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Abstract.

BACKGROUND: Bladder cancer surveillance is invasive, intensive and costly. Patients with low grade intermediate risk
non-muscle invasive bladder cancer (NMIBC) are at high risk of recurrence.

OBJECTIVE: The objective of this model is to compare the cost of a strategy to alternate surveillance with cystoscopy and
a urine marker, Bladder EpiCheck, to standard surveillance.

METHODS: A decision tree model was built using TreeAge Pro Healthcare to compare standard surveillance (Standard)
with a modified surveillance incorporating Bladder EpiCheck. The model was based on 2 years of surveillance. Outcomes
were obtained from literature. Costs were obtained from US and 9 European countries. Sensitivity analyses were performed.
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RESULTS: The efficacy of the model was equivalent in terms of recurrence for each arm with median recurrence rate of 22%.
When setting marker price at 200 local currency, the marker arm was less expensive in the USA, Netherlands, Switzerland,
Belgium, Italy, Austria and UK by 154€ to 329.£ per patient, for a 2-year period. Cost was higher in France, Spain, and
Germany by 33-103€. Cost parity was achieved with marker price between 148€ and $421. Marker cost and specificity

have the greatest impact on the overall model cost.

CONCLUSIONS: A strategy alternating the urine marker Bladder EpiCheck with cystoscopy in the surveillance of patients
with low grade intermediate risk bladder cancer is cost equivalent in the US and European countries when the marker is
priced 148€-$421, as a result of the marker’s high specificity (86%). Prospective studies will be necessary to validate these

findings.
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INTRODUCTION

Bladder cancer is the 5™ most common cancer
and one of the most expensive from diagnosis to
death. Approximately 75% of newly diagnosed blad-
der cancers are non-muscle invasive bladder cancer
(NMIBC) and these are managed with risk-based
intravesical therapy. Due to high risk of recurrence,
patients with NMIBC undergo frequent cystoscopy
to allow for earlier detection of recurrence and pro-
gression. Frequent cystoscopy is associated with cost
and morbidity to patients [1-3]. There are also stud-
ies that demonstrate overuse of cystoscopy in low
risk patients [4]. For patients with intermediate and
high risk NMIBC, patients are often subjected to
cystoscopy every 3 months for 1% one to two years
[5]. The Bladder Cancer Advocacy Network Patient
Survey Network evaluated research prioritization for
patients and found that reducing pain associated
with cystoscopy was high priority for patients with
NMIBC [6]. As such, strategies to reduce number of
cystoscopic procedures during surveillance would be
viewed favorably if it can be done safely and effi-
ciently.

Urine based tumor markers have been introduced
to improve detection and surveillance of bladder
cancer but their incorporation into clinical practice
has been challenging. Overall, they have a better
sensitivity than cytology especially for detection of
low-grade cancers [7].

Bladder EpiCheck® (Nucleix Ltd.) is a new
promising urine-based test which includes a panel of
15 DNA methylation patterns for the identification of
recurrent NMIBC [8]. A recent study including 822
patients with NMIBC found the test had a specificity
of 85.8% (95% confidence interval [CI] 83%—-89%),
a negative predictive value (NPV) of 94.3% (95%
CI 92%-96%) for the detection of any cancer and an
NPV 0f 98.8% (95% CI 97%—-100%) for the detection

of high-grade cancer [9, 10]. The sensitivity of the
test was 62.5% (95% CI 51%—73%), 86.4% (95% CI
72.6%;94.8%) and 33.3% (95%CI 19%—-51%) over-
all, high and low-grade cancer, respectively.

For patients with low grade intermediate risk
NMIBC, the risk of recurrence is high but risk of pro-
gression is very low over a 3 to 6-month period [11].
For these patients, incorporating a urine marker alter-
nating with cystoscopy could reduce the frequency
of cystoscopy without jeopardizing oncologic out-
comes. In this study, we develop a decision analysis
model to compare standard surveillance with a mod-
ified surveillance incorporating Bladder EpiCheck.
We assessed the cost of each approach in the US and
several European countries.

