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ABSTRACT

Purpose. Safety concerns raised in the recent oncology
trials with erythropoiesis-stimulating agents (ESAs)
have led to regulatory restrictions on their use. We
wished to determine the impact of these changes on the
use of ESAs and RBC transfusions.

Methods. In a retrospective observational study of pa-
tients treated at a comprehensive cancer center in 2006–
2008, data on all ESA doses dispensed, RBCs
transfused, and hemoglobin levels on the days of trans-
fusions and ESA initiations were analyzed.

Results. Compared with 2006, the total patients
treated was 14% higher (28,339 versus 24,806) in 2007
and 22% higher (30,254) in 2008. Patients receiving
ESAs decreased by 26% and 61%, and ESA units dis-
pensed decreased by 29% (from 30,206 units to 21,409
units) and 80% (6,102 units) in 2007 and 2008, respec-

tively. However, RBC transfusions increased by only
2% (from 38,218 units to 38,948 units) in 2007 and by
8% (41,438) in 2008. The mean hemoglobin on the day
of transfusion was the same for each year (8.4 g/dl);
however, an increasing proportion of patients initiated
ESAs at lower hemoglobin (<10 g/dl) levels. After ad-
justing for demographics and diagnostic variables for 3
years (n � 83,399), a multivariate logistic regression
showed a significant decline in ESA use (p < .0001)
without an increase in RBC transfusions.

Conclusions. Recent ESA safety concerns and regula-
tory restrictions have significantly decreased ESA use.
The lack of a significant impact on transfusions may be
related to a lower hemoglobin threshold used to initiate
ESAs or treatment of patients less likely to respond. The
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INTRODUCTION

Anemia is a frequent side effect in cancer patients receiving
chemotherapy [1, 2]. Erythropoiesis-stimulating agents
(ESAs) have been approved for the treatment of anemia in
patients with nonmyeloid malignancies undergoing chemo-
therapy, based on their ability to significantly reduce the
proportion of patients requiring RBC transfusions [3, 4].
Since the approval of two preparations in the U.S. (epoetin
alfa in 1993 and darbepoetin alfa in 2002) and several prep-
arations in other parts of world, ESAs have been widely
used to improve hemoglobin levels, reduce transfusions,
and reduce symptoms of anemia. Several studies have
shown the ability of ESAs to increase hemoglobin levels
and decrease the need for transfusions; some of these stud-
ies suggested an improvement in quality of life (QOL)
[5–11]. However, the U.S. Food and Drug Administration
(FDA) has not felt that the studies support a claim of an im-
provement in QOL; thus, an impact from ESAs on QOL re-
mains, at best, controversial.

Recently, several studies have reported shorter survival,
tumor progression, and/or a higher risk for thromboembolic
events in cancer patients receiving ESAs [12–21]. In these
studies, ESA dosing was targeted to achieve and maintain a
hemoglobin level �12 g/dl in an attempt to have a positive
treatment outcome. Although the mechanisms for possible
adverse effect of ESAs on tumor progression and survival
and their relationship to hemoglobin concentration have not
been established, emerging safety concerns with ESAs led
to various regulatory restrictions in 2007, including na-
tional coverage determination by the Centers for Medicare
and Medicaid Services (CMS) and FDA black box warn-
ings [22–26].

In March 2007, the FDA modified the label to include a
black box warning describing the thromboembolic and
mortality risks associated with ESA use targeted to hemo-
globin levels �12 g/dl [22, 23]. Physicians were advised to
administer the lowest ESA dose sufficient to avoid transfu-
sions. In August 2007, the CMS implemented cancer-re-
lated national coverage determination, restricting the
initiation of ESAs to a hemoglobin level �10 g/dl, target
hemoglobin of 10 g/dl, and treatment duration �8 weeks
after chemotherapy completion [24]. The black box warn-
ing was updated in Nov 2007 to indicate that ESAs short-
ened overall survival and/or time to tumor progression in
clinical studies in breast, non-small cell lung, head and
neck, lymphoid, and cervical cancers when dosed to a target
hemoglobin level �12 g/dl [25–27]. The black box warning
also indicated that the risks for shorter survival and cancer
progression are not excluded with ESAs dosed to a target
hemoglobin level �12 g/dl. In July 2008, the ESA label was
revised to indicate that ESAs should not be administered

until hemoglobin levels are �10 g/dl and are not indicated
when the anticipated outcome of therapy is cure [26–28,
29].

