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ABSTRACT
Background: Bladder cancer is molecularly one of the most heterogenous malignancies characterized
by equally heterogenous clinical outcomes. Standard morphological assessment with pathology and
added immunohistochemical analyses is unable to fully address the heterogeneity, but up to now
treatment decisions have been made based on such information only. Bladder cancer molecular sub-
types will likely provide means for a more personalized bladder cancer care.

Methods: To facilitate further development of bladder cancer molecular subtypes and clinical translation,
the UROSCAN-biobank was initiated in 2013 to achieve systematic biobanking of preoperative blood and
fresh frozen tumor tissue in a population-based setting. In a second phase, we established in 2018 a par-
allel logistic pipeline for molecular profiling by RNA-sequencing, to develop and validate clinical imple-
mentation of molecular subtyping and actionable molecular target identification in real-time.

Results: Until June 2021, 1825 individuals were included in the UROSCAN-biobank, of which 1650
(90%) had primary bladder cancer, 127 (7%) recurrent tumors, and 48 (3%) unknown tumor status. In
159 patients, multiple tumors were sampled, and metachronous tumors were collected in 83 patients.
Between 2016 and 2020 the UROSCAN-biobanking included 1122/2999 (37%) of all primary bladder
cancer patients in the Southern Healthcare Region. Until June 2021, the corresponding numbers sub-
jected to RNA-sequencing and molecular subtyping was 605 (UROSCANSEQ), of which 52 (9%) samples
were not sequenced due to inadequate RNA-quality (n =47) or technical failure/lost sample (n=5).
Conclusions: The UROSCAN-biobanking and UROSCANSEQ-infrastructure for molecular subtyping by
real-time RNA-sequencing represents, to our knowledge, the largest effort of evaluating population-
wide molecular classification of bladder cancer.
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recurrence [4]. From a clinical perspective, NMIBC stage T1
tumors invading the lamina propria represent a clinical
dilemma with their propensity to recur but also to progress.
T1 tumors are commonly treated with TURB, a subsequent
re-resection (re-TURB) within 4 — 6 weeks, followed by adju-
vant instillations with BCG. Even though such an organ-spar-
ing strategy is preferred and will result in a long-time
progression-free survival (PFS) of 50%, a large proportion of

Background

Bladder cancer is a common malignancy that worldwide
accounts for 550000 new cases and 200000 deaths each year
worldwide [1]. The costs of bladder cancer treatment and
management per patient is among the highest of all cancers
[2,3]. Today bladder cancer treatment is stratified based on
pathological stage. Non-muscle invasive bladder cancer
(NMIBC) of stage Ta is only growing above the basal mem-

brane, whereas muscle-invasive bladder cancer (MIBC) are
aggressive tumors growing into the underlying bladder
muscle. Stage Ta tumors rarely progress but frequently recur,
and therefore adjuvant instillations are applied after trans-
urethral resection (TURB). Despite such additional treatment
almost 50% of patients with NMIBC suffer from local

patients will relapse with more aggressive tumors. On the
other hand, radical cystectomy (RC) in the setting of stage
T1-disease results in excellent outcome, but at the cost of

morbidity and mortality related to RC.
For MIBC the standard treatment is neoadjuvant chemo-
therapy with cisplatin-based combinations followed by RC,
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however despite the 5-8% increased absolute survival from
neoadjuvant therapy [5-7], a large proportion of patients
succumb to bladder cancer. Consequently, bladder cancer
mortality has been unchanged for decades [8].

With the description of bladder cancer subtypes in 2012
[9], the knowledge about bladder cancer biology increased
significantly [10]. A recent British initiative, including both
health care professionals and bladder cancer patients, aiming
to prioritize unanswered bladder cancer research questions
stated that the most important research issue was molecular
profiling of MIBC to select and stratify patients for treatments
in respect to risk of relapse and/or prognosis [11].

