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Policy Description

Bladder cancer is defined as a malignancy that develops from the tissues of the bladder. It is the
most common cancer of the urinary system. The cancer typically arises from the urothelium,
although it may originate in other locations such as the ureter or urethra.!

Tumor biomarkers are proteins detected in the blood, urine, or other body fluids that are
produced by the tumor itself or in response to it. Urinary tumor markers may be used to help
detect, diagnose, and manage some types of cancer including bladder cancer.?

Indications

1. Urinary biomarkers (bladder tumor antigen (BTA) test, nuclear matrix protein (NMP22) test,
or fluorescence in situ hybridization (FISH) UroVysion Bladder Cancer test) is considered
reimbursable in any of the following situations:

a. Asan adjunct in the diagnostic exclusion of bladder cancer for individuals who have an

atypical or equivocal cytology.
b. As an adjunct in the monitoring of high-risk, non-muscle invasive bladder cancer.

2. As an adjunct to cystoscopy or cytology in the monitoring of individuals with bladder cancer,
the use of fluorescence immunocytology (ImmunoCyt/uCyt) is considered reimbursable.
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The following are not reimbursable due to a lack of available published scientific literature
confirming that the test(s) is/are required and beneficial for the diagnosis and treatment of an
individual's illness.

3. For the evaluation of hematuria, to screen for bladder cancer in asymptomatic individuals, to
diagnose bladder cancer in symptomatic individuals, or for any other indication not
discussed above, the following tests is not reimbursable:

a. Urinary biomarkers (bladder tumor antigen (BTA) test, nuclear matrix protein (NMP22)
test, or fluorescence in situ hybridization (FISH) UroVysion Bladder Cancer test).
b. Fluorescence immunocytology (ImmunoCyt/uCyt).

4. Any other urinary tumor markers for bladder cancer not mentioned above is not

reimbursable.

Coding

Code Description

86294 Immunoassay for tumor antigen, qualitative or semiquantitative (e.g., bladder tumor
antigen)

86316 Immunoassay for tumor antigen, other antigen, quantitative (e.g., CA 50, 72-4, 549),
each

86386 Nuclear Matrix Protein 22 (NMP22), qualitative

88120 Cytopathology, in situ hybridization (e.g., FISH), urinary tract specimen with
morphometric analysis, 3-5 molecular probes, each specimen; manual

88121 Cytopathology, in situ hybridization (e.g., FISH), urinary tract specimen with
morphometric analysis, 3-5 molecular probes, each specimen; using computer-assisted
technology

88346 Immunofluorescence, per specimen; initial single antibody stain procedure

88350 Immunofluorescence, per specimen; each additional single antibody stain procedure
(List separately in addition to code for primary procedure)

Note: CPT codes, descriptions and materials are copyrighted by the American Medical Association (AMA). HCPCS
codes, descriptions and materials are copyrighted by Centers for Medicare Services (CMS).



Table of Terminology

AACC American Association for Clinical Chemistry
ACS American Cancer Society

AHRQ Agency for Healthcare Research and Quality
AMH Asymptomatic microhematuria

ASCO American Society of Clinical Oncology
ASTRO American Society for Radiation Oncology
AUA American Urological Association

AUC Area under the curve

BC Bladder cancer

BCG Bacillus urvivin-guerin

BLCA-1 Bacillus collagen-like protein of anthracis
BLCA-4 Bacillus collagen-like protein of anthracis
BTA Bladder tumor antigen

CbC Centers For Disease Control and Prevention
CFHrp Complement factor H-related protein

CIS Carcinoma in situ

CK Cytokeratins

CLIA '88 Clinical Laboratory Improvement Amendments of 1988
CMS Centers for Medicare and Medicaid Services
CXCR2 C-X-C motif chemokine receptor 2

DNA Deoxyribonucleic acid

EAU European Association of Urology

EIA Enzyme immunoassay

FDA United States Food and Drug Administration
FISH Fluorescence in situ hybridization

hCFHrp Complement factor H-related protein

HTA Health technology assessment

ICUD-SIU International Consultation on Urological Diseases & Société Internationale d'Urologie

LDTs Laboratory-developed tests



MH Microhematuria

MRI Magnetic resonance imaging

NACB National Academy of Clinical Biochemistry Laboratory Medicine
NCCN National Comprehensive Cancer Network

NCI National Cancer Institute

NED Non-evidence of disease

NID2 Nidogen 2

NMIBC Non-muscle invasive bladder cancer

NMP22 Nuclear matrix protein 22

NMP52 Nuclear matrix protein 52

PCR Polymerase chain reaction

RCTs Randomized controlled trials

SUFU Society of Urodynamics, Female Pelvic Medicine & Urogenital Reconstruction
SUO Society of Urologic Oncology

TWIST1 Twist-related protein 1

uCyt+ ImmunoCyt test

USPSTF US Preventive Services Task Force

uT Urine derived tumor

utDNA Urine derived tumor deoxyribonucleic acid

Evidence Review

Scientific Background

Each year in the United States, the American Cancer Society estimates there are about 83,190
new cases of bladder cancer and about 16,840 deaths from bladder cancer.? Bladder cancer is
the sixth most common cancer in the United States, affects men four times more frequently than
women, and is typically diagnosed in individuals above the age of 40, with 73 the median age at
diagnosis.*® Bladder cancer risk factors include smoking, a family history of the disease, pelvic
radiation, obesity, diabetes, and chronic infection of the urinary tract.



