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Abstract

Introduction—Erythropoiesis-stimulating agents (ESAs) reduce red blood cell (RBC)
transfusions in approximately 40% of patients with myelodysplastic syndrome (MDS) in clinical
trials. We studied the association of timing of ESA initiation, agent (epoetin alfa, darbepoetin) and
number of weeks of ESA use with response in MDS patients in routine practice.

Methods—~Patients diagnosed with MDS from 2001-2005 were identified in the Surveillance
Epidemiology and End Results-Medicare linked database. The study cohort consisted of patients
with new-onset transfusion dependence (TD). All patients received an ESA at least once during
the study period, which began the week that criteria for TD were met and continued until
transfusion independence (T1). Kaplan-Meier statistics and Cox Proportional Hazard models were
used to assess relationships between time to ESA initiation, agent and number of weeks of ESA
use and TI attainment.
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Results—Of 610 TD patients treated with ESAs, 210 (34.4%) achieved TI. Median time from
ESA initiation to TI was 13 weeks. Shorter time from TD to ESA initiation and use of darbepoetin
were associated with higher probability of achieving TI. The probability of achieving T1 decreased
beyond 8 weeks of treatment, and was very low beyond 16 weeks (8-15 weeks: HR=0.64, 16-31
weeks: HR=0.25, 32+ weeks HR=0.10).

Conclusions—In this observational, population-based study, variations in ESA administration
impacted response in transfusion-dependent MDS patients, with higher response rates with early
administration and use of darbepoetin, and low response likelihood in non-responders beyond 16
weeks of therapy.
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1. INTRODUCTION

Anemia is present in at least 85% of patients with myelodysplastic syndromes (MDS) at
diagnosis [1], and significantly impacts quality of life. Erythropoiesis-stimulating agents
(ESAs) ameliorate anemia associated with MDS in approximately 20% of unselected
patients and 40% of lower-risk patients [2, 3]. Response rates may be improved by selecting
patients with low endogenous serum erythropoietin levels and low transfusion burden and
by co-administering granulocyte colony-stimulating factor (G-CSF) [4-6].

While ESAs are commonly administered to MDS patients [7, 8] and a randomized phase Il
trial provided evidence of efficacy compared to best supportive care in lower-risk disease
[9], MDS remains an unapproved indication for these agents. Most published trials of ESAs
in MDS have used significantly higher doses of epoetin alfa than those used for other
indications, in the range of 40,000-80,000 U/week [10, 11]. Thus response rates in routine
practice may be lower than those reported in clinical trials if labeled dosing instructions for
other indications are followed. The timing of ESA initiation may also affect response rates,
as a shorter time interval between diagnosis and treatment with ESAs has been correlated
with increased response rates [12]. Finally, the value of continuing ESAs in the absence of
an early response is unclear. Treatment guidelines recommend modifying therapy in patients
who have not manifested an increase in hemoglobin level or a decrease in red blood cell
(RBC) transfusion requirements after ESA administration for 6 to 8 weeks [13, 14].

We used cancer registry data linked to Medicare claims to study the impact of variations in
ESA administration on treatment response. Because the Surveillance Epidemiology and End
Results (SEER)-Medicare database does not include data on blood counts, we limited the
study population to patients receiving RBC transfusions and measured the impact of ESA
therapy on cessation of transfusions.
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2. METHODS

2.1 Study Population

MDS cases newly reported between 2001 and 2005 were identified from SEER data
matched to Medicare enrollment and claims files [15]. Patients were required to have =1
claim for an ESA while transfusion-dependent (TD), as defined below. Patients were
excluded if they had a history of chronic renal failure, if the diagnosis or death dates were
not recorded, if they were not continuously enrolled in Medicare Parts A and B, or were
enrolled in Medicare Advantage during the 12 months prior to, or any time after, diagnosis.

