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Abstract

Bladder cancer care is costly, including cost to Medicare, but the
medical cost associated with bladder cancer patients relative to identical persons
without bladder cancer is unknown.

To determine incremental bladder cancer cost to Medicare and the
impact of diagnosis stage and bladder cancer survival on cost.
A case—control study was conducted using 1998-
2013 Surveillance, Epidemiology and End Results—Medicare data. Controls were
propensity score matched for diagnosis year, age, gender, race, and 31 Elixhauser
Comorbidity Index values. Three incident cohorts, 1998 (n = 3136), 2003 (n = 7000),
and 2008 (n=7002), were compared.
Survival following diagnosis and
Medicare payments (in 2018 dollars) were tabulated, and compared between cases
and controls.

From 1998 to 2008, bladder cancer patients became older
and had more comorbidities at diagnosis, although no stage migration or change in
survival occurred. Incremental costs (above those associated with controls) were
highest during the 1st year after diagnosis and were higher for distant ($47 533)
than for regional ($42 403) or localized ($14 304) cancer. Bladder cancer survival
was highly stage dependent. After an initial spike in costs lasting 1-2 yrs, monthly
costs dropped in survivors but remained higher than for controls. Long-term
survivors in the full sample accrued cumulative Medicare costs of $172 426 over
16 yrs—46% higher than for controls. Limitations include omission of indirect costs
and reliance on traditional Medicare.

While a bladder cancer diagnosis incurs initial high Medicare cost,
particularly in patients with advanced cancers, the cumulative costs of bladder cancer
in long-term survivors are higher still. Bladder cancer prevention saves Medicare
money. However, while early detection, better therapies, and life extension of bladder
cancer patients are worthwhile goals, they come at the cost of higher Medicare outlays.

The lifetime cost of bladder cancer, reflecting surveillance, treat-
ment, and management of complications, is substantial. Since care is ongoing, cost
increases with the length of life after diagnosis as well as the severity of initial diagnosis.
© 2019 European Association of Urology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

With 81190 new cases and 17 240 related deaths expected
in 2018 [1], bladder cancer (BC) is the fourth most common
cancer among men—four times more common in men than
in women [2,3]. It has been estimated to be the costliest
highly prevalent cancer in the USA [4] and, in 2012, was the
ninth most prevalent cancer globally [5]. Most persons are
diagnosed with BC at a highly treatable stage, have high life
expectancy, but require a lengthy follow-up period of
surveillance, and treatment of recurrences and treatment
complications [6]. BC is mostly diagnosed in late life [7]
(median age of diagnosis is 73 yrs [8]); therefore, Medicare
has borne most of the financial burden of BC in the USA.
Population aging and technological change represent
challenges to Medicare of which BC is a case in point.
Aging of the baby-boom generation will affect Medicare
outlays and the taxpayers who subsidize it. Furthermore,
since longevity is increasing, the number of Medicare
beneficiaries will rise relative to the number of taxpayers
who fund it.

A common approach for estimating the cost to Medicare
would be to sum the costs of services used to diagnose,
treat, and monitor BC. However, it is difficult to attribute
health care costs accurately to a particular disease among a
host of others coexisting within a particular individual using
publicly available datasets. In this study, we analyzed cost
from another perspective. Over an observational period of
up to 16 yrs, we compared all Medicare part A and B
payments made on behalf of BC-diagnosed persons with the
payments made on behalf of a group of control persons of
the same age, sex, race, and comorbidities who were never
diagnosed with BC. The difference represented the incre-
mental cost to Medicare of being diagnosed with and
treated for BC.

2. Patients and methods

Data from the Surveillance, Epidemiology and End Results (SEER)
program linked to Medicare claims were used for this study. The SEER
component provides extensive data on cancer attributes, while Medicare
claims data summarize costs. Medicare is a social insurance program
covering >98% of the US population aged >65yrs, all individuals
diagnosed with end-stage renal disease, and some disabled individuals.
We used SEER variables for diagnosis and death dates, cancer stage at
diagnosis, age, sex, and race/ethnicity. Medicare claims data spanning
1991-2013 merged with individual SEER records on persons diagnosed
with BC provided information on Medicare payments to providers by
Medicare parts A and B. We also obtained Medicare claims data on
beneficiaries for non-BC controls. These data were drawn from a 5%
randomly selected sample of Medicare beneficiaries living in SEER
registry areas, who were without BC but could have had other cancers.

