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ABSTRACT
Mihaela V. Georgieva: Appropriate Use and Value of Surveillance among
Medicare Patients with Non-Muscle-Invasive Bladder Cancer
(Under the direction of Stephanie B. Wheeler)

Bladder cancer patients have the highest median age at diagnosis of 73 years compared
with all other cancer types and often live with substantial disease and comorbidity burden. Due
to high recurrence rates, intensive surveillance strategies, and expensive therapies, bladder
cancer has the highest lifetime costs per patient from diagnosis to death. Regular surveillance
cystoscopy is recommended for patients with non-muscle invasive bladder cancer (NMIBC) of
all ages to detect potential recurrences, despite a lack of large randomized controlled trials
examining how the use of cystoscopy affects patient outcomes.
The overall objectives of this dissertation were (1) to investigate factors associated with
receipt of surveillance cystoscopy; (2) to characterize survival outcomes of NMIBC patients
undergoing surveillance; and (3) to examine the cost-effectiveness of three different riskstratified and uniform surveillance recommendations. We used the Surveillance Epidemiology
and End Results (SEER)-Medicare data from 2000 to 2014 to assess disease characteristics and
outcomes. We also developed a patient-level simulation model to quantify the health-economic
impact of different frequencies of surveillance over five years. In Aim 1, we found that NMIBC
patients aged ≥85 years, those with poor disability status, and those having ≥3 comorbidities at
diagnosis were least likely to undergo recommended (≥7 cystoscopies) or low-intensity (≥4
cystoscopies) surveillance over the first two years post-diagnosis. As the age at diagnosis and the
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number of comorbid conditions increased, the odds of receiving recommended cystoscopy
frequency as well as the rate of cystoscopy decreased. In Aim 2, older patients (≥75 vs. 66-74
years) and those with poor disability status at diagnosis had higher cumulative incidence of both
bladder-cancer and other-cause death, regardless of frequency of cystoscopy. In Aim 3, lowintensity risk-stratified surveillance, with cystoscopy frequency increasing progressively with
risk, was associated with different trade-offs such as lower costs and fewer false positive cases
per patient, compared with a more frequent high-intensity risk-stratified approach and uniform
surveillance.
This research highlights the importance of age, comorbidities, functional status, and riskstratification on receipt of surveillance and outcomes of NMIBC patients. Additionally, findings
from our study suggest intermediate-risk patients may benefit from less frequent surveillance
than high-risk patients.
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CHAPTER 1: INTRODUCTION
Overview
The rising costs of cancer care present a substantial burden for the healthcare system and
most importantly, for patients. Additionally, the aging of the population, the increased
incidence/prevalence of cancer, and the increased complexity of treatments present further
challenges to the delivery of high-quality cancer care and call for evidence-based care and
scientific research to inform medical decisions (Institute of Medicine 2013). High-cost care does
not necessarily translate into high-quality care or improved outcomes, as shown by the Choosing
Wisely initiative (Howard and Gross 2015). The recent emergence of different value frameworks
has been one effort to quantify the health benefits of cancer treatments relative to their cost and
help promote shared medical decision making (Chandra, Shafrin, and Dhawan 2016).
Determining the appropriate intensity of care, particularly with respect to cancer surveillance,
also requires quantifying the long-term benefits and costs associated with different courses of
action. Surveillance approaches following active treatment for cancer have been identified as the
highest priority topic for cancer-related comparative effectiveness research (Greenberg et al.
2013).
One area characterized by considerable variation in practice and uncertainty regarding
optimal surveillance choices is that of early stage bladder cancer. Recommendations from
existing clinical guidelines for the management of non-muscle-invasive bladder cancer (NMIBC)
are largely consensus-based and vary across different professional societies and countries, with
approaches ranging from intensive one-size-fits-all surveillance schedules, historically in the
United States, to patient-level risk-stratification, historically in Europe (Chang et al. 2016; Hall
1

et al. 2007; Power and Izawa 2016; Babjuk et al. 2016; Babjuk et al. 2013; Babjuk et al. 2011).
Prior studies have found lack of adherence to bladder cancer surveillance guidelines and
underutilization of care for patients with NMIBC in the United States arguably due to
unnecessarily intensive recommendations for use of surveillance cystoscopy (Schrag et al. 2003;
Chamie et al. 2011; Chamie et al. 2012). In June 2016, the American Urological Association
(AUA) and Society of Urologic Oncology (SUO) released updated guidelines for diagnosis and
treatment of NMIBC recommending a risk-stratified approach to surveillance cystoscopy based
on known risks for recurrence and progression (Chang et al. 2016). However, surprisingly, little
is known about how different frequencies of surveillance affect patient outcomes and costs.
Moreover, non-disease related factors such as frailty, functional status, and comorbid conditions
could impact both receipt of surveillance and outcomes (Taylor and Kuchel 2009; Soria et al.
2016). Given the high costs associated with bladder cancer treatment and increased disease
burden as the US population ages, it is important to understand what the implications of
surveillance frequency and risk-stratification are for providing high-quality, high-value care for
older NMIBC patients. We used the generally accepted definition of value as a measure of
outcomes achieved per unit of monetary expenditure (Feeley et al. 2010).

Purpose of the Dissertation
The long-term goal of this research is to improve the efficiency, quality, and value of
cancer care by limiting unnecessary and/or potentially harmful interventions and promoting
effective and patient-centered cancer treatment and surveillance. The overall objective of this
dissertation was to examine real-world surveillance patterns and quantify the health-economic
impact of surveillance among older patients with NMIBC. The central hypothesis was that less
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frequent NMIBC surveillance accounting for patient-specific characteristics and heterogeneity
would result in similar patient outcomes, compared to the historic US guidelines recommending
uniform surveillance cystoscopy every three months, and would be associated with lower costs.
The specific aims were:
1.

Examine surveillance patterns and factors associated with receipt of recommended
surveillance cystoscopy for NMIBC patients.
a. Characterize differences between patients receiving recommended (≥7
cystoscopies) or at least low-intensity (≥4 cystoscopies) surveillance over the
first two years after diagnosis.
b. Examine the effect of comorbidities, age, and disability/functional status on
receipt of recommended and low-intensity surveillance as well as on the
number of cystoscopies received during the first two years after diagnosis,
after controlling for other demographic and clinical characteristics.

2. Examine the association between surveillance cystoscopy use and NMIBC survival
within the Medicare population.
a. Characterize survival patterns and assess all-cause, bladder-cancer-specific,
and other-cause mortality among NMIBC patients after receipt of
recommended (≥7 vs. <7 cystoscopies) and low-intensity (≥4 vs. <4
cystoscopies) during the first two years after diagnosis.
b. Examine differences in bladder-cancer-specific and other-cause mortality by
patients’ age at diagnosis, comorbidities, and disability status.
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3. Assess the cost-effectiveness of the US risk-stratified surveillance guidelines
compared with the historic recommendations of uniform surveillance among
Medicare patients with NMIBC.
a. Quantify the health-economic outcome in terms of total quality-adjusted life
years (QALY) gained, total costs, total recurrent cases and progressed cases
detected, total deaths, and total false positive (FP) cases under the historic
uniform recommendations, a low intensity risk-stratified approach and a high
intensity risk-stratified approach, based on the 2016 American Urological
Association (AUA)/ Society of Urologic Oncology (SUO) guidelines.
b. Compare the incremental cost-effectiveness ratios (ICERs) of cost per
additional QALY gained, cost per death averted, cost per recurrence detected,
cost per progression averted, and cost per FP averted across the three
strategies.

Covariates used in the Aims 1 and 2 analyses included patient age at diagnosis,
race/ethnicity, marital status at diagnosis, tumor grade, T classification (Ta, Tis, T1) based on the
American Joint Committee on Cancer (AJCC) TNM staging system (Edge et al. 2010), prior
history of cancer, year of diagnosis, history of state buy-in in the year prior diagnosis (proxy for
whether a beneficiary was enrolled in a state-administered Medicaid program), SEER region, and
extent of urbanization at patients’ residence. We assessed functional status in the 12 months prior
to diagnosis using the Disability Status (DS) measure (Davidoff et al. 2013; Davidoff 2014).
Comorbidities were measured using the Klabunde adaptation of the Charlson comorbidity index
modified for cancer patients (Klabunde et al. 2007; Klabunde et al. 2000). We assessed patients’
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zip code-level socioeconomic information by using US Census data to derive quartiles of median
household income in subject’s zip code and proportion of adult residents with less than high
school education in subject’s zip code. Surgeon volume was defined as the number of
transurethral resections performed by each patients’ treating physician in the year prior to
patient’s diagnosis.
Aim 1 was analyzed using multilevel logistic and Poisson regression to examine
frequency of surveillance, defined as ≥7 (recommended), ≥4 cystoscopies (low-intensity), and
number of cystoscopies during the first two years post-diagnosis. Aim 2 was analyzed using
propensity-score weighted Fine-Gray competing risk regression and Cox proportional hazards
model to assess all-cause, bladder-cancer-specific and other-cause mortality after receipt of highintensity (≥7 vs. <7 cystoscopies) or low-intensity surveillance (≥4 vs. <4 cystoscopies) during
the first two years after diagnosis. Aim 3 was analyzed using a patient-level simulation model
and risk-stratification to compare the three different surveillance approaches.

Significance and Contribution
This research is innovative in several major ways. It is the first study to evaluate the
functional status of NMIBC patients at diagnosis, using as a proxy the disability status measure,
a novel claims-based prediction algorithm for performance status in older adults (Davidoff et al.
2013). We examined patients’ disability status at diagnosis as a predictor of surveillance use and
incorporated it in the survival models to alleviate treatment selection bias and confounding by
frailty. Furthermore, no studies have examined recent trends in NMIBC surveillance in a broader
cohort of NMIBC patients with both high- and low-grade tumors. Lastly, this is the first study to
investigate the cost-effectiveness of the 2016 AUA/SUO guidelines using risk-stratification,
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compared with the historic US surveillance approach, recommending uniform cystoscopic
evaluation for all patients (Chang et al. 2016; Hall et al. 2007).
The research presented in this dissertation helps to inform the decision making of
providers, insurers, and patients and quantifies the value and risk-benefit trade-offs of
surveillance for older NMIBC patients. The analyses also help improve the understanding of agerelated factors associated with receipt of surveillance and identify patient groups that may benefit
from further interventions aimed at promoting appropriate frequency of surveillance. Findings
from this work may also provide insights in improving surveillance approaches following active
treatment for cancer among other cancer types and in particular, among older cancer survivors
with multiple chronic conditions.

Structure of the Dissertation
Sections of the dissertation are organized as follows: Chapter 2 presents a detailed review
of NMIBC disease characteristics, summary of existing domestic and international clinical
practice guidelines for NMIBC surveillance, as well as current risk-stratification algorithms and
their use in different guidelines. We also discuss the current literature on bladder cancer
surveillance, adherence to surveillance recommendations, and limitations of the existing
observational studies. The purpose of Chapter 2 is to provide background and motivation for the
dissertation study.
Chapter 3 provides an overview of the methods used, including the conceptual
framework motivating this research, data sources and study population, variable definitions and
measurement, study hypotheses, as well as detailed analytical approaches by aim, and
description of sensitivity analyses and expected limitations. Chapters 4 through 6 are individual
manuscripts corresponding to aims 1-3, respectively, and are intended for independent
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submission for peer-reviewed publication. Finally, Chapter 7 summarizes the strengths and
limitations of this work, policy implications, and future research directions. An appendix with
supplementary tables and materials, referenced in earlier chapters, and a full bibliography are
provided at the end of the dissertation.
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CHAPTER 2: LITERATURE REVIEW
Disease Characteristics
Bladder cancer is the sixth most common cancer in the United States, and its incidence
has increased from approximately 50,000 new cases diagnosed in 1990 to more than 80,000 new
cases expected in 2018 (Silverberg, Boring, and Squires 1990; Siegel, Miller, and Jemal 2018).
Over the same time period, the median age at diagnosis has increased from 65 to 73 years, the
highest age among all cancer sites (American Cancer Society 2016). Most incident cases (70%)
are non-muscle-invasive bladder cancer (NMIBC) at the time of presentation but these patients
have highly variable risks of recurrence of NMIBC and progression to the potentially lethal
phenotype of muscle-invasive (≥T2) disease (Burger et al. 2013; Sylvester et al. 2006). Lowgrade NMIBC constitutes about two-thirds of all NMIBC cases; in this group approximately
50% recur, and <5% progress to muscle-invasive disease (Sylvester et al. 2006). In the United
States, the incidence rate of non-invasive papillary (Ta) predominantly low-grade bladder cancer
was found to increase significantly between 1988-2006, while over the same time period the
rates of carcinoma in situ (Tis) and lamina propria-invasive (T1) disease decreased (Nielsen et al.
2014). These trends were most pronounced among older patients aged 65 years and above,
suggesting changing disease characteristics among older cohorts (Nielsen et al. 2014).
Long-term follow-up has shown that the progression rate varies by tumor grade and T
stage and is as low as 6% for low-grade Ta and as high as 17% for high-grade T1 (Palou et al.
2012; Leblanc et al. 1999). The survival prognosis for patients with NMIBC is relatively
favorable, with cancer-specific survival at 5 years ranging from 98.5% in patients with low-grade
8

Ta to 88.7% in patients with high-grade T1 disease (Cambier et al. 2016). However, cancerspecific survival after progression from high-risk (e.g., high-grade T1) NMIBC to MIBC have
been found to be much lower: 32% (range: 13%-64%) in 7 prospective trials with a median
follow-up of 52-123 months and 37% (range: 7%-59%) in 12 retrospective studies with a median
follow-up of 48-107 months (Van Den Bosch and Witjes 2011).
Comorbidities and comorbidity-associated events also represent very important
causes of mortality in bladder cancer patients, who have one of the highest comorbidity burdens
compared with other cancer patients, increasing progressively with age (Bluethmann, Mariotto,
and Rowland 2016). Among patients newly diagnosed with bladder cancer, the 5-year cancerspecific mortality rate was found to vary between 1% and 59%, and other-cause mortality rate
between 6% and 90%, depending on the tumor type and patient age (Noon et al. 2013). Even
among high-risk bladder cancer patients treated with radical cystectomy, between 8.5% and
27.1% of deaths were attributable to other-cause mortality at 5 years after cystectomy
(Lughezzani et al. 2011).
Despite the variable but generally low progression rates, NMIBC has very high rates of
recurrent NMIBC (Sylvester et al. 2006). Given the high recurrence rates, regular surveillance
cystoscopy is recommended for patients with NMIBC of all ages to detect potential recurrences
or progression to MIBC. The evidence of a growing subgroup of predominantly older patients
with lower-risk disease and high comorbidity burden warrants further scrutiny of clinical practice
recommendations for NMIBC, which currently do not explicitly consider age, comorbidities, or
functional impairment when determining appropriate intensity of care.

9

Overview of Different Surveillance Recommendations
For patients with early stage NMIBC, surveillance is based on repetitive invasive
endoscopy procedures, often for the remainder of a patient’s lifespan. Historically, guidelines in
the United States recommended surveillance cystoscopy every 3 months for 2 years, every 6
months for 2 years, and annually thereafter, even though neither the ideal interval, nor the
duration of follow-up cystoscopy were defined (Hall et al. 2007). The 2016 AUA/SUO
guidelines (Chang et al. 2016) recommended the following risk-stratified approach to
surveillance:
1) “For a low-risk patient whose first surveillance cystoscopy is negative for tumor, a
clinician should perform subsequent surveillance cystoscopy six to nine months later, and
then annually thereafter; surveillance after five years in the absence of recurrence should
be based on shared-decision making between the patient and clinician. (Moderate
Recommendation; Evidence Strength: Grade C)”
2) “For an intermediate-risk patient whose first surveillance cystoscopy is negative for
tumor, a clinician should perform subsequent cystoscopy with cytology every 3-6 months
for 2 years, then 6-12 months for years 3 and 4, and then annually thereafter. (Expert
Opinion)”
3) “For a high-risk patient whose first surveillance cystoscopy is negative for tumor, a
clinician should perform subsequent cystoscopy with cytology every three to four months
for two years, then six months for years three and four, and then annually thereafter.
(Expert Opinion)”
Given the lack of prospective studies that compare outcomes among differing cystoscopic
surveillance regimens for intermediate- and high-risk NMIBC patients (unlike the case for low-
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risk patients), the Panel recommendations for frequency of surveillance for the intermediate- and
high-risk groups were based on consensus and historic precedent (Chang et al. 2016). The Panel
highlighted the “urgent need for studies to determine if less stringent follow up regimens can be
employed without significantly affecting oncologic outcomes in these [intermediate-risk and
high-risk] patients.”
International guidelines using risk-stratified approaches to surveillance cystoscopy have
already adopted less stringent surveillance schedules (Table 1). The European Association of
Urology (EAU) guidelines recommend cystoscopy for low-risk patients at three months, nine
months, and annually thereafter; for intermediate-risk patients: at three months, every three to six
months for five years, and annually thereafter; for high-risk patients: every three months for two
years, every six months for three years, and annually thereafter (Babjuk et al. 2016; Babjuk et al.
2013; Babjuk et al. 2011). The National Institute for Health and Care Excellence (NICE)
guideline for bladder cancer diagnosis and management in the United Kingdom recommend
cystoscopic follow-up for low-risk patients at three and 12 months after diagnosis and discharge
to primary care for patients with no recurrence of the bladder cancer within 12 months. For
intermediate-risk patients, NICE recommends cystoscopy at three months, nine months, 18
months, and annually thereafter for five years; for high risk patients: every three months for two
years, every six months for the next two years, and annually thereafter (National Collaborating
Centre for Cancer 2015).
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Table 1. Comparison of existing guidelines for the diagnosis and management of NMIBC
US
Historic
Recs
All
Cystoscopy

3
months/
2 years
6
months/
2-3
years
once/
year

AUA/SUO Guidelines
(2016)
Low
Risk
3-4
months

Int
Risk
3
months

6-9
months

3-6
months
/2
years
6-12
months
/2
years
once/
year
N/A

once/
year

High
Risk
3-4
months
/2
years
6
months
/2
years
once/
year

EAU Guidelines
(2008-2016)
Low
Risk
3
months

Int Risk

9
months

3-6
months/
5 years

once/
year

once/
year

3
months

High
Risk
3
months
/2
years
6
months
/3
years
once/
year

NICE Guidelines (2015)

Low
Risk
3
months

Int
Risk
3
months

12
months

9
months

18
months

High
Risk
3
months
/2
years
6
months
/2
years
once/
year

once/
year
5 years

Total
N/A
5 years
N/A
5 years
N/A
N/A
12
N/A
follow-up
months
Abbreviations: US, United States; recs, recommendations; AUA, American Urological Association; SUO, Society of
Urologic Oncology; EAU, European Association of Urology; NICE, National Institute for Health and Care
Excellence; Int, intermediate; N/A, not available.

Risk-stratification
Prognostic markers in NMIBC that help assess the risk of recurrence and progression to
muscle-invasive bladder cancer (MIBC) include clinical factors such as history of recurrence and
pathological factors such as stage, grade, cancer size, presence of carcinoma in situ (CIS),
number of cancers, variant pathology, lymphovascular invasion (Chang et al. 2016; Sylvester et
al. 2006). The European Organization for Research and Treatment of Cancer (EORTC) risk
tables used six clinical and pathological factors (number of tumors, tumor size, prior recurrence
rate, T category, CIS, and grade) to stratify patients into risk groups and derive annual
probabilities of recurrence and progression (Sylvester et al. 2006). The EORTC risk tables
(Sylvester et al. 2006) have been validated in several studies which demonstrate that the tables
successfully stratify patients into risk groups for recurrence and progression, although they tend
to overestimate the risk of recurrence in all risk groups and the risk of progression in high risk
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groups (Seo et al. 2010; Fernandez-Gomez et al. 2011; Altieri et al. 2012; T. Xu et al. 2013;
Lammers et al. 2014; Hernandez et al. 2011).
There is no universally accepted classification of risk in NMIBC. Summary of the riskstratification classifications proposed by the AUA/SUO, EAU, and NICE is presented in Table 2,
Table 3, and Table 4. One of the main differences in the risk-stratification algorithms is that
unlike the EAU and NICE definitions, the AUA/SUO classification also includes any BCG
failure in high grade cases, any lymphovascular invasion (LVI), and any high grade prostatic
urethral involvement among the criteria for high-risk NMIBC. The NICE guidelines did not
include presence of LVI as a risk factor due to their assessment of low quality evidence
suggesting that the presence of LVI increases the risk of recurrence, progression, and diseasespecific survival in small study samples (National Collaborating Centre for Cancer 2015; Lotan
et al. 2005; Kikuchi et al. 2009). While both the AUA/SUO and NICE classifications include
variant histology as a high-risk factor, the NICE definition is more restrictive, including only
aggressive variants of urothelial carcinoma (e.g., micropapillary or nested variants).

Table 2. 2016 AUA/SUO risk stratification algorithm for NMIBC
Low Risk

Intermediate Risk

High Risk

Low grade solitary Ta ≤3 cm

Recurrence within 1 year, low
grade Ta
Solitary low grade Ta >3 cm

High grade T1
Any recurrent, high grade Ta
High grade Ta, >3 cm (or multifocal)
Any CIS
Any BCG failure in high grade case
Any variant histology
Any lymphovascular invasion
Any high grade prostatic urethral
involvement

Papillary urothelial
neoplasm of low malignant
potential

Low grade Ta, multifocal
High grade Ta, ≤3 cm
Low grade T1

Source: Chang et al. 2016
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Table 3. EAU risk stratification algorithm for NMIBC
Low Risk

Intermediate Risk

High Risk

Primary, solitary, Ta, LG
(low grade)/G1, < 3 cm, no
CIS

All tumors not defined in the
two adjacent categories
(between the category of low
and high risk)

Any of the following:
• T1 tumor
• HG (high grade)/G3 tumor
• CIS
• Multiple and recurrent and large (>3
cm)
• Ta G1G2 tumors (all conditions must
be present in this point)

Source: Babjuk et al. 2011, 2013, 2016.

Table 4. NICE risk stratification algorithm for NMIBC
Low Risk

Intermediate Risk

High Risk

• Solitary pTaG1 < 3 cm
• Solitary pTaG2 (low
grade) <3 cm
• Any PUNLMP (papillary
urothelial neoplasm of
low malignant potential)

• Solitary pTaG1 ≥3 cm
• Multifocal pTaG1
• Solitary pTaG2 (low grade)
≥3 cm
• Multifocal pTaG2 (low
grade)
• pTaG2 (high grade)
• Any pTaG2 (grade not
further specified)
• Any low‑risk non‑muscle‑
invasive bladder cancer
recurring within 12 months
of last tumor occurrence
Source: NICE Guideline for Bladder Cancer (2015)

Any of the following:
• pTaG3
• pT1G2
• pT1G3
• pTis (CIS)
• Aggressive variants of urothelial
carcinoma, for example micropapillary
or nested variants

Economic Burden of Surveillance
Due to high recurrence rates, intensive surveillance strategies, and expensive therapies,
the economic burden of bladder cancer is substantial (Svatek et al. 2014; Noyes, Singer, and
Messing 2008). In the United States, the annual national cost of bladder cancer care in 2010 was
estimated to be $3.98 billion and is expected to rise to $5 billion by 2020 (Mariotto et al. 2011).
Lifetime per capita costs of bladder cancer, estimated between $96,000 and $187,000 in 2001 US
dollars (more than $260,000 in 2015 US dollars), is higher than the cost of any other cancer from
diagnosis to death (Botteman et al. 2003; Crawford, Church, and Akin 2016). Given the wellestablished trends in long-term survival in the literature and expensive treatments, it is expected
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that bladder cancer will continue to have the highest lifetime costs per patient from diagnosis to
death, exceeding those of other common cancers, including colorectal, breast, prostate, and lung
cancers (Yabroff et al. 2011; Yabroff et al. 2008; Yeung, Dinh, and Lee 2014). A retrospective
study of 208 bladder cancer patients found that surveillance and the management of recurrences
accounted for approximately 60% of the lifetime cost (Avritscher et al. 2006). If all patients
diagnosed with NMIBC in the last year received recommended surveillance care with no
recurrences (a perfect case scenario), the cost to the health care system for the management of
this cohort for 5 years would exceed $150 million (Avritscher et al. 2006).
Adherence to Surveillance Recommendations in the United States
Prior analyses using the Surveillance, Epidemiology, and End Results (SEER) cancer
registry data linked with Medicare claims have indicated that, in practice, adherence to
historically recommended NMIBC surveillance protocols is low. Only 40% of patients with
NMIBC diagnosed in SEER-Medicare between 1992 and 1996 underwent surveillance once
every six months for three years (Schrag et al. 2003). Chamie et al. found even lower rates of
adherence to historic surveillance cystoscopy recommendations: among high-grade NMIBC
patients diagnosed between 1992-2002, only 4.9% received eight or more cystoscopies and
33.6% received at least four cystoscopies over the first two years after diagnosis (Chamie et al.
2011). Unexplained provider-level factors contributed significantly to the low compliance rate
(Chamie et al. 2011). In a follow-up study by the same research group, compliance with ≥4
cystoscopies, ≥4 cytologies, and BCG instillation was found to be lower among patients aged
≥80 and higher among those with undifferentiated, Tis, and T1 tumors, and among patients
diagnosed after 1997 (Chamie et al. 2012). Patients compliant with these measures had a lower
hazard of bladder-cancer mortality (hazard ratio, 0.41; 95% confidence interval, 0.18-0.93) than

15

those who received < 4 cystoscopies, < 4 cytologies, and no BCG (Chamie et al. 2012).
However, all previous studies on bladder cancer surveillance lacked important information about
patients’ functional status, which may influence patients’ and providers’ decisions to undertake
regular surveillance cystoscopy as well as patient outcomes (Schrag et al. 2003; Chamie et al.
2011; Chamie et al. 2012; Hollingsworth et al. 2010).
Treatment intensity, defined as all Medicare expenditures per patient incurred within the
first 2 years after bladder cancer diagnosis, was used as another measure of health care utilization
among patients with early stage bladder cancer (Hollenbeck et al. 2009; Hollingsworth et al.
2010; Strope et al. 2010). Treatment intensity was driven largely by patient characteristics: 23%
of the variation in initial treatment intensity was determined by patient-level factors vs. 9.2%
determined by provider factors (Hollingsworth et al. 2010). However, relatively little of the
variation was accounted for by commonly measured patient-level factors such as age,
comorbidities, tumor grade, and stage, suggesting that other unmeasured patient-level factors
such as patient preferences or functional status might be influencing the variability in treatment
intensity. While treatment intensity was appropriately aligned with clinical characteristics such
as age, comorbidity, tumor stage, and grade, it did not match the inferred disease risk for about
half of the highest and lowest risk patients, suggesting that a considerable proportion of patients
with early-stage bladder cancer might be receiving too much or too little care (Strope et al.
2010). However, the definitions of disease risk used by Strope and colleagues were not based on
any formal risk-stratification algorithm, neither did they capture the risks of recurrence and
progression. Instead, the authors identified groups of patients with very low risk and very high
risk of bladder cancer-related death, thus potentially misclassifying patients.
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There are several limitations of defining treatment intensity based on bladder cancer
expenditures rather than on specific procedures and services used. Using only Medicare
payments for all inpatient and outpatient claims associated with a bladder cancer diagnosis as a
proxy for treatment intensity fails to account for costs associated with procedural complications
or frequency and indication of services received. A patient undergoing a costly cystectomy, a
radical surgery to remove the bladder, may be classified as receiving the same level of high
treatment intensity as a patient receiving a high volume of less intensive routine care or regular
surveillance. Similarly, it is problematic to investigate the association between cancer-specific
survival and treatment intensity based on Medicare payments due to potential endogeneity.
Healthier patients are likely to both live longer and have lower Medicare spending/treatment
intensity within the first two years after diagnosis. Therefore, the findings that treatment intensity
is not associated with improved cancer-specific survival (Hollenbeck et al. 2009; Hollingsworth
et al. 2010) merely demonstrate a lack of correlation between Medicare payments for bladder
cancer and survival rather than any plausible causal link. Detailed review of the discussed studies
examining receipt of health care services among early stage bladder cancer patients in the United
States is presented in Appendix 2.1. Review of prior studies examining receipt of surveillance
among bladder cancer patients in the Unites States is presented in Appendix 2.2.
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CHAPTER 3: RESEARCH DESIGN AND METHODS
Overview and Rationale
The goal of this dissertation research is to examine the value of surveillance for older
patients with non-muscle-invasive bladder cancer (NMIBC) by assessing disease characteristics,
surveillance patterns, and outcomes among Medicare beneficiaries with NMIBC. The overall
study design for Aims 1 and 2 consisted of a retrospective cohort study of Medicare beneficiaries
diagnosed with NMIBC from 2001 to 2012. Aim 3 used a patient-level simulation model
calibrated with data from SEER-Medicare, clinical trials, and the published literature to compare
the cost-effectiveness of the new 2016 AUA/SUO risk-stratified guidelines with the historic US
recommendations of uniform surveillance for all patients, regardless of their risk of recurrence
and progression.

