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ABSTRACT

PURPOSE Categorizing patients with cancer by their disease stage can be an important tool
when conducting administrative claims-based studies. As claims databases
frequently do not capture this information, algorithms are increasingly used to
define disease stage. To our knowledge, to date, no study has used an algorithm to
categorize patients with bladder cancer (BC) by disease stage (non—muscle-
invasive BC [NMIBC], muscle-invasive BC [MIBC], or locally advanced/metastatic
urothelial carcinoma [la/mUC]) in a US-based health care claims database.
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A claims-based algorithm was developed to categorize patients by disease stage on
the basis of the administrative claims portion of the SEER-Medicare linked data.
The algorithm was validated against a reference SEER registry, and the algorithm’s
parameters were iteratively modified to improve its performance. Patients were
included if they had an initial diagnosis of BC between January 2016 and December
2017 recorded in SEER registry data. Medicare claims data were available for these
patients until December 31, 2019. The algorithm was evaluated by assessing
percentage agreement, Cohen’s kappa (k), specificity, positive predictive value
(PPV), and negative predictive value (NPV) against the SEER categorization.

RESULTS A total of 15,484 patients with SEER-confirmed BC were included: 10,991
(71.0%) with NMIBC, 3,645 (23.5%) with MIBC, and 848 (5.5%) with la/mUC.
After multiple rounds of algorithm optimization, the final algorithm had an
agreement of 82.5% with SEER, with a k of 0.58, a PPV of 87.0% for NMIBC, and
76.8% for MIBC and a high NPV for la/mUC of 98.0%.

CONCLUSION This claims-based algorithm could be a useful approach for researchers con- _ -
ducting claims-based studies categorizing patients with BC at diagnosis. Creative Commons Attribution
g g gp g Non-Commercial No Derivatives
4.0 License
INTRODUCTION Similarly, standard-of-care treatment varies between

stages, as patients with NMIBC typically receive transure-

Bladder cancer (BC) is the sixth most common cancer in the
United States with an estimated incidence of 82,290 cases in
2023."*> The most common type of BC in the United States and
Western Europe is urothelial carcinoma (UC), which is
classified into three stages according to disease location at
diagnosis:3-> (1) Non—-muscle-invasive BC (NMIBC), char-
acterized by restriction of the cancer to the superficial lining
of the bladder; (2) muscle-invasive BC (MIBC), characterized
by cancer penetration into the muscle layer of the bladder;
(3) locally advanced/metastatic UC (la/mUC), characterized
by cancer spread to other organs and/or distant lymph nodes.

Patient 5-year relative survival is 77.9% after BC diagnosis
but varies considerably by cancer stage, determined clini-
cally using the TNM staging system.® In the United States, 5-
year relative survival is 70.9% in patients with localized
disease versus 8.3% in patients with distant metastases.”
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thral resection of the bladder tumor (TURBT) plus intra-
vesical bacillus Calmette-Guérin therapy, whereas
platinum-based, systemic chemotherapy has been the
standard-of-care treatment for patients with la/mUC.>#

As prognosis and treatment regimens vary between cancer
stages, it is important that researchers can accurately
identify patients by their disease stage in real-world claims
databases, as this enables them to conduct studies to un-
derstand real-world treatment patterns and health care
resource use.

Algorithms have been developed to identify the incidence of
oncological conditions in health care claims databases, in-
cluding advanced lung, breast, ovarian, and gastric
cancers.®*> Although a previous UK-based study developed
an algorithm to identify patients with BC and to distinguish
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CONTEXT

Key Objective

To develop a claims-based algorithm to classify patients with bladder cancer (BC) by disease stage on the basis of Medicare
claims data and to validate and optimize the algorithm using reference SEER registry data.

Knowledge Generated

The algorithm developed correctly categorized more than 80% of patients, with the highest positive predictive values seen
for patients with non—muscle-invasive BC (NMIBC) and muscle-invasive BC (MIBC). The final algorithm would be best
suited for use in future claims-based studies where NMIBC and MIBC are of interest.

Relevance

The algorithm is able to categorize BC by muscle invasions and stage from Medicare claims data—this information would

otherwise not be readily available.

between NMIBC and MIBC in an electronic medical record
(EMR) database, to our knowledge, no previous studies have
used a claims-based algorithm to identify patients with BC
according to their disease stage at a population level or have
validated such algorithms against US registry data.”?