We restricted the age of the BC sample to >66 yr at the initial
diagnosis to allow for a 1-yr look-back period, used to identify
comorbidities. We defined three cohorts based on the year of initial
BC diagnosis at 5 yrs intervals—1998, 2003, and 2008—which allowed us
to evaluate period changes in survival and payments. This resulted in
initial samples of 4772, 10 785, and 11 531 individuals, respectively. We
then excluded individuals without both 12 consecutive months of
enrollment in Parts A and B during the look-back period, and full part A
and B coverage for the entire period of 2009-2013 unless the reason for

loss of coverage was death. The final sample consisted of 3136, 7000, and
7002 individuals with BC, respectively.

We used a greedy matching algorithm (nearest neighbor) [9] to
propensity score match each person with BC to a person never diagnosed
with BC without replacement within each of the three cohorts. To
estimate propensity scores for both BC patients and controls, we used a
logistic model with explanatory variables for diagnosis year, sex, race
(white, black, other), age group (66-69, 70-74, 75-79, 80-84, and 85+
yrs; exact match on age group was required), and 31 comorbidities
included in the Elixhauser Comorbidity Index [10]). If a BC patient
matched identically with more than one control, we randomly selected a
control for the match. No BC observations were lost due to the lack of a
matching control.

We aggregated Medicare payments for inpatient and outpatient care,
physicians, skilled nursing facility, home health, hospice, and durable
medical equipment providers for care received by BC and control groups
by month. These nominal payments were then converted to June
2018 dollars using monthly values of the Experimental Consumer Price
Index—Medical to adjust for inflation. For each cohort, Medicare
payments were then compared between the BC and control groups
for four time periods defined from the date of initial diagnosis
(pseudodiagnosis for controls): <1, 2-6, 7-11, and 12-16yrs after
diagnosis. Once deceased, Medicare payments incurred on behalf of
beneficiaries were $0/mo. Additionally, we compared Medicare pay-
ments for care of BC and control beneficiaries who survived till the end of
each of these periods after diagnosis. We repeated the latter analysis
using the earliest time of death of a case/control pair to censor both
observations. This approach did not yield statistically significant results
compared with those reported, and the associated sample loss would
have required removal of some findings to comply with US confidential-
ity requirements that results based on samples fewer than 11 should not
be reported. Therefore, we did not report these results. Finally, we
computed payments separately by SEER stage at initial BC diagnosis—
localized, regional, or distant.

To calculate differences in survival outcomes between year cohorts
(1998, 2003, and 2008), we used a difference-in-differences (DiD)
approach [11]. The DiD estimates accounted for secular trends in
survival, affecting both BC and control patients (eg, population aging and
increased prevalence of comorbidities).

The SEER-Medicare data allowed for only a 16-yrs follow-up period
for 1998 cohort. For 2003 and 2008 cohorts, we used a method widely
used by actuaries to generate insurance premiums [12] to impute
Medicare payments for years when data were not available. Imputation
was done by applying ratios from the preceding cohorts to cohorts with
missing values. Finally, we calculated the monthly trend in differences in
payments by month between BC and controls for 1998 cohort from
January 1, 1998 through December 31, 2013 to show time paths of cost
differences from before BC diagnosis through year 16.

A Duke University Institutional Review Board approved our study
protocol. All analyses were performed using SAS 9.4 software.