Bladder cancer commonly presents as painless hematuria (blood in urine) and may be gross
(visible) or microscopic. Gross hematuria tends to increase the likelihood of bladder cancer, but
hematuria as a whole may be transient or due to non-cancer related causes.® Other common
symptoms of bladder cancer include pain or irritative and obstructive voiding symptoms such as
urge incontinence, dysuria, straining, or nocturia. These symptoms are often mistaken for
another condition such as kidney stones, can be temporary, and are not necessarily specific for
bladder cancer.” In fact, hematuria is the most common symptom of bladder cancer, but a study
reported a 13% prevalence rate of bladder cancer out of 6728 patients with hematuria.>®
Approximately 70%-75% of patients present with superficial tumors (50 — 70% of which can
recur but are usually not life threatening), and 25%-30% present as invasive tumors with a high

risk of metastasis.”°

Cystoscopy (white light) is the gold standard for a diagnosis of bladder cancer. This procedure
involves a bladder examination and urine sample for cytology. Any lesions are observed and
recorded. Cystoscopy does not detect all malignancies or visualize the upper urinary tract.
Furthermore, although cystoscopy is minimally invasive, it may be uncomfortable and promote
anxiety, which can lead to suboptimal compliance with management recommendations.
Fluorescent cystoscopy is somewhat more efficient at detecting tumors than white light
cystoscopy; although, it comes with its own set of issues such as higher false-positive rates and
costs.”"" Cytology, or the analysis of cells in urine, is often completed in addition to cystoscopy
analysis.

Although cystoscopy has long been the gold standard for a diagnosis of bladder cancer, its high
cost and unpleasant burden has led to the search for a non-invasive test that can match the
high specificities and sensitivities set by cystoscopy. Urinary biomarkers including “Cell-free
proteins and peptides, exosomes, cell-free DNA, methylated DNA and DNA mutations,
circulating tumor cells, miRNA, IncRNA, rtRNA and mRNAs" have now been identified for
bladder cancer diagnostic purposes.’ Urine is exposed to urothelial tissue in many different
locations, and therefore has the potential to contain several biomarkers associated with cancer.
Validation of these biomarkers could lessen the use of cystoscopy as well as increase the overall
sensitivity for bladder cancer identification.” However, because of the lower disease prevalence
in a screening population, even in those at increased risk, the use of biomarkers for screening is
not cost effective or recommended.' Despite the promise of urine biomarkers, cystoscopy
remains the procedure of choice both for initial diagnosis and for surveillance in previously
treated patients.

Epigenetic changes may also play an important role in bladder cancer tumorigenesis. These
changes are becoming more prevalent as identification rates increase due to improvements in
high-throughput DNA sequencing technologies. Epigenetic changes can “regulate [the] gene
expression outcome without changing the underlying DNA sequence” with alterations based on



DNA methylation, nucleosome positioning, microRNA regulation and histone medications. All
these epigenetic-based changes are distorted in each human cancer type. “A substantial portion
(76%) of all primary bladder tumors displays mutations in at least one chromatin regulatory

gene. These mutations cause epigenetic dysregulation in bladder cancers.”™

Numerous other urinary biomarkers have been proposed as contributors to management of
bladder cancer.

Other nuclear matrix proteins aside from NMP22 have been investigated. NMP52, BLCA-4, and
BLCA-1 have all been studied as potential markers. Initial data for these markers appears
promising, but most likely requires further evaluation.™

Cytokeratins, protein components of the cell structure, have also been identified as possible
markers. Cytokeratins ("CK"), -8, -18, -19, and -20 have been considered for use in bladder
cancer evaluation. However, further data is needed."

Other markers that have been considered as potential indicators of bladder cancer include the
following:

Telomerase is an enzyme that adds telomeres to the ends of chromosomes. This enzyme is only
expressed in proliferating cells such as cancer cells, thereby lending credence to its use as a
cancer marker. Despite its high sensitivity, its clinical application is limited, as the current assay
used to detect telomerase is “significantly” affected by sample collection and processing."’

Hyaluronic acid is a polysaccharide that promotes tumor progression and metastasis. It is
cleaved by hyaluronidase, which creates smaller fragments of the polysaccharide that further
promote tumor angiogenesis. This pair of markers has been found to detect low-grade and low-
stage disease with higher sensitivities than other markers, but requires further data for
evaluation."

Fibrin degradation products may also be useful in detection of cancer. High levels of vascular
endothelial growth factor can increase the permeability of surrounding cellular structures, which
cause serum proteins to “leak.” These proteins are eventually degraded to fibrin, and then to
fibrin degradation products.”

Survivin is an apoptosis inhibitor. Survivin is frequently elevated in cancers, but virtually
undetectable in normal tissues. However, no commercial assays for Survivin exist as of time of
writing."!