In the wake of the description of molecular subtypes in blad-
der cancer and the unmet need to individualize bladder cancer
treatment, a biobank initiative was launched in the Southern
Healthcare Region in 2013 (UROSCAN) that in 2018 was further
developed to facilitate real-time molecular classification through
RNA-sequencing (UROSCANSEQ). The current cohort profile aims
to describe the structure and progress of this translational effort
and outline future putative developments.

Methods
Ethics statement

The study was approved by the Regional Ethical Review
Board of Lund (2012/74 and 2013/452 (UROSCAN)) and
(2017/34, 2017/269, 2018/963, 2020-05559, and 2021-00296
(UROSCANSEQ)). All patients signed an informed consent
after receiving verbal information about study inclusion.

Infrastructure

The biobanking in UROSCAN involves healthcare professio-

nals in the Southern Healthcare Region in Sweden,
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corresponding to all nine units (Karlskrona, Vaxjo, Ljungby,
Angelholm, Helsingborg, Kristianstad, Landskrona, Ystad and
Malmo) performing transurethral bladder cancer resections
(TURB) (Figure 1). The biobanking engages clinicians and
researchers in the same geographic area, where urologists
and bladder cancer nurses (patient navigators) in the
Southern Sweden Urothelial Carcinoma Group collect sam-
ples under the auspices of Regional Cancer Center South bio-
bank facility in Lund (Region Skane). Departments of clinical
chemistry locally freeze the samples before the specimens
are transported to the biobank in batches (Figure 2). Using
the same logistic pipeline as for UROSCAN, real-time pro-
spective RNA-sequencing and tumor classification was initi-
ated in November 2018 (UROSCANSEQ) (ISRCTN15459149) in
two of the units (Malmo and Landskrona), successively
expanding over time to include six out of nine units in the
Southern Healthcare Region and one additional hospital out-
side the UROSCAN-biobanking area (Southern Health Care
Region) in the Southeastern Healthcare Region (Eksjo) from
2021 and onwards.

In Sweden histologically, cytologically, or clinically newly
diagnosed tumors are by law reported to the national
Swedish Cancer Registry [12]. Since January 1, 1997 all newly
diagnosed bladder cancers in individuals 18years or older
are requested to be reported into their respective Regional
Cancer Center, which forward this information to the
Swedish National Register for Urinary Bladder Cancer
(SNRUBC) [13] that once a year report to the Swedish Cancer
Registry. In the SNRUBC, registration of tumor characteristics
and primary treatment at diagnosis is performed.
Subsequently, patients with non-muscle invasive bladder
cancer are followed with information on time to local recur-
rence, progression, and death five years after date of diagno-
sis, and a radical cystectomy complication form with
perioperative  information is collected for individuals

Vaxjo
o

Karlskrona
(0}

Figure 1. Geographical distribution of UROSCAN-sites in the Southern Healthcare Region in Sweden (Red indicators = Urologic unit with both outpatient clinic and

where TURB are performed).
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Figure 2. UROSCAN sample collection and logistics.

subjected to RC. From January 1, 2017, detailed data on
oncological treatment with details on neoadjuvant, adjuvant,
induction or palliative systemic treatment is also registered
in SNRUBC.

Patients and samples

On January 29" 2013 six out of the nine units started the
collection of preoperative blood, serum, plasma, and tumor
samples during TURB to the UROSCAN-biobank, with the
final expansion to the ninth and last unit performing TURB in
the Southern Healthcare Region in 2020 (Ystad) (Figure 1).
Eligible patients are those with primary or recurrent bladder
cancer subjected to TURB. Information on clinical tumor char-
acteristics and treatments for the patients in the UROSCAN-
biobank were retrieved from SNRUBC in September 2021.

