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Abstract.
BACKGROUND: Surveillance regimens for non-muscle invasive bladder cancer (NMIBC) are disparate and controlled
trials could inform guidelines. The feasibility of randomizing patients to variable frequency surveillance is unknown.
OBJECTIVES: To determine patient willingness to randomization to high frequency (HF) versus low frequency (LF)
surveillance regimen for NMIBC and compare patient comfort and healthcare costs across regimens.
METHODS: A non-blinded, two-arm, randomized-controlled study of patients with low or low-intermediate risk NMIBC
was conducted at two institutions where patients were offered randomization to HF vs. LF surveillance following initial
tumor resection. The HF group underwent cystoscopy every three months for 2 years, then every 6 months for 2 years, then
annually. The LF group underwent cystoscopy at 9 months following the 3-month cystoscopy, then annually. Assuming 75%
of patients approached would agree to enrollment, a sample size of n = 35 patients per arm provided a one-sided 95% exact
Clopper-Pearson confidence lower-limit of 60%.
RESULTS: Of 70 patients approached, 45 (64.3%) agreed to participate and 25 (35.7%) declined enrollment due to preference
for HF. Twelve biopsies were performed, including 4 (19%) of 21 patients in the HF group and 8 (33.3%) of 24 patients
in the LF group. Disease recurrence (low grade Ta) was observed in 3 (14.3%) and 5 (20.8%) patients in the HF and LF
groups, respectively. No patients experienced high grade recurrence or progression. Both groups had similar patient-reported
procedure-related discomfort and quality of life measures over time. Patient out-of-pocket cost and healthcare systems costs
were $383.80 more per patient annually in the HF group.
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CONCLUSIONS: Randomization to variable frequency surveillance is challenging as over a third of patients declined
participation. However, these data provide important preliminary insights into the potential effects of surveillance frequency
on oncologic and economic outcomes in patients with low and low-intermediate risk bladder cancer.
Keywords: Bladder cancer, surveillance, recurrence, quality of life
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Therapy-Bladder
High frequency
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Non-muscle invasive bladder cancer
Transurethral resection of bladder
tumor

INTRODUCTION
Bladder cancer is the 6th most common cancer
in the U.S., with an expected 81,400 newly diagnosed cases and 17,980 deaths in 2021 [1]. Of these
new cases, approximately 85% present as non-muscle
invasive bladder cancer (NMIBC). Transurethral
resection of bladder tumor (TURBT) is the primary diagnostic procedure for new and recurrent
bladder tumors and can be both diagnostic and
therapeutic. Due to the high likelihood of disease
recurrence after initial treatment and the possibility
of disease progression, NMIBC patients require longterm endoscopic monitoring. The need for long-term
surveillance contributes to increased cost for the care
of bladder cancer, contributing significant expense to
health care systems [2]. Given that the vast majority of
office-based cystoscopies are negative for recurrence,
strategies to reduce the number of cystoscopies are
needed. These include (1) improving diagnostic accuracy of cystoscopy by utilizing imaging enhancement
such as narrow-band imaging [3] and use of bluelight cystoscopy [4], (2) replacement of cystoscopy
with urine-based biomarkers [5, 6] or bladder imaging [7], and (3) decreased frequency of cystoscopic
surveillance [8, 9].
Guidelines for surveillance monitoring have
evolved. Following the risk-adapted strategy developed by the European Association of Urology (EAU)
[10], in 2016, the American Urological Association (AUA) guidelines recommend a less frequent