MATERIALS AND METHODS

A decision tree model was built using TreeAge Pro
Healthcare (Williamstown, MA) software to com-
pare standard surveillance (Standard) with a modified
surveillance incorporating Bladder EpiCheck where
cystoscopy is alternated with Bladder EpiCheck test
(marker). The model was based on 2 years of surveil-
lance after a transurethral resection of a bladder tumor
(TURBT). Table 1 details all model assumptions.

The base case is a patient with intermediate risk
NMIBC according to the AUA guidelines for NMIBC
with low grade only disease who is undergoing
surveillance [5]. Intermediate risk patients with high
grade Ta tumors were not included.

The initial year of the model is shown in supple-
mentary Figures 1 and 2.

Sensitivity analysis
In one-way sensitivity analysis, costs and medi-

cal assumptions were individually adjusted across a
range of values to assess the impact of one variable on
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Table 1
Model assumptions

Efficacy assumptions
1. Timing of cystoscopy

2. Efficacy of cystoscopy

3. Cytology utilization
4. Surveillance and treatment
flow

5. Recurrence rate

6. Progression rate

7. Marker performance

Cost assumptions
1. Procedures costs and fees

2. Rate of procedures

3. Marker cost
4. Patient costs

a. Patients in both arms (standard and marker) undergo cystoscopy at 3 months visit after a resection
due to primary diagnosis or recurrence

b. If a patient in either arm has 2 consecutive negative surveillance visits in 3-months intervals (at 3
months and 6 months post resection), then switch to surveillance at 6-months intervals.

c. Every recurrence resets the surveillance intervals to 3-months intervals

d. Every patient underwent a 2-year cystoscopy since model was designed for a 2-year end point.

All cystoscopic procedures were white light with 100% sensitivity and specificity. We recognize that
sensitivity of cystoscopy is not 100% for low grade papillary tumors based on literature for
enhanced cystoscopy, however, the literature regarding rate of recurrence and progression of
intermediate risk NMIBC is all based on use of white light cystoscopy and there is insufficient data
regarding long term follow up based on enhanced cystoscopy to develop a model. This assumption
is equivalent for both arms in the study[26].

Use of cytology was included based on estimated utilization in each country (Table 2).

In the marker arm, a surveillance visit with cystoscopy is followed by a 3-month surveillance visit
with a Bladder EpiCheck test. If the test is negative then the patient’s next surveillance is with
cystoscopy. If the test is positive then the patient undergoes an immediate cystoscopy.

A patient with a positive marker has 2 possible outcomes. If the patient has a recurrence then the
marker was a true positive and they undergo a TURBT. Their next surveillance is 3 months later
with cystoscopy. If the cystoscopy is negative then the patient had a false positive and it is
considered a negative visit.

Every recurrence is treated either by resection with TURBT or by fulguration. Use of fulguration was
based on estimated rate of utilization in each country (Table 2).

Formula:

Marker positive: Sensitivity*(pRecurrence)+(1-Specificity)*((1- pRecurrence))

True positive = Sensitivity*pCancerRecur/((Sensitivity* pCancerRecur)+(1-Specificity)*
(1-pCancerRecur))

False positive = 1 — probability of True Positive

Patients with a negative marker do not undergo immediate cystoscopy. There are 2 possibilities. If the
patient does not have cancer then they have a true negative. Their next follow up is a cystoscopy. If
the patient has a missed cancer then they have a false negative marker. At next surveillance
cystoscopy, they will have cancer rate equivalent to the probability of a missed cancer in addition
to risk of new cancer developing (probability of cancer) at that timepoint.

