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Abstract
Considering current reliance on cancer registry data, we sought to assess the potential for bias in
myelodysplastic syndrome (MDS) registration using SEER-Medicare data 2001-2005. Using a
validated claims-based algorithm, we identified and compared registered and non-registered MDS
patients, and found that median cumulative survival was 18 and 28 months, 74% and 64% used
erythropoiesis-stimulating agents (ESAs), and average 6-month health care cost was $24,249 and
$21,750, respectively. While most non-registered MDS patients showed resource utilization and
survival characteristics consistent with lower-risk MDS, a subset was registered as acute myeloid
leukemia (7.6%) and accounted for early mortality.
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Introduction
The myelodysplastic syndromes (MDS) are a diverse group of clonal hematopoietic
malignancies characterized by ineffective hematopoiesis that primarily affects older
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individuals. Changing definitions and classifications of hematologic malignancies, such as
MDS, has complicated incidence comparisons between regions and over time.[1,2] As of
2001 in the United States, state cancer registries were legislatively mandated to begin
collecting MDS incidence, stage at diagnosis, first course of treatment and survival data. By
reviewing data from the Surveillance, Epidemiology, and End Results (SEER) Program and
North American Association of Central Cancer Registries (NAACCR), reports of MDS
incidence estimate that approximately 3.4 individuals out of 100,000 are diagnosed
annually.[3,4] However, greater than 90% of the incidences were reported by hospitals and
laboratories, rather than outpatient clinics where a large proportion of MDS patients are
believed to be diagnosed and treated.

To ascertain the capture rate of MDS patients by population-based cancer registries, we
constructed and validated a novel claims-based algorithm using SEER-Medicare data. Our
algorithm discovered that approximately 1 out of 4 MDS patients 65 years old or older were
not captured by cancer registries reporting to SEER.[5] Whereas, SEER registry data
estimated annual MDS incidence of 20 per 100,000 individuals 65 years or older, the
addition of non-registered MDS patients found by our claims-based algorithm increased the
MDS incidence estimate to 75 per 100,000 individuals between 2001 and 2005. Other
investigators have also reported a high rate of uncaptured MDS cases by population-based
cancer registries.[6]

With such a large number of non-registered MDS patients in the United States, it is possible
that case characteristics of these patients may have significant impact on our understanding
of MDS diagnosis, treatment, and clinical outcomes. To determine this, we compared patient
data between SEER-registered and non-registered MDS patients.

Methods
Data Sources

We conducted a retrospective review of the SEER-Medicare database, 2001 to 2005. The
SEER program is a national, population-based cancer registry sponsored by the National
Cancer Institute (NCI) with a catchment area equal to 26% of the US population.[7] SEER
accumulates information on patient demographics, tumor characteristics, stage at diagnosis,
date of diagnosis, treatment within 4 months of diagnosis, and date and cause of death.[7] Of
the cancer patients 65 years or older within SEER, 93% were matched with Medicare
enrollment records and claims. Medicare, administered by the Centers of Medicare and
Medicaid Services (CMS), is the primary insurer for approximately 97% of the U.S.
population 65 years or older.[7] All Medicare beneficiaries receive Part A coverage, which
covers hospital inpatient care, skilled nursing, home healthcare, and hospice care.[7]
Approximately 95% of older beneficiaries also subscribe to Part B of Medicare to obtain
benefits that cover physician services, durable medical equipment, and outpatient care.[7]
As an alternative to the traditional fee-for-service (FFS) Medicare, the Medicare Advantage
program, Part C, is a managed care benefit that enrolls approximately 11%-14% of older
Medicare beneficiaries.[8-10] Due to its reimbursement structure, administrative claims data
are not available for Part C beneficiaries and will not be included in this study.

