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Abstract

Background: The recommended treatment for patients with non-metastatic muscle-invasive bladder cancer (MIBC)
is neoadjuvant chemotherapy (NAC) and radical cystectomy (RC). Following NAC, 20–40% of patients experience a
complete pathological response (pCR) in the RC specimen and these patients have excellent long-term overall
survival. Subject to debate is, however, whether patients with a pCR to NAC benefit from RC, which is a major
surgical procedure with substantial morbidity, and if these patients might be candidates for close surveillance
instead. However, currently it is not possible to accurately identify patients with a pCR to NAC in whom RC might
be withheld. The objective of this study is to assess whether pathological response in the RC specimen after NAC
can be predicted based on clinical, radiological, and histological variables and on a wide set of molecular
biomarkers assessed in tissue, blood and urine.

Methods: This is a multicentre, prospective cohort study, including patients with cT2a-T4a N0-N1 M0 urothelial cell
MIBC who are scheduled to undergo cisplatin-based NAC followed by RC. Prior to start of therapy, a 2-Deoxy-2-
[18F] fluorodeoxyglucose (18F-FDG) positron emission tomography/computed tomography (PET/CT) is performed.
Response to NAC is evaluated by CT-scan. Blood and urine, including cytology, are prospectively collected for
biomarker analyses before and after NAC. Immediately before RC, participants undergo cystoscopy with bimanual
examination and a re-staging transurethral resection (TUR) of all visible cancerous lesions or with biopsies from scar
tissue. Subsequently, RC is performed in all patients. Tissue from the diagnostic TUR, the re-staging TUR, and the RC
specimen is examined for the presence of urothelial cancer carcinoma and DNA and RNA is isolated for molecular
analysis. The primary endpoint is the pathological stage (ypTN) in the RC and ePLND specimen and its association
with clinical response.

Discussion: If the PRE-PREVENCYS trial shows that the absence of residual disease after NAC in patients with MIBC
is accurately predicted, a randomized controlled trial is scheduled comparing the overall survival of NAC plus RC
versus NAC followed by close surveillance for patients with a clinically complete response (PREVENCYS trial).
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Introduction
Background
Muscle-invasive bladder cancer (MIBC) is an aggressive
disease with a 5-year mortality rate of 40–50% [1]. Rad-
ical cystectomy (RC) with extended pelvic lymph node
dissection (ePLND) and urinary diversion is considered
the cornerstone for curative treatment in patients with
MIBC [2]. However, RC is a major surgical procedure
that is associated with a 90-day major morbidity rate up
to 22% and a 90-day mortality rate of 2 to 8% [2–5]. In
2016, 962 patients underwent RC in the Netherlands in
41 hospitals [1]. Randomized clinical trials (RCTs) dem-
onstrated a 5-year overall survival benefit of 8% for pa-
tients with non-metastatic MIBC undergoing cisplatin-
based neo-adjuvant chemotherapy (NAC) before radical
surgery compared to those who did not undergo NAC
[6–8]. Consequently, international guidelines recom-
mend NAC prior to RC in all patients with cT2–4aN0–
1M0 MIBC who are fit for cisplatin chemotherapy [2].
Interestingly, it is observed that following NAC, approxi-
mately 20 to 40% of patients have no residual urothelial
cancer cells on histological examination of the RC speci-
men and on ePLND [9–11]. These patients with a
pathologically complete response (pCR) to NAC have
excellent outcomes with reported 5-yr overall survival
rates of 80–85% [9]. It is even hypothesized that patients
with a pCR after NAC might not benefit from concur-
rent RC as there is no residual tumour present in the
bladder. The 10–15% of patients who develop distant
metastases early after NAC might also not benefit from
removal of the bladder as these patients had
chemotherapy-refractory subclinical metastases at the
time of RC. Especially those with pCR after NAC may
be suitables candidates for close surveillance by frequent
diagnostic investigation of the bladder and pelvic lymph
nodes. By close active surveillance, tumour recurrences
may be detected in an early and treatable stage of dis-
ease. In case of locoregional recurrence of MIBC, with-
out signs of distant metastases, the patients can undergo
(postponed) RC. Non-muscle invasive recurrences may
be treated by intravesical therapies or repeated trans-
urethral resections. Such close surveillance strategies
have been shown to be feasible in oesophageal and rectal
carcinoma [12, 13].

Objective
For now, it is not yet possible to adequately predict the
histopathological characteristics, such as pCR, in the RC

specimen based on routine clinical, biochemical, radio-
logical and histopathological variables determined pre-
operatively. Today, a lot of scientific research is
performed on the predictive value of molecular bio-
markers that may be determined in the urine and blood
of patients with MIBC or in the resected bladder cancer
tissue, for example DNA damage response (DDR) genes
ATM, RB1, FANCC, ERBB2, and ERCC2 [14–17]. These
molecular biomarkers have been associated with tumour
aggressiveness features and with patient prognosis but
have not been adapted into predictive models along con-
ventional prognostic factors.
In the present prospective, single arm, multicentre

study, we aim to predict the histopathological character-
istics in the RC specimen using a wide set of clinical,
radiological, histopathological and molecular biomarkers.
A specific aim is to identify patients in whom a RC
could be withheld or postponed because of a high pre-
operative estimate of pCR. These patients may be poten-
tial candidates for a bladder cancer sparing approach
and concurrent close active surveillance. Bladder sparing
treatment has a substantial positive impact on the
quality-of-life of these patients who were previously
scheduled for radical surgery. Theoretically, a nonsurgi-
cal treatment strategy in those patients with a complete
response after NAC will save up to 4% mortality, 22% of
major morbidity and, potentially, reduces health care
costs. The acronym of this trial is the PRE-PREVENCYS
trial (‘prevent cystectomy’). The results obtained with
this preparatory study will help us estimate the number
of patients needed for a subsequent RCT. This future
so-called PREVENCYS trial will randomize patients with
a clinically complete response, i.e., those without signs
of residual disease after NAC based on a predictive algo-
rithm including molecular biomarkers obtained with the
PRE-PREVENCYS trial, into two study arms, i.e., [1]
NAC plus RC, and [2] NAC followed by a close active
surveillance protocol.

Methods
Study design
The PRE-PREVENCYS trial is a prospective multicentre
cohort study including 180 MIBC patients. Currently,
eight high-volume medical centres, both academic and
general hospitals, are participating: Amsterdam Univer-
sity Medical Centres, Erasmus Medical Centre Rotter-
dam, Netherlands Cancer Institute Antoni van
Leeuwenhoek Amsterdam, Radboud University Medical
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Centre Nijmegen, Canisius-Wilhelmina Hospital Nij-
megen, Rijnstate Hospital Arnhem, University Medical
Centre Utrecht and St. Antonius Hospital Nieuwegein.
The study was created using the Transparent reporting
of a multivariable prediction model for individual prog-
nosis or diagnosis (TRIPOD) statement and the REport-
ing recommendations for tumour MARKer prognostic
studies (REMARK) guideline [18, 19].