2.2 Study endpoints

A weekly measure of transfusion status was created based on the frequency and timing of
claims for RBC transfusions over an 8-week period consisting of the current and preceding 7
weeks. Patients were categorized as TD if they had > 2 weeks with a claim for RBC
transfusion(s), with any two claims separated by at least two weeks. For example, a patient
who received RBC transfusions during weeks 1, 2, and 4 would be considered transfusion-
dependent, but a patient who received RBC transfusions only during weeks 1 and 2 would
not. Patients were classified as transfusion-independent (TI) during 8-week periods in which
they received no transfusions. This algorithm was repeated for every week of follow-up
from MDS diagnosis. As it would be expected that anemia management would be initiated
on or before acceleration of transfusion need, patients with claims for ESAs prior to TD (the
look-back period) were included (Figure 1).

The primary study endpoint was achievement of TI. The observation period for the study
began the first week in which an RBC transfusion defining TD occurred and ended at the
earliest of the following: (1) achievement of T, or censoring at (2) week 52, (3) 4 weeks
prior to death, or (4) December 31, 2007 (Figure 1).

2.3 ESA utilization measures and covariates

ESA utilization was calculated from weekly indicators of claims for an ESA product. Three
variables were created from the weekly ESA claims measures: (1) the time from the
beginning of TD to first observed ESA, (2) use of epoetin alfa, darbepoetin, or both; and (3)
duration of ESA use, calculated by summing the weeks an ESA was received. We also
characterized patients (yes/no) based on whether they had a claim for a serum erythropoietin
determination, or any of the following while TD: G-CSF, hypomethylating agents
(azacitidine or decitabine), or chemotherapy. We classified patients into lower-risk
[refractory anemia, refractory anemia with ringed sideroblasts, refractory cytopenia with
multilineage dysplasia or MDS with del(5q)], higher-risk (refractory anemia with excess
blasts), therapy-related MDS, and MDS not otherwise specified (NOS). Demographic
characteristics were abstracted from the SEER database; comorbidities were captured from
diagnoses on claims.

2.4 Statistical analysis

The distribution of clinical characteristics during the study period and study covariates were
compared between patients who did or did not achieve TI using Chi-square tests. Kaplan-
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Meier life tables and survival curves were constructed to illustrate the association between
ESA utilization measures and study outcome. Differences by ESA utilization were tested for
statistical significance (p<0.05) using the log rank test. Cox proportional hazards models
were used to calculate hazard ratios (HR) for the study outcome, adjusting for covariates.
Models examined the impact of choice of agent (epoetin alfa versus darbepoetin) and
number of weeks of ESA use on the study outcome. As we did not expect a linear response
between duration and likelihood of response, we grouped the ESA duration values into 8-
week ranges. They included a variable to adjust for the time to initiation of ESA therapy
following TD onset.

3. RESULTS

A total of 8,312 patients in the linked SEER-Medicare database had an MDS diagnosis.
Among them, 2,024 had at least one TD episode. Within this group, 610 received ESAs
while TD and comprise the study cohort. Patient characteristics are summarized in Table 1.
The average age was 78.2 years (SD+7.78) and 56.9% were male. The majority (91.3%)
were classified as “white” race. There was an approximately equal distribution of higher-
and lower-risk MDS patients (25.1% and 27.9%, respectively), while 47.1% were classified
as MDS-NOS or therapy-related MDS and could not be assigned a risk category.
Comorbidities were common in this older population, particularly ischemic heart disease
(35.7%), chronic obstructive pulmonary disease (COPD, 19.8%), and diabetes mellitus
(17.5%). Among the 610 patients, 239 (47.4%) received less than 8 weeks of ESA therapy,
198 (32.5%) 8-15 weeks, 87 (14.3%) 16-31 weeks, and 36 (5.9%) more than 32 weeks until
Tl or censoring (Table 2). Most patients (79.5%) received epoetin alfa, while 12.1%
received darbepoetin and 8.4% received both.