Study Population
For study inclusion, a beneficiary must have resided in a SEER region between 2001 and
2005, enrolled in FFS Medicare due to age for 13 months or more, and not participated in
Medicare Advantage. The analytical sample included a 5% sample of registered (N=44,739)
and non-registered (N=230,941) beneficiaries and an oversampling of beneficiaries
registered in SEER with International Classification of Diseases for Oncology, Third Edition
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(ICD-O-3) codes 9800 to 9989 (N=23,756), which allows more in-depth examinations of
hematological malignancies. Sampling weights were incorporated into the analysis to adjust
for this oversampling. All study procedures were approved by the University of Florida
Institutional Review Board.

Measures
Medicare administrative data contains information on beneficiary characteristics, use of
supportive care services, and date of hospice entry and death. To be identified as an incident
MDS case, cases were identified using the previously validated claims-based algorithm
2+BCBM.[5] For this algorithm, beneficiaries had to have (1) no MDS or unspecified
anemia (ICD-9-CM 285.9) claims for 1 year (i.e., removal of prevalent cases); (2) a claim
with MDS indication; (3) a second MDS claim between 1 and 12 months after the first claim
or death or hospice entry within 90 days; (4) 1 or more claims for blood count (BC) within
the year prior to the first claim, and (5) 1 or more claims for bone marrow (BM) biopsy
within the year prior to the first claim. MDS claims were identified based on SEER
guidelines in the Ninth Revision of the International Classification of Diseases codes
(ICD-9-CM 284.9, 285.0, and 238.7 prior to October 2006, and 238.72-238.75 until
present). Within the SEER-Medicare data, the 2+BCBM algorithm identified 5,678 MDS
patients; however, 10 patients were excluded, because their bone marrow biopsy occurred
prior to the introduction of SEER registration of MDS in 2001. The final analytical sample
contains 2,757 registered and 2,911 non-registered MDS patients.

The analytical sample represented incident cases among older Medicare beneficiaries within
SEER regions from the thirteenth month of enrollment to either their death or hospice entry.
While this sample was representative of the majority of MDS patients in those regions from
2001 to 2005, it excluded the experiences of younger patients (age 65 or less) and patients
diagnosed in hospice or while enrolled in Medicare Advantage. Furthermore, the algorithm
required bone marrow biopsy, which is concordant with World Health Organization (WHO)
and French-American-British Co-operative Group (FAB) recommendations over this period,
and patients clinically diagnosed without confirmation were excluded from this analysis.

For the measurement of diagnostic and supportive care services, we examined the claims for
Current Procedural Terminology (CPT) codes, which are maintained by the American
Medical Association to describe the delivery of specific services (Table 1). CMS records
also list dates of service, reimbursement, and beneficiary characteristics that include gender,
race, ethnicity, and dates of birth, enrollment, and death. The date of most recent BM biopsy
prior to MDS indication was interpreted as the date of MDS diagnosis, which allowed for a
uniform 3-year period of observation after biopsy and eliminated censoring due to unequal
follow-up of Medicare claims and survival.

Data Analysis
The demographic characteristics, diagnostic testing, supportive care treatments, cost of care,
and survival time of registered patients were compared to the same variables of non-
registered patients using the weighted t-test (Tables 2 and 3). To assess differential
treatment, we examined the use of health services within the first 6 months, as well as
illustrated month-specific means for supportive care services by group over the year
subsequent to bone marrow biopsy (Figure 1). Likewise, we examined the probability of
surviving 6 months after biopsy and illustrated cumulative survival over the subsequent 3
years (Figure 2). Costs were measured over the first 6 months following bone marrow
biopsy and were based on Medicare reimbursement without adjustment for survival or
inflation. Costs were divided by their coverage under Medicare Part A and B to aid in the
economic interpretations.
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Results
Table 2 shows that registered MDS patients were older and more likely to be male than non-
registered MDS patients. Although the registered sample had a greater proportion of White
patients, no statistically significant differences between registration and race and ethnicity
categories were found.

A key difference between the registered and non-registered MDS patients was the
proportion of patients registered with AML. Whereas only 6 of the 2,757 registered MDS
patients (0.2%) were also registered with AML between 2001 and 2005, a much greater
proportion (7.6%) of the non-registered MDS patients was registered as AML.