Formula:

Marker Negative: Specificity*(1-pRecurrence)+(1-Sensitivity)* (pRecurrence)

True Negative: Specificity*(1-pRecurrence)/((Specificity*(1-pRecurrence))+(1-Sensitivity)*
pRecurrence)

False Negative = 1 — probability of True Negative

The cancer recurrence rate varies at different time points of surveillance with highest rate at 3 months
after TURBT [11]. The rate of recurrence at 3 months after TURBT was set at 10%. The absolute
rates at 6, 9 and 12 months were 3.3% and 15, 18, 21 and 24 months were 2.5%. This resulted in
overall rate of up to 30% over 2 years

In the model we assume that all recurrences are low grade. The rate of progression to high grade
disease is around 1-2% per year so the impact on cost would be very low. The rate would be
equivalent in both arms so unlikely to bias model.

Sensitivity and specificity for Bladder EpiCheck based on most recent results of a multicenter trial of
822 patients was 33.3% sensitivity for low grade and 85.8% specificity

Costs for cystoscopy, cytology, pathology, professional fees and TURBT were obtained from health
agencies and experts at US and various European countries (Table 2).

The rate of cytology and fulguration varied per country and their rate of utilization in the model are
depicted Table 2

Cost of the markers was 200 in each local currency

Costs to patients included loss of work and travel. We assume that patients use ¥2 day of work for their
visit if they undergo cystoscopy or fulguration and 2 days if they undergo TURBT. Travel costs
vary per country but we assumed a cost of 10$ in US or 10€ to include transportation and parking.

Average wage in 2018 for all countries were obtained from the OECD statistics website
https://stats.oecd.org/Index.aspx?DataSetCode=AV_AN_WAGE The annual average wage was
obtained by dividing the national-accounts-based total wage bill by average number of employees
in the total economy, which was then multiplied by the ratio of the average usual weekly hours per
full-time employee to the average usual weekly hours for all employees. To extrapolate average
daily wage, we assumed there are 20 work days per month and 8 work hours per day.
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Table 2
Model costs and rates of use of cytology and office fulguration
Country Austria  Belgium France = Germany Italy The Spain  Switzerland UK USA
Netherlands

% cytology 100% 50% <15% 100%  50-100% (75%)* 0 30% 15% 30%  100%
% fulguration 0 <20% (20%)* 0 0 <10% (10%)* 0 20% 0 0 20%
Procedure cost
Source hospital social Social Reimburse- hospital Reimburse- hospital ~ Tarmed, NHS CPT

costs security security ment costs ment costs  pathology tariffs  codes
Currency Euro€ Euro€ Euro€  Euro€ Euro€ Euro€ Euro€ CHF Poundf USD$
Cystoscopy 183.72 205.9 99 94.85 230 291.33 96 250 330 242.92"
Cytology 49.14 20 96 14.72 60 of 20 100 17 100
Fulguration 334.19 75 NA NA 1,148 NA 600 NA 935 703.5
TURBT 1,914 750 3,000 2,600 1,628.8 5,017.11 1,600 7,000 3,533.5 3,047.5
Pathology 210.77 68.7 35 65 230 o 219 250 0 269.88
Patient costs
Transportation 10 10 10 10 10 10 10 10 10 10
Annual average 43,468 45,097 38,280 40,522 29,601 47,422 27946 87,716 35978 63,093

income
Average hourly  22.64 23.49 19.94 21.11 15.42 24.70 14.56 45.69 18.74  32.86
income

*Rate used in model. “Based on mixed payers from over 1,200 cystoscopic procedures at UT Southwestern Medical Center in Dallas.
fCytology and pathology costs are included in the overall price of the procedure (cystoscopy and TURBT, respectively).

Tornado graph - incremental, marker vs. standard
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Fig. 1. Tornado diagram using U.S. model evaluating incremental cost of Standard and Marker arms.

baseline assumptions. A tornado diagram was devel-
oped to evaluate the relative impact of different cost
components (Fig. 1). Two-way sensitivity analyses
were performed evaluating the least costly approach
when vary 2 factors over a range (Figs. 2 and 3).

