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Abstract

Background: Follow-up care after radical cystectomy is poorly defined, with extensive variation in practice patterns. We sought to
determine sources of these variations in care as well as examine the economic effect of standardization of care to guideline-recommended
care.
Methods: Using linked Surveillance, Epidemiology, and End Results (SEER)-Medicare data from 1992 to 2007, we determined follow-

up care expenditures (time and geography standardized) for 24 months after surgery. Accounted expenditures included office visits, imaging
studies, urine tests, and blood work. A multilevel model was implemented to determine the effect of region, surgeon, and patient factors on
care delivery. We then compared the actual expenditures on care in the Medicare system (interquartile range) with the expenditures if
patients received care recommended by current clinical guidelines.
Results: Expenditures over 24 months of follow-up were calculated per month and per patient. The mean and median total expenditures

per patient were $1108 and $805 respectively (minimum $0, maximum $9,805; 25th–75th percentile $344–$1503). Variations in
expenditures were most explained at the patient level. After accounting for surgeon and patient levels, we found no regional-level variations
in care. Adherence to guidelines would lead to an increase in expenditures by 0.80 to 10.6 times the expenditures exist in current practice.
Conclusion: Although some regional-level and surgeon-level variations in care were found, the most variation in expenditure on follow-

up care was at the patient level, largely based on node positivity, chemotherapy status, and final cancer stage. Standardization of care to
current established guidelines would create higher expenditures on follow-up care than current practice patterns. r 2015 Elsevier Inc. All
rights reserved.
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1. Introduction

In 2012, an estimated 73,510 new cases of bladder
cancer were diagnosed in the United States, with an
estimated 14,880 deaths [1]. For patients with disease not
appropriate for conservative forms of intervention, defini-
tive surgery with radical cystectomy remains the standard of
care. For the approximately 8,500 patients who receive this
surgery each year [2], recurrence and adverse events from
urinary tract reconstruction are major concerns [3,4], with
most bladder cancer recurrences occurring within the first 2
years after definitive surgery [4,5].

Despite this high risk of recurrence in the first 2 years
following invasive therapy, strong evidence to help guide
clinicians in the follow-up care of their patients is lacking.
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In the absence of such evidence, competing guidelines have
been proposed. For example, the International Consultation
on Urological Diseases offers very broad guidelines for
follow-up. They suggest a risk-stratified approach for
follow-up without any specific recommendations [6]. In
contrast, both the National Comprehensive Cancer Network
(NCCN) and the European Association of Urology have
published guidelines for follow-up, though both organiza-
tions cite a dearth of strong evidence and acknowledge that
many of the recommendations are based on expert opinion
[7,8]. These guidelines have quite different recommenda-
tions on appropriate follow-up after definitive surgery. The
lack of agreement in the guidelines, in addition to the weak
evidence base, can lead to considerable variation in the
follow-up care performed in clinical practice.

To determine mechanisms leading to variation in follow-
up care, we performed a population-based study using
Surveillance, Epidemiology, and End Results (SEER)-Med-
icare data. We sought to elucidate whether variations in care
were the result of patient, provider, or regional factors. We
then determined the consequences on expenditures at the
payer level if care were standardized to published guidelines.

2. Materials and methods

2.1. Study population

Using linked SEER-Medicare data from 1992 to 2007,
we identified all patients with bladder cancer based on the
International Classification of Diseases—Oncology 3 diag-
nosis codes. Using the National Claims History file (data on
physician/supplier part B bills for fee for service Medicare
claims from noninstitutional providers), we defined a cohort
of patients who underwent surgical excision of their tumor
based on the Current Procedural Terminology codes for
radical cystectomy. Patients aged 66 to 90 years were
included in the study to allow 1 full year of claims for
assessment of comorbidity status. Only patients with con-
tinuous enrollment in Medicare parts A and B, no health
maintenance organization enrollment before surgery, and
who survived or were not censored by 1 month after surgery
were included in the final study cohort.

2.2. Description of expenditures

We determined follow-up care expenditures for up to 24
months after surgery. This was performed by tallying the
expenditures related to office visits, imaging studies, urine
tests, and blood work as indexed from the Healthcare
Common Procedure Coding System codes (Appendix 1).
Ascertainment of care was stopped at death, loss of cover-
age, health maintenance organization enrollment, or the end
of the follow-up in the data.

We calculated the total expenditures on care for each
patient, price adjusted for time and geography using the

Medicare Economic Index [9]. The distribution of expendi-
tures over a 24-month follow-up period was skewed to the
right with 1 mode; therefore, we applied log transformation
to each of these variables to better meet the normality
assumption of the linear mixed model.

2.3. Statistical analysis

A series of 3-level mixed models with random effects
were fit designed to examine the variability of patient
expenditures at different levels and how much of the
variability could be explained by including patient- and
surgeon-specific factors. Patients with a surgeon only
appearing once in the data were removed for the multilevel
model. There were 11 regions and 384 surgeons with at
least 2 patients in the data. Case-wise deletion was used for
the missing data based on the complete model. In total,
1,384 patients fit these criteria. The multilevel models were
allowed to have unique (random) intercepts by region and
surgeon to examine the variability at the region, surgeon,
and patient levels. The models differed in the type of factors
(fixed effects) that were included. The null model included
no factors. The patient model and surgeon model included
only patient- or surgeon-specific factors, respectively. The
complete model included both patient (age, race, sex,
marital status, neighborhood education level, zip code level
median income, comorbidity, final stage of the disease
[from SEER extent of disease coding], nodal status, whether
chemotherapy was administered [neoadjuvant or adjuvant],
and hospital readmissions [within 24 mo of surgery]) and
surgeon-level factors (presence of a medical school at the
hospital where cystectomy was performed, presence of a
residency program at the hospital, National Cancer Institute
designation of the hospital, employment type of provider
[solo, hospital based, or group practice], and the decade of
completion of residency of the provider). Deviance tests
were performed comparing each model back to its parent.

We then performed an additional analysis to assess the
contribution of the individual patient-level factors to the
variability in follow-up expenditures. A multilevel model-
ing framework was implemented with patients nested within
surgeons who were subsequently nested into SEER-based
geographical regions. We fitted 3-level linear mixed models
with random intercepts. Our initial model is a random
intercepts model with SEER regions and surgeons nested
within SEER regions as random effects and no exploratory
variables. We then added in the patient-level factors. We
calculated the percentage of total variance in average
expenditure explained by each of the individual patient-
level factors.

2.4. Medicare expenditures associated with
guideline-recommended follow-up care

Table 2 demonstrates the follow-up regimens proposed
by the NCCN and the European Association of Urology
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