‘Seeding’ as major driver of developing intravesical recurrences in UTUC

Since such a large proportion of primary UTUC patients who are treated with
radical surgery will eventually develop an intravesical recurrence, intra-lu-
minal seeding, a mechanism of tumor cell spread observed in various malig-
nancies, is one of the major hypotheses as the primary driver of the develop-
ment of these recurrences [17-19]. By analyzing both the primary UTUC and
the corresponding IVR in the same patient at the molecular level, researchers
canidentify a shared origin, a concept referred to as "clonality’. This approach,
widely utilized in the study of many malignancies, has increasingly been ap-
plied to UTUC and IVR. However, there was this ongoing debate if clonality was
indeed the reason of these IVRs, as molecular and biochemistry analyses were
very limited and not yet ‘in depth’ [20-27]. As molecular techniques continue
to advance, more detailed and comprehensive analyses have now become
possible and evidence for this hypothesize became much stronger [28]. Our
studies described in Chapter 4, together with other recent studies, showed
that the vast majority (>70%) of primary UTUC and IVR within the same pa-
tients are clonally related [18,28,29]. In these studies, next-generation se-
quencing was used, which enables more conclusive assessment of a clonal re-
lation between the two entities based on shared genomic alterations. Since
large genomic atlases (such as the TCGA) are publicly available, the probability
of a certain mutation found in the primary UTUC and IVR can be calculated
[30,31]. By adding all these probabilities together, a robust statement can be
made about the probability of clonality, which is a significant improvement
over older techniques . With upcoming publications using even larger next-ge-
naration sequencing panels [32], or in the future even whole-genome se-
quencing, the evidence for clonality becomes more and more solid and the de-
bate on the underlying discussion can be closed. Hence, by today’s
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knowledge, this high percentage of clonality strongly indicates that IVR arises
mostly due to the seeding of tumor cells from the primary UTUC rather than a
pan-urothelial disease of the urinary tract leading to the development of mul-
tiple, independent, primary tumors.

If 'seeding' is assumed, a number of observations from daily practice can be
explained. it is known that, for example, patients with positive preoperative
cytology (free-floating tumor cells) are at higher risk for developing IVR [15]. It
can also explain the fact that patients with a primary UTUC have a significantly
higher risk of developing an IVR, compared to the risk of developing a UTUC
subsequent to the diagnosis of bladder carcinoma [15,33-35]. Tumor cells
seed and implant ‘downstream’ in the bladder, whereas in a pan-urothelial de-
fect, carcinoma development should not be confined to a specific location in
the urinary tract.

Also, increasing evidence suggests that diagnostic ureteroscopy (URS) before
UTUC surgery significantly raises the risk of IVR, with again, tumor cell seeding
as the key mechanism [13]. During URS the primary UTUC is manipulated and
disrupted, especially when a biopsy is carried out, realizing these free-floating
cancer cells [13,36]. Additionally, fluid irrigation, repeated ureteroscope intro-
duction, and use of a guide-wire use possible further facilitate this spread of
tumor cells to the bladder. A postoperative instillation with chemotherapy di-
rectly following URS to prevent implantation of these tumor cells might miti-
gate this risk, and this strategy is currently assessed in the Dutch SINCERE trial
[37]. As cancer spread due to free floating tumor cells is such an important
mechanism, this highlights the potential role of urinary markers not only in the
diagnosis of UTUC but also in the surveillance of patients during follow-up af-
ter treatment of the primary UTUC (kidney-sparing or radical surgery) and in
the diagnosis or surveillance considering IVR. These markers may encompass
urine assays to detect the most prevalent molecular mutations associated
with primary UTUC [38]. Furthermore, the development of patient-specific
urine assays tailored to the unique molecular profile of the primary tumor
could significantly enhance the precision and efficacy of post-treatment mon-
itoring. The initial findings linking mutations in FGFR3, KDM6A, CCND1, and
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TP53to an increased risk of IVR are a promising step toward identifying poten-
tial urinary biomarkers [28]. However, further research is needed to validate
this concept.

A postoperative instillation with chemotherapy to lower the risk of in-
travesical recurrence following radical surgery for UTUC might not be as
effective as opposed in real-world clinical practice.

Several precautions are taken during surgical treatment to prevent the seed-
ing of tumor cells of the primary UTUC. One key precaution involves clipping
the distal ureter below the primary UTUC location to prevent cancer cells from
seeding into the bladder [4]. Additionally, a bladder cuff is resected en bloc as
literature identifies this area as a common site for intravesical recurrences
[16,39]. Despite these measures, up to 47% of UTUC patients still experience
IVR within the first two years post-surgery [15,16].

To mitigate this risk, the EAU guideline on UTUC recommends a single postop-
erative instillation of chemotherapy since 2015 [40]. This recommendation is
based on the findings of two significant prospective studies: the THP Mono-
therapy Study Group Trial by /to et al. (Japan) and the ODMIT-C trial by O’Brien
et al . (United Kingdom) [41,42]. In the THP Monotherapy Study, 77 patients
were randomly assigned to receive or not receive pirarubicin within 48 hours
after radical surgery [42]. The 2-year IVR rate was significantly lower in the in-
tervention group (17%) compared to the control group (42%).

Similarly, the ODMIT-C trial involved 284 randomized patients who received a
single dose of Mitomycin C (MMC) postoperatively during catheter removal (up
to 10 days following surgery) [41]. The intention-to-treat analysis showed a 1-
year IVR rate of 17% in the intervention group versus 27% in the control group
(p=0.055), and the per-protocol analysis

showed IVR rates of 16% versus 27% (p = 0.03), respectively.

Despite these promising results, both studies had significant limitations. The
THP Monotherapy Study was underpowered, with a recurrence rate assumption

237



Chapter 9

of 9% versus 42%, and there was an imbalance in disease grade, a factor associ-
ated with IVR development. The ODMIT-C trial, despite its large sample size, was
based on an optimistic relative reduction of over 50% in IVR rate and lacked his-
tological proof, leading to potential detection bias. Additionally, the study was
unblinded and only reached significance in the per-protocol analysis. These fac-
tors suggest that the outcomes may not fully reflect real-world clinical practice.

Furthermore, there is no consensus on the optimal timing for chemotherapy in-
stillation, and its effectiveness is highly dependent on strict adherence to the
protocol. It is also crucial that the instillation in daily clinical practice is per-
formed only when there is no risk of leakage of the chemotherapy. This potential
risk of leakage is the major concern that often prevents clinicians in the use of a
postoperative chemotherapy instillation, although this bladder area is closed
with sutures, and tested for leakage during surgery. Additionally, many clini-
cians perform a costly and invasive cystogram to assess whether there is still an
incomplete closure of the bladder and chemotherapy cannot be given. Although
complications due to leakage are rare, they can be severe and even fatal [43-47].
Reported complications include acute and chronic pain, ureteral obstruction,
lower urinary tract symptomes, cellulitis, persistent leaks, intestinal obstruction,
and death following a single postoperative chemotherapy instillation. With re-
gard to the timing of the instillation, as early as possible following surgery ap-
pears to be most effective, what is already known from the treatment of non-
muscle invasive bladder carcinoma (NMIBC) [48].

The current evidence supporting postoperative chemotherapy instillation is thus
questionable and may not accurately represent the realities of everyday clinical
practice. Moreover, a significant number of patients likely miss out on this treat-
ment due to concerns about extravesical leakage [43-47]. This leaves both clini-
cians and UTUC patients in need of a safer and more effective alternative - one
that not only reduces the risk of IVR, but also improves compliance by clinicians.

A preoperative instillation with chemotherapy; the future for UTUC patients.

