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Abstract

Purpose: Precision oncology requires biomarker testing
from tumor tissue for clinical decision-making and selection
of targeted therapies. We systematically evaluated the role
of tissue biomarker testing within interventional clinical tri-
als for locally advanced and metastatic urothelial carcinoma
(UC). Methods: A systematic search within the publicly avail-
able ClinicalTrials.gov database was performed for the peri-
od 1995 to January 2020. We searched for all interventional
studies on systemic treatments for advanced UC. Two inves-
tigators independently screened the records and extracted
the data for statistical analyses. Results: We included 356
studies out of 827 initial records in the final analysis. The
overall number of interventional trials in UC patients signifi-
cantly increased during the past 25 years. Forty-three studies
(12.1%) required specific biomarker testing as a prerequi-
site for inclusion. Of the remaining 313 trials, explorative
biomarkers of interest were studied in 83 studies (23.3%).

In trials with obligate biomarker testing as a precondition
for study inclusion, only 3 studies (7%) required an actual
fresh pretreatment biopsy, while the majority of studies did
not state any tissue requirements (55.8%) or accepted archi-
val tissue samples (37.3%). Among studies without biomark-
er prerequisites, freshly obtained tissue samples were re-
quired in 16.3% of studies evaluating immune checkpoint
inhibition and 5.7% evaluating targeted therapy. The collec-
tion of archival tissue was allowed in 67.4% and 20% of
studies evaluating immune checkpoint inhibitors and tar-
geted therapies, respectively. Conclusion: There has been an
increase in the number of studies using biomarker-guided
interventions for the treatment of advanced UC over the
past 25 years. Studies investigating druggable targets in
actual UC biopsies immediately before treatment are still
rare. Standardized criteria for tissue-based biomarker test-
ing may further accelerate personalized treatment of pa-

tients with advanced UC. © 2023 S. Karger AG, Basel
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Introduction

Urothelial carcinoma (UC) of the bladder and up-
per urinary tract is a heterogeneous disease with high
global incidence rates [1]. The prognosis of advanced
UC is poor, with high rates of recurrence and progres-
sion and limited treatment options, resulting in high
morbidity and mortality. Molecular research on UC
has improved the understanding of tumor progression
and metastasis [2]. Systemic targeted treatment alone
or as part of multimodal strategies is increasingly used
for patients with advanced UC [3]. Comprehensive
molecular profiling with cellular and functional analy-
ses of the tumor is important to determine specific tar-
geted abnormalities or biomarkers that lead to better
risk stratification and identification of appropriate
treatments for individual patients. Large-scale genom-
ic and transcriptomic studies were able to identify tar-
getable alterations and are currently being translated
into clinical practice to improve personalized health-
care. For example, mutational and gene expression
profiling led to the discovery of genetically different
molecular tumor subtypes correlating with different
levels of cancer aggressiveness and response to specific
treatments [4-11].

Advanced and metastatic UC represents a heteroge-
neous disease, and molecular features may significant-
ly vary between different patients and study cohorts,
with dynamic changes in the course of treatment due
to selection pressure [12-15]. Thus, results of different
clinical trials are hardly comparable if actual molecular
characterization and stratification are lacking [7]. Al-
though it is well known that UC can undergo significant
changes during metastatic evolution [14-16], obtain-
ing fresh tissue material for biomarker testing immedi-
ately before treatment has rarely been performed in
routine practice. However, to achieve an optimal pre-
dictive performance of tissue-based biomarkers, it may
be important to consider these current molecular char-
acteristics in freshly obtained metastatic tissue sam-
ples, as it is done in other cancer entities, for example,
in breast cancer.

The advent of immunotherapies and novel targeted
therapies in the advanced UC setting has been accompa-
nied by novel and promising, mainly tissue-based bio-
markers. Given the exciting evolution of current precision
oncology, we conducted the present systematic analysis
of interventional clinical trials to describe past develop-
ments and the current state of tissue biomarker guidance
in the treatment of advanced UC.

