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Abstract
Purpose: Since 2004, concerns about the safety of erythro-
poiesis-stimulating agents (ESAs) have resulted in label changes
and restrictions on their use. We examined changes in ESA use
and blood transfusions over time.

Methods: The SEER-Medicare database was used to identify
patients age � 65 years with breast, lung, prostate, ovary, or
colon cancer, diagnosed between 2000 and 2007, who had a
chemotherapy claim after their cancer diagnosis. We calculated
the mean number of ESA claims per patient per year. Follow-up
claims were available through 2008. We used multivariable logis-
tic regression models to analyze the association of ESA use and
extended ESA use with clinical and demographic variables.

Results: Among 121,169 patients identified, 46,063 (38%)
received an ESA. ESA use increased from 12.4% to 16.2% by

2006 and then decreased to 7.9% by 2008. Similarly, the mean
number of ESA claims per patient decreased steadily over the
entire timeframe. The annual percentage of patients undergoing
transfusion remained relatively constant (9% to 10%). In a Cox
proportional hazards time-dependent model, ESA use was pos-
itively associated with black race (odds ratio [OR], 1.11; 95% CI,
1.07 to 1.15), metropolitan location (OR, 1.17; 95% CI, 1.13 to
1.21), metastatic disease (OR, 1.39; 95% CI, 1.35 to 1.41), fe-
male sex (OR, 1.17; 95% CI, 1.14 to 1.20), � one comorbidity
(OR, 1.29; 95% CI, 1.25 to 1.32), and tumor type. The number of
denied claims increased over time.

Conclusion: Our study demonstrated a rapid decline in the
percentage of patients treated with ESAs after changes to reim-
bursement policy, but not after warnings about use. Reimburse-
ment restrictions of other overused or off-label drugs may help
reduce health care expenditures.

Introduction
In 1993, the US Food and Drug Administration (FDA) ap-
proved epoetin alfa, an erythropoiesis-stimulating agent (ESA),
for use in patients with cancer.1 Approval for darbepoietin, the
long-acting erythropoietin preparation, followed in 2002.2 The
FDA approvals of ESAs were based on the reduced RBC trans-
fusion requirements (27% v 52% of patients) demonstrated in
placebo-controlled trials comparing 12 weeks of ESA with pla-
cebo.1,2 As a result, uptake of ESAs was rapid.3 However, as
early as 1998, data began to emerge among patients with renal
failure suggesting increased thrombosis and decreased survival
among patients treated with ESAs.4 Subsequently, concern
were raised about the safety of ESAs in patients with cancer after
reports from several studies suggesting that ESA use was associ-
ated with poorer survival.5,6 As a result of this concern, several
regulatory efforts have been enacted to dissuade clinicians from
the off-label prescription of these medications.7

In 2004, the FDA convened an Oncologic Drugs Advisory
Committee (ODAC) meeting to address the safety of ESAs.
The result was the addition to the product label of information
on time to progression and survival. The FDA later convened
another ODAC meeting in 2007 based on additional results
from clinical trials.8 Recommendations to the FDA included
lowering the baseline hemoglobin for ESA initiation and re-
stricting the use of ESAs to indications on the label (Appendix
Table A1, online only). After the ODAC meeting, the Centers

for Medicare and Medicaid Services (CMS) issued a new cancer
coverage policy that included additional restrictions on both
the initiation and duration of ESA use. Furthermore, in 2010,
the FDA established a Risk Evaluation and Mitigation Strategy
(REMS) program to further improve evidence-based use, re-
quiring that patients be made aware of the drugs’ risks.9,10

Despite an increasing number of studies questioning the
safety of ESAs, use in the United States increased by 340%
between 2001 and 2005.9,11,12 It is estimated that annual Medi-
care expenditures for ESAs during this period exceeded $1 bil-
lion.13 However, despite the debate regarding the appropriate
use of ESAs, little is known about the effects of these regulatory
changes on ESA or transfusion use. We performed a popula-
tion-based analysis to determine the patterns and predictors of
ESA and transfusion use among Medicare beneficiaries with
cancer over time as these regulatory changes were promulgated.