Study population
The following inclusion criteria were used:

– Adult patients,
– Histologically proven locally confined or locally

advanced MIBC, i.e., cT2-T4a 0-N1M0,
– Predominantly urothelial cell bladder carcinoma,
– Scheduled for cisplatin-based NAC prior to RC with

extended pelvic lymph node dissection (ePLND),
– Prior to NAC, no evidence of regional or distant

metastases on staging 2-Deoxy-2-[18F] fluorodeoxy-
glucose (18F-FDG) position emission tomography/
computed tomography (PET/CT), albeit a single
node in the surgical template of the ePLND (cN0–1
M0) is allowed

The decision to perform NAC followed by RC, either
open or robot-assisted, with ePLND and urinary diver-
sion is determined by a local multidisciplinary tumour
board. The decision to give dose-dense Methotrexate,
Vinblastine, Adriamycin and Cisplatin (ddMVAC) every
two weeks or Gemcitabine and Cisplatin (Gem/Cis)
every three weeks as cisplatin-based NAC is determined
by the medical oncologist according to local hospital
protocols. Patients with a Creatinine Clearance (CrCl)
between 40 and 60ml/min are eligible for split-dose cis-
platin and gemcitabine [20].
The following exclusion criteria were used:

– Carcinoma in situ (CIS) in the urethra prostatica at
diagnosis

– Patients with concomitant tumours of the upper
urinary tract, tumours of the urachus or an
additional malignancy that is progressing or has
required active treatment within the past three years
are excluded. Exceptions to these include patients
with basal cell carcinoma of the skin, squamous cell
carcinoma of the skin that has undergone potentially
curative therapy, or carcinoma in situ (e.g., breast
carcinoma in situ, cervical carcinoma in situ), who
have undergone potentially curative therapy.
Participants with low-risk early-stage prostate cancer
defined as follows will not be excluded: Stage T1c or
T2a with an International Society of Urological
Pathology (ISUP) grade 1 and prostate-specific

antigen < 10 ng/mL either treated with definitive in-
tent or on active surveillance that has been stable
for the past year prior to study allocation.

– Clinical response evaluation (CRE) by CT scanning
during NAC shows progression of local disease or
pulmonary, osseous, hepatic, or non-regional lymph-
node metastases.

Study algorithm (Table 1, Fig. 1)
Overview
At baseline, a staging 18F-FDG-PET/ diagnostic CT
for attenuation and anatomical correction, from ver-
tex to mid-thigh, is performed. Patients with absence
of metastatic disease (cN0–1 M0) on FDG-PET/CT,
are scheduled for cisplatin-based NAC followed by
RC with ePLND. Prior to start of NAC, and right
before or after the 8F-FDG-PET/CT, patients
undergo the first liquid biopsy collection of blood
and urine. During NAC, a standard clinical response
evaluation (CRE) with a diagnostic CT scan of the
thorax and abdomen is performed. All patients with
stable disease or partial or complete radiological re-
sponse without new suspicious lesions at CRE during
NAC, continue to participate in the PRE-
PREVENCYS trial. Patients who complete less than
three cycles of NAC will be excluded for the per-
protocol analyses but will continue in the PRE-
PREVENCYS trial for the intention-to-treat analyses.
Second liquid biopsy collection of blood and urine
will be scheduled at hospital admission for surgery.
Patients will undergo bimanual examination, cystos-
copy and a re-staging transurethral resection (TUR)
of all visible lesions and of scar tissue under anaes-
thesia during RC. As explained above, the aim of the
liquid biopsies before and after NAC and the re-
staging TUR prior to RC is to investigate whether
response to NAC can be predicted using clinical,
radiological, and histological variables as well as a
wide set of predictive molecular biomarkers in tissue,
blood and urine.

Liquid biopsies
Liquid biopsy collection of blood and urine will coin-
cide with blood collections scheduled for routine care.
Time points for liquid biopsy collection are: 1) at
baseline, before start of NAC, and 2) upon comple-
tion of NAC, i.e., prior to surgery. Blood samples and
urine specimens will be collected and processed to
allow assessment of liquid biopsy-based biomarkers
including circulating tumour DNA (ctDNA), extracel-
lular vesicle (EV)-based biomarkers (e.g., microRNAs)
and platelet-based biomarkers (e.g., mRNA) (Protocols
available upon request). Simultaneously with both
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liquid biopsy collections, blood haematology and bio-
chemistry, and urine cytology will be collected.

Clinical response evaluation during NAC
Patients will be re-evaluated at least once, optionally
twice, by standard CRE(s) during NAC and before
undergoing surgical resection. The aim of these
CRE(s) will be to identify those patients in whom
progression of local disease, absence of a local re-
sponse and/or disseminated disease is present. All
visits within CREs will be part of standard clinical
care and will follow local hospital protocols. In case
only one CRE is performed (CRE1), a CT scan with
intravenous contrast of thorax and abdomen will be
performed approximately 1–2 weeks after the third
cycle of NAC. In case the patient will be scheduled
for two CREs (CRE1 and CRE2), a CT scan is per-
formed approximately 1–2 weeks after the second
cycle of NAC and approximately 1–2 weeks after the
completion of all NAC courses. Eligibility of the pa-
tients for continuation in the PRE-PREVENCYS trial
will be assessed based on the findings of the evalu-
ation CT scan after three or four cycles of NAC,
using the RECIST 1.1 criteria [21]. In absence of dis-
seminated disease or local progression at CRE,

patients will be scheduled for RC, ePLND and urinary
diversion approximately four to six weeks after the
last course of NAC.

Surgery
On the day of RC, a cystoscopy of the bladder will be
performed with the patients under general anaesthesia.
This is different than regular care. During this proced-
ure, bimanual examination and a TUR of any visible le-
sions suspected for residual tumour within the bladder
and of the scar tissue from the previous location of the
bladder tumour will be performed. This re-staging TUR
should include at least one biopsy including detrusor
muscle but does not have to be a radical resection of the
lesion. In case of absence of tumour lesions and scar tis-
sue, random biopsies will be taken of different locations
of the bladder including one of the location of the previ-
ous bladder tumour. The diameter of the biggest visible
lesions will be reported, as well as the estimated
tumour-stage by the urologist and the duration of the
re-staging TUR. The aim of the TUR biopsies is to de-
termine the accuracy of a re-staging TUR in the detec-
tion of residual disease after NAC. Subsequently, open
or robot-assisted RC will be performed with ePLND and
urinary diversion as per local protocol.

Table 1 Overview of study visits for participants of the PRE-PREVENCYS trial

Pre-treatment NACe

week 3–15
Surgery Follow-up

Visit Visit 0 Visit 1 Visit 2 Visit 4 Visit 5 Visit 6 Visit 7

Week -2 0 2 7–8 or 11–12 15–16 20–22 32–35

Informed consent X*

Inclusion X*

ECOG performance status X

Liquid biopsya X* X*

Urine cytology X X*

Blood hematologyb and biochemistryc X X

Staging 18F-FDG-PET/CTd X

CRE1f X

(optional) CRE2f X

BME, cystoscopy and TURg X*

RC with ePLND X

CRE3f X
a Collection of blood and urine for biomarker analyses
b Hematology: complete blood count, white blood differential, CRP
c Biochemistry: serum albumin, electrolytes, serum creatinine, bilirubin, alkaline phosphatase, AST, ALT, LDH
c FDG PET/CT of thorax and abdomen for staging purposes
e At least three cycles of cisplatin-based NAC, i.e. 3w Gemcitabin/Cisplatin or 2w dose-dense Methotrexate, Vinblastine, Adriamycin and Cisplatin
f CRE: CT scanning of thorax and abdomen. CRE1 after three cycles of NAC; optional CRE1 after two cycles of NAC in combination with an additional CRE2 after
completion of NAC; and CRE3 at three months post-surgery
g Prior but in the same session of RC at the operation room. TUR of lesions suspected for tumour, or scar tissue
* Study-related actions or interventions
BME: bimanual examination; CRE: clinical response evaluation; CT: computed tomography; ECOG: Eastern Cooperative Oncology Group; ePLND: extended pelvic
lymph node dissection; 18F-FDG: 2-Deoxy-2-[18F] fluorodeoxyglucose; NAC: neoadjuvant chemotherapy; PET: positron-emission tomography; RC: radical
cystectomy; TUR: transurethral resection
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Follow-up
Approximately three months after RC, the first follow-
up visit will be planned in concordance with local
follow-up protocols. A diagnostic CT scan of thorax and
abdomen will be performed to stage for recurrence of
disease (CRE3). This is standard of care.