Tumor and blood sample collection, logistics
and processing

At diagnosis of primary or recurrent bladder cancer, usually
by cystoscopy or after CT-urography with strong indication
of bladder cancer, patients are informed about biobanking
and the molecular diagnostics research project verbally and
through written information in order to give informed

consent. Tumor biopsy samples are obtained from single- or
multiple tumors, with sampling preferably performed by
cold-cup biopsies (to avoid diathermia cauterization artifacts)
and from the exophytic tumor portion from a non-necrotic
location. The specimens are collected in pre-aliquoted 2 ml
cryotubes with 1 ml of Qiagen AllProtect Tissue Reagent stor-
age solution and kept below 8°C. Within five days the bio-
bank samples are transported to the respective department
of clinical chemistry for —80°C storage until transferred in
batches to the biobank. For each tumor, one sample is trans-
ferred to the Department of Clinical Genetics, Pathology and
Molecular Diagnostics, Office for Medical Services, Region
Skane, for registration and subsequent RNA and DNA extrac-
tion. The venous blood samples are drawn into two EDTA-
vials (7ml each) and one serum vial (7 ml), where one of the
EDTA-vials and the serum-vial are centrifugated. The whole
blood sample and aliquots of serum and plasma are then
transferred and stored in —80°C within two hours of collec-
tion until transferred in batches to the biobank. An overview
of blood sample and tumor biobank sample collection and
logistics in the corresponding departments of clinical chemis-
try and departments of urology is illustrated in Figure 2. The
Regional Cancer Center South prints and archives forms,
assesses that an informed consent is available for every
patient, and maintains a central registry of patients
and samples.
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Figure 3. Overview of the Lund Taxonomy characteristics and clinical features.

RNA/DNA extraction and sequencing

RNA and DNA extraction and RNA-sequencing analyses were
performed at the Center for Translational Genomics (CTG),
Lund University in Lund. Biopsies were washed from excess
AllProtect solution, after which RNA and DNA was extracted
using Qiagen QlAshredder and AllPrep RNA/DNA using the
QlAcube system. Sequencing libraries were prepared with
lllumina TruSeq Stranded mMRNA Library Prep Kit following
protocols established at CTG. All samples yielding viable
libraries were sequenced with the Illumina NextSeq 500
System or with the lllumina NovaSeq 6000 System (from 04/
2021) using a 150-8-8-150 read configuration. Demultiplexed
(bcl2fast2 v2.20) fastq files were aligned using bowtie2
(v2.3.3) with expression calculated with RSEM (v1.3.0) using
the GRCh37/hg19 genome build and Ensembl v75.

Molecular subtyping and grading

Molecular subtype classification according to the Lund
Taxonomy [9] (Figure 3) was created using two separate rule-
based single-sample classifiers applied to transcripts per mil-
lion (TPM) data [14]. Both classifiers were built on a training
dataset composed of in-house microarray data and TCGA
RNA-sequencing data [14-17], to design the single-sample
classifiers [18]. Both methods operate on the principle of bin-
ary gene-pair rules to perform single-sample transcriptomic
class prediction. Each sample was also scored according to a
rule-based single-sample molecular grade classifier trained on
the WHO 1999 grading system (G1, G2, and G3) to identify G3
cases. The training data for this classifier consisted of 314 sam-
ples of the Urothelial-like subtype from two previous micro-
array studies [9,14]. The molecular results were reported to
the clinician (without molecular subtype affecting treatment
decisions at the multidisciplinary tumor board) using the same
system as for the pathology report (Figure 4).

Results

Between January 29" 2013 and June 21° 2021, 1825 individ-
uals were included in the UROSCAN-biobank, of which 682
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(37%) had a tissue sample only (Figure 5). Tumor samples
from 1650 individuals represented newly diagnosed bladder
cancer, 127 (7%) samples were from locally recurrent tumors,
and 48 samples lacked information about primary or recur-
rent tumor. In 159 patients with multiple tumors, two or
more tumor samples were collected to the biobank. For 83
of the patients, additional tissue specimens were also col-
lected from subsequently recurring metachronous tumors.
The stage and grade distribution among the 1650 individuals
with primary bladder cancer are given in Table 1. The major-
ity were urothelial carcinomas (1630), and 20 tumors were of
non-urothelial histology. Between 2016 and 2020, 2999
patients were diagnosed with bladder cancer in the
Southern Healthcare region [13], and the coverage for the
UROSCAN-biobanking during these years were 1122/
2999 (37%).