Methods

Data Source
We analyzed data from the SEER-Medicare database.14 SEER
provides information on tumor histology, location, stage of
disease, treatment, and survival, along with SEER site of diag-
nosis and demographic and selected census tract–level informa-
tion on 26% of the population in the United States. The
Medicare database includes Medicare A (inpatient) and B (out-
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patient) eligibility status, billed claims, and diagnoses. These
two files are linked by unique patient identification numbers
and provide the ability to determine who has been treated with
an ESA and the dates of service. Exemption from the Columbia
University Institutional Review Board was obtained.

Cohort Selection
We identified all individuals age � 65 years who had a patho-
logically confirmed primary diagnosis of breast, prostate, colon,
lung, or ovarian cancer from January 1, 2000, through Decem-
ber 31, 2007, and who were treated with chemotherapy after
the cancer diagnosis. These cancers were thought to represent
common cancers for which ESAs are frequently used. We ex-
cluded patients who were enrolled in a non-Medicare health
maintenance organization or not covered by Medicare Parts A
and B over the same period.3 Patients who were enrolled in
Medicare because of end-stage renal disease and dialysis as well
as patients with other primary cancers were excluded. We also
excluded patients whose reporting source of death was autopsy
or death certificate, whose reason for entitlement was not age,
and whose date of death differed by � 3 months between SEER
and Medicare. Age at diagnosis was categorized into 5-year
intervals. We recoded the SEER marital status variable as mar-
ried, not married, or unknown, and the race variable as black,
white, or other. Patients were classified as having nonmetastatic
disease if they had stage 1 to 3 or locoregional cancer when they
were treated. They were classified as having metastatic disease if
they had stage 4 or distant cancer based on SEER historic stage
or recurrence.

Socioeconomic Status Score
We generated an aggregate socioeconomic status score from
education, poverty level, and income information from the
2000 census tract data, as described previously by Du et al.15

Patients’ scores were ranked on a scale of 1 to 5 using a formula
that incorporated education, poverty, and income weighted
equally, with 1 being the lowest value. Fifty-five patients lacked
sufficient information in � one category and were excluded
from the analyses.

Assessment of Comorbid Disease
To assess the prevalence of comorbid disease in our cohort, we
used the Klabunde adaptation of the Charlson comorbidity
index.16,17 Medicare inpatient and outpatient claims were
searched for diagnostic codes of the International Classification
of Diseases (ninth revision), Clinical Modification (ICD-9-
CM).18 Claims from 12 months before the cancer diagnosis
were considered. Each condition was weighted, and patients
were assigned a score based on the Klabunde Charlson index.17

Treatment Characteristics
We extracted information on chemotherapy from the date of
diagnosis from the Medicare files by searching the Level II
Healthcare Common Procedure Coding System codes, Current
Procedural Terminology (CPT) codes, ICD-9-CM diagnostic
and procedure codes, diagnostic-related group codes, and cen-

ter codes from physician claims files, hospital outpatient claims
files, and Medicare provider review files. Claims between the
years of 2000 and 2008 were included.

We searched for CPT and Level II Healthcare Common
Procedure Coding System codes corresponding to the ESAs
erythropoietin and darbopoietin (Q0136-7, Q4081, J0880-2,
and J0885-6) or blood transfusion (36430, 36455, 36512,
86890, 86927, 86999, 86930-2, P9010, P9016-7, P9020-2,
P9038-9, and P9040). Only outpatient ESA use was assessed.
All patients were classified as having received an ESA if their first
ESA claim was after they received their first chemotherapy treat-
ment. Patients were classified as having received a transfusion if
the first transfusion claim was within 30 days before cancer
diagnosis or at any time after. Use of ESA was categorized by the
number of claims per patient per year and the percentage of
patients alive in a given year or month who received an ESA and
chemotherapy. Patients were classified as having received below
or above the top quartile12 of the total number of ESA claims.
We determined the number of ESA claims denied by CMS
(National Claims History–denied physician claims) and calcu-
lated the percentage of ESA claims that were denied.