Additionally, novel treatments were recently approved for
NMIBC, MIBC, and la/mUC."4"*¢ Hence, it is important that
researchers can identify patients with BC by disease stage to
evaluate how new treatments perform in real-world clinical
practice.

As claims databases do not directly capture disease stage,
their usefulness to researchers has been limited. This study
was conducted to address this limitation by developing and
validating a claims-based algorithm using the administra-
tive claims portion of the SEER registry and Centers for
Medicare and Medicaid Services Medicare—linked data set
(SEER-Medicare). The SEER-Medicare data set was selected
as it allowed validation of the staging algorithm against
reference clinical staging information in the SEER registry.
Additionally, this data set is considered the most data-rich
US-based source of comprehensive, population-based
cancer staging data, which also incorporates a commonly
used health care claims data set.

The purpose of the algorithm was to classify patients with BC as
having NMIBC, MIBC, or la/mUC based on Medicare claims data
and to validate and optimize this algorithm using the patient’s
known clinical stage in the reference SEER registry data.

METHODS

Study Population

Patients were included if they had an initial diagnosis of BC
between January 2016 and December 2017 recorded in SEER

registry data and had tumor, node, and metastasis staging
information in the SEER database. Patients were required to
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have 12 months of continuous enrollment in Medicare parts A
and B before their index date (date of their initial diagnosis of
BC) and at least 1 month of follow-up after their index date.

Study Design

This study used retrospective data from the administrative
claims portion of the SEER-Medicare—linked data set that
contains both clinical staging information from SEER and
medical claims information from Medicare.”” Medicare
claims data and death status were available for included
patients until December 31, 2019.

An initial algorithm was developed to stage patients using
data from the Medicare administrative claims database. This
staging was then validated against clinical staging infor-
mation held in the SEER registry, which acted as the ref-
erence standard.

Participant Disease Staging
SEER Categorization

A diagnosis of BC was identified using the earliest appear-
ance of the International Classification of Diseases codes
C67.X Malignant neoplasm of bladder or 188.X Malignant
neoplasm of bladder in the SEER data set.

Information on cancer-directed surgery, disease staging,
and histology data from SEER were then used to categorize
patients as having NMIBC, MIBC, or la/mUC at diagnosis.
This categorization served as the reference standard, which
the claims algorithm was evaluated against. The SEER cat-
egorization is explained further in Table 1.

Development of Initial Claims-Based Algorithm

After SEER registry categorization, an initial, claims-based
algorithm was developed using Medicare administrative
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claims data. The goal of the algorithm was to categorize
patients with BC by disease stage. As Medicare claims data
contain only limited information regarding disease stage
apart from secondary malignancy codes, which can indicate
advanced disease, the algorithm was designed to distinguish
between patients based on the treatments they received.
Hence, after clinician input on which treatments were most
relevant in determining each disease stage, the following
parameters were chosen for the algorithm: (1) receipt of
TURBT = intravesical chemotherapy; (2) receipt of systemic
chemotherapy; (3) receipt of radiation therapy and/or cys-
tectomy; (4) presence of secondary malignancy (metastasis).
Patients were categorized on the basis of these parameters
and on their timing relative to patient diagnosis date.

Patients who did not have any of the prespecified parameters
(ie, who did not receive a listed BC treatment and did not
have evidence of secondary malignancy) were recorded as to
be determined (TBD). Parameters were assessed on the basis
of diagnostic and treatment codes; additional information on
codes used is provided in the Data Supplement (Supple-
mentary Materials S1, Supplementary Tables S1-S5). The
initial algorithm is described in more detail in the Data
Supplement (Supplementary Materials 2, Supplementary
Table S6).

TABLE 1. SEER Cancer Categorization

Algorithm Validation

After the algorithm categorized patients on the basis of
Medicare claims data, this categorization was validated
against the patient’s corresponding SEER registry catego-
rization to determine the algorithm’s accuracy. Accuracy was
assessed using the following indices: Cohen’s kappa statistic
assessed agreement between the algorithm and the SEER
categorization in instances where both classified patients
into group k (where k refers to patients with NMIBC,
MIBC, and la/mUC). A kappa value of <0 indicates no
agreement, 0-0.20 slight agreement, 0.21-0.40 fair agree-
ment, 0.41-0.60 moderate agreement, 0.61-0.80 substantial
agreement, and 0.81-1.0 almost perfect agreement.*®

For example, for NMIBC, assuming an observed agreement
of 90% between SEER and the algorithm and assuming 70%
of patients with BC in SEER have NMIBC (expected agree-
ment by chance alone), the Cohen’s kappa will be calculated
as 0.5, indicating moderate agreement.