Increasing Use of Precision Oncology in
the Treatment of Urothelial Carcinoma

Table 1. Expanded search strategy for bladder cancer in ClinicalTrials.
gov

bladder carcinoma

bladder tumors

Carcinoma of the Urinary Bladder
cancer of bladder

Tumor of urinary bladder

Tumor of Bladder

Tumor of the Urinary Bladder

bladder neoplasms
carcinoma of the bladder
cancer of the bladder
CARCINOMA OF BLADDER
Carcinoma of Urinary Bladder
Neoplasm of Urinary Bladder
Tumor of the Bladder

Applied filters: status recruiting, active not recruiting, completed.
Last searched: January 9, 2020.

Material and Methods

This analysis focused on the extent of biomarker testing in clin-
ical trials studying advanced UC that are registered in ClinicalTri-
als.gov. The ClinicalTrials.gov registry comprises research studies
worldwide and currently contains datasets on 379,473 research
studies in 50 US states and in 220 countries. It is provided by the
US National Library of Medicine (http://www.clinicaltrials.gov).

We systematically searched this publicly available database for
interventional studies on systemic tumor therapy for non-operable
and/or locally advanced (>T2) and/or metastatic (M1; according
to the 8th version of the TNM classification system of the UICC)
UC of the bladder or upper urinary tract conducted between 1995
and January 2020 (including all studies started in 2019). We used
the search function provided by ClinicalTrials.gov, which ex-
pands the search strategy according to an internal algorithm (last
searched: January 9, 2020). Table 1 summarizes details on the
comprehensive search strategy.

Two independent investigators (EK., M.E.) screened the re-
cords and included only active or completed studies. We excluded
non-interventional or observational studies, studies not includ-
ing UG, or studies evaluating nonsystemic or intravesical thera-
pies. Basket trials were included if inclusion of UC patients was
possible.

The two investigators independently extracted data, and dis-
agreement was resolved by discussion or by consultation with a
third investigator (CB) if required. To facilitate interpretation of
screened and included studies, we categorized study designs and
interventions as follows: (1) studies requiring an obligate biomarker
testing (e.g., Her2neu testing) versus studies not requiring baseline
biomarker testing as prerequisite for study participation (explor-
atory biomarker testing). (2) Mode of treatment: targeted therapy
with(out) chemotherapy; immune checkpoint inhibition with(out)
other treatment modality; adaptive cell therapy or cancer vaccines
or oncolytic viruses or immune modulation (excluding immune
checkpoint inhibition); targeted chemotherapy or antibody-drug
conjugates; conventional chemotherapy; gene therapy. (3) Require-
ments for tissue collection and biomarker testing: requirement of
fresh pretreatment/baseline tissue; requirement of archival or
freshly acquired tissue (if no archival tissue is available); require-
ment of archival tissue only; no tissue requirements stated per
study protocol. Where appropriate, methodology was designed,
conducted, and reported in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA) [17].
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Records identified from
ClinicalTrials.gov and screened
(n = 827)

Records removed after screening n=387
= bladder cancer not subject of study

= no systemic tumor therapy

= no interventional trial

= non-advanced or not metastasized

Records excluded (n = 84):

Assessment of full-text records
(n = 440)

= non-interventional/ observational trials n=55
= urothelial cancer not subject of trial n=15

= intravesical treatment/ no systemic treatment n=13
= cancer not subject n=1

n=43

Records included (n = 356)
= obligate biomarker testing as
prerequisite for study inclusion

= no biomarker testing as
prerequisite n=313

Fig. 1. PRISMA flowchart.

We descriptively analyzed the results. Statistical analysis was per-
formed with JMP SAS 13.2 (SAS Institute, Cary, NC, USA). An
ethics statement is not applicable because this study is based exclu-
sively on published literature.

Results

A total of 827 studies were identified through database
searching. After title screening, we assessed full-texts of
440 studies for eligibility and finally included 356 studies.
Figure 1 illustrates the search workflow. Of 356 included
records, 43 (12.1%) studies required an obligate biomark-
er testing as prerequisite for study inclusion and 313
(87.9%) did not (Fig. 1).