Statistical Analysis
Treatments with or without an ESA were compared using �2

tests, with respect to clinical and demographic variables. To
estimate overall use, we used multivariable logistic regression
models to evaluate the association between ESA use and clinical
and demographic variables. We performed a time-dependent
Cox proportional hazards analysis to account for differential
follow-up time to determine predictors of any ESA use.

The variables of interest in the models include age category
(65 to 69, 70 to 74, 75 to 79, or � 80 years), extent of disease
(metastatic or nonmetastatic), tumor type (colon, breast, lung,
prostate, or ovary), and race (black, white, or other), and year of
first chemotherapy. A sensitivity analysis was performed by al-
tering the number of claims for the outcome variables. We
performed a piecewise regression analysis using the percentage
of living patients who received an ESA per month as the out-
come, where the breakpoint was set as the date of the CMS
policy change (July 2007). The date of the CMS policy was
chosen as July 2007. All analyses were conducted using SAS
software (version 9.3; SAS Institute, Cary, NC). All statistical
tests were two sided, with an � of 0.05.

Results
Among 121,169 patients analyzed, 46,063 (38%) received an
ESA over the period of analysis. Of those who received ESAs,
12,358 (27%) had � 12 claims (top quartile). Annual ESA use
increased gradually from 12.4% in 2000 to 16.2% in 2006 and
then decreased to 7.9% by 2008 (51% reduction). During the
timeframe, 36,603 (30%) received a blood transfusion, and the
annual percentage of patients undergoing transfusion remained
relatively constant during this timeframe, ranging from 9% to
10%. Over the period of analysis, transfusion rates were highest
for patients with ovarian cancer (49%) and lowest for patients
with breast or prostate cancer (22% to 26%). Figure 1 shows
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the change in the percentage of patients with ESA claims per
month in relation to the regulatory meetings by ODAC and
CMS. We used monthly rates to represent the month that the
CMS regulations were in effect. We observed a discontinuity
and change in magnitude and direction of the slope observed at
the time of policy change. After a gradual increase, the percent-
age of patients who received an ESA dropped after July 2007.
The decline of ESA use over time was greatest for patients
with � 12 claims for ESAs (P � .01). At the peak of ESA use in
2006, the number of claims submitted was approximately
81,000. The number of claims per patient per quarter decreased
gradually over the entire time, whereas the percentage of ESA
claims that were denied payment increased from 6.7% in 2006
to 17.7% in 2008 (Fig 2).

Female patients were more likely than male patients to re-
ceive an ESAs (52% v 27%), and patients with metastatic can-
cer were more likely to receive an ESA compared with those
with nonmetastatic disease (44% v 29%). Patients with prostate
cancer were the least likely to receive an ESA (13%; Table 1).
The proportion of patients with each tumor receiving an ESA
did not change over time. In a multivariable analysis, ESA use
was positively associated with black race (odds ratio [OR], 1.18;
95% CI, 1.12 to 1.24), metropolitan location (OR, 1.25; 95%
CI, 1.19 to 1.31), being married (OR, 1.12; 95% CI, 1.09 to
1.16), metastatic disease (OR, 1.83; 95% CI, 1.78 to 1.88), and
female sex (OR, 1.32; 95% CI, 1.28 to 1.37). The effect of
tumor type was prominent in ESA use. Patients with ovarian
(OR, 2.41; 95% CI, 2.26 to 2.57) or lung cancer (OR, 1.82;
95% CI, 1.75 to 1.89) were more likely to receive an ESA
compared with patients with breast cancer (Table 1).

In a time-dependent Cox proportional hazard analysis ac-
counting for follow-up time, the trends were similar (Table 1).
We also evaluated prolonged ESA use (� 12 claims), prolonged
use was positively associated with black race (OR, 1.12; 95%
CI, 1.04 to 1.19), greater comorbidity (OR, 1.46; 95% CI,
1.39 to 1.54), and tumor type (OR, 2.09; 95% CI, 1.97 to
2.21; lung v breast cancer). Prolonged ESA use was negatively
associated with later year of treatment (data not shown). There

was a small but statistically significant interaction between year
and race, tumor type, and extent of disease.