Percentage agreement was defined as the probability that the
algorithm and SEER categorization classified a patient as
belonging to group k with a higher percentage indicating
greater agreement.

Stage T N M Surgery SEER Category
Stage Oa Ta NO MO No constraint NMIBC
Stage Ois Tis NO MO No constraint NMIBC
Stage | T1 NO MO No constraint NMIBC
Stage Il T2a NO MO No constraint MIBC
T2b NO MO No constraint MIBC
Stage IIIA T3a NO MO No constraint MIBC
T3b NO MO Cancer-directed surgery or radiation MIBC
T4a NO MO Cancer-directed surgery or radiation MIBC
T1-T4a N1 MO Cancer-directed surgery or radiation MIBC
Stage 1IIB T1-T4a N2,N3 MO Cancer-directed surgery or radiation MIBC
Stage IVA T4b Any N MO Cancer-directed surgery or radiation MIBC
Stage IlIA T3b NO MO No cancer-directed surgery and no radiation lauC
T4a NO MO No cancer-directed surgery and no radiation lauC
T1-T4a N1 MO No cancer-directed surgery and no radiation lauc
Stage IIB T1-T4a N2 MO No cancer-directed surgery and no radiation lauc
T1-T4a N3 MO No cancer-directed surgery and no radiation muUC
Stage IVA T4b Any N MO No cancer-directed surgery and no radiation lauC
Any T Any N Mla No constraint muC
Stage IVB Any T Any N M1b No constraint muUC

|
NOTE. Cancer stage was determined using the TNM classification system.® la/mUC or MIBC status were determined based on treatment received

after diagnosis.

Abbreviations: la/mUC, locally advanced/metastatic urothelial carcinoma; laUC, locally advanced urothelial carcinoma; M, metastasis; MIBC,
muscle-invasive bladder cancer; mUC, metastatic urothelial carcinoma; N, node; NMIBC, non—muscle-invasive bladder cancer; T, tumor; Ta,

noninvasive papillary; Tis, carcinoma in situ.
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Sensitivity assessed the probability that the algorithm
correctly classified patients as belonging to group k among
those that the SEER categorization classified as group k.

Specificity analyses assessed the probability that the algo-
rithm correctly classified patients as not belonging to group
k among those that the SEER categorization classified as
belonging to group k.

Positive predictive value (PPV) was defined as the proportion
of patients classified as belonging to group k by the algo-
rithm who were also classified as belonging to group k by the
SEER registry categorization.

Negative predictive value (NPV) was defined as the pro-
portion of patients not classified as belonging to group k by
the algorithm who were also not classified as belonging to
group k according to disease staging and histology infor-
mation by the SEER registry categorization.

Continuous variables were summarized by means and
standard deviations (SD), and categorical variables were
summarized by counts and percentages.

All analyses were performed using SAS version 9.4 (SAS
Institute, Cary, NC). Additional details are provided in the
Data Supplement (Supplementary Materials S3, Supple-
mentary Tables S7 and S8).

Algorithm Optimization

After the accuracy of the initial algorithm was compared with
the SEER registry categorization, the parameters of the
initial algorithm were iteratively modified to improve the
algorithm’s performance. This approach enables continuous
refinements to be made to the algorithm, increasing its
accuracy at each iteration. Modifications were driven by
patient data and expert clinician opinion, with changes at
each iteration focused on correctly classifying the largest
group of patients misclassified by the previous iteration.
Modifications intended to enhance the accuracy of predic-
tions included changes to parameter definitions, their order
in the algorithm, or the time window over which they were
considered.

Following each modification, the algorithm was evaluated
with input from clinicians to determine whether the change
was clinically relevant to avoid overfitting and then its
predictive accuracy was assessed against the SEER-Medicare
categorization by running the modified algorithm using
patient-level data to determine whether the change resulted
in improvements in its accuracy. Modifications that im-
proved accuracy were retained. The process was repeated
iteratively to reduce the proportion of patients who were
misclassified until additional modifications were either not
clinically relevant or did not improve performance. At this
point, the algorithm was considered final.