Radiology
All 18F-FDG PET/CT scans and diagnostic CT thorax/
abdomen scans during CRE(s) will be revised centrally
by a specialized nuclear physicist and radiologist, re-
spectively. Clinicians are blinded for the pathology out-
come in the RC specimens or the TUR tissue material.

Fig. 1 Study algorithm of the PRE-PREVENCYS trial with expected distribution of patients. BME: bimanual examination; CRE: clinical response
evaluation; CT: computed tomography; ddMVAC: dose-dense Methotrexate, Vinblastine, Adriamycin and Cisplatin; ePLND: extended pelvic lymph
node dissection; FDG: 18F-fluoro-2-deoxy-D-glucose; Gem/Cis: Gemcitabine/Cisplatin; NAC: neoadjuvant chemotherapy; PET: positron-emission
tomography; RC: radical cystectomy; TUR: transurethral resection

Hinsenveld et al. BMC Cancer         (2021) 21:1161 Page 5 of 11



The CT scans during CRE(s) will be revised according to
the RECIST 1.1 criteria [21].

Pathology
The following formalin-fixed, paraffin-embedded (FFPE)
tissue specimens will be examined in the current study:
1) the diagnostic TUR, 2) the re-staging TUR of residual
bladder tumour or scar tissue after NAC, collected in
the scope of the trial protocol, and 3) the diagnostic RC
and ePLND specimens. All tissue specimens will be re-
vised centrally by an expert uropathologist. Tumour type
grade (WHO 1973 and 2016), variant histology, aberrant
differentiation, concomitant CIS, ypT-stage (Union for
International Cancer Control, 8th edition), surgical mar-
gin status (R0 or R1) and lymph node status (pN0 or
pN1) will be monitored [22]. Response to chemotherapy
in both the RC and PLND specimens will be assessed ac-
cording to the Tumour Regression Grade (TRG) ranging
from 1 (pathological complete response) to 3 (weak/ no
response) [23]. The pathologist will be blinded to the
outcome of radiological imaging such as those of CRE1
and CRE2. For revision and histopathological evaluation
of the study re-staging TUR biopsies, the pathologist will
be blinded to the histopathological outcome of the RC
resection specimen as well. FFPE tissue samples of all
three time points will be collected for genomic, gene ex-
pression, and immunohistochemical studies for bio-
marker analyses.

Biomarker analyses
DNA and RNA will be isolated form cancerous regions
of the TUR and RC specimens containing at least more
than 70% tumour cells. In addition, DNA will be isolated
from normal non-malignant adjacent tissue for germline
DNA. After quality control, whole exome sequencing
(WES) and RNA sequencing will be done and analysed.
By WES of diagnostic TUR samples [24], we will assess
the proportion of mutated DDR genes and loss of mis-
match repair (MMR) genes, and tumour mutational bur-
den (TMB) in our cohort of patients with a radiological
response at CRE during NAC and we will correlate the
molecular alterations with the pathological response to
NAC at RC. By RNA sequencing analysis we will validate
molecular subtypes in our cohort of patients with a
radiological response at CRE during NAC and correlate
them with the pathological response to NAC at RC. In
addition, unsupervised hierarchical clustering will be
done to identify differentially expressed genes between
responders and non-responders. Furthermore, immuno-
histochemical staining studies with antibodies will be
performed.
Based on results from tissue biomarker studies, candi-

date prognostic and predictive DNA and RNA bio-
markers will be defined and subsequently assessed at

both liquid biopsy time points by quantitative Polymer-
ase Chain Reaction (qPCR) in order to investigate
whether a liquid biopsy-based test of blood or urine cor-
relates with or can complement or replace a tissue-based
DNA/RNA biomarker test. Transcriptome analysis of
tumour-educated blood platelets (TEP) collected pre-
treatment will be performed in order to establish bladder
cancer specific TEP-RNA signatures as well as prognos-
tic and predictive signatures [25, 26]. Extracellular
vesicle next generation microRNA (EV-microRNAs) se-
quencing will be performed. A discovery cohort consist-
ing of 10 patients with a pCR following NAC versus 10
patients with an incomplete or no response will first be
analysed. For these 20 patients EV-RNA sequencing will
be performed using both urine and plasma specimens
collected at baseline and post chemotherapy. Candidate
biomarkers will be established for treatment outcome
prediction. Validation by quantitative reverse transcrip-
tion PCR (RT-qPCR) of the most promising candidate
miRNA panels will be performed with Taqman assays.
Based on prior studies we expect to minimally detect 10
potential candidate markers that can be used for further
evaluation and technical validation. Ultimately, we will
strive for an assay that measures three miRNAs. Such
small panels can reach high levels of specificity and sen-
sitivity, although validation in independent collected co-
horts will be of importance.
Additionally, isolated EV fractions will be used as an

alternative bio-specimen source for qPCR of other po-
tential DNA and RNA biomarkers based on tissue-based
biomarker studies. These results will then be compared
to the unfractionated plasma and urine DNA/ RNA
qPCR results in order to determine the optimal bio-
specimen for liquid biopsy-based biomarker assessment.

Study parameters/endpoints
The main endpoint of this study is the final pathological
stage after NAC (i.e., ypT and ypN stage), determined in
the RC and ePLND specimen. Secondary endpoints are:

– The number of patients with pCR after NAC. pCR
is defined as the absence of tumour cells in the RC
specimen and in the resected pelvic lymph nodes
(ypT0N0) or the presence of a non-invasive papillary
tumour in the bladder without tumour cells in the
resected pelvic lymph nodes (ypTaN0).

– The number of participants in whom RC could have
been withheld, i.e., the number of patient who could
have undergone a bladder-sparing approach, if im-
aging, urine cytology, histological examination on
re-staging TUR and molecular biomarker analyses
was not followed by RC.

– Perioperative complications of the re-staging TUR,
such as perforation of the bladder wall, major
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bleeding in the bladder where haemostasis is not
achieved with coagulation alone or any other surgi-
cal complications directly related to the re-staging
TUR.

– The number of participants who had ≥cN2Mx or
cNxM1 disease on the staging FDG-PET/CT and
were therefore counselled for a different treatment
strategy than NAC plus RC.

Interim analysis and (serious) adverse events
Adverse events are defined as any undesirable experi-
ence occurring to a subject during or within the first 24
h after re-staging TUR performed at the time of RC.
These adverse events need to be directly associated with
the TUR during RC, such as major bleedings in the blad-
der, bladder perforation during TUR and other surgical
complications directly related to TUR. Any minor com-
plications, such as small bleeders occurring during re-
staging TUR that can be easily coagulated, are not
assessed as adverse event. As the urinary bladder is re-
moved in the same procedure, none of these minor com-
plications is expected to have a significant influence on
patient outcome or burden. Any adverse events will be
reported to the principal investigator (AV) within 1 week
of occurrence. An interim analysis is not foreseen.