surveillance regimen for low risk patients, defined as
six to nine months after first surveillance cystoscopy,
and then annually for five years [11]. These guidelines were largely based on expert opinion without
prospective clinical trial data to guide such decisions. The periodicity of surveillance cystoscopy
could influence the natural biology of the disease if
time to detection is altered, necessitating prospective randomized-controlled studies to evaluate patient
outcomes. In the U.S., randomization to alternative
frequency surveillance modalities is challenging as
patients and/or their providers may not hold sufficient equipoise to agree to randomization. Here, we
conducted a feasibility trial to address variable frequency surveillance evaluations for patients with low
and low-intermediate risk NMIBC. Patients were randomized to a more versus less frequent cystoscopic
surveillance regimen based on prior and current AUA
and EAU guidelines. The primary objective was to
determine feasibility and to facilitate phase III trial
development. Secondary objectives were to estimate
patient burden in terms of disease relapse, additional procedures, patient satisfaction or dissatisfaction, pain, and cost associated with the surveillance
strategy.
MATERIALS AND METHODS
A non-blinded, two-arm, randomized-controlled
study was conducted following local institutional
review board approval (HSC# 2013-0177H) and the
full study protocol is included in the Supplementary Data. We used 2008 EAU guidelines for risk of
disease recurrence/progression which were assigned
based on a scoring system that accounts for the
number of tumors, patient’s prior recurrence rate,
presence of carcinoma in-situ (CIS), tumor size,
grade, and stage [10]. Recurrence scores and corresponding risk assessment were as follows: 0, low risk;
1–4, low-intermediate risk; 5–9 intermediate-high
risk; 10–17 high risk. Eligibility criteria: All patients
had low risk or low-intermediate risk for disease
recurrence and/or progression. Patients had at least
one negative surveillance cystoscopy at 3 months
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Fig. 1. Trial schema and timeline of surveillance cystoscopies across low and high frequency surveillance groups.

following the most recent biopsy. The diagnosis had
to be less than 48 months prior to enrollment. Patients
were excluded if they had a history of muscle invasive bladder cancer, CIS, or variant histology (e.g.,
micropapillary, nested variant, non-urothelial cell
carcinoma elements). All patients were over 18 years
old and gave informed consent. The study was registered with clinicaltrials.gov (NCT02298998) and
occurred at the University of Texas Health Science
Center San Antonio and the University of Texas
Southwestern Medical Center from April 2013 to
May 2020. However, the trial was not actively accruing patients during this entire time period.
Patients were randomized to one of two surveillance regimens, termed high frequency (HF) and low
frequency (LF) (Fig. 1). If the participant was randomized to the HF arm, surveillance cystoscopy was
performed every 3 months for 2 years, then every
6 months for the next 2 years, and then annually
thereafter. If the participant was randomized to the
LF arm, surveillance cystoscopy was performed 9
months after the negative 3-month cystoscopy, then
annually for 5 years. All potentially recurrent lesions
underwent biopsy for pathologic assessment. The utilization of cytology was at the treating urologist’s
discretion as per their usual standard of care and

disease recurrence was confirmed with pathologic
assessment. Study duration was 2 years from the time
of study enrollment.
Participants were administered self-reported questionnaires after each cystoscopy visit which aimed
to capture their overall attitudes and satisfaction/dissatisfaction regarding the follow-up regimen
for their bladder cancer. The patient satisfaction questionnaire (Appendix) focused on the discomfort and
bother associated with the procedure. The patientreported cost assessment questionnaire (Appendix)
asked questions to determine amount of time off
work, transportation, travel time, and out of pocket
costs associated with each visit. The Functional
Assessment of Cancer Therapy-Bladder (FACT-BL)
questionnaire included a Likert scale (0–4) aimed at
assessing patient attitudes regarding physical, emotional, social/family, and functional well-being, as
well as other concerns.
The personal cost of each visit was calculated by
adding patients’ self-reported expenses. The cost of
the appointment, which was universally reported as
the co-pay, was included. In addition, all patients
recorded the total mileage traveled for the appointment as well as any other additional expenses.
In cases where patients failed to provide precise
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Fig. 2. CONSORT flow diagram. Source: http://www.consort-statement.org/consort-statement/flow-diagram.

monetary value of expense, we estimated the expense
using standardized average costs (e.g., one hotel night
$100, meal $8, and parking $5). To convert driven
mileage into a numbered cost, we used the average reported regional cost per gallon for the years
of the study ($2.36/gallon) and average national fuel
economy for those years (23.6 miles/gallon; estimated $0.10/mile). Money lost for time off work
was not included in the questionnaire. Although
the cost of cystoscopy changed over the time of
enrollment and surveillance, the 2020 Medicare reimbursement for in office cystoscopy was $216.18
and was used in our calculation of total cost for
cystoscopy.
The primary objective of the study was to determine the recruitment rate for a randomized surveillance trial for patients with NMIBC. The sample size
for this pilot study was calculated as follows: Letting
p denote the proportion of patients who enrolled from
among the patients approached to participate, our
goal was to choose a sample size to produce an informative lower-limit (one-sided) confidence interval
for p. Assuming p = 0.75, a sample size of 35 per arm