Discussion
Our findings suggest that reimbursement policies instituted by
CMS resulted in a substantial decrease in ESA use over time,
without a significant change in the number of patients under-
going blood transfusion. Interestingly, black patients and fe-
male patients were more likely to receive any ESA as well as
prolonged ESA treatment. In addition, despite the rapid decline
in ESA use in 2007, there was also an increase in denied claims
among those submitted, suggesting possibly an even greater
impact of the policy in reducing ESA expenditures for CMS.

After initial approval of ESAs, their use increased dramati-
cally. In a prior study evaluating the use of ESAs between 1991
and 2002, the proportion of patients receiving ESAs increased
from 4.8% in 1991 to 45.9% in 2002. Of note, during this
period of rapid increase in ESA use, the rate of blood transfu-
sions per year remained constant.3 In response to the changing
guidelines, several institutions responded by establishing man-
agement tools for implementing best practices. A study from
MD Anderson Cancer Center (Houston, TX) reported that
between 2006 and 2008, before and after the implementation
of guidelines, ESA use decreased by 83%, and the number of
patients treated with an ESA decreased by 80%; the greatest
reductions were in use among patients with solid tumors and
patients with hemoglobin levels � 10 g/dL. In this single-insti-
tution study, transfusion rates increased from 7% to 9%.19 Our
data confirm the rapid decline in use of ESAs after reimburse-
ment policy changed and suggest that decreased ESA use had a
minimal impact on transfusion rates.

Prior data examining the patterns of ESA use have predom-
inantly focused on compliance with guidelines.9,20-25 The ma-
jority of these studies found fair to moderate compliance with
initiating ESAs in those with hemoglobin levels � 10
g/dL.9,21-25 An evaluation of patients in the United States
treated with an ESA between 2002 and 2006 noted that 24% of
patients who received an ESA had hemoglobin levels � 12
gm/dL.24 In previous studies by our group, we reported in-
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Figure 1. Percentage of patients with cancer who received erythropoi-
esis-stimulating agents (ESAs) per month in relation to regulatory
changes. CMS, Centers for Medicare and Medicaid Services; ODAC,
Oncologic Drugs Advisory Committee.
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creased use among women and black patients, likely because of
lower baseline hemoglobin levels.3 We also reported substantial
misuse of ESAs. A large number of patients received either an
ultra-short course of ESA treatment or prolonged-duration
ESA therapy, with 14% of patients continuing to receive ESA
treatment well after the completion of chemotherapy.24

Safety matters aside, the rapid rise and fall of ESA use is of
major concern from a public policy perspective. ESAs repre-
sented a major source of drug-associated health care expendi-
tures for many years. It is estimated that at their peak, Medicare
expenditures for ESAs were � $1 billion annually.13 Although
we do not know if the reductions in use resulted in changes in

Table 1. Multivariable Analysis of Factors Associated With ESA Use Among Elderly Patients With Cancer Undergoing Chemotherapy
(N � 121,169)

Factor

Total
Patients

No ESA
(n � 75,106;

62%)

ESA
(n � 46,063;

38%)