Statistical analyses
Sample size calculation
With an inclusion of 180 patients with MIBC, cT2-T4a
N0-N1M0, at baseline, approximately 150 patients will
eventually undergo all procedures of the PRE-
PREVENCYS trial including liquid biopsy collection as
well as a re-staging TUR during RC. Of these, 30% (45
patients) are expected to have a pCR at RC after NAC.
We consider 45 patients a sufficiently large sample for
determining the accuracy of individual and/or combined
diagnostic tests.
In order to estimate the distribution of 180 patients

planned to be included, several assumptions were made:

– After staging with 18F-FDG-PET/CT scan, 20 (95%
CI 14–26) patients will have disseminated disease
and are not candidates for curative NAC and RC.

– After CRE during NAC, approximately 10 (95% CI
6–16) patients will have disseminated disease or
progression of local disease after NAC. These
patients are either candidates for palliative therapy
or immediate RC;

– After CRE, 60 (95% CI 40–90) and 90 (95% CI 70–
110) patients will have a complete radiological
response or stable disease/partial radiological
response, respectively, and are candidates for RC.

Data analyses
The CRE will consist of different diagnostic modalities.
Descriptive analyses will be performed for all pre-
operative clinical, radiological, histopathological vari-
ables and on the assessment of mean expression of tis-
sue and liquid biopsy biomarkers. Results of each
diagnostic modality will be correlated to the (categorical)
pathological ypTN stage in the resection specimen using
a Chi-square-based test (categorical-categorical) or a 1-
way ANOVA test (continuous-categorical) with post-hoc
testing. Multivariate logistic regression analysis will be
used to construct a prognostic model for pCR. Suitable
candidate biomarkers will be first selected based on
established evidence reported in literature. The selected
variables will be entered into a ridge logistic regression
model, which will be fit using the glmnet R package [27,
28]. Ridge regression is a penalized regression approach
that balances model fit (measured by the log-likelihood
ratio) and number of parameters (through a penalty on
the sum of the squared values of the regression coeffi-
cients). Ridge generally leads to a sparse model, where
many of the coefficients will be set to values close to
zero. Ridge logistic regression requires tuning of one
parameter, which will be carried out by 10-fold cross
validation using the cv.glmnet() function from the
glmnet package. A receiver operating curve (ROC) will
be constructed for the final model and the area under
the curve (AUC) will be calculated as a measure for dis-
criminative ability. To include all patients in the regres-
sion analyses, an imputation procedure of missing values
will be performed.
To our opinion, future studies such as a randomized

clinical trial comparing NAC followed by RC to NAC
followed by close active surveillance in patients with a
clinically complete response after NAC are only justified
when the predictive model classifies at most 10% of pa-
tients with residual ypT1–4 or ypTanyN+ in the resec-
tion specimen after RC incorrectly as having a pCR. This
will be evaluated in the LASSO logistic regression model
with threshold selected by Youden’s J statistic.

Ethical and regulatory considerations
The study has been approved by the Medical Ethical
Committee of the Amsterdam University Medical Centre
(MEC 2019.594) on January 30, 2020 and has been regis-
tered in the Netherlands Trial Register (NL8678). The
study will be conducted according to the principles of
the Declaration of Helsinki (10th version, Fortaleza,
2013) and will be in accordance with the Dutch Medical
Research Involving Human Subjects Act (WMO). In
each participating centre, the principal investigator will
be responsible for recruitment, adherence to the study
protocol and follow-up of the included patients. Any
other physician of the multidisciplinary team will inform
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subjects about the study and ask for their consent using
information letters and informed consent forms. The
project leader (AV) is responsible for the study design,
conduct of the trial, preparation of the protocol and re-
visions and for preparation of case report forms. Revi-
sions of the study protocol will be communicated to all
local chief investigators. The project leader will be re-
sponsible for data collection and the data master file.
Data of each participant will be pseudo anonymized
using a subject identification code and put into a com-
prehensive database using a standardized Web-based
Case Record Form (data management system CASTOR
EDC) [29]. Patients will not be individually identifiable.
An independent data monitoring committee from the
Clinical Research Bureau of the Amsterdam UMC will
assess the data, according to the Good clinical practice
(GCP) requirements. Source data verification will be im-
plemented during the onsite monitoring in observance
of original documents. Furthermore, serious complica-
tions during re-staging TUR, as described in “Interim
analysis and (serious) adverse events”, will be carefully
monitored at 5 and 25 inclusions. The final dataset will
be available to all study investigators. Given authorships
will follow guidelines of the International Committee of
Medical Journal Editors [30]. Results will be communi-
cated via international conferences, via publications and
via the NTR.

Discussion
This study is unique and innovative because it aims at
predicting a pCR after NAC using a wide set of prognos-
tic variables determined in blood, urine and tissue, on
radiological diagnostic examination and on re-staging
TUR. Prognostic variables are registered in a large co-
hort of patients with MIBC at different time points of
their treatment.

Aim
The specific aim of this PRE-PREVENCYS trial is to
identify patients who may be potential candidates for a
bladder cancer sparing approach and concurrent close
active surveillance because they have a high preoperative
estimate of pCR. The study is considered successful if a
predictive algorithm based on clinical, radiological,
histopathological variables and expression rates of mo-
lecular biomarkers is able to accurately predict the pres-
ence of pCR after NAC. The study dictates that no more
than 10% of cases in whom pCR was predicted using the
prediction algorithm is allowed to have residual ypT1–4
or ypTanyN+ in the RC and ePLND specimen. In this,
we propose that residual CIS after NAC and RC is
allowed to be missed on CRE. This is, as long as we ex-
pect these tumours to be detectable reliably once they
have outgrown from non-muscle invasive to MIBC

(ypT2–4) during follow-up. During close surveillance,
these cases may undergo adjuvant intravesical treatment
and (repeated) TUR which may probably result in a
long-term disease-control. However, we do propose that
residual ypT1–4 or ypTanyN+ should be detected with-
out further delay in order to prevent short-term loss of
resectability and to minimize the risk of distant disease
dissemination. In case of more than 10% falsely pre-
dicted pCR patients, the PREVENCYS trial will be
reconsidered.
If this PRE-PREVENCYS trial shows that residual dis-

ease after NAC can be determined reliably prior to RC, a
randomized controlled trial comparing NAC plus RC
versus NAC followed by a close active surveillance
protocol will be conducted (the PREVENCYS trial).
Hypothetically, this future PREVENCYS trial might re-
sult in a bladder sparing treatment for selected patients
based on a predictive model, reducing morbidity and
mortality, and improving health-related quality of life
and reduces health care costs.

Exclusion
For the present study, only patients with a predomin-
antly muscle-invasive urothelial cell carcinoma of the
bladder will be included (cT2–4a). Patients with a large
portion of variant histology, such as squamous cell car-
cinoma, are excluded form study participation because
the survival benefit of current cisplatin-based NAC regi-
mens has not been proven in those with other than
urothelial cell bladder carcinoma [31]. A further exclu-
sion criterion is the presence of CIS in the prostatic ur-
ethra at diagnostic TUR, since the prostatic urethra is a
difficult site for re-staging TUR biopsies, especially
within a close surveillance protocol. Split-dose cisplatin-
based NAC regimens for patients with impaired renal
function are allowed within the PRE-PREVENCYS trial
as these regimens have been shown non-inferior to con-
ventional regimens in terms of pathological downstaging
[20]. Therefore, patients with a CrCl between 40 and 60
ml/min are thus candidates for this split-dose regimen
and will be included in this study. Neoadjuvant im-
munotherapy or immunochemoradiotherapy is not yet
considered regular care in patients with MIBC and as a
consequence is only given in clinical trials. Patients who
undergo any form of immunotherapy are excluded from
study participation.