Finally, miRNA markers have been considered for use in bladder cancer management. These
markers are small sequences of non-coding RNA that contribute to gene expression regulation.
MiRNAs-126, -200c, -143, and -222 have all been considered to have “promising” results.™



Proprietary Testing

The two most studied urinary biomarkers are bladder tumor antigen (BTA) and nuclear matrix
protein 22 (NMP22). The BTA test is designed to detect complement factor H-related protein
(hCFHrp) which is elevated in cancer cells. This test is available in both a quantitative and
qualitive version, and its manufacturer-recommended cut-off is 14U/ML.""® The BTA stat test
and the BTA TRAK test are available from Polymedco and measure qualitative and quantitative
detection of bladder tumor-associated antigen, respectively. Similarly, the NMP22 test is
designed to detect a protein that is more highly available in cancer cells than normal cells. In this
case, cancer cells release more NMP22 into the urine following apoptosis than normal cells do.
The NMP22 tests are also available in a quantitative and qualitative version, and its FDA-
approved cut-off is 10U/ML."""'8 A number of proprietary tests exist revolving around one of
these two biomarkers, including Abbott's “Alere NMP22 BladderCheck.""®

The FDA has approved two additional tests for urinary biomarkers. One is UroVysion, which is
designed to detect chromosomal alterations that are distinctive of bladder cancer. This test is a
fluorescent in situ hybridization (FISH) assay that uses DNA probes to detect alterations (such as
aneuploidies) on chromosomes 3, 7, and 17 or loss of the 9p21 locus. The second test is known
as ImmunoCyt (or uCyt+) that uses a similar fluorescent technique to detect certain
glycoproteins that are expressed solely on cancerous cells."

Recently, Pangea Laboratory has created a laboratory developed test termed Bladder CARE
which measures the methylation status of specific DNA biomarkers in urine for the detection of
bladder cancer via an at-home collection kit. This non-invasive test has not been approved by
the FDA, is purported to be more cost-effective, and uses an epigenetic-based detection
approach. Specifically, the methylation of bladder cancer DNA biomarkers are measured.®® As
little as 5 ng of urine DNA from a 100 Ml urine sample is required, and it has a limit detection of
0.1% leading to the identification of a single cancerous cell in a sample of 1,000 normal cells.
The authors claim that Bladder CARE has a sensitivity of 94% and specificity of 86%, allowing for
the identification of 88% of low-grade bladder cancer cases; these results are based on a study
completed by Pangea Laboratory and Zymo Research which analyzes urine samples from 182
patients (97 with bladder cancer and 85 healthy controls).”’

Another test, termed the Bladder EpiCheck test, has been developed by the Israeli company
Nucleix. This non-invasive epigenetic urine test helps to detect bladder cancer with a panel of 15
DNA methylation biomarkers. Nucleix reports a sensitivity of 92%, a specificity of 88% and a
negative predictive value of 99% for the Bladder EpiCheck test; these results are based on a
multi-center clinical study with 353 bladder cancer patients.?? Similar results have been reported
by D'Andrea, et al. (2019). However, this test is not available in the United States.?



Another test, termed “UBC Rapid” has been developed by the Swedish company ODL Biotech.
This point-of-care test measures soluble fragments of cytokeratins 8 and 18 in urine samples.
The test can produce results within 10 minutes and may be tested with hematuria-containing
samples. UBC Rapid is the only quantitative point of care test platform for urine-based detection
of bladder cancer.* Ecke et al. (2018) performed a validation of this test, which encompassed
242 patients with bladder cancer (134 non-muscle-invasive low-grade tumors, 48 non-muscle-
invasive high-grade tumors, 60 muscle-invasive high-grade tumors), 62 patients with non-
evidence of disease [NED], and 226 healthy controls. The authors found a sensitivity of 38.8% for
non-muscle-invasive low-grade bladder cancer, 75% for non-muscle-invasive high-grade
bladder cancer and 68.3% for muscle-invasive high-grade bladder cancer. Specificity over the
entire cohort was 93.8%.%

The URO17 assay by KDx Diagnostics, an immunohistochemistry-based test that detects the
presence of the oncoprotein keratin 17 in bladder cancer and urogenital cancer. Unlike other
urine-based test URO17 can detect patients with visible or invisible hematuria, which allows for
early diagnosis. URO17 can also detect recurrent bladder cancer in patients under surveillance
for relapse.?® The test has 100% sensitivity and 96% specificity for detecting bladder cancer from

urine samples.?’?

Nonagen Bioscience released Oncuria, an in-vitro multiplex immunoassay, which detects protein
biomarkers associated with bladder cancer in the urine. This non-invasive test detects ten
proteins from a single urine sample in patients with hematuria with suspicion of bladder cancer.
Biomarker levels are combined in a weighted algorithm to aid in the prediction of responding to
Bacillus Calmette-Guerin (BCG) therapy in patients with intermediate to high-risk, early-stage
bladder cancer.?®

The Xpert Bladder Cancer Monitor can be used as a diagnostic in a population of patients with a
history of non-muscle invasive bladder cancer (NMIBC). The test was designed for use in follow-
up of patients undergoing routine surveillance. Pichler, et al. (2018) enrolled 140 patients with a
history of NMIBC and the patients underwent urine cytology using the Paris classification
system. Urinary specimens were also analyzed with PCR using the Xpert BC monitor, which
measures five target mRNAs (ABL1, CRH, IGF2, UPK1B, and ANXA10). The overall sensitivity of
the Xpert BC Monitor was 0.84 with an NPV of 0.93. The authors write that this was “significantly
superior” to the sensitivity of bladder washing cytology (0.33 and 0.76; P < 0.001). Another
subgroup analysis confirmed the sensitivity as compared to barbotage cytology.*