The treatment received (in addition to TURB) in the 1650
newly diagnosed patients are given in Table 2. According to
the Swedish National Guidelines, treatment discussion in a
multidisciplinary tumor board (MDT) is recommended for
patients with tumor stages T1-T4 (https://kunskapsbanken.
cancercentrum.se/diagnoser/urinblaseochurinvagscancer/var-
dprogram/), and 594/726 (82%) of the patients within these
tumor categories were subjected to such MDT-discussion.

RNA-sequencing of bladder cancer transcriptomes

Until June 21°* 2021, the number of patients registered in
UROSCANSEQ for RNA-sequencing and molecular subtyping
was 605, of which 52 samples (9%) could not be sequenced
due to inadequate RNA-quality after extraction (n =47), tech-
nical failure (n=3), no tube with sample arrived to the
laboratory (n=1), and no biopsy in the vial (n=1).

Molecular subtyping

The two independent subtype classification algorithms were
found to be highly concordant. On a 5-subtype level, the
classifiers agreed in 510/553 (92%) of the cases, with 381
cases classified as Urothelial-like (UroA/UroB/UroC), 51 as
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Figure 5. Annual collection of blood and tissue samples to the UROSCAN-biobank.

Genomically Unstable (GU), 27 as Basal/Squamous-like (Ba/
Sq), 10 as Small Cell/Neuroendocrine-like (Sc¢/NE), and 41 as
Mesenchymal-like (Mes-like). Among samples with discordant
classification, 21/43 (49%) involved the stroma-rich
Mesenchymal-like subtype, with the remainder occurring
between subtypes with similar transcriptional features, most
commonly Genomically Unstable (GU) and Urothelial-like C
(UroC) (n=13). Examination of cohort-normalized expression
data showed that tumor classification results strongly reca-
pitulated previously described subtype-associated expression
pattens. The preliminary grade prediction results closely mir-
rored recent observations from two independent NMIBC
cohorts in terms of G3 frequencies across subtypes as well as

2017
Year

2018 2019 2020 2021

M Tissue M Tissue+Blood

associations with cell cycle and HOX-gene expression pat-
terns [19]. A full cohort tissue microarray (TMA) is currently
under construction and whole section IHC is planned for
cases with discordant classification or with a strong stromal
expression signature component. This resource will be used
for further classification algorithm optimization and refine-
ments, as no separate fractions for histology routinely were
obtained from the area around the UROSCANSEQ-samples
during the TURB-procedures. Planned data expansions
include FGFR3 hotspot mutation and fusion detection from
RNA-sequencing data, genotyping on the Illumina Global
Screening Array-Multiple Disease (GSA-MD) platform, and
DNA sequencing using a clinical solid tumor panel currently



Table 1. Primary stage group distribution for the 1650 primary tumors and
corresponding nodal stage and M-stage in the UROSCAN-biobank with grad-
ing according to WHO 1999 and staging according to TNM 2017.

Numbers
Gx 5
PUNLMP 4
G1-G2 788
G3 821
Tis 22
Ta 834
T 41
T2 298
T3 37
T4 26
Tx 8
Missing 14
NO 1296
N1-3 109
Nx 229
Missing 16
Mo 1388
M1 63
Mx 181
Missing 18

PUNLMP: papillary urothelial neoplasm of low malignant potential.

Table 2. Primary treatment in addition to TURB in the UROSCAN-biobank.

Numbers
Adjuvant serial chemotherapy instillations 311
Adjuvant BCG instillations 419
Primary cystectomy 126
Curative external beam radiotherapy or chemoradiotherapy 43
Neoadjuvant or induction chemotherapy and radical cystectomy 105

under development by Genomic Medicine Sweden designed
for mutation screening of approximately 560 genes as well
as assessing tumor mutation burden (TMB), microsatellite
instability (MSI), and homologous recombination deficiency
(HRD) [20].