A promising solution could be a preoperative instillation, administered while
the anatomy remains intact, eliminating the risk of leakage [49]. Also, patients
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do receive all treatment at the same day, potentially reducing stress for pa-
tients possible resulting in a better quality of life during this period. Addition-
ally, this approach eliminates the need for costly and invasive cystograms, and
may enhance clinician compliance compared to postoperative instillation
protocols.

The REBACARE trial was designed to evaluate the impact of a preoperative mi-
tomycin C (MMC) instillation on the risk of intravesical recurrence (IVR) follow-
ing radical surgery for UTUC [49]. Similar to the THP Monotherapy Study
Group, mentioned earlier, the REBACARE trial focused on the first two years
post-surgery, the period in which the risk of IVR is highest; ranging from 22-
47% without perioperative instillation. Despite a recurrence rate of 24% over
the two-year period in the REBACARE trial, no significant benefit of preopera-
tive chemotherapy instillation was observed in the total patient population
[50]. A comparable reference cohort, which did not receive any instillation,
showed a similar recurrence rate of 26%.

Previous literature has already tentatively suggested that diagnostic URS per-
formed during the workup for UTUC may be a significant risk factor for devel-
oping IVR [13]. The REBACARE trial confirmed this, demonstrating that pa-
tients who underwent diagnostic URS had a significantly higher risk of IVR af-
ter surgery, regardless of preoperative instillation or not [50]. Importantly, the
study revealed that when diagnostic URS was not performed, patients who re-
ceived preoperative chemotherapy instillation had a significantly lower risk of
IVR.

Several key conclusions can be drawn from these findings:

1. Adiagnostic URS is a major risk factor for IVR, likely due to the manip-
ulation of the primary UTUC and dissemination of cancer cells in the
urinary tract during this procedure;

2. A preoperative instillation with chemotherapy, but possible also the
current recommended postoperative instillation, may be inefficient in
preventing IVR caused by a diagnostic URS. This is potentially due to the
delay between URS and radical surgery, allowing tumor cells to implant
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fully and making chemotherapy less efficient as ablative measure.

3. Patients who do not undergo a diagnostic URS benefit from a preoper-
ative instillation, with a significantly lower IVR rate (<10%) during the
first two years post-surgery. This is important, as these patients will
almost certain be able to receive this instillation as the anatomy of the
bladder s still intact and will receive the full therapy (instillation + rad-
ical surgery) at the same day. For this group of patients, a preoperative
instillation should be considered in the future and might be a mean-
ingful improvement over current clinical practice.

4. When a diagnostic URS is performed, clinicians and guidelines might
recommend a postoperative instillation (based on macroscopic imag-
ing and if there has been a biopsy performed during URS) to irradicate
the free-floating tumor cells following this intervention. By adminis-
tering this instillation immediately after URS, it could prevent the im-
plant of tumor cells in the bladder during the waiting period before
radical surgery.

Future Perspectives

Looking ahead to the future of UTUC patients care, several findings from this
thesis warrant further investigation and implementation to improve treat-
ment outcomes and optimize the care pathway for patients undergoing sur-
gery for UTUC.

A key development is the rising incidence of UTUC in the Netherlands over re-
cent decades, largely due to the increased use of cross-sectional imaging [3].
This has led to a stage shift, with more cases of both superficial and advanced
UTUC -each requiring distinct treatment strategies [4]. However, from 1993 to
2017, no significant survival improvement was observed, highlighting an urgent
need for change. Encouragingly, kidney-sparing surgery (KSS) has gained trac-
tion, particularly with the earlier detection of UTUC resulting in more primarily
diagnosed superficial UTUC [51-53]. Previously, radical nephroureterectomy
was the only option, but KSS is now an essential alternative in highly selected
patients and will play an increasingly important role in treating an aging popu-
lation with rising comorbidities [4]. Preserving renal function in these patients is
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critical and RNU can have significant negative effects. Our findings show, for ex-
ample, that Health-Related Quality of Life (HRQoL) declines significantly after
surgery, taking an average of three months to recover [54]. However, older pa-
tients may experience slower or incomplete recovery, and long-term HRQoL
outcomes remain unclear. The POUT trial suggests a decline in HRQoL at three
months, but its relatively young, fit (chemotherapy-eligible) cohort may not re-
flect outcomes in elderly patients [55]. In select cases of low-grade UTUC, even
a ‘watch-and-wait’ approach, supported by shared decision-making, could be
considered in elderly, vulnerable patients to ensure quality of life for as long as
possible. Significant progress has also been made in the past decade in treating
advanced UTUC by introducing (neo)adjuvant chemotherapy and immunother-
apy [56-58]. Given the increasing use of KSS and these advancements in sys-
temic therapies following our studied period of 1993 to 2017, survival outcomes
for UTUC patients may already be improving.

However, as mentioned before, risk stratification is highly important before it can
even be decided what the appropriate therapy should be with this particular pa-
tient. The necessity of diagnostic URS within this diagnostic work-up of UTUC war-
rants re-evaluation or at least a well-considered decision at patient-level. While di-
agnostic URS offers valuable insights, such as histopathological diagnosis and up-
per urinary tract inspection, it has been associated with an increased risk of in-
travesical recurrence due to the potential for tumor cell seeding. Also, it is not with-
out risks, including the risk of understaging when a biopsy is performed given the
small size of biopsies that can be taken using a ureterorenoscopy, ureter perfora-
tion, urinary tract infection, and a delay in time to definitive treatment [9-11] [9-14].
The guideline on UTUC of the EAU is quite clear and URS should only be performed
when other diagnostic modalities (CT-scan and cytology) are inconclusive [4]. Fu-
ture advancements in CT imaging may improve risk stratification by better distin-
guishing low-risk tumors and assessing invasiveness. Artificial Intelligence (Al) also
holds promise for preoperative risk assessment by enhancing the predictive value
of cytology and improving diagnostic accuracy during URS. Early Al applications
have shown higher accuracy in diagnosing UTUC and predicting IVR compared to
cytology alone [59]. During URS, Al could assist in tumor localization, differentiation
between benign and malignant lesions, and pT-stage or tumor grade prediction -
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potentially reducing the risk for biopsy. Al-driven segmentation of the ureter’s lu-
men, for example, have already shown to further aid in UTUC detection and im-
prove navigation through the upper tract, minimizing collateral damage [60,61].
These advancements could enhance diagnostic precision and optimize patient out-
comes.

And when d-URS is unavoidable, the potential benefits of implementing post-URS
chemotherapy instillation should be considered in future research and guidelines;
which strategy is currently under review in the SINCERE trial (Netherlands) [37].
Administering an instillation with chemotherapy immediately after URS could
prevent tumor cells from implanting in the bladder during the waiting period be-
fore radical surgery. The macroscopic imaging confirming a UTUC, or the perfor-
mance of a biopsy, should give the decision in performing such a post-URS instil-
lation. This strategy could help mitigate the increased recurrence risk observed in
patients who undergo d-URS. The advantages of a preoperative instillation before
radical surgery (REBACARE) do not apply to diagnostic URS, as no defect is made
in the bladder and it is precisely the URS that will show whether or not a UTUC is
present. Namely, by adhering the guideline, a diagnostic URS will only be per-
formed in case of doubt. Ideally, a future study to assess this hypothesis should be
an international RCT (due to the relative rare appearance of UTUC) including a
group of patients treated with URS (diagnostic or treatment) followed by RNU (in
case of a diagnostic URS) treated with standard of care (no instillation after URS)
and a group of patients treated with an instillation of MMC/epirubicin post-URS
(at the same of day of URS; as timing is crucial). Follow up should be focused on
the rate of IVR (2-yrs) with histological prove.