Pre-operative staging
A 18F-FDG-PET/CT is performed for staging purposes
prior to NAC, given the incremental value of metabolic
information over morphological CT, for assessing lymph
node and distant metastases at diagnosis of MIBC [32,
33]. In a recent study, it was reported that a staging 18F-
FDG-PET/CT after a conventional diagnostic CT thorax

Hinsenveld et al. BMC Cancer         (2021) 21:1161 Page 8 of 11



and abdomen changed treatment recommendations in
18% of cases, 9% of which changed from potential cura-
tive treatment to palliative treatment due to detection of
distant metastases [34]. However, the superiority of 18F-
FDG-PET/CT over conventional CT scanning for clin-
ical response evaluation during NAC has not yet been
proven. Currently, 18F-FDG-PET/CT is considered not
accurate enough to assess response during NAC or to
detect pCR after NAC prior to RC [35, 36].

Outcome of previous non-randomized trials on active
surveillance
Several retrospective studies reported on the oncologic
outcomes of patients with MIBC who refused or were
unfit for subsequent radical surgery. After achieving a
clinically complete response to NAC, patients were usu-
ally examined by a re-staging TUR. A meta-analysis
evaluating a total of 518 patients estimated a 5-year
overall survival rate of 72% (95% confidence interval 64–
82%) [37]. These survival data are somewhat lower than
those reported in patients who experienced a pCR after
NAC and subsequent RC, i.e. 80–85% [9]. Apparently,
RC adds in the prognosis of patients who undergo NAC
by eliminating clinically undetected residual significant
disease. This stresses the need for a more accurate
model to diagnose for a pCR after NAC. Recently, it was
also shown that a re-staging TUR after NAC alone is not
adequate enough to predict the response to NAC [38].
In a cohort of 21 patients in whom a standard re-staging
TUR was performed after NAC, the sensitivity for the
detection of a ypT0 and non-invasive tumour (ypTa)
after no visible lesions on cystoscopy was only 61%.
Interestingly, this study also retrospectively assessed the
expression of two biomarker gene panels of ongoing
prospective trials (ClinicalTrials.gov Identifier:
NCT02710734 and NCT03609216) in the pre-NAC
TUR specimen and reported that the distribution of
pathologic staging at RC was not associated with tumour
mutation status. However, this study had a retrospective
design and the re-staging TUR was not initially applied
to assess the feasibility of an active surveillance ap-
proach. In addition, not all included patients completed
all cisplatin-based NAC cycles.

Biomarker analysis
Recent studies in small patient cohorts reported muta-
tions in the DDR genes ATM, RB1, FANCC, ERBB2, and
ERCC2 to be enriched in patients with MIBC who expe-
rienced a pCR after NAC [14–17]. For ERCC2, evidence
is accumulating that somatic mutations are a predictive
marker of cisplatin-response in urothelial carcinoma [39,
40]. In addition, TMB seems a marker for response to
neoadjuvant immunotherapy, which also might hold true
for NAC [41, 42]. On the contrary, mismatch repair

genes MSH2 and MLH1 were recently reported to con-
tribute to cisplatin resistance [43]. Furthermore, urothe-
lial carcinoma can be stratified into luminal and basal
tumours based on molecular sub-types [24, 44–46].
Stratification of patients with bladder cancer based on
molecular subtype could be an effective strategy for
therapeutic regimen allocation. Tumours having a basal
subtype are thought to correspond with chemosensitivity
in the neoadjuvant setting but a p53-like gene expression
signature was shown to be predictive of chemoresistance
[47, 48]. An important recent observation was a change
in gene expression signature after NAC treatment, which
could either be explained by a selection of chemoresis-
tant tumour clones or by NAC induced novel genetic
changes causing resistance [49]. This finding underlines
the importance of the need for and extensive compari-
son between pre- and post NAC samples in experimen-
tal studies. In addition, a liquid biopsy based test in
blood or urine would dismiss the need for repeated inva-
sive procedures and facilitate longitudinal disease and
relapse monitoring. For example, EV-microRNAs have
been demonstrated to be suitable for cancer diagnosis,
treatment response monitoring and early relapse moni-
toring [50]. Therefore, in this study we will define candi-
date prognostic and predictive DNA and RNA
biomarkers based on results from tissue biomarker stud-
ies, and investigate whether a liquid biopsy-based test
correlates with or can complement or replace a tissue-
based biomarker test.
As of yet, a combination of clinical, radiological and

histopathological variables are not yet able to adequately
detect the response to NAC in individual patients with
MIBC. We hypothesize that by combining these multiple
diagnostic modalities in a predictive algorithm that in-
cludes the expression of multiple liquid biopsy and tis-
sue biomarkers, a refinement in the selection of patients
with MIBC for close active surveillance (bladder-sparing)
protocol is feasible.

Abbreviations
CrCl: Creatinine Clearance; CRE: Clinical Response Evaluation; CT: Computed
Tomography; CTCAE: Common Terminology Criteria for Adverse Events;
DDR: DNA Damage Response; ddMVAC: dose-dense Methotrexate,
Vinblastine, Adriamycin and Cisplatin; ePLND: Extended Pelvic Lymph Node
Dissection; EV-microRNA: Extracellular Vesicle Next Generation microRNA; 18F-
FDG: 2-Deoxy-2-[18F]fluorodeoxyglucose; Gem/Cis: Gemcitabine/Cisplatin;
ISUP: International Society of Urological Pathology; NAC: Neoadjuvant
Chemotherapy; NTR: Netherlands Trial Register; NYHA: New York Heart
Association Classification; RC: Radical Cystectomy; PET: Positron-Emission
Tomography; PIF: Patient Information Form; TEP: Tumour-Educated blood
Platelets; TMB: Tumour Mutational Burden; TUR: Transurethral Resection;
qPCR: Quantitative Polymerase Chain Reaction; WES: Whole Exome
Sequencing

Acknowledgments
Members of the PRE-PREVENCYS study group:
Dr. B.W.G. van Rhijn, urologist, The Netherlands Cancer Institute Antoni van
Leeuwenhoek, Amsterdam.
Dr. C. Wijburg, urologist, Rijnstate Hospital, Arnhem.

Hinsenveld et al. BMC Cancer         (2021) 21:1161 Page 9 of 11



Dr. A.G. van der Heijden, urologist, Radboud University Medical Centre,
Nijmegen.
Dr. R. Somford, urologist, Canisius-Wilhelmina Hospital, Nijmegen.
Dr. R.P. Meijer, urologist, University Medical Centre Utrecht, Utrecht.
Dr. P. Stijns, urologist, St. Antonius Hospital, Nieuwegein.

Authors’ contributions
FN participated in the study design and drafted the manuscript. JV, JB and
AV initiated the trial, participated in the study design and critically revised
and supervised the drafting of the manuscript. BN, GL, SP, SB, and DO
participated in the study design and critically revised the manuscript. All
authors read and approved the final manuscript and agree to be
accountable for all aspects of the work.