D'Elia, et al. (2021) also performed a study tracking follow-up and diagnostic utility of the Xpert
BC for patients with a history of NMIBC. This prospective study was done using 1015 samples

from a group of 416 patients. Patients had a urinary cytology, the Xpert Bladder Cancer monitor
test, and cystoscopy. If the cystoscopy was positive, a transurethral resection of the bladder was
completed. The Xpert BC test identified 168 recurrent tumors: 126 were low-grade and 42 were



high-grade; the overall sensitivity was 17.9% for cytology, 52.4% for the Xpert BC test and 54.2%
for the two tests combined. Overall specificity was 98.5% for cytology, 78.4% for the Xpert BC
test, and 78.2% for the two tests combined.?’

Analytical Validity

Piao, et al. (2019) have developed a way to differentiate patients with bladder cancer from
patients with a nonmalignant hematuria without bladder cancer by measuring urinary cell-free
microRNA expression. This study shows that the non-invasive measurement of urinary
microRNA-6124 and microRNA-4511 can be used as a diagnostic tool with a sensitivity of
>90%.% This testing method will help to reduce the number of unnecessary cystoscopies in
patients with hematuria that are being evaluated for bladder cancer.

The performance of an epigenetic-based bladder cancer detection tool has been evaluated by
Fantony, et al. (2017); the urine-based TWIST1/NID2 methylation assay has been analyzed for
the detection of urothelial carcinoma via the addition of urine cytology. This multi-institutional
study analyzed data from 172 patients. The authors note that “The AUC [area under the curve]
for cytology alone with equivocal cytologies positive was 0.704 and improved to 0.773 with the
addition of the DNA methylation assay (p < 0.001).”** The authors conclude by stating that this
TWIST1/NID2 methylation assay is a sensitive diagnostic tool that adds value to urine cytology
for the detection of urothelial carcinoma, which is the most common type of bladder cancer.

Soubra and Risk (2015) found the sensitivity of fluorescent cystoscopy to be 0.92 and the
sensitivity of white light cystoscopy to be 0.71; the specificity of fluorescent cystoscopy was
lower at 0.57, and the specificity of white light cystoscopy was identified at 0.72. Furthermore,
fluorescent cystoscopy's sensitivity for carcinoma in situ (which is difficult to visualize) was
measured at 0.924, while white light cystoscopy’s sensitivity for carcinoma in situ was much
lower at 0.605, but these differences tended to decrease on higher grade lesions.** Cytology is
also a common analytic technique in addition to cystoscopy. Its overall sensitivity is low at 0.34
and its sensitivity for grade 1 and 2 tumors is even lower at 0.12 and 0.26, respectively.*

Breen, et al. (2015) compared the sensitivity and specificity values of four diagnostic tests
(cytology, NMP22, UroVysion, and CxBladder); CxBladder was found to have the highest
sensitivity at 74% and cytology was identified with the highest specificity at 95%. The authors
report comparable sensitivity values for cytology, NMP22, and UroVysion at 46%, 45.9% and
47.7% respectively.® It is important to note that even though CxBladder is reported to have the
highest sensitivity, the specificity (81.7%) is the lowest; the other tests were reported to have
superior specificities with NMP22 at 88%, and UroVysion at 87.7%.%

Sathianathen, et al. (2018) published a study focusing on biomarkers in patients presenting with
hematuria. This study encompassed BTA, NMP22, FISH, and uCyt+, as well as a fifth biomarker



known as AssureMDx. Sensitivities ranged from 0.67 (BTA) to 0.95 (AssureMDx, second highest
was uCyt+ at 0.83) while specificities ranged from 0.68 (BTA) to 0.93 (quantitative NMP22).
However, this data is consistent with the previously published meta-analysis that covered all
settings, not just hematuria.*® Cytology was also found to have superior specificity to all studied
biomarkers; although, biomarkers tended to have better sensitivity. The authors concluded that,
due to the high heterogeneity and small sample size, more studies were needed to validate
biomarkers to replace diagnostic evaluation of hematuria.*’

Although many studies emphasize the high validity of biomarkers such as NMP22 and BTA,
these studies often have a large proportion of high-grade tumors which inflate the specificity
and sensitivity; hence, the problem of identifying low-grade cancers remains. There may be
changes at the genetic level in a low-grade cancer, but the proteins tested in the urine may still

be relatively normal.’

Another issue is the conflicting results for the validity of the biomarkers.
For example, the sensitivity of the quantitative NMP22 test has been found to range from as low
as 0.26 to 1.00 with its specificity ranging from 0.49 to 0.98. Similarly, the BTA STAT test's
sensitivity and specificity have been found to range from 0.29 to 0.91 and from 0.54 to 0.86
respectively.'® For comparison, a study found the sensitivity and specificity of flexible cystoscopy

(out of 778 hematuria patients) to be 0.98 and 0.938, respectively.?