And, when clinicians decide not to perform a diagnostic URS for that particular
patient, a preoperative instillation before radical surgery for UTUC should be
recommended [50]. This strategy lowers the risk of intravesical recurrences sig-
nificantly, the majority of patients can receive this instillation due to an intact
anatomy, the instillation and surgery can be performed on the same day, the
fear of leakage of the chemotherapy due to the defect in the bladder is irradi-
cated, and all these advantages will potentially lead to a higher compliance rate
by clinicians and therefore lowering the incidence of intravesical recurrences.
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In any case, intravesical recurrences will be an important factor in patient follow
up and cystoscopies will be necessary. Integrating urine-based biomarkers in
future follow-up protocols could, however, significantly reduce the need for fre-
quent cystoscopies, which are invasive and burdensome for patients [38]. As
>70% of the intravesical recurrences are related to the primary UTUC, molecular
characteristics of the primary tumor can be used in developing patient-specific
urine-tests to early detect an intravesical recurrence [28,29,62]. By identifying
these recurrences through non-invasive urine markers, clinicians could offer a
more patient-friendly follow up approach, enhancing the quality of life while
maintaining close monitoring of disease status. At this time, urinary markers are
on the verge of breaking through in non-muscle invasive bladder cancer, how-
ever, high sensitivities are particularly reached for high-grade disease [63]. It is
expected that if this can be successfully be introduced for non-muscle invasive
bladder cancer, UTUC will likely follow quickly. The upcoming results of the
MOluculair ChARacterization of Upper Urinary Tract Carcinoma (MOLCARUTUC)
consortium showing TERT, FGFR3 and HRAS as protentional markers are prom-
ising [32]. Future research is, however, forced to focus on these molecular mark-
ers and the implementation of these noninvasive urine tests, with the current
rising of cost and need for sustainability in medical care.

Also, recent advancements in devices for intravesical chemotherapy delivery
have the potential to change the management of intravesical recurrences. One
such device is the TAR-210, designed to locally deliver erdafinitib (FGFR-inhib-
itor) directly into the bladder. This device has demonstrated significant prom-
ise in preventing the development of intravesical recurrences following non-
muscle invasive bladder cancer. Since current literature identifies FGFR as a
key driver of intravesical recurrences following surgery for primary UTUC, er-
dafinitib represents a compelling candidate for future therapeutic strategies
[28,32]. Moreover, these devices are versatile and can be adapted to deliver
other treatments, such as gemcitabin, broadening their clinical utility.

Finally, patient-tailored treatments and predictive markers are essential for
advancing cancer care. This approach is particularly relevant in the context of
(neo)adjuvant chemotherapy and immunotherapy, as demonstrated in the
treatment of muscle-invasive bladder cancer, where markers like PD-L1 and
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FGFR mutation status are used to guide therapy [64]. An important develop-
mentin bladder cancer treatment is the characterization of the primary tumor
to identify mutational expression profiles, which can predict prognosis and re-
sponse, thus reducing the risk of overtreatment.

For upper tract urothelial carcinoma (UTUC), however, the use of molecular
markers for additional therapies is still limited. Recent findings suggest that
UTUC may be classified into five molecular subtypes based on mutations, in-
cluding active FGFR3 mutations, RAS gene mutations, TP53 pathway inactiva-
tion via TP53 mutations or MDM2 amplification, high mutation levels, and the
absence of FGFR3, RAS, or TP53 pathway defects (referred to as triple-negative)
[65]. Emerging data from the MOLcular ChAracterization of Upper Urinary
Tract Urothelial Carcinoma (MOLCARUTUC) consortium support these distinct
subtypes, though the clinical implications remain to be fully explored. How-
ever, promising results are anticipated, particularly for treatments like FGFR
inhibitors [32].

A crucial step toward integrating this into clinical practice has already been
made in our study, where we developed a workflow that allows pathologists
to identify specific UTUC subtypes using routine histopathological H&E slides
[66]. Since these slides are routinely used in clinical settings, this approach
could be easily implemented, helping to distinguish patients who require fur-
ther molecular characterization. This would optimize therapeutic strategies
and guide decisions about the need for additional therapies.

Together, these strategies hold the potential to improve both short- and long-

term outcomes in UTUC patients, making treatment and follow-up more effi-
cient, less invasive, and better targeted to individual risk profiles.
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Chapter 10

With the completion of the REBACARE trial - a unique study in the niche of the
relatively rare disease that UTUC is - it is time to reflect, evaluate, and gather
insights for optimizing future studies. While this trial has yielded valuable out-
comes and may contribute to guideline adaptions and discussions, there are
certainly areas for improvement in potential follow-up studies.

The study design was strongly influenced by the period in which it was initi-
ated. Ideally, the REBACARE trial would have had a two-arm (preoperative vs.
postoperative instillation) or even a three-arm design (including a control
group without instillation). However, by 2016, evidence had already shown
that postoperative instillation reduced the risk of intravesical recurrence (IVR),
leading to the EAU guideline recommendation in 2017 for a single postopera-
tive instillation with chemotherapy. As a result, including a group without peri-
operative instillation was deemed unethical. Additionally, a second arm with
only postoperative instillation was not feasible because, at that time, a sub-
stantial proportion of patients ultimately did not receive the postoperative in-
stillation - partly because the treatment had only recently been introduced
and partly due to urologists’ concerns about potential extravasation. These
factors led to the ‘suboptimal’ single-arm design of the REBACARE trial.

To still enable a comparison, a retrospective cohort was established, compris-
ing patients who did not receive perioperative chemotherapy instillation.
However, strict exclusion criteria (such as ‘ no bladder carcinoma in history’,
‘surgery after 2000, and ‘ no intravesical or systemic chemotherapy within two
years post-surgery’) made it significantly more challenging than expected to
assemble a large cohort. Furthermore, due to the rarity of UTUC, it took three
years to prospectively include 190 patients - an important feasibility consid-
eration for future trials. For comparison, the ODMIT-C trial (postoperative in-
stillation after RNU) took ten years to complete. Additionally, guideline adjust-
ments during a trial’s duration can significantly impact outcomes. Although
the REBACARE trial ultimately included 190 prospectively enrolled patients
and 247 in the retrospective cohort, the sample size was insufficient for the
proposed propensity score matching.
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Anotherissueis the possible effect of continuous salineirrigation following the
preoperative instillation considering IVR risk. It remains unclear whether the
reduced IVR risk was due to the chemotherapy or the irrigation, a debate that
also exists regarding transurethral bladder tumor resection. However, this ad-
ditional step was crucial for protecting both the patient and the surgical team
from chemotherapy exposure and for obtaining ethical approval for the study.
While the exact contribution of chemotherapy versus saline irrigation may
never be fully determined, we believe this approach outweighs the potential
complications of postoperative MMC leakage. Moreover, implementing this
measure in contemporary clinical practice is feasible.

But what do we propose as the next step? The most pressing question remains:
is preoperative instillation superior to postoperative instillation, or vice versa?
This critical question warrants a new study and we believe that this future trial
should meet the following criteria:

- A prospective, two-arm, randomized controlled design, comparing
preoperative and postoperative instillation with chemotherapy
(MMC/epirubicin);

- Athird, retrospective arm of patients who did not receive any form of
intravesical instillation for additional comparison;

- Arealistic prespecified risk reduction target of 20-30%;

- Exclusion of patients who have received systemic chemotherapy or
other types of intravesical instillation;

- Histologically confirmed IVR to prevent detection bias;

- Exclusion of patients with a history of bladder cancer to rule out pan-
urothelial disease, which carries a higher IVR risk;

- Sufficiently large cohort of >250 patients per arm to enable propensity
score matching;

- Completion within a reasonable timeframe to minimize potential con-
founders introduced by prolonged study periods;

- Aninternational, multi-institutional collaboration among specialized
UTUC centers to ensure consistency in surgical techniques and follow-

up;
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- Aminimum follow-up of two years.