Discussion

We have developed an infrastructure for prospective multi-
center population-based bladder cancer biobanking in all
nine units performing TURB in the Southern Healthcare
Region in Sweden. Using the same logistic pipeline, we have
additionally coupled transcriptomic profiling through real-
time RNA-sequencing since 2018. Applying the latter with a
prospective observational study-design, biomarker discovery
projects and translation of bladder cancer molecular sub-
types into clinical practice will be feasible i.e. by both vali-
dating previous findings in independent population-based
series, as well as by testing of gene expression signatures
from the literature. Thus, the biobanking (UROSCAN) and
sequencing (UROSCANSEQ) will together shorten the time
from discovery to clinical implementation of translational
bladder cancer research-findings.

The prospective nature of biobanking and molecular sub-
typing will with time enable testing of a number of clinically
relevant hypotheses in a population-based and adequately
powered setting, depending on the research questions
raised. For example, in the current imprecise assessment of
progression risk in stage T1-disease based on clinical risk fac-
tors and pathological characteristics only [21], the additional

SCANDINAVIAN JOURNAL OF UROLOGY 7

and independent prognostic value of molecular subtypes can
be validated [19,22]. Thus, the treatment recommendation of
either a bladder-sparing approach or radical cystectomy (RC)
can be further supported by current hypothesis-generating
findings that the Ba/Sg-like subtype has an independently
increased risk of progression to muscle-invasive disease sup-
porting RC upfront [19,22,23]. Similarly, for patients with
muscle-invasive disease without radiological signs of meta-
static disease, three courses of neoadjuvant cisplatin-based
combination chemotherapy increase survival by approxi-
mately 6% compared to RC only. This implies that the num-
bers needed to treat is above 16 to cure one additional
patient, and that the neoadjuvant chemotherapy in the other
individuals either was unnecessary or that the tumor was
insensitive to chemotherapy. Recent findings supporting that
Ba/Sqg-like tumors are less likely to respond to cisplatin-based
combination therapy [24,25], suggesting that the numbers
needed to treat can decrease by including such treatment
predictive information when deciding on applying neoadju-
vant chemotherapy or not. Furthermore, in the wake of new
third line treatments for bladder cancer emerging in the
metastatic setting after chemotherapy and checkpoint inhibi-
tors with enfortumab vedotin and erdafitinib [26,27], of
which one (erdafitinib) is based on treatment-predictive
FGFR3-mutations, consideration of molecular subtypes and
treatment-impacting genomic alterations are also likely to be
of importance when selecting sequence of such systemic
treatments. The WHO 2022 classification of genitourinary
tumors also highlights the potential impact of the novel
molecular classification of bladder cancer on the diagnosis
and future management of the disease [28]. Additionally, the
WHO 2022 state that the overlap between the different clas-
sification systems including the Lund Taxonomy is significant,
which is illustrated by the recent consensus classification of
muscle-invasive tumors [28].

The lack of complete coverage of biobanking and RNA-
sequencing are limitations of the current effort, needing
improvement during the coming years. We additionally plan
to expand the infrastructure to include blood samples at rou-
tine intervals to test hypotheses related to circulating tumor
cells and presence of ctDNA to identify individuals suitable
for adjuvant checkpoint-inhibition after radical cystectomy
[29], despite that the intention-to-treat analysis was negative
in the original phase Il trial [30]. To further strengthen the
current research effort, we also extend an invitation to other
hospitals in Sweden and the Nordic countries to join the
UROSCANSEQ network. Additionally, to include sampling and
subtyping of metastatic lesions would also increase the
knowledge about bladder cancer biology. Finally, the single-
sample classifiers for molecular subtyping need to comply
with the recent in vitro diagnostic medical devices regulation
(IVDR) (2017/746/EU) before broader clinical implementation
is launched.

Conclusions

We herein report initial experiences with the implementation
of a large population-based infrastructure for prospective
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RNA-sequencing and molecular subtyping by applying previ-
ously established infrastructure for biobanking in the same
population. To our knowledge this effort is currently the larg-
est of its kind, although expansion would further increase
the value of the project.
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