Study Characteristics

Of the 356 included studies, 113 (31.7%) enrolled
mixed cancer populations, and 243 (68.3%) enrolled only
participants with UC. The total number of studies allow-
ing enrollment of UC has steadily increased over the past
25 years (Fig. 2a). Of all 356 studies, 27 (7.6%) studies
evaluated adaptive cell therapy/cancer vaccines/onco-
lytic viruses or immune modulation, 1 (0.3%) study eval-
uated gene therapy, 7 (2%) studies evaluated targeted
chemotherapy/antibody-drug conjugates, 92 (25.8%)
studies evaluated conventional chemotherapy, 96 (27%)
studies evaluated immune checkpointinhibition with(out)
other treatment modalities, and 133 (37.4%) studies
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evaluated targeted therapy with(out) chemotherapy
(Table 2). We identified no differences in the rate of bio-
marker testing between studies including UC of the blad-
der only (Table 3).

While the number of conventional chemotherapy tri-
als decreased between 1995 and 2020, trials evaluating
immune checkpoint inhibition or targeted therapy in-
creased steadily (Fig. 2b). Trials exploring targeted thera-
pies or adaptive cell therapies, cancer vaccines, oncolytic
viruses, or other immune modulators remained at stable
levels between 1995 and 2020 (Fig. 2b).

Biomarker Testing/Exploration and Tissue

Requirements for Biomarker Testing/Exploration

Besides proper methodological biomarker testing,
the choice of the “right” tissue specimen for testing is
crucial for obtaining valid results due to well-known
processes of genetic and transcriptomic/proteomic tumor
evolution during local progression or metastatic evolu-
tion of many cancer entities. Thus, we further analyzed
which tissue sample requirements were stated in study
descriptions on ClinicalTrials.gov. Remarkably, of 43
studies requiring specific biomarker constellations for
study inclusion, only 3 (7.0%) required a fresh pretreat-
ment biopsy for testing of biomarkers with known vol-
atility (online suppl. Table 1; for online suppl material, see
www.karger.com/doi/10.1159/000527879). Usage of either
archival tissue or freshly acquired tissue biopsies (if no
archival tissue was available) was allowed in 14 studies
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Fig. 2. a Total number of studies recruiting
patients with urothelial cancer since 1995.
b Included studies stratified according to
mode of treatment.
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(32.6%). Two studies (4.7%) required archival tissue, and in
24 (55.8%) studies, no specific requirements for tissue col-
lection were stated (Table 4).

Of 356 studies, 43 (12.1%) required an obligate biomark-
er testing as a prerequisite for study inclusion (Table 3). The
most frequently tested biomarkers were overexpression
of Her2neu on protein level and ERBB2 gene amplifica-
tions. Online supplementary Table 1 contains a compre-
hensive summary of these 43 studies, including details on
required biomarkers. Biomarker testing was not required
as a prerequisite for study inclusion in 313 studies (87.9%;
Table 3). Remarkably, exploratory biomarkers of inter-
est were assessed in only 83 (26.5%) of these 313 studies.
However, as biomarkers may be of secondary impor-
tance (e.g., for conventional chemotherapy tolerability/
comparative trials) or of utmost importance (targeted

Increasing Use of Precision Oncology in
the Treatment of Urothelial Carcinoma

therapies, immunotherapies) in different therapy set-
tings, we further analyzed to what extent exploratory
biomarkers were investigated within specific study set-
tings. While testing/exploration rates for conventional
chemotherapy trials were predictably low at 4.4%, rates
of 54.3% for immune checkpoint inhibitor trials and
20.0% for targeted therapy trials were surprisingly low
(Table 5).