4 | © 2024 by American Society of Clinical Oncology

RESULTS
Study Cohort

In total 15,484 individuals with BC with data recorded in the
SEER-Medicare—linked database were included in the study
(Table 2).

Of the 15,484 patients included in the study, 10,991
(71.0%) had NMIBC, 3,645 (23.5%) had MIBC, and 848
(5.5%) had la/mUC according to the SEER database.

Algorithm Optimization

The initial algorithm underwent five rounds of revision. These
changes and their impact on the algorithm’s performance are
shown in Table 3. Revisions that did not result in improve-
ments in accuracy were not retained and are not reported here.
The greatest increase in performance was observed between
the initial algorithm and iteration 1, with percentage agree-
ment and kappa increasing from 64.9% to 78.4% and from
0.2511 to 0.4169, respectively. Additional results for accuracy
indices are shown in the Data Supplement (Supplementary
Material S4, Supplementary Figures S1-S4.).

Final Algorithm

Compared with the initial algorithm, the final algorithm
(Fig 1) included an additional branch, which identified pa-
tients who received radiation or cystectomy <3 months after
diagnosis. This treatment approach is typical for patients
with MIBC, enabling patients on this branch to be catego-
rized as having MIBC. Additionally, the TBD category in the
initial algorithm was changed to not applicable (NA).

Algorithm Performance

Of the 15,484 patients included in this study, the initial al-
gorithm classified 13,494 patients (87.1%) as having NMIBC,
MIBC, or la/mUC (Fig 2). The remaining 1,990 patients
(12.9%) did not meet any of the decision parameters and
were classified as TBD. When the final algorithm was rerun
using data for the 15,484 included patients, 2,702 (17.5%)
were categorized as NA. These patients could not be clas-
sified, as they either received radiation or cystectomy alone
or did not receive any treatment within specified time
periods.

When the sample was limited to the remaining 12,782 pa-
tients, the final algorithm and the SEER-registry were found
to have an overall agreement of 82.5% as 10,551 of 12,782
patients were correctly categorized, yielding an overall
kappa of 0.5777 (moderate agreement).

A proportion of patients were miscategorized by the final
algorithm (Fig 2), specifically 412 patients with NMIBC were
categorized as having MIBC and 203 as having la/mUC; 1,117
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TABLE 2. Cohort Attrition for Study Cohort

Inclusion Criteria No. Percentage of Previous Step
A bladder cancer diagnosis record in SEER registration data 203,349 100.0
Initial diagnosis of BC from January 2016 to December 2017 (the index date) 38,726 19.0
12 months of continuous enrollment in Medicare parts A and B before their index date and 1 month of 32,229 83.2
follow-up after their index date

Available TNM staging information 21173 65.7
Exclusion Criteria

No bladder cancer diagnosis record in Medicare claims data from January 2016 to December 2017 16,901 79.8

A bladder cancer diagnosis during the 12-month baseline (prevalent cases) 15,484 91.6

Abbreviation: BC, bladder cancer.

patients with MIBC were categorized as having NMIBC and initial algorithm to 47.2%-87.0% in the final algorithm. NPV
263 as having la/mUC; 149 patients with la/mUC were cat- increased from 44.2%-97.9% in the initial algorithm to
egorized as having NMIBC and 87 as having MIBC. 79.7%-98.0% in the final algorithm. Sensitivity increased
from 25.2%-76.1% in the initial algorithm to 54.4%-93.2%
The initial algorithm reported a PPV for patients with NMIBC  in the final algorithm. Specificity increased from 51.5%-
of 81.0%, 72.9% for patients with MIBC, and performance 97.4% in the initial algorithm to 65.6%-96.2% in the final
was lower for patients with la/mUC, with a PPV of 16.0%, algorithm.
Table 4.
DISCUSSION
Algorithm optimization improved the accuracy indices of the
final algorithm across all disease categories versus the initial ~ This study designed and optimized a four-step algorithm to
algorithm (Table 4): PPV increased from 16.0%-81.0% inthe ~ categorize patients with BC into NMIBC, MIBC, and la/mUC

TABLE 3. Summary of Adopted Changes During Algorithm Refinement and Their Impact on Algorithm Performance