produces a one-sided 95% exact Clopper-Pearson
lower-limit confidence interval with a distance from
the sample proportion to the lower limit is equal to
0.15. With this assumption, the expected lower confidence limit will be 0.602 [PASS, NCSS, Kaysville,
Utah, 2011]. Due to the lack of prior data, we are
unable to hypothesize the value of p specific to each
arm and so chose to follow a balanced design with
n = 35 subjects per arm and a total sample size of
n = 70. The number of patients screened, the number
of screen failures by reason, the number randomized
to each arm, and the number of patients who subsequently withdrew were tabulated (Fig. 2). Tabular
summaries of baseline characteristics, and numeric
outcomes pertaining to all primary and secondary
end points were summarized by study arm (Table 1).
Intervention and control arms were contrasted on
binary and categorical outcomes with Fisher’s Exact
Test and on continuously distributed outcomes with
t-tests or Wilcoxon tests as appropriate. All statistical
testing was conducted with 2-sided tests at a significance level of 5%. Corrections for multiple testing
were not applied.
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RESULTS
A total of 70 eligible patients were approached
and 45 (64.3%) agreed to participation. Of the 45
participants, 21 (46.7%) were randomized to HF
and 24 (53.3%) were randomized to LF. The groups
were similar across gender, race, ethnicity, bladder
cancer family history, smoking status, risk to recurrence/progression, and prior intravesical treatment
history (Table 1). Of the HF group, low and lowintermediate risk disease was present in 66.7% and
33.3% of patients, respectively. Of the LF group,
low and low-intermediate risk disease was present
in 45.8% and 54.2% respectively. Two patients from
the low-intermediate risk group had high grade disease. All other enrolled patients were low grade Ta.
Table 1
Patient Demographics
Mean age
Gender
Male
Female
Race
White
Black
Ethnicity
Non-Hispanic
Hispanic
Insurance
Private
Medicare
Medicaid
State/County
Self-Pay
Other
Smoking Status
Current
Previous
Never
Bladder Cancer Family History
Positive
Negative
Risk
Low
Low-Intermediate
History of Prior Intravesical Therapy

HF (n = 21)

LF (n = 24)

70.2

68.4

17 (81.0%)
4 (19.0%)

20 (83.3%)
4 (16.7%)

18 (85.7%)
3 (14.3%)

22 (91.7%)
2 (8.3%)

15 (71.4%)
6 (28.6%)

17 (70.8%)
7 (29.2%)

8
14
1
0
0
6

10
14
2
0
0
9

4 (19.0%)
16 (76.2%)
1 (4.8%)

2 (8.3%)
14 (58.3%)
8 (33.3%)

4 (9.0%)
17 (81.0%)

6 (25.0%)
18 (75.0%)

14 (66.7%)
7 (33.3%)
8 (38.1%)

11 (45.8%)
13 (54.2%)
6 (25.0%)

289

Of the 45 patients who initially agreed to participate,
14 (31%) patients subsequently withdrew for reasons
that included study duration, burden, and randomization group (Fig. 2).
A total of 12 patients underwent biopsy for a suspicious lesion seen on cystoscopy during the study
period, including 4 (19.0%) in the HF and 8 (33.3%)
in the LF groups (Table 2). Disease recurrence was
defined pathologically and observed in 3 (14.3%)
patients in the HF group and 5 (20.8%) patients in
the LF group (P = 0.71). All recurrences were less
than 3 cm, low grade Ta, and no patients progressed.
Average time to recurrence in patients experiencing
disease relapse was 10.7 months and 9.6 months for
the HF and LF groups respectively, and 4 (16.0%)
patients were low risk and 4 (20.0%) were lowintermediate risk at time of study entry (Table 2). Of
the low-intermediate risk recurrences, none included
the two patients with original pathology of high
grade. A subgroup analysis was performed for the
patients enrolled at time of their first surveillance cystoscopy after diagnosis which confirmed no statistical
difference between the groups in either number of
biopsies or recurrences. The median follow-up was
21.9 months for the HF group and 10.9 months for the
LF group. When subgroup analysis was performed
removing those withdrawn due to a recurrence,
median follow up from the first negative cystoscopy
was 22.3 and 16.3 months for HF and LF groups,
respectively.
Patient-reported quality of life scores were examined over time for the HF and LF groups. The mean
(SD) percent change from baseline between the total
FACT-BL scores from enrollment compared to those
2 years later at time of study termination was 4.06%
increased from baseline for the HF group and –1.38%
from baseline for the LF group (P = 0.65). The mean
(SD) percent change from baseline between the discomfort scores on the satisfaction questionnaire were
–28.2% in the HF group and 10.1% in the LF
group (P = 0.62). Graphical representation of FACTBL scores show a gradual decline in physical and
emotional scores over the duration of the study but
not significant differences in the slope of the curves
between HF and LF groups (Fig. 3).