In the 313 studies without biomarker testing as a
prerequisite for study inclusion, tissue samples were col-
lected per study protocol in 37.3% of all studies (archival
tissue: 13.1%, archival tissue or freshly acquired tissue if
no archival tissue was available: 15%, fresh pretreatment
biopsy required: 9.3%; Table 4, 5). Interestingly, for spe-
cific study settings, the rate of tissue collection was high-
er than the rate of biomarker exploration/assessment,
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Table 2. Study characteristics

All studies
(n=356) (%)

Studies including
bladder cancer only
(n = 243) (%)

Mode of treatment

Adaptive cell therapy/cancer vaccines/oncolytic viruses or immune modulation 27 (7.6) 11 (4.5)

Gene therapy 1(0.3) 1(0.4)
Targeted chemotherapy/antibody-drug conjugates 7 (2.0 3(1.2)
Conventional chemotherapy 92 (25.8) 80 (32.9)
Immune checkpoint inhibition with(out) other treatment modalities 96 (27.0) 70 (28.8)
Targeted therapy with(out) chemotherapy 133 (37.4) 78 (32.1)

Table 3. Rates of biomarker testing in analyzed clinical trials
All studies Studies including

(n=356) (%) urothelial cancer only

(n=243) (%)

Obligate biomarker testing as prerequisite for study inclusion
No biomarker testing as prerequisite

No biomarker studied

Exploratory biomarker studied

43(12.1) 19(7.8)
313 (87.9) 224 (92.2)
230 (64.6) 166 (68.3)
83 (23.3) 58 (23.9)

Table 4. Summary of tissue requirements as stated per study protocol on “ClinicalTrials.gov” in analyzed clinical trials

All studies Studies including
urothelial cancer only

Obligate biomarker testing as prerequisite for study inclusion n =43 (%) n=19 (%)
Archival tissue 2(4.7) 2(10.5)

Archival tissue or freshly acquired tissue if no archival tissue available 14 (32.6) 6(31.6)
Tissue collection not stated 25 (58.1) 10 (52.6)
Fresh pretreatment biopsy required 2(4.7) 1(5.3)

No biomarker testing as prerequisite for study inclusion n=313 (%) n =224 (%)
Archival tissue 41 (13.1) 39(17.4)
Archival tissue or freshly acquired tissue if no archival tissue available 47 (15.0) 27 (12.1)

Tissue collection not stated 196 (62.6) 143 (63.8)
Fresh pretreatment biopsy required 29 (9.3) 15 (6.7)

as stated on ClinicalTrials.gov (e.g., immune checkpoint
inhibitor trials: biomarkers studied in 54.3% vs. tissue
collected in 83.7% of studies; Table 5).

Furthermore, it is important to note that acquisition
of fresh pretreatment biopsies (4.7% of studies with
biomarker prerequisites, 9.3% of studies without bio-
marker prerequisites) was remarkably low (Table 4, 5).
Especially for trials with biomarker prerequisites, the
rate of 4.7% for obtaining fresh pretreatment biopsies
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for assessment of requested biomarkers was extremely
low. However, for studies without biomarker prerequi-
sites, overall rates are not representative of specific study
settings where biomarker testing is more important
than in other settings.

As summarized in Table 5, however, collection rates
of fresh pretreatment/baseline biopsies were also ex-
tremely low in immune checkpoint inhibitor trials
(16.3%) and trials studying targeted therapies (5.7%),
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Table 5. Tissue requirements according to the mode of treatment

Adaptive cell therapy/  Gene therapy Targeted Conventional  Immune checkpoint Targeted
cancer vaccines/ chemotherapy/ chemotherapy inhibition +/— other therapy +/—
oncolytic viruses/ antibody-drug treatment modality chemotherapy
immune modulation conjugates

Obligate biomarker testing as prerequisite for study N =28 (%) N=0 (%) N =2 (%) N=1(%) N =4 (%) N =28 (%)

inclusion
Biomarkers studied per study protocol 8/8 (100) - 2/2 (100) 1/1 (100) 4/4(100) 28/28 (100)
Archival tissue 1/8(12.5) - 1/1(100) - 1/28 (3.6)
Archival tissue or fresh biopsy 1/8(12.5) - - - - 12/28 (42.9)
Tissue collection not stated 5/8(62.5) - 2/2(100) - 4/4 (100) 13/28 (46.4)
Fresh pretreatment biopsy required 1/8 (12.5) - - - - 2/28 (7.1)