Overall Algorithm

Performance
Percentage

Iteration Number Summary of Major Changes to the Algorithm Agreement Kappa
(Initial algorithm) = 64.9 0.2511
1 A more conservative definition for metastases was adopted. Previously, presence of at least one 78.4 0.4169

metastatic code was considered sufficient. It was modified to require at least one inpatient or

two outpatient codes on separate days (with the first code occurring within the first month after

the initial BC diagnosis)

Initially, TURBT was deemed sufficient to identify NMIBC. On further examination, it was decided

to also include + intravesical chemotherapy to align better with clinical guidelines
2 Code lists for systemic therapies were expanded to include pembrolizumab, enfortumab vedotin, 78.5 0.4184

erdafitinib, and durvalumab. This change was made to ensure that potential treatment regi-

mens that were off-label during the study period but were still available to clinicians for

experimental use were also captured

Patients receiving systemic chemotherapy who did not initiate either therapeutic radiation or

cystectomy any time after initial BC diagnosis were originally flagged as having la/mUC. Given

the high rate of misclassification, they were updated to be flagged as TBD
3 Patients without systemic therapy but with receipt of therapeutic radiation or cystectomy on or up 81.0 0.5475

to 3 months after initial BC diagnosis were originally categorized as having NMIBC. Since this

therapeutic approach is more consistent with MIBC, they were recategorized as having MIBC
4 Previously, all patients with secondary metastatic diagnoses were assumed to have la/mUC. An 81.8 0.5636

exception was added that if patients also had a cystectomy within the first 30 days after their
initial diagnosis, they were assumed to have MIBC with secondary malignancy codes more
likely to indicate local invasion rather than metastasis to distant organs

5 (final, optimized algorithm) Previously, to classify patients who had systemic therapy as having MIBC, they were only required 825 0.5777
to have therapeutic radiation or cystectomy at any time after their initial BC diagnosis. Given the
ambiguity of the rule limiting the reproducibility of the algorithm, the timeframe was changed to
within 12 months after their initial BC diagnosis

|
Abbreviations: BC, bladder cancer; la/mUC, locally advanced/metastatic urothelial carcinoma; MIBC, muscle-invasive bladder cancer; NMIBC, non—
muscle-invasive bladder cancer; TBD, to be determined; TURBT, transurethral resection of bladder tumor.
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Yes Yes
Secondary "S]:ﬁo:::‘:y
malignancy at or . gn: b Y
diagnosis” and
up to 1 month after
initial BC no cystectomy
" X <1 month after
diagnosis . y
diagnosis
No No
Therapeutic Systemic Radiation Systemic
radiation® or Yes therapy on or or cystectomy Yes therapy
cystectomy anytime up to 3 months <12 months <3 months
after index BC after initial BC after BC after BC
diagnosis diagnosis diagnosis diagnosis
No Yes \0 No
TURBT on or Yes Radiation
up to 3 months NA° or <(;ystectt(:1my Yes
after initial BC P
clEgmesE No diagnosis
TBD
TURBT = Yes
intravesical
therapy <3 months
after BC
diagnosis No
NA°®

FIG 1. (A) Initial algorithm and (B) final, optimized claims-based algorithm for bladder cancer staging at diagnosis. *Therapeutic radiation refers
to 214 radiation treatments within 120 days before/after first systemic therapy date on or after index BC diagnosis; "Secondary malignancy
diagnosis with =1 inpatient claim or =2 outpatient claims with a secondary malignancy on separate days (first claim to be within 1 month of initial
BC diagnosis and second claim to be any time after); °NA, not applicable as patients did not meet the algorithm criteria. BC, bladder cancer; BCG,
Bacillus Calmette-Guerin; la/mUC, locally advanced/metastatic urothelial carcinoma; MIBC, muscle-invasive bladder cancer; NA, not applicable;

NMIBC, non—muscle-invasive bladder cancer; TBD, to be determined; TURBT, transurethral resection of bladder tumor.

at diagnosis and evaluated its performance against the
reference standard SEER categorization.