These regulatory changes have raised concerns among
clinicians that restricting ESA use would increase the need
for blood transfusions, strain the nation’s blood supply, and
lower the QOL of cancer patients [30–33]. Using a simula-
tion model, a recent study predicted that limiting ESA use
for chemotherapy-induced anemia would impose consider-
able pressure on the available blood supply margin [30].
We, therefore, sought to determine the impact of recent
safety concerns and regulatory changes on ESA use and
RBC transfusions at our comprehensive cancer center dur-
ing 2006, prior to regulatory changes, and during 2007 and
2008, when the product labels were revised and the ESA
reimbursement policy became more restrictive. We report
here the usage patterns of ESAs, RBC transfusions, and
threshold hemoglobin levels for transfusions and ESA ini-
tiation during these periods.

METHODS

Patients and Methods
We reviewed the data from patients treated at our cancer
center between January 2006 and December 2008. Patients
on active treatment were defined as patients who received
any of the following: in-patient admission, emergency cen-
ter visit, blood transfusion, surgery, chemotherapy, radia-
tion therapy, and other therapy for cancer. Hyperion�

Interactive Reporting Studio Version 9.3.1.0.0.248 Win-
dows XP (Oracle Corporation, Redwood Shores, CA) was
used to retrieve data regarding demographics, cancer diag-
nosis, the patient’s primary hospital service, insurance, dis-
tance from the hospital, and treatment dates. Tables were
created to determine the number of unique patients (each
patient counted once) treated in each year and in each
month.

To determine the total RBC units transfused and ESA
units dispensed, all treatments given with ESAs and trans-
fusions were analyzed. The ESA usage data for both darbe-
poetin alfa and epoetin alfa were collected for all doses
dispensed in in-patient units, the ambulatory treatment cen-
ter, and out-patient pharmacy areas. The doses of both
drugs were standardized into a single unit, whereby one
ESA unit is equivalent to 40,000 units of epoetin alfa or 100
�g of darbepoetin alfa. The acquisition cost of each pre-
scription at the time of dispensing was extracted and ad-
justed to January 2008 dollar values using the producer
price index adjustment factor for pharmaceutical products
from the U.S. Bureau of Labor Statistics. Information on
RBC transfusions administered during this study period
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Table 1. Patient characteristics

Year 2006, n (%) Year 2007, n (%) Year 2008, n (%)

n of patients 24,806 28,339 30,254

Age (mean � standard deviation) 57.4 � 15.9 57.4 � 16.0 57.4 � 16.0

Gender

Male 12,195 (49.2) 14,112 (49.8) 14,946 (49.4)

Female 12,611 (50.8) 14,227 (50.2) 15,308 (50.6)

Race

White 18,029 (72.7) 20,822 (73.5) 22,110 (73.1)

Black 2,596 (10.5) 2,797 (9.9) 2,980 (9.8)

Hispanic 3,089 (12.4) 3,386 (11.9) 3,653 (12.1)

Other 1,092 (4.4) 1,334 (4.7) 1,511 (5.0)

Cancer diagnosis

Common solid tumors 13,245 (53.4) 14,960 (52.8) 15,694 (51.9)

Breast 3,011 (12.1) 3,374 (11.9) 3,581 (11.8)

Prostate 1,521 (6.1) 1,898 (6.7) 1,852 (6.1)

Lung or bronchus 1,309 (5.3) 1,464 (5.2) 1,491 (4.9)

Colorectal 1,177 (4.7) 1,240 (4.4) 1,355 (4.5)

Central nervous system 1,065 (4.3) 1,253 (4.4) 1,296 (4.3)

Sarcoma 1,038 (4.2) 1,154 (4.1) 1,176 (3.9)

Melanoma 810 (3.3) 1,067 (3.8) 1,131 (3.7)

Renal 674 (2.7) 720 (2.5) 751 (2.5)

Uterus 587 (2.4) 616 (2.2) 688 (2.3)

Pancreas 476 (1.9) 523 (1.9) 579 (1.9)

Ovary 435 (1.7) 458 (1.6) 498 (1.6)

Urinary bladder 399 (1.6) 466 (1.6) 471 (1.6)

Liver, gall bladder, and ducts 304 (1.2) 284 (1.0) 350 (1.2)

Esophagus 281 (1.1) 286 (1.0) 298 (1.0)

Gastric 158 (0.7) 157 (0.6) 177 (0.6)

Hematologic malignancies 3,556 (14.3) 3,912 (13.8) 4,696 (15.5)

Leukemia 1,616 (6.5) 1,790 (6.3) 2,466 (8.1)