- Urinesamples, as well as tumor tissue, must be collected to molecular
characterize all UTUC and IVR and to assess the feasibility of using
urine markers in diagnosis and follow-up.

By pooling resources and expertise across institutions and borders, we can
overcome the limitations of small sample sizes and generate more robust, sta-
tistically significant findings. This approach represents the best path forward
for producing high-quality, practice-changing research in UTUC - research
that patients need and deserve!
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Appendices

SUMMARY

Chapter 1 general introduction, which proving a background on urothelial
cancer of the upper urinary tract (UTUC) an UTUC treatment. UTUC is relatively
rare compared to bladder urothelial carcinoma (UBC), leading to limited
knowledge and literature. Originating in the renal pelvis or ureter, UTUC arise
typically from the urothelium. Diagnosis often involves CT-urography, cystos-
copy, and biopsy, though detection and risk-stratification remain challenging.
Standard treatment for localized, non-metastatic UTUC is a radical
nephroureterectomy (RN), with kidney-sparing surgery (laser coagulation, dis-
tal ureterectomy) as an option in selected low-risk cases. Although radical sur-
gery, UTUC are known to be at high risk of developing intravesical recurrences
during the years following surgical treatment. Up to 47% of the patients will
eventually be diagnosed with such a recurrence and in daily clinical practice
we are yet not able to prevent patients for this risk fully. This thesis aims to
clarify the biology behind de development of UTUC and IVR, assess whether a
preoperative instillation with chemotherapy before radical surgery lowers the
risk of IVR, and evaluate quality of life outcomes for patients in the Nether-
lands.

In Chapter 2 we examined the trends in incidence and survival rates for UTUC
in the Netherlands over a 25-year period (1993-2017). We found that the inci-
dence of UTUC has increased. In absolute numbers; in 1993 400 patients were
diagnosed with UTUC were this number has risen up to 800 diagnoses yearly
in 2017. The survival rates, however, did not improve over this time period.
Despite advancements in diagnostic and therapeutic approaches, the lack of
improvement in survival suggests potential limitations in current treatment
strategies or delayed diagnoses. These results underscore the need for en-
hanced awareness, earlier detection, and more effective therapies to improve
UTUC outcomes.

When two tumors within the same patient share the same molecular mutations,

so a common origin, this is known as clonality. For quite a time the debate is
ongoing if IVR are ‘seeds’ of the primary UTUC. In Chapter 3, we systematically
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reviewed whether synchronous (simultaneous) and metachronous (sequential)
intravesical recurrences and UTUC are clonally related. The outcomes suggest
that seeding of tumor cells seems to be the most important mechanism of de-
veloping IVR as >80% of paired IVR and UTUC were related in these cohorts. In
Chapter 4, we have assessed this theory of seeding and the outcome of chapter
3in a retrospective cohort of 15 UTUC patients having IVR during follow up. To
investigate the clonal relationship between both entities, targeted DNA se-
quencing was performed (41 genes) on both tumors within the same patient. In
73% of the patients a clonal relation of both tumors was indeed detected, so,
seeding of tumor cells seems the most important mechanism in developing IVR.
This knowledge could support the development of more predictive and person-
alized treatment approaches for patients with UTUC, with a focus on preventing
intravesical recurrences

Known from urothelial carcinoma of the bladder, some molecular subtypes
are associated with better or worst outcomes and different responses to dif-
ferent targeted therapies. However, if and how these findings extend to UTUC
remains unclear. In Chapter 5, a deep-learning workflow was designed to pre-
dict certain molecular subtypes for UTUC from routine histopathological H&E
slides, widely used by pathologist for the diagnosis of UTUC. The workflow
showed to be effective in predicting certain UTUC subtypes, which were linked
to specific clinical outcomes and treatment responses. By identifying these
subtypes directly from H&E slides, this workflow could support more person-
alized treatment decisions and indicate which patients would gain the most
from further molecular analysis.

Patients diagnosed and treated for UTUC are known to be at high risk of devel-
oping intravesical recurrence (IVR) in the years following surgery. The postop-
erative chemotherapy instillation following radical surgery, as currently rec-
ommended in the European Association of Urology guidelines for UTUC, has
been shown to effectively lower the risk of IVR. However, a significant propor-
tion of patients do not receive this instillation, as clinicians fear extravesical
leakage of the chemotherapy. Chapter 6 introduces the REBACARE trial, in
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which patients receive a single intravesical instillation of chemotherapy be-
fore radical surgery for UTUC, while the urinary tract anatomy remains intact.
This approach is hypothesized to enable more patients to receive this treat-
ment and to be as effective as a postoperative instillation in reducing the risk
of IVR. In Chapter 7, the REBACARE trial results are presented, with 170 UTUC
patients enrolled from 18 Dutch hospitals. The final analysis showed no overall
benefit of preoperative chemotherapy instillation in reducing the risk of IVR.
However, other important findings emerged: (1) diagnostic ureterorenoscopy
(URS) during UTUC work-up is a significant risk factor for IVR, likely due to tu-
mor cell seeding; (2) in patients who underwent diagnostic URS, the chemo-
therapy instillation was not beneficial, likely because disseminated tumor
cells had already implanted; but (3) preoperative instillation did show added
value for patients who did not undergo diagnostic URS.

In Chapter 8, the short-term changes in health-related quality of life (HRQoL)
among patients undergoing radical surgery for upper urinary tract urothelial
carcinoma (UTUC) were assessed as part of the REBACARE trial. Patients expe-
rienced a decline in HRQoL immediately following surgery, particularly in
physical and social functioning. Even an improvement in emotional function
was observed. Postoperative complications were negatively associated with
social functioning. However, most patients will eventually return to baseline
levels three months following surgery. These outcomes can be used to counsel
UTUC patients before and after surgery and contextualize recovery following
treatment.

In Chapter 9, the main findings are summarized and future perspectives are
discussed. Based on the findings of this thesis we underscore the fact that
most intravesical recurrences are based on seeding, a diagnostic URS should
be performed judiciously and when performed a postoperative instillation
should be considered and when no diagnostic URS is performed a preopera-
tive instillation with chemotherapy before radical surgery for UTUC is recom-
mended.
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Hoofdstuk 1 biedt een algemene inleiding over het urotheelcarcinoom van de
hogere urinewegen, in het Engels ‘UTUC’ genoemd, en de behandeling ervan.
UTUC is relatief zeldzaam in vergelijking met blaaskanker, wat leidt tot be-
perkte kennis en literatuur. UTUC ontstaat meestal in het nierbekken of de
ureter en ontwikkelt zich doorgaans vanuit het urotheel; de binnenbekleding
van de urinewegen. De diagnose wordt gesteld middels CT-urografie, een cys-
toscopie en een biopt (via ureterorenoscopie), hoewel detectie en risicostrati-
ficatie uitdagend blijven. De standaardbehandeling voor gelokaliseerde, niet-
metastatische UTUC is een radicale nefro-ureterectomie (RNU), waarbij nier-
sparende chirurgie (lasercoagulatie, distale ureterectomie) een optie is in ge-
selecteerde laagrisicopatiénten. Ondanks radicale chirurgie zijn UTUC-patién-
ten bekend met een hoogrisico op het ontwikkelen van een intravesicaal reci-
dief (IVR) in de jaren na de chirurgische behandeling. Tot 47% van de patiénten
wordt uiteindelijk gediagnosticeerd met een dergelijk recidief en in de dage-
lijkse klinische praktijk zijn we nog niet goed in staat om dit risico te verlagen.
Dit manuscript heeft al doel de biologie verantwoordelijk voor de ontwikkeling
van UTUC en IVR te onderzoeken, te beoordelen of een preoperatieve instilla-
tie met chemotherapie voor radicale chirurgie het risico op IVR verlaagt, en de
uitkomsten van de kwaliteit van leven voor patiénten in Nederland te evalue-
ren.