OR 95% CI HR 95% CINo. % No. % No. %

Age at diagnosis, years

65-69 27,505 23 16,031 58 11,474 42 Referent Referent

70-74 36,691 30 22,081 60 14,610 40 1.00 0.97 to 1.04 1.01 0.98 to 1.03

75-79 32,481 27 20,205 62 12,276 38 0.97 0.93 to 1.00 1.02 0.99 to 1.04

� 80 24,492 20 16,739 69 7,703 31 0.80 0.77 to 0.83 0.93 0.90 to 0.95

Race

White 103,903 86 64,025 61 39,878 38 Referent Referent

Black 9,429 8 5,869 62 3,560 38 1.18 1.12 to 1.24 1.11 1.07 to 1.15

Other 7,837 6 5,212 67 2,625 33 0.93 0.88 to 0.98 0.91 0.88 to 0.95

Sex

Female 51,928 43 24,867 48 27,051 52 1.33 1.28 to 1.37 1.17 1.14 to 1.20

Male 69,241 57 50,239 73 19,002 27 Referent Referent

Residence

Metropolitan 109,669 91 67,437 61 42,231 39 1.25 1.19 to 1.31 1.17 1.13 to 1.21

Nonmetropolitan 11,500 9 7,668 67 3,832 33 Referent Referent

Marital status

Married 71,492 59 44,962 63 26,530 37 1.12 1.09 to 1.15 1.05 1.03 to 1.07

Not married 41,392 34 23,689 57 17,703 43 Referent Referent

Unknown 8,285 7 6,455 78 1,830 22 0.86 0.81 to 0.92 0.86 0.82 to 0.90

SES, quintile

Lowest 14,811 12 9,500 64 5,311 36 Referent Referent

Second 22,988 19 14,594 63 8,394 37 0.99 0.95 to 1.04 0.98 0.94 to 1.01

Third 26,973 22 16,879 63 10,094 37 1.01 0.96 to 1.06 0.97 0.93 to 1.00

Fourth 26,849 22 16,562 62 10,287 38 1.02 0.97 to 1.07 0.97 0.94 to 1.01

Highest 29,493 24 17,534 59 11,959 41 1.07 1.02 to 1.13 0.99 0.95 to 1.02

Tumor stage

Nonmetastatic 48,755 40 34,447 71 14,308 29 Referent Referent

Metastatic 72,414 60 40,659 56 31,755 44 1.83 1.78 to 1.88 1.39 1.35 to 1.41

Tumor site

Breast 20,375 17 11,272 55 9,103 45 Referent Referent

Colon 17,787 15 10,510 59 7,277 41 0.94 0.90 to 0.99 1.04 1.00 to 1.07

Lung 36,114 30 15,231 42 20,833 58 1.82 1.78 to 1.88 2.43 2.36 to 2.50

Prostate 41,615 34 36,354 88 5,261 13 0.23 0.22 to 0.25 0.25 0.24 to 0.26

Ovary 5,278 4 1,739 33 3,539 67 2.41 2.26 to 2.57 2.43 2.34 to 2.53

Comorbidity score

0 78,441 65 50,257 64 28,184 36 Referent Referent

1 28,025 23 16,649 59 11,376 41 1.11 1.08 to 1.15 1.10 1.08 to 1.13

� 1 14,703 12 8,200 56 6,503 44 1.34 1.28 to 1.39 1.29 1.25 to 1.32

Year of first chemotherapy 1.02 1.01 to 1.02 1.02 1.01 to 1.02

Abbreviations: ESA, erythropoiesis-stimulating agent; HR, hazard ratio; OR, odds ratio; SES, socioeconomic status.
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patient quality of life, a recent study that modeled conservative
use of ESAs noted that ESAs were not cost effective and that the
incremental cost per quality-adjusted life-year gained with ESA
treatment was $267,000, compared with supportive transfu-
sions.26,27 Given the widespread use and misuse of ESAs, one
may question if these expenditures could have been avoided.

It is estimated that approximately 10% of all drugs that are
FDA approved subsequently receive a black-box warning, and
approximately 3% are subsequently withdrawn from the mar-
ket.28 A number of factors contribute to the problem, including
lack of postmarketing surveillance, inadequate clinician report-
ing of adverse drug reactions, and rapid early uptake of medi-
cations because of extensive pharmaceutical marketing.28 In
addition, the accelerated approval process has not mandated
postmarketing surveillance, and these drugs are often approved
with minimal adverse event information.29 One of the factors
that may have contributed to the rapid uptake of ESAs was
direct-to-consumer advertising, although there is little pub-
lished literature on this.