Table 2
Biopsy Characteristics

No. biopsies (%)
No. of recurrences (%)

HF (n = 21)

LF (n = 24)

P-value

Low Risk
(N = 25)

Low-Intermediate
(N = 20)

P-value

4 (19)
3 (14)

8 (33)
5 (21)

0.33
0.71

6 (24)
4 (16)

6 (30)
4 (20)

0.74
1.00
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Fig. 3. Patient-reported outcomes are similar for LF and HF surveillance regimens. Functional assessment of cancer therapy (FACT) –
Bladder (BL) patient reported quality of life questionnaire scores assessing physical (A), social/family (B), emotional (C), and functional
(D) well-being over time. Mean ± SEM.

Fig. 4. Cystoscopy surveillance regimen impacts healthcare system expenses more than patient out-of-pocket costs. (A) Average patient
out-of-pocket costs for the duration of the surveillance regimen. (B) Average healthcare system costs based on Medicare reimbursement per
cystoscopy and cystoscopy frequency in each regimen. (C) Estimated annual economic cost calculated by adding yearly patient out-of-pocket
costs and cystoscopy regimen reimbursement costs to healthcare system.

In total, patient-reported out-of-pocket expenses in
the HF group were $2,805.00 for 116 cystoscopies
(n = 21 patients), averaging $133.57 per patient.
In the LF group, the total out-of-pocket cost was
$1120.30 for 57 cystoscopies (n = 24 patients), averaging $46.68 per patient with a total cost difference
per patient of $86.89 (Fig. 4A). Differences in
healthcare cost were calculated by multiplying the
number of cystoscopies from each regimen by the
current Medicare reimbursement rate per cystoscopy
(Fig. 4B). The total annual economic cost was cal-

culated by adding the healthcare system cost of
cystoscopy and patient-reported out of pocket costs,
revealing a more dramatic cost difference of $663.85
and $280.05 annually per patient in the HF and LF
regimen, respectively (Fig. 4C). At approximately
80,000 new patients diagnosed with bladder cancer
annually in the U.S. and 30% of them having low
or low-intermediate risk disease, this translates into
a cost difference between HF versus LF surveillance
of more than 9 million dollars annually. Additionally, the potential economic impact of a reduced
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surveillance regimen is even greater given that an
estimated 700,000 people in the U.S. have bladder
cancer [12], with approximately 85% of all patients
having NMIBC and likely receiving some form of
surveillance.