Funding
The PRE-PREVENCYS trial is funded by the Koningin Wilhelmina Fonds Kan-
kerbestrijding (KWF, Dutch Cancer Society). The funding body has no role in
the design of the study and collection, analysis, and interpretation of data
and in writing the manuscript. KWF is a Dutch funding organization that pro-
vides peer-review of all submitted grant applications.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
The study has been approved by the Medical Ethical Committee of the
Amsterdam University Medical Center (MEC 2019.594) on 30th January 2020.
The most recent study protocol version is 6.0, date 1st February 2021.
Written, voluntary, informed consent to participate in the study will be
obtained from all participants. Individual patient data will not be published.

Consent for publication
Not applicable.

Competing interests
BJN is Associate Editor of BMC Cancer. All other authors declare that they
have no competing interests.

Author details
1Department of Urology, Amsterdam University Medical Centers, VU
University, Postbus 7057, 1007, MB, Amsterdam internal post address 4F-28,
The Netherlands. 2Department of Surgery, Erasmus MC, University Medical
Center Rotterdam, Rotterdam, The Netherlands. 3Department of Urology,
Erasmus MC, University Medical Center Rotterdam, Rotterdam, The
Netherlands. 4Department of Medical Oncology, Amsterdam University
Medical Centers, VU University, Amsterdam, The Netherlands. 5Department of
pathology, Erasmus MC, University Medical Center Rotterdam, Rotterdam,
The Netherlands. 6Department of Epidemiology and Biostatistics, Amsterdam
University Medical Centers, VU University, Amsterdam, The Netherlands.
7Department of Radiology & Nuclear Medicine, Cancer Center Amsterdam,
Amsterdam University Medical Centers, VU University, Amsterdam, The
Netherlands.

Received: 8 June 2021 Accepted: 5 October 2021

References
1. www.cijfersoverkanker.nl [updated 1-1-2020; cited 12-5-2021. Available from:

https://iknl.nl/kankersoorten/blaaskanker/registratie/incidentie.
2. Witjes JA, Bruins HM, Cathomas R, Comperat EM, Cowan NC, Gakis G, et al.

European Association of Urology guidelines on muscle-invasive and
metastatic bladder Cancer: summary of the 2020 guidelines. Eur Urol. 2021;
79(1):82–104. https://doi.org/10.1016/j.eururo.2020.03.055.

3. Hautmann RE, de Petriconi RC, Volkmer BG. Lessons learned from 1,000
neobladders: the 90-day complication rate. J Urol. 2010;184(3):990–4; quiz
1235. https://doi.org/10.1016/j.juro.2010.05.037.

4. Porter MP, Gore JL, Wright JL. Hospital volume and 90-day mortality risk
after radical cystectomy: a population-based cohort study. World J Urol.
2011;29(1):73–7. https://doi.org/10.1007/s00345-010-0626-3.

5. Hautmann RE, De Petriconi RC, Pfeiffer C, Volkmer BG. Radical cystectomy
for urothelial carcinoma of the bladder without neoadjuvant or adjuvant
therapy: long-term results in 1100 patients. Eur Urol. 2012;61(5):1039–47.
https://doi.org/10.1016/j.eururo.2012.02.028.

6. Winquist E, Kirchner TS, Segal R, Chin J, Lukka H. Neoadjuvant
chemotherapy for transitional cell carcinoma of the bladder: a systematic
review and meta-analysis. J Urol. 2004;171(2 Pt 1):561–9. https://doi.org/10.1
097/01.ju.0000090967.08622.33.

7. Collaboration ABCM-a. Neoadjuvant chemotherapy in invasive bladder
cancer: update of a systematic review and meta-analysis of individual
patient data advanced bladder cancer (ABC) meta-analysis collaboration. Eur
Urol. 2005;48(2):202–5 discussion 5-6.

8. Collaboration ABCM-a. Neoadjuvant chemotherapy in invasive bladder
cancer: a systematic review and meta-analysis. Lancet (London, England).
2003;361(9373):1927–34.

9. Grossman HB, Natale RB, Tangen CM, Speights VO, Vogelzang NJ, Trump DL,
et al. Neoadjuvant chemotherapy plus cystectomy compared with
cystectomy alone for locally advanced bladder cancer. N Engl J Med. 2003;
349(9):859–66. https://doi.org/10.1056/NEJMoa022148.

10. Yuh BE, Ruel N, Wilson TG, Vogelzang N, Pal SK. Pooled analysis of clinical
outcomes with neoadjuvant cisplatin and gemcitabine chemotherapy for
muscle invasive bladder cancer. J Urol. 2013;189(5):1682–6. https://doi.org/1
0.1016/j.juro.2012.10.120.

11. Rosenblatt R, Sherif A, Rintala E, Wahlqvist R, Ullen A, Nilsson S, et al.
Pathologic downstaging is a surrogate marker for efficacy and increased
survival following neoadjuvant chemotherapy and radical cystectomy for
muscle-invasive urothelial bladder cancer. Eur Urol. 2012;61(6):1229–38.
https://doi.org/10.1016/j.eururo.2011.12.010.

12. Noordman BJ, Spaander MCW, Valkema R, Wijnhoven BPL, van Berge
Henegouwen MI, Shapiro J, et al. Detection of residual disease after
neoadjuvant chemoradiotherapy for oesophageal cancer (preSANO): a
prospective multicentre, diagnostic cohort study. The Lancet
Oncology. 2018;19(7):965–74. https://doi.org/10.1016/S1470-2045(18)3
0201-8.

13. Haak HE, Maas M, Lambregts DMJ, Beets-Tan RGH, Beets GL. Is watch and
wait a safe and effective way to treat rectal cancer in older patients? Eur J
Surg Oncol. 2020;46(3):358–62. https://doi.org/10.1016/j.ejso.2020.01.005.

14. Groenendijk FH, De Jong J, Fransen Van De Putte EE, Michaut M, Schlicker
A, Peters D, et al. ERBB2 mutations characterize a subgroup of muscle-
invasive bladder cancers with excellent response to neoadjuvant
chemotherapy. Eur Urol. 2016;69(3):384–8. https://doi.org/10.1016/j.eururo.2
015.01.014.

15. Plimack ER, Dunbrack RL, Brennan TA, Andrake MD, Zhou Y, Serebriiskii IG,
et al. Defects in DNA repair genes predict response to neoadjuvant
cisplatin-based chemotherapy in muscle-invasive bladder Cancer. Eur Urol.
2015;68(6):959–67. https://doi.org/10.1016/j.eururo.2015.07.009.

16. Van Allen EM, Mouw KW, Kim P, Iyer G, Wagle N, Al-Ahmadie H, et al.
Somatic ERCC2 mutations correlate with cisplatin sensitivity in muscle-
invasive urothelial carcinoma. Cancer discovery. 2014;4(10):1140–53. https://
doi.org/10.1158/2159-8290.CD-14-0623.

17. Iyer G, Balar AV, Milowsky MI, Bochner BH, Dalbagni G, Donat SM, et al.
Multicenter prospective phase II trial of neoadjuvant dose-dense
gemcitabine plus cisplatin in patients with muscle-invasive bladder Cancer.
J Clin Oncol. 2018;36(19):1949–56. https://doi.org/10.1200/JCO.2017.75.0158.

18. Collins GS, Reitsma JB, Altman DG, Moons KGM. Transparent reporting of a
multivariable prediction model for individual prognosis or diagnosis
(TRIPOD): the TRIPOD statement. Eur Urol. 2015;67(6):1142–51. https://doi.
org/10.1016/j.eururo.2014.11.025.