Conceptual Model
This research is grounded in a conceptual framework informed by both Andersen’s
Behavioral Model of Health Care (Andersen 1995) and Donabedian’s Quality of Medical Care
framework (Donabedian 1966). Andersen's model suggests that use of health services is a
function of 1) predisposing characteristics (e.g., demographic factors), 2) enabling resources
which allow the use of services, and 3) need for those services (Andersen 1995). The framework
proposed by Donabedian consists of three elements: structure, process, and outcomes
(Donabedian 1966). The underlying assumption for this model is that good structure increases
the likelihood of good process and that, in turn, increases the likelihood of a good outcome
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(Donabedian 1966). The proposed conceptual model combining Andersen’s and Donabedian’s
frameworks allows to evaluate the influence of both patient-level and practice setting
characteristics on receipt of recommended surveillance as well as on patient outcomes and costs.

Figure 1. Conceptual framework

Donabedian defines structure as the attributes of the setting in which care occurs
(Donabedian 1966). Structural elements are attributes of the site of care, including characteristics
of physicians and their practice settings, which may influence health outcomes (Brook,
McGlynn, and Cleary 1996). Since surveillance cystoscopy is typically administered in an
outpatient setting and does not require hospitalization, we were not able to examine the
association between hospital characteristics and patient surveillance. However, the structural
elements we examined were distance traveled to cystoscopy provider and surgeon case volume.
Surgeon case volume was defined as a categorical variable measuring caseload for transurethral
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resections for each surgeon, following prior work (Chamie et al. 2011; Chamie et al. 2012).
Surgeons with higher caseloads for transurethral resections might also be more likely to use more
frequent surveillance cystoscopy due to inherent preferences or proclivity for patient workup and
endoscopic evaluation. Therefore, it is important to account for these characteristics in the
multivariable models examining factors associated with receipt of surveillance cystoscopy.
Process encompasses the components of the encounter between provider and patients
such as whether clinical practice guidelines are followed. Process was assessed by examining
receipt of surveillance cystoscopy among the study population. Outcome is defined as the effects
of care on the health status of patients and populations. We evaluated survival, costs, as well as
cost-effectiveness measures such as additional cost per quality adjusted life years (QALYs)
gained and additional cost per death averted associated with different surveillance strategies.
Examining predisposing, enabling, and need characteristics is key to understanding the
association between patient-level factors and surveillance cystoscopy use. Predisposing
characteristics included age at diagnosis, sex, race/ethnicity, marital status, and education and
were obtained from the SEER Patient Entitlement and Diagnosis Summary File (PEDSF).
Enabling resources are those that allow patient’s use of healthcare services and included income,
state buy-in indicating whether a patient was enrolled in a state-administered Medicaid program,
geographic location, and SEER region. Need characteristics determine the need for treatment or
health services use and included presence of comorbid conditions, disability status, stage at
diagnosis, tumor grade, and prior cancer history. The inclusion of need characteristics is
particularly important in an environment where personalized medicine and risk-stratified
approaches to disease management are increasingly adopted as ways to provide high-value, highquality care. Patients’ individual indication for treatment might also drive divergence of clinical
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practice from established guidelines, thus challenging guideline concordance as a traditional
quality-of-care indicator.

Data Sources
We used the National Cancer Institute’s (NCI) Surveillance Epidemiology and End
Result (SEER) database linked with Medicare fee-for-service claims from 2000 to 2014. The
SEER data contain longitudinal demographic and incident cancer characteristics including grade
and stage for approximately 28% of the U.S. cancer population. Data are available on all cancer
cases diagnosed from 2000 and later for all SEER 18 registries participating in the program. The
SEER 18 registries consist of the SEER 13 plus Greater California, Greater Georgia, Kentucky,
Louisiana, and New Jersey (“SEER Registry Groupings for Analyses” 2017). Even though in
2001 the SEER Program expanded coverage to include Kentucky and the remaining counties in
California and, in addition, New Jersey and Louisiana once again became participants, the first
full year of data for all of these registries, part of SEER 18, is 2000 (“Greater California
Registry” 2017; “Kentucky Registry” 2017; “Louisiana Registry” 2017; “New Jersey Registry”
2017). Hence, we had access to data from all 18 SEER registries for the study period.
Medicare provides health insurance for 97% of Americans aged 65 and older, and these
data reflect health care services used as well as co-morbid health conditions (Warren et al. 2002).
The Medicare inpatient file includes institutional claims submitted for facility costs covered
under Medicare Part A as well as beneficiary, physician, and hospital identifiers, admission and
discharge dates, and diagnosis and procedure codes. The outpatient files contain claims from
outpatient institutional providers, such as hospital outpatient departments. The carrier files
contain claims from non-institutional professional providers, such as physicians, nurse
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practitioners, independent clinical laboratories, and ambulatory surgery centers. The pharmacy
files include prescription drug data such as drug name, fill date, days supply, formulary status,
and cost. Claims for Medicare beneficiaries enrolled in a Medicare managed care plan are not
included (Warren et al. 2002).
To link SEER with Medicare data, the registries participating in the SEER program send
individual identifiers for all persons in their files to NCI and the Centers for Medicare and
Medicaid Services (CMS). These identifiers are matched with identifiers contained in Medicare's
master enrollment file. The linkage was first completed in 1991 and has been updated in 1995,
1999, 2003, 2006, 2009, 2012, 2014, and 2016. For each of the linkages, 93 percent of persons
aged 65 and older in the SEER files were matched to the Medicare enrollment file (Potosky et al.
1993; “SEER-Medicare: How the SEER & Medicare Data Are Linked” 2017). For this
dissertation research we were granted access to the 2016 data linkage for the SEER 18 registries
and thus we had claims data from 2000 to 2014 for Medicare beneficiaries with bladder cancer.

Study Population and Inclusion/Exclusion Criteria
The inclusion and exclusion criteria for the study cohorts for Aims 1 and 2 are presented
in Table 5. The study population included SEER-Medicare beneficiaries diagnosed with
urothelial carcinoma of the bladder between January 1, 2001 and December 31, 2012. We used
their Medicare claims from January 1, 2000 through December 31, 2014 to allow for
identification of comorbidities and at least two years of follow-up claims post-diagnosis in order
to assess outcomes. Patients aged 66 years and older were included in the study in order to have
one year of claims prior to diagnosis to assess comorbidities and disability status (Klabunde,
Warren, and Legler 2002; Klabunde et al. 2000; Davidoff et al. 2013).

22

We identified bladder cancer patients with urothelial non-muscle invasive (Ta, Tis, T1,
N0, NX, M0) disease. Patients had to be continuously enrolled in Medicare parts A and B for a
minimum of 12 months prior to first recorded diagnosis until the end of the study period or
death. Patients were excluded if they were diagnosed at autopsy or death. We excluded patients
who were enrolled in Medicare Advantage (managed care) from the year before diagnosis
through the end of the study period or death because individual claims for those enrollees are not
available (Warren et al. 2002). Patients were also excluded if they did not have a confirmed
bladder cancer diagnosis (ICD-9) in any Medicare claims file within 2 months before or up until
12 months after the SEER diagnosis. Patients who underwent total cystectomy or died during the
first two years post-diagnosis were censored, as they were no longer eligible for surveillance.
The study cohort for Aim 2 additionally excluded patients who died or underwent total
cystectomy during the first two years after diagnosis as we could not assign them to a
surveillance cystoscopy group, which requires two years of observed exposure.
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Table 5. Study Inclusion and Exclusion Criteria

•

Inclusion Criteria
Aims 1 & 2
All patients diagnosed with urothelial
(histology codes 8050-8052, 8120-8124,
8130-8131), non-muscle-invasive (Ta, Tis,
T1, N0, NX, M0) bladder cancer (SEER
cancer codes C67.0-C67.9; ICD-9 codes
188.0-188.9, 233.7) from 2001-2012,
allowing for at least two years of follow-up
claims post-diagnosis in order to assess
outcomes.

•
•
•

•

Age 66 years or older at diagnosis in order
•
to allow one year prior to diagnosis to assess
comorbidities and disability status.

•

Continuous Medicare Part A & B coverage
for 12 months prior to diagnosis until end of
the study period or death

•

•
•

Bladder cancer diagnosis (ICD-9) in any
Medicare claims file

Aim 2 Only
Patients who survived for at least two years
after diagnosis
Patients who did not undergo total
cystectomy during the first two years postdiagnosis

•
•
•

•
•

Exclusion Criteria
Aims 1 & 2
Non-urothelial or missing histology
Diagnosed with advanced or metastatic
cancer (T3-T4, N1-N3, M1) or missing
stage
Diagnosed at autopsy or death

<Age 66 at diagnosis

Lack of continuous Medicare Part A & B
coverage until December, 2014 or death
Enrolled in Medicare Advantage (managed
care)
Lack of bladder cancer diagnosis on a
Medicare claims file within 2 months before
or 12 months after the SEER diagnosis
Aim 2 Only
Patients who had died during the first two
years post-diagnosis
Patients who had a total cystectomy during
the first two years post-diagnosis

Diagnostic and procedural codes used to identify the cohort and relevant procedures and
processes of care are presented in Appendices 3.1 and 3.2. Description of the American Joint
Committee on Cancer (AJCC) TNM staging system for bladder cancer used to define the cohort
is provided in Appendix 3.3. Corresponding anatomic stage/prognostic groups are described in
Appendix 3.4.
Sample Size and Statistical Power
From 2000 onward there have been over 5,000 cases of bladder cancer every year
available within the SEER-Medicare data (National Cancer Institute. Division of Cancer Control
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& Population 2016). The study population for this dissertation, which includes patients
diagnosed over twelve years from 2001 to 2012, would have an estimated 68,000 potential
subjects. Of those, 70% are likely to be diagnosed with superficial (non-muscle-invasive)
disease, for a total of approximately 47,000. Based on previous studies of patients with NMIBC,
after applying standard inclusion/exclusion criteria about half of the original cohort is retained,
therefore we estimate a final sample size of at least 23,500 patients who meet the study criteria
(Schrag et al. 2003; Chamie et al. 2011; Chamie et al. 2015; Chamie et al. 2012; Hollingsworth
et al. 2010). The expected sample size is similar to that found in prior studies examining
treatment and surveillance use among NMIBC patients in SEER-Medicare data. The final cohort
sizes from those studies ranged from 18,276 to 24,980 NMIBC patients diagnosed over ten years
(Strope et al. 2010; Hollingsworth et al. 2010; Hollenbeck et al. 2009).
Using Cohen's criteria for assessing power, with an alpha level of 0.05 for a two-sided
test of significance, and a minimum power of 80%, we should be able to detect small differences
in means or proportions (Cohen 1992).
Variables and Measurement
Variable definitions, outcome windows, measures of interest, and sources are presented
in Table 6 and Table 7. The main outcome of interest in Aim 1 was receipt of surveillance
cystoscopy. Main outcomes in Aim 2 were all-cause, bladder cancer-related, and other-cause
mortality. Key explanatory variables for Aim 1 were patient-level characteristics, specifically:
age at diagnosis, disability status and comorbidities measured in the year prior to diagnosis. The
key explanatory variable for Aim 2 was receipt of cystoscopy.
Additional control variables based on a review of the literature and the conceptual model
included: 1) predisposing characteristics: sex, race/ethnicity, marital status at diagnosis, census
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zip code education level; 2) enabling characteristics: zip code median household income,
Medicaid state buy-in indicator, geographic location, and SEER region; 3) need characteristics:
stage at diagnosis, tumor grade, prior history of cancer; and 4) practice setting characteristics:
surgeon volume.
Dependent variables
Receipt of cystoscopy
For aim 1, the primary outcome of interest was receipt of surveillance cystoscopy.
Cystoscopy was identified using CPT codes on outpatient, carrier, and DME claims files using
previously established CPT code sets, ICD-9 codes from inpatient files, and review of annual
HCPCS coding manuals (Appendix 3.2). Receipt of recommended cystoscopy was defined based
on the historic AUA guidelines (2000-2007) which were in effect during the study period (Hall
et al. 2007). The new AUA/SUO guidelines recommending different intervals of surveillance
based on patients’ individual risks for recurrence and progression were only published in 2016
(Chang et al. 2016). Although guidelines endorsing a similar risk-stratified approach to
surveillance were adopted at least eight years earlier by the European Association of Urology
(EAU) (Babjuk et al. 2008), it would be difficult to ascertain whether physicians in the United
States were influenced by the European recommendations and followed them instead of the
domestic AUA guidelines. Table 1 presents a comparison of existing clinical guidelines for the
diagnosis and management of NMIBC in the United States and Europe.
Receipt of recommended surveillance cystoscopy was defined as a binary variable
indicating receipt of 7 or more cystoscopies over the first two years post diagnosis. From 2000 to
2007, the AUA guidelines for NMIBC recommended that for the first two years after diagnosis,
at a minimum, patients should undergo lower urinary tract surveillance with cystoscopy every 3
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months (Hall et al. 2007). Thus, if patients were completely compliant with these
recommendations, they would have to undergo at least 8 cystoscopies over the first two years
after diagnosis, a measure of compliance with surveillance used in previous studies (Chamie et
al. 2011; Chamie et al. 2012). In practice, however, receipt of initial surveillance cystoscopy may
be delayed, therefore we used a less stringent definition of receipt of recommended surveillance
as 7 or more cystoscopies during the first two years after diagnosis. In sensitivity analysis we
applied another definition of low-intensity surveillance as 4 or more cystoscopies over the first
two years post-diagnosis to explore how sensitive the results are (Table 6). We also used number
of cystoscopies received as a dependent count variable in Aim 1 in order to model the outcome
as count data and examine the marginal effect of the explanatory variables of interest on the
predicted number of events (i.e., cystoscopies received).

Survival outcomes
For aim 2, the outcomes of interest were all-cause, bladder-cancer, and other-cause
mortality. All-cause mortality was measured from January 1, 2001 through December 31, 2016
using the date of death from the Medicare Enrollment Database (EDB) (Bach et al. 2002). The
Medicare date of death in the EDB is updated nightly from the Social Security Administration
and is current as of the day that the enrollment data were extracted for the NCI’s use (Bach et al.
2002). However, since their age and comorbidities places patients with NMIBC at risk for dying
from competing causes, we also assessed bladder cancer-specific and other-cause mortality using
the cause of death field from SEER. The SEER death date is primarily obtained from state death
certificates (Bach et al. 2002) and was available from the SEER PEDSF through December,
2013. A recent analysis of six major cancer types evaluated in SEER showed that although the
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utility of cause of death in calculating cancer-specific survival (CSS) depended on the risk of
cancer-related mortality and non-tumor factors, the impact of this variation on CSS was small
and the cause of death assigned by cancer registries has acceptable validity (Hu et al. 2013).
Figure 2 below illustrates the exposure period for receipt of cystoscopy and outcome time
windows.

Comorbidity &
disability status
assessment

-12 months

Cystoscopy use
texposure = 2 years

Index date
(diagnosis)

Survival assessment: over t ≥ 2 years after
diagnosis (end of initial exposure period)

+24 months

Death or end of followup

Figure 2. Exposure and outcome time windows

Table 6. Outcome definitions and time windows
Outcome

Definition

Anchor

Time
Frame/
Follow-up
2 years postdiagnosis

Specific
Aim

Diagnosis

2 years postdiagnosis

Aim 1

2 years
postdiagnosis
(end of
exposure
period)

Until death
or end of
follow-up

Aim 2

Receipt of
recommended
cystoscopy based on
the 2000-2007 AUA
Guidelines

Binary variable for Diagnosis
use of 7 or more
cystoscopies over
2 years.

Number of
cystoscopies

Count variable for
number of
cystoscopies
received

Survival
• All-cause
mortality
• Bladder cancerspecific
mortality
• Other-cause
mortality
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Aim 1

Sensitivity
analysis
Binary
variable for
use of 4 or
more
cystoscopies
over 2 years.
N/A

Explanatory variables
The main explanatory variables included predisposing (demographic), enabling (i.e.,
income, state buy-in indicator, location, region), need (i.e., stage, tumor characteristics, disability
status, comorbidities), and practice setting factors (surgeon volume) and were obtained from the
SEER-Medicare linked data files (Table 7). Predisposing characteristics included age at
diagnosis, sex, race/ethnicity, marital status at diagnosis, and census zip code education level and
were obtained from the SEER Patient Entitlement and Diagnosis Summary File (PEDSF) and the
Zip Code Census File.
Race was defined as used in previous studies of surveillance and bladder cancer by
Chamie and colleagues to allow comparability between studies (Chamie et al. 2011; Chamie et
al. 2012). Race/ethnicity information was extracted from SEER PEDSF data instead of
Medicare-reported race/ethnicity data in the EDB because of well-known measurement problems
and inconsistencies over time in the SSA’s definition of racial and ethnic groups. Furthermore,
SEER uses Hispanic ancestry as an ethnic characteristic, captured by its own variable, in addition
to a Hispanic-surname algorithm to ensure greater accuracy in reporting Hispanic ethnicity (Bach
et al. 2002). For the purposes of this analysis, racial/ethnic groups were defined as white (nonHispanic), black (non-Hispanic), and other (including Hispanic).
Age was modeled as a categorical variable using five groups (66-69; 70-74; 75-79; 8084; ≥85) because the effect of age on receipt of cystoscopies likely differs across the age groups.
A prior study found that being age 75 years or older was statistically significantly associated
with receipt of low-intensity surveillance (Schrag et al. 2003).
The education variable was derived from the local census zip code characteristics and
defined as proportion of residents in subject’s zip code with less than a high school education,
divided into quartiles.
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Enabling characteristics included income, state buy-in indicator, geographic location,
and SEER region. Income was also derived from the local census-tract characteristics and was
defined as quartiles of median household income in subject’s zip code. A history of any state
buy-in in the 12 months preceding bladder cancer diagnosis was used as a proxy for individual
low-income status. The state buy-in variable generally indicates whether a beneficiary was
enrolled in a state-administered Medicaid program. A validation study showed, however, that the
state buy-in variable alone has low sensitivity and may be inadequate to identify dual MedicareMedicaid beneficiaries (Koroukian et al. 2010). Geographic location was defined as a categorical
variable indicating extent of urbanization of patient’s residence at the time of diagnosis (big
metro, metro, urban, less, urban, rural). Descriptions of each category are provided in Table 7.
Region was defined as a categorical variable grouping the SEER registries in four main regions
(Northeast, West, Midwest, South).
Need characteristics included stage at diagnosis, tumor grade, comorbidities and
disability status in the year prior to diagnosis. Patient comorbidities were assed using the
Klabunde modification of the Charlson comorbidity index based on patients’ Medicare Parts A
and B claims pre-diagnosis (Klabunde et al. 2000). Patients were classified as having 0, 1, 2, or 3
and more comorbidities.
Disability status (DS) was used as an additional key explanatory variable to reduce
confounding by indication. A main limitation of previous studies on surveillance among bladder
cancer patients is the lack of critically important information about patient performance and
functional status, both of which may influence patient and provider thresholds for performing
regular bladder surveillance (Schrag et al. 2003; Chamie et al. 2011). We assessed DS using a
novel claims-based prediction algorithm for performance status (PS) in older adults developed by
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Davidoff and colleagues (Davidoff et al. 2013). DS was defined as a dichotomous indicator of
good/poor predicted DS at diagnosis (Davidoff 2014).
The DS measure was developed by Davidoff and colleagues using data from the 2001–
2005 Medicare Current Beneficiary Survey (MCBS) and a representative sample of Medicare
beneficiary population ages 66 and over. Responses to the various self-reported measures of
functional status, strength, stamina, and exercise on the MCBS were used to construct a proxy
measure for the 6-level Eastern Cooperative Oncology Group (ECOG) Performance Status (PS)
scale and the initial measure was subsequently collapsed into a dichotomous indicator for good
(0-2) versus poor (3-4) DS (Davidoff et al. 2013). 5 on the ECOG PS scale indicates death.
Davidoff et al. developed a claims-based prediction algorithm including various indicators for
health care services in the 12 months prior cancer diagnosis that were expected to vary based on
DS level (Davidoff et al. 2013). The model captured relationships between healthcare utilization
and functional status, independent of the effects of cancer and its treatment, which is consistent
with the approach used in the ECOG PS scale, and appropriate to capture baseline health status
at the point of cancer diagnosis (Davidoff et al. 2013). The DS measure was implemented and
validated in 4 cohorts of cancer patients: early and advanced non-small cell lung cancers
(NSCLC), stage IV estrogen-receptor negative breast cancer, and myelodysplastic syndromes
(MDS) and was shown to be a significant independent predictor of cancer-directed treatment
among the four cancer cohorts but has not been applied to bladder cancer population before
(Davidoff 2014).
We used the model with permission from Dr. Davidoff for the purposes of this
dissertation and specific research questions (email correspondence with Dr. Davidoff from
2/21/2017).
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Practice setting characteristics: since surveillance cystoscopy is typically administered
in an outpatient setting and does not require hospitalization, we were not able to examine the
association between hospital characteristics and patient surveillance. However, the structural
elements that we examined were distance traveled to cystoscopy provider and surgeon case
volume. Surgeon volume was defined as the number of transurethral resections performed by
each patients’ primary treating provider in the year prior to patient’s diagnosis. Surgeons with
higher volume of transurethral resections might be more likely to use more frequent surveillance
cystoscopy due to inherent preferences or proclivity for patient workup and endoscopic
evaluation. Therefore, it is important to account for surgeon volume in the multivariable models
examining factors associated with receipt of surveillance cystoscopy. Distance traveled to
cystoscopy provider was calculated from subject’s zip code to the zip code of the primary
cystoscopy identified in the Medicare claims data.
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Table 7. Variable measures and data sources
Level

Variable

Definition

Variable Type

Referent
Category

Specific
Aim

Data
source:
SEERMedicare

1) ≥7 cystoscopies
over 2 years
2) ≥4 cystoscopies
over 2 years

Binary

1) <7 over 2
years
2) < 4 over 2
years

Aim 1

Outpatient,
carrier, and
DME
claims

3) Number of
cystoscopies over
2 years
1) All-cause
mortality
2) Bladder cancerspecific mortality
3) Other-cause
mortality
1) Cystoscopy
2) Cystectomy
3) TURBT

Count

3) 0

Continuous

Aims 2 &
3

PEDSF

Continuous

Aim 3

outpatient,
carrier,
inpatient,
DME
claims

Key Dependent Variables
Health services
utilization
measures

Receipt of
surveillance
cystoscopy

Long-term
health outcomes

Survival

Economic
outcomes

Costs
(Medicare
payment and
patient out-ofpocket costs)

Key Explanatory Variables (SEER-Medicare variable name italicized in parentheses)
Predisposing
characteristics

Age at
diagnosis
(agedx)
Sex (m_sex)

66-69; 70-74; 7579; 80-84; ≥85

Categorical

66-69

Aims 1-3

PEDSF

1=female; 0=male

Binary

Male

Aims 1-3

PEDSF

Race/ethnicity
(race)

White (nonHispanic); Black
(non-Hispanic);
Other (including
Hispanic)
Married/domestic
partner; single;
other (divorced,
widowed,
separated);
unknown
Proportion of
residents in
subject’s zip code
with less than a
high school
education

Categorical

White (nonHispanic)

Aims 1 &
2

PEDSF

Categorical

Married/
domestic
partner

Aims 1 &
2

PEDSF

Categorical,
quartiles: 1 (low)
– 4 (high)

1 (low)

Aims 1 &
2

Zip Code
Census File

Marital status at
diagnosis
(marst)

Census zipcode education
level (ctnon)
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Enabling
characteristics

Need
characteristics

Census zipcode income
level
(ctmed)

Quartiles of
median household
income in
subject’s zip-code

Categorical,
quartiles: 1 (low)
– 4 (high)

1 (low)

Aims 1 &
2

Zip Code
Census File

State buy-in
indicator
(allflag)

History of state
buy-in during the
year preceding
diagnosis

Binary

No buy-in

Aim 1

PEDSF

Geographic
location
(urbrur)

Urban vs rural
residence

Urban

Aims 1 &
2

PEDSF

SEER registry
region (reg)
Stage at
diagnosis
(t_value –
AJCC 3rd ed,
2001-2003;
dajcct – AJCC
6th ed, 2004+)
Tumor grade
(grade)

West, Midwest,
South, Northeast
Ta, Tis, T1

Categorical:
1 = Big Metro
(≥1,000,000
metropolitan
pop)
2 = Metro (<
1,000,000
metropolitan
pop)
3 = Urban
(≥20,000
nonmetropolitan
pop)
4 = Less Urban
(2,500-19,999
nonmetropolitan
pop)
5 = Rural
(Completely
rural or less than
2,500 urban pop)
9 = Unknown
Categorical

South

PEDSF

Categorical

Ta

Aims 1 &
2
Aims 1-3

Categorical

Well
differentiated

Aims 1-3

PEDSF

Categorical

0

Aims 1 &
2

outpatient,
carrier,
inpatient,
DME,

Comorbidities
at diagnosis

G1 - Well
differentiated;
G2 - moderately
differentiated;
G3 - poorly
differentiated;
G4 –
undifferentiated;
Unknown
Charlson
comorbidity index
(0, 1, 2, or ≥3

1=any state buyin; 0=no buy-in

34

PEDSF

comorbid
conditions)

Practice
setting
characteristics

Disability status
(DS) at
diagnosis

Predicted DS
1=poor DS
0=good DS

Binary

Good DS

Aims 1 &
2

Prior history of
cancer

1=prior history
0=no history

Binary

No history

Aims 1 &
2

Distance
traveled

Travel distance to
cystoscopy
provider
calculated from
unencrypted
patient and
provider zip codes
Number
transurethral
resections
performed by the
primary provider
in the 12 months
prior to diagnosis
Year of diagnosis

Categorical
(quartiles)

1 (low)

Aims 1

PEDSF,
carrier
(NCH
physician/
supplier)
file

Count

0

Aim 1

Outpatient,
DME, and
carrier files

Categorical

2001

Aims 1 &
2

PEDSF

Surgeon
volume

Additional
controls

hospice,
home
health
claims
outpatient,
carrier,
inpatient,
DME,
hospice,
home
health
claims
PEDSF

Time
(yrdx)

Statistical Analyses by Aim
Aims 1 and 2 were retrospective cohort studies of Medicare beneficiaries diagnosed with
bladder cancer from 2001 to 2012. Aim 3 used a patient-level simulation model calibrated with
data from SEER-Medicare, clinical trials, and the published literature to compare the costeffectiveness of the US risk-stratified guidelines with the historic uniform recommendations.
Research questions, hypotheses, and analyses are summarized by aim in Table 8.
Analyses were performed using SAS® Studio software, Version 3.7 (Enterprise Edition)
for Linux (SAS Institute, Inc., Cary, NC, USA), Stata Statistical Software: Release 14
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(StataCorp. 2015, StataCorp LP, College Station, TX, USA), and TreeAge Pro 2017, R2.1
(TreeAge Software, Inc., Williamstown, MA, USA).

