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Abstract

Objective: To assess geographic variation in cystoscopy rates among women versus men with
suspected bladder cancer, lending insight into gender-specific differences in cystoscopic
evaluation.

Methods: We conducted a cross-sectional study of all fee-for-service Medicare beneficiaries
within 306 Hospital Referral Regions (HRRs) who received care in 2014. For each HRR, we
calculated the age- and race-adjusted cystoscopy rate for women and men as our primary outcome.
The rate was the number of beneficiaries who underwent cystoscopy for bladder cancer symptoms
(using procedure and ICD-9 diagnosis codes) divided by all beneficiaries in the HRR. We used the
coefficient of variation to compare relative variability of cystoscopy rates.

Results: Overall, 173,551 women (n=14.8 million) and 286,090 men (n=11.5 million) underwent
cystoscopy in 2014. While women received less cystoscopies compared to men (mean 11.0 vs.
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23.5 per 1,000, p<0.001), there was greater variation in cystoscopy rates among women
(coefficient of variation 27.5 vs. 23.5, p=0.010). When restricting to ICD-9 codes for hematuria
only, women continued to demonstrate greater variation in cystoscopy rates (coefficient of
variation 27.8 vs. 24.2, p=0.022). Findings were robust across larger HRR sizes — thereby
removing some random variation seen in smaller HRRs — as well as across years 2010, 2011,
2012, and 2013.

Conclusions: Cystoscopy rates are lower in women than men, likely due to their lower bladder
cancer incidence. However, there is greater variation in cystoscopy rates among women with
symptoms of bladder cancer. This may reflect increased provider uncertainty whether to refer and
work-up women with suspected bladder cancer.

Keywords
bladder cancer; geographic variation; cystoscopy

INTRODUCTION

Nearly 80,000 new cases of bladder cancer are diagnosed each year with over 15,000 deaths
estimated annually.2 While only 23% of new bladder cancers are diagnosed among women,
more women than men (31-43% vs. 26-28%) are diagnosed with advanced disease.2>
Advanced stage at diagnosis generally predicts worse outcomes, and bladder cancer is no
exception.8 Thus, survival among women with bladder cancer is worse than among men,
with 77% of women surviving beyond 5 years compared to 82% of men.’ This difference in
survival between women and men has been attributed in part to more advanced disease stage
at presentation.

Many believe the gender disparity in disease stage at presentation is related to delayed
bladder cancer diagnosis among women,8-10 who may not always undergo diagnostic
cystoscopy as readily as men. For example, painless hematuria in older men may raise more
immediate concern for bladder cancer. In contrast, painless hematuria and irritative voiding
symptoms in older women may also be associated with a urinary tract infection.®11 Indeed,
both patient- and physician-related factors contribute to the longer delay in diagnosis
observed among women.12:13 Suspected factors include patient decision to first seek care
based on symptoms,14:15 primary care provider assessment for appropriate urologic referral,
11,16,17 and urologist discretion to potentially rule in (or out) bladder cancer with thorough
work-up and cystoscopy.! In both women and men, the interplay between these and
additional factors likely contributes to variation in the number of diagnostic cystoscopies
performed for suspected bladder cancer on a population level.

To lend some insight into differences in cystoscopic evaluation between women and men on
a population level, we sought to understand the geographic variation in cystoscopy rates
among women versus men with suspected bladder cancer. We hypothesized that there would
be greater variation in diagnostic cystoscopy procedures among women than men, reflecting
greater uncertainty in referral and work-up. If true, future work could then examine the
extent to which intensity of cystoscopic evaluation is associated with stage at the time of
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bladder cancer diagnosis among women and men, taking a first step towards further
understanding and ultimately reducing gender disparities in bladder cancer.

Overview of Design

Outcome

We conducted a cross-sectional study of all fee-for-service Medicare beneficiaries aged 65
to 99 enrolled in Parts A and B during the entire calendar year 2014. Our primary interest
was in comparing and contrasting cystoscopy rates among women and men within the 306
Hospital Referral Regions (HRRs) in the United States. HRRs are regional health care
markets for tertiary medical care and were the unit of analysis.’® Thus, we calculated
adjusted cystoscopy rates performed for symptoms associated with suspected bladder cancer
for each of the 306 HRRs, stratified by gender. We then assessed variation in rates across
HRRs, separately for women and men, and compared the magnitude of variation between
them. The Dartmouth College Committee for the Protection of Human Subjects exempted
the study from review.