19. Altman DG, McShane LM, Sauerbrei W, Taube SE. Reporting
recommendations for tumor marker prognostic studies (REMARK):
explanation and elaboration. BMC Med. 2012;10(1):51. https://doi.org/10.11
86/1741-7015-10-51.

20. Osterman CK, Babu DS, Geynisman DM, Lewis B, Somer RA, Balar AV, et al.
Efficacy of Split schedule versus conventional schedule neoadjuvant
cisplatin-based chemotherapy for muscle-invasive bladder Cancer.
Oncologist. 2019;24(5):688–90. https://doi.org/10.1634/theoncologist.2018-
0561.

21. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al.
New response evaluation criteria in solid tumours: revised RECIST guideline
(version 1.1). Eur J Cancer. 2009;45(2):228–47. https://doi.org/10.1016/j.ejca.2
008.10.026.

Hinsenveld et al. BMC Cancer         (2021) 21:1161 Page 10 of 11

http://www.cijfersoverkanker.nl
https://iknl.nl/kankersoorten/blaaskanker/registratie/incidentie
https://doi.org/10.1016/j.eururo.2020.03.055
https://doi.org/10.1016/j.juro.2010.05.037
https://doi.org/10.1007/s00345-010-0626-3
https://doi.org/10.1016/j.eururo.2012.02.028
https://doi.org/10.1097/01.ju.0000090967.08622.33
https://doi.org/10.1097/01.ju.0000090967.08622.33
https://doi.org/10.1056/NEJMoa022148
https://doi.org/10.1016/j.juro.2012.10.120
https://doi.org/10.1016/j.juro.2012.10.120
https://doi.org/10.1016/j.eururo.2011.12.010
https://doi.org/10.1016/S1470-2045(18)30201-8
https://doi.org/10.1016/S1470-2045(18)30201-8
https://doi.org/10.1016/j.ejso.2020.01.005
https://doi.org/10.1016/j.eururo.2015.01.014
https://doi.org/10.1016/j.eururo.2015.01.014
https://doi.org/10.1016/j.eururo.2015.07.009
https://doi.org/10.1158/2159-8290.CD-14-0623
https://doi.org/10.1158/2159-8290.CD-14-0623
https://doi.org/10.1200/JCO.2017.75.0158
https://doi.org/10.1016/j.eururo.2014.11.025
https://doi.org/10.1016/j.eururo.2014.11.025
https://doi.org/10.1186/1741-7015-10-51
https://doi.org/10.1186/1741-7015-10-51
https://doi.org/10.1634/theoncologist.2018-0561
https://doi.org/10.1634/theoncologist.2018-0561
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1016/j.ejca.2008.10.026


22. Paner GP, Stadler WM, Hansel DE, Montironi R, Lin DW, Amin MB. Updates
in the eighth edition of the tumor-node-metastasis staging classification for
urologic cancers. Eur Urol. 2018;73(4):560–9. https://doi.org/10.1016/j.
eururo.2017.12.018.

23. Voskuilen CS, Oo HZ, Genitsch V, Smit LA, Vidal A, Meneses M, et al.
Multicenter validation of histopathologic tumor regression grade after
neoadjuvant chemotherapy in muscle-invasive bladder carcinoma. Am J
Surg Pathol. 2019;43(12):1600–10. https://doi.org/10.1097/PAS.
0000000000001371.

24. Guo G, Sun X, Chen C, Wu S, Huang P, Li Z, et al. Whole-genome and
whole-exome sequencing of bladder cancer identifies frequent alterations
in genes involved in sister chromatid cohesion and segregation. Nat Genet.
2013;45(12):1459–63. https://doi.org/10.1038/ng.2798.

25. Best MG, Sol N, In ’t Veld S, Vancura A, Muller M, Niemeijer AN, et al. Swarm
Intelligence-Enhanced Detection of Non-Small-Cell Lung Cancer Using
Tumor-Educated Platelets. Cancer Cell. 2017;32(2):238–52.e9.

26. Best MG, Sol N, Kooi I, Tannous J, Westerman BA, Rustenburg F, et al. RNA-
Seq of tumor-educated platelets enables blood-based Pan-Cancer,
multiclass, and molecular pathway Cancer diagnostics. Cancer Cell. 2015;
28(5):666–76. https://doi.org/10.1016/j.ccell.2015.09.018.

27. Friedman J, Hastie T, Tibshirani R, Narasimhan B, Tay K, Simon N, et al.
glmnet: Lasso and Elastic-Net Regularized Generalized Linear Models 2021
[updated 21-02-2021; cited 30-04-2021. Available from: https://CRAN.R-
project.org/package=glmnet.

28. Cessie S, Houwelingen JC. Ridge estimators in logistic regression. Appl Stat.
1992;41(1):191–201. https://doi.org/10.2307/2347628.

29. Castor EDC. Castor Electronic Data Capture 2019 [updated 28-8-2019; cited
30–10-2020. Available from: https://castoredc.com.

30. ICoMJ E. Defining the role of authors and contributors. Philadelphia: ICMJE;
2014.

31. Vetterlein MW, Wankowicz SAM, Seisen T, Lander R, Löppenberg B, Chun FK,
et al. Neoadjuvant chemotherapy prior to radical cystectomy for muscle-
invasive bladder cancer with variant histology. Cancer. 2017;123(22):4346–
55. https://doi.org/10.1002/cncr.30907.

32. Li Y, Yang ZQ, Ye H, Qi L, Hu JW. Application of (18) F-FDG PET/CT imaging
in diagnosing bladder tumor metastasis lesions. J Huazhong Univ Sci
Technolog Med Sci. 2013;33(2):234–7.

33. Mertens LS, Fioole-Bruining A, Vegt E, Vogel WV, van Rhijn BW, Horenblas S.
Impact of (18) F-fluorodeoxyglucose (FDG)-positron-emission tomography/
computed tomography (PET/CT) on management of patients with
carcinoma invading bladder muscle. BJU Int. 2013;112(6):729–34. https://doi.
org/10.1111/bju.12109.

34. Voskuilen CS, van Gennep EJ, Einerhand SMH, Vegt E, Donswijk ML, Bruining
A, et al. Staging (18) F-fluorodeoxyglucose positron emission tomography/
computed tomography changes treatment recommendation in invasive
bladder Cancer. Eur Urol Oncol. 2021;S2588-9311(21):00029–8. https://doi.
org/10.1016/j.euo.2021.01.005.

35. Soubra A, Gencturk M, Froelich J, Balaji P, Gupta S, Jha G, et al. FDG-PET/CT
for assessing the response to neoadjuvant chemotherapy in bladder Cancer
patients. Clin Genitourin Cancer. 2018;16(5):360–4. https://doi.org/10.1016/j.
clgc.2018.05.008.

36. Kollberg P, Almquist H, Bläckberg M, Cwikiel M, Gudjonsson S, Lyttkens K,
et al. [(18) F]Fluorodeoxyglucose-positron emission tomography/computed
tomography response evaluation can predict histological response at
surgery after induction chemotherapy for oligometastatic bladder cancer.
Scand J Urol. 2017;51(4):308–13. https://doi.org/10.1080/21681805.2017.1321
579.

37. Moran GW, Li G, Robins DJ, Matulay JT, McKiernan JM, Anderson CB.
Systematic review and Meta-analysis on the efficacy of chemotherapy with
transurethral resection of bladder tumors as definitive therapy for muscle
invasive bladder Cancer. Bladder Cancer. 2017;3(4):245–58. https://doi.org/1
0.3233/BLC-170134.

