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Oliver Hakenbergg, Arnulf Stenzlh, Maximilian Burgeri, Beate Peschj,
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Abstract. Marker research, and in particular urine bladder cancer marker research throughout the past three decades, devours
enormous scientific resources in terms of manpower (not to mention time spent on reviewing and editorial efforts) and financial
resources, finally generating large numbers of manuscripts without affecting clinical decision making. This is mirrored by
the fact that current guidelines do not recommend marker use due to missing level 1 evidence.

Although we recognize the problems and obstacles, the authors of this commentary feel that the time has come to abandon
the current procedures and move on to prospective trial designs implementing marker results into clinical decision making.
Our thoughts and concerns are summarized in this comment.
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Urine biomarker sensitivity and specificity reports
represent the backbone when evaluating the per-
formance of urine tumor markers for diagnosis of
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bladder cancer (BC). Nonetheless, decades of res-
earch in this field, frequently conducted in patients
with established diagnoses of BC, has not yet yielded
a set of markers that either reliably supports or
replaces cystoscopy in patients who exhibit symp-
toms indicative of BC. This is reflected by the fact
that current guidelines do not recommend routine
marker use due to missing level 1 evidence [1–3].
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Thus, the usefulness of current research strategies
must be questioned.

Even today, many clinical trials aimed at evaluating
biomarker performance are case-control studies com-
paring patients with known disease to an often poorly
defined healthy control group. The data retrieved
from these study types will inevitably overestimate
sensitivity if the same biomarker is evaluated in
patients during routine follow-up for non-muscle-
invasive bladder cancer (NMIBC) with mostly very
small tumor recurrences. Recognizing that a signif-
icant number of the current study designs does not
reflect a clinical scenario indicates that only prospec-
tive longitudinal assessment will provide reliable
information.

So far, only one randomized controlled trial (RCT)
is available that addresses the use of biomarkers in
patient surveillance. This RCT questions the sensi-
tivity of urethrocystoscopy (UCS) as the reference
standard by using a urinary biomarker (microsatel-
lite analysis (MA)) [4]. The authors observed that
knowing the test outcome prior to UCS had a pro-
found impact on the actual results [4, 5]. In 131
UCS performed with knowledge of a positive test, 42
recurrences were detected, while only 6 recurrences
were found at 120 UCS without this information
[5]. Hence, substantial under-estimation of sensitivity
occurred if the urologist was not aware of the urine-
test outcome. Specificity did not differ between both
arms (73%).

It must be considered that biomarkers may be posi-
tive in an anticipatory way even months before tumor
recurrence becomes endoscopically visible [6]. This
situation may be observed in up to 17% of cystoscop-
ically “negative” patients. Despite the long search for
less invasive methods for follow-up of BC patients,
this phenomenon remains heavily understudied. Fur-
thermore, molecular alterations typically associated
with cancer driver mechanisms have been observed
in the urothelium of healthy individuals using NGS
methods [7], but the relevance to biomarker usage
needs further investigation.

Due to a lack in available data, it remains unclear,
how to respond to a positive marker result in a follow-
up situation. While a thorough work-up of lower
and upper urinary tract, potentially including random
biopsies may be indicated in high-risk patients, this
procedure might trigger over-diagnosis in patients
with a low risk NMIBC. The fact, that longitudi-
nal assessments demonstrate that a positive test may
be followed by subsequent negative results further
complicates decision making [8]. Furthermore, we

need to study the role of field-effect alterations, which
may cause positive biomarker tests in patients with
negative cystoscopy [9].

For most biomarkers, sensitivity and specificity
represent two pans on a scale: when one pan goes
up, the other comes down. Consequently, the choice
of biomarker and cut-off must consider the type of
sensitivity that is clinically desired. It is obvious that
high sensitivity is of utmost importance in surveil-
lance of high risk NMIBC, while specificity in this
context appear less relevant. The role of urine markers
in this scenario is thus to improve sensitivity of UCS
[10]. This may be different in surveillance of low-risk
tumors where it is questionable if detection of very
small lesions is desirable. It is conceivable that new
definitions of the required sensitivity in these patients
may include freedom from symptoms and a surgically
manageable tumor size along with the necessity not
to overlook tumor progression as a mandatory safety
measure [11].

With regard to specificity, there is a difference if
a biomarker is investigated as part of a screen of
young healthy controls, or in patients under surveil-
lance for high risk NMIBC, who also frequently
suffer from other urological diseases [10]. There-
fore, information on sensitivity and specificity is only
useful together with comprehensive information on
the background of data, sample retrieval and clinical
task/circumstances. Meta-analyses of heterogeneous
patient cohorts frequently derived from studies of
debatable quality may yield results which require
critical consideration.

In summary, current use and understanding of the
assessment of sensitivity and specificity for urine
biomarkers generates results that are difficult to apply
to clinical questions, and continuation of current
research practice is unlikely to yield results affecting
clinical decision making. Thus, the authors feel that
after decades of stagnation time has come to change
to prospective trials and implement urine markers into
clinical decision-making. Efforts, such as BLU-P and
UroScreen or RCTs, e.g. CeFUB [4, 5], UroFollow
[11], and SEALS Xpert, represent important steps in
this direction and should pave the way to high qual-
ity marker research, shed new light on sensitivity and
specificity and yield valid figures to permit subse-
quent translation into clinical decision making in the
future.
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