Dudley, et al. (2019) have developed a novel high-throughput sequencing method that uses
urine derived tumor DNA (utDNA) known as utDNA CAPP-Seq (Ucapp-Seq) to detect bladder
cancer. This technique was used to analyze samples from 118 patients with early-stage bladder
cancer and 67 healthy adults. "We detected utDNA pretreatment in 93% of cases using a tumor
mutation-informed approach and in 84% when blinded to tumor mutation status, with 96% to
100% specificity.”* These results show that utDNA can be used to diagnose early-stage bladder
cancer with high sensitivity and specificity.

Hirasawa, et al. (2021) studied the diagnostic performance of Oncuria, a multiplex immunoassay
urinalysis test for bladder cancer. Urine samples from 362 subjects with suspicion of bladder
cancer were measured using Oncuria for ten biomarkers (ATAT, APOE, ANG, CA9, IL8, MMP9,
MMP10, PAI1, SDC1 and VEGFA). Results of the test were confirmed by cystoscopy and tissue
biopsy. “The Oncuria test achieved a strong overall diagnostic performance, achieving an overall
AUC of 0.95, sensitivity and specificity values of 93% and 93%, respectively, and a negative
predictive value (NPV) and positive predictive value (PPV) of 99% and 65%, respectively. The
Oncuria test shows promise for clinical application in the non-invasive diagnosis and surveillance

bladder cancer, and potentially for screening at-risk, asymptomatic individuals."*°

Clinical Utility and Validity

A meta-analysis of 57 studies detailed the accuracy of several biomarkers for the diagnosis and
surveillance of bladder cancer. These included the six FDA-approved tests (quantitative and



qualitive NMP22, quantitative and qualitative BTA, FISH, and uCyt+) as well as a laboratory
developed test that does not require FDA approval termed CxBladder. Sensitivities ranged from
0.57 (qualitative NMP22) to 0.82 (CxBladder); however, the CxBladder cohort was only comprised
of one study. The specificities ranged from 0.74 (quantitative BTA) to 0.88 (qualitative NMP22).
Sensitivity increased as a tumor progressed (higher grade or stage) with low accuracy for lower
stage or grade tumors. A cytologic evaluation performed with a biomarker assessment increased
sensitivity as well but missed about 10% of cases. Ultimately, the authors concluded that urinary
biomarkers reported many false-positive results and failed to identify a large percentage of
patients with bladder cancer.?® The authors also noted that this was the first study which focused
on the measurement of clinical outcomes based on urinary biomarkers.

The ideal marker will be “easier, better, faster, and cheaper.”*' Overall, although there have been
numerous promising studies for the clinical utility of these urinary biomarkers, the biomarkers
do not yet measure up to the standards set by cystoscopy as the primary method of diagnosis.
Most of the biomarkers are yet to be well-validated and the ones that are, such as NMP22 and
BTA, fall short of cystoscopy’s standards.” Furthermore, because of the lower disease prevalence
in a screening population, even in those at increased risk, the use of biomarkers for screening is
not cost effective or recommended.™ Although the cost of tests is non-clinical, it is still a crucial
issue; the BTA and NMP22 tests are relatively inexpensive at $25 but ImmunoCyt costs around
$80 and the CxBladder and UroVysion cost $325 and $800, respectively.” For comparison, a
cystoscopy cost around $210 in 2016, and a cystoscopy with a biopsy cost about $370.# These
biomarkers to date have not been highly recommended within any clinical guidelines. Therefore,
the authors concluded that biomarkers have not had significant effect on clinical decision-
making.*’

An in-depth health technology assessment (HTA) of CxBladder test was performed by Landaas,
et al. (2020) integrating clinical data and real-world usage scenarios to highlight the test's
sensitivity and specificity. Data from a vendor-funded study showed sensitivity of 91% and
specificity of 60% for CxBladder; another study indicated a sensitivity of 0.82 and specificity of
.85. The authors also noted an Agency for Healthcare Research and Quality (AHRQ)-funded
systematic review by Chou, et al. (2015) highlighting the high false-positive rate and poor
accuracy of CxBladder for low-stage and low-grade tumors. The AHRQ concluded that urinary
biomarkers like CxBladder would miss a substantial portion of bladder cancer cases and tests
were subject to false positive results.®

A follow-up pilot study by Landaas, et al. (2020) was initiated at UW Medicine to analyze the
best use-case scenario for CxBladder. The pilot study involved patients with a history of
urothelial carcinoma, comparing those tests with CxBladder (group 1) to a control group (group
2). Group 1 patients underwent various follow-up tests including urine cytologies, cystoscopies,
and biopsies, with recurrence detected in two out of six patients within the study period. Group



2, without CxBladder testing, had three out of six patients with detected recurrence. The study
essentially found no significant differences in follow-up tests between the two groups. These
findings underscore the complexities of adopting new molecular diagnostic tests like CxBladder
on a system-wide basis. However, the study did find that CxBladder testing was beneficial for a
specific patient profile: those with normal cystoscopy results and atypical cytology. In such cases.
CxBladder testing led to fewer follow-up procedures (cystoscopies, cytologies, and biopsies)
while still detecting a similar proportion of bladder cancer recurrences as standard procedures
within the year. In conclusion, CxBladder appears most suitable for those undergoing
surveillance for bladder cancer recurrence, particularly those with normal cystoscopy and
atypical cytology.®?