Lymphoma 1,497 (6.0) 1,633 (5.8) 1,722 (5.7)

Myeloma 433 (1.8) 489 (1.7) 508 (1.7)

Multiple tumors 4,199 (16.9) 4,689 (16.6) 4,525 (15.0)

Rare tumors 2,746 (11.1) 3,265 (11.5) 3,593 (11.9)

Othera 1,060 (4.3) 1,513 (5.3) 1,746 (5.7)

Insurance

Private 13,548 (54.6) 15,938 (56.2) 17,287 (57.1)

Medicare/Medicaid 7,002 (28.2) 7,871 (27.8) 8,144 (26.9)

Self-pay 1,656 (6.7) 1,656 (5.8) 1843 (6.1)

Indigent 259 (1.0) 296 (1.0) 183 (0.6)

Unknown 2,341 (9.4) 2,578 (9.1) 2,797 (9.3)

Residence

Houston 9,926 (40.0) 11,459 (40.4) 12,187 (40.2)

Rest of Texas 7,140 (28.8) 8,082 (28.5) 8,560 (28.3)

(continued)
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was obtained from the blood bank database. Hemoglobin
values for patients receiving transfusions and ESAs were
obtained from the laboratory medicine database. The re-
search protocol was approved by the institutional review
board.

Statistical Methods
Patient characteristics were summarized using the mean (�
standard deviation) for continuous variable and frequency
(percentage) for categorical variables. �2 tests were used to
assess differences in the proportion of patients receiving
chemotherapy, the proportion of patients receiving ESAs,
and the proportion of patients receiving RBCs among the 3
years 2006–2008. Piecewise linear models were fitted to
assess whether or not there was any change point during the
36-month period for the variables of interest, which in-
cluded the total adjusted ESA units dispensed, total number
of RBC transfusions, total number of patients treated during
the period, mean hemoglobin level on the day of transfu-
sion, proportion of ESA-receiving patients requiring RBC
transfusions, and proportion of RBC-transfused patients re-
ceiving ESAs [34]. When fitting a piecewise linear model
to each of the variables, the change point was treated as a
random quantity and was estimated based on the fitted
model, along with the intercepts and slopes for the two
pieces of straight lines before and after the change point.
Ninety-five percent confidence intervals (CIs) were also
provided for the two slopes and the Wald test was used to
assess the statistical significance of the change in slope.
Multiple logistic regression models were fit for the indica-
tors of ESA use or RBC transfusion use in order to assess
change in these usages over time while adjusting for other
patient demographics and clinical characteristics. All statis-
tical analyses were carried out in SAS (version 9.1.3, SAS
Institute, Cary, NC), and all tests were two-sided.

RESULTS

Number of Unique Patients Treated and
Patient Characteristics
During the 3-year time period January 2006 to December
2008, we recorded the total number of unique patients
treated in each year at this institution, including chemother-
apy, radiation treatment, surgery, transfusions, and other
treatments (Table 1). Patient characteristics, including age,
gender, race, insurance type, distance from the hospital, and
type of diagnosis, were similar over the 3-year period. The
total number of unique patients who received treatment at
the MD Anderson Cancer Center increased by 14% in 2007
and 22% in 2008, from 2006 (24,806 patients in 2006,
28,339 patients in 2007, and 30,254 patients in 2008) (Ta-
ble 2).

ESA Use During 2006–2008
Compared with 2006, the number of patients who received
ESAs decreased by 26% in 2007 (from 4,164 to 3,078 pa-
tients) and decreased by 61% in 2008 (1,608 patients). The
total number of standardized ESA units dispensed de-
creased significantly, by 29% in 2007 and by 80% in 2008
(from 30,206 units in 2006 to 21,409 units in 2007 and to
6,102 units in 2008) (Table 2). The fitted piecewise linear
model suggested a change point at 9.8 months (October
2006), after which the ESA units dispensed decreased dra-
matically. The slopes before and after the change point
were 31.58 ESA units/month (95% CI, �19.75 to 82.92)
and �91.38 ESA units/month (95% CI, �101.2 to
�81.55), respectively (Fig. 1). The difference between
these two slopes was statistically significant (p � .0001).
Monthly usage of ESAs decreased by 77%, from 2,398
units dispensed in January 2006 to 549 units dispensed in
December 2008. The estimated acquisition cost of ESAs

Table 1. (Continued)

Year 2006, n (%) Year 2007, n (%) Year 2008, n (%)