The primary outcome was the HRR-specific rate of cystoscopy in 2014, stratified by gender.
The denominator for this rate was the total number of female or male beneficiaries with at
least one Medicare claim residing in each HRR. The numerator for this rate was the number
of beneficiaries within each HRR who underwent at least one cystoscopy procedure for
symptoms associated with bladder cancer. To estimate that number, we used Current
Procedural Terminology (CPT) codes (Supplemental Table 1) to identify diagnostic
cystoscopy procedures. We only included cystoscopy procedures from claim line-items with
an /nternational Classification of Diseases, Ninth Revision (ICD-9) diagnosis code that may
indicate a possible bladder cancer diagnosis (e.g. hematuria, bladder cancer, urinary tract
infection, dysuria, urinary urgency, Supplemental Table 1). We included bladder cancer
diagnosis codes because urologic coding practices may vary.1® For instance, a diagnostic
cystoscopy initially performed for hematuria that reveals a bladder cancer could be coded as
hematuria or bladder cancer; we therefore analyzed an initially broad range of diagnosis
codes to ensure we did not miss procedures that were done for bladder cancer diagnosis.
Finally, only one cystoscopy procedure was counted per beneficiary. This avoided over-
counting procedures among patients who may have been diagnosed with a non-muscle-
invasive bladder cancer and were then followed with surveillance cystoscopy procedures, as
per non-muscle-invasive bladder cancer guidelines.20

Statistical Analysis

All HRR-specific rates were age- and race-adjusted using indirect adjustment as customary
of The Dartmouth Atlas of Health Care.1® We used the two-sample t-test to compare
cystoscopy rates between women and men across HRRs. We used the coefficient of variation
as a measure of relative variability for cystoscopy rates among women and men. The
coefficient of variation is defined as the standard deviation divided by the mean and
multiplied by 100 to give a percentage; therefore, the coefficient of variation provides a
normalized measure of dispersion that adjusts for differing means. We used Feltz & Miller"s
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asymptotic test as our test of equality for the coefficients of variation (R-package
“cvequality” Version 0.1.3).21:22 We conducted additional analyses restricted to only HRRs
with at least 20,000 and 50,000 beneficiaries. Similar to our prior work,23 this was done to
remove some of the random variation that can be encountered in HRRs with a smaller
number of total beneficiaries. All analyses were performed with Stata 15.0 and R.

Sensitivity Analysis
We conducted two sensitivity analyses. First, we restricted analyses to cystoscopy
procedures associated with 1CD-9 diagnosis codes for hematuria (Supplemental Table 1) —
the most common initial symptom of bladder cancer regardless of gender.12 This was done
to evaluate whether possible over-counting of cystoscopy procedures associated with the
broader list of ICD-9 diagnosis codes used in the main analyses affected our results. Second,
to ensure findings were consistent across years, we repeated our cross-sectional analyses for
calendar years 2010, 2011, 2012, and 2013.

RESULTS

There were almost 15 million female and 12 million male Medicare beneficiaries in 2014 of
whom 173,551 and 286,090 underwent at least one cystoscopy procedure, respectively
(Supplemental Table 2). Among 306 HRRs in the United States, 286 HRRs had >20,000
beneficiaries and 174 had >50,000 beneficiaries in 2014; HRRs contained an average of
86,053 Medicare beneficiaries. The adjusted mean cystoscopy rate across 306 HRRs was
less than half among women than men (mean 11.0 vs. 23.5 per 1,000 beneficiaries, p-value <
0.001), a consistent finding when restricting analysis by HRR size (Table 1). Figure 1 shows
the adjusted rate of cystoscopy procedures across the 306 HRRs for women and men. Each
dot in the Turnip Plot represents an HRR graphed to its corresponding adjusted cystoscopy
rate along the Y-axis, and the figure illustrates the lower rates among women as well as a
substantial amount of variation across HRRs.

There was significantly greater variation in adjusted cystoscopy rates among women than
men (coefficient of variation 27.5 vs. 23.5, p-value = 0.010). This finding persisted when
removing some of the random variation present in smaller HRRs by restricting analyses to
larger HRRs with >20,000 and >50,000 beneficiaries (Table 1). Figure 2 visually
demonstrates this larger amount of variation among women than men when normalizing to
the gender-specific mean cystoscopy rates across all 306 HRRs, those with >20,000
beneficiaries, and those with>50,000 beneficiaries. In the Turnip Plot, each dot represents an
HRR, and the greater spread of HRRs among women compared to men along a Y-axis of
gender-specific means portrays the greater geographic variation in adjusted cystoscopy rates.