The majority of studies performed on these biomarkers did not focus on their ability to predict
the course of cancer' but some biomarkers may play a role in the diagnosis or surveillance of
bladder cancer in the future.*' Even this may be a difficult barrier to cross; Meleth, et al. (2014)
prepared an assessment for the Agency for Healthcare Research and Quality that stated
“although UroVysion is marketed as a diagnostic rather than a prognostic test, limited evidence
from two small studies (total n=168) supported associations between test result and prognosis
for risk of recurrence.”* The authors went on to note that no studies that established clinical
utility were found.

D'Andrea, et al. (2019) analyzed 357 urine samples from patients at five different centers under
surveillance for non-muscle-invasive bladder cancer to investigate the clinical utility of the
Bladder EpiCheck non-invasive urine test. A specificity of 88% was identified with this test, a
negative predictive value of 94.4% for the detection of any cancer, and a negative predictive
value of 99.3% for the detection of high grade cancer; the use of the Bladder EpiCheck test
helped to improve the cancer recurrence predictive value by a difference of 16-22%.2* This high-
performing diagnostic test may help in the surveillance of non-muscle-invasive bladder cancer.

Tan, et al. (2018) completed a systematic review to identify the diagnostic sensitivity and
specificity of urinary biomarkers for the diagnosis of bladder cancer. The authors report that
multi-target biomarker panels were more accurate than single biomarker targets, and that both
the sensitivity and specificity of urinary biomarkers were higher in primary diagnostic scenarios
compared to patients under surveillance.* The authors note that “few biomarkers achieve a high
sensitivity and negative predictive value,” with single biomarkers reporting a sensitivity of 2-94%
and specificity of 46-100%, and multi-target biomarkers reporting a sensitivity of 24-100% and
specificity of 48-100%.%°

Mossanen, et al. (2019) performed a cost analysis to characterize the costs of managing non-
muscle-invasive bladder cancer (NMIBC). The authors created a Markov model with four health
states: no evidence of disease, recurrence, progression and cystectomy, and death. Patients were
stratified into three risk categories of low, intermediate, and high. The authors found that



“cumulative costs of care over a 5-year period were $52,125 for low-risk, $146,250 for
intermediate-risk, and $366,143 for high-risk NMIBC.” The authors identified that the primary
driver of cost was “progression to muscle-invasive disease requiring definitive therapy”, which
was found to contribute 81% and 92% to overall cost for intermediate and high-risk disease,
respectively. Progression of disease was found to contribute 71% to overall cost for low-risk
disease. The authors concluded that although protracted surveillance cystoscopy does
contribute to management cost, progression of disease was the dominant factor in increasing
cost of care.*

Vasdev, et al. (2021) studied the role of URO17 biomarker in the diagnosis of bladder or
urothelial cancer in new hematuria patients. Urine samples from 71 subjects were stained using
the URO17 immunobiomarker and results were compared to the biopsy and histology. URO17
was shown to have an overall sensitivity of 100%, specificity of 92.6%, positive predictive value
of 0.957, and negative predictive value of 1. URO17 investigation was positive in every case of
urothelial malignancy. According to the authors, URO17 test can help improve “diagnostic
capabilities in primary care, reduce the number of referrals to Urology department, and reduce
the number of unnecessary invasive procedures for new patients with a suspected urinary

bladder cancer."#’

Guidelines and Recommendations

National Comprehensive Cancer Network

The NCCN has stated that “"Urine molecular tests for urothelial tumor markers are now available.
Many of these tests have a better sensitivity for detecting bladder cancer than urinary cytology,
but specificity is lower. Considering this, evaluation of urinary urothelial tumor markers may be
considered during surveillance of high-risk non-muscle-invasive bladder cancer. However, it
remains unclear whether these tests offer additional information that is useful for detection and
management of non-muscle-invasive bladder tumors. Therefore, the panel considers this to be a
category 2B recommendation.”* The NCCN also recommends that testing for bladder cancer
tumor markers should not replace cystoscopy evaluation and instead the two should be used in
tandem. The NCCN bladder cancer surveillance guidelines recommend combining cystoscopy
with tumor marker testing and tailoring follow-up schedules based on cancer risk level,
treatment history, and clinical needs.*

American Urological Association (AUA)

The AUA's guidelines on the diagnosis, evaluation and follow-up of asymptomatic
microhematuria (AMH) in adults do not recommend use of urine markers (NMP22, BTA-stat,
UroVysion) as part of routine evaluation.*®