The optimized algorithm correctly categorized more than
80% of patients and demonstrated a kappa statistic of
0.5777. Analyses of the algorithm’s sensitivity found that
the final algorithm correctly staged 93.2% of patients with
NMIBC, 63.8% of patients with la/mUC, and 54.4% of
patients with MIBC; however, these results should be
considered in relation to the observed PPV of between
87.0% and 47.2% depending on disease stage, with the
highest PPV seen for patients with NMIBC and MIBC. As a
PPV between 70% and 80% is typically considered to be an
indication of a high-performing diagnostic algorithm,
these results suggest that the final algorithm may be
suitable for use by researchers investigating NMIBC and
MIBC despite the observed variations in sensitivity
outputs.’?° Future studies could use this algorithm, or
researchers could adapt it for their health care system or

6 | © 2024 by American Society of Clinical Oncology

population of interest with confidence that patients are
being correctly categorized by disease stage, enabling them
to capture real-world treatment patterns and patient
outcomes.

These results are consistent with those reported in a study by
Esposito et al,*® which also used data from health care da-
tabases, including SEER, to identify patients with a range of
metastatic/advanced cancers, and reported a PPV of 78.0%
for UC. However, unlike our study, Esposito et al used a
predictive model methodology and did not report PPV by
disease stage.

The lower PPV shown by the final algorithm for la/mUC is
likely due to the lower prevalence of la/mUC, as PPV is
mathematically dependent on disease prevalence, with a
higher prevalence leading to greater PPV.>* This caveat
should be considered when using the algorithm with ex-
ternal databases.
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SEER-Registry Categorization

Category NMIBC MIBC la/mUC Total
Initial claims- NMIBC 7,509 1,584 172 9,265
based algorithm MIBC 231 729 40 1,000
categorization la/mUC 2,130 582 517 3,229
Total 9,870 2,895 729 13,494
Final, optimized, NMIBC 8,487 1,117 149 9,753
claims-based MIBC 412 1,648 87 2,147

algorithm la/mUC 203 263 416 882
categorization Total 9,102 3,028 652 12,782

FIG 2. Assessed concordance between the initial and final claims-based algorithms and SEER-Medicare
Database; green values denote where there is concordance between the algorithm and the SEER-Registry
categorization; orange values denote where there is discordance between the algorithm and the SEER-
Registry categorization. la/mUC, locally advanced/metastatic urothelial carcinoma; MIBC, muscle-
invasive bladder cancer; NMIBC, non—muscle-invasive bladder cancer.

Conversely, the final algorithm demonstrated a NPV of
98.0% for la/mUC, so patients with NMIBC or MIBC were not
misclassified as having la/mUC by the algorithm with 98%
certainty. This suggests that the algorithm may be of par-
ticular interest for future studies where NMIBC and MIBC are
disease categories of interest.

Machine-learning studies have previously been suggested as
an alternative to clinical algorithms for classifying patients
by disease stage. However, Brooks et al® found that machine-
learning algorithms did not lead to significantly greater
accuracy than clinical algorithms but resulted in substantially
greater algorithmic complexity. Additionally, machine-
learning algorithms demonstrated less accurate performance
when applied to a cross-validation data set, indicating
overfitting. These results support the continued use of
clinical algorithms in oncology research.

A previous UK-based study by Mamtani et al used an al-
gorithm based on EMR data to distinguish between NMIBC
and MIBC and reported a PPV for MIBC of 70.1%, which is
similar to the PPV of 76.8% for MIBC reported here by our
final algorithm. However, unlike this study they used a
cross-sectional design and validated their algorithm against
physician surveys, rather than against patient registry data.
This study also stratified patients into la/mUC in addition to
the NMIBC and MIBC groupings used by Mamtani et al.?

That the final, optimized algorithm was unable to categorize
17.5% of the sample by disease stage, instead categorizing
them as NA, is of note as it indicates that a proportion of the
study sample was treated conservatively, receiving either
radiation or cystectomy alone or no treatment within speci-
fied time periods. Considering that the study cohort included

JCO Clinical Cancer Informatics

patients 65 years and older, this may reflect differences in the
treatment of older patients between treatment guidelines and
clinical practice because of factors known to reduce the
likelihood of receiving systemic treatments. These could in-
clude patient preferences, patient characteristics including
assessed comorbidities or frailty and that a significant pro-
portion of older patients have been shown to not receive
guideline-recommended treatments.?»?

The presence of older patients in the study cohort may also
help account for the discordance observed between the SEER
categorization and the final algorithm, as deviations in
treatments received from the guidelines used to develop the
algorithm would have resulted in misclassification of these
patients. Additionally, a previous study of patients with
NMIBC?“ observed that real-world BC treatments frequently
differ from treatment guidelines. These differences across all
included patients in this study may explain why this
guideline-based algorithm could not correctly categorize all
included patients.