We acknowledge several important limitations of our study
and of the SEER-Medicare database in general.30 It is possible
that not all patients who received an ESA were captured with
Medicare claims. However, because of the substantial expense
associated with ESAs, we believe this misclassification is likely
minor. SEER-Medicare lacks data on hemoglobin levels.
Therefore, we could not calculate the number of patients who
received an ESA who had high hemoglobin levels. We were not
able to differentiate individual physician or practice patterns.
ESA use was associated in clinical trials with an improvement in
quality of life. We were unable to measure if changes in use
adversely affected patients’ well-being. Given the widespread
recognition of the safety concerns of ESAs, regulations culmi-
nated in 2010 with the development of the Amgen ESA AP-
PRISE program, requiring that physicians complete a special
training module, provide medication guides, discuss the risks,
benefits, and FDA-approved uses of ESAs with patients before
beginning treatment, and document this discussion. Our data
does not capture data through 2010; therefore we anticipate
there were further declines in ESA use after that date. Finally,

while we know that denied claims increased, we don’t know the
reason for the denial or the number that were appealed.

Our study demonstrated that recent changes to reimburse-
ment policy may have driven a more limited use of ESAs, with
coincident reductions in health care expenditures. However, it
is also possible that the regulatory burdens have dissuaded pro-
viders to use the medications in settings where there may be a
substantial benefit to patients. ESAs are not the only drugs that
are overused and misused, contributing to the growing financial
burden of cancer care. It is possible that restrictions on other
overused drugs may help reduce health care expenditures.
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Appendix

Table A1. Specific Changes After 2004 and 2007 FDA Evaluations of ESAs

Changes

2004

FDA required minor changes to product label to include information on response rates, time to disease progression, and OS in patients with solid tumors and
information on risk of thrombotic events and tumor promotion:

Black-box warning for cancer therapy

ESAs shortened OS and/or increased risk of tumor progression or recurrence in some clinical studies in patients with breast, non–small cell lung, head and
neck, lymphoid, and cervical cancers

To decrease these risks as well as risk of serious cardio- and thrombovascular events, use lowest dose needed to avoid RBC transfusion

Use ESAs only for treatment of anemia resulting from concomitant myelosuppressive chemotherapy

ESAs are not indicated for patients receiving myelosuppressive therapy when anticipated outcome is cure

Discontinue after completion of chemotherapy course

2007

CMS determined that ESA treatment for anemia secondary to myelosuppressive anticancer chemotherapy in solid tumors, multiple myeloma, lymphoma, and
lymphocytic leukemia is only reasonable and necessary under following conditions:

Hemoglobin level immediately before initiation or maintenance of ESA treatment is � 10 g/dL (or hematocrit � 30%)

Starting dose for ESA treatment is recommended FDA label starting dose: � 150 U/kg 3� per week for epoetin and 2.25 mcg/kg once per week for
darbepoetin alfa; equivalent doses may be administered over other approved periods

Maintenance of ESA therapy is starting dose if hemoglobin level remains � 10 g/dL (or hematocrit � 30%) 4 weeks after initiation of therapy and rise in hemo-
globin is � 1 g/dL (hematocrit � 3%)

For patients whose hemoglobin rises � 1 g/dL (hematocrit rise � 3%) compared with pretreatment baseline over 4 weeks of treatment and whose hemoglobin
level remains � 10 g/dL after 4 weeks of treatment (or hematocrit � 30%), recommended FDA label starting dose may be increased once by 25%;
continued use of drug is not reasonable or necessary if hemoglobin rises � 1 g/dL (hematocrit rise � 3%) compared with pretreatment baseline by 8
weeks of treatment

Continued administration of drug is not reasonable or necessary if there is rapid rise in hemoglobin � 1 g/dL (hematocrit � 3%) over 2 weeks of treatment,
unless hemoglobin remains below or subsequently falls to � 10 g/dL (or hematocrit � 30%); continuation and reinstitution of ESA therapy must include
dose reduction of 25% from previously administered dose

ESA treatment duration for each course of chemotherapy includes 8 weeks after final dose of myelosuppressive chemotherapy in chemotherapy regimen

NOTE. Data adapted.7

Abbreviations: ESA, erythropoiesis-stimulating agent; FDA, US Food and Drug Administration; OS, overall survival.
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