Table 3 shows the events within the first 6 months following bone marrow biopsy. For both
registered and non-registered MDS patients, 48.2% and 52.6% were not evaluated for
cytogenetic abnormalities in the bone marrow, respectively; therefore, no karyotype
information was available on these patients for prognostic scoring (International Prognostic
Scoring System)[11] or fully informed decision-making for therapy (e.g., if del(5q) then
consideration for lenalidomide).[12,13] Although the difference in 6-month survival was not
significant, non-registered patients received less health services than registered patients
within the first 6 months following diagnosis. Figure 1 further illustrates the decreased
service use that occurred during the calendar month of bone marrow biopsy and trends
stabilized by the second month. There were a small but statistically greater proportion of
non-registered MDS patients that had FISH testing of bone marrow as compared to the
registered MDS patient cohort (8.4% vs. 5.4%).

Along with lower resource utilization, total cost to Medicare was 11% ($2,499) lower
among the non-registered patients than the registered patients, and this difference is largely
attributable to Part B costs (physician services, outpatient care, and durable medical
equipment), which was 22% lower ($1,832).

Figure 2 provides a more complete description of the association between survival and
SEER registration. Overall, the median survival of older MDS patients diagnosed between
2001 and 2005 was 26 months after bone marrow biopsy. Among the registered patients,
cumulative median survival was lower than among non-registered MDS patients (18 months
vs. 28 months, P < 0.001). However, registered MDS patients were more likely to survive
the first 3 months after bone marrow biopsy compared to non-registered patients (0.837 vs.
0.812, P=0.095), but the difference was not statistically significant. Among the non-
registered MDS patients who were registered for AML (7.6% of the cohort) were less likely
to survive the first 3-months (0.566 vs. 0.832, P<0.001) than patients registered as MDS in
SEER. In summary, non-registered MDS patients had better median survival than registered
MDS patients, but were less likely to survive the first 3 months, particularly MDS patients
registered with AML (i.e., late-stage diagnoses).

Discussion
Considering the important use of cancer registry data in understanding MDS incidence and
outcomes,[3,4,14] we questioned whether the uncaptured MDS cases exhibited significantly
different characteristics than the registered cases. Using a validated claims-based algorithm,
we found that MDS patients not registered in SEER received fewer services, incurred less
costs and had better survival than SEER-registered MDS patients. Thus, the high number of
uncaptured MDS cases would have had a significant impact on cancer registry data.

Evidence of less resource utilization, decreased cost of care and better survival among non-
registered patients suggests that the majority of non-registered patients had a lower grade
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MDS that was less life threatening and required fewer services. A recent study of the
NAACCR showed that only 4% of the MDS incident cases were reported to registries by
physicians' offices, which is a surprisingly low proportion given that MDS is more
commonly diagnosed and managed outside the hospital setting.[4] The systematic bias in
population-based registration toward inpatient settings may explain why registered patients
appeared to require more medical intervention than non-registered patients.

Additionally, we found a subset (7.6%) of AML cases in the non-registered MDS cohort.
Based on the 2001 SEER guidelines, only one malignancy in the myeloid lineage was
registered. Therefore, it was possible for patients to present with AML after a history of
unregistered MDS. This co-registration is significant, as evidenced by the reduced survival
seen in the first 3 months of the non-registered MDS patients due to the AML subset. In
2010, SEER changed its guidelines and permitted the co-registration of acute and chronic
myeloid malignancies.