In hoofdstuk 2 hebben we de trends in incidentie en overlevingspercentages
voor UTUC in Nederland over een periode van 25 jaar (1993-2017) onderzocht.
We constateerden dat de incidentie van UTUC is toegenomen. In absolute cij-
fers;in 1993 werden 400 patiénten gediagnosticeerd met UTUC, terwijl dit aan-
tal in 2017 is gestegen tot 800 diagnoses per jaar. De overlevingspercentages
zijn echter in deze periode niet verbeterd. Ondanks vooruitgang in diagnosti-
sche en therapeutische benaderingen suggereert het gebrek aan verbetering
in overleving mogelijke beperkingen in de huidige behandelingsstrategieén of
vertraagde diagnoses. Deze resultaten benadrukken de noodzaak van ver-
hoogde bewustwording, vroegtijdige detectie en effectievere therapieén om
de uitkomsten van UTUC te verbeteren.
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Wanneer twee tumoren binnen dezelfde patiént dezelfde moleculaire muta-
ties delen, wat wijst op een gemeenschappelijke oorsprong, staat dit bekend
als klonaliteit. Al geruime tijd is er een debat gaande over de vraag of IVR 'zaad-
jes' zijn van de primaire UTUC. In hoofdstuk 3 hebben we systematisch beoor-
deeld of synchrone (gelijktijdig) en metachrone (opeenvolgend) intravesicale
recidieven en UTUC klonale verwantschap vertonen. De uitkomsten suggere-
ren dat de intraluminale verspreiding van tumorcellen het belangrijkste me-
chanismeis voor het ontwikkelen van IVR, aangezien in >80% van de patiénten
het IVR en UTUC klonaal met elkaar gerelateerd waren. In hoofdstuk 4 hebben
we deze theorie en de uitkomst van hoofdstuk 3 beoordeeld in een retrospec-
tieve cohortstudie van 15 UTUC-patiénten die IVR ontwikkelden tijdens de fol-
low-up. Om de klonale relatie tussen beide entiteiten te onderzoeken, werd
DNA-sequencing uitgevoerd (41 genen) op beide tumoren binnen dezelfde pa-
tiént. Bij 73% van de patiénten werd inderdaad een klonale relatie tussen
beide tumoren gedetecteerd, wat aantoont dat het verspreiden van tumorcel-
len het belangrijkste mechanisme lijkt te zijn bij de ontwikkeling van IVR.

Van urotheelcarcinoom van de blaas is bekend dat bepaalde moleculaire sub-
typen zijn geassocieerd met betere of slechtere uitkomsten en verschillende
reacties op verschillende gerichte therapieén. Het is echter onduidelijk of, en
hoe deze bevindingen zich relateren tot UTUC. In hoofdstuk 5 werd een deep-
learning workflow ontworpen om bepaalde moleculaire subtypen voor UTUC
te voorspellen op basis van routinematige histopathologische H&E-prepara-
ten, die veelvuldig door pathologen worden gebruikt voor de diagnose van
UTUC. De workflow bleek effectief in het voorspellen van bepaalde UTUC-sub-
typen, die gerelateerd waren aan specifieke klinische uitkomsten en behande-
lingsresponsen. Door deze subtypen direct uit H&E-preparaten te identifice-
ren, kan deze workflow meer gepersonaliseerde behandelingen adviseren en
aangeven welke patiénten het meest profiteren van verdere moleculaire ana-
lyse.

Patiénten die gediagnosticeerd en behandeld zijn voor UTUC lopen een hoog

risico op het ontwikkelen van intravesicale recidieven (IVR) in de jaren na de
operatie. De postoperatieve chemotherapie-instillatie na radicale chirurgie,
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zoals momenteel aanbevolen in de richtlijnen van de European Association of
Urology voor UTUC, heeft aangetoond effectief te zijn in het verlagen van het
risico op IVR. Echter, een aanzienlijk percentage patiénten ontvangt deze in-
stillatie niet, omdat clinici vrezen voor extravesicale lekkage van de chemo-
therapie. Hoofdstuk 6 introduceert de REBACARE-trial, waarin patiénten een
enkele intravesicale instillatie van chemotherapie ontvangen véoér radicale
chirurgie voor UTUC, terwijl de anatomie van de blaas intact blijft. Deze bena-
dering is gebaseerd op de hypothese dat meer patiénten deze behandeling
kunnen ontvangen en dat het uiteindelijk even effectief zal zijn als een post-
operatieve instillatie in het verlagen van het risico op IVR. In hoofdstuk 7 wor-
den de resultaten van de REBACARE-trial gepresenteerd, met 170 UTUC-pati-
enten die hebben geparticipeerd en zijn geincludeerd in 18 Nederlandse zie-
kenhuizen. De uiteindelijke analyse toonde geen algemeen voordeel van de
preoperatieve chemotherapie-instillatie in het verlagen van het risico op IVR.
Andere belangrijke bevindingen kwamen echter naar voren: (1) Een diagnosti-
sche ureterorenoscopie (URS) tijdens de diagnostiek voor UTUC is een signifi-
cante risicofactor voor IVR, waarschijnlijk door de intraluminale verspreiding
van tumorcellen door deze operatietechniek; (2) bij patiénten die een diagnos-
tische URS ondergingen, was de preoperatieve instillatie met chemotherapie
niet bijdragend in het verlagen van het risico of IVR, waarschijnlijk omdat de
gedissemineerde tumorcellen al waren geimplanteerd; maar (3) een preope-
ratieve instillatie toonde echter wel toegevoegde waarde voor patiénten die
geen diagnostische URS hadden ondergaan.

In hoofdstuk 8 werden de verandering op de korte termijn in de kwaliteit van
leven van patiénten die radicale chirurgie ondergingen voor UTUC onderzocht,
als onderdeel van de REBACARE-trial. Patiénten ervaarden een daling in de kwa-
liteit van leven, onmiddellijk na de operatie, met name in de fysieke en sociale
functionaliteit. Er werd echter wel een verbetering in de emotionele functiona-
liteit waargenomen. Postoperatieve complicaties waren negatief geassocieerd
met de sociale functionaliteit. De meeste patiénten zullen echter uiteindelijk
binnen drie maanden na de operatie terugkeren naar hun basisniveau. Deze uit-
komsten kunnen worden gebruikt om UTUC-patiénten voor en na de operatie
voor te lichten en het herstel na de behandeling te contextualiseren.
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In hoofdstuk 9 worden de belangrijkste bevindingen samengevat en toekom-
stige perspectieven besproken. Op basis van de bevindingen van deze thesis
benadrukken we dat de meeste intravesicale recidieven het gevolg zijn van in-
traluminale verspreiding. Over het uitvoeren van een diagnostische URS moet
zorgvuldig worden besloten en wanneer deze wordt uitgevoerd, moet een
postoperatieve instillatie in overweging worden genomen. Wanneer er geen
diagnostische URS is uitgevoerd, wordt een preoperatieve instillatie met che-
motherapie voér radicale chirurgie voor UTUC aanbevolen.
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in ons rijke leven zijn bijgevoegd, de wens om veel te kunnen sporten, m’n
vrienden en familie, en de opleiding! Het was een tijd waarin ik heb geleerd om
op hetjuiste moment te pieken, mezelf niet te overwerken en keuzes te maken
op allerlei pijlers in het leven. Maar wat ben ik trots dat dit boekje er is geko-
men. Een overwinning voor mezelf, maar ik denk ook echt voor de huidige ken-
nis op het gebied van deze, toch nog, relatief zeldzame tumor.