Table 8. Proposed research questions, hypotheses, and analyses summarized by aim
Hypotheses
Model
Analysis
AIM 1 – Q1: What are the surveillance patterns and which NMIBC patients are more likely to receive
recommended surveillance cystoscopy within Medicare?
Older patients with multiple
Multilevel (mixed
Pr(Cysto) = f(β0 + β1Age +
H1a
comorbidities and poor disability status
effects) logistic
β2Comorbidity + β3Disability +
will be less likely to have received
regression
β4Controls + β6Year)
recommended surveillance cystoscopy
(≥7 v <7; ≥4 v <4), ceteris paribus.
Older patients with multiple
Multilevel (mixed
E(Cysto | Xij) = exp(β0 + β1Age
H1b
comorbidities and poor disability status
effects) Poisson
+ β2Comorbidity + β3Disability
+ β4Controls + β6Year)
will be more likely to have received
regression
fewer number of cystoscopies, ceteris
paribus.
AIM 2 – Q2: Is receipt of surveillance cystoscopy associated with improved survival within the Medicare
NMIBC population?
Surveillance cystoscopy use will not be
Propensity scoreh(z | Xij) = h0(z) exp(β1Cysto)
H2a
associated with significant improvement weighted Cox
in overall survival, after controlling for
proportional hazard
patient demographic and clinical
model
characteristics.
Surveillance cystoscopy use will not be
Propensity scoreh(z | Xij) = h0(z) exp(β1Cysto +
H2a
associated with significant improvement weighted competingβ2CompetingRisks)
in bladder cancer-specific survival, after risks regression
controlling for patient demographic and model
clinical characteristics.
AIM 3 – Q3: What is the cost-effectiveness of three different surveillance cystoscopy strategies over the
first 5 years post-diagnosis among older NMIBC patients?
Low-intensity risk-stratified
Patient-level
ICER planes, CEACs
H3a
surveillance will incur fewer costs per
simulation model
QALY gained compared with other
surveillance approaches.
Low-intensity risk-stratified
Patient-level
ICER planes, CEACs
H3b
surveillance will incur fewer costs per
simulation model
recurrence detected compared with
other surveillance approaches.
Low-intensity risk-stratified
Patient-level
ICER planes, CEACs
H3c
surveillance will incur fewer costs per
simulation model
progression averted compared with
other surveillance approaches.
Low-intensity risk-stratified
Patient-level
ICER planes, CEACs
H3d
surveillance will incur fewer costs per
simulation model
death averted compared with other
surveillance approaches.
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Aim 1: Examine surveillance patterns and factors associated with receipt of recommended
surveillance cystoscopy for NMIBC patients.
Hypothesis 1a: Patient comorbidities, age, and disability status will be negatively
associated with receipt of recommended surveillance cystoscopy (≥ 7 cystoscopies over two years
post diagnosis), after controlling for demographic and clinical characteristics.

Hypothesis 1b: Patient comorbidities, age, and disability will be negatively associated with
the number of cystoscopies received, after controlling for demographic and clinical characteristics.

Approach:
Descriptive statistics
Descriptive statistics were calculated for each variable as percentages for categorical
variables and means/standard deviations for continuous variables. We compared baseline
characteristics between patients with poor and good DS using Chi-square test for categorical
variables and two-sided Student’s t test for continuous variables.
Multivariable models
1) Two-level mixed effects logistic regression
To test hypothesis 1a, we used two-level logistic regression models for our binary
outcomes (≥7 or ≥4 cystoscopies). All multivariable models accounted for clustering of patients
within physicians and allowed the intercept term to vary randomly over physician groups (T. A.
B. Snijders and Bosker 2012; Curran and Bauer 2007) The models also included an offset term
to account for the number of days each patient was observed and “at risk” for surveillance until
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death or total cystectomy. Patients who underwent total cystectomy were censored, as they were
no longer eligible for surveillance as they had their bladder removed.
Characteristics of the individual patients represented the level 1 (“fixed”) categories of
the model and the provider who performed the cystoscopy (represented by the UPIN or NPI)
represented the level 2. Unique Physician Identifier Numbers (UPINs) are six-character
identifiers used by CMS to identify physicians accepting Medicare insurance in the United
States. UPINs were discontinued in June 2007 and replaced by National Provider Identifier
(NPIs) (CMS 2012).
A previous study examining management of NMIBC patients in SEER-Medicare
between 1992 and 2002 identified 4,545 patients nested within 1,536 provider practices,
therefore we expected to have enough patients clustered within physicians to render the analysis
feasible (Chamie et al. 2011).
In multilevel models the variables for which there is no wider population of categories to
sample from (e.g., age, ethnicity, sex) are considered fixed categories. Variable for which the
units can be regarded as a random sample from a wider population of units (e.g., physicians,
hospitals) are considered the levels. The higher the level, the fewer the number of units at that
level (e.g., physicians within hospitals) (T. A. Snijders and Bosker 2012). An advantage of a
multilevel model compared to other multivariable regression techniques is that it accounts for the
hierarchical structure of the data (patients nested within physicians nested within hospitals) and
therefore produces correct standard errors (SEs) which do not need to be adjusted ex-post using
clustered SEs. In maximum likelihood estimations of logit models an ex-post adjustment to SEs
can produce not only biased SEs but also biased coefficient estimates.
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Assigning patients to treating physicians:
We identified the physician who performed the initial cystoscopy for each patient using
the UPIN or NPI included in the Medicare claims files. When a patient had more than two
procedures, we assigned that patient to the provider who performed the greatest number of
procedures. Following prior studies’ method for assigning bladder cancer patients to providers
(Schrag et al. 2003), if a patient had two urologic procedures performed by two different
providers, we selected the provider who performed the second procedure, under the assumption
that the provider who had the most recent contact with the patient is likely to exert the greatest
influence on that patient’s surveillance behavior.
We estimated the following mixed-effects model of receipt of recommended cystoscopy:
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Alternative approaches / sensitivity analyses
Mixed-effects (multilevel) logistic regression models have been commonly used in
previous studies examining factors associated with receipt of treatment or surveillance among
bladder cancer patients (Chamie et al. 2011; Chamie et al. 2012; Hollingsworth et al. 2010; Gore
et al. 2010). An advantage of the mixed-effects logistic model over a RE logit model is that the
mixed effects model can generate predictions or marginal effects for all those in the sample,
while the RE logit model can generate predictions for those individuals whose random effect
equals a specific value, which is not representative of the full sample. Furthermore, a key
assumption of the RE models is that the individual specific effect is not correlated with
explanatory variables in the model (Cameron and Trivedi 2010).
An alternative approach in the presence of convergence problems with the mixed-effects
logistic regression model or an insufficient number of physician clusters, is using a generalized
estimating equations (GEE) model with a binomial distribution (family), logit link, and
exchangeable correlation. The main difference between GEE and multilevel or RE logit models
is that unlike multilevel or RE models, which are “subject-specific” and allow to investigate
changes in individuals’ responses, GEE are a “population-averaged” approach and model
marginal distributions. GEE models require to specify family, link, and a correlation structure
across observations within each group. If the correct correlations structure is specified, GEE
account better for clustering than a logit model with clustered standard errors because they take
into account the specified correlation structure (e.g., exchangeable, unstructured) when selecting
the final parameter estimates (Cameron and Trivedi 2010). However, GEE are robust to
misspecification of the working correlation only when the number of clusters is sufficiently large
(Panageas et al. 2003).
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2) Two-level mixed-effects Poisson count data model
To test hypothesis 1b, we use a two-level Poisson model:
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is the dependent variable indicating number cystoscopies received,

vector capturing predisposing characteristics (patient demographics),
enabling characteristics (e.g., income; state buy-in; location),
characteristics (clinical factors, DS, comorbidities), and

is a

is a vector capturing

is a vector capturing need

is a vector capturing practice setting

characteristics (e.g., distance travelled, surgeon volume). δt is year of diagnosis fixed effects to
account for any time trends in use of cystoscopy. The models also included an offset term to
account for the number of days each patient was observed and “at risk” for surveillance until
death or total cystectomy. Patients who underwent total cystectomy were censored, as they were
no longer eligible for surveillance as they had their bladder removed. A key assumption of the
Poisson model is that of equidispersion (the variance equals the mean).

Alternative approaches / sensitivity analyses
While mixed-effects Poisson estimators account for clustering at the physician level in
addition to the panel nature of the data, they are computationally intensive and may have
convergence problems (Cameron and Trivedi 2010). Should the mixed-effects Poisson count
data model have failed to converge, we would have used the following alternative approaches:
1) A random effects (RE) Poisson model with clustered standard errors.
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a. The standard Poisson RE estimator assumes that αi is gamma distributed with a
mean of 1 and variance of η but the η parameter is not flexible enough to account
for both overdispersion and correlation, therefore cluster-robust standard errors
should be used to correct for that (Cameron and Trivedi 2010).
2) GEE with a Poisson distribution (family), log link, and exchangeable correlation.

Testing the fit of the Poisson models
A key assumption of the Poisson model is that of equidispersion (the variance equals the
mean). However, count data are often overdispersed (the variance is larger than the mean).
To test the fit of the model, we used the Pearson goodness-of-fit test which compares the
fitted values from the model to actual values. If the null hypothesis of a Poisson distribution was
rejected, we would use a negative mixed effects or RE negative binomial model which relaxes
the assumption that the variance equals the mean. The negative binomial estimator is designed to
explicitly address both over-dispersion and within correlation, thus leading to more efficient
estimates than those obtained using Poisson RE with cluster-robust SEs (Cameron and Trivedi
2010). However, an advantage of the Poisson panel estimators is that they rely on weaker
distributional assumptions than the negative binomial estimators and may be more robust as a
result (Cameron and Trivedi 2010).

Aim 2: Examine the association between surveillance cystoscopy use and NMIBC survival
within the Medicare population.
Hypothesis: Surveillance cystoscopy use will not be associated with significant
improvement in survival, after controlling for patient demographic and clinical characteristics.
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Approach:
Propensity Score Estimation and Application
We estimated propensity scores by modeling the probability of receiving surveillance (≥7
cystoscopies or ≥4 cystoscopies) in the first two years following bladder cancer diagnosis as a
function of all explanatory variables using two-level logistic regression models, accounting for
clustering of patients within physicians. The second level of the two-level model was represented
by the provider identification number and allowed the intercept term to vary randomly over
physician groups (T. A. B. Snijders and Bosker 2012; Curran and Bauer 2007). The models
adjusted for patients’ age at diagnosis, sex, race/ethnicity, marital status, comorbidities and
disability status at diagnosis, prior history of cancer, stage at diagnosis, tumor grade, history of
Medicaid state buy-in in the year prior diagnosis, SEER region, zip-code level education and
median household income, residential status at diagnosis, surgeon volume, and year of cancer
diagnosis.
We used a post-estimation function from the two-level logistic regression models to
generate propensity scores and created two sets of inverse probability of treatment weights
(IPTW) for each patient: a) equal to the inverse of the propensity score [1/p] for patients who
received ≥7 cystoscopies and ≥4 cystoscopies; and b) equal to the inverse of one minus the
propensity score [1/(1 − p)] for the two control groups (patients who received <7 and <4
cystoscopies), based on the two different surveillance definitions.
We stabilized the propensity score weights by multiplying the treatment and comparison
IPTW by a constant, equal to the expected value of being in the treatment or comparison groups
(Robins, Hernán, and Brumback 2000; Garrido et al. 2014; Harder, Stuart, and Anthony 2011).
The purpose of using stabilized weights is to reduce the weights of either those treated subjects
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with low propensity scores or those untreated subjects with high propensity scores (S. Xu et al.
2017). This method of propensity score weighting provides an estimate of the treatment effect in
the population (in this case, the effect of surveillance cystoscopy use among all NMIBC patients)
(Stürmer, Rothman, and Glynn 2006).
For before and after matching comparisons between the treatment and control groups, we
examined the standardized difference in the means (SDM) which is preferred to t-tests because
SDM is not influenced by sample size (P. Austin 2009; P. C. Austin 2011). If the absolute
difference is <10%, the two groups are considered balanced (Normand et al. 2001).

Survival Analysis
To characterize the association between bladder cancer-specific mortality and
surveillance we used a propensity-score adjusted, Fine-Gray competing-risks regression model
(Fine and Gray 1999). Failure was defined as bladder cancer mortality and the competing event
as non-bladder cancer mortality. Estimates from the competing-risk models were reported as
subdistribution hazard ratios (SHR) with corresponding 95% confidence intervals (95% CIs)
(Fine and Gray 1999). The explanatory variable included in the propensity-score weighted
survival models was an indicator for receipt of cystoscopy (≥7 vs. <7 or ≥4 vs. <4 cystoscopies
over the first two years post-diagnosis).
We used a propensity-score weighted Cox proportional hazards model to examine the
association between all-cause mortality and surveillance where failure was defined as death from
any cause. All models included standard errors clustered on the provider using the Huber-White
sandwich variance estimator, because patients treated by the same provider may have similar
outcomes. We confirmed the non-violation of the proportional hazards assumption (i.e., constant
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hazard ratio over time) using Schoenfeld's residuals test and the time-dependent covariate test for
interactions between time and the cystoscopy indicators (Bradburn et al. 2003a; Bradburn et al.
2003b).
As a sensitivity analysis we estimated bladder cancer-specific and other-cause mortality
using Cox proportional hazards model for cause-specific mortality where failure was defined as
death from bladder cancer, while the competing risks (other-cause deaths) were treated as
censored events. A major advantage of the Fine-Gray model over the Cox proportional hazards
model, especially if competing risks are frequent, is that the Fine-Gray model allows for
dependency between the modeled competing risks (P. C. Austin, Lee, and Fine 2016). It has been
also suggested in the literature that the cause-specific Cox proportional hazard model is preferred
when studying disease etiology while the Fine-Gray subdistribution hazard model is preferred
when estimating individual’s risk and prognosis or the overall impact of covariates on the
incidence of the outcome of interest (P. C. Austin, Lee, and Fine 2016).
In sensitivity analyses, we compared results from the propensity-score weighted survival
models using stabilized inverse probability of treatment weights (SIPTW) to those from
multivariable adjusted models (including separately all covariates from the propensity score
model in addition to the cystoscopy indicators) and unadjusted models (including cystoscopy
indicators only).
Lastly, we generated cumulative incidence functions (CIFs) from the propensity-score
weighted Fine-Gray competing risk regression to compare the cumulative incidence of bladdercancer or other-cause death between patients who received ≥7 vs. <7 and ≥4 vs. <4 cystoscopies.
We also stratified the CIFs by key covariates, including age at diagnosis, disability status, and
comorbidities.
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Limitations / alternative approaches
A propensity score (PS) is defined as the probability of exposure (e.g., treatment), given a
set of observed (measurable) characteristics in the data (Rosenbaum and Rubin 1983). By
matching exposed and unexposed subjects based on observed covariates, PS methods can help
reduce the bias in estimating treatment effects and the likelihood of confounding when analyzing
nonrandomized, observational data (Haukoos and Lewis 2015). A major limitation of propensity
score methods is that unadjusted confounding may still exist if unmeasured or unobserved
factors, not included in the PS model, influenced treatment selection. A review of the application
of PS methods in 69 studies found that whether PS methods or conventional multivariable
models were used to control for confounding had little effect on results in those studies in which
such comparison was possible. The authors concluded that there is little evidence that PS
methods yield substantially different estimates compared with conventional multivariable
methods (Stürmer et al. 2006).
A better way to account for potential unmeasured sources of confounding and selection
bias would be to use an instrumental variable (IV) analysis. A prerequisite for IV analysis is to
identify a strong IV which can introduce exogenous variation and is strongly correlated with the
outcome of interest (X) but is not directly correlated with the treatment Y given X. A major
challenge to identifying IVs is meeting both the requirements of strong correlation with X and
the exclusion restriction. Distance traveled to cystectomy provider has been used in previous
observational studies of survival in patients with bladder cancer and head and neck cancers and
was found to be related to treatment but not directly related to survival outcomes (Gore et al.
2010; Beadle et al. 2014). A similar approach would be to use distance to cystoscopy provider as
an IV. However, unlike cystectomy, cystoscopy is a common and easily accessible procedure.
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Therefore, distance to cystoscopy provider is unlikely to be strongly correlated with receipt of
cystoscopy, thus yielding a weak instrument.

Note on detecting recurrence and/or progression in claims data:
The SEER registries do not conduct active follow-up of patients or collect information on
recurrence, progression, or metastasis occurring after initial diagnosis. As a result, there are
challenges estimating accurately progression-free survival in SEER-Medicare. Using procedural
codes only to identify patients who received treatment for their progression will misclassify a
large proportion of patients. Studies have shown that algorithms based on procedural codes to
identify patients in SEER-Medicare with relapse or later metastatic disease have low sensitivity
and are likely to miss a large percentage of patients with recurrences, particularly those who are
older, and result in an incompletely and inaccurately classified cohort (Nordstrom et al. 2016;
Earle et al. 2002; Warren et al. 2016; Warren and Yabroff 2015). For those reasons, we did not
assess progression-free or recurrence-free survival in SEER-Medicare.

Aim 3: Assess the cost-effectiveness of the US risk-stratified surveillance guidelines compared
with the historic recommendations of uniform surveillance among Medicare patients with
NMIBC.

Hypothesis: Risk-stratified surveillance (intensive surveillance only among patients at
high risk of recurrence and less frequent surveillance among those at low or intermediate risk)
will be associated with similar survival but lower costs compared with historic recommendations
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of cystoscopy every three months for two years and less frequently thereafter for all NMIBC
patients, regardless of risk.

Approach:
Overview
We developed a patient-level simulation model using TreeAge Pro 2017, R2.1 (TreeAge
Software, Inc., Williamstown, MA, USA) to compare three different surveillance strategies:
historic AUA guidelines, low-intensity AUA/SUO risk stratified approach, and high-intensity
AUA/SUO risk-stratified approach (Table 9) (Hall et al. 2007; Chang et al. 2016). The model
had a time horizon of 5 years with three-month cycles. We projected downstream outcomes and
costs for a hypothetical closed cohort of 100,000 Medicare patients with non-muscle invasive
bladder cancer (NMIBC). Patients were stratified in three risk groups for recurrence and
progression based on the 2016 AUA/SUO guidelines (Table 2).
The structure and flow of the model are outlined in Figure 3. Patients aged ≥66 years
entered the “disease free” state following an initial transurethral resection of the bladder tumor
(TURBT). At each 3-monthly model cycle the patient could experience a bladder cancer
recurrence. If the recurrence was detected, the patient underwent an additional TURBT and
returned to a disease free state. However, if the recurrence was not detected, then the patient was
at risk of progression and would undergo further treatment (cystectomy) once this progression
was eventually detected. Death from background mortality could occur from any health state and
bladder cancer mortality could occur only from the progression state or post-cystectomy state.
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Costs and outcomes (quality-adjusted life years) were discounted at an annual rate of 3%.
Costs were evaluated from the health care sector and societal perspectives (Sanders et al. 2016).
All costs were inflated to 2017 USD, using the Consumer Price Index (CPI) for medical care.

Model Assumptions
We made the following assumptions, following prior decision modeling work on bladder cancer
surveillance and review of the literature (Appendix 2.2):
1) Only one recurrence could develop per surveillance cycle.
2) Progression could occur only after recurrence (De Bekker-Grob et al. 2009; Van Kessel
et al. 2013).
3) Low-risk patients who experienced initial recurrence were re-classified as intermediaterisk (Chang et al. 2016). Patients who started as intermediate- or high-risk remained in
the same risk group for the duration of the five-year model time horizon.
4) If the tumor progressed to muscle invasive bladder cancer and was detected, patients
received cystectomy (De Bekker-Grob et al. 2009; Van Kessel et al. 2013).
5) After cystectomy, patients were no longer eligible for or underwent further surveillance
(De Bekker-Grob et al. 2009; Van Kessel et al. 2013).
6) Only patients with tumor progression at a certain moment or those in the post-cystectomy
state were at higher risk for death than the background mortality rate (De Bekker-Grob et
al. 2009; Van Kessel et al. 2013).
7) Surveillance stopped after 5 years, since per the 2016 AUA/SUO guideline
recommendations, the decision whether to continue or stop routine follow-up cystoscopy
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after five years should be based on shared-decision making between the patient and
clinician (Chang et al. 2016).

Figure 3. Disease state transition diagram.
Patients enter the “disease free” state following an initial transurethral resection of the bladder
tumor (TURBT). At each 3-monthly model cycle the patient may experience a bladder cancer
recurrence. If the recurrence is detected, the patient will undergo a further TURBT and return to
a disease free state. However, if the recurrence is not detected, then the patient will be at risk of
progression and will have to undergo further treatment (cystectomy) once this progression is
eventually detected. Death from background mortality can occur from any health state and
bladder cancer mortality can occur only from the progression state or post-cystectomy state.
Surveillance Strategies
We compared surveillance under the 2016 AUA/SUO risk-stratified guidelines (Chang et
al. 2016) and the historic AUA guidelines (Hall et al. 2007). According to the 2016 AUA/SUO
guidelines, for a low-risk patient whose first surveillance cystoscopy is negative for tumor, a
clinician should perform subsequent surveillance cystoscopy six to nine months later, and then
annually thereafter; surveillance after five years in the absence of recurrence should be based on
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shared-decision making between the patient and clinician. For an intermediate-risk patient whose
first surveillance cystoscopy is negative for tumor, a clinician should perform subsequent
cystoscopy with cytology every 3-6 months for 2 years, then 6-12 months for years 3 and 4, and
then annually thereafter. For a high-risk patient whose first surveillance cystoscopy is negative
for tumor, a clinician should perform subsequent cystoscopy with cytology every three to four
months for two years, then six months for years three and four, and then annually thereafter
(Table 1). The AUA/SUO definitions for risk-stratification in three groups (low, intermediate,
and high) based on patients’ risk for recurrence and progression are described in Table 2.
We modelled three surveillance strategies based on the above definitions: low- and highintensity risk-stratified recommendations and historic uniform guidelines (no risk-stratification)
Table 9). Specifically, we modelled:
1) Low-intensity risk-stratified approach:
a. Low-risk group: surveillance cystoscopy at three months, nine months, and then
annually thereafter for five years.
b. Intermediate-risk group: surveillance cystoscopy at three months, every six months
for two years, and then annually thereafter;
c. High-risk group: surveillance cystoscopy every three months for two years, every
six months for years 3 and 4, and then annually thereafter;
2) High-intensity risk-stratified approach:
a. Low-risk group: surveillance cystoscopy at three months, six months, and then
annually thereafter for five years;
b. Intermediate-risk group: surveillance cystoscopy every three months for two years,
every six months for years 3 and 4, and then annually thereafter;
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c. High-risk group: surveillance cystoscopy every three months for two years, every
six months for years 3 and 4, and then annually thereafter;
3) Historic uniform guidelines: cystoscopy every 3 months for 2 years, every 6 months for 2
years, and annually thereafter.

Table 9. Surveillance strategies compared in the cost-effectiveness model
Historical
AUA
Guidelines
(2000-2007)

Cystoscopy

Total
follow-up
Total
cystoscopies

Low-intensity AUA/SUO Riskstratified Approach (2016)

High-intensity AUA/SUO Riskstratified Approach (2016)

All

Low
Risk

Intermediate
Risk

High
Risk

Low
Risk

Intermediate
Risk

High Risk

Every 3
months for
2 years

3 months

3 months

3 months

Every 3
months for
2 years

Every 3
months
for 2 years

Every 6
months for
2 years

9 months

Every 6
months for
2 years

6 months

once/year

once/year

once/year

Every 3
months
for 2
years
Every 6
months
for years
3 and 4
once/year

once/year

Every 6
months for
years 3 and
4
once/year

Every 6
months
for years 3
and 4
once/year

5 years

5 years

5 years

5 years

5 years

5 years

5 years

13

6

7

13

6

13

13

Model Outcomes
Model outcomes per patient and for the entire cohort were assessed over five years of
surveillance under each strategy and included total quality-adjusted life years (QALYs), total
cancer recurrences detected, total progressed cases detected, total deaths, total false positive (FP)
cases, and total discounted costs (from the health care sector and societal perspectives).
Transition Probabilities, Cost, and Utility Data
Model parameters, values, and proposed distributions are presented in Table 13. Data on
patient characteristics used to stratify patients into the three risk groups (Table 2) such as stage at
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diagnosis, and tumor grade were obtained from the SEER-Medicare PEDSF files (Aims 1 & 2).
Data on tumor size and presence of solitary vs. multifocal tumors were obtained from the
EORTC trials (Sylvester et al. 2006). Remaining characteristics used in the 2016 AUA/SUO
risk-stratification algorithm (e.g., any variant histology, any lymphovascular invasion; any high
grade prostatic urethral involvement) were informed by review of the published literature.
Three-month state transition probabilities were obtained using conversion of the annual
probabilities of death, recurrence, and progression (Fleurence and Hollenbeak 2007). Annual
probabilities of recurrence and progression by year for five years for each risk group were
obtained from the EORTC risk tables (Sylvester et al. 2006). Bladder cancer and other cause
mortality data were obtained from the published literature and CDC life tables, respectively. Test
characteristics of cystoscopy (sensitivity and specificity to detect bladder cancer) were obtained
from a large systematic review and meta-analysis of published studies (Blick et al. 2012).
Utilities associated with a given disease state, risk group, or procedure were obtained
from the published literature. Costs of cystoscopy and cystectomy were obtained from Aim 2
using the Medicare claims data and the published literature.
Base-case Cost-effectiveness Analysis
In order to evaluate costs per outcome achieved, we ranked the three strategies from least
to most expensive and compared them sequentially. We calculated incremental differences in
total costs, QALYs, total deaths, total detected recurrent cases, total detected progressed cases,
and total FP cases. We then calculated incremental cost-effectiveness ratios (ICERs) for each
strategy as the additional cost divided by the change in outcome (QALY gained, death averted
recurrence detected, progression averted, FP averted) compared with the next less expensive
alternative, removing any dominated strategies from the next sequential comparison
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(Drummond, Stoddard, and Torrance 2005). Costs and outcomes were discounted at an annual
rate of 3%. We used the commonly accepted in the United States threshold of $50,000 per
QALY gained and a higher threshold of $100,000 per QALY gained to evaluate the costeffectiveness of the three surveillance strategies (Neumann, Cohen, and Weinstein 2014).
Sensitivity Analyses
We performed probabilistic sensitivity analysis with 1,000 Monte Carlo simulations to
show a range of plausible values of ICERs per QALY gained, given uncertainty in the input
parameters, and graphed these simulations as incremental cost-effectiveness (ICER) planes.
ICER planes represent the effectiveness difference per patient on the horizontal axis plotted
against the difference in costs per patient on the vertical axis (Briggs, Sculpher, and Claxton
2006). We used beta distribution for binomial data, including utilities and test characteristics
(sensitivity and specificity), Dirichlet distribution for multinomial data, and gamma distribution
for costs (Briggs, Sculpher, and Claxton 2006). Input parameters for which ranges or 95% CI
were not reported in the literature were varied by +/-10%, using a uniform distribution (Table 3).
We also evaluated uncertainty using cost-effectiveness acceptability curves (CEACs).
The CEACs allow decision makers to compare the probability of a strategy being cost-effective
under a range of different WTP thresholds. We constructed acceptability curves by plotting the
probability that the estimated cost-effectiveness ratio (additional cost per QALY gained) for each
surveillance strategy falls below specified values of willingness to pay (WTP) using the netbenefit framework (Briggs, Sculpher, and Claxton 2006). The net-benefit framework relies on
the net monetary benefit or net health benefit statistics to overcome some of the problems
associated with ICERs such as having ICERs of the same sign in opposite quadrants of the costeffectiveness plane (Briggs, Sculpher, and Claxton 2006).
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Reference Cases and Perspectives
Following the Second Panel on Cost-Effectiveness recommendations (Sanders et al.
2016), we reported a base-case analysis based on the health care sector perspective. We also
considered another reference case analysis based on the societal perspective, including costs
related to the informal health care sector (e.g., patient-time costs, unpaid caregiver-time costs,
transportation costs) and productivity-related costs (e.g., labor market earnings lost, cost of
unpaid productivity due to illness, cost of uncompensated household production) (Sanders et al.
2016). Cost components were included on a best effort basis contingent on availability of data
and published literature. Considering the high average age at diagnosis of 73 years for bladder
cancer patients and the relatively low labor force participation rate for older adults in the US (in
2014, 18.9% for ages 70-74 and 8% for ages 75 and older) (Toossi 2015), indirect costs
associated with productivity or labor market earnings loss were less of a concern in this patient
population.
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CHAPTER 4: FACTORS ASSOCIATED WITH RECEIPT OF SURVEILLANCE
AMONG MEDICARE PATIENTS WITH NON-MUSCLE-INVASIVE BLADDER
CANCER