Several considerations must be made when interpreting claims data. First, the 2+BCBM
algorithm required that patients undergo bone marrow biopsy. However, bone marrow
pathology is not required for SEER registration. Therefore, comparisons between MDS
patients who do or may not undergo bone marrow biopsy could produce different outcomes
based on the patients' willingness to undergo this procedure and/or the physicians' adherence
to WHO and FAB recommendations. Second, service use, cost and survival estimates were
only generalizable to older Medicare beneficiaries after their thirteenth month of enrollment
and do not characterize MDS patients enrolled in Medicare Advantage or who are age 65 or
younger. Third, the claims-based analysis potentially missed tests and supportive care
services that were not covered by Medicare or under alternative codes. For example,
inpatient claims under the prospective payment system of Medicare Part A were classified
under 1 of approximately 500 diagnosis-related groups (DRGs) that were expected to have
similar hospital resource use. Because hospital payments were based on DRGs (e.g.,
pneumonia) and not on services, the use of services in the hospital setting may have been
censored. Injectable drugs, such as ESAs and G-CSFs, are typically reimbursed outside of
DRGs, and blood transfusions require specific blood charges that must be indicated as a
separate entry for inpatient claims; therefore, the potential for this type of censoring is
minimal. The use of drugs for the treatment of MDS, such as azacitidine and decitabine, was
not largely available until 2004. A key advantage of administrative data is 100% follow-up
for 3 years following diagnosis through the Social Security Administration data and the
transparency of the policy implications in terms of the expected costs to the Medicare
program.

From the perspective of the Medicare program, these results suggest that MDS incidence is
less costly than originally estimated based on SEER registered samples and that these costs
are occurred at a younger age, for a longer duration, and with more of an equal balance of
men and women. From the perspective of the SEER program, the interpretation of patterns
in MDS incidence and service use must account for biases incurred from the 2001
guidelines. However, the 2010 guidelines should improve the representativeness of this
sample. Also, greater resources are needed for cancer registries to pursue innovations in
outpatient registration such as continuous and targeted surveillance of Medicare records to
reduce the under-registration of lower grade MDS patients.
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Figure 1. Supportive Care by Month since Bone Marrow Biopsy and SEER Registration
Abbreviations: MDS, myelodysplastic syndrome. ESA, erythropoiesis-stimulating agents.
G-CSF, Granulocyte colony-stimulating factor
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Figure 2. Survival of MDS Patients by SEER Registration
Abbreviations: MDS, myelodysplastic syndrome.
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Table 2
Characteristics of Patients with Myelodysplastic Syndrome by SEER Registration*

SEER Registration

Registered Not Registered

Characteristics (N=2,757) (N=2,911) P

Age (years) in January 2001

[median (interquartile range)] 79 (74-83) 78 (73-83) 0.005

Gender, %

 Male 56.9% 48.3% <0.001

 Female 43.1% 51.7%

Race and Ethnicity,%

 White 89.6% 88.5% 0.411

 Black 5.2% 5.4% 0.799

 Other 1.1% 1.2% 0.731

 Asian 2.8% 3.0% 0.841

 Hispanic 1.1% 1.7% 0.247

 North American Native <0.4% <0.4% 0.855

 Unknown <0.4% <0.4% 0.571

Registered with acute myeloid leukemia <0.4% 7.6% <0.001

NOTE: P values represent group comparisons on weighted t-tests. Percentages less than 0.4% are suppressed to protect patient anonymity.

*
MDS Patients identified using validated claims-based algorithms.
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Table 3
Differences between Registered and Not Registered MDS Patients within 6 Months of
Bone Marrow Biopsy*

SEER Registration

Events within 6 months of Bone Marrow Biopsy Registered Not Registered

(N=2,757) (N=2,911) P

Survival, % 73.7% 74.8% 0.531

Cytogenetic Testing, %

 Karyotyping 51.8% 47.4% 0.033

 FISH 5.4% 8.4% 0.005

Supportive Care,%

 Blood Transfusion 59.6% 43.4% <0.001

 ESA 74.2% 63.6% <0.001

 G-CSFs 11.3% 6.4% <0.001

Cost to Medicare, $

 Total $ 24,249 $ 21,750 0.007

 Part A $ 13,427 $ 12,859 0.466

 Part B $ 10,822 $ 8,890 <0.001

Note: P values represent group comparisons on weighted t-tests.

Abbreviations: MDS, myelodysplastic syndrome. FISH, fluorescence in situ hybridization. ESA, erythropoiesis-stimulating agents. G-CSFs,
granulocyte colony-stimulating factors.

*
MDS Patients identified using validated claims-based algorithms.
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