Hoewel je je echt wel eens ‘alleen’ hebt gevoeld gedurende dit traject, is dit
een prestatie waaraan heel, heel veel mensen hebben bijgedragen. Mijn naam
prijkt weliswaar op de voorkant, maar het is echt een team-effort. Dat maakt
het ook een geweldig proces; naast wetenschappelijke ervaring opdoen, is het
ook echt een kans om te leren omgaan en te werken met allerlei karakters,
persoonlijke belangen en verschillende expertises en interesses.

Om te beginnen wil ik alle patiénten bedanken die hebben willen deelnemen
aan ons wetenschappelijk onderzoek, en dan uiteraard voornamelijk binnen
de REBACARE-trial. Ik heb het grootste respect voor jullie keuze. We kunnen
wel de grootste ideeén hebben, maar jullie keuze om jezelf ‘bloot te stellen’
aan de wetenschap is van onschatbare waarde. Dank hiervoor!

Joost! Op een onverwachts moment stond je achter me tijdens mijn onder-
zoeksstage die ik bij jou deed: “Luister jij TECHNO!!!1??? En ken jij MACEO
PLEX!!” Nou, toen wist ik dat het wel goed zat! Ik was op zoek naar een plek
voor mijn onderzoeksstage bij de urologie, en jij had net de Grant binnenge-
sleept voor het opzetten van de REBACARE-trial. Vanaf het begin was het plan
dat de onderzoeksstage een moment was om te peilen of we een eventueel
promotietraject rondom deze trial zagen zitten. Dit was voor mij achteraf echt
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de perfecte springplank. Vanaf het eerste moment wist ik dat jouw werkwijze
bij mij past: scherp, kritisch, maar met heel veel ruimte voor eigen tijdsinde-
ling. Als je maar levert... Daarnaast heb je me altijd gesteund in mijn ‘onrust’
om toch ook snel de kliniek weer in te duiken; om m’n grote ‘masterplan’ uit
te voeren! Voor mij ben je echt een voorbeeld. Je straalt rust uit, hebt mega
veel kennis van zaken, bent sociaal sterk en deelt mijn mening dat ‘als je Avicii
wil horen, je maar lekker 538 opzet’. Ik hoop nog heel veel met je te maken te
hebben in de toekomst. Het enige wat nog op de palmares moet komen, is dat
we dan toch echt een keer als echte fanboys Maceo samen gaan zien!

Pim. Wat betreft Maceo hebben we jou ook gewoon nodig: de drie musketiers
op de techno-toer. Tijdens mijn onderzoekstijd hebben we elkaar eigenlijk
echt te weinig in het echt gezien. Maar wat kon jij altijd door mijn ingeleverde
stukken heen prikken. Mail van Pim: Tatsssss... ‘ja, daar had ik inderdaad nog
niet aan gedacht’. Dank hiervoor.

Katja. Door jou ben ik een tijd minimaal één dagin de week ondergedompeld
geweest in het IKNL’se. Een wereld op zich!! Een totaal andere manier van kij-
ken naar de geneeskunde, wat voor mij echt heeft bijgedragen aan een bre-
dere blik op deze wereld. Van micro naar macro!! Ook jij wist mij altijd op
scherp te zetten! Ik zal niet ontkennen: ik heb af en toe een momentje van frus-
tratie gevoeld, maar ik ben echt van mening dat door jouw aanpassingen en
adviezen onze stukken naar een hoger niveau zijn getild!! Dus heel, heel erg
dank daarvoor. Ook dank dat je altijd aanwezig was bij mijn presentaties op
de EAU, altijd in gezelschap van mijn IKNL-vriendin Anke! Bij deze wil ik ook
alle medewerkers van IKNL bedanken die betrokken zijn geweest bij de uit-
voering van de REBACARE-trial. Zonder jullie inzet en begeleiding had ik deze
studie nooit zo vlot en vlekkeloos tot een einde kunnen brengen. Niet alleen
wij, maar ook de patiénten die hebben deelgenomen aan deze studie, hebben
deze resultaten aan jullie te danken! In het bijzonder wil ik Marjan, Jessica,
Margriet, Joline en Rogier bedanken.

Graag wil ik de kleine en grote commissie bedanken voor hun bereidwillig-

heid om mij te begeleiden tijdens dit laatste deel van mijn promotietraject. Ik
ben vereerd tegenover jullie te mogen staan.
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heeeuuuulveel collega’s mogen meemaken. Sorry voor iedereen die ik vergeet
te noemen, maar... llse, Toscane, Daniel, Henk, Ivo, Sebastiaan, Michelle,
Rosa, Tess, Sophie, Olga, Felice, Dennis, Christiaan, Mathijs, Arnout, Jan,
Frank-Jan, Maaike, etc.: wat een klapper van een tijd is het geweest. Ik heb
uiteindelijk maar 2,5 jaar fulltime in de tuin mogen bivakkeren, maar het was
altijd gieren. Er werd zooooooo veeeeeel geouwehoerd. Bij elkaar komen in
Sebas’ Coffeecorner, vliegende skippyballen, broodje Dynamite bij Dennis,
Nijmegen volledig op z’n kop gezet... In het Erasmus duren de promotietrajec-
ten relatief lang, maar deze werktuin heeft daar zeker aan bijgedragen. Als de
laatste was aangekomen om te beginnen met werken, pakte de eerste alweer
de spullen in om te gaan; een continue stroom van verplaatsingen van perso-
nen. We hebben heel wat congressen meegemaakt, waarbij Barcelona toch
wel echt het hoogtepunt was; wat een zieke hut had Ilse toch geregeld. En wat
hebben we gelachen. Ik had dit nooit willen missen.

Eén grande investigador wil ik apart noemen: mijn uro-matador, Joep ‘de
knalraket’ de Jong. Wat ben jij toch een unieke vent, een speciaaltje. Ik denk
ook echt dat de wereld nog één van jou niet had aangekund. Geen energie?
Dat ken jij niet. Grenzen? Bestaan niet. Kunnen we er iets moois van maken?
Dan maken we er iets geweldigs van. Met jou op congres kreeg alles een gou-
den randje. leder congres werden we wel op een ochtend wakker, lepeltje-le-
peltje in kostuum, en was er een story for life gecreéerd. Eén blik was genoeg
en we lieten iedereen achter en stapten in een taxi naar een party. Eén blik was
genoeg en we stonden op één of andere Nederlandse verjaardag in Barcelona,
waar we binnenkwamen omdat jij opeens Spaans sprak, wat toch Italiaans
bleek te zijn. Eris heel wat gebeurd bij je, en dat je wat gas hebt teruggenomen,
is meer dan logisch. Heel volwassen ook, maar dat ik kan zeggen dat ik met de
pre-Joep heb mogen onderzoeken, dat maakt me blij.