The AUA and Society of Urodynamics, Female Pelvic Medicine & Urogenital Reconstruction
(SUFU) published a guideline on microhematuria in 2020. In it, they remark that “Clinicians
should not use urine cytology or urine-based tumor markers in the initial evaluation of patients
with microhematuria”, stating that “insufficient evidence exists that routine use would improve
detection of bladder cancer.” However, the guideline states that “Clinicians may obtain urine
cytology for patients with persistent microhematuria after a negative workup who have irritative
voiding symptoms or risk factors for carcinoma in situ.” Overall, the guideline states that “the
panel does not recommend using urine cytology or urine-based tumor markers in the initial
evaluation of MH [microhematuria] because, to date, markers have not demonstrated
incrementally additive information to cystoscopy in the MH population, not have they been

found to be of sufficient predictive value to obviate cystoscopy.”*

The AUA and Society of Urologic Oncology (SUO) joint guidelines on Diagnosis and Treatment
of Non-Muscle Invasive Bladder Cancer (NMIBC) do not recommend using urinary biomarkers to
replace cystoscopy when monitoring NMIBC (grade B), although a clinician can use biomarkers
to evaluate a patient’s response to Bacillus Calmette-Guerin (BCG) therapy or a separate
cytology such as FISH or ImmunoCyt. However, a urinary biomarker should not be used for
monitoring a patient with a normal cystoscopy and a history of low-risk cancer.*® This 2016
guideline was amended in 2020, but no relevant changes were identified.

The AUA in conjunction with the SUQO, the American Society of Clinical Oncology (ASCO), and
the American Society for Radiation Oncology (ASTRO) updated their Non-Metastatic Muscle-
Invasive bladder cancer (NMIBC) and Non-Muscle Invasive Bladder Cancer (MIBC) guidelines in
2024. Similar to the 2021 guideline, the AUA recommends that urinary biomarkers should not be
used in place of cystoscopy. The guidelines regarding Urine Markers after Diagnosis of Bladder
Cancer specify that “In surveillance of NMIBC, a clinician should not use urinary biomarkers in
place of cystoscopic evaluation. (Strong Recommendation; Evidence Strength: Grade B). In a
patient with a history of low-risk cancer and a normal cystoscopy, a clinician should not
routinely use a urinary biomarker or cytology during surveillance. In a patient with NMIBC, a
clinician may use biomarkers to assess response to intravesical BCG (UroVysion FISH) and
adjudicate equivocal cytology (UroVysion FISH and ImmunoCyt).”! The panel does acknowledge
the uptake of CxBladder in clinical practice; however, there is a lack of high quality evidence in
the potential replacement of cystoscopy with Cxbladder.*

Similarly, the joint guidelines between the AUA, the SUO, the ASCO, and the ASTRO regarding
non-metastatic muscle-invasive bladder cancer note that molecular biomarkers may be
important for staging cancer and deciding a course of treatment soon. Nevertheless, at this time
the biomarkers have not been properly validated.*



US Preventive Services Task Force

The USPSTF concluded in 2011 that there was insufficient evidence to evaluate screening for
bladder cancer in asymptomatic adults, assigning a grade | to this recommendation. Since then,
there have been no further guidelines published on this topic by the USPSTF.>*

In 2021, the USPSTF published the following statement regarding bladder cancer screening in
adults: “Literature scans conducted in November 2021 in the MEDLINE and PubMed databases
and the Cochrane Library showed a lack of new evidence to support an updated systematic
review on the topic at this time.”>*

3rd International Consultation on Urological Diseases & Société Internationale

d’Urologie (ICUD-SIU)

With an evidence level of three and a grade of “B”, the ICUD-SIU recommends, “examination of
urine cytology must be a part of the expectant management or active surveillance protocol.”
Concerning the surveillance strategies for NMIBC, “Surveillance strategies following a negative 3
months surveillance cystoscopy should be: (1) for low-risk disease, cystoscopy 6-9 months later
and annually thereafter; consider cessation following five recurrence-free years. No upper tract
imaging necessary unless hematuria present; (2) for intermediate risk, cystoscopy with cytology
every 3—-6 months for 2 years; then every 6-12 months during years 3 and 4; then annually for
lifetime. Upper tract imaging every 1-2 years; (3) for high risk, cystoscopy with cytology every 3
months for 2 years; then every 6 months during years 3 and 4; then annually for lifetime [Level

of evidence: 3; Grade C].">®

National Cancer Institute

In the 2024 update to the NCl's Bladder and Other Urothelial Cancers Screening (PDQ)—Health
Professional Version, the NCl states that “There is inadequate evidence to determine whether
screening for bladder and other urothelial cancers has an impact on mortality... Based on fair
evidence, screening for bladder and other urothelial cancers would result in unnecessary
diagnostic procedures with attendant morbidity.”>” The NCI mention urine cytology as the
primary screening modality and that the measurement of urine tumor biomarkers "have not
been of sufficient sample size to show an effect on outcome, and have been of insufficient
length to show a mortality benefit (or lack thereof) for the modality or modalities being

assessed.”’

European Association of Urology

The EAU has published guidelines on non-muscle-invasive bladder cancer (NIBC).