3. Results

Based on the standardized differences [13], the quality of the
match between BC cases and controls appeared excellent
(Table 1), except for hypertension in 2008. The proportion of
persons diagnosed with BC at ages >80 increased from 37%
(1998 cohort) to 44% (2008 cohort). Several Elixhauser
Comorbidity Index values were highly prevalent among BC
patients in the year preceding their BC diagnosis, and
comorbidity prevalence increased over time. Most BC was
localized at initial diagnosis, 73% in 2008, and there was no
stage migration between 1998 and 2008 cohorts.

org/10.1016/j.eu0.2019.01.015
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Table 1 - Summary statistics and propensity score matching quality®

1998 Cohort

2003 Cohort 2008 Cohort

Mean Std. diff. Mean Std. diff. Mean Std. diff.
BC Control (%) BC Control (%) BC Control (%)

Male 0.73 0.71 518 0.73 0.71 4.25 0.73 0.72 3.02
White 0.91 0.89 9.70 0.92 0.90 717 0.91 0.89 6.60
Black 0.04 0.04 2.09 0.04 0.04 0.96 0.04 0.04 -0.92
Other 0.04 0.04 -1.41 0.04 0.03 2.10 0.05 0.04 0.62
Age (yr)

66-70 0.13 0.13 0.00 0.13 0.13 0.00 0.12 0.12 0.00

70-75 0.24 0.24 0.00 0.22 0.22 0.00 0.21 0.21 0.00

75-80 0.26 0.26 0.00 0.26 0.26 0.00 0.23 0.23 0.00

80-85 0.21 0.21 0.00 0.21 0.21 0.00 0.23 0.23 0.00

85+ 0.16 0.16 0.00 0.19 0.19 0.00 0.21 0.21 0.00
Congestive heart failure 0.15 0.16 -2.73 0.17 0.18 -2.99 0.18 0.18 -1.52
Cardiac arrhythmia 0.17 0.18 -1.67 0.19 0.21 -3.04 0.20 0.21 -2.63
Valvular disease 0.06 0.05 0.42 0.07 0.07 -0.79 0.08 0.08 0.00
Pulmonary circulation disorders 0.02 0.02 0.68 0.03 0.03 -0.71 0.03 0.03 0.64
Peripheral vascular disorders 0.16 0.16 0.35 0.19 0.20 -3.44 0.24 0.26 -3.86
Hypertension 0.46 0.50 -6.90 0.60 0.64 -8.75 0.68 0.73 -11.31
Hypertension w/complications 0.09 0.09 —0.45 0.12 0.12 0.35 0.15 0.15 -1.44
Paralysis 0.04 0.04 1.50 0.03 0.03 -2.03 0.03 0.03 0.49
Other neurological disorders 0.06 0.06 -1.78 0.06 0.07 -3.32 0.06 0.07 -1.95
Chronic pulmonary disease 0.24 0.25 —3.33 0.26 0.28 —4.46 0.27 0.30 -5.22
Diabetes mellitus 0.19 0.20 -3.21 0.24 0.25 —4.22 0.29 0.32 -4.72
Diabetes mellitus w/complications 0.06 0.07 —4.83 0.08 0.08 -1.67 0.10 0.11 -1.95
Hypothyroidism 0.10 0.11 -2.26 0.16 0.17 -2.92 0.18 0.19 -3.61
Renal failure 0.03 0.03 4.34 0.06 0.06 1.16 0.11 0.11 0.32
Liver disease 0.03 0.03 1.92 0.04 0.04 -1.15 0.05 0.06 -2.18
Peptic ulcer disease 0.03 0.03 -0.36 0.02 0.02 -0.67 0.02 0.02 0.83
HIV/AIDS 0.00 0.00 0.00 0.00 0.00 —0.56 0.00 0.00 0.00
Lymphoma 0.01 0.01 —1.46 0.01 0.01 -0.13 0.01 0.01 0.85
Metastatic cancer 0.03 0.03 -1.13 0.03 0.02 2.00 0.02 0.02 0.47
Solid tumor w/o metastasis 0.07 0.08 -2.30 0.08 0.08 -1.44 0.07 0.09 —4.88
Rheumatoid arthritis/collagen 0.04 0.05 -291 0.04 0.05 -0.41 0.06 0.06 -0.62
Coagulopathy 0.05 0.05 0.89 0.04 0.04 0.42 0.05 0.05 -0.13
Morbid obesity 0.01 0.01 0.86 0.02 0.02 0.19 0.04 0.04 -0.07
Weight loss 0.04 0.04 0.67 0.05 0.05 -0.07 0.05 0.05 -1.41
Fluid and electrolyte disorders 0.09 0.08 0.34 0.10 0.11 -1.16 0.12 0.12 0.00
Blood loss anemia 0.02 0.02 134 0.03 0.03 1.78 0.03 0.02 1.61
Deficiency anemia 0.07 0.07 -0.87 0.09 0.09 —-0.20 0.11 0.12 -1.82
Alcohol abuse 0.01 0.01 0.61 0.01 0.01 -1.42 0.01 0.01 -114
Drug abuse 0.00 0.00 1.58 0.00 0.00 -2.72 0.00 0.00 0.00
Psychoses 0.02 0.01 3.18 0.02 0.02 0.00 0.02 0.02 -1.25
Depression 0.05 0.05 -0.29 0.07 0.07 —1.54 0.08 0.09 —-2.66
NP 3136 (1.00) 3136 7000 (1.00) 7000 7002 (1.00) 7002