RESULTS

The efficacy of the model was equivalent in terms
of recurrence for each arm with median recurrence
rate of 22%. The cost of each arm varied by coun-
try (Table 3). When assuming marker cost of 200
local currency, the marker arm was less expensive in
the USA, Netherlands, Switzerland, Belgium, Italy,

Austriaand UK by 154€ to 329 £ per patient for the 2-
year period. Cost was slightly higher in France, Spain,
and Germany by 33-103€ under the same assump-
tions. The marker cost parity point represents the cost
of the marker at which the marker and standard arms
are cost equivalent for each country (Table 3), and
was between 148€ in Spain and $421 in the USA.
The tornado diagram (Fig. 1) shows the impact of dif-
ferent factors on cost of different arms of the model
(based on USA costs). Marker cost and specificity
have the greatest impact on the overall model cost. A
higher marker price leads to increase in marker arm
costs. A lower specificity also increases cost since
more patients in the marker arm require cystoscopy
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due to false positive results. The cost of cystoscopy is
also an important factor since it impacts the standard
arm cost more than marker arm.

We evaluated the number of cystoscopy procedures
in each arm varying the specificity in the marker
arm. In the baseline model, the average number of

Sensitivity Analysis on Marker and specificity

100
200

8 § g

Marker

Fig.2. Two-way sensitivity analysis based on US model evaluating
cost parity with varying cost of marker ($) and specificity of marker.
The red area represents the area where the standard is less costly
and the blue area is the area where the marker is less costly. The
margin between these areas represent points where the costs are
the same in both arms.

Sensitivity Analysis on Marker and Cystoscopy Cost

Cystoscopy Cost ($)
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Fig. 3. Two-way sensitivity analysis based on US model evaluating
cost parity with varying cost of marker ($) and cost of cystoscopy
($). The red area represents the area where the standard is less
costly and the blue area is the area where the marker is less costly.
The margin between these areas represent points where the costs
are the same in both arms.

cystoscopy procedures per patient performed over 2
years was 5.2 (Fig. 4). With a specificity of 85.8% for
the marker, the average number of cystoscopy proce-
dures was 3.5. Lower marker specificity is associated
with a greater number of cystoscopy procedures in
marker arm.

One way sensitivity analysis found that in the U.S.
model, the marker arm becomes more expensive than
the standard arm in case the specificity is below
38.9% or if cystoscopy costs less than $129.4. On the
other hand, marker sensitivity had minimal impact on
its cost-effectiveness with merely $10 difference in
the cost-parity price between sensitivity of 20% and
80%. Two-way sensitivity analyses were performed
to assess if marker or standard is more costly when
varying marker specificity and price (Fig. 2). The red
area represents the area where the standard is less
costly and the blue area is the area where the marker
is less costly. The margin between these areas repre-
sent points where the costs are the same in both arms.
For example, when the specificity is 80%, marker is
less expensive as long as marker is priced below $395.
If specificity drops by 20% to 60% then the maximum
marker price for cost-saving drops by ~25% below
$300. A two-way sensitivity analysis was also per-
formed evaluating marker and cystoscopy cost using

Number of Cystoscopy Procedures Per Patient over

2-years
52
§
g 44
)
k) 40
5 36 5%
Standard arm 40% 60% 80% 85.8% 100%
Marker arm
Marker Specificity

Fig. 4. Number of cystoscopy procedures per patient over 2 years
in Standard and Marker arms.

Table 3
Outcomes of model and marker cost parity point
Country Austria  Belgium France Germany  Italy  Netherlands  Spain  Switzerland UK USA
Currency Euro€  Euro€ Euro€  Euro€  Euro€ Euro€ Euro€ CHF Poundf USD$
Marker arm 2,100 1,730 1,775 1,789 2,051 2,977 1,390 3,743 2,699 2,805
Standard arm 2,277 1,884 1,697 1,757 2,252 3,273 1,287 4,141 3,028 3,244
Difference 177 154 78* 33* 201 296 103* 399 329 439
Marker cost parity point 289 277 161 184 301 349 148 401 365 421

*Standard arm is less expensive than marker arm.
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US model. It demonstrates cost points for cystoscopy
and the marker where each arm is less costly. At cur-
rent marker cost of $200 and cystoscopy average cost
of $242, the marker arm is less costly.