Overview
Purpose: With a median age at diagnosis of 73 years, bladder cancer patients often live
with a high disease and comorbidity burden. This study examined how clinical, demographic,
and age-related factors such as functional status and comorbidities impact surveillance among
older adults with non-muscle invasive bladder cancer (NMIBC).
Methods: Using SEER-Medicare data, we identified patients aged ≥66 years diagnosed
with urothelial NMIBC from 2001 to 2012. We used multilevel logistic and Poisson regression
to examine frequency of surveillance, defined as ≥7 (recommended), ≥4 cystoscopies (lowintensity), and number of cystoscopies during the first two years post-diagnosis. We assessed
functional status in the 12 months prior to diagnosis using Davidoff’s Disability Status (DS)
measure. Comorbidities were measured using the Klabunde adaptation of the Charlson
comorbidity index modified for cancer patients.
Results: Among the 53,385 patients analyzed, 34% received ≥7 cystoscopies during the
first two years post-diagnosis (mean=5, SD=2.9). In fully adjusted models, patient characteristics
associated with the lowest odds of receiving ≥7 cystoscopies were: age ≥85 at diagnosis
compared with 66-69 (adjusted odds ratio [aOR] 0.53, 95% confidence interval [95%CI] 0.490.57), poor DS at baseline compared with good DS (aOR 0.53, 95%CI 0.47-0.59), and having ≥3
comorbid conditions compared with no comorbidities (aOR 0.66, 95%CI 0.60-0.72). Even lower
ORs were observed for the receipt of ≥4 cystoscopies.
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Conclusion: Age, poor functional status, and higher comorbidity were negatively
associated with surveillance frequency. Professional societies recommending risk-stratified
surveillance might also consider including age, disability status, and high comorbidity when
determining frequency of NMIBC surveillance.
Keywords: non-muscle-invasive bladder cancer, surveillance, functional status,
comorbidities, SEER-Medicare

Background
Bladder cancer is the sixth most common cancer in the United States, and its incidence
has increased from ~50,000 new cases diagnosed in 1990 to more than 80,000 new cases
expected in 2018 (Silverberg, Boring, and Squires 1990; Siegel, Miller, and Jemal 2018). Over
the same time period, the median age at diagnosis has increased from 65 to 73 years, the highest
age among all cancer sites (American Cancer Society 2016). Most incident cases (70%) are nonmuscle-invasive bladder cancer (NMIBC) at the time of presentation and a growing subgroup of
predominantly older patients have lower-risk disease (Nielsen et al. 2014). Low-grade NMIBC
constitutes about two thirds of all NMIBC cases; in this group approximately 50% recur, and
<5% progress to muscle-invasive disease (Sylvester et al. 2006). Bladder cancer patients have
one of the highest comorbidity burdens compared with other cancer patients, increasing
progressively with age (Bluethmann, Mariotto, and Rowland 2016), and thus have medically
complex healthcare needs (Garg, Young, et al. 2018).
Regular surveillance based on repetitive invasive endoscopy procedures is recommended
for NMIBC patients of all ages to detect potential recurrences, often for the remainder of a
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patient’s lifespan (Chang et al. 2016; Hall et al. 2007; Power and Izawa 2016; Babjuk et al. 2016;
Babjuk et al. 2013; Babjuk et al. 2011; Spiess et al. 2017). Historic guidelines for bladder cancer
surveillance in the United States were consensus- rather than evidence-based and recommended
cystoscopy every 3 months for 2 years post-diagnosis, then every 6 months for 2 years, and
annually thereafter, regardless of patient age or underlying risk of recurrence (Hall et al. 2007).
Guidelines were revised in 2016, again predominantly based on expert opinion, to recommend
surveillance every 3 months for 2 years only for the minority of patients at high risk of
recurrence and less frequently for those at low and intermediate risk (Chang et al. 2016; Spiess et
al. 2017), similar to recommendations from other countries (Power and Izawa 2016). However,
they did not explicitly consider age, multiple comorbidities, and functional impairment. Prior
studies have indicated adherence to historic bladder cancer surveillance protocols is low (Schrag
et al. 2003; Chamie et al. 2011; Chamie et al. 2012). It is not known whether trends in NMIBC
surveillance in the United States have changed over time. Moreover, functional impairment in
older bladder cancer patients, which plays an important role in health outcomes and receipt of
recommended care, has not been previously investigated (Brezinski et al. 1991; Cesari et al.
2009; Cesari et al. 2008; Cesari et al. 2005; Penninx et al. 2000; Stommel, Given, and Given
2002; Inouye et al. 1998; Shih et al. 2015).
Our objectives were to examine recent trends in bladder cancer surveillance and evaluate
clinical and demographic factors associated with frequency of surveillance among older US
adults diagnosed with NMIBC between 2001 and 2012. We also sought to understand how agerelated factors such as functional status and comorbidities impact surveillance patterns.
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Methods
Data and Study Population
We used the Surveillance, Epidemiology and End Results (SEER) database linked with
Medicare fee-for-service claims from 2000 to 2014. The SEER data contain longitudinal
demographic and incident cancer characteristics for ~28% of the US cancer population (Warren
et al. 2002). Medicare provides health insurance for 97% of Americans aged 65 and older, and
claims reflect longitudinal healthcare encounters that capture data on diagnoses and procedures
(Warren et al. 2002).
The study population (Figure 4) included SEER-Medicare beneficiaries diagnosed with
their first bladder cancer between January 1, 2001 and December 31, 2012 (SEER cancer codes
C67.0-C67.9; International Classification of Diseases, Ninth Revision [ICD-9] codes 188.0188.9, 233.7). Next, we identified patients with urothelial (histology codes 8050-8052, 81208124, 8130-8131) non-muscle invasive (Ta, Tis, T1, N0, NX, M0) disease, excluding patients
diagnosed at autopsy or death. Patients aged 66 years and older were included in the study to
have one year of claims prior to diagnosis to assess comorbidities and disability status
(Klabunde, Warren, and Legler 2002; Klabunde et al. 2000; Davidoff et al. 2013). Patients had to
be continuously enrolled in Medicare parts A and B for a minimum of 12 months prior to first
recorded diagnosis until the end of the study period or death. Patients were excluded if they were
enrolled in Medicare Advantage (from the year before diagnosis through the end of the study
period or death because individual claims for those enrollees are not available (Warren et al.
2002). Patients were also excluded if they did not have a confirmed bladder cancer diagnosis
(ICD-9) in any Medicare claims file within 2 months before or up until 12 months after the
SEER diagnosis. The final cohort included 53,385 patients.
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Figure 4. Flowchart of the study cohort based on the inclusion/exclusion criteria

Outcomes
Cystoscopy was identified using Current Procedural Terminology (CPT) codes on
outpatient, inpatient, carrier (physician/supplier), and durable medical equipment claims files
using previously established code sets from inpatient files (Appendix 3.2). Receipt of
recommended surveillance cystoscopy was operationalized as a binary variable indicating receipt
of > 7 cystoscopies over the first two years after diagnosis based on the US historic
recommendations of cystoscopy evaluation every 3-6 months for all patients during the study
period (Hall et al. 2007). We also examined the number of cystoscopies received over the first
two years after diagnosis as a count variable.
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Covariates
Covariates obtained from the Patient Entitlement and Diagnosis Summary File (PEDSF)
included age at diagnosis, race/ethnicity, marital status at diagnosis, tumor grade, T classification
(Ta, Tis, T1) based on the American Joint Committee on Cancer (AJCC) TNM staging system
(Edge et al. 2010), prior history of cancer, year of diagnosis, history of state buy-in in the year
prior diagnosis (proxy for whether a beneficiary was enrolled in a state-administered Medicaid
program), SEER region, and extent of urbanization at patients’ residence. We assessed patients’
zip code-level socioeconomic information by using US Census data to derive quartiles of median
household income in subject’s zip code and proportion of adult residents with less than high
school education in subject’s zip code. Comorbidities were measured using the Klabunde
adaptation of the Charlson comorbidity index modified for cancer patients using patients’
Medicare Part A and B claims during the 12 months before diagnosis (Klabunde et al. 2007;
Klabunde et al. 2000). Surgeon volume was defined as the number of transurethral resections
performed by each patients’ treating physician in the year prior to patient’s diagnosis.
We assessed functional status in the 12 months prior to cancer diagnosis using the
Disability Status (DS) measure (Davidoff et al. 2013; Davidoff 2014) which was developed
using data from the Medicare Current Beneficiary Survey (MCBS) linked to Medicare Parts A
and B claims (Davidoff et al. 2013). Responses to the functional status measures on the MCBS
were used to construct a proxy measure for the 6-level Eastern Cooperative Oncology Group
(ECOG) Performance Status (PS) scale; this measure was subsequently collapsed into a
dichotomous indicator for good (0-2) versus poor (3-4) DS (5 on the ECOG PS scale indicates
death) (Davidoff et al. 2013). Davidoff et al. developed a claims-based prediction algorithm
including various indicators for healthcare services in the 12 months prior to cancer diagnosis
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that were expected to vary based on DS level (Davidoff et al. 2013). Age and chronic conditions
were not included in the DS prediction model as DS was intended to capture a health status
dimension independent of these factors, consistent with the approach used in the ECOG PS scale
(Davidoff et al. 2013). Following Davidoff’s study validating the DS measure in four cohorts of
cancer patients (Davidoff 2014), we generated the dichotomous indicator of good/poor predicted
DS from the prediction model with no interactions using a cut-point of 0.110 which maximized
sensitivity and specificity (Davidoff et al. 2013; Davidoff 2014). In sensitivity analysis, we also
examined results for predicted DS measure based on the model with interactions using a cutpoint of 0.115, but similar to Davidoff et al., we did not find meaningful differences in the results
between the models with and without interactions (Davidoff 2014).
We identified the physician who performed the initial cystoscopy for each patient using
the Unique Physician Identification Number (UPIN) or (National Provider Identifier) NPI
included in the Medicare claims files. When a patient had more than two procedures, we
assigned that patient to the provider who performed the greatest number of procedures.
Following prior studies’ method for assigning bladder cancer patients to providers (Schrag et al.
2003), if a patient had two urologic procedures performed by two different providers, we
selected the provider who performed the second procedure, under the assumption that the
provider who had the most recent contact with the patient is likely to exert the greatest influence
on that patient’s surveillance behavior.
Statistical Analysis
Descriptive statistics were calculated for each variable as percentages for categorical
variables and means/standard deviations for continuous variables. We compared baseline
characteristics between patients with poor and good DS using Chi-square test for categorical
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variables and two-sided Student’s t test for continuous variables. To examine factors associated
with receipt of surveillance, we used two-level logistic regression models for our binary
outcomes and multilevel Poisson regression for the count outcome (P. C. Austin et al. 2017). In
sensitivity analysis, we considered low-intensity surveillance, defined as 4 or more cystoscopies
over the first two years post-diagnosis, similar to prior studies (Chamie et al. 2011; Chamie et al.
2012). All multivariable models accounted for clustering of patients within physicians and
allowed the intercept term to vary randomly over physician groups (T. A. B. Snijders and Bosker
2012; Curran and Bauer 2007). The models also included an offset term to account for the
number of days each patient was observed and “at risk” for surveillance until death or total
cystectomy. Patients who underwent total cystectomy were censored, as they were no longer
eligible for surveillance as they had their bladder removed.
We estimated the provider-attributable residual intraclass correlation coefficient (ICC),
representing unexplained physician-level variance (T. A. B. Snijders and Bosker 2012), from the
full models for each binary outcome measure.
Results
We identified 53,385 patients diagnosed with NMIBC between 2001-2012 who were
nested within 5,515 providers. The mean number of patients per provider was 9 (range: 1-101).
The majority of patients were non-Hispanic white (92.9%), male (75.4%), had no record of
comorbid conditions within the year prior to diagnosis (70.5%), were married (60.6%), and had
Ta tumors (62.1%) (Table 10). The mean age at diagnosis was 77.8 years (SD=7.0), with more
than 40% of the population being older than 80 years. While only 6.4% of patients were
classified as having poor DS at diagnosis, there were notable differences in patient characteristics
between patients with poor vs. good DS (Table 10). Patients with poor DS at baseline were older
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at diagnosis compared with those with good DS (81.4 vs. 77.6 years, P<0.001). A higher
proportion of patients with poor DS had ≥3 comorbidities at diagnosis compared with those with
good DS (30.3% vs. 5.7%, P<0.001). Compared with patients with good DS, a higher proportion
of those with poor DS were non-Hispanic black (3.0% vs. 8.0%, respectively) and had a history
of any state buy-in coverage in the 12 months prior to diagnosis, indicating potential Medicaid
dual eligibility (6.7% vs. 37.3%, respectively).

Table 10. Baseline characteristics of the study population for the full sample and stratified by
predicted disability status (DS) at diagnosis
Variable
Total number of patients
Mean age at cancer diagnosis
(SD)
Age group at cancer diagnosis
66-69
70-74
75-79
80-84
≥85
Sex
Male
Female
Race/ethnicity
White (Non-Hispanic)
Black (Non-Hispanic)
Other (includes Other,
Asian, Hispanic, and North
American Native)
Marital status at diagnosis
Married/domestic partner a
Other (separated, divorced,
widowed)
Single (never married)
Unknown
Charlson comorbidity index
0
1
2

Full Sample
N (%)
53,385 (100)
77.82 (7.01)

Good DS
N (%)
49,945 (93.56)
77.57 (6.90)

Poor DS
N (%)
3,440 (6.44)
81.43 (7.61)

P value
<0.0001
<0.0001

7,248 (13.58)
11,575 (21.68)
13,088 (24.52)
11,630 (21.79)
9,844 (18.44)

6,994 (14.00)
11,118 (22.26)
12,451 (24.93)
10,798 (21.62)
8584 (17.19)

254 (7.38)
457 (13.28)
637 (18.52)
832 (24.19)
1260 (36.63)

40,226 (75.35) 38,126 (76.34)
13,159 (24.65) 11,819 (23.66)

2,100 (61.05)
1,340 (38.95)

<0.0001

<0.0001
49,567 (92.85) 46,609 (93.32)
1,792 (3.36)
1,517 (3.04)
2,026 (3.80)
1,819 (3.64)

2,958 (85.99)
275 (7.99)
207 (6.02)

32,331 (60.56) 2,978 (5.96)
14,107 (26.43) 31,103 (62.27)

363 (10.55)
1,228 (35.70)

3,341 (6.26)
3,606 (6.75)

12,469 (24.97)
3,395 (6.80)

1,638 (47.62)
211 (6.13)

37,633 (70.49) 36,498 (73.08)
8,239 (15.43) 7,544 (15.10)
3,626 (6.79)
3,058 (6.12)

1,135 (32.99)
695 (20.20)
568 (16.51)

<0.0001
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<0.0001

≥3
3,887 (7.28)
2,845 (5.70)
1,042 (30.29)
Predicted Disability Status
(DS)b
Good DS (0-2)
49,945 (93.56)
Poor DS (3-4)
3,440 (6.44)
Prior history of cancer
15,604 (29.23) 14,577 (29.19) 1,027 (29.85) 0.4043
Secondary cancers after bladder 8,477 (15.88) 8,187 (16.39)
290 (8.43)
<0.0001
cancer diagnosis
T classification
<0.0001
Ta
33,147 (62.09) 31,208 (62.48) 1,939 (56.37)
Tis
3,996 (7.49)
3,774 (7.56)
222 (6.45)
T1
16,242 (30.42) 14,963 (29.96) 1,279 (37.18)
Tumor grade
<0.0001
G1 (well differentiated)
8,475 (15.88) 7,979 (15.98)
496 (14.42)
G2 (moderately
17,298 (32.40) 16,251 (32.54) 1,047 (30.44)
differentiated)
G3 (poorly differentiated)
9,348 (17.51) 8,681 (17.38)
667 (19.39)
G4 (undifferentiated)
9,422 (17.65) 8,741 (17.50)
681 (19.80)
Unknown
8,842 (16.56) 8,293 (16.60)
549 (15.96)
Any Medicaid state buy-in in
4,642 (8.70)
3,358 (6.72)
1,284 (37.33) <0.0001
the year prior to diagnosis
SEER region
0.0015
Northeast
14,121 (26.45) 13,154 (26.34) 967 (28.11)
Midwest
6,959 (13.04) 6,462 (12.94)
497 (14.45)
South
11,507 (21.55) 10,792 (21.61) 715 (20.78)
West
20,798 (38.96) 19,537 (39.12) 1,261 (36.66)
a
Includes having a domestic partner (same sex or opposite sex or unregistered)
b
Dichotomous indicator of good/poor predicted DS generated from the prediction model with no
interactions using a cut-point of 0.110 (Davidoff et al. 2013).

A third of patients received ≥7 cystoscopies over the first two years post-diagnosis and
the baseline patient characteristics differed significantly between patients who received ≥7 vs. <7
(Appendix 4.2). The mean number of cystoscopies in the first two years post-diagnosis was 5
(SD=2.9). In the fully adjusted models (Figure 5), patient characteristics associated with the
lowest odds of receiving ≥7 cystoscopies were: poor DS at baseline compared with good DS (OR
0.53, 95%CI 0.47-0.59), age ≥85 at diagnosis compared with 66-69 (OR 0.53, 95%CI 0.49-0.57),
and having ≥3 comorbid conditions compared with no comorbidities (OR 0.66, 95%CI 0.60-
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0.72). The magnitude of the decrease was even greater for patients receiving ≥4 vs. <4
cystoscopies (Figure 6).
After adjusting for clinical, demographic, and socioeconomic factors, black patients were
significantly less likely to receive ≥7 cystoscopies, compared with white patients (OR 0.75,
95%CI 0.66-0.86). Patients with history of any Medicaid state buy-in in the year prior to
diagnosis also had significantly lower odds of receiving ≥7 cystoscopies (OR 0.73, 95%CI 0.670.80). Other factors associated negatively with receipt of ≥7 cystoscopies included age 80-84 at
diagnosis compared with 66-69 (OR 0.79, 95%CI 0.73-0.84), being unmarried at the time of
diagnosis, prior history of cancer (OR 0.94, 95%CI 0.89-0.98), having one (OR 0.91, 95%CI
0.86-0.97) or two comorbidities (OR 0.77, 95%CI 0.71-0.84) compared with no comorbidities.
These factors were associated with even lower odds of receiving ≥4 vs. <4 cystoscopies. Factors
associated positively with receipt of ≥7 cystoscopies were being female (OR 1.14, 95%CI 1.081.20), Tis classification (OR 1.27, 95%CI 1.17-1.37), and being diagnosed with poorly
differentiated (OR 1.29, 95%CI 1.20-1.39) or undifferentiated tumor (OR 1.34, 95%CI 1.241.45).
16% of the variance of receipt of ≥7 cystoscopies was explained by the between-provider
variability (ICC 0.160, 95%CI 0.148-0.173). Only 7.8% of the variance of receipt of ≥4
cystoscopies was explained by the between-provider variability (ICC 0.078, 95%CI 0.0690.089).
The multivariable two-level Poisson model yielded similar results for factors associated
with receipt of number of cystoscopies (Figure 7). The three factors associated with the lowest
rate of cystoscopy over the first two years after diagnosis were: age ≥85 compared with 66-69
(IRR 0.88, 95%CI 0.87-0.90), poor DS at baseline compared with good DS (IRR 0.89, 95%CI
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0.87-0.91), and being black compared with white (IRR 0.92, 95%CI 0.90-0.94). Having ≥3
comorbid conditions was associated with a small decrease in the rate of cystoscopy compared
with having no comorbidities (IRR 0.96, 95%CI 0.95-0.98).

Figure 5. Results from the fully-adjusted logistic regression model of factors associated with
receipt of ≥7 cystoscopies

Note: The model was also adjusted for zip-code level education and median household income,
residential status at diagnosis, surgeon volume, and year of cancer diagnosis.
Abbreviation: aOR, adjusted odds ratio; CI, confidence interval; NH, non-Hispanic.
* Other status includes separated, divorced, or widowed at diagnosis.
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Figure 6. Results from the fully-adjusted logistic regression model of factors associated with
receipt of ≥4 cystoscopies

Note: The model was also adjusted for zip-code level education and median household income,
residential status at diagnosis, surgeon volume, and year of cancer diagnosis.
Abbreviation: aOR, adjusted odds ratio; CI, confidence interval; NH, non-Hispanic.
* Other status includes separated, divorced, or widowed at diagnosis.
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Figure 7. Results from the fully-adjusted Poisson regression model of factors associated with
number of cystoscopies received

Note: The model was also adjusted for zip-code level education and median household income,
residential status at diagnosis, surgeon volume, and year of cancer diagnosis.
Abbreviation: aIRR, adjusted incidence rate ratio; CI, confidence interval; NH, non-Hispanic.
* Other status includes separated, divorced, or widowed at diagnosis.

Discussion
Consideration of comorbidities and functional status is important for determining optimal
care among older bladder cancer patients. The three factors associated with the lowest odds of
receipt of recommended surveillance were older age, poor disability status, and increased
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comorbidities. Similar to other studies, we found that older age at diagnosis was inversely
associated with frequency of surveillance (Schrag et al. 2003; Chamie et al. 2011). Notably, in
the fully adjusted models, age ≥ 85 at diagnosis was associated with the lowest odds of receiving
≥7 and ≥4 cystoscopies, followed by poor DS at diagnosis.
After adjusting for clinical, demographic, and socioeconomic factors, black patients
compared with white patients were significantly less likely to receive cystoscopy across all three
surveillance outcomes. At the same time, a higher proportion of patients with poor DS were
black compared with those with good DS (8.0% vs. 3.0%), suggesting higher burden of
functional decline among black patients. History of any Medicaid state buy-in in the year prior to
diagnosis also had significant negative impact on surveillance use and was related to race: a
higher proportion of patients with any state buy-in history were black compared with those with
no buy-in (9.9% vs. 2.7%).
We found greater surveillance among Medicare patients with NMIBC than previously
reported (Schrag et al. 2003; Chamie et al. 2011; Chamie et al. 2012): 34% of patients in our
cohort received ≥7 and 70% received ≥4 cystoscopies over the first two years post-diagnosis. By
contrast, only 40% of patients with superficial bladder cancer diagnosed between 1992 and 1996
underwent surveillance once every six months for three years (Schrag et al. 2003). Chamie et al.
found even lower rates of adherence to historic surveillance cystoscopy recommendations:
among high-grade NMIBC patients diagnosed between 1992-2002, only 4.9% received eight or
more cystoscopies and 33.6% received at least four cystoscopies over the first two years after
diagnosis (Chamie et al. 2011). A possible reason for the higher surveillance use in our study is
that we examined a broader cohort of NMIBC patients diagnosed more recently (2001-2012) and
included patients with both high and low grade tumors, prior history of cancer, and secondary
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cancer diagnoses. Unlike prior reports, we did not exclude patients who died or underwent total
cystectomy during the exposure period (Schrag et al. 2003; Chamie et al. 2011; Chamie et al.
2012). Instead, we accounted for the different exposure time and patient-days during which each
subject was observed and “at risk” for receiving surveillance. Moreover, all previous studies on
bladder cancer surveillance lacked important information about patients’ functional status, which
may influence patients’ and providers’ decisions to undertake regular surveillance cystoscopy
(Schrag et al. 2003; Chamie et al. 2011; Chamie et al. 2012; Hollingsworth et al. 2010).
Given that overuse of surveillance among low-risk, and underuse among high-risk,
patients may have undesirable consequences (Schroeck, Smith, and Shelton 2018), there has
been increased impetus towards risk-aligned bladder cancer surveillance. The revised 2016-2017
guidelines in the United States now recommend surveillance every 3 months for 2 years only for
the minority of patients at high risk of bladder cancer recurrence and less frequently for those at
low and intermediate risk (Chang et al. 2016; Spiess et al. 2017). However, age, multiple
comorbidities, and functional impairment have not yet been explicitly considered by current
bladder cancer guidelines. The American Society of Clinical Oncology has underscored the
importance of incorporating multiple chronic conditions in guideline development and
implementation, cautioning that guideline recommendations that neglect this issue may not apply
to, or could be harmful for, patients with multiple chronic conditions (Somerfield et al. 2016).
National Comprehensive Cancer Network guidelines for prostate cancer already consider life
expectancy, comorbidities, and age in determining appropriate intensity of care (Mohler et al.
2016; Carroll et al. 2016). Compared with prostate cancer patients, bladder cancer patients had
higher comorbidity burden, increasing progressively with age (Bluethmann, Mariotto, and
Rowland 2016). Patients with urological cancer also had disproportionate burden of multiple

71

comorbid conditions and medical complexity, compared with primary care patients, highlighting
the need to incorporate comorbidities in personalized treatment and surveillance
recommendations (Garg, Young, et al. 2018).
Limitations of this study should also be considered. SEER-Medicare data do not collect
follow-up information on patients’ tumor recurrence or progression; neither do they capture
underlying risks of recurrence or progression which may impact surveillance decisions.
Furthermore, we could not account for patient and provider preferences for surveillance.
Conclusion
We found that NMIBC patients aged ≥85 years and those with poor disability status and
≥3 comorbidities were least likely to undergo frequent surveillance. As the age at diagnosis and
number of comorbid conditions increased, the odds of receiving recommended cystoscopy
frequency as well as the rate of cystoscopy decreased. Professional societies recommending riskstratified surveillance based on tumor factors might also consider including age, disability status,
and high comorbidity when determining appropriate frequency of surveillance for NMIBC
patients.
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CHAPTER 5: SURVIVAL PATTERNS AMONG MEDICARE PATIENTS WITH NONMUSCLE-INVASIVE BLADDER CANCER UNDERGOING SURVEILLANCE

Overview
Purpose: Non-muscle-invasive bladder cancer (NMIBC) is a heterogeneous disease
characterized by variable risks of recurrence, progression, and death. Comorbidities also
represent important cause of mortality in NMIBC patients. The purpose of this study was to
characterize survival patterns among older patients with NMIBC undergoing surveillance
cystoscopy and examine differences in bladder-cancer-specific and other-cause mortality by age,
comorbidities, and functional status.
Methods: In a retrospective analysis of SEER-Medicare data, we identified patients aged
≥66 years diagnosed with urothelial NMIBC from 2001 to 2012. We used propensity-score
weighted Fine-Gray competing risk regression and Cox proportional hazards model to assess allcause, bladder-cancer-specific and other-cause mortality after receipt of high-intensity (≥7 vs. <7
cystoscopies) or low-intensity surveillance (≥4 vs. <4 cystoscopies) during the first two years
after diagnosis.
Results: In the analyzed cohort of 41,743 patients with NMIBC, both receipt of highintensity and low-intensity surveillance were associated with a decrease in the hazard of allcause mortality in the propensity-score weighted survival models. Receipt of ≥7 cystoscopies
was associated with an increase in the hazard of bladder-cancer death and a decrease in the
hazard of other-cause death, which could be due to potential unmeasured confounding by
indication. Older patients (≥75 vs. 66-74 years) and those with poor disability status at diagnosis
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had higher cumulative incidence of both bladder-cancer and other-cause death, regardless of
frequency of cystoscopy.
Conclusion: Higher bladder-cancer mortality in older patients and those with poor
disability status, regardless of frequency of cystoscopy, warrants further research. Randomized
controlled trials and accounting for time-varying confounding are needed to assess the survival
benefits and potential harms of different frequencies of surveillance among older patients with
NMIBC.
Keywords: non-muscle-invasive bladder cancer, surveillance, competing risks, mortality,
SEER-Medicare

Background
Bladder cancer imposes a significant burden of disease in the United States with 2018
estimates predicting 81,190 incident cases diagnosed and more than 17,000 deaths (Siegel,
Miller, and Jemal 2018). Approximately 3 in 4 newly diagnosed cases are non-muscle invasive
bladder cancer (NMIBC). NMIBC is a heterogeneous disease characterized by variable risks of
recurrence, progression, and death, depending on tumor characteristics. Roughly 50-70% of
NMIBC will recur and 10–20% will progress to muscle-invasive disease (MIBC) (Sylvester et al.
2006; Fernandez-Gomez et al. 2009). Of all newly diagnosed NMIBC, 60-70% present as
noninvasive papillary carcinoma (Ta), 20-30% as lamina propria-invasive disease (T1), and
~10% as carcinoma in situ (Tis) (Nielsen et al. 2014; Sylvester et al. 2006). Long-term follow-up
has shown that the progression rate varies by tumor grade and T stage and is as low as 6% for
low-grade Ta and as high as 17% for high-grade T1 (Palou et al. 2012; Leblanc et al. 1999). The
survival prognosis for patients with NMIBC is relatively favorable, with cancer-specific survival
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at 5 years ranging from 98.5% in patients with low-grade Ta to 88.7% in patients with highgrade T1 disease (Cambier et al. 2016). However, cancer-specific survival after progression from
high-risk (e.g., high-grade T1) NMIBC to MIBC have been found to be much lower: 32%
(range: 13%-64%) in 7 prospective trials with a median follow-up of 52-123 months and 37%
(range: 7%-59%) in 12 retrospective trials with a median follow-up of 48-107 months (Van Den
Bosch and Witjes 2011).
Comorbidities and comorbidity-associated events also represent important
causes of mortality in bladder cancer patients, who have one of the highest comorbidity burdens
compared with other cancer patients (Bluethmann, Mariotto, and Rowland 2016). Among
patients newly diagnosed with bladder cancer, the 5-year cancer-specific mortality rate was
found to vary between 1% and 59%, and other-cause mortality rate between 6% and 90%,
depending on the tumor type and patient age (Noon et al. 2013).
Despite the variable but generally low progression rates, NMIBC has very high rates of
recurrent NMIBC (Sylvester et al. 2006). Given the high recurrence rates, clinical guidelines
based on expert-opinion recommend regular surveillance cystoscopy for patients with NMIBC of
all ages to detect potential recurrences or progression to MIBC. Considering the evidence of a
growing subgroup of predominantly older NMIBC patients with lower-risk disease and high
comorbidity burden, the aim of this study was to characterize survival patterns among Medicare
patients with NMIBC undergoing cystoscopy and examine differences in bladder-cancer-specific
and other-cause mortality by patient age, comorbidities, and functional status.