No biomarker testing as prerequisite for study inclusion N=19 (%) N=1 (%) N=5 (%) N=91 (%) N =92 (%) N =105 (%)
Biomarkers studied per study protocol 8/19 (42.1) 0/1(0) 0/5(0) 4/91 (4.4) 50/92 (54.3) 21/105 (20.0)
Archival tissue 1/19 (5.3) - 1/5 (20.0) 1/91(1.1) 29/92 (31.5) 9/105 (8.6)
Archival tissue OR fresh biopsy 1/19 (5.3) - 3/5 (60.0) 0/91 (0) 32/92 (34.8) 11/105 (10.5)
Archival tissue AND fresh tissue 0/19(0) - 1/91(1.1) 1/92(1.1) 1/105 (1.0)
Fresh tissue 4/19(21.1) - - 1/91 (1.1) 15/92(16.3) 6/105 (5.7)
Tissue collection not stated 13/19 (68.4) 1/1(100) 1/5(20.0) 88/91 (96.7) 15/92(16.3) 78/105 (74.3)

where the predictive potential of specific biomarkers has
been explored in the past (e.g., expression of PD-L1 on
immune and/or tumor cells).

Discussion

Biomarker testing is necessary for individualized sys-
temic treatment. Here, we evaluated the role of biomarker
testing in interventional studies including participants
with advanced UC that were registered in ClinicalTrials.
gov. The total number of studies including patients with
UC has continuously increased during the past 25 years.
The highest increase in terms of total available trials was
observed after 2015, when most of the large immuno-
therapy trials in advanced UC were initiated. UC is still
a relatively neglected urological malignancy when com-
pared to other cancers like breast or lung cancer and other
urological cancer types like prostate and kidney cancer.
However, several years ago, a steady increase began in
the numbers of new publications per year for UC sev-
eral years ago [18]. Currently, a decline of conventional
chemotherapy trials in advanced UC can be observed,
while studies investigating novel targeted or immuno-
therapeutic agents accounted for the majority of newly
registered trials.

In the new era of precision oncology, an evaluation
of specific druggable targets is becoming more and
more critical. However, the majority of studies including
immunotherapy or targeted therapy trials did not state
in the study protocol on “ClinicalTrials.gov” whether

Increasing Use of Precision Oncology in
the Treatment of Urothelial Carcinoma

biomarker testing or exploration was needed. Important-
ly, in studies with an obligate biomarker testing as a pre-
requisite for study inclusion, only 7.0% required a fresh
pretreatment biopsy, and the majority of studies did not
provide any information on how tissue collection should
be carried out. In studies with no required biomarker test-
ing as prerequisite for study inclusion, biomarkers were
explored in a substantial number of trials, especially in
studies exploring the efficacy of novel immunotherapies
(mainly immune checkpoint inhibitors). However, the
majority of immune checkpoint inhibitor trials allowed
the collection of archival tissue, and only a minority re-
quired fresh pretreatment tissue biopsies. This has to be
seen very critically in the background of past studies,
which showed that immunological biomarkers like PD-
L1 are very volatile and can differ greatly between pri-
mary and metastatic tumor sites [16]. Although this has
not been proven systematically yet, this “primary-to-
distant heterogeneity and volatility” might be an impor-
tant contributor to the PD-L1 biomarker “dilemma” in
advanced UC [19].