In 2023, the EAU concluded that “Cystoscopy is necessary for the diagnosis of bladder cancer”
and that “Urinary cytology has high sensitivity in high-grade tumours including carcinoma in
situ.” The EAU remarks that “There is no known urinary marker specific for the diagnosis of

invasive BC [bladder cancer].”*®

An update to guidelines on non-muscle-invasive bladder cancer (NIBC) was published in 2022.
The EAU concluded that urinary molecular marker tests cannot replace cystoscopy in routine
practice, "but the knowledge of positive test results (microsatellite analysis) can improve the
quality of follow-up cystoscopy.” Diagnosis ultimately depends on “cystoscopy examination of

the bladder and histological evaluation of sampled tissue."*

An update to the EAU guidelines was published in 2024. In it, the EAU commented on urinary
molecular marker tests, “None of these markers have been accepted as routine practice by any
clinical guidelines for diagnosis or follow-up.” However, they remarked that “promising urinary
biomarkers, assessing multiple targets, have been tested in prospective multicentre studies. Four
of the promising and commercially available urine biomarkers, CxBladder, ADX-Bladder, Xpert
Bladder and EpiCheck, although not tested in RCTs, have such high sensitivities and negative
predictive values in the referenced studies for high grade disease that these biomarkers may
approach the sensitivity of cystoscopy. These 4 tests might be used to replace and/or postpone
cystoscopy as they may identify the rare HG recurrences occurring in low/intermediate
NMIBC."®

Canadian Urological Association (CUA)

The CUA 2021 guidelines emphasize urine cytology in the management of NMIBC. They
recommend that “either voided or bladder washing urine cytology should be performed as an
adjunct to cystoscopy in the initial diagnosis of NMIBC."®" The CUA 2024 expert report
guidelines mention tumor biomarkers in the management of bladder cancer, stating that "the
identification of predictive and prognostic biomarkers is another area of growing interest.”®?
However, the CUA also notes that there is currently no high-level evidence supporting the
routine use of these biomarkers as replacements for cystoscopy, which remains the gold

standard for surveillance.®

US Food and Drug Administration (FDA)

Many labs have developed specific tests that they must validate and perform in house. These
laboratory-developed tests (LDTs) are regulated by the Centers for Medicare and Medicaid
(CMS) as high-complexity tests under the Clinical Laboratory Improvement Amendments of
1988 (CLIA '88). LDTs are not approved or cleared by the US Food and Drug Administration;
however, FDA clearance or approval is not currently required for clinical use.



On April 16, 1997, the FDA approved the Bard BTA stat Test, created by Bard Diagnostic Sciences
Inc. From the FDA site: “the BTA stat test is an in vitro diagnostic immunoassay indicated for the
qualitative detection of bladder tumor associated antigen in urine of persons diagnosed with
bladder cancer. This test is indicated for use as an aid in the management of bladder cancer

patients in conjunction with cystoscopy.”®

On April 15, 1998, the FDA approved the BTA TRAK Test, created by Bard Diagnostic Sciences
Inc. From the FDA site: “the BTA TRAK test is an in vitro diagnostic immunoassay indicated for
the quantitative detection of bladder tumor associated antigen in human urine. This test is

indicated for use as an aid in the management of bladder cancer patients in conjunction with

cystoscopy.”®

On July 2, 1996, the FDA approved the MATRITECH NMP22 TEST KIT, created by Alere
Scarborough Inc. From the FDA site: “The Matritech NMP22 Test Kit is an enzyme immunoassay
(EIA) for the in vitro quantitative determination of nuclear matrix protein NMP22 in stabilized

voided urine.”®

On July 30, 2002, the FDA approved the NMP22 BladderChek, created by Matritech Inc. From the
FDA site: “The Matritech NMP22 BladderChek Test is indicated for professional and prescription
home use as an aid in monitoring bladder cancer patients, in conjunction with standard
diagnostic procedures.” This assay is qualitative.®®

On January 24, 2005, the FDA approved the UROVYSION BLADDER CANCER KIT. From the FDA
site: “The UroVysion Bladder Cancer Kit (UroVysion Kit) is designed to detect aneuploidy for
chromosomes 3, 7, 17, and loss of the 9p21 locus via fluorescence in situ hybridization (FISH) in

urine specimens from persons with hematuria suspected of having bladder cancer.”®’

On February 23, 2000, the FDA approved the ImmunoCyt, created by Diagnocure Inc. From the
FDA site: “ImmunoCyt is a qualitative direct immunofluorescence assay intended for use in
conjunction with cytology to increase overall sensitivity for the detection of tumor cells
exfoliated in the urine of patients previously diagnosed with bladder cancer. ImmunoCyt is
indicated for use as an aid in the management of bladder cancer in conjunction with urinary

cytology and cystoscopy.”®®

All of the FDA-approved tests apart from ImmunoCyt are approved for both diagnosis and
surveillance of bladder cancer whereas ImmunoCyt is only approved for surveillance.®
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Scope: Medical policies for routine test management are systematically developed guidelines that serve as a resource
for Company staff when determining coverage for specific medical procedures, drugs or devices and reimbursement
methodology. Coverage and reimbursement for medical services is subject to the limits and conditions of the
member benefit plan. Members and their providers should consult the member benefit booklet or contact a customer
service representative to determine whether there are any benefit limitations applicable to this service or supply. This
medical policy does not apply to Medicare Advantage.


https://www.accessdata.fda.gov/cdrh_docs/pdf/K964151.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf/K971402.pdf
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=P940035
https://www.accessdata.fda.gov/cdrh_docs/pdf2/K021231.pdf
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=P030052
https://www.accessdata.fda.gov/cdrh_docs/pdf/K994356.pdf
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