DISCUSSION
Surveillance regimens in bladder cancer utilize
considerable resources. Existing guidelines for surveillance in NMIBC are largely based on expert opinion. Higher levels of evidence, including prospective
comparative trials are needed to support these surveillance guidelines. However, patient willingness to
participate in randomized trials where patients are
delegated to variable surveillance regimens is not
clear. This trial compared two surveillance protocols that differed drastically in the frequency
of cystoscopy for patients with low and lowintermediate risk NMIBC. While the majority of
patients approached agreed to participate, the relatively high rate of patient decline or withdrawal
indicates significant barriers to successful completion of a phase III trial, with many patients declining
randomization based on preference for more frequent
cystoscopy. While our study was not designed to
assess a difference in oncologic outcomes, no difference was observed between the HF and LF groups
in terms bladder biopsies or disease recurrence. The
fact that no patients progressed supports this group
of patients as an appropriate population to study
surveillance frequency without untoward outcome.
Patient-reported quality of life assessments were similar across groups and, as expected, the costs were
significantly lower in the LF group compared to the
HF group. Collectively, these findings support the
current AUA surveillance guidelines for low risk
NMIBC, which recommend lower frequency cystoscopies compared to patients with high risk NMIBC.
Out of pocket cost in the setting of NMIBC surveillance is poorly reported. In 2004, 6370 respondents
with a diagnosis of any cancer not being treated
reported an annual out-of-pocket cost of $1450 [15].
To illustrate the financial burden further, 27% of lowincome patient’s earnings went to treatment of cancer.
Bladder cancer has had the highest cost for treatment per patient in the U.S. of all cancers, which
ranged from $96,000 to $187,000 [2]. The cost of
diagnosis and follow up for NMIBC, not including
treatment, has been estimated to be $4000 per patient
over a 5-year period. Consequently, we predicted that
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our measured out-of-pocket cost to the patient would
also be a sizeable financial burden. Unexpectedly, our
results didn’t confirm this. It is unclear why this may
be, but as previously stated, the calculated cost didn’t
take into account money lost from being away from
work. In addition, 23 of the patients were recruited
from the Veterans Affairs medical system where there
is often transportation provided, no co-pay, and other
ancillary services to decrease out-of-pocket expenses
for the patient. Lastly, costs could have been underreported by patients.
One prior report compared two different surveillance cystoscopy regimens for patients with papillary
NMIBC and randomized 97 patients [8]. Similar to
our study, there was no difference between the risk
of recurrence or progression between groups. In addition, the number of visits was reduced by 37.5% in the
lower frequency group which is less than the 50.1%
reduction in the number of visits observed in our trial.
Several patients randomized to the LF group withdrew from our study, due to patient preference for
a higher frequency regimen. Future studies could
combine reduced frequency surveillance with cost
effective measures aimed at providing patients additional reassurance that tumors have not recurred, such
as urine-based biomarker testing occurring between
surveillance cystoscopies. However, prior studies
have shown minimal patient willingness to reduce
cystoscopy frequency in lieu of a urine-based recurrence monitoring without a high degree of certainty
of urine-based testing sensitivity for tumor detection
[13, 14]. Additionally, a nuanced discussion with low
and low-intermediate risk patients on the incidence
of disease recurrence (∼15%) and lack of association with disease progression (<1%) [16] may lead
to additional comfort with reduced surveillance regimens.
The are several methods that can be improved
during conduction of a subsequent phase trial. One
important metric that was not captured was fear of
recurrence, a recently identified outcome in psychosocial cancer research and clinical care [17].
Fear of recurrence imposes a significant burden in
patients following definitive treatment and during
surveillance of cancer and, therefore, could influence quality of life and cancer outcomes indirectly
by impacting surveillance compliance and willingness to participate in trials. Although FACT-BL
scores in the emotional domain were similarly low in
both HF and LF groups, future studies should more
closely investigate disease-related anxiety and fear of
recurrence. Also, our study did not directly address
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patients’ attitudes and desires regarding frequency of
surveillance, which would be an important item for
further research. Our cost questionnaire recorded easily quantifiable information such as travel distance,
but a more comprehensive cost capturing system is
recommended in subsequent studies. Finally, this trial
addressed extremes of cystoscopy frequency and the
patient willingness for participation may be improved
with less drastic differences in regimens between
treatment groups. Despite these limitations, our study
provides critical data needed to develop subsequent
trials and suggests that patient quality of life and satisfaction are not substantially different across variable
frequency surveillance regimens.
In summary, accrual to a randomized trial comparing variable frequency surveillance regimens is
possible but a significant number of patients declined
to participate or withdrew after randomization. Frequent surveillance cystoscopy is tolerated by patients
and does not result in substantial increase in outof-pocket costs for patients, supporting use of high
frequency surveillance from the patient’s perspective.
However, similar biopsy, recurrence, and progression
rates between low and high frequency surveillance
regimens support the use of lower frequency cystoscopies for patients with low and low-intermediate
risk disease from a societal perspective.
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