Localized bladder cancer® 2258 (0.72) 5142 (0.73) 5107 (0.73)

Regional bladder cancer! 620 (0.20) 1351 (0.19) 1330 (0.19)

Distant bladder cancer® 113 (0.04) 226 (0.03) 286 (0.04)

Unknown bladder cancer’ 145 (0.05) 281 (0.04) 279 (0.04)

HIV = human immunodeficiency virus; SEER = Surveillance, Epidemiology and End Results; Std. diff. = standardized difference; w/ = with; w/o = without;

BC = Bladder Cancer

¢ Standardized differences indicating a poor match are in bold. Between 1998 and 2003, SEER expanded from 13 to 18 registries (Greater Georgia, Greater

California, Kentucky, Louisiana, and New Jersey added).

b Proportion of total sample in parentheses.

Limited to the place where it started, with no sign that it has spread.
Has spread to nearby lymph nodes, tissues, or organs.

Has spread to distant parts of the body.

Not enough information to determine the stage.

c
d
e

f

Survival in the BC group was significantly lower than in
the control group (Table 2), a difference that persisted
through year 16. At year 16 (1998 cohort), the overall
survival (OS) rate was 10.7% for BC patients versus 21.1% for
controls (p < 0.001). A somewhat smaller difference was
found at the end of the 1st year, 88.0% for BC patients versus
95.3% for controls. Differences in 16-yrs OS between BC

patients and controls were also substantial by stage at
diagnosis: 13.3% versus 21.6%, localized; 4.4% versus 20.8%,
regional; and 0.00% versus 18.1%, distant. There were no
statistically significant changes in survival rates between
1998 and 2008 cohorts for BC patients. For controls,
however, there were significant reductions in survival rates
at the end of year 1 (p < 0.001) for the total sample, and

org/10.1016/j.eu0.2019.01.015
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Table 2 - Survival