This study demonstrates and validates a novel, claims-based
algorithm that categorized patients with BC into NMIBC,
MIBC, and la/mUC at diagnosis. Future studies could be
conducted to validate the algorithm in other real-world
claims databases, or our methodology could be adapted to
develop and validate algorithms in other disease areas. The
algorithm may be useful for researchers conducting retro-
spective claims-based studies in BC as it augments the
clinical information available in claims data. Further uses of
the algorithm could include treatment landscape studies in
which patients are identified by their BC stage to enable
researchers to assess which treatments they receive in
clinical practice.

ascopubs.org/journal/cci | 7
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TABLE 4. Accuracy Indices for the Initial and Final, Claims-Based Algorithms Stratified by BC Type

PPV NPV Sensitivity Specificity
Initial Algorithm Final Algorithm Initial Algorithm Final Algorithm Initial Algorithm Final Algorithm Initial Algorithm Final Algorithm
Category (%) (%) (%) (%) (%) (%) (%) (%)
NMIBC 81.0 87.0 44.2 79.7 76.1 93.2 B1.8 65.6
MIBC 729 76.8 82.7 87.0 252 54.4 97.4 94.9
la/muC 16.0 47.2 979 98.0 709 63.8 788 96.2

Abbreviations: BC, bladder cancer; la/mUC, locally advanced/metastatic urothelial carcinoma; MIBC, muscle-invasive bladder cancer; NMIBC, non—
muscle invasive bladder cancer; NPV, negative predictive value; PPV, positive predictive value.

This study used claims data from Medicare beneficiaries.
Although the Medicare population is considered represen-
tative of the overall patient population with BC in the
United States, it may not be representative of all patients
with BC, including patients with commercial insurance or
without health insurance coverage. The study requirement
that patients must have had continuous enrollment in
Medicare parts A and B for at least 12 months before their
index date, and for at least 1 month after that date, excluded
patients with intermittent health care coverage, thus lim-
iting the generalizability/representativeness of our sample.
However, this is a limitation inherent in all claims-based
studies and is less likely to occur with Medicare coverage.
Additionally, this study included only patients with an initial
diagnosis of BC recorded during the study period, so patients
diagnosed with BC before the study period and with disease
progression during the study period were not captured.

There were differences between the SEER registry cate-
gorization and the final algorithm’s output for which the
main causes were likely differences between treatment
guidelines and treatment received by older patients. An
additional cause of discordance between the SEER final
algorithm classifications may be the SEER categorization
itself as while a patient’s initial disease stage is captured,
their subsequent pathology events and their impact on
patient disease classification are not. For instance, a patient
with stage I disease (T1, No, Mo) would be categorized by
SEER as having NMIBC. If, after a later resection, their
disease was recategorized as stage II disease (T2a, No, Mo),
they would be considered by their clinician to have MIBC
and would be expected to receive treatment for MIBC.
However, this change would not be captured by the SEER
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categorization, resulting in a difference between the SEER
and claims-based algorithm classifications and likely ac-
counting for some of the observed difference between the
SEER registry categorization and the final algorithm. Ad-
ditionally, the completeness of SEER registry data can be
affected by patient movement during treatment, possibly
resulting in additional discordance between the SEER
categorization and the final algorithm’s output. SEER
registry data may also be subject to some degree of data
entry error or misclassification.

As this study was conducted using a US-based data set that
reflects US clinical coding and practice, the final algorithm
should be validated in other health care systems before being
applied outside this setting. Additionally, as the data used in
this study predate the COVID-19 pandemic, they do not
account for the impact of pandemic-related disruptions to
health care systems on treatment patterns or for subsequent
changes in treatment access.

The final algorithm reflects contemporary approaches to BC
treatment and would need to be adapted if applied to his-
torical data and following future changes to treatment
guideline recommendations.

In conclusion, this study demonstrated the utility of a novel
claims-based algorithm that categorized patients with BC at
diagnosis and demonstrated a high degree of agreement with
the SEER database.

Based on the accuracy metrics, the algorithm would be best
suited for use in future claims-based studies where NMIBC
and MIBC are BC categories of interest.
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