The median time from beginning of TD to first observed ESA was 4 weeks for all patients
(data not shown), and there was no difference between patients receiving epoetin alfa and
darbepoetin. Tl was achieved in 210 (34.4%) patients, and the median time from ESA
initiation to T1 was 13 weeks. Among darbepoetin users, 47% (35/74) achieved TI,
compared to 33.6% (163/485) of epoetin alfa users. Among the entire population, ESAs
were administered an average of 11.0 (SD+10.43) weeks until TI or censoring. Among
patients who achieved T, 50% achieved TI after <8 weeks of ESA, 36.7% after 8—15 weeks
and 13.4% after receiving more than 15 weeks (Table 2). Patients who achieved TI or were
censored within less than 8 weeks of ESA use had the fastest median time to T1 and the
greatest likelihood of achieving TI in the hazard model after adjusting for age, sex, race,
MDS risk category, time to ESA initiation and concurrent use of other therapies (Figure 2,
Table 3). Using this group as a comparator, the HR for achieving T1 was 0.64 for patients
receiving 8-15 weeks, 0.25 for patients receiving 16-31 weeks, and 0.10 for patients
receiving more than 31 weeks (p<0.01 for each, Table 3). Longer time from TD to initiation
of ESA (HR 0.96 per week, 95% CI 0.94-0.99) predicted for lower rates of TI.

When patients who received both epoetin alfa and darbepoetin were excluded from the
multivariable analysis, the results did not change substantially (Table 3). Using this model,
198 patients (35.4% of the cohort) achieved T and use of epoetin alfa was associated with a
lower likelihood of achieving T compared to darbepoetin (HR 0.67, CI 0.46-0.99, p=0.04).
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The curves representing patients remaining transfusion-dependent overlap closely early on,
but separate permanently at approximately 20 weeks (Figure 3). The median time from TD
to T1 was 31 weeks for darbepoetin, but was not reached for patients receiving epoetin alfa
(log rank p=0.053). A landmark analysis of patients who remained TD, analyzed at 20
weeks, showed that darbepoetin was associated with a shorter time to TI achievement
(Figure 4).

4. DISCUSSION

ESAs are an established therapeutic option for the treatment of MDS-related anemia and are
widely used, despite lack of formal FDA labeling [7]. While ESAs have been shown to
increase hemoglobin levels and reduce transfusion need in clinical trials, the impact of ESA
use on transfusion dependence has not been examined in a large population-based cohort.
Focusing on transfusion-receiving patients, because claims data do not include measures of
hemoglobin, this study indicates that approximately one-third of TD patients treated with
ESAs ultimately achieved T, after receiving ESAs a median of 13 weeks from the start of
the look-back period. Shorter time from onset of TD to ESA use was associated with higher
rates of TI. Patients had higher rates of Tl early in ESA therapy; prolonged administration in
the absence of an early response was not likely to yield later responses.

Although direct comparisons across studies are difficult due to differences in patient
selection criteria, the 34.4% rate of TI is similar to the rates reported in prospective clinical
trials [9, 11, 16-19]. The baseline demographics in our study were similar to the expected
profile of the MDS population, but we recognize that we may have captured some patients
with alternative diagnoses due to the nature of the SEER-Medicare database and its reliance
on physician coding. Our study included a significant proportion of patients with
characteristics that predict poor response to ESAs. All of our patients were TD by definition,
requiring at least 2 transfusions over an 8-week period, and heavy transfusion dependence is
associated with poor response [4, 6]. Only 34.8% of patients had a baseline serum
erythropoietin level measured, and thus patients were largely not selected for ESA therapy
based on low erythropoietin levels; however, serum erythropoietin levels greater than 200 at
presentation were relatively rare in multiple studies [9, 12, 20]. The number of patients with
extremely high erythropoietin levels is therefore expected to be low in our large population
study, and may partially contribute to the lack of effect on TI seen on multivariable analysis.
Finally, at least 25% of patients were reported to have higher-risk disease (by WHO
classification) in our study. There was a trend toward a decreased likelihood of achieving Tl
in these patients, consistent with prior reports [12].