Hannah, miss blue eyes. Het is alweer 11 jaar geleden dat we tegen elkaar aan-
liepen op een feestje tijdens ADE. De chemie was er direct!! Ik heb jou nooit meer
losgelaten en jij mij nooit meer. Je maakt me compleet, je ‘leest me’ zonder dat
ik een woord hoef te zeggen, je bent er altijd op het moment dat ik zelf nog niet
besef dat ik je even extra nodig heb... ‘now I’'ve got a woman at home, she treats
me well’, zoals Ben Howard volgens mij gewoon over jou heeft geschreven. Je
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woonde eerst in Amsterdam, ik nog in Rotterdam... wat mij betreft één van de
meest fijne periodes in mijn/ons leven. Het was een grote ontdekkingstocht, we
waren altijd op pad en hebben beide steden samen uitgespeeld. Uiteindelijk
ben je afgedaald naar Rotterdam en zijn we begonnen om een heel, heel fijn le-
ven samen op te bouwen. Nu ook met twee fantastische kinderen: Lot en Flip.
Het gezinnetje is wat ons betreft compleet en naast fantastische vriendin blijk
je ook nog een extreem fijne moeder te zijn. Ik heb het vaker gezegd, maar dit
promotietraject, ten tijde van mijn opleiding tot uroloog en de tropenjaren,
had nooit en te nimmer afgekomen als jij mij daar niet die onvoorwaardelijke
steun in had gegeven. Het was echt niet makkelijk, maar je hebt altijd achter
me gestaan, begrepen dat dit traject ook tijd opsnoepte... Daarnaast was je
ook degene die juist af en toe op de rem trapte: nu ff niet, ga sporten, spreek
af met vrienden, ben heel even met mij. Ik ben je daar zo intens dankbaar voor
en het is een bijzonder besef dat jij zo’n groot aandeel hebt in zoveel facetten
van mijn leven. We hebben nog mooie plannen in het verschiet en ik kijk nu al
uit naar de toekomst die voor ons ligt... | love you.

Lot. De wijze eerste. En helaas ga jij me heeeeeel wat geld kosten als je ouder
wordt. Can’t say no ;) Je bent zo’n intense schat. En een sociaal wonder. Waar je
ook bent, jij hebt alweer een nieuw vriendinnetje gemaakt. En je betrekt je broer-
tje hier altijd bij. Jullie hebben een fijne symbiose: hij trekt je de achtbaan in waar
jenooitin had gedurfd, maar jij zorgt er wel voor dat er tenminste een riempje vast
wordt gedaan. Fantastisch ook hoe je soms verbanden legt die niemand anders
ziet; sterker nog, je hebt het geschopt tot de stellingen!! Blijf zo geinteresseerd in
alles... ‘maar, waarom dan...?” Dan wordt de wereld waarschijnlijk een stuk
mooier door alles wat je gaat bereiken! Ik hou zo kneiterveel van je.

Flip. The rocketman! Het motto in jouw korte leven tot nu toe: ‘Hoezo zou ik dit
nog niet kunnen?’ Ondanks dat ik al meerdere hartverzakkingen heb mogen
meemaken, tot bungelend aan één voet boven een afgrond, mag ik hopen dat
je deze eigenschap blijft houden. Ik kijk nu al uit naar de momenten dat je me
gaat uitdagen op de wielrenfiets of mountainbike, me in de muur beukt met kar-
ten (zoals ik bij m’n eigen pa), etc. Je gaat me scherp houden en hopelijk vooral
jong!! Jij gaat er komen; no boundaries for you!! ... en dat je ALSJEBLIEFT ook
de knuffelkont blijft die je bent. Ook van jou hou ik zielsveel.
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Pa en Ma, Martin en Nicolien, Paps en Mams, St. Martinus en Vinolien. Tja, wat
kan je anders wensen als kind. Door jullie stabiliteit hebben wij dat ook gekregen.
Door jullie humor en het altijd openstaan voor gekkigheid lachen jullie kinderen en
kleinkinderen nu ook aldoor. Een idee of carrierepad was nooit te gek, als er maar
over gecommuniceerd werd, met wel het motto: ‘prima, maar je weet je einddoel’.
Door jullie enthousiasme over de zorg heb ik dat ook gekregen. De keuze om dokter
te worden was daarom geen verrassing (al hebben jullie me alsnog gesteund in de
rebelse keuze voor de TU Delft). Een promotietraject was voor jullie geen onbekend
terrein. Ik geloof ook zeker dat door jullie gecreéerde basis dit traject nu tot het eind
is gekomen. Jullie gaan nu een heel andere fase van het leven in: het pensioen. Ga
ervan genieten, van jullie kinderen en kleinkinderen, maar ook zeker weer van de
tijd voor jullie zelf. Dat wij daar een groot deel van bij mogen zijn!!

Zussies, Sophie en Lisanne. M’n tweeling-bro’s. Veel broers ervaren een strijd
met hun zus/zussen. Zeker als het er dan ook nog twee zijn. Ik heb dat nooit zo
ervaren. Onze jeugd kende alleen maar hoogtepunten in mijn herinneringen. Op
vakantie hadden we niet veel vrienden nodig, we hadden elkaar. Jullie hebben
een bizarre, soms onbegrijpelijke taal die alleen tweelingen kunnen hebben.
Nog geen half woord is genoeg. Toch denk ik dat ik bij jullie ook niet meer dan
één woord nodig heb om jullie te begrijpen, en jullie mij. Ook jullie zijn in de zorg
beland; Sophie, jij eerst voor het implementeren van Hix als consultant en nu als
beleidsmedewerker, Lisanne nu als applicatiebeheerder Hix. Wat hilarisch is,
want ik zeik natuurlijk als arts altijd over hoe *** Hix werkt en jullie zeggen dan
unaniem dat ik het ten eerste waarschijnlijk weer niet goed gebruik en ten
tweede omdat artsen altijd iets te zeiken hebben! Het fijne is wel dat jullie dus
totaal op de hoogte zijn van de perikelen in het ziekenhuis en ik dan ook altijd ff
lekker m’n hart kan luchten; zowel over het klinische aspect als over het promo-
tietraject. Ook mijn zussies worden groot. Sophie en Ruud, jullie hebben Lena
aan de wereld geschonken; de nieuwe wereldkampioen surfen, want je ziet het
al, die geniet wel van dat chille ‘surfersleventje’ ;) En Lisanne en Maurice, jullie
gaan hopelijk trotse ouders worden van een prachtig kind! Ik ben blij jullie broer
te zijn; dat we de broer-zussen-etentjes maar weer eens flink gaan oppakken!!

Ankie en Camiel, jullie zijn en waren altijd op de hoogte van alle stapjes bin-

nen dit traject. Altijd geinteresseerd. En ik kan wel zeggen, Ankie, dat door
jouw oppasdagen de promotie niet nog langer heeft geduurd!
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Riekert en Ans, ook jullie hadden tomeloze interesse in mijn PhD. Altijd vra-
gen hoe het ging en hoe het ervoor stond. Riekert, door jouw achtergrond in
de farmaceutische industrie had je altijd scherpe meningen en las je mijn stuk-
ken steevast, wat ik altijd heel erg waardeerde.

Oma Trees, 92 alweer. En jij leeft van mijlpaal naar mijlpaal. Eerst Lot, toen
Flip, toen Lena, nu de promotie; het aankomende andere draakje staat nog op
de planning! Je doet het toch maar. Als ik je spreek, is het altijd eerst: ‘hoe is
het met je studie?’ Daarna: ‘hoe is het met de kinderen?’ Je bent trots en haalt
energie uit alles wat iedereen bereikt. Helaas heb je laatst de stap moeten zet-
ten richting het verzorgingstehuis in het decadente Heemstede, maar daar lijk
je snel je draai gevonden te hebben.