1998 Cohort

2003 Cohort

2008 Cohort

Survival p value Survival p value p value Survival p value p value p value
(%) Control (%) Control 1998 (%) Control 1998 2003
All stages (end of year)
1 (BC) 88.04 <0.0001 88.03 <0.0001 0.9847 87.23 <0.0001 0.2511 0.1514
1 (control) 95.31 92.44 <0.0001 92.23 <0.0001 0.6253
6 (BC) 45.95 <0.0001 4424 <0.0001 0.1103 45.43 <0.0001 0.6264 0.1581
6 (control) 62.31 60.63 0.1077 62.50 0.8573 0.0230
11(BC) 23.09 <0.0001 24.36 <0.0001 0.1661
11 (control) 37.05 38.16 0.2896
16 (BC) 10.68 <0.0001
16 (control) 21.10
Localized (end of year)
1 (BC) 94.69 0.543 94.36 0.0011 0.5714 94.60 <0.0001 0.8758 0.6007
1 (control) 95.08 92.78 0.0003 92.48 <0.0001 0.5442
6 (BC) 55.40 <0.0001 53.36 <0.0001 0.1049 55.28 <0.0001 0.9203 0.0519
6 (control) 63.20 62.23 0.4289 63.38 0.8789 0.2279
11(BC) 28.52 <0.0001 29.70 <0.0001 0.3064
11 (control) 38.75 39.96 0.3256
16 (BC) 13.29 <0.0001
16 (control) 21.57
Regional (end of year)
1 (BC) 75.97 <0.0001 76.24 <0.0001 0.8954 76.02 <0.0001 0.9818 0.8915
1 (control) 96.13 91.71 0.0006 9143 0.0003 0.7828
6 (BC) 23.39 <0.0001 20.73 <0.0001 0.1869 23.16 <0.0001 0.9097 0.1298
6 (control) 60.97 57.29 0.1225 61.13 0.9465 0.0430
11(BC) 10.16 <0.0001 10.81 <0.0001 0.6658
11 (control) 33.87 33.38 0.8313
16 (BC) 435 <0.0001
16 (control) 20.81
Distant (end of year)
1 (BC) 48.67 <0.0001 46.02 <0.0001 0.6433 41.61 <00001 0.2016 0.3196
1 (control) 95.58 96.46 0.7110 94.76 0.7219 0.3556
6 (BC) 1.77 <0.0001 133 <0.0001 0.7800 245 <0.0001 0.6574 0.3603
6 (control) 61.06 59.29 0.7521 64.34 0.5448 0.2442
11(BC) 0.88 <0.0001 0.44 <0.0001 0.6173
11 (control) 34.51 41.59 0.2094
16 (BC) 0.00 <0.0001
16 (control) 18.58

BC = bladder cancer.

Numbers presented are the percent of the total sample that survived by the end of period.
p values provided are for differences in survival between BC and control groups and cohort survival rates.

localized and regional stages. The result was that the
differential (DiD) 1-yr survival rate of BC patients versus
that of controls narrowed by 2.3% in the total sample
(p=0.011) and by 2.5% for localized BC versus controls
(p < 0.001). Differential survival also narrowed for regional
BC patients (p = 0.050).

Overall cumulative Medicare payments for the 16 yrs
following diagnosis were higher for BC patients than for
controls (1998 cohort): $116 013 for BC versus $103 248 for
controls (p < 0.001, Table 3, Panel A)—a difference of 12.6%.
Comparing payments for BC patients and controls who
survived for 16yrs, the difference was much larger:
$172 426 for BC patients versus $118 390 for controls
(p < 0.001)—a very large difference of 45.6%. Covering care
for long-lived patients was very costly to Medicare but was
more so when they were diagnosed with BC.

Cumulative payments for care of BC patients for the
16-yrs period were lower for patients with higher stages
at first diagnosis: $124 320, localized; $104 161, regional;

and $64 922, distant. When restricted to long-term BC
survivors who lived for the entire 16-yrs period, Medicare
cost for regional BC patients was higher than that for
localized BC patients. Only two distant BC patients
survived >6yrs, which is the reason for this group’s
low cumulative 16-yrs cost. However, cost for the 1st year
was high for distant patients: $58 860 for the total sample
and $73 312 for 1-yr survivors. These costs were far
higher than the costs for corresponding controls, which
were $11327 and $11812, respectively (p <0.001). If
survival of patients with distant BC mimicked survival
and care levels of distant BC controls for years 7-16,
Medicare cost per patient would be nearly $45 000 higher
for this reason alone. This does not include the additional
cost of therapies needed to achieve these survival gains.
Incremental costs (above those associated with controls)
at the end of year 1 were highest for distant BC patients
($47 533), followed by the costs for regional ($42 403)
and localized ($14 304) BC patients.

org/10.1016/j.eu0.2019.01.015
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Table 3 - Mean real Medicare payments per person®