The current analysis supports a strong correlation between rapidity of response and
likelihood of response. TI was achieved after ESA administration for a median of 13 weeks,
and only a small percentage of patients achieved TI after 31 weeks of administration.
Similarly, Terpos and colleagues examined the impact of 26 weeks of EPO administration in
281 MDS patients [21], including 72 TD patients, and found that the rate of hematologic
improvement-erythroid-major (termed complete erythroid response in this publication)
increased from 7.8% at 12 weeks to 27.4% at 26 weeks. Although it is possible that some of
our patients who eventually achieved TI first demonstrated decreased transfusion
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requirements within the first 8 weeks, our data, along with those of Terpos et al., suggest
that continuing a trial of ESAs may sometimes be beneficial even when little or no change in
hemoglobin is observed in the initial 8 to 12 weeks. This contrasts with current guidelines
from the National Comprehensive Cancer Center Network (NCCN) [13] and the European
Leukemia Net (ELN) [14], which recommend modifying therapy if no response is achieved
within 8 weeks. However, patients who did not demonstrate a response after 16—-31 weeks
from the look-back period had a HR of only 0.25 for achieving T, and it decreased further
to 0.10 beyond 31 weeks. Continuing ESAs beyond these time points is unlikely to result in
clinical benefit. A substantial proportion of our patients received therapy beyond 16 weeks,
but this was expected, as we previously showed important gaps between ESA practice
patterns and current guidelines [7]. Although the clinical data from our study are still
relevant, practice patterns have likely changed over time and ESA use in MDS has
decreased after the implementation of the National Coverage Determination in August 2007,
restricting ESA coverage in non-MDS patients [22].

To our knowledge, only one prospective clinical trial, conducted by the Scandinavian MDS
Group, has examined the association between time to ESA initiation and response to therapy
[16]. In this phase Il study, 50 evaluable patients were randomized to the combination of
erythropoietin beta and 2 different schedules of G-CSF. The overall response rate was 38%,
and was nearly identical in both arms. Long-term follow-up revealed that the median time
from diagnosis to initiation of therapy was 6.5 months, and that this variable had no
association with response to treatment, response duration, or survival. This contrasts with
our findings and those of a retrospective study from the Groupe Francophone des
Myélodysplasies [12] showing that earlier ESA initiation was associated with better
response. Our findings may in part reflect the focus on patients initiating therapy while TD
in our study, so that delay in ESA initiation increases the exposure to transfusions.
Alternatively, a long delay to initiation may be associated with poor access to care, which
may have independent effects on ESA administration patterns and outcomes. Finally, G-CSF
was given alone for 4 weeks prior to combination therapy with erythropoietin in the delayed
arm of the Scandinavian clinical trial, which may have impacted responses.

Although a much smaller percentage of patients were administered darbepoetin rather than
epoetin-alfa, possibly due to physician unfamiliarity with a new product, the use of
darbepoetin was associated with a greater likelihood of response in our study. We observed
an apparent divergence in response to the two ESAs after 20 weeks, highlighted by the
landmark analysis. A small number of darbepoetin-treated patients achieved the study
endpoint after 31 weeks of exposure, while responses in the epoetin-alfa-treated patients
plateaued by this point. Doses of epoetin alfa could not be assessed in our study, thus it is
possible that inadequate dosing may have contributed to lower response rates and apparent
inferiority to darbepoetin, as higher dosing may help to counteract intrinsic resistance of
MDS erythroid precursors to epoetin alfa [23]. Based on our results and a large meta-
analysis showing comparable efficacy of the two agents [5], darbepoetin is likely at least as
effective as epoetin-alfa.

Myeloid growth factors, chemotherapy or hypomethylating agents did not impact the
likelihood of ESA response in our study, although the number of patients receiving these

Leuk Res. Author manuscript; available in PMC 2016 June 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Duong et al.

Page 7

therapies concurrently was low. Recent data regarding the use of lenalidomide or
hypomethylating agents with ESAs suggest that erythroid response rates can be augmented
by combination therapy, and this is currently the subject of prospective studies [24, 25].
Because this was an observational study based on Medicare claims data, it is difficult to
identify how, when, and why these therapies were combined with ESAs. We previously
showed in a similar patient population that 13.8% of MDS patients received concurrent G-
CSF during the initial ESA episode. Although only 10.6% of patients with RARS (a
population with lower response rates to ESAs alone) received concurrent G-CSF, the
duration of use was longest in patients with this specific subtype of MDS. We were also
limited to studying drugs and services that were covered under insurance in the current
study. Some prescription medications currently used to treat MDS, such as lenalidomide,
became available toward the end of our observation period. Additionally, the SEER-
Medicare data base for the study years does not include drugs covered by Medicare Part D,
and we recognize that we may have failed to observe lenalidomide use in patients who
qualified for the study in 2005-2007.