75

Methods
Data and Study Population
We used the Surveillance, Epidemiology and End Results (SEER) database linked with
Medicare fee-for-service claims from 2000 to 2014. The SEER data contain longitudinal
demographic and incident cancer characteristics for ~28% of the US cancer population (Warren
et al. 2002). Medicare provides health insurance for 97% of Americans aged 65 and older, and
claims reflect longitudinal healthcare encounters that capture data on diagnoses and procedures
(Warren et al. 2002).
The study population included SEER-Medicare beneficiaries first diagnosed with NMIBC
between January 1, 2001 and December 31, 2012 (Figure 8). We identified bladder cancer
patients (SEER cancer codes C67.0-C67.9; International Classification of Diseases, Ninth
Revision [ICD-9) codes 188.0-188.9, 233.7) with urothelial (histology codes 8050-8052, 81208124, 8130-8131) non-muscle invasive (Ta, Tis, T1, N0, NX, M0) disease. Patients aged 66
years and older were included in the study in order to have one year of claims prior to diagnosis
to assess comorbidities and disability status (Klabunde, Warren, and Legler 2002; Klabunde et
al. 2000; Davidoff et al. 2013). Patients had to be continuously enrolled in Medicare parts A and
B for a minimum of 12 months prior to first recorded diagnosis until the end of the study period
or death. Patients were excluded if they were enrolled in Medicare Advantage from the year
before diagnosis through the end of the study period or death because individual claims for those
enrollees are not available (Warren et al. 2002). Patients were also excluded if they were
diagnosed at autopsy or death or if they did not have a confirmed bladder cancer diagnosis (ICD9) in any Medicare claims file within 2 months before or up until 12 months after the SEER
diagnosis. We additionally excluded patients who died or underwent total cystectomy during the
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first two years after diagnosis as we could not assign them to a surveillance cystoscopy group,
which requires two years of observed exposure. The final cohort included 41,743 patients.

Figure 8. Flowchart of the study cohorts based on the inclusion/exclusion criteria

Outcomes
The main outcomes were all-cause, bladder-cancer-specific and other-cause mortality.
Mortality was determined based on the date of death, which is available in both the Medicare and
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SEER data files, but derived from different sources and covers different time periods. The
Medicare death date is obtained from the Medicare Enrollment Database (EDB), which is
updated nightly by the Social Security Administration and is current as of the day that the
enrollment data were extracted for the National Cancer Institute’s use (Bach et al. 2002). Date of
death information from the EDB was available through December, 2016. The SEER death date is
primarily obtained from state death certificates (Bach et al. 2002) and was available from the
SEER Patient Entitlement and Diagnosis Summary File (PEDSF) through December, 2013. We
used the Medicare EDB file as the primary source to identify time of death for overall mortality
because it allows us to have a longer observation timeframe (up to sixteen years). However,
since the cause of death is only available from the SEER PEDSF, we examined cause-specific
mortality only until December, 2013.
Study Variables
The primary explanatory variable – surveillance cystoscopy use – was identified using
CPT codes on outpatient, inpatient, carrier (physician/supplier), and durable medical equipment
(DME) claims files using previously established CPT code sets and ICD-9 codes from inpatient
files (Appendix 3.2). Receipt of recommended surveillance cystoscopy was defined as a binary
variable indicating receipt of 7 or more cystoscopies over the first two years after diagnosis
based on the US historic recommendations of cystoscopy evaluation every 3-6 months for all
patients, covering the study period (Hall et al. 2007). In sensitivity analysis, we applied another
definition of low-intensity surveillance as 4 or more cystoscopies over the first two years postdiagnosis (Chamie et al. 2011; Chamie et al. 2012).
Covariates obtained from the SEER PEDSF included age at diagnosis (66-69, 70-74, 7579, 80-84, ≥85), race/ethnicity (non-Hispanic white, non-Hispanic black, other, including
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Hispanic), marital status at diagnosis (married/domestic partnership, single, other, unknown),
tumor grade (G1-G4), American Joint Committee on Cancer (AJCC) T classification (Ta, Tis,
T1), prior history of cancer, year of diagnosis, history of state buy-in in the year prior diagnosis
(proxy for whether a beneficiary was enrolled in a state-administered Medicaid program), SEER
region (Northeast, Midwest, South, West), and extent of urbanization at patients’ residence.
Comorbidities were measured using the Klabunde adaptation of the Charlson comorbidity
index modified for cancer patients and based on patients’ Medicare Part A and B claims during
the 12 months before diagnosis (Klabunde et al. 2007; Klabunde et al. 2000).
We also assessed functional status in the 12 months prior to cancer diagnosis using the
Disability Status (DS) measure (Davidoff et al. 2013; Davidoff 2014). The dichotomous measure
indicating poor versus good DS at baseline was constructed as a proxy for the 6-level Eastern
Cooperative Oncology Group (ECOG) Performance Status (PS) scale that represents various
levels of functional impairment (Davidoff et al. 2013). The DS measure was developed using a
claims-based prediction algorithm including various indicators for health care services (e.g.,
home oxygen and respiratory therapy services, wheelchair use) in the 12 months prior cancer
diagnosis that were expected to vary based on DS level (Davidoff et al. 2013). The DS measure
and algorithm used to construct it are described in greater detail in Chapters 3 and 4.
We obtained patients’ zip code-level socioeconomic information using US Census data to
derive quartiles of median household income and proportion of adult residents with less than
high school education in subject’s zip code. Surgeon volume was defined as the number of
transurethral resections performed by each patients’ treating provider in the year prior to
patient’s diagnosis.
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Propensity Score Estimation and Application
We estimated propensity scores by modeling the probability of receiving surveillance (≥7
cystoscopies or ≥4 cystoscopies) in the first two years following bladder cancer diagnosis as a
function of all explanatory variables measured at baseline using two-level logistic regression
models, accounting for clustering of patients within physicians. The second level of the two-level
model was represented by the provider identification number and allowed the intercept term to
vary randomly over physician groups (T. A. B. Snijders and Bosker 2012; Curran and Bauer
2007). The models adjusted for patients’ age at diagnosis, sex, race/ethnicity, marital status,
comorbidities and disability status at diagnosis, prior history of cancer, T classification at
diagnosis, tumor grade, history of Medicaid state buy-in in the year prior diagnosis, SEER
region, zip-code level education and median household income, rural/urban residence at
diagnosis, surgeon volume, and year of cancer diagnosis.
We used a post-estimation function from the two-level logistic regression models to
generate propensity scores and created two sets of inverse probability of treatment weights
(IPTW) for each patient: a) equal to the inverse of the propensity score [1/p] for patients who
received ≥7 cystoscopies and ≥4 cystoscopies; and b) equal to the inverse of one minus the
propensity score [1/(1 − p)] for the two control groups (patients who received <7 and <4
cystoscopies), based on the two different surveillance definitions. We stabilized the propensity
score weights by multiplying the treatment and comparison IPTW by a constant, equal to the
expected value of being in the treatment or comparison groups (Robins, Hernán, and Brumback
2000; Garrido et al. 2014; Harder, Stuart, and Anthony 2011). The purpose of using stabilized
weights is to reduce the weights of either those treated subjects with low propensity scores or
those untreated subjects with high propensity scores (S. Xu et al. 2017). This method of
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propensity score weighting provides an estimate of the treatment effect in the population (in this
case, the effect of surveillance cystoscopy use among all NMIBC patients) (Stürmer, Rothman,
and Glynn 2006). For before and after matching comparisons between the treatment and control
groups, we examined the standardized difference in the means (SDM) which is preferred to ttests because SDM is not influenced by sample size (P. Austin 2009; P. C. Austin 2011). If the
absolute difference is <10%, the two groups are considered balanced (Normand et al. 2001).
Survival Analysis
To characterize the association between bladder cancer-specific mortality and
surveillance, we used a propensity-score weighted, competing-risks regression model (Fine and
Gray 1999). Failure was defined as bladder cancer mortality and the competing event as nonbladder cancer mortality. Estimates from the competing-risk models were reported as
subdistribution hazard ratios (SHR) with corresponding 95% confidence intervals (95% CIs)
(Fine and Gray 1999). The explanatory variable included in the propensity-score weighted
survival models was an indicator for receipt of cystoscopy (≥7 vs. <7 or ≥4 vs. <4 cystoscopies
over the first two years post-diagnosis).
We also used a propensity-score weighted Cox proportional hazards model to examine
the association between all-cause mortality and surveillance where failure was defined as death
from any cause. All survival models included standard errors clustered on the provider using the
Huber-White sandwich variance estimator, because patients treated by the same provider may
have similar outcomes. We confirmed the non-violation of the proportional hazards assumption
(i.e., constant hazard ratio over time) using Schoenfeld's residuals test and the time-dependent
covariate test for interactions between time and the cystoscopy indicators (Bradburn et al. 2003a;
Bradburn et al. 2003b).
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As a sensitivity analysis we estimated bladder cancer-specific and other-cause mortality
using Cox proportional hazards model for cause-specific mortality where failure was defined as
death from bladder cancer, while the competing risks (other-cause deaths) were treated as
censored events. A major advantage of the Fine-Gray model over the Cox proportional hazards
model, especially if competing risks are frequent, is that the Fine-Gray model allows for
dependency between the modeled competing risks (P. C. Austin, Lee, and Fine 2016).
In sensitivity analyses, we compared results from the propensity-score weighted survival
models using the stabilized inverse probability of treatment weights (SIPTW) and adjusting for
the main explanatory variable (cystoscopy indicator) only 1) to those from multivariable adjusted
models (including separately all covariates from the propensity score model in addition to the
cystoscopy indicators) and 2) to unadjusted models (including cystoscopy indicators only).
Lastly, we generated cumulative incidence functions (CIFs) from the propensity-score
weighted Fine-Gray competing risk regression to compare the cumulative incidence of bladdercancer or other-cause death between patients who received ≥7 vs. <7 and ≥4 vs. <4 cystoscopies.
We also stratified the CIFs by key covariates, including age at diagnosis, disability status, and
comorbidities.
Results
We identified 41,743 patients diagnosed with NMIBC between 2001-2012 who met the
study criteria (Figure 8). The mean and median survival from diagnosis through December 2016,
were 83.6 (SD 39.8) and 76 (IQR 56) months, respectively. 2,325 (5.6%) patients in the study
sample died because of their bladder cancer, while 14,353 (34.4%) died from other causes. The
five most common causes of death other than urinary bladder recorded from the SEER registries
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were heart disease (9.7%), other cause of death (4.6%), lung and bronchus (2.8%), chronic
obstructive pulmonary disease (2.8%), and cerebrovascular diseases (1.7%).
Before propensity-score weighting, SDM for the baseline characteristics between patients
who received ≥7 vs. <7 cystoscopies ranged from 4% to 16%, while after applying SIPTW
baseline characteristics between the two groups were well balanced, with SDM <10% for all
covariates (Figure 9). Similar balance after SIPTW was also achieved for patients who received
≥4 vs. <4 cystoscopies.
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Figure 9. Standardized differences in the means (SDM) of baseline characteristics for patients who received ≥7 vs. <7 or ≥4 vs.
<4 cystoscopies during the first two years post-diagnosis (before and after propensity score weighting)
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Note: Additional baseline characteristics included zip-code level education and median
household income, residential status at diagnosis, surgeon volume, and year of cancer diagnosis;
standardized differences in the means (SDM) after propensity score adjustment were <10% for
all.

Results from the survival models estimating the association between surveillance
cystoscopy use and all-cause, bladder-cancer, and non-bladder-cancer death are presented in
Table 11. In the SIPTW weighted Cox proportional hazards model assessing all-cause mortality
through December 2016, receipt of ≥7 vs. <7 cystoscopies over the first two years after diagnosis
was associated with 8% decrease in the hazard of all-cause death (HR 0.92, 95%CI 0.90-0.94).
When looking at cause-specific death (assessed through December 2013), receipt of ≥7 vs. <7
cystoscopies was associated with 15% increase in the subdistribution hazard of bladder-cancer
death (SHR 1.15, 95%CI 1.05-1.17), using the Fine-Gray SIPTW weighted model, and 8%
increase in the cause-specific hazard of bladder-cancer death (CHR 1.08, 95%CI 0.98-1.19),
using the cause-specific Cox hazard model. The finding of an increased hazard of bladder-cancer
death is likely due to residual confounding by indication—patients at high risk of recurrence and
those with previous recurrences might be more likely to receive high-intensity surveillance (≥7
cystoscopies) and die due to their bladder cancer. Receipt of ≥7 vs. <7 cystoscopies was
associated with 19% decrease in the subdistribution hazard of other-cause death (SHR 0.81,
95%CI 0.78-0.84), using the Fine-Gray SIPTW weighted model, and 19% decrease in the causespecific hazard of other-cause death (CHR 0.81, 95%CI 0.78-0.84), using the SIPTW weighted
cause-specific Cox hazard model.
In sensitivity analyses, lower intensity of surveillance (receipt of ≥4 vs. <4 cystoscopies)
was associated with 19% reduction in the hazard of all-cause death in the SIPTW weighted
model (HR 0.81, 95%CI 0.78-0.83). Receipt of ≥4 vs. <4 cystoscopies was not associated with
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an increase in the hazard of bladder-cancer death. On the contrary, it was associated with 19%
decrease in the subdistribution hazard of bladder-cancer death (SHR 0.81, 95%CI 0.72-0.91),
using the Fine-Gray SIPTW weighted model, and 29% decrease in the cause-specific hazard of
bladder-cancer death (CHR 0.71, 95%CI 0.62-0.80), using the cause-specific Cox hazard model.
Receipt of ≥4 vs. <4 cystoscopies was associated with even lower hazard of other-cause death:
SHR 0.69 (95%CI 0.65-0.72), using the Fine-Gray SIPTW weighted model, and CHR 0.66
(95%CI 0.63-0.70), using the cause-specific Cox hazard model.
The covariate-adjusted survival models comparing the association between receipt of ≥7
vs. <7 and ≥4 vs. <4 cystoscopies and all-cause, bladder-cancer, or other-cause death yielded
similar results to those from the SIPTW weighted models (Table 11).
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Table 11. Results from the survival models on the association between surveillance cystoscopy
and all-cause, bladder-cancer, and other-cause death
Overall Cox
Proportional
Hazards Model
All-cause
Death
HR (95% CI)a

Model

Fine-Gray Competing Risk
Regression Model
Bladdercancer Death
SHR
(95% CI)b

Other-cause
Death
SHR
(95% CI) b

0.92***
(0.90-0.94)
0.92***
(0.90-0.93)
0.89***
(0.87-0.91)

1.15***
(1.05-1.27)
1.10**
(1.01-1.21)
1.12**
(1.03-1.22)

0.81***
(0.78-0.83)
0.80***
(0.78-0.82)
0.77***
(0.74-0.79)

0.81***
(0.72-0.91)
0.84***
(0.75-0.94)
0.80***
(0.72-0.89)

Cause-Specific Cox
Proportional Hazards Model
Bladdercancer Death
CHR (95%
CI)b

Other-cause
Death
CHR (95% CI)

0.81***
(0.78-0.84)
0.81***
(0.78-0.84)
0.75***
(0.72-0.77)

1.08
(0.98-1.19)
1.02
(0.93-1.11)
1.03
(0.95-1.13)

0.81***
(0.78-0.84)
0.81***
(0.78-0.84)
0.75***
(0.72-0.77)

0.69***
(0.65-0.72)
0.71***
(0.68-0.75)
0.61***
(0.59-0.64)

0.71***
(0.62-0.80)
0.72***
(0.64-0.80)
0.67***
(0.61-0.75)

0.66***
(0.63-0.70)
0.68***
(0.65-0.71)
0.59***
(0.56-0.61)

b

≥7 cystoscopies
(ref: <7
cystoscopies)
SIPTW weighted
Covariate adjusted
Unadjusted
≥4 cystoscopies
(ref: <4
cystoscopies)
SIPTW weighted
Covariate adjusted
Unadjusted
a

Death date for all-cause mortality was assessed through December, 2016 using the Medicare EDB file.
Death date for cause-specific mortality was assessed through December, 2013 using the SEER PEDSF.
Abbreviations: HR, hazard ratio; 95% CI, 95% confidence interval; SHR, subdistribution hazard ratio;
CHR, cause-specific hazard ratio; ref, referent; SIPTW, stabilized inverse probability of treatment
weights.
Note: *Statistically significant at 10%; **Statistically significant at 5%; ***Statistically significant at 1%.
b

Cumulative incidences of bladder-cancer and other-cause death generated from the
propensity-score weighted Fine-Gray competing risk regression models by frequency of
surveillance (≥7 vs. <7 and ≥4 vs. <4 cystoscopies) are described in Figure 10. The cumulative
incidence of other-cause death exceeded that of bladder cancer death at each point in time,
regardless of cystoscopy use. The cumulative incidence of bladder-cancer death was higher
among patients receiving ≥7 cystoscopies compared with <7 cystoscopies. However, the
cumulative incidence of other-cause death was lower among patients receiving ≥7 cystoscopies
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compared with <7 cystoscopies. The cumulative incidences of both bladder-cancer death and
other-cause death were higher among patients receiving <4 cystoscopies compared with ≥4
cystoscopies.
CIFs by receipt of surveillance (≥7 vs. <7 and ≥4 vs. <4 cystoscopies), generated from
the propensity-score weighted Fine-Gray competing risk regression models and stratified by age
at diagnosis (66-74 vs. ≥75), disability status (poor vs. good DS), and comorbidities (0 vs. ≥1),
are presented in Figure 11, Figure 12, and Figure 13, respectively. As expected, older patients
(≥75 years) had higher cumulative incidences of both bladder-cancer and other-cause death
compared with patients ages 66-74, regardless of cystoscopy frequency. Poor DS at diagnosis
was also associated with higher cumulative incidences of both bladder-cancer and other-cause
death compared with good DS, regardless of cystoscopy frequency. Among patients receiving ≥7
vs. <7 cystoscopies, the cumulative incidence of bladder-cancer death was the highest for
patients with 1 or more comorbid conditions receiving ≥7 cystoscopies and the lowest for
patients with no comorbid conditions receiving <7 cystoscopies. Compared with no
comorbidities, having 1 or more comorbidities was also associated with higher cumulative
incidence of other-cause death for both patients receiving ≥7 vs. <7 cystoscopies and ≥4 vs. <4
cystoscopies.
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Figure 10. Cumulative incidence function for bladder-cancer and other-cause death
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Note: Cumulative incidence functions (CIFs) generated from the propensity-score weighted Fine-Gray competing risk regression
models to compare the cumulative incidence of bladder-cancer or other-cause death between patients who received ≥7 vs. <7
and ≥4 vs. <4 cystoscopies.

Figure 11. Cumulative incidence functions for bladder-cancer and other-cause death stratified by age (66-74 vs. 75+)
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Note: Cumulative incidence functions (CIFs) generated from the propensity-score weighted Fine-Gray competing risk regression
models to compare the cumulative incidence of bladder-cancer or other-cause death between patients who received ≥7 vs. <7
and ≥4 vs. <4 cystoscopies.

Figure 12. Cumulative incidence functions for bladder-cancer and other-cause death stratified by DS at diagnosis (poor vs. good
DS)
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Note: Cumulative incidence functions (CIFs) generated from the propensity-score weighted Fine-Gray competing risk regression
models to compare the cumulative incidence of bladder-cancer or other-cause death between patients who received ≥7 vs. <7
and ≥4 vs. <4 cystoscopies.

Figure 13. Cumulative incidence functions for bladder-cancer and other-cause death stratified by comorbidities (0 vs. 1+)
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Note: Cumulative incidence functions (CIFs) generated from the propensity-score weighted Fine-Gray competing risk regression
models to compare the cumulative incidence of bladder-cancer or other-cause death between patients who received ≥7 vs. <7
and ≥4 vs. <4 cystoscopies.

Discussion
We found that receipt of both high-intensity (≥7 vs. <7 cystoscopies) and low-intensity
surveillance (≥4 vs. <4 cystoscopies) were associated with a decrease in the hazard of all-cause
death in the propensity-score adjusted survival models. Receipt of ≥7 cystoscopies was
associated with an increase in the hazard of bladder-cancer death and a decrease in the hazard of
other-cause death, which could be due to residual confounding by indication. Patients receiving
≥7 cystoscopies may have unobserved higher underlying risks of recurrence and/or progression,
which are likely associated with both frequency of surveillance and cancer-specific survival and
not accounted for by disease characteristics measured at baseline such as tumor stage and grade.
Older patients (≥75 years) and those with poor DS at diagnosis also had higher cumulative
incidences of both bladder-cancer and other-cause death compared with patients ages 66-74 and
those with good DS, regardless of cystoscopy frequency.
Similar to previous studies, receipt of ≥4 cystoscopies was associated with a decrease in
the hazard of bladder-cancer death (HR 0.81, 95%CI 0.72-0.91). A prior analysis of SEERMedicare beneficiaries diagnosed with bladder cancer between 1992-2002 reported an even
lower hazard of bladder-cancer death among patients receiving ≥4 vs. <4 cystoscopies (HR 0.61,
95%CI 0.47-0.79) using a similar propensity-score weighted Fine-Gray competing-risk
regression model (Chamie et al. 2012). The study concluded that there was a statistically
significant survival advantage of receiving ≥4 cystoscopies based on the findings for bladdercancer mortality; however, it did not present any results for other-cause mortality. We found that
receipt of ≥4 cystoscopies was significantly associated not only with lower bladder-cancer but
also with lower other-cause mortality which has important implications for results interpretation.
On the one hand, surveillance cystoscopy might be a proxy for improved access to care which in
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turn resulted in better survival outcomes, including both lower bladder-cancer and other-cause
mortality. On the other hand, it is also likely that the protective effect of receipt of ≥4
cystoscopies we found not only for bladder-cancer but also for other-cause mortality may be due
to unmeasured healthy user bias, i.e., patients who are healthier based on unmeasured
characteristics might be more likely to adhere to their recommended surveillance regimen and
live longer.
Our study attempted to address confounding at baseline through propensity score (PS)
weighting. We weighted patients receiving ≥7 vs. <7 and ≥4 vs. <4 cystoscopies on all
observable and clinically meaningful characteristics at diagnosis, including age, comorbidity,
disability status, tumor grade and stage, which were found to be strong predictors of receipt of ≥7
as well as ≥4 cystoscopies in Aim 1. After propensity-score weighting, baseline characteristics
between patients receiving ≥7 vs. <7 and ≥4 vs. <4 cystoscopies were well-balanced, with SDM
<10% for all covariates. By matching exposed and unexposed subjects based on observed
covariates, PS methods can help reduce the bias in estimating treatment effects and the
likelihood of confounding when analyzing nonrandomized, observational data (Haukoos and
Lewis 2015). However, a major limitation of PS methods is that residual confounding may still
exist if unmeasured or unobserved factors, not included in the PS model, influenced treatment
selection (i.e., receipt of ≥7 or ≥4 cystoscopies).
We attempted to alleviate potential confounding by indication by including disability
status at baseline which has not been addressed in previous studies (Chamie et al. 2012;
Hollingsworth et al. 2010; Hollenbeck et al. 2009). In Aim 1 we found that patients with poor DS
were significantly less likely to receive surveillance cystoscopy, even after controlling for other
patient and disease characteristics, indicating that DS is an important factor influencing treatment
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selection. However, it is likely that there are other unmeasured time-varying characteristics not
included in the PS models, influencing both survival and surveillance use such as tumor
recurrence and cancer progression, as well as progression of comorbid conditions contributing to
other-cause mortality. We were not able to account for them, because the SEER registries do not
conduct active follow-up of patients or collect information on recurrence, progression, or
metastasis occurring after the initial diagnosis. Algorithms based on procedural codes to identify
patients in SEER-Medicare with relapse or later metastatic disease have low sensitivity and are
likely to miss a large percentage of patients with recurrences, particularly those who are older,
and result in an incompletely and inaccurately classified cohort (Nordstrom et al. 2016; Earle et
al. 2002; Warren et al. 2016; Warren and Yabroff 2015).
One potential limitation was the different follow-up periods for all-cause and causespecific mortality. While data on time of death was available through December, 2016 for allcause mortality, data on cause of death was available only until December, 2013; therefore, we
used a shorter follow-up period to assess bladder-cancer and other-cause mortality. Similar to
other studies (Chamie et al. 2012; Chamie et al. 2011), we restricted the study sample to patients
who were alive and eligible for surveillance cystoscopy during the first two years after diagnosis
to avoid immortal time bias (Suissa 2008). However, this exclusion may have resulted in
potential selection bias and reduces generalizability to all NMIBC patients. We found that
patients who underwent total cystectomy during the first two years after diagnosis were more
likely to be younger, married, have secondary cancers, undifferentiated T1 tumor, no
comorbidities, and good DS compared with patients who did not undergo total cystectomy. On
the other hand, patients who died during the first two years after diagnosis were more likely to be
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older, have history of Medicaid state buy-in in the 12 months prior to diagnosis, prior history of
cancer, one or more comorbidity, and poor DS compared with those who did not die.
Even though we were not able to draw causal inference about the effect of surveillance
cystoscopy use on survival due to potential unmeasured confounding, the findings from this
observational study have several implications for future research. It is important that survival
studies using competing-risk regression analysis report estimates for both disease-specific and
other-cause mortality in order to assess whether the estimated effect on survival can be
appropriately attributed to treatment or might be due to residual healthy user bias, even after
applying methods such as PS weighting. Controlling for disability/functional status in
observational studies of treatment effects can also help reduce potential confounding by
indication.
Higher bladder-cancer mortality in older patients and those with poor disability status,
regardless of frequency of cystoscopy, warrants further research. Randomized controlled trials as
well as accounting for time-varying confounding are needed to assess the survival benefits and
potential harms of different frequencies of surveillance among older patients with NMIBC,
including impact on disease progression, survival, and health-related quality of life.
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CHAPTER 6: COST-EFFECTIVENESS OF RISK-STRATIFIED SURVEILLANCE FOR
OLDER PATIENTS WITH NON-MUSCLE-INVASIVE BLADDER CANCER IN THE
UNITED STATES

Overview
Purpose: To compare the cost-effectiveness of different surveillance frequencies for nonmuscle-invasive bladder cancer (NMIBC) based on risk-stratification or uniform cystoscopic
evaluation for all patients. Additionally, we quantified trade-offs in terms of recurrent cases
detected, progressed cases averted, deaths averted, and false positive cases averted under each
surveillance strategy.
Methods: We developed a patient-level simulation model to compare three different US
surveillance recommendations: a uniform approach of cystoscopy every three months for 2 years
and less frequent thereafter, low-intensity and high-intensity risk-stratified approach (RSA)
based on the 2016 American Urological Association guidelines. We projected downstream
outcomes and costs from a healthcare sector and societal perspectives for a hypothetical cohort
of 100,000 NMIBC patients aged ≥66 years. The time horizon of the model was five years with
three-month cycles. Uncertainty in the input parameters was evaluated using probabilistic
sensitivity analysis (PSA). All costs and utilities were discounted.
Results: The uniform recommendations had an incremental cost-effectiveness ratio
(ICER) of $79,290 per QALY gained, compared with the high-intensity RSA. The ICER for the
high-intensity RSA was $58,852 per quality-adjusted life years (QALY) gained, compared with
the low-intensity RSA. The number of detected and progressed cases per person across the three
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strategies ranged between 0.659-0.669 and 0.039-0.045, respectively, with more recurrences
being undetected and progressing under the low-intensity RSA. False positives occurred in about
1 in 2 patients undergoing surveillance for five years under the uniform and the high-intensity
RSA strategies, compared with 1 in 3 under the low-intensity RSA. In PSA the low-intensity
RSA had a higher probability of being cost-effective compared with both the uniform and highintensity RSA strategies under willingness-to-pay thresholds up to $120,000 per QALY gained.
Conclusion: Findings from our study suggest that intermediate-risk patients with
NMIBC may benefit from less frequent surveillance than high-risk patients. The small
differences in outcomes also highlight the importance of considering patient preferences for
different trade-offs such as progressed cases vs. FP averted.
Key words: cost-effectiveness, non-muscle-invasive bladder cancer, surveillance, riskstratification, simulation modelling