38. Becker REN, Meyer AR, Brant A, Reese AC, Biles MJ, Harris KT, et al. Clinical
Restaging and Tumor Sequencing are Inaccurate Indicators of Response to
Neoadjuvant Chemotherapy for Muscle-invasive Bladder Cancer. Eur Urol.
2021;79(3):364-71. https://doi.org/10.1016/j.eururo.2020.07.016. Epub 2020
Aug 17.

39. Pietzak EJ, Zabor EC, Bagrodia A, Armenia J, Hu W, Zehir A, et al. Genomic
differences between "primary" and "secondary" muscle-invasive bladder
Cancer as a basis for disparate outcomes to cisplatin-based neoadjuvant

chemotherapy. Eur Urol. 2019;75(2):231–9. https://doi.org/10.1016/j.eururo.2
018.09.002.

40. Li Q, Damish AW, Frazier Z, Liu D, Reznichenko E, Kamburov A, et al. ERCC2
helicase domain mutations confer nucleotide excision repair deficiency and
drive cisplatin sensitivity in muscle-invasive bladder Cancer. Clin Cancer Res.
2019;25(3):977–88. https://doi.org/10.1158/1078-0432.CCR-18-1001.

41. Teo MY, Seier K, Ostrovnaya I, Regazzi AM, Kania BE, Moran MM, et al.
Alterations in DNA damage response and repair genes as potential marker
of clinical benefit from PD-1/PD-L1 blockade in advanced urothelial cancers.
J Clin Oncol. 2018;36(17):1685–94. https://doi.org/10.1200/JCO.2017.75.7740.

42. Necchi A, Anichini A, Raggi D, Briganti A, Massa S, Lucianò R, et al.
Pembrolizumab as neoadjuvant therapy before radical cystectomy in
patients with muscle-invasive urothelial bladder carcinoma (PURE-01): an
open-label, single-arm, Phase II Study. J Clin Oncol. 2018;36(34):3353–60.
https://doi.org/10.1200/JCO.18.01148.

43. Goodspeed A, Jean A, Costello JC. A whole-genome CRISPR screen
identifies a role of MSH2 in cisplatin-mediated cell death in muscle-invasive
bladder Cancer. Eur Urol. 2019;75(2):242–50. https://doi.org/10.1016/j.
eururo.2018.10.040.

44. Choi W, Porten S, Kim S, Willis D, Plimack ER, Hoffman-Censits J, et al.
Identification of distinct basal and luminal subtypes of muscle-invasive
bladder cancer with different sensitivities to frontline chemotherapy. Cancer
Cell. 2014;25(2):152–65. https://doi.org/10.1016/j.ccr.2014.01.009.

45. Sjödahl G, Lauss M, Lövgren K, Chebil G, Gudjonsson S, Veerla S, et al. A
molecular taxonomy for urothelial carcinoma. Clin Cancer Res. 2012;18(12):
3377–86. https://doi.org/10.1158/1078-0432.CCR-12-0077-T.

46. Robertson AG, Kim J, Al-Ahmadie H, Bellmunt J, Guo G, Cherniack AD, et al.
Comprehensive molecular characterization of muscle-invasive bladder
Cancer. Cell. 2017;171(3):540–56 e25. https://doi.org/10.1016/j.cell.2017.09.
007.

47. Tan TZ, Rouanne M, Tan KT, Huang RY, Thiery JP. Molecular subtypes of
urothelial bladder Cancer: results from a Meta-cohort analysis of 2411
tumors. Eur Urol. 2019;75(3):423–32. https://doi.org/10.1016/j.eururo.2018.08.
027.

48. Seiler R, Ashab HAD, Erho N, van Rhijn BWG, Winters B, Douglas J, et al.
Impact of molecular subtypes in muscle-invasive bladder Cancer on
predicting response and survival after neoadjuvant chemotherapy. Eur Urol.
2017;72(4):544–54. https://doi.org/10.1016/j.eururo.2017.03.030.

49. Seiler R, Gibb EA, Wang NQ, Oo HZ, Lam HM, van Kessel KE, et al. Divergent
biological response to neoadjuvant chemotherapy in muscle-invasive
bladder Cancer. Clin Cancer Res. 2019;25(16):5082–93. https://doi.org/10.11
58/1078-0432.CCR-18-1106.

50. Koppers-Lalic D, Hackenberg M, de Menezes R, Misovic B, Wachalska M,
Geldof A, et al. Non-invasive prostate cancer detection by measuring
miRNA variants (isomiRs) in urine extracellular vesicles. Oncotarget. 2016;
7(16):22566–78. https://doi.org/10.18632/oncotarget.8124.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Hinsenveld et al. BMC Cancer         (2021) 21:1161 Page 11 of 11

https://doi.org/10.1016/j.eururo.2017.12.018
https://doi.org/10.1016/j.eururo.2017.12.018
https://doi.org/10.1097/PAS.0000000000001371
https://doi.org/10.1097/PAS.0000000000001371
https://doi.org/10.1038/ng.2798
https://doi.org/10.1016/j.ccell.2015.09.018
https://cran.r-project.org/package=glmnet
https://cran.r-project.org/package=glmnet
https://doi.org/10.2307/2347628
https://castoredc.com
https://doi.org/10.1002/cncr.30907
https://doi.org/10.1111/bju.12109
https://doi.org/10.1111/bju.12109
https://doi.org/10.1016/j.euo.2021.01.005
https://doi.org/10.1016/j.euo.2021.01.005
https://doi.org/10.1016/j.clgc.2018.05.008
https://doi.org/10.1016/j.clgc.2018.05.008
https://doi.org/10.1080/21681805.2017.1321579
https://doi.org/10.1080/21681805.2017.1321579
https://doi.org/10.3233/BLC-170134
https://doi.org/10.3233/BLC-170134
https://doi.org/10.1016/j.eururo.2020.07.016
https://doi.org/10.1016/j.eururo.2018.09.002
https://doi.org/10.1016/j.eururo.2018.09.002
https://doi.org/10.1158/1078-0432.CCR-18-1001
https://doi.org/10.1200/JCO.2017.75.7740
https://doi.org/10.1200/JCO.18.01148
https://doi.org/10.1016/j.eururo.2018.10.040
https://doi.org/10.1016/j.eururo.2018.10.040
https://doi.org/10.1016/j.ccr.2014.01.009
https://doi.org/10.1158/1078-0432.CCR-12-0077-T
https://doi.org/10.1016/j.cell.2017.09.007
https://doi.org/10.1016/j.cell.2017.09.007
https://doi.org/10.1016/j.eururo.2018.08.027
https://doi.org/10.1016/j.eururo.2018.08.027
https://doi.org/10.1016/j.eururo.2017.03.030
https://doi.org/10.1158/1078-0432.CCR-18-1106
https://doi.org/10.1158/1078-0432.CCR-18-1106
https://doi.org/10.18632/oncotarget.8124

	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Introduction
	Background
	Objective

	Methods
	Study design
	Study population
	Study algorithm (Table 1, Fig. 1)
	Overview
	Liquid biopsies
	Clinical response evaluation during NAC
	Surgery
	Follow-up
	Radiology
	Pathology

	Biomarker analyses
	Study parameters/endpoints
	Interim analysis and (serious) adverse events
	Statistical analyses
	Sample size calculation
	Data analyses
	Ethical and regulatory considerations


	Discussion
	Aim
	Exclusion
	Pre-operative staging
	Outcome of previous non-randomized trials on active surveillance
	Biomarker analysis
	Abbreviations

	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