We performed a sensitivity analysis restricted to claim line-items of cystoscopy procedures
associated with ICD-9 diagnosis codes for hematuria only. Of the almost 15 million female
and 12 million male Medicare beneficiaries included, 118,395 women and 240,812 men
underwent at least one such procedure during calendar year 2014. Women again had a lower
mean cystoscopy rate than men (mean 7.5 vs. 19.8 per 1,000 beneficiaries, p-value < 0.001).
There remained greater normalized variation in cystoscopy rates (coefficient of variation
27.8 vs. 24.2, p-value = 0.022). Results from this sensitivity analysis were robust across
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HRR sizes (Table 2). In additional sensitivity analyses, findings were not substantially
different in calendar years 2010, 2011, 2012, or 2013.
DISCUSSION

In this population-based study of all fee-for-service Medicare enrollees in 2014, rates of
diagnostic cystoscopy were significantly lower in women than in men — a finding one would
expect given that fewer women have bladder cancer than men.! Importantly, there was
significantly greater geographic variation in cystoscopy procedures among women with
suspected bladder cancer than among men. Our results persisted when restricting by HRR
size to remove random noise from smaller regions, suggesting these gender-specific patterns
in diagnostic cystoscopy are robust. The greater variation in cystoscopy rates among women
may reflect the greater uncertainty among providers regarding who should be referred to
urology and worked-up.

Appropriate and timely referrals to urology and work-up with imaging and cystoscopy have
important implications for the quality of bladder cancer care, as delays in diagnosis are
associated with worse outcomes.824 Accordingly, the American Urological Association
recommends a cystoscopy procedure in any patient 35-years and older presenting with
asymptomatic microhematuria and in all patients with gross hematuria after ruling out
benign causes.?> As such, providers must weigh the possibility of more common and benign
etiologies like urinary tract infection with the risk of more sinister disease.

Several studies have sought to understand the gender disparity in diagnostic stage between
women and men with bladder cancer. On the patient level, in the absence of recommended
screening tests for individuals at average risk, timely bladder cancer diagnosis depends on
both the patient™s ability to recognize early symptoms and his or her willingness to seek
care.1526 |n a survey of newly diagnosed bladder cancer patients, 55% of women reported
direct consultation with a urologist when initial symptoms arose compared to 78% of men.1°
On the provider level, timely diagnosis depends on an appropriate level of suspicion for
bladder cancer and on avoiding misdiagnoses. Women with bladder cancer had greater than
twice the likelihood of initially being diagnosed with a urinary tract infection than men prior
to diagnostic work-up.1? Additionally, differences in referral patterns exist between men and
women. At a Midwest managed care organization, 28% of women with hematuria were
referred for urologic evaluation compared to 47% of men.1® More recent investigations
based on linked Surveillance, Epidemiology, and End Results (SEER)-Medicare data have
corroborated that women are less promptly referred to a urologist and more likely to
experience delays in hematuria evaluation.1’

Our study complements prior findings and adds to the body of literature by providing a
population-level assessment of geographic variation in cystoscopy for all fee-for-service
Medicare beneficiaries with suspected bladder cancer. Greater geographic variation is
commonly interpreted as a proxy for differing patient behavior and clinical uncertainty.2’
Thus, the significantly greater geographic variation in cystoscopy among women than men
with suspected bladder may in part be due to differences in patient behavior, specifically
who will or will not seek direct urologic care for symptoms. In addition, it may reflect
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increased uncertainty among providers whether to refer and work-up women with symptoms
that could be associated with urinary tract infections, but also with bladder cancer.