1998 Cohort

2003 Cohort

2008 Cohort

BC  Control pvalue® BC

Control p value

p value BC Control p value p value p value

Control Control 1998 Control 1998 2003
Panel A: full sample
Full sample (1st year) 30 037 9366 <0.0001 31183 11094 <0.0001 0.0040 32904 12129 <0.0001 <0.0001 0.0004
Survivors (1st year) 28 284 8978 <0.0001 29762 10674 <0.0001 0.0005 31669 11816 <0.0001 <0.0001 0.0002
Full sample (years 2-6) 40764 38 418 0.1008 44 422 38744 <0.0001 0.0230 45372 39123 <0.0001 0.0024 0.3348
Survivors (years 2-6) 42447 29939 <0.0001 45035 33663 <0.0001 0.0013 45161 33446 <0.0001 0.0017 0.9160
Full sample (years 7-11) 29810 34090 0.0022 30511 33922  0.0005 0.7578 31163 34254
Survivors (years 7-11) 52087 40162 <0.0001 51713 39950 <0.0001 0.8917 51858 39693
Full sample (years 12-16) 15 402 21374 <0.0001 15764 21269 16 101 21477
Survivors (years 12-16) 49 607 39311 0.0029 49 251 39104 49 389 38852
Total payments (16 yrs) 116 013 103248 <0.0001 121879 105029 125541 106 983
Survivor payments (16 yrs) 172426 118390 <0.0001 175762 123391 178076 123 808
Panel B: localized bladder cancer and controls
Full sample (1st year) 23202 8898 <0.0001 24732 11000 <0.0001 0.0002 25250 12150 <0.0001 <0.0001 0.0306
Survivors (1st year) 22069 8447 <0.0001 23760 10665 <0.0001 <0.0001 24453 11847 <0.0001 <0.0001 0.0133
Full sample (years 2-6) 46701 38264 <0.0001 49642 38552 <0.0001 0.1218 51193 39277 <0.0001 0.0084 0.1633
Survivors (years 2-6) 42941 30297 <0.0001 44 336 33152 <0.0001 0.0575 44378 32883 <0.0001 0.0664 0.9295
Full sample (years 7-11) 35757 34579 0.4841 36634 34528 0.0756 0.6955 37778 35177
Survivors (years 7-11) 52104 40705 <0.0001 52133 39390 <0.0001 0.6752 52182 39070
Full sample (years 12-16) 18660 23069 0.0015 19118 23034 19715 23468
Survivors (years 12-16) 48972 39945 0.0170 48 999 38654 49 046 38340
Total payments (16 yrs) 124320 104810 <0.0001 130125 107114 133935 110073
Survivor payments (16 yrs) 166085 119395 <0.0001 169228 121861 170059 122 141
Panel C: regional bladder cancer and controls
Full sample (1st year) 51758 9355 <0.0001 54117 10980 <0.0001 0.1868 58 981 11892 <0.0001 0.0013 0.0162
Survivors (1st year) 52473 8960 <0.0001 55358 10079 <0.0001 0.1194 60 574 11454 <0.0001 0.0004 0.0142
Full sample (years 2-6) 29540 37700 0.0056 32931 39 459 0.0027 0.1813 34599 37 802 0.1512 0.1814  0.9970
Survivors (years 2-6) 38064 29087 0.0170 49763 33776 <0.0001 0.0151 49 997 35192 0.0006 0.0034 0.5609
Full sample (years 7-11) 14562 35062 <0.0001 14745 32698 <0.0001 0.5239 15492 31325
Survivors (years 7-11) 49 961 40921 0.2425 48 539 40765 0.1186 0.9290 48 768 42 474
Full sample (years 12-16) 8301 18797 <0.0001 8405 17 529 8831 16 793
Survivors (years 12-16) 58 588 39970 0.0979 56921 39818 57189 41488
Total payments (16 yrs) 104161 100914 0.5748 110198 100 665 117 904 97 812
Survivor payments (16 yrs) 199086 118937 <0.0001 210581 124437 216528 130607
Panel D: distant bladder cancer and controls
Full sample (1st year) 58 860 11327 <0.0001 48 882 10340 <0.0001 0.1061 51607 12959 <0.0001 0.3902 0.3079
Survivors (1st year) 73 312 11812 <0.0001 57724 10163 <0.0001 0.0858 70 515 12808 <0.0001 0.5887 0.1274
Full sample (years 2-6) 6062 40979 <0.0001 7776 38407 <0.0001 0.9077 9093 37960 <0.0001 0.9986 0.8790
Survivors (years 2-6) ° 0 35885 0 31038 0 34070 0.3994 0.6590 0.5834
Full sample (years 7-11) 0 31941 0 34507 0 34105
Survivors (years 7-11) 0 32260 0 46787 0 51357
Full sample (years 12-16) 0 12 427 0 13425 0 13268
Survivors (years 12-16) 0 25050 0 36 330 0 39879
Total payments (16 yrs) 64 922 96 674 0.0088 56658 96678 60701 98 291

BC = bladder cancer.