Although lenalidomide has now largely supplanted ESAs in the initial management of
anemia in del(5g) MDS patients, up to 50% of patients with this cytogenetic abnormality
respond to ESAs [12, 26]. Current guidelines from both NCCN and the ELN consider ESAs
to be a reasonable first-line treatment option in del(5q) patients, especially in patients with
low endogenous erythropoietin levels and low transfusion-dependence [13, 14]. Therefore,
although our data date back to 2007, our results are still applicable in the Ienalidomide era.
In fact, by choosing to study this earlier time period, we avoid issues associated with
selection of some patients to receive other therapies prior to ESAS.

4. CONCLUSIONS

In summary, our data demonstrate that ESAs, as prescribed in the U.S. Medicare population,
lead to significant hematologic benefit in approximately one-third of transfusion-dependent
MDS patients. Response rates in Medicare patients outside the context of a clinical trial
appear to be comparable to those previously reported in prospective studies. Our data
support early initiation of ESA following onset of TD. Since we could only study TD
patients due to the nature of the data available in the SEER-Medicare data base, our data do
not address timing of ESA initiation prior to onset of TD. Importantly, we documented the
relationship between duration of therapy and probability of response, finding that 87% of
responses occurred among patients with 15 weeks or less of therapy. The absence of large
numbers of conversions from non-responders to responders after 15 weeks of ESA
administration may help to inform both clinical practice guidelines and policies related to
reimbursement of ESA therapy. Although a cost-savings analysis was beyond the scope of
our study, substantial health-care savings are possible if ESAs are no longer reimbursed in
non-responders after 16 weeks.
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Look-back period (8 weeks)

1 RBC TD Start |Achieve T | _Time,
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Observation Period RBC: red blood cell transfusion
(w eeks) TO: transfusion dependent

TI: transfusion independent

Figure 1. Study Design
The observation period for the study began the first week in which an RBC transfusion

defining TD occurred and ended at the earliest of the following: (1) achievement of TI, or
censoring at (2) week 52, (3) 4 weeks prior to death, or (4) December 31, 2007. By
definition, the RBC transfusion defining TD initiation occurred within the prior 8 week
(look-back) period. We censored the observation period 4 weeks prior to death so that we
did not incorrectly assign achievement of TI to patients for whom RBC transfusions were
discontinued in anticipation of death.
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Figure 2.
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Unadjusted Kaplan-Meier curve showing percentage of transfusion-dependent patients by
weeks with ESA administration (N=610).
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Figure 3.
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Unadjusted Kaplan-Meier curve showing the percentage of transfusion-dependent patients

by ESA administered (N=559).
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Figure 4. Landmark analysis of patients who remained TD at 20 weeks by ESA administered
Darbepoetin was associated with a shorter time to TI achievement.
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Patient Characteristics (N=610)

Characteristics N %
Age (years)
<65 16 2.6
65-74 160 26.2
75-84 318 521
85+ 116  19.0
Sex
Male 347 56.9
Female 263 431
Race
White 557 913
Black 17 28
Other 36 59
MDS risk category
Low-risk 170 279
High-risk 153 25.1
Risk not specified 287 471
Comorbidities
Congestive heart failure 87 143
Ischemic heart disease 218 357
Peripheral vascular disease 39 6.4
Cerebrovascular disease 30 49
Myocardial infarction 32 53
Diabetes or diabetes with complications 107 17.5
Chronic obstructive pulmonary disease 121  19.8
Rheumatologic disease 20 3.3
Depression or schizophrenia 38 6.2
Alzheimer’s disease 30 49
Ulcer 15 25

Low-risk (RA, RARS, RCMD, 5q del); High-risk (RAEB); Risk not specified (Therapy-related MDS and MDS, NOS)
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