Introduction
Due to high recurrence rates, intensive surveillance strategies, and expensive therapies,
the economic burden of bladder cancer is substantial (Svatek et al. 2014; Noyes, Singer, and
Messing 2008). In the United States, the annual national cost of bladder cancer care in 2010 was
estimated to be $3.98 billion and is expected to rise to $5 billion by 2020 (Mariotto et al. 2011).
Surveillance and the management of recurrences accounted for approximately 60% of the
lifetime cost of bladder cancer (Avritscher et al. 2006).
Most incident cases (70%) are non-muscle-invasive bladder cancer (NMIBC) at the time
of presentation but these patients have highly variable risks of recurrence of NMIBC and
progression to the potentially lethal phenotype of muscle-invasive (≥T2) disease (MIBC) (Burger
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et al. 2013; Sylvester et al. 2006). Given the high recurrence rates, regular surveillance
cystoscopy is recommended for patients with NMIBC of all ages to detect potential recurrences
or progression to MIBC. Surveillance recommendations from existing clinical guidelines for
NMIBC are largely consensus-based and vary across different professional societies and
countries, with approaches ranging from intensive one-size-fits-all surveillance schedules,
historically in the United States, to patient-level risk-stratification, historically in Europe (Chang
et al. 2016; Hall et al. 2007; Power and Izawa 2016; Babjuk et al. 2016; Babjuk et al. 2013;
Babjuk et al. 2011). In June 2016, the American Urological Association (AUA) and the Society
of Urologic Oncology (SUO) released updated guidelines for diagnosis and treatment of NMIBC
recommending a risk-stratified approach to surveillance cystoscopy, based on known risks for
recurrence and progression (Chang et al. 2016). However, surprisingly, little is known about how
different frequencies of surveillance affect patient outcomes and costs. Surveillance approaches
following active treatment for cancer have been identified as the highest priority topic for cancerrelated comparative effectiveness research (Greenberg et al. 2013). To date, no large randomized
trials or observational studies have examined directly the trade-offs in terms of benefits, potential
harms, and costs associated with different surveillance approaches.
Given the high financial and disease burden of bladder cancer as the US population ages,
it is important to understand the implications of surveillance frequency and risk-stratification for
providing high-quality, high-value care for older NMIBC patients. The purpose of this study was
to compare the cost-effectiveness of different frequencies of surveillance cystoscopy for NMIBC
under the 2016 AUA/SUO guidelines, using risk-stratification, and the historic US
recommendations of uniform cystoscopic evaluation for all patients, regardless of their risks for
recurrence and progression. Additionally, we quantified trade-offs in terms of recurrent cases
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detected, progressed cases averted, deaths averted, and false positive cases averted under each
surveillance strategy.
Methods
Model Overview
We developed a patient-level simulation model using TreeAge Pro 2017, R2.1 (TreeAge
Software, Inc., Williamstown, MA, USA) comparing three different surveillance strategies:
historic uniform US guidelines, low-intensity risk stratified approach (RSA), and high-intensity
risk-stratified approach (RSA) based on the 2016 AUA/SUO guidelines (Table 12) (Hall et al.
2007; Chang et al. 2016). The model had a time horizon of five years with three-month cycles,
following the recommended total follow-up period in the guidelines (Chang et al. 2016). We
projected downstream outcomes and costs for a hypothetical closed cohort of 100,000 Medicare
patients with non-muscle invasive bladder cancer (NMIBC).
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Table 12. Surveillance strategies compared in the cost-effectiveness model
Historical
US
Guidelines

Low-intensity RSA

High-intensity RSA

All

Low
Risk

Intermediate
Risk

High Risk

Low
Risk

Intermediate
Risk

High Risk

Risk group
definition

n/a

Low
grade
solitary
Ta ≤3 cm

• Recurrence
within 1
year, low
grade Ta
• Solitary
low grade
Ta >3 cm
• Low grade
Ta,
multifocal
• High grade
Ta, ≤3 cm
• Low grade
T1

Low
grade
solitary
Ta ≤3 cm

• Recurrence
within 1
year, low
grade Ta
• Solitary
low grade
Ta >3 cm
• Low grade
Ta,
multifocal
• High grade
Ta, ≤3 cm
• Low grade
T1

Cystoscopy
frequency

Every 3
months for
2 years

3 months

3 months

• High grade
T1
• High grade
Ta, >3 cm
(or
multifocal)
• Any CIS
• Any variant
histology
• Any LVI
• Any high
grade
prostatic
urethral
involvement
Every 3
months for 2
years

3 months

Every 3
months for 2
years

• High grade
T1
• High grade
Ta, >3 cm
(or
multifocal)
• Any CIS
• Any variant
histology
• Any LVI
• Any high
grade
prostatic
urethral
involvement
Every 3
months for 2
years

Every 6
months for
2 years

9 months

Every 6
months for 2
years

Every 6
months for
years 3 and 4

6 months

Every 6
months for
years 3 and 4

Every 6
months for
years 3 and 4

once/year

once/year

once/year

once/year

once/year

once/year

once/year

5 years

5 years

5 years

5 years

5 years

7

13

6

13

13

Total
5 years
5 years
follow-up
Total
13
6
cystoscopies
Abbreviation: RSA, Risk-stratified approach

Costs and outcomes (quality-adjusted life years) were discounted at an annual rate of 3%.
Costs were evaluated from the healthcare sector and societal perspectives. All costs were inflated
to 2017 USD, using the Consumer Price Index (CPI) for medical care (BLS 2018).
Figure 14 outlines the structure and flow of the model. Patients aged ≥66 years entered
the “disease-free” state following an initial transurethral resection of the bladder tumor
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(TURBT). At each 3-monthly model cycle the patient could experience a bladder cancer
recurrence. If the recurrence was detected, the patient underwent an additional TURBT and
returned to a disease-free state. However, if the recurrence was not detected, then the patient was
at risk of progression and would undergo further treatment (cystectomy) once this progression
was eventually detected. Death from background mortality could occur from any health state and
bladder cancer mortality could occur only from the progression state or post-cystectomy state.

Figure 14. Disease state transition diagram.

Note: Patients enter the “disease-free” state following an initial transurethral resection of the
bladder tumor (TURBT). At each 3-monthly model cycle the patient may experience a bladder
cancer recurrence. If the recurrence is detected, the patient will undergo a further TURBT and
return to a disease-free state. However, if the recurrence is not detected, then the patient will be
at risk of progression and will have to undergo further treatment (cystectomy) once this
progression is eventually detected. Death from background mortality can occur from any health
state and bladder cancer mortality can occur only from the progression state or post-cystectomy
state.
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Model Assumptions
We made several assumptions based on our literature review:
•

Only one recurrence could develop per surveillance cycle;

•

Progression could occur only after recurrence (De Bekker-Grob et al. 2009; Van
Kessel et al. 2013);

•

Low-risk patients who experienced initial recurrence were re-classified as
intermediate-risk (Chang et al. 2016), while patients who started as intermediate- or
high-risk remained in the same risk group for the duration of the five-year model time
horizon;

•

If the tumor progressed to muscle invasive bladder cancer and was detected, patients
received cystectomy (De Bekker-Grob et al. 2009; Van Kessel et al. 2013);

•

After cystectomy, patients were no longer eligible for or underwent further
surveillance (De Bekker-Grob et al. 2009; Van Kessel et al. 2013);

•

Only patients with tumor progression at a certain moment or those in the postcystectomy state were at higher risk for death than the background mortality rate (De
Bekker-Grob et al. 2009; Van Kessel et al. 2013).

For surveillance stopped after 5 years (since 2016 AUA/SUO guideline recommendations), the
decision whether to continue or stop routine follow-up cystoscopy after five years should be
based on shared-decision making between the patient and clinician (Chang et al. 2016).

Surveillance Strategies
We modelled three surveillance strategies based on the 2016 AUA/SUO risk-stratified
guidelines (Chang et al. 2016) and the historic uniform US guidelines (Hall et al. 2007) (Table
12):
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1) Low-intensity RSA:
a. Low-risk group: surveillance cystoscopy at three months, nine months, and then
annually thereafter for five years.
b. Intermediate-risk group: surveillance cystoscopy at three months, every six months
for two years, and annually thereafter;
c. High-risk group: surveillance cystoscopy every three months for two years, every
six months for years 3 and 4, and annually thereafter;
2) High-intensity RSA:
a. Low-risk group: surveillance cystoscopy at three months, six months and annually
thereafter for five years;
b. Intermediate-risk group: surveillance cystoscopy every three months for two years,
every six months for years 3 and 4 and annually thereafter;
c. High-risk group: surveillance cystoscopy every three months for two years, every
six months for years 3 and 4 and annually thereafter;
3) Historic uniform approach: cystoscopy every 3 months for 2 years, every 6 months for 2
years and annually thereafter.
Patient Population and Risk Groups
We simulated 100,000 Medicare patients with NMIBC aged ≥66 years and stratified
them in three risk groups for recurrence and progression, following the 2016 AUA/SUO
surveillance guidelines (Table 12). Low-risk patients included those with low grade solitary Ta
tumor with a diameter ≤ 3cm. Since SEER does not collect data on papillary urothelial
neoplasms of low malignant potential (PUNLMP), they were not included as part of the low-risk
classification in the model, whereas they are included in the 2016 AUA/SUO Guideline low-risk
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group (SEER 2016). Patients classified as low-risk at baseline who experienced cancer
recurrence were re-classified as intermediate risk for subsequent cycles of the model. The
intermediate-risk group also included patients with any of the following characteristics at
baseline: solitary low-grade Ta tumor with a diameter >3cm; low grade Ta multifocal tumor;
high-grade Ta tumor with a diameter ≤ 3cm; or low grade T1 tumor. The high-risk group
included patients who had at baseline any of the following: high grade T1; high grade Ta, >3 cm
(or multifocal); any Tis; any variant histology; any lymphovascular invasion; or any high grade
prostatic urethral involvement.
Probabilities of the baseline characteristics used to stratify patients into three risk groups
were obtained from the SEER Patient Entitlement and Diagnosis Summary File (PEDSF).
Probabilities of tumor size and presence of solitary vs. multifocal tumors were obtained from the
European Organization for Research and Treatment of Cancer (EORTC) trials (Sylvester et al.
2006). Probabilities of remaining patient characteristics used in the risk-stratification algorithm
(i.e., any lymphovascular invasion; any variant histology; any high grade prostatic urethral
involvement) were informed by review of the published literature (Table 13).
Transition Probabilities, Utility, and Cost Data
Model parameters, values, and distributions are presented in Table 13. Annual
probabilities of recurrence and progression over five years for the three risk groups were
obtained from the EORTC risk tables (Sylvester et al. 2006). Bladder cancer and other cause
mortality data were obtained from the published literature and CDC life tables, respectively. Test
characteristics of cystoscopy (sensitivity and specificity to detect bladder cancer) were obtained
from a large systematic review and meta-analysis of published studies (Blick et al. 2012). All
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annual probabilities of death, recurrence, and progression were converted to three-month state
transition probabilities (Fleurence and Hollenbeak 2007).
Utilities associated with a given disease state, risk group, or procedure were obtained
from the published literature. Costs of medical procedures were obtained from the Medicare
claims data and review of the published literature (Table 13). Societal costs also included
transportation costs and costs due to productivity loss from medical procedures (Sanders et al.
2016). Transportation costs were calculated based on the distance traveled to the treating facility,
estimated in Aim 1, and average national taxi fares per mile, since patients might not be able to
drive for at least 24 hours after their procedure. Costs due to productivity loss were calculated
based on the average length of stay associated with cystoscopy, cystectomy, and TURBT visits,
and the national average wage per hour in the United States (BLS 2017).

Table 13. Model input parameters
VARIABLES
Patient characteristics
Sex (males)
Age
66-74 years
75-84 years
≥85 years
Stage at diagnosis (T Category)
Ta
Tis
T1
Tumor grade
G1: Well differentiated (low
grade)
G2: Moderately differentiated
(intermediate grade)
G3: Poorly differentiated
(high grade)

BASE-CASE VALUE a

DISTRIBUTION

0.75

β

Male

Female

0.36
0.47
0.17

0.33
0.45
0.22

SOURCE
SEER-Medicare
(PEDSF) – Aim 1
SEER-Medicare
(PEDSF) – Aim 1

Dirichlet
Dirichlet
Dirichlet
SEER-Medicare
(PEDSF) – Aim 1

0.62
0.08
0.30

Dirichlet
Dirichlet
Dirichlet
SEER-Medicare
(PEDSF) – Aim 1

0.19

Dirichlet

0.39

Dirichlet

0.21

Dirichlet
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G4: Undifferentiated (high
grade)
Tumor size (cm)

0.21

EORTC trial data
(Sylvester et al.
2006)

≤3 cm
>3 cm
Solitary tumor

Any variant histology among T1
Any lymphovascular invasion (LVI)
among T1
Any high grade prostatic urethral
involvement
Three-month state transition
probabilities
3-month probability of recurrence

Low-risk
Intermediate-risk
High-risk
3-month probability of progression
given recurrence

Dirichlet

Yr 1

Yr 2

81.8%
18.2%
57%

β
β
β

10%

β

13.8%

β

10%

β

Yr 3

Yr 4

Yr 5

3.98%; 2.90%; 2.37%; 2.03%; 1.84%
6.63%; 5.06%; 4.17%; 3.45%; 3.03%
11.26%; 8.53%; 6.61%; 5.42%; 4.72%
Yr 1
Yr 2
Yr 3
Yr 4 Yr 5

Dirichlet

EORTC trial data
(Sylvester et al.
2006)

Dirichlet

EORTC trial data
(Sylvester et al.
2006)

Low-risk
1.26%; 0.86%; 2.82%; 2.47%; 2.18%
Intermediate-risk
3.78%; 7.51%; 8.15%; 9.27%; 10.18%
High-risk
21.70%; 25.77%; 26.84%; 33.69%; 40.39%
Conditional probability of death after undetected progression to MIBC
3-month probability of death
during year 1
3-month probability of death
during year 2
3-month probability of death
during year 4
Bladder-cancer death following
cystectomy among high-risk
patients
3-month probability of death
Other-cause mortality by age group

3-month probability of death
(66-74 years)
3-month probability of death
(75-84 years)
3-month probability of death
(≥85 years)
Test characteristics
Flexible cystoscopy: sensitivity
Flexible cystoscopy: specificity

EORTC trial data
(Sylvester et al.
2006)
(Black, Brown, and
Dinney 2009)
(Lotan et al. 2005;
Kikuchi et al. 2009)
(Palou et al. 2012)

(De BekkerGrob et al. 2009)

12.0%

Dirichlet

2.5%

Dirichlet

2.1%

Dirichlet
(Lee et al. 2007)

2%

β
Dirichlet

CDC life tables
2014 (Arias et al.
2017)

3.3%
9.0%
11.5%

0.98 (95% CI: 0.94 – 0.99)
0.94 (95% CI: 0.92 – 0.96)
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β
β

(Blick et al. 2012)
(Blick et al. 2012)

Costs (2017 USD)
Healthcare Sector
Cystoscopy
(HCPCS: 52000)
Cystectomy
(HCPCS: 51550–51597)
TURBT
(HCPCS: 52234, 52235,
52240)
Societal
Transportation costs

Medicare Payment
$365 (SD, $566)

Out-of-pocket Costs
$84 (SD, $147)

γ

$14,669 (SD, $20,268)

$188 (SD, $223)

γ

$1,347 (SD, $2,015)

$273 (SD, $305)

γ

$45 (SD, $20)

γ

$24 (SD, $10; 1 hour x $24)

γ

$1,152 (SD, $100; 48 hours x $24)

γ

$3,456 (SD, $200; 144 hours x $24)

γ

-0.003

Uniform
(±10%)

TURBT

-0.10

Uniform
(±10%)

Cystectomy

-0.20

Uniform
(±10%)

Post-cystectomy

-0.04

Uniform
(±10%)

Low-risk NMIBC

0.98

β

Intermediate-risk NMIBC

0.95

β

High-risk NMIBC

0.93

β

Muscle-invasive bladder cancer
(progression)

0.80

β

Productivity loss due to
cystoscopy
Productivity loss due to
TURBT
Productivity loss due to
cystectomy
Utility or Disutility
Surveillance cystoscopy

Medicare claims,
BLS CPI (2017)
Medicare claims,
BLS CPI (2017)
Medicare claims,
BLS CPI (2017)

Medicare claims,
(“Taxi Fares in the
US” 2017)
(BLS 2017; Mayo
Clinic 2018)
(BLS 2017; Mayo
Clinic 2018)
(BLS 2017; Mayo
Clinic 2018)
(Kulkarni et al.
2007; Kulkarni et
al. 2009)
(Kulkarni et al.
2007; Kulkarni et
al. 2009)
(Kulkarni et al.
2007; Kulkarni et
al. 2009)
(Kulkarni et al.
2007; Kulkarni et
al. 2009)
(Zhang, Denton,
and Nielsen 2013)
(Zhang, Denton,
and Nielsen 2013)
(Zhang, Denton,
and Nielsen 2013)
(Zhang, Denton,
and Nielsen 2013)

Model Outcomes
Model outcomes per patient and for the entire cohort were assessed over five years of
surveillance under each strategy and included total quality-adjusted life years (QALYs), total
cancer recurrences detected, total progressed cases detected, total deaths, total false positive (FP)
cases, and total discounted costs from the healthcare sector perspective, as the primary analysis,
and from the societal perspective, as a secondary analysis.
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Base-case Cost-effectiveness Analysis
To evaluate costs per outcome achieved, we ranked the three strategies from least to most
expensive and compared them sequentially. We calculated incremental differences in total costs,
QALYs, total deaths, total detected recurrent cases, total detected progressed cases, and total FP
cases. We then calculated incremental cost-effectiveness ratios (ICERs) for each strategy as the
additional cost divided by the change in outcome (QALY gained, death averted recurrence
detected, progression averted, FP averted) compared with the next less expensive alternative,
removing any dominated strategies from the next sequential comparison (Drummond, Stoddard,
and Torrance 2005). Costs and outcomes were discounted at an annual rate of 3%. We used the
commonly accepted in the United States threshold of $50,000 per QALY gained and a higher
threshold of $100,000 per QALY gained to compare the cost-effectiveness of the three
surveillance strategies (Neumann, Cohen, and Weinstein 2014).
Sensitivity Analyses
We performed probabilistic sensitivity analysis with 1,000 Monte Carlo simulations over
a range of plausible values of the ICERs per QALY gained, given uncertainty in the input
parameters, and graphed these simulations as ICER planes, which represents the effectiveness
difference per patient on the horizontal axis plotted against the difference in costs per patient on
the vertical axis (Briggs, Sculpher, and Claxton 2006). We used beta distribution for binomial
data, including utilities and test characteristics (sensitivity and specificity), Dirichlet distribution
for multinomial data, and gamma distribution for costs (Briggs, Sculpher, and Claxton 2006).
Input parameters for which ranges or 95% CI were not reported in the literature were varied by
+10%, using a uniform distribution (Table 13).
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We also evaluated uncertainty using cost-effectiveness acceptability curves (CEACs).
The CEACs allow decision makers to compare the probability of a strategy being cost-effective
under a range of different willingness-to-pay (WTP) thresholds. We constructed CEACs by
plotting the probability that the estimated cost-effectiveness ratio (additional cost per QALY
gained) for each surveillance strategy falls below specified values of WTP using the net-benefit
framework (Briggs, Sculpher, and Claxton 2006). The net-benefit framework relies on the net
monetary benefit or net health benefit statistics to overcome some of the problems associated
with ICERs such as having ICERs of the same sign in opposite quadrants of the costeffectiveness plane (Briggs, Sculpher, and Claxton 2006).
Results
We found that, among the simulated cohort of 100,000 Medicare patients with NMIBC,
17% were at low risk, 43% were at intermediate risk, and 40% were at high risk for disease
recurrence and progression. When comparing the health outcomes per patient over 5 years of
surveillance under each strategy (Table 14, Table 15), the historic uniform recommendations
detected 0.669 recurrent cases per patient—0.039 more than the high-intensity RSA and 0.010
more than the low-intensity RSA. The uniform recommendations and the high-intensity RSA
detected the same number of progressed cases per patient (0.039), while the low-intensity RSA
detected a slightly higher number of progressed cases per patient—0.045, because more
recurrences went undetected and progressed to muscle-invasive disease under this strategy.
However, potential harms associated with frequent surveillance were the resulting false positive
cases from cystoscopy evaluation. Under the uniform recommendations, 0.478 FP cases occurred
per patient, followed by 0.437 under the high-intensity RSA, and 0.372 under the low-intensity
RSA. In other words, about 1 in 2 people undergoing surveillance for five years under the
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uniform and the high-intensity RSA recommendations will have a FP, compared with 1 in 3
people undergoing surveillance under the low-intensity RSA. Considering the high average age
at diagnosis (77 years) of the simulated cohort, most deaths occurred due to other-cause
mortality. The number of deaths was high across all three strategies, ranging from 0.639 to 0.643
deaths per patient.
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Table 14. Base-case Results per Patient Undergoing Surveillance under Each Strategy over 5 Years. Results in parentheses
represent value for the entire simulated cohort (N=100,000).
Strategy

Total costs*

Total
QALYs

Total deaths

∆ costs*

∆ QALYs

∆ deaths

ICER/ QALY
gained

ICER/ death
averted

referent

referent

$58,852

$200,077

$79,290

$284,948

referent

referent

Healthcare sector perspective
Low-intensity Riskstratified

$3,675
($367,466,765)

2.86
(285,902)

0.643
(64,335)

referent

referent

referent

High-intensity Riskstratified

$4,370
($437,021,263)
$4,633
($463,334,755)

2.87
(287,084)
2.87
(287,415)

0.640
(63,987)
0.639
(63,895)

$696
($69,554,498)
$263
($26,313,491)

0.012
(1,182)
0.003
(332)

-0.003
(-348)
-0.001
(-92)

Historic Uniform

112

Societal perspective
Low-intensity Riskstratified
High-intensity Riskstratified

$4,687
2.86
0.643
referent
referent
referent
($468,677,708)
(285,902)
(64,335)
$5,466
2.87
0.640
$779
0.012
-0.003
($546,562,546)
(287,084)
(63,987)
($77,884,838)
(1,182)
(-348)
$5,747
2.87
0.639
$281
0.003
-0.001
Historic Uniform
($574,697,939)
(287,415)
(63,895)
($28,135,393)
(332)
(-92)
Note: QALYs – quality-adjusted life years; ICER – incremental cost-effectiveness ratio; ∆ – change.
*All costs were inflated to 2017 USD. Costs and QALYs were discounted at 3% annual discount rate.

$65,900
$84,780

$224,039
$304,677

Table 15. Base-case Results per Patient Undergoing Surveillance under Each Strategy over 5 Years. Results in parentheses
represent value for the entire simulated cohort (N=100,000) (cont.)

Strategy

Total
costs*

Total
detected
recurrent
cases

Total
detected
progressed
cases

Total
FPs

∆ costs*

∆
recurrent
cases

∆
progressed
cases

∆ FP
cases

ICER/
recurrence
detected

ICER/
progression
averted

ICER/ FP
averted

referent

referent

referent

$70,200

$110,278

dominated†

dominated†

dominated†

referent

referent

Healthcare sector perspective
Lowintensity
Riskstratified
Highintensity
Riskstratified

$3,675
($367,466,
765)

0.659
(65,861)

0.045
(4,544)

0.372
(32,705)

referent

referent

referent

$4,370
($437,021,
263)

0.669
(66,852)

0.039
(3,914)

0.437
(43,705)

$696
($69,554,
498)

0.010
(991)

-0.006
(-631)

referent

0.110
(11,000)
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$263
0.041
$4,633
0.000
0.000
0.669
0.039
0.478
($26,313,
(4,055)
$652,180
($463,334,
(66,892)
(3,916)
(47,760)
(40)
(2)
491)
755)
Societal perspective
Low$4,687
intensity
0.659
0.045
0.372
($468,677,
referent
referent
referent
referent
referent
Risk(65,861)
(4,544)
(32,705)
708)
stratified
High$5,466
$779
intensity
0.669
0.039
0.437
0.010
-0.006
0.110
($546,562,
($77,884,
Risk(66,852)
(3,914)
(43,705)
(991)
(-631)
(11,000)
$78,607
546)
838)
stratified
$5,747
$281
0.041
$697,335
Historic
0.669
0.039
0.478
0.000
0.000
($574,697,
($28,135,
(4,055)
Uniform
(66,892)
(3,916)
(47,760)
(40)
(2)
939)
393)
Note: QALYs – quality-adjusted life years; ICER – incremental cost-effectiveness ratio; FP – false positive; ∆ – change.
*All costs were inflated to 2017 USD. Costs and QALYs were discounted at 3% annual discount rate.
† Higher cost, lower effectiveness (e.g., fewer progressed cases averted, fewer FP averted).
Historic
Uniform

$123,486

dominated†

dominated†
dominated†

In the primary analysis from the healthcare sector perspective, the uniform
recommendation was the highest cost strategy ($4,633 per patient), followed by the highintensity RSA ($4,370 per patient), and low-intensity RSA ($3,675 per patient). In the base-case
cost-effectiveness analysis (Table 14, Table 15), we found that after five years of surveillance,
compared with the high-intensity RSA, the uniform recommendations were associated with an
additional cost of $263 per patient and incremental benefits of 0.003 more QALYs gained per
person and 0.001 deaths averted per person. The incremental differences in QALYs gained and
deaths averted per person between the two strategies were minimal because the majority of
patients (83%) were intermediate or high risk and received 13 cystoscopies over five years under
both the high-intensity RSA and the uniform approach. This resulted in ICERs for the historic
uniform guidelines of $79,290 per QALY gained and $284,948 per death averted compared with
the high-intensity RSA. Compared with the low-intensity RSA, the high-intensity RSA was
associated with an additional cost of $696 per person and incremental benefits of 0.012 more
QALYs gained per person and 0.003 deaths averted per person. The ICERs for the high-intensity
RSA were $58,852 per QALY gained and $200,077 per death averted, compared with the lowintensity RSA. Both the uniform guidelines and the high-intensity RSA would be considered
cost-effective compared with the next less expensive strategy under the higher threshold of
$100,000 per QALY gained but not under the standard threshold of $50,000 per QALY gained.
Similar results were reported using the societal perspective for costs, with total costs per person
being ~$1,000 higher for each strategy than under the healthcare sector perspective (Table 14).
Sensitivity Analysis
In the probabilistic sensitivity analysis using 1,000 Monte Carlo simulations (Figure 15
and Figure 16.), after 5 years of surveillance, the historic uniform AUA recommendations were
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more cost-effective than the high-intensity RSA in fewer than half of the simulations under the
standard US threshold of $50,000 per QALY gained and in 54% of the simulations under a
higher threshold of $100,000 per QALY gained. In 1% of the simulations the uniform
recommendations were cost-saving, i.e., had a lower incremental cost and higher QALYs gained,
compared with the high-intensity RSA (Figure 15). The high-intensity RSA was more costeffective than the low-intensity RSA in 47% of the simulations under the standard US threshold
of $50,000 per QALY gained and in 55% of the simulations under a higher threshold of
$100,000 per QALY gained, with 2% of the simulations being cost-saving (Figure 16).

Figure 15. Incremental cost-effectiveness plane for the Historic AUA strategy (blue) compared
with the High-intensity Risk-Stratified AUA strategy over 5 years of surveillance.