¢ Payments inflated to 2018 medical dollars. Significantly larger totals in pair are in bold. Payments in italics are imputed. Distant BC payment estimates for years

7-11 exclude two surviving individuals for confidentiality reasons.

b p values provided are for differences in group-specific payments between BC and control groups and payments between current and 1998/2003 cohorts. p

values for imputed data not provided

For the BC groups, Medicare payments were high in the
initial year, declining substantially subsequently. For the
total sample, payments averaged $30 037 in the 1st year and
$40 764 for years 2-6, at a rate of $8153/yr. For BC patients
who survived for 16 yrs, annual payments declined between
year 1 and years 2-6, but there was no trend in payments
subsequently.

Fig. 1 shows graphically the patterns of differences in
monthly payments for BC patients versus controls since the
time just before the BC diagnosis (1998 cohort). Payment
differences were much higher around the time of BC
diagnosis and declined later. Medicare payment differences

for the total sample (Fig. 1A) were negative (payments for
BC patients < controls) in many months. However, among
BC and control patients who survived for 16 yrs, payment
differences were almost always positive, reflecting the cost
of ongoing BC surveillance, treating recurrences, and
treating complications of treatment.

Adjusting for inflation in medical services, total pay-
ments for the first 6 yrs after BC diagnosis rose relative to
payments for controls. For BC patients, payments increased
from $70 801 (1998 cohort) to $78 276 (2008 cohort), a
10.6% increase (p < 0.001) over this decade. Corresponding
payments for controls were $47 784 (1998) and $51 252
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Fig. 1 - Differences in Medicare monthly real payments per person: persons with bladder cancer versus controls at (A) all stages and (B) localized
stage. Solid lines represent full sample and dotted lines represent 16-yrs survivors.

(2008), a 7.3% increase (p < 0.0160). Sixteen-year totals are
partly based on imputed payments. We estimated an 8.2%
increase for BC patients versus a 3.6% increase for controls.

4. Discussion

Over 16 yrs, total Medicare payments were, on average,
12.6% higher for BC patients than for their control
counterparts. The added cost of BC implies that policies
(eg, smoking cessation, reducing exposure to carcinogens,
and research focusing on new prevention strategies) that
reduce the number of elderly persons with BC would result
in savings to Medicare.

However, limiting the samples to BC and control patients
who survived the entire 16-yrs follow-up resulted in a much
higher payment difference, 45.6%, suggesting that keeping
BC patients alive is very costly to Medicare even after
considering the added Medicare cost of keeping controls
alive. The extra cost of surviving reflects the extra cost of
long-term BC surveillance, which itself results in more
detected BC recurrences, higher BC treatment, and higher
treatment-associated morbidity cost. The implication is that
extending the survival of persons diagnosed with BC will
increase Medicare costs. In our study, BC survival did not
increase over time, but recent technological advances, such
as new immunotherapies, offer the promise of decreasing
BC mortality.

Earlier diagnosis of BC will likely increase Medicare cost.
The cumulative 16-yrs cost was higher for localized BC,
followed by the costs for regional and then for distant BC at
first diagnosis. This difference is largely attributable to high
mortality among persons with advanced BC. High-stage BC
patients cost Medicare more than lower-stage BC patients
initially because of the high intensity of treatment required
for advanced cancer, but mortality blunts this cost later on.
Over time, lower-stage BC becomes costlier due to ongoing
surveillance and treatment requirements. Identification of
new ways of making BC surveillance and survival less
expensive would be desirable.