The present study is not without limitations. First, it excludes beneficiaries participating in
Health Maintenance Organizations, persons residing outside of the United States, and
patients below 65-years-old. However, as bladder cancer is primarily a disease of older
adults (median age at diagnosis 79 years),! Medicare data should reflect care among the
majority of bladder cancer patients. Second, given the cross-sectional nature of our data, we
were unable to ascertain whether cystoscopy preceded or followed a diagnosis of bladder
cancer and thus was a diagnostic or surveillance cystoscopy. As a result, we likely
overestimated the rate of diagnostic cystoscopy, capturing some surveillance cystoscopy
procedures among patients with a history of bladder cancer. To address this as much as
possible, we only counted one procedure per beneficiary and year. Third, our study — as any
study utilizing Medicare claims data — may have been affected by varying coding practices.
For example, a diagnostic cystoscopy procedure that was performed for hematuria and
revealed a bladder tumor may have been coded with either a hematuria or bladder cancer
code. Thus, we included bladder cancer diagnosis codes in our primary analyses but also
conducted sensitivity analyses restricted to ICD-9 codes for hematuria only, which
confirmed our main findings. Lastly, we acknowledge that HRRs are defined based on
referral and receipt of tertiary neurologic and cardiac care — and not necessarily cancer-
specific care. While there is ongoing development of Cancer Service Areas (geographic
regions based on cancer-related utilization) that may provide more nuanced insight, such
work is in its nascent stages.28 However, as HRRs have been used to examine health services
in various specialties including urology,23 we consider HRRs suitable units of analysis.

In spite of these limitations, our study has important strengths. Our findings persisted when
restricting analyses to larger HRRs, thereby limiting the effects of random variation in
smaller geographic regions. They also reflect the care of more than two thirds of the
population 65 and older in the United States,2? as we were able to include 100% of the
Medicare fee-for-service population. This study, while offering a preliminary look at
diagnostic cystoscopy practices for suspected bladder cancer, is to our knowledge one of the
largest most representative studies to date.

In conclusion, while women have lower cystoscopy rates for suspected bladder cancer than
men, there is greater variation in cystoscopy procedures among women than men. This key
latter finding suggests greater clinical uncertainty on how to best care for women with
possible bladder cancer. Future work may entail developing a better population-level
understanding of the relationship between diagnostic cystoscopy rates and stage of bladder
cancer at the time of diagnosis. Furthermore, we may be able to improve care among women
with possible bladder cancer by decreasing unwarranted variation in referral and work-up.
This may be accomplished by educating patients to recognize symptoms of bladder cancer
and seek care,1526 acknowledging the value in gender-specific guidelines for hematuria
work-up,2>:30 and raising awareness about the importance of a hematuria work-up among
providers.
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Turnip plot graphing the age- and race-adjusted cystoscopy rates among female and male
Medicare beneficiaries in 2014. Each dot represents a Hospital Referral Region.
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Gender-Specific Mean Cystoscopy Rate

Adjusted Cystoscopy Rates among Medicare Beneficiaries in 2014
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Figure 2:
Turnip plots graphing the age- and race-adjusted cystoscopy rates among female and male

Medicare beneficiaries in 2014 along a Y-axis of gender-specific means. Each dot represents
a Hospital Referral Region (HRR). The distribution provides a visual representation of the
normalized variation in cystoscopy procedures by gender. Results are shown for all HRRs
(left), those with >20,000 beneficiaries (middle), and those with >50,000 beneficiaries

(right).
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Table 1:
Variation Measures for Adjusted Cystoscopy Rates per 1,000 Beneficiaries in 2014

HRRs >20,000 HRRs >50,000
All HRRs Beneficiaries Beneficiaries
[n =306] [n = 286] [n=174]
Women Men Women Men Women Men
Mean (SD) 11.0(3.0) 235(5.5) 11.1(3.0) 23.7(54) 11.6(2.8) 24.7(5.0)
* <0.001 <0.001 <0.001
p-value
Coefficient of Variation 275 235 27.1 229 23.8 20.2
0.010 0.008 0.043

p-valuef, SD / Mean

Abbreviations: SD, Standard Deviation; HRR, Hospital Referral Region
-
‘2-sample t-test

f"FeItz and Millers Asymptotic Test
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Table 2:

Sensitivity Analysis Restricted to Hematuria ICD-9 Codes for Adjusted Cystoscopy Rates per 1,000
Beneficiaries in 2014

HRRs >20,000 HRRs >50,000
All HRRs Beneficiaries Beneficiaries
[n =306] [n =286] [n=174]
Women Men Women Men Women Men
Mean (SD) 75(21) 198(4.8) 75(21) 199(4.7) 79(20) 208(4.4)
* <0.001 <0.001 <0.001
p-value
Coefficient of Variation 27.8 24.2 215 235 24.8 21.2
f 0.022 0.012 0.049

p-value’, SD / Mean

Abbreviations: SD, Standard Deviation; HRR, Hospital Referral Region
'.2-sample t-test

f'FeItz and Millers Asymptotic Test
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