One especially interesting example among the immu-
notherapy trials is the MAGNOLIA trial. Based on the
observation that MAGE-A3 antigen expression in UC is
associated with poor prognosis, the MAGNOLIA trial
recruited histologically confirmed MAGE-A3 positive
UC of the bladder and aimed to evaluate the safety and
efficacy of adjuvant recombinant MAGE-A3 immuno-
therapy in combination with an immunostimulant after
cystectomy for muscle-invasive bladder cancer. MAGE-
A3 positivity was a prerequirement for study inclusion,

Urol Int 2023;107:480-488
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and biological samples (tissue, blood, serum, and urine)
were therefore collected for translational research [20].
However, the trial recruitment was stopped early because
of negative outcomes in trials evaluating melanoma and
lung cancer [20]. Consequently, the MAGNOLIA trial
was not able to investigate the potential efficacy of anti-
MAGE-A3 therapy in UC.

Translational research is the backbone of clinical sci-
entific investigations, and it is a positive signal that bio-
marker testing in UC studies has been increasing during
the last 25 years. However, the majority of studies did not
state a biomarker testing in their study protocols, and
even half of studies evaluating novel therapy concepts
such as targeted therapy and immune checkpoint inhibi-
tion did not present information on biomarker testing on
ClinicalTrials.gov. It is well known that the molecular
characteristics of bladder cancer change during the time
course of advanced disease (e.g., volatile immunological
biomarkers such as PD-L1) [16], and that it is actually
necessary to take a fresh tissue sample from the tumor -
or even better - from a metastatic lesion [5, 21-25]. In
other cancer types (e.g., breast cancer), it is good clinical
practice to rebiopsy recurring or progressing disease be-
cause it is well known that the molecular state of the tu-
mor can change and targetable molecular alteration can
be found in recent biopsies due to selection by previous
therapy. However, only 7% of studies with required bio-
marker testing demanded a fresh pretreatment biopsy
that reflects the current state of disease. Pretreatment bi-
opsies in advanced or metastatic UC must be explicitly
addressed and supported.

We found that 12% of all studies evaluating systemic
tumor therapy in patients with advanced or metastatic
UC required an obligate biomarker testing as a prerequi-
site for study inclusion. There is no information in bio-
medical databases on the number of studies with required
biomarker testing in other cancer types. It, therefore, re-
mains unclear if this percentage is comparable in bladder
cancer. However, from a translational point of view, it
would be worthwhile to increase this number. On the other
hand, in studies with no required biomarker testing as a
prerequisite for study inclusion, 23.3% of studies tested,
nevertheless, a biomarker; also, 37.3% of studies collected
tissue (fresh and/or archival tissue). There is, theoreti-
cally, more tissue available for translational research.

The present report has potential limitations. Studies
evaluating advanced or metastatic UC were assessed in the
ClinicalTrials.gov database. It is possible that further trials
requiring biomarker testing are currently underway, but
they have not been registered in this database. Another
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limitation includes that all trials were analyzed indepen-
dent of their completion status (also potentially failed
studies or studies which never generated relevant re-
sults). We, however, assume that our evaluation is repre-
sentative of the actual study landscape in UC research
(time span 1995-2020) and that the amount of biomark-
er testing in non-muscle-invasive bladder cancer might
be even smaller. However, UC is a highly heterogeneous
disease, and it is well known that current classification
systems do not cover the entire disease [12]. Current re-
search has improved our understanding of UC biology,
leading to the identification of several molecular sub-
types that might predict treatment response [12, 26]. In-
teraction of DNA damage and DNA repair mechanisms
may predict treatment response and provide the possi-
bility of further therapy approaches [10, 27-29]. Changes
in DNA repair signaling pathways using FGFR or PARP
inhibitors are currently being tested in clinical trials
[30]. The biological meaning of these molecular sub-
types has not thoroughly been considered and - in order
to move toward precision medicine - it might be worth-
while to ensure these findings by further biomarker test-
ing in clinical trials.

Conclusion

In conclusion, we present a comprehensive overview
on the clinical trial landscape of biomarker-based clinical
trials for patients with advanced UC. More and more
studies using biomarker-guided interventions for the
treatment of advanced UC were recently initiated. How-
ever, studies investigating druggable targets in actual UC
biopsies are still rare and need to be promoted.
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