As expected, we found that the cost to Medicare of covering
patients with BC was highest during the first 1-2 yrs after
diagnosis and dropped substantially thereafter. The decline is
attributable to not incurring the high cost of making the initial
diagnosis and increased mortality during later years following
BC diagnosis. Medicare payments on behalf of BC patients
were two to four times higher than for controls in the initial
diagnosis year. There was no migration in stage at initial BC
diagnosis over time but, in the future, improved diagnosis at an
earlier stage would increase Medicare cost. Future therapeutic
advances will certainly generate Medicare costs above those
imposed by their administration by extending patient
longevity. Similarly, an aging population is more susceptible
to BC than a younger one, which implies increased BC cost to
Medicare due to the baby boom [14].

org/10.1016/j.eu0.2019.01.015

Please cite this article in press as: Sloan FA, et al. The Cost to Medicare of Bladder Cancer Care. Eur Urol Oncol (2019), https://doi.



https://doi.org/10.1016/j.euo.2019.01.015
https://doi.org/10.1016/j.euo.2019.01.015

EUO-181; No. of Pages 8

EUROPEAN UROLOGY ONCOLOGY XXX (2018) XXX-XXX 7

The cost of BC patients to Medicare adjusted for medical
inflation has risen. We measured changes in Medicare
payments over time by defining initial diagnosis cohorts
and controls for one 1-yr and three 5-yrs intervals. This
allowed us to monitor trends in patient attributes and care
intensity. Intensity of BC care has risen with increased use of
intravesical therapy, office visits, and a shift of care from
office to institutional outpatient settings [15].

Finally, BC patients are becoming older and sicker [16],
trends not unique to BC. However, frailty and competing
risks of death have important implications for how BC is
diagnosed and treated in the most elderly population.

Several studies on costs associated with BC have been
published previously. Our estimates of the aggregate cost
per patient diagnosed with BC in the USA are lower than
prior estimates [4,14,17-21]. However, with some excep-
tions [17,21], previous studies did not distinguish between
BC and other care cost or contain a non-BC control group as
in our study to isolate the extra cost attributable to BC.
When the prior studies isolated BC-related cost, they did not
measure cost by stage at initial diagnosis. BC casemix
differences should substantially affect the aggregate esti-
mate of BC cost. One prior study [ 17] was based on data from
a single large referral center, which is likely to be
unrepresentative of BC casemix or treatment patterns
nationally. Some studies that compared the cost of various
cancers concluded that BC is the costliest cancer
[4,18,22]. Our study focused exclusively on BC. It is likely
that application of our methodology to the cost of other
cancers would yield lower estimates of the cost of other
cancers as well.

Our study has a number of strengths. We measured
total payments avoiding the problem of attributing
expenditures with certainty to a particular cancer. We
used a well-matched control group using over 39 observ-
able measures. Previous studies of BC either did not have
a control group (which is essential since BC is more
common with advanced age) [4,17] or did not assess
match quality [23]. The 16-yrs follow-up period allowed
for the study of cumulative longitudinal costs of survival.
Previous studies have focused on spending from the time
of initial diagnosis until death, which is extremely
variable [24]; on periods characterized a priori by high
spending [25,26]; or on simple 5-yrs averages [15], losing
the patterns in cost by disease duration.

We acknowledge several study limitations. Although we
matched on 39 covariates, there is a possibility that groups
differed on other unobservable attributes. Death is
associated with high indirect social costs such as caregiver
cost [27,28], pain and suffering, loss of consortium [29],
bankruptcy [30,31], and lost productivity [8], which we
have not measured. Owing to the advanced median age of
onset, productivity loss is less important for BC than for
some other cancers as it is more relevant for younger
persons [32,33]. We measured Medicare payments made
under Medicare’s traditional fee-for-service program. The
trend is to move away from traditional Medicare toward
MA [34] or to other alternative payment mechanisms, such
as bundled payments [35], which will affect cost in ways

that are presently unclear. The data did not allow tests of
the parallel trend assumption in DiD survival analysis.
Information on smoking behavior was unavailable. How-
ever, propensity score matching on several smoking-
related diseases should have reduced the effects of this
omission.

5. Conclusions

Advances in primary prevention can potentially result in
savings to Medicare. By contrast, earlier diagnosis and
advances in care of persons with BC [6] will almost
inevitably increase Medicare outlays. Thus, there is a
tradeoff between the social goals of extending BC survival
and future solvency of Medicare.
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