Note: Results in the upper right quadrant are cost-effective if they fall below the standard US
threshold of $50,000/QALY gained. Results in the lower right quadrant indicate dominant costsaving strategy (better outcomes at a lower cost). Approximately 47% of the 1,000 replications
were cost-effective under the $50,000/QALY gained threshold and 54% were cost-effective
under the $100,000/QALY gained threshold. 1% of the simulations were cost-saving.
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Figure 16. Incremental cost-effectiveness plane for the High-intensity Risk-Stratified AUA
strategy (green) compared with the Low-intensity Risk-Stratified AUA strategy over 5 years of
surveillance.

Note: Results in the upper right quadrant are cost-effective if they fall below the standard US
threshold of $50,000/QALY gained. Results in the lower right quadrant indicate dominant costsaving strategy (better outcomes at a lower cost). Approximately 47% of the 1,000 replications
were cost-effective under the $50,000/QALY gained threshold and 55% were cost-effective
under the $100,000/QALY gained threshold. 2% of the simulations were cost-saving.

We also evaluated uncertainty using CEACs which show the probabilities that each
strategy would be considered cost-effective under various WTP per additional QALY gained
thresholds (Figure 17). The low-intensity RSA had a higher probability of being cost-effective
compared with both the uniform recommendations and high-intensity RSA under WTP
thresholds up to $120,000 per QALY gained. At the commonly accepted US threshold of
$50,000 per QALY gained, the probability of being cost-effective was 45% for the low-intensity
RSA, 28% for the uniform, and 27% for the high-intensity RSA recommendations. If decision
makers were willing to pay more than $120,000 per QALY gained, then the historic uniform
recommendations had the highest probability of being cost-effective, compared with the low-
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intensity RSA or the high-intensity RSA. The high-intensity RSA had a lower probability of
being cost-effective compared with the low-intensity RSA across the entire range of modeled
WTP thresholds.
Figure 17. Cost-effectiveness acceptability curves

Note: Cost-effectiveness acceptability curves (CEACs) of 5-year surveillance for Medicare
patients with non-muscle invasive bladder cancer (NMIBC) under each of the different
recommendations from a US healthcare sector perspective. Each CEAC represents the
probability that a strategy is cost-effective under different willingness-to-pay (WTP) thresholds
for an additional quality-adjusted life year (QALY) gained. In the United States a costeffectiveness threshold of $50,000 per QALY gained is commonly accepted. The AUA lowintensity risk-stratified approach had a higher probability of being cost-effective compared with
the historic or high-intensity risk-stratified AUA recommendations under WTP thresholds up to
$120,000 per QALY gained.

Discussion
This is the first cost-effectiveness study comparing different frequencies of surveillance
cystoscopy for NMIBC under the 2016 AUA/SUO guidelines using risk-stratification and the
historic US surveillance approach, recommending uniform cystoscopic evaluation for all
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patients. We found that a sizeable proportion of patients (43%) were intermediate-risk, for which
the current AUA/SUO guidelines do not have definitive recommendations on what the optimal
frequency of surveillance should be (Chang et al. 2016). The historic uniform recommendations,
high-intensity and low-intensity RSA were associated with different trade-offs in terms of
QALYs gained, recurrent cases detected, progressed cases averted, deaths averted, false positive
cases averted, and costs. The high-intensity RSA and the uniform approach had similar health
outcomes and costs per patient because the majority of patients in the simulated cohort were at
intermediate or high risk and received 13 cystoscopies over five years, as many as under the
uniform approach. Compared with the high-intensity RSA, the low-intensity RSA was associated
with a slightly higher number of deaths (348 per 100,000 people) and lower number of
recurrences detected (991 per 100,000 people), which resulted in more undetected recurrences
progressing to MIBC (631 per 100,000 people). However, for every progressed case, 17 FP cases
were avoided under the low-intensity RSA, compared with the high-intensity RSA.
Patients with clinically similar disease may have heterogeneous preferences for the
different trade-offs associated with the three surveillance strategies, particularly between
progressed cases and FPs averted. While some patients might have a strong preference for
detecting recurrences as early as possible and avoiding progression at all cost, therefore willingly
undergo more frequent cystoscopic evaluation, others might prefer to minimize potential FP
results, the physical discomfort, and costs associated with frequent surveillance. High false
positive findings can result not only in unnecessary workups and costs but also in increased
patient morbidity and anxiety (Shariat et al. 2008). Surveillance cystoscopy is also associated
with patient anxiety and discomfort (Koo et al. 2017).
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In probabilistic sensitivity analysis, the low-intensity RSA was more cost-effective than
the high-intensity RSA and the uniform approach under a wide range of WTP thresholds up to
$120,000 per QALY gained. If decision makers are willing to pay more than $120,000 per
QALY gained, the historic uniform approach would be the more cost-effective one. Considering
the high financial burden of bladder cancer, with surveillance and management of recurrences
being the main drivers of the lifetime cost (Avritscher et al. 2006), a less intensive risk-stratified
surveillance, particularly for patients at low- and intermediate-risk, may help decrease the costs
of managing NMIBC.
The National Institute for Health and Care Excellence (NICE) in the United Kingdom
recommends even less frequent surveillance schedule for low- and intermediate-risk NMIBC
patients than the 2016 AUA/SUO guidelines. According to the NICE guidelines, low-risk
patients should undergo cystoscopic follow-up at three and 12 months after diagnosis and be
discharge to primary care within 12 months if they did not have a recurrence (National
Collaborating Centre for Cancer 2015). For intermediate-risk patients cystoscopy is
recommended at three months, nine months, 18 months, and annually thereafter for five years,
for a total of six cystoscopic evaluations over five years, compared with 7-13 evaluations under
the AUA/SUO risk-stratified approach (National Collaborating Centre for Cancer 2015; Chang
et al. 2016).
Our study has several potential limitations. We did not consider PUNLMP as part of the
low-risk classification algorithm because data on PUNLMP are not collected by the SEER
registries (SEER 2016). As a result, the proportion of patients classified in our model as low-risk
at baseline might be an underestimate of the low-risk group in a broader real-world population.
The frequency of PUNLMP ranged from 14%-22% in hospital- or clinic-based studies to 36%-
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39% in population-based studies (Schned et al. 2008). Patients who started as low-risk in our
model were re-classified as intermediate-risk after initial recurrence, however, the risk-groups
were not dynamically re-assessed and re-classified after subsequent recurrences. As a result, we
might have also underestimated the proportion of high-risk patients over time, particularly
among intermediate-risk patients with high grade Ta tumor who experienced a recurrence and
patients with high grade tumor who failed Bacillus Calmette-Guérin (BCG) immunotherapy.
BCG failures occurred in 35% of high grade cases, or in less than 13% of all NMIBC patients
(Witjes 2006). We assumed that everyone who progressed to MIBC underwent cystectomy,
whereas among Medicare patients there is variation in the strategies used to treat MIBC,
including chemotherapy and radiotherapy (Schrag et al. 2005). Lastly, we used both the
healthcare and societal perspectives to characterize medical, transportation costs, and
productivity loss due to cystoscopy visits and management of recurrences and progression.
However, our model did not follow the treatment trajectory beyond cystectomy of patients
progressing to MIBC, which potentially includes combinations of different chemotherapy and
immunotherapy regimens, particularly for patients with advanced disease (Flaig et al. 2018). As
a result, the costs associated with delayed detection of progression and treatment of advanced
disease may be higher. However, FPs may also be associated with downstream costs of
additional workup, thus contributing to the cost of frequent surveillance.
Conclusion
Using a patient-level simulation model of a hypothetical cohort of 100,000 Medicare
patients with NMIBC, we found that low-intensity risk-stratified surveillance over five years,
with cystoscopy frequency increasing progressively with risk, was associated with small
differences in QALYs, deaths, detected recurred and progressed cases, lower costs, and
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substantially fewer false positives, compared with a more frequent high-intensity risk-stratified
approach and uniform surveillance. Findings from our study suggest that intermediate-risk
patients with NMIBC may benefit from less frequent surveillance than high-risk patients. The
small differences in outcomes also highlight the importance of considering patient preferences
for different trade-offs such as progressed cases vs. FP averted.
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CHAPTER 7: STUDY LIMITATIONS, POLICY IMPLICATIONS, AND FUTURE
DIRECTIONS

Summary of Findings
This dissertation examined the value of surveillance for older patients with NMIBC by
assessing disease characteristics, surveillance patterns, and health-economic outcomes in a
population-based cohort of Medicare patients with NMIBC. This is the first study to directly
compare the cost-effectiveness of the 2016 AUA/SUO guidelines, which adopted risk-stratified
surveillance, with historical US guidelines in which recommended uniform surveillance for all
patients. Moreover, we examined patients’ disability status at diagnosis as an important predictor
of surveillance use and survival in NMIBC patients, which has not been previously investigated.
In Chapter 4, we found that NMIBC patients aged ≥85 years and those with poor DS and
≥3 comorbidities at diagnosis were least likely to undergo recommended (≥7 cystoscopies) and
low-intensity (≥4 cystoscopies) surveillance over the first two years after diagnosis. As the age at
diagnosis and the number of comorbid conditions increased, the odds of receiving recommended
cystoscopy frequency, as well as the rate of cystoscopy, decreased. Findings from our study also
indicated potential racial disparities in receipt of surveillance: after adjusting for clinical,
demographic, and socioeconomic factors, non-Hispanic black patients were significantly less
likely to receive cystoscopy across all three surveillance outcomes, compared with non-Hispanic
white patients. At the same time, a higher proportion of patients with poor DS were black
compared with those with good DS, suggesting greater functional decline among black patients.
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In Chapter 5, we found that receipt of either high-intensity or low-intensity surveillance
was associated with a decrease in the hazard of all-cause death in the propensity-score weighted
survival models. Receipt of ≥7 cystoscopies was associated with an increase in the hazard of
bladder-cancer death and a decrease in the hazard of other-cause death, which could be due to
potential unmeasured confounding. Older patients (≥75 vs. 66-74 years) and those with poor
disability status at diagnosis had higher cumulative incidence of both bladder-cancer and othercause death, regardless of frequency of cystoscopy. Our study attempted to address endogenous
selection into cystoscopy by healthier patients through propensity score (PS) weighting and
accounting for disability status at baseline which has not been addressed in previous studies. We
balanced patients receiving ≥7 vs. <7 and ≥4 vs. <4 cystoscopies on all observable and clinically
meaningful characteristics at diagnosis, including age, comorbidity, DS, tumor grade and stage,
which were found to be strong predictors of receipt of ≥7 as well as ≥4 cystoscopies. However, it
is likely that there are other unmeasured time-varying characteristics not included in the PS
models, influencing both survival and surveillance use such as tumor recurrence, response to
treatment, and cancer progression.
In Chapter 6, using a patient-level simulation model of a hypothetical cohort of 100,000
Medicare patients with NMIBC, we found that low-intensity risk-stratified surveillance over five
years, with cystoscopy frequency increasing progressively with risk, was associated with a
slightly higher number of deaths and lower number of recurrences detected, which resulted in
more undetected recurrences progressing to MIBC but lower costs and substantially fewer false
positives, compared with a more frequent high-intensity risk-stratified approach and uniform
surveillance.
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This dissertation makes several important contributions to the literature. First, no
previous studies have accounted for DS at diagnosis as a predictor of surveillance use, nor has
DS been incorporated in survival models examining surveillance (Chamie et al. 2012;
Hollingsworth et al. 2010; Hollenbeck et al. 2009). Furthermore, no studies have examined
recent trends in NMIBC surveillance in a broader cohort of NMIBC patients with both high and
low-grade tumors. Lastly, this is the first study to investigate the cost-effectiveness of the 2016
AUA/SUO guidelines using risk-stratification, compared with the historic US surveillance
approach, recommending uniform cystoscopic evaluation for all patients (Chang et al. 2016; Hall
et al. 2007).
Our study design has several strengths. In aim 1, we used multilevel (mixed effects)
logistic and Poisson regression models to explicitly account for the hierarchical nature of the data
(patients clustered within physicians) and therefore produces correct standard errors (SEs) which
do not need to be adjusted ex-post using clustered SEs. Unlike prior reports, we did not exclude
patients who died or underwent total cystectomy during the exposure period (Schrag et al. 2003;
Chamie et al. 2011; Chamie et al. 2012). Instead, we accounted for the different exposure time
and patient-days during which each subject was observed and “at risk” for receiving surveillance.
We were thus able to retain and analyze a broader and more representative cohort of NMIBC
patients and minimize selection bias from only including potentially healthier patients, who had
survived for at least two years and had not had their bladder removed. We compared estimates of
bladder-cancer-specific and other-cause mortality using propensity-score weighted Fine-Gray
competing risk regression and cause-specific Cox proportional hazards model. Reporting
estimates for both disease-specific and other-cause mortality can help assess whether there might
be unobserved residual confounding, which has not been accounted for by PS weighting. In aim
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3, we used a patient-level simulation model to capture the heterogeneity of the NMIBC
population and different risks over time of recurrence and progression to muscle-invasive
disease. We also evaluated costs from both the healthcare and societal perspectives to
characterize more fully the potential financial burden associated with surveillance.
Limitations
Several limitations should be considered. First, SEER-Medicare data do not collect
follow-up information on patients’ tumor recurrence or progression; neither do they capture
underlying risks of recurrence or progression which may impact both surveillance decisions and
survival outcomes. Second, we used different follow-up periods for all-cause and cause-specific
mortality. While data on time of death was available through December 2016 for all-cause
mortality, data on cause of death was available only until December 2013; therefore, we used a
shorter follow-up period to assess bladder-cancer and other-cause mortality. Third, in aim 2, we
had to further restrict the study cohort to patients who died or underwent total cystectomy during
the first two years after diagnosis as we could not assign them to a surveillance cystoscopy
group, which requires two years of observed exposure. Fourth, even after balancing unexposed
and exposed patients on all measurable and clinically meaningful characteristics at baseline in
the propensity-score weighted survival models, unadjusted confounding may still exist if
unmeasured or unobserved factors, not included in the PS model, influenced treatment selection.
It is likely that unmeasured time-varying characteristics such as tumor recurrence and cancer
progression influenced both survival and surveillance use and contributed to our findings of a
protective effect of cystoscopy on all-cause and other-cause mortality. Given the observational
nature of our study and potential limitations of the propensity-score weighting methods used, we
were not able to establish causal inference surveillance use and survival. While a pilot
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randomized clinical trial evaluating surveillance schedules in patients with low- and
intermediate-risk NMIBC is already underway (NCT02298998), it includes proportion of
patients experiencing disease progression and recurrence as secondary outcome measures but
does not include any survival endpoints.
Policy Implications
Despite the limitations described above, this dissertation offers a policy-relevant and
timely contribution to patient-centered research on surveillance approaches following active
treatment for cancer. Our findings highlight the importance of patient comorbidities, age, and
functional status in surveillance evaluation for NMIBC and the need to explicitly address them in
future guideline development. While the updated 2016 AUA/SUO guidelines recommend riskstratified surveillance based on patient’s underlying risk of recurrence and progression, they do
not consider age, multiple comorbidities, and functional impairment. Just as overuse of
surveillance among low-risk, and underuse among high-risk, patients may have undesirable
consequences (Schroeck, Smith, and Shelton 2018), overuse of surveillance among older patients
with functional decline and multiple comorbidities may provide little benefit and be potential
harmful. The American Society of Clinical Oncology has underscored the importance of
incorporating multiple chronic conditions in guideline development and implementation,
cautioning that guideline recommendations that neglect this issue may not apply to, or could be
harmful for, patients with multiple chronic conditions (Somerfield et al. 2016). Professional
societies recommending risk-stratified surveillance based on tumor factors might also consider
including age, disability status, and high comorbidity when determining appropriate frequency of
surveillance for NMIBC patients.
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The research also informs the decision making of providers, insurers, and patients by
quantifying the value and risk-benefit trade-offs associated with different surveillance schedules
for older NMIBC patients. We found that low-intensity risk-stratified surveillance over five
years, with cystoscopy frequency increasing progressively with risk, was associated with lower
number of recurrences detected, marginal increase in deaths and undetected recurrences, lower
costs, and substantially fewer false positives, compared with a more frequent high-intensity riskstratified approach and uniform surveillance. Findings from our study suggest that intermediaterisk patients with NMIBC may benefit from less frequent surveillance than high-risk patients.
Future Research Directions
An important extension of this research would be to assess surveillance use and outcomes
in another data set that contains patient-level longitudinal information on clinical and disease
characteristics. Linking clinical registry data with routine electronic health record (EHR) data
will provide an opportunity to gain a more complete representation of the patient experience with
surveillance over time. Similar linkages have been performed using the California Cancer
Registry and EHR data from two large healthcare organizations in the same catchment area to
better characterize the treatment pathways of women with breast cancer (Thompson, Kurian, and
Luft 2015).
While this dissertation examined the cost-effectiveness of the 2016 AUA/SUO riskstratified surveillance recommendations, further research is needed to evaluate the benefits and
harms of different intervals of surveillance cystoscopy and outcomes in older NMIBC patients
with poor functional status and multiple comorbidities. Patient preferences for different
frequencies of surveillance is another important area for future studies that can provide more
information on the explicit risk-benefit trade-offs patients are willing to make. While some
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patients might have a strong preference for detecting recurrences as early as possible and
avoiding progression at all cost, therefore willingly undergo more frequent cystoscopic
evaluation, others might prefer to minimize potential false positive results, the physical
discomfort, and costs associated with frequent surveillance.
Further research is also needed to validate the risk groups and classification used in the
2016 AUA/SUO risk-stratification algorithm and assess their performance as predictors of
disease recurrence and progression. At present, there is no widely accepted classification of risk
in NMIBC and risk-stratification algorithms vary across different guidelines and professional
organizations (Sylvester et al. 2006; Babjuk et al. 2016; Chang et al. 2016; National
Collaborating Centre for Cancer 2015). The EORTC risk tables (Sylvester et al. 2006) have been
validated in several studies which demonstrate that the tables successfully stratify patients into
risk groups for recurrence and progression, although they tend to overestimate the risk of
recurrence in all risk groups and the risk of progression in high risk groups (Seo et al. 2010;
Fernandez-Gomez et al. 2011; Altieri et al. 2012; T. Xu et al. 2013; Lammers et al. 2014;
Hernandez et al. 2011). By contrast, the risk categories outlined in the 2016 AUA/SUO
guidelines are not based a meta-analysis or original studies but on expert consensus regarding the
likelihood of recurrence and progression. Investigating further the risk-predictive properties of
some of the factors unique to the AUA/SUO algorithm (e.g., any BCG failure in high grade
cases, any LVI, and any high grade prostatic urethral involvement) is an important next step. For
example, the NICE guidelines did not include presence of LVI as a risk factor due to their
assessment of low quality evidence suggesting that the presence of LVI increases the risk of
recurrence, progression, and disease-specific survival in small study samples (National
Collaborating Centre for Cancer 2015; Lotan et al. 2005; Kikuchi et al. 2009).
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Another extension of this work is to incorporate dynamic risk groups in the costeffectiveness model and allow patients to be re-classified at each tumor occurrence or recurrence
based on their characteristics at the given time rather than at the start of the model. Gathering
more evidence on the presence of PUNLMP in older adults with NMIBC and including
PUNLMP as part of the low-risk stratification algorithm will also improve the risk classification.
Extending the simulation model using a life-time perspective and incorporating observed realworld treatment rates for NMIBC patients who progress to muscle-invasive disease over time
and become candidates for chemotherapy or immunotherapy, will provide further insights into
the patient disease trajectory and care continuum over time.
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APPENDIX 2.1: REVIEW OF PRIOR STUDIES EXAMINING RECEIPT OF SURVEILLANCE AMONG
BLADDER CANCER PATIENTS IN THE UNITES STATES
Author
(Year)
Schrag et al.
(2003)
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Chamie et al.
(2011)

Purpose

Design/
Method

Examine the degree
to which bladder
cancer patients
undergo the
recommended
surveillance
procedures and
identified patient and
primary care
provider
characteristics
associated with
nonadherence to
these
recommendations.

Logistic
regression

Characterize practice
patterns in patients
with high-grade non–
muscle-invasive
bladder cancer in
relation to
established
guidelines.

Mixed effects
model

Sample/Setting

Major Variables/
Instruments

Patients diagnosed
with superficial
bladder cancer
diagnosed in SEERMedicare from 1992
through 1996 and
who survived for at
least 3 years after
diagnosis but did
not have a total
cystectomy

• Patient characteristics
(tumor stage, grade, sex,
age at dx, race,
comorbidities, median
income, year of dx,
registry)
• Physician
characteristics (primary
specialty, board
certification, degree
type, year of med school
graduation, location of
med school, sex, race,
case volume, primary
employer)

N=6,717

Patients in SEER• Patient characteristics
Medicare diagnosed
(tumor stage, grade,
with high-grade
sex, age at dx, race,
non-musclecomorbidities, median
invasive bladder
income, year of dx,
cancer between
region, education,
1992 and 2002 who
marital status)
survived at least 2
• Facility characteristics
years without
(surgeon volume,
undergoing
hospital volume,
definitive treatment
institution type)
N=4,545

Key Study Findings

Limitations/
Comments

• The actual practice of • No risk stratification
surveillance for
of patients.
patients differs
• Analysis does not
substantially from the
reveal whether
standards
patients, physicians,
recommended in
patient-physician
clinical guidelines.
communication, or
• Only 40% of the entire
other aspects of the
cohort had an
health care system
examination during all
account for the
five intervals; 18.1%
apparent
had low-intensity
underutilization of
surveillance.
bladder surveillance.
• Did not control for
measures of
functional status.
• The study found
• Patient preferences
marked underuse of
for surveillance and
guidelinetreatment strategies
recommended care in
may have
this potentially curable
confounded their
cohort.
findings of
significant underuse.
• Unexplained providerlevel factors
• Did not control for
significantly contribute
measures of
to this low compliance
functional status.
rate.
• Future studies that
identify barriers and
modulators of
provider-level adoption
of guidelines are
critical to improving

Hollingsworth
(et al. 2010)

Understand the
sources of variation
in the treatment of
early stage disease as
well as opportunities
for improving the
value of cancer care

2-level linear
mixed models
with random
intercepts

SEER-Medicare
data for the years
1992 through 2002.
Patients were
followed using
Medicare claims
through December
31, 2005.
N = 18,276
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Strope et al.
(2010)

Assess the
relationships between
clinical
characteristics and
treatment intensity
and determine the
extent to which a
patient’s disease risk
matched with their
treatment intensity

Multiple
logistic
regression

Patients
diagnosed with
early stage bladder
cancer (N=24,980)
between 1993 and
2002 in SEERMedicare

care for patients with
bladder cancer.
• Primary outcome was
• Provider factors
the initial treatment
accounted for 9.2% of
intensity received, as
the variation in
measured by all
treatment intensity,
Medicare payments for
while patient level
bladder cancer incurred
factors accounted for
during the first 2 years
23%.
after diagnosis
• Increasing provider
• Secondary outcomes,
treatment intensity did
we measured bladder
not correlate with
cancer-specific survival
improved cancerusing the cause-of-death
specific survival.
field available in SEER • Although much of the
• Patient characteristics
variation in initial
(tumor grade, stage, age
treatment intensity was
at dx, sex,
determined by patientsocioeconomic status,
level factors, relatively
comorbidities,
little was accounted for
geographic region,
by commonly
derived recurrence)
measured factors (e.g.,
patient age, comorbid
• Physician
status, tumor grade and
characteristics (sex,
stage, and subsequent
type of degree, location
disease recurrence).
of training, graduation
year)

• The primary outcome
was patient-level
treatment intensity, as
measured by all
Medicare payments for
bladder cancer that
incurred within the first
2 years after diagnosis
• Patient characteristics
included tumor grade,

Treatment intensity was
appropriately aligned
with many clinical
characteristics, including
age, comorbidity, tumor
stage, and grade.
However, treatment
intensity matched
disease risk for only
55% and 49% of the

• The majority of the
variability in
treatment intensity
still resided at the
patient level, and
the authors’ model
accounted for only
23% of these
between-patient
differences.
• Several yet
unknown factors
seem to influence
the observed
variability in
treatment intensity.
Although it is likely
that patient
preference and/or
noncompliance
contribute to some
of this variability,
other possible
factors need to be
explored.
• Did not control for
measures of
functional status.
• Did not use the
EORTC risk tables
or other accepted
risk-classification
algorithms to
stratify patients into
different risk groups
• Only two risk
groups defined as
being at low or high

stage, age at dx, sex,
socioeconomic status,
comorbidities, SEER
region.

Hollenbeck et
al. (2009)

Examine associations
between initial
treatment intensity
and subsequent
patient outcomes.

• Cox
proportiona
l hazards
model
• Logistic
regression

Patients diagnosed
with early-stage
bladder cancer from
January 1, 1992,
through December
31, 2002 (N =
20,713)

lowest and highest risk
patients, respectively.

132

• The primary outcome • The median survival of
was all-cause mortality
patients was similar
across all four quartiles
• Secondary outcomes:
of provider treatment
bladder cancer-specific
intensity
mortality; subsequent
interventions (radical
• Although more
cystectomy, systemic
aggressive early
chemotherapy, and
treatment intensity was
radiation therapy).
not associated with
survival, it was
associated with higher
rates of major medical
interventions, including
radical cystectomy,
systemic chemotherapy,
and radiation therapy.

•
•

•
•

risk of bladder
cancer death, not
risk of recurrence or
progression.
Did not control for
measures of
functional status.
Treatment intensity
definition was
based on bladder
cancer
expenditures, not
specific procedures
which may be
problematic.
Important to look at
procedures
individually (e.g.,
cystoscopy use).
Potential healthy
user bias.
Did not control for
measures of
functional status.

APPENDIX 2.2: REVIEW OF COST-EFFECTIVENESS STUDIES EXAMINING BLADDER CANCER
SURVEILLANCE STRATEGIES
Author
(Year)
(Lotan and
Roehrborn
2002)

Country
USA
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(Nam et al.
2000)

Canada

(Lachaine
et al. 2007)

Canada

Purpose

Interventions

Determine the
cost-effectiveness
of a
plan alternating a
bladder tumor
marker with
cystoscopy and
cytology at 3months intervals
or modified care
versus follow-up
cystoscopy and
cytology every 3
months or
standard care
Compare the cost
of cystoscopy and
cytology
(standard care) to
that of urinary
markers
(modified care)
for patients with a
history of
superficial
bladder cancer

• cystoscopy and
cytology
performed every
3 months as
standard care

Evaluate the cost
and cost-efficacy
of using NMP22
compared with
the standard
recommended
monitoring

Data

Methods

Key Findings

Limitations

Input obtained
from literature
review

• Model: decision tree
with linear
recurrence rate
assumptions
• Time horizon: 12
months
• Main outcome:
disease recurrence
• Perspective:
Medicare
• Discount rate: N/A
• SA: One-way and
two-way sensitivity
analyses performed

• Linear recurrence
rate
• Perfect adherence
to standard of care
assumed
• No assessment of
utilities
• No PSA

• cystoscopy and
cytology
(standard care)
• urinary markers
(modified care)

Patient data
from a Toronto
hospital

• Model: decision tree
• Time horizon: 3
years
• Main outcome:
Diagnosed disease
recurrence
• Perspective: societal
• Discount rate: none
• SA: One-way and
two-way sensitivity

• Modified care was
more cost-effective
at a tumor marker
cost of less than
$264.
• On 2-way
sensitivity analysis
there was no
significant impact
of parameters at a
wide range of
tumor marker
costs, recurrence
and progression
rates.
Urinary marker
testing for follow-up
of patients with
superficial bladder
cancer less expensive
than the standard
method of
cystoscopy and
urinary cytology

• NMP22
• Standard
recommended
monitoring
procedure
following a
transurethral

Hospital data

• Model: decision tree
• Time horizon: 6
months
• Main outcome:
Diagnosed disease
recurrence

• plan alternating
a bladder tumor
marker with
cystoscopy and
cytology at 3month intervals
as modified care

• Societal
perspective
incorrectly used
(indirect costs not
included)
• Psychosocial
impact of testing
and different
surveillance
frequencies not
considered
• No PSA
Using NMP22 would • Short-term study
have saved $55 per
horizon
patient during the
• Generalizability
first 6 months of
follow-up, resulting
in a cost saving of
approximately 18%.

procedure
following a
transurethral
resection of a
bladder tumor

• Perspective: Quebec
health system
• Discount rate: N/A
• SA: N/A

resection of a
bladder tumor
(TURBT).