Robin. M’n maat!! Wat begon op het moment dat we onze ene voet nog maar
net voor de andere voet konden zetten op de atletiekbaan, is uitgegroeid tot
een levenslange vriendschap. De hele dag met lego spelen in de tuin, naar de
McDonald’s met het team en Paul als we het clubrecord estafette weer hadden
aangescherpt, onze eerste dronkenschap op het AB-toernooi van HSC, jouw
‘salsa-pasjes’ eerst in de Soos in Zuidland en daarna ’t Fust op Stadhuisplein,
de gestoorde BOB-busritjes terug naar Spijkenisse, de kipnuggets bij de Mac
om onze verontwaardiging te bespreken waarom ik nou uit de VOF was gezet
terwijl ik alleen een fles drank had gejat en ‘heeee, ik ben gewoon geneeskun-
destudent, ik doe geen vlieg kwaad’, onze interrail-reis door Europa waar we
het budget tijdens de eerste dagen in Berlijn al hadden uitgegeven en waar jij
m’n net stukgelopen lange relatie binnen no time deed vergeten door de soe-
pelste wingman-acties die ik gezien heb (iets met PvdA)... tot ook de afgelo-
pen jaren waar ik altijd wel wat te zeiken had op de promotie en het traject.
Jouw nuchtere blik en het feit dat je zelden meeging in die emotie, hebben mij
vaak weer vooruit gekregen. We zijn elkaar maar een paar keer een beetje uit
het oog verloren: tijdens onze studententijd en tijdens een berucht Pleinvrees-
feestje in de Factory 010;). Ik heb je echt mega hoog zitten. Je tomeloze inzet
voor een eigen bedrijf, je maatschappelijke visie op de wereld en je loyaliteit
naar alles en iedereen. Ooit gaat het je allemaal uitbetalen op de manier hoe
jijje dataljaren voor je ziet, en gaan jij en lieve Tess daar heerlijk van genieten.
Dat we samen oud mogen worden, klagend over de wereld die we hopelijk al-
lebei wel een stukje beter hebben gemaakt op ons eigen vlak.
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Omar. M’n andere maat. Jij bent wat mij betreft de belichaming van mijn in-
nerlijke onrust dat er meer was te ontdekken in de wereld. Door jou heb ik dat
mogen ervaren! Het begon allemaal op een ADE-avond waar we spontaan met
Z’n tweeén heen gingen en sindsdien is het AAN! Wat hebben wij een hoop
meegemaakt en ik durf wel te zeggen dat we Rotterdam redelijk uitgespeeld
hebben en binnenstebuiten hebben gekeerd. Oneindige avondijes op je bal-
kon, ouwehoeren over van alles, dansen op talloze feesten, en ook nog eens
mijn mooiste verjaardagscadeau ooit georganiseerd... Naast mijn nachtbur-
gemeester ben je in de daguren ook een hele speciale maat voor me. Je inner-
lijke rust, je andere kijk op veel zaken en je luisterend oor zijn heel vaak van
veel waarde voor me geweest. Op het moment van schrijven heb je een zeer
fijne relatie met Daan; dit is je/jullie zo gegund, jullie hebben elkaar gevonden
en god mag hopen dat het zo blijft. Wat ons betreft: je gaat hopelijk nog de rest
van je leven last van me hebben, en laten we hopen dat ons plan tot uitwerking
komt; met z’n tweeén in een verzorgingstehuis terechtkomen waar we alleen
maar platen gaan draaien!!

Volmarijnstraat 9. Daniel, Jeffrey, David, Yvonne en Lieneke. Mijn roomies,
mijn Volmarijntjes... WAT EEN TIJD was dat. Zes fantastische jaren in dat pa-
leis aan de Volmarijnstraat; a dream came true. Dit vond natuurlijk allemaal
plaats voér mijn promotie, maar als een periode me gevormd heeft en invloed
heeft gehad op mijn jaren daarna, is dit er wel één! Daniel: My literary boy!!!
Jijverslindt de boeken waar je bij staat. Daarvan heb ik er ook een hoop in mijn
schoot geworpen gekregen van je. Jij was het rustige baken in huis (nou ja, op
gala’s toch wel vaak mijn running mate; NAAN!!!!), je hebt een zeer brede inte-
resse, je ouwehoert hier graag over en ik geniet echt altijd van onze discussies
over zaken breder dan geneeskunde. Zet een platenspeler en een fles bourbon
neer en wij vermaken ons wel op de dinsdagavond! Even op de koffie gebeurt
de laatste tijd ook steeds vaker en daar geniet ik van. lk heb het gevoel dat
Mette en Flip elkaar weleens kunnen gaan vinden als dikke maten, en dan mag
de wereld zich wel zorgen gaan maken!! Jeffrey: mijn verdiepingsgenoot: de
nachtdienst gehad en ik ging een plankje ophangen. Ik had het gevoel dat ik
vanuit een diep dal omhoog moest klimmen, maar jezus, wat hebben wij het
goed gehad op die eerste verdieping. Je heerlijke gezeik over alles en iedereen,
je mega aanstekelijke lach, de ‘horse-whisperer’, je frikandellenworp naar een
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stel veganisten... maar ook gewoon je fijne adviezen, altijd degene die even
opbelt, en een vriend voor het leven. Bij mij geldt ‘uit het oog, uit het hart’, heb
je ooit zo soepel duidelijk gemaakt, maar jij zorgt er persoonlijk voor dat dit
wel goedkomt. David: al vroeg hadden we bedacht dat het toch het aller-
mooist zou zijn als we samen in één huis terecht zouden komen. Nou, zo ge-
schiedde. En wat een verdomd lekkere tijd was het. Jij hebt me kennis laten
maken met de totaal gestoorde kant van het leven; de Dordrecht-Strijen
style!! Door jou ben ik tegen techno aangelopen... nog bedankt daarvoor.
Maar je hebt me vooral geleerd af en toe dikke schijt te hebben aan wat dan
ook. Een megafijne eigenschap die jij tot in de puntjes onder de knie hebt:
“Mail tijdens mijn vakantie? Dat wis ik gewoon. Als het belangrijk was, mailen
ze nog wel een keer.” Ik hoop dat we vaker gaan mountainbiken en dat ik ho-
pelijk ooit de bochten zo aan kan snijden als jij nu kan. Lieneke: Het stam-
hoofd van huize Volmarijn. De eerste, de beste. Degene met het torenkamer-
tje!! Je bent een schat, maar hebt ook zeker je eigen mening klaar. En ook een
fijne andere kijk op de wereld soms; heerlijk was dat aan de eettafel. Fijn ook
hoe jij jezelf altijd opsloot in de week voor een toets en jezelf dan trakteerde
op een hoop blikjes energiedrank, goede thee en lekker beleg!! Ik kan het we-
ten, want jouw thee was mijn thee ;) Sorry dat ik zo vaak je kastje heb leegge-
roofd, woeps!! Yvonne: Last but not least, de veroveraar en baas van David.
Ook jij bezat een torenkamer, maar dan die met het dakterras... of was het
toch een balkon!? Jouw komst betekende een upgrade in het eten. Van ‘AH
Basic’ pasta-roomkaas naar langzaam gestoofde Aziatische... dingen! De
kunst was zo lang mogelijk wachten met het appje ‘wie eet er mee vanavond’,
in de hoop dat jij het eerder stuurde! Volmarinoooos, jullie hebben mijn stu-
dententijd gemaakt tot wat-ie is geworden; dat we elkaar altijd mogen blijven
zien!!

It moaie Fryslan, mon chérie! Fijne vrienden, reisgenoten naar Donlevade en
Fryslan. Daan, Simone, Daniel, Isabelle, Sjoerd en Elise. We hebben allemaal
onze verhalen en carriéres, fantastische kinderen en de tropenjaren die we sa-
men meemaken. We kunnen bij elkaar terecht en het echt over alles hebben.
Ik teken voor nog een hoop voorjaarsreisjes samen!!
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