DISCUSSION

Low grade non-invasive bladder cancers are com-
mon and many of these tumors are categorized
as intermediate risk due to frequent recurrences,
increased size or multiplicity. These low grade tumors
rarely progress to invasive or high grade disease. Most
guidelines recommend frequent cystoscopy proce-
dures to identify recurrent tumors but there is both
a financial cost and patient discomfort associated
with these procedures [12]. The use of urine-based
tumor markers to reduce the number of procedures
is a meritable goal. In this model, we evaluated the
use of Bladder EpiCheck® (Nucleix Ltd.) to alternate
with cystoscopy in the surveillance of low-grade non-
invasive bladder cancers over a 2-year period of time.
We evaluated the cost of a marker-based approach
compared to a standard approach in 10 countries.
When assuming marker cost of 200 local currency, the
marker arm was less expensive in the USA, Nether-
lands, Switzerland, Belgium, Italy, Austria and UK.
Cost was slightly higher in France, Spain, and Ger-
many where reported cystoscopy costs were less than
100€. In these countries cost parity was achieved
when marker was priced 148€-184€. The use of
Bladder EpiCheck reduced frequency and number of
cystoscopies as well as reducing costs over a 2-year
period of time. For example, in the US, the average
cost benefit per patient was $439 and the number of
cystoscopies was 3.47 in the marker arm vs. 5.19 in
the standard arm.

When considering an alternative strategy to cys-
toscopy, the most important consideration is safety.
There are several reasons why using a low-grade
intermediate risk cohort makes sense. First, progres-
sion of disease within 3 to 6 months is exceedingly
rare for these patients. Intermediate risk low grade
patients have EORTC progression scores of 2-6.
These patients are estimated to have a 1% risk of
progression at 1 year [11]. In our model, patients
even in the marker arm had a cystoscopy every 6
months so missed progression would be very low.
It is even rarer for a low-grade Ta tumor to progress
to muscle invasive disease so at worst likely could
become HG Ta. Furthermore, the sensitivity of Blad-
der EpiCheck for high grade disease is 86.4% (95%

CI 72.6%:;94.8%) and an NPV of 98.8% (95% CI
97%-100%) for the detection of high-grade cancer
[9]. As such, over a one-year period less than 1 patient
per 1,000 patients would have a 3 month delay in
diagnosing a high grade cancer. Missing a low-grade
cancer has minimal impact on patient outcomes and
there are even studies suggesting conservative man-
agement of non-invasive low grade tumors [13-15].
Using a marker alternating with cystoscopy has the
advantage of reducing patient discomfort while still
detecting cancers within reasonable timeframes. In
most countries, the marker-based approach was less
expensive since the marker was less expensive than
cystoscopy especially when one considers the accom-
panying loss of work. Only in 3 countries where the
cost of cystoscopy was reported to be less than 100€
was the standard arm less expensive and marker price
had to be reduced to 148—184<€ to achieve cost parity.

Sensitivity analyses were performed to determine
the cost at which both arms were cost-equivalent. In
Table 3, the cost of the marker at which the 2 arms
(standard and marker based) were cost-equivalent
ranged from 148€ to $421. Two-way sensitivity anal-
yses were performed using the US model to identify
the impact of varying marker cost with marker speci-
ficity and cystoscopy cost. These can be performed
for each country to determine the impact of varying
costs and marker performance. The tornado diagram
identified the factors that have the highest impact on
cost of each arm. While sensitivity had a minimal
impact overall, specificity significantly impacts the
model since any patient with a positive marker under-
goes cystoscopy. Those patients have the cost of the
marker and the cost of cystoscopy. As such, a test that
results in many false positive results can dramatically
increase the cost of a marker arm. Since the Bladder
EpiCheck test has a specificity of 85.8%, this is an
infrequent event.