Netherlands

Determined
whether FGFR3
mutation analysis
of voided urine
samples would be
cost-effective to
partly replace
cystoscopy in the
surveillance of
NMIBC
patients

• Modified
surveillance:
FGFR3
mutation
analysis of
voided urine
samples every 3
months, and
cystoscopy at 3,
12 and 24
months
• Standard
surveillance:
cystoscopy
every 3 months
• Minimal
surveillance:
cystoscopy at 3,
12 and 24
months

Data on 70
Dutch patients
with FGFR3
positive
primary tumors
and a median
followup of
8.8 years

• Model: Markov
• Time horizon: 2
years
• Main outcome:
probability of no
recurrence after 2
years of surveillance
• Perspective: hospital
• Discount rate: N/A
• SA: One-way and
two-way sensitivity

(De
BekkerGrob et al.
2009)

Netherlands

To determine how
good
microsatellite
analysis (MA)
markers in voided
urine samples
should be to make
a surveillance
procedure costeffective in which

• Cystoscopy of
the urinary
bladder every 3
months
(conventional
arm)
• semi-automated
MA of voided
urine samples to
identify loss of
heterozygosity
every 3 months,

Data were used
from a
randomized
trial (including
448
NMIBC
patients from 10
hospitals),
and from other
data sources.

• Model: semiMarkov
• Time horizon: 2
years
• Main outcome:
probability of no
recurrence after 2
years of surveillance
• Perspective: societal
• Discount rate: N/A
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(Van
Kessel et
al. 2013)

The trade-off for
using NMP22 is that
some patients (8.9%)
would have a 3
month delay before
diagnosis of a
recurrence.
The total cost of
• No PSA
surveillance after the • Outcomes not
primary tumor was
projected beyond
lower for
2 years
minimal and
• Assumptions
modified
about natural
surveillance (€2,254
disease course to
and €2,558,
simplify the
respectively) than for
model
standard surveillance
(€5,861). Results
were robust to
changing inputs over
plausible ranges.

The probability of
being without
recurrence after 2
years of surveillance
was similar (86.6%
conventional arm vs
86.3% test arm) with
currently available
MA markers
(sensitivity of 58%
and specificity of
73%). However, the

• No PSA
• Outcomes not
projected beyond
2 years
Assumptions about
natural disease
course to simplify
the model

cystoscopy is
partly replaced by
MA for
NMIBC patients
USA

Assess the costeffectiveness of
using
fluorescence in
situ hybridization
assays to
determine the
need for biopsy in
patients with
atypical cytology
and equivocal or
negative
cystoscopy

(Kamat et
al. 2011)

USA

To assess the
cost-effectiveness
of
using cytological
evaluation,
NMP22
BladderChek®,
and fluorescence
in situ
Hybridization
(FISH)
UroVysion® in
addition to
cystoscopy in
patients with a
history of bladder
cancer
undergoing
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(Gayed,
Seideman,
and Lotan
2013)

with a control
cystoscopy at 3,
12 and 24
months(test
arm).
• Biopsy
• Biopsy based on
FISH

• cystoscopy
alone
• cystoscopy and
NMP22
• cystoscopy and
FISH
• cystoscopy and
cytology
• cystoscopy and
positive NMP22
confirmed by
positive FISH

• SA: One-way and
two-way sensitivity
analyses

test arm led to higher
costs (€4104 vs
€3433 per head).

Combined data
from 2 large
prospective
studies
evaluating the
usefulness of
fluorescence in
situ
hybridization in
the setting of
atypical
cytology to
detect urothelial
carcinoma

• Model: decision tree
• Time horizon: 2
years
• Main outcome: cost
per cancer detected
• Perspective: hospital
• Discount rate: N/A
• SA: One-way
sensitivity analysis

Data from 200
consecutive
patients with a
history of
bladder cancer
not invading the
muscle were
prospectively
enrolled at The
University of
Texas MD
Anderson
Cancer Center.

• Prospective clinical
trial
• Decision analysis
not used
• Patient enrollment
data from August
2006 to January
2007
• Median time to first
follow-up was 4.1
months after study
entry

Among patients with
negative cystoscopy
biopsy based on
fluorescence in situ
hybridization
resulted in costs
savings of
$2,241 per patient,
avoiding 167
biopsies, compared
to biopsy in all
patients.
Assuming office
based biopsy, the
cost savings were
$216 per patient.
• Cystoscopy alone
remains the most
cost-effective
strategy to detect
recurrence of
bladder cancer not
invading the
muscle.
• The addition of
urinary markers
adds to cost,
without improved
detection of
invasive disease.

• Generalizability
• No PSA

• Generalizability
(one academic
cancer center)
• Short-term study
horizon (no longterm outcomes
assessed)
• No assessments of
utility or the
psychological
impact of missing
tumors (due to
false-negative
results) or
undergoing
unnecessary
surgeries (due to
false-positive
results) when

surveillance for
recurrence.
(Zhang,
Denton,
and Nielsen
2013)

USA

Compare the
international
guidelines with
alternative
surveillance
strategies for lowrisk bladder
cancer patients

•
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EAU guidelines
for low-risk
patients: cysto
at 3 months; if
negative, then
follow-up cysto
at 9 months and,
subsequently, at
yearly intervals
for 5 years
• Old AUA
guidelines: no
riskstratification;
cysto every 3
months in the
first 2 years;
every 6 months
for subsequent
2–3 years;
annually
thereafter

Input data
obtained from
the published
literature
(EORTC risk
table, CDC
mortality data,
other studies).

• Model: partially
• Age and
observable Markov
comorbidity
model
significantly affect
the optimal
• Time horizon:
surveillance
lifetime
strategy.
• Main outcomes:
• Results suggest that
QALYs; expected
younger patients
lifelong progression
should be screened
probability; lifetime
more intensively
number of
than older patients,
cystoscopies.
and patients having
• Perspective: N/A
comorbidity should
• Discount rate: yearly
be screened less
• SA: One-way
intensively.
sensitivity analysis

using the different
surveillance
strategies.
• No costs assessed
in the model
• No PSA

APPENDIX 3.1: DIAGNOSTIC CODES TO IDENTIFY PATIENT COHORT
SEER Code for Cancer
Site
C67.0-C67.9
SEER Code for Histology
8050-8052
8120-8124
8130-8131
SEER AJCC-6 T Codes
(2004+)
01, 05, 10-19, 80, 81
SEER AJCC-6 N Codes
(2004+)
00, 01-04, 99
SEER AJCC-6 M Codes
(2004+)
00
T value - based on AJCC
3rd (2001-2003)
00, 01, 10, 11, 12, 13, 16,
17, 19
N value - based on AJCC
3rd (2001-2003)
00, 99
M value - based on AJCC
3rd (2001-2003)
00
ICD-9-CM Diagnostic
Codes
188.0
188.1
188.2
188.3
188.4
188.5
188.6
188.7
188.8

Description

File

Bladder
Description

PEDSF
File

Papillary carcinoma
Transitional cell carcinoma
Papillary transitional cell carcinoma
Description

PEDSF

Ta, Tis, T1, T1mic, T1a, T1a1, T1a2, T1b,
T1b1, T1b2, T1c, T1 NOS, T1a NOS, T1b
NOS
Description

PEDSF

File

File

N0, N0(i-), N0(i+0), N0(mol-), N0(mol+),
NX
Description

PEDSF
File

M0
Description

PEDSF
File

Tis, Ta, T1, T1a, T1b, T1c, T1a1, T1a2,
T1x
Description

PEDSF
File

N0, NX
Description

PEDSF
File

M0
Description

PEDSF

Malignant neoplasm of trigone of urinary
bladder
Malignant neoplasm of dome of urinary
bladder
Malignant neoplasm of lateral wall of
urinary bladder
Malignant neoplasm of anterior wall of
urinary bladder
Malignant neoplasm of posterior wall of
urinary bladder
Malignant neoplasm of bladder neck
Malignant neoplasm of ureteric orifice
Malignant neoplasm of urachus
Malignant neoplasm of other specified
sites of bladder

inpatient, outpatient,
durable medical
equipment, hospice,
home health, or
carrier-based Medicare
claim

File
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188.9
233.7
ICD-10-CM Diagnostic
Codes*
C67.0
C67.1
C67.2
C67.3
C67.4
C67.5
C67.6
C67.7
C67.8
C67.9
D09.0

Malignant neoplasm of bladder, part
unspecified
Carcinoma in situ of bladder
Description
Malignant neoplasm of trigone of urinary
bladder
Malignant neoplasm of dome of urinary
bladder
Malignant neoplasm of lateral wall of
urinary bladder
Malignant neoplasm of anterior wall of
urinary bladder
Malignant neoplasm of posterior wall of
urinary bladder
Malignant neoplasm of bladder neck
Malignant neoplasm of ureteric orifice
Malignant neoplasm of urachus
Malignant neoplasm overlapping sites of
bladder
Malignant neoplasm of bladder,
unspecified
Carcinoma in situ of bladder

File
inpatient, outpatient,
durable medical
equipment, hospice,
home health, or
carrier-based Medicare
claim

*Note: Medicare reimbursement claims with a date of service on or after October 1, 2015 require
the use of ICD-10-CM codes. The data used in for the proposed dissertation include only SEERlinked Medicare claims until December 31, 2014 which is before the date ICD-10-CM coding
system was officially implemented in the United States.
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APPENDIX 3.2: MEDICARE CODES USED TO IDENTIFY RELEVANT
PROCEDURES
Process of care

Endoscopic surveillance
Cystoscopy: with irrigation and
evacuation of blood clots; with
ureteral catheter; with brush
biopsy of the ureter
Cystoscopy with biopsy,
fulguration
Cystoscopy with insertion of
radioactive substance, with or
without biopsy or fulguration
Cystoscopy with bladder dilation
Cystoscopy with urethral dilation
or urethrotomy
Cystoscopy with ureteral
meatotomy
Cystoscopy with removal of
foreign body
Cystoscopy for ureteral calculus

ICD-9-CM
Procedure codes
(MEDPAR)

HCPCS/CPT code
(Outpatient, carrier, DME)

57.32

52000, 52001, 52005, 52007

57.33

52204, 52214

57.33

52250

57.33

52260, 52265
52270, 52275, 52276, 52277,
52281, 52282, 52283, 52285
52290, 52300, 52301, 52305
52310, 52315

Cystoscopy with lithalopaxy
Cystoscopy for ureteral stricture
Cystoscopy with transurethral
prostate surgery

Cystoscopy with ureteroscopy

56.31, 56.33

Cystoscopy, with fulguration or
treatment of minor (<0.5 cm)
bladder lesions, with or without
biopsy
Cystoscopy through artificial
stoma
Total cystectomy

56.31, 56.33

TURBT
Cystoscopy, with fulguration
and/or resection of small (0.5 up to
2 cm), medium (2 up to 5 cm),
large ( ≥ 5 cm) bladder tumors

52320, 52325, 52327, 52330,
52332, 52334
52317, 52318
52341, 52342, 52343
52347, 52400, 52450, 52500,
52510, 52601, 52606, 52612,
52614, 52620, 52630, 52640,
52647, 52648, 52700
52344, 52345, 52346, 52351,
52352, 52353, 52354, 52355
52224

57.31
57.7, 57.71, 57.79

51570, 51575, 51580, 51585,
51590, 51595, 51596, 51597

57.49

52234, 52235, 52240
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APPENDIX 3.3: AMERICAN JOINT COMMITTEE ON CANCER (AJCC) TNM
STAGING SYSTEM FOR BLADDER CANCER (7TH ED., 2010)
T – Primary Tumor
TX
T0
Ta
Tis
T1
T2
pT2a
pT2b
T3
pT3a
pT3b
T4

Primary tumor cannot be assessed
No evidence of primary tumor
Noninvasive papillary carcinoma
Carcinoma in situ: “flat tumor”
Tumor invades subephithelial connective tissue
Tumor invades muscularis propria
Tumor invades superficial muscularis propria (inner half)
Tumor invades deep muscularis propria (outer half)
Tumor invades perivesical tissue
Microscopically
Macroscopically (extravesical mass)
Tumor invades any of the following: prostatic stroma, seminal vesicles,
uterus, vagina, pelvic wall, abdominal wall
T4a
Tumor invades prostatic stroma, uterus, vagina
T4b
Tumor invades pelvic wall, abdominal wall
N – Regional Lymph Nodes
NX
Lymph nodes cannot be assessed
N0
No lymph node metastasis
N1
Single regional lymph node metastasis in the true pelvis (hypogastric,
obturator, external iliac, or presacral lymph node)
N2
Multiple regional lymph node metastasis in the true pelvis (hypogastric,
obturator, external iliac, or presacral lymph node metastasis)
N3
Lymph node metastasis to the common iliac lymph nodes
M – Distant Metastasis
M0
No distant metastasis
M1
Distant metastasis

Source: (Edge et al. 2010)
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APPENDIX 3.4: ANATOMIC STAGE/PROGNOSTIC GROUPS

Stage

T

N

M

Stage 0a

Ta

N0

M0

Stage 0is

Tis

N0

M0

Stage I

T1

N0

M0

Stage II

T2a

N0

M0

T2b

N0

M0

T3a

N0

M0

T3b

N0

M0

T4a

N0

M0

T4b

N0

M0

Any T

N1-3

M0

Any T

Any N

M1

Stage III

Stage IV
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APPENDIX 4.1: DISTANCE TRAVELLED TO TREATING PROVIDER AMONG
THOSE MEDICARE PATIENTS WITH NMIBC WHO RECEIVED CYSTOSCOPY
AND HAD A VALID UNITED STATES POSTAL SERVICE ZIP CODE (N=48,708)
Distance travelled (miles)

Mean: 32.04
Median: 7.60

SD: 165
Min: 0
Max: 4,970*
Distance travelled (quartiles)
N of patients
%
Quartile 1: 0.0 – 3.3 miles
12,053
24.75
Quartile 2: 3.4 – 7.5 miles
12,207
25.06
Quartile 3: 7.6 – 17.9 miles
12,275
25.20
Quartile 4: 18.0 – 4,970.0 miles*
12,173
24.99
* Among the 15 patients who travelled >3,000 miles to their treating provider, 11 patients were
from Hawaii, the other 4 patients were from the East or West coast. The greatest distance between
two points on the same latitude in the US is 5,823 miles from Kure Atoll, Hawaii to Riviera Beach,
Florida, therefore we did not exclude any observations as outliers.
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APPENDIX 4.2: BASELINE CHARACTERISTICS STRATIFIED BY PATIENTS WHO
RECEIVED ≥7 VS. <7 OR ≥4 VS. <4 CYSTOSCOPIES DURING THE FIRST TWO
YEARS AFTER DIAGNOSIS

Variable
Total number of
patients
Mean age at cancer
diagnosis (SD)
Age group at cancer
diagnosis
66-69
70-74
75-79
80-84
≥85
Sex
Male
Female
Race/ethnicity
White (nonHispanic)
Black (nonHispanic)
Other (including
Hispanic)
Marital status at
diagnosis
Single (never
married)
Married/domestic
partner a
Other (separated,
divorced, widowed)
Unknown

≥7 cystoscopies
YES
NO
N
N
(%)
(%)
18,142
35,243
(33.98)
(66.02)
76.51
78.49
(6.38)
(7.23)

P value

<0.0001

≥4 cystoscopies
YES
NO
N
N
(%)
(%)
37,593
15,792
(70.42)
(29.58)
76.94
79.89
(6.59)
(7.55)

<0.0001
2,858
(15.75)
4,542
(25.04)
4,900
(27.01)
3,690
(20.34)
2,152
(11.86)

4,390
(12.46)
7,033
(19.96)
8,188
(23.23)
7,940
(22.53)
7,692
(21.83)
26,529
(75.27)
8,714
(24.73)

17,044
(93.95)
441
(2.43)
657
(3.62)

32,523
(92.28)
1,351
(3.83)
1,369
(3.88)

5,661
(15.06)
8,960
(23.83)
9,759
(25.96)
7,946
(21.14)
5,267
(14.01)

1,587
(10.05)
2,615
(16.56)
3,329
(21.08)
3,684
(23.33)
4,577
(28.98)
0.8670

28,319
(75.33)
9,274
(24.67)

11,907
(75.40)
3,885
(24.60)

35,252
(93.77)
1,008
(2.68)
1,333
(3.55)

14,315
(90.65)
784
(4.96)
693
(4.39)

<0.0001

<0.0001

<0.0001
987
(5.44)
11,933
(65.78)
4,002
(22.06)
1,220

2,354
(6.68)
20,398
(57.88)
10,105
(28.67)
2,386
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<0.0001
<0.0001

0.5689
13,697
(75.50)
4,445
(24.50)

P value

<0.0001
2,177
(5.79)
24,014
(63.88)
8,840
(23.52)
2,562

1,164
(7.37)
8,317
(52.67)
5,267
(33.35)
1,044

(6.72)
Charlson comorbidity
index
0
1
2
≥3
Predicted Disability
Status (DS)b
Good DS (0-2)

(6.77)

(6.82)

(6.61)

<0.0001
13,757
(75.83)
2,643
(14.57)
940
(5.18)
802
(4.42)

17,662
(97.35)
Poor DS (3-4)
480
(2.65)
Prior history of cancer
4,900
(27.01)
Secondary cancers after 3,252
bladder cancer
(17.93)
diagnosis
T classification
Ta
11,352
(62.57)
Tis
1,564
(8.62)
T1
5,226
(28.81)
Tumor grade
1—Well
2,808
differentiated
(15.48)
2—Moderately
5,755
differentiated
(31.72)
3—Poorly
3,179
differentiated
(17.52)
4—Undifferentiated 3,295
(18.16)
Unknown
3,105
(17.11)
Any Medicaid state
1,105
buy-in in the year prior (6.09)
to diagnosis
SEER region
Northeast
4,623
(25.48)

23,876
(67.75)
5,596
(15.88)
2,686
(7.62)
3,085
(8.75)

<0.0001
27,910
(74.24)
5,609
(14.92)
2,134
(5.68)
1,940
(5.16)

9,723
(61.57)
2,630
(16.65)
1,492
(9.45)
1,947
(12.33)

<0.0001
32,283
(91.60)
2,960
(8.40)
10,704
(30.37)
5,225
(14.83)

<0.0001
<0.0001

<0.0001
36,260
(96.45)
1,333
(3.55)
10,459
(27.82)
6,381
(16.97)

13,685
(86.66)
2,107
(13.34)
5,145
(32.58)
2,096
(13.27)

24,013
(63.88)
2,938
(7.82)
10,642
(28.31)

9,134
(57.84)
1,058
(6.70)
5,600
(35.46)

<0.0001
21,795
(61.84)
2,432
(6.90)
11,016
(31.26)

<0.0001

<0.0001
6,023
(16.02)
12,373
(32.91)
6,297
(16.75)
6,516
(17.33)
6,384
(16.98
2,543
(6.76)

2,452
(15.53)
4,925
(31.19)
3,051
(19.32)
2,906
(18.40)
2,458
(15.56)
2,099
(13.29)

0.0010
9,498
(26.95)
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<0.0001

<0.0001

0.0033
5,667
(16.08)
11,543
(32.75)
6,169
(17.50)
6,127
(17.39)
5,737
(16.28)
3,537
(10.04)

<0.0001

<0.0001

<0.0001
9,638
(25.64)

4,483
(28.39)

Midwest

2,452
4,507
5,074
1,885
(13.52)
(12.79)
(13.50)
(11.94)
South
3,975
7,532
8,059
3,448
(21.91)
(21.37)
(21.44)
(21.83)
West
7,092
13,706
14,822
5,976
(39.09)
(38.89)
(39.43)
(37.84)
a
Includes having a domestic partner (same sex or opposite sex or unregistered)
b
Dichotomous indicator of good/poor predicted DS generated from the prediction model with no
interactions using a cut-point of 0.110 (Davidoff et al. 2013).
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APPENDIX 5.1: DESCRIPTIVE STATISTICS FOR AIM 2 COHORT 2 (N=41,743) STRATIFIED BY PATIENTS
WHO RECEIVED ≥7 VS. <7 OR ≥4 VS. <4 CYSTOSCOPIES DURING THE FIRST TWO YEARS POSTDIAGNOSIS (BEFORE AND AFTER PROPENSITY SCORE WEIGHTING)

Variable
Total number of patients

Before propensity score
weighting
≥7
<7
cysto
cysto
%
%
SDM
17,344 24,399

After propensity score
weighting
≥7
<7
cysto
cysto
%
%
SDM
17,344 24,399

Before propensity score
weighting
≥4
<4
cysto
cysto
%
%
SDM
34,083 7,660

After propensity score
weighting
≥4
<4
cysto
cysto
%
%
SDM
34,083 7,660

Age group at cancer
diagnosis
66-69
70-74

15.96
25.24

14.44
22.26

4.2%
7.0%

15.96
25.24

14.87
23.53

3.0%
4.0%

15.58
24.39

12.81
19.52

15.58
24.39

14.67
22.91

2.6%
3.6%

27.16
20.04
11.60

24.23
21.78
17.31

6.7%
4.3%
16.3%

27.16
20.04
11.60

25.43
21.23
14.95

4.0%
2.9%
9.5%

26.12
20.69
13.22

22.42
22.68
22.58

7.9%
11.8
%
8.7%
4.8%
24.6
%

26.12
20.69
13.22

25.60
21.26
15.57

1.2%
1.4%
6.2%

75.40
24.60

75.15
24.85

0.6%
0.6%

75.40
24.60

75.32
24.68

0.2%
0.2%

75.10
24.90

75.90
24.10

1.9%
1.9%

75.10
24.90

75.12
24.88

0%
0%

93.91

92.78

4.5%

93.91

93.26

2.6%

93.85

90.57

93.85

92.81

3.9%

2.44

3.48

6.1%

2.44

3.00

3.3%

2.66

4.77

2.66

3.24

3.1%

3.64

3.75

0.5%

3.64

3.74

0.5%

3.49

4.66

12.2
%
11.1
%
5.9%

3.49

3.95

2.3%

5.46
65.93

6.61
59.90

4.8%
12.5%

5.46
65.93

5.94
62.61

2.0%
6.9%

5.81
64.13

7.57
54.71

5.81
64.13

6.26
61.86

1.8%
4.7%

21.91

26.10

9.8%

21.91

24.38

5.8%

23.12

29.84

23.12

24.74

3.7%

6.70

7.39

2.7%

6.70

7.07

1.5%

6.93

7.87

6.93

7.15

0.8%
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75-79
80-84
≥85
Sex
Male
Female
Race/ethnicity
White (non-Hispanic)
Black (non-Hispanic)
Other (including
Hispanic)
Marital status at diagnosis
Single (never married)
Married/domestic
partner
Other (separated,
divorced, widowed)
Unknown

7.1%
19.3
%
15.3
%
3.6%

Charlson comorbidity
index
0
1
2
≥3
Predicted Disability Status
(DS)
Poor DS
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History of any state buy-in
in the year prior to
diagnosis
SEER region
Northeast
Midwest
South
West
Prior history of cancer
Secondary cancers after
bladder cancer diagnosis
T classification at
diagnosis
Ta
Tis
T1
Tumor grade
1—Well
differentiated
2—Moderately
differentiated
3—Poorly
differentiated
4—Undifferentiated
Unknown

76.26

73.10

7.3%

76.26

74.36

4.4%

75.43

69.88

14.52
5.09
4.13

14.96
6.15
5.79

1.2%
4.6%
7.6%

14.52
5.09
4.13

14.75
5.73
5.17

0.7%
2.8%
4.8%

14.72
5.34
4.51

15.00
7.38
7.74

2.51

5.22

14.1%

2.51

3.96

7.5%

3.18

8.16

6.05

8.71

10.2%

6.05

7.44

5.3%

6.56

12.26

25.57
13.46
21.82
39.15

27.31
12.57
20.62
39.51

3.9%
2.7%

26.87
13.20

2.9%
0.8%

0.7%

25.57
13.46
21.82
39.15

39.51

26.61
17.59

27.98
14.91

3.1%
7.3%

26.61
17.59

27.55
16.10

0.2%
1
2.1%
4.0%

25.90
13.45
21.22
39.42

63.41
8.44
28.16

68.06
6.64
25.30

9.8%
6.8%
6.5%

63.41
8.44
28.16

66.24
7.45
26.31

15.80

18.03

5.9%

15.80

32.15

35.82

7.8%

17.15

15.05

17.71
17.18

12.5
%
0.8%
8.4%
13.5
%

75.43

73.94

3.4%

14.72
5.34
4.51

14.79
5.86
5.41

0.2%
2.1%
3.8%

21.7
%
19.6
%

3.18

4.24

4.6%

6.56

7.94

4.7%

29.63
10.65
20.64
39.07

8.3%
8.6%
1.4%
0.7%

25.90
13.45
21.22
39.42

27.32
12.87
20.67
39.14

3.2%
1.8%
1.4%
0.6%

27.05
16.41

29.03
4.30

4.4%
5.9%

27.05
16.41

28.26
16.16

2.7%
0.7%

6.0%
3.7%
4.2%

65.50
7.62
26.88

68.90
6.33
24.77

7.2%
5.1%
4.8%

65.50
7.62
26.88

66.24
7.51
26.25

1.6%
0.4%
1.4%

17.12

3.5%

16.62

19.27

6.9%

16.62

17.21

1.5%

32.15

34.45

4.9%

33.76

36.67

6.1%

33.76

34.30

1.1%

5.7%

17.15

15.76

3.8%

16.14

14.95

3.3%

16.14

15.64

1.4%

14.25

9.5%

17.71

15.67

5.6%

16.36

12.69

16.36

15.79

1.6%

16.85

0.9%

17.18

17.00

0.5%

17.11

16.42

10.4
%
1.8%

17.11

17.10

0.2%

Abbr.: SDM, standardized difference in the means.
Note: Additional baseline characteristics included zip-code level education and median household income, residential status at
diagnosis, surgeon volume, and year of cancer diagnosis; standardized differences in the means (SDM) after propensity score
adjustment were <10% for all.
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APPENDIX 6.1: DISTRIBUTION OF RISK FACTORS IN THE EORTC COHORT AND
CORRESPONDING SCORES
Factor
Number of tumors
Single
2 to 7
≥8
Tumor size
< 3cm
≥ 3 cm
Prior recurrence rate
Primary
≤ 1 rec/year
> 1 rec/year
T category
Ta
T1
Tis
CIS
No
Yes
Grade
G1
G2
G3
Total risk score

Distribution

Recurrence
Score

Progression
Score

57%
33%
10%

0
3
6

0
3
3

82%
18%

0
3

0
3

55%
20%
25%

0
2
4

0
2
2

57%
31%
12%

0
1
1

0
4
6

96%
4%

0
1

0
6

44%
45%
11%

0
1
2
0-17

0
0
5
0-23
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APPENDIX 6.2: 3-MONTH PROBABILITY OF RECURRENCE AND PROGRESSION
BASED ON THE EORTC RISK TABLES

Probability of recurrence
Recurrence Score
0
Low risk

1-yr
3.98%

2-yr
2.90%

3-yr
2.37%

4-yr
2.03%

5-yr
1.84%

1-4

Intermediate risk

6.63%

5.06%

4.17%

3.45%

3.03%

5-9

High risk - lower

11.26%

8.53%

6.61%

5.42%

4.72%

10-17

High risk - upper

20.97%

14.34%

10.91%

9.03%

7.29%

Probability of progression given recurrence
Risk group
Low risk

1-yr
1.26%

2-yr
0.86%

3-yr
2.82%

4-yr
2.47%

5-yr
2.18%

Intermediate risk

3.78%

7.51%

8.15%

9.27%

10.18%

High risk - lower

11.31%

12.15%

14.61%

18.65%

19.64%

21.70%

25.77%

26.84%

33.69%

40.39%

4-yr
0.05%

5-yr
0.04%

High risk - upper

Probability of progression
Progression Score
0
Low risk

1-yr
0.05%

2-yr
0.03%

3-yr
0.07%

2-6

Intermediate risk

0.25%

0.38%

0.34%

0.32%

0.31%

7-13

High risk - lower

1.27%

1.04%

0.97%

1.01%

0.93%

14-23

High risk - upper

4.55%

3.69%

2.93%

3.04%

2.94%

Note: Annual probabilities for years 1, 2, 3, 4, and 5 derived from the EORTC calculator
(Sylvester et al. 2006) were converted to 3-month probabilities as that was the cycle length of the
patient-level simulation model in Aim 3.
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