There have been several prior models published
evaluating the use of markers in surveillance of blad-
der cancer [16, 17]. These models did not focus on
low grade intermediate-risk disease but found that
markers could be cost-effective if marker cost was
reasonable and that several markers had sufficiently
good performance characteristics. There is still need
to perform prospective studies to evaluate the safety
of such an approach as well as assessing patient
and physician acceptance [18]. There is an ongo-
ing study (UroFollow) in which patients with pTa
G1/G2 NMIBC, a tumor size less than 3 cm, and
with no accompanying pTis are randomized (1:1) to
either usual-care with cystoscopy or the marker arm
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which includes a urine marker and ultrasound [19].
The primary endpoint of UroFollow is to investigate,
if marker-guided (noninvasive) follow-up of patients
with low- and intermediate-risk NMIBC is equally
effective to detect tumor recurrence and progression
compared to standard surveillance using cystoscopy.

There are some additional considerations when
using a marker in surveillance. While we assumed
that white light cystoscopy has a 100% sensitivity
and specificity, this is not accurate since there are both
false negative results as demonstrated from literature
regarding enhanced cystoscopy as well as the risk for
false positive findings [20-22] It is also possible that
a positive marker result may improve urothelial car-
cinoma detection rate using cystoscopy as seen in the
CeFub trial [23]. There is a risk of finding abnor-
mal lesions by cystoscopy that are not cancerous
which could result in unnecessary biopsies adding
cost and morbidity to the patient [19, 24]. This was
not incorporated into the model but would be reduced
in patients in the marker arm.

In this analysis we did not include the indirect costs
of cystoscopy’s complications, such as urinary tract
infection, urinary retention, etc. which can result in
antibiotic treatment in the community and additional
loss of work in the mild cases, or prolong hospital-
ization in the severe ones [25]. This biases the cost
result against the marker arm. There are also indi-
rect benefits of avoiding use of office assistants and
appointment slots for the urologist while a poten-
tial downside of reducing profits from the procedure.
We did not assess a strategy of avoiding cystoscopy
altogether with longer intervals between surveillance
visits. While this would reduce patient visits, there is
little data on risks and benefits and impact on quality
of life. While a marker adds costs, there is a high sen-
sitivity for high grade disease and it provides some
reassurance that a longer interval between cystoscopy
is safe.

There are some inherent limitations in developing
models. The assumptions used were based on best
available literature and cost data acquired from vary-
ing countries. The accuracy of cost data is sometimes
difficult to ascertain especially in very heterogeneous
health care systems. Sensitivity analyses help with
analyzing the variance but future studies using real
world data will be necessary to determine the actual
cost if these types of strategies are implemented.
Quality of life is also an important factor in patients
with NMIBC. There are benefits to patients with
avoiding cystoscopy since it is an invasive proce-
dure but there are potential issues with anxiety among

patients who get a marker due to lower sensitivity.
However, the impact of these considerations on qual-
ity of life are unknown. Future studies should include
specific and validated questionnaires to evaluate the
impact of a marker based strategy on quality of life.
There is also another potential benefit of a urine
marker based approach due to the COVID 19 pan-
demic since use of urine tests may reduce visits to
the health care system leading to lower risk of expo-
sure of patients and medical staff. Another limitation
of the model is that we did not include the cost of
intravesical therapies. Many patients are given intrav-
esical therapies for intermediate risk bladder cancers
but rates vary by provider and geography. The cost
of intravesical therapies would be equivalent for both
arms of the model and would not impact the conclu-
sions.

A strategy alternating the urine marker Bladder
EpiCheck with cystoscopy in the surveillance of
patients with low grade intermediate risk bladder
cancer is cost-equivalent in the US and European
countries when the marker is priced 148€-$421.
Prospective studies will be necessary to validate these
findings.
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