Rest of U.S. 6,979 (28.1) 8,028 (28.3) 8,658 (28.6)

International 759 (3.1) 769 (2.7) 848 (2.8)

Unknown 2 (0.0) 1 (0.0) 1 (0.0)

Treatment

Chemotherapyb with or without radiation/surgery 12,802 (51.6) 13,288 (46.9) 13,937 (46.1)

Surgery only 5,408 (21.8) 7,628 (26.9) 7,928 (26.2)

Radiation only 1,237 (5.0) 1,281 (4.5) 756 (2.5)

Radiation plus surgery 705 (2.8) 772 (2.7) 798 (2.6)

Otherc 4,654 (18.8) 5,370 (19.0) 6,835 (22.6)
aCancer diagnosis not confirmed.
bIncludes targeted agents.
cTreatment for disease other than cancer.
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also was proportionately lower in 2007 and 2008, compared
with 2006 (Fig. 1), with a decrease of 78% from $ 1,131,552
in January 2006 to $254,486 in December 2008.

Transfusions Administered During 2006–2008
The total number of RBC transfusions increased by 2% in
2007 and by 8% in 2008 (38,218 units in 2006, 38,948 units
in 2007, and 41,438 units in 2008). The number of patients
who received RBC transfusions increased by 6% in 2007
and by 8% in 2008 (5,264 patients in 2006, 5,576 patients in
2007, and 5,663 patients in 2008) (Table 2). Although there
was a linear increase over time (p � .003), the piecewise

linear model did not show any change point during the
3-year study period.

ESA Use and Transfusions in Patients
Receiving Chemotherapy
We further investigated the proportions of patients receiv-
ing ESAs among patients who received systemic cancer
treatment, because �80% of the ESA use was among these
patients (Table 3). The proportion of patients receiving
ESAs among these patients decreased significantly over
3-year period (26.5% in 2006, 18.8% in 2007, and 9.4% in
2008; p � .0001). However, the proportion of patients re-

Figure 1. Monthly use of erythropoiesis-stimulating agents (ESAs) and RBC transfusions for 2006–2008. On the left, the ESA
units dispensed and the cost of ESAs (A) as well as the total number of RBC units transfused (C) are shown. On the right, results
of the corresponding piecewise linear regression model for ESA units (B) and RBC transfusions (D) are shown.

Table 2. Use of erythropoiesis-stimulating agents (ESAs) and RBC transfusions during 2006–2008

Year 2006 Year 2007 Year 2008
Change (%)a

2006–2007
Change (%)a

2006–2008

n of unique patients treated 24,806 28,339 30,254 14% (1) 22% (1)

n of patients receiving ESAs 4,164 3,078 1,608 26% (2) 61% (2)

n of ESA-naïve patients treated with an ESA 2,809 1,816 1,060 35% (2) 62% (2)

n of ESA units dispensedb 30,206 21,409 6,102 29% (2) 80% (2)

n of patients receiving RBC transfusions 5,264 5,576 5,663 6% (1) 8% (1)

n of RBC transfusions given 38,218 38,948 41,438 2% (1) 8% (1)
aIncrease (1) or decrease (2).
bESA units were calculated by the conversion ratio of 400:1 for epoetin alfa:darbepoetin alfa, such that one ESA unit was
equivalent to 40,000 units of epoetin alfa or 100 �g of darbepoetin alfa.
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ceiving RBC transfusions did not increase over the 3-year
period (27.8% in 2006, 27.9% in 2007, and 26.9% in 2008;
p � .11) (Table 3). In addition, the proportion of patients
receiving chemotherapy remained the same over the 3-year
period among ESA-receiving patients (81.4% in 2006,
81.1% in 2007, and 81.8% in 2008; p � .83) and among
RBC-transfused patients (67.6% in 2006, 66.5% in 2007,
and 66.1% in 2008; p � .25).

Hemoglobin Value on the Day of Transfusion
To determine whether the transfusion threshold changed
during this 3-year period, we examined hemoglobin levels

on the day of transfusion. The piecewise linear model indi-
cated that there was no significant change in the hemoglo-
bin level on the day of transfusion during the 3-year period
(Fig. 2). The proportions of patients with a hemoglobin
level �10g/dl on the day of transfusion were 87.6%, 87.9%,
and 89.9% in 2006, 2007, and 2008, respectively (p � .41)
(Table 4).

Hemoglobin Value at the Initiation of ESAs in
ESA-Naïve Patients
To determine whether the threshold for initiating ESAs
changed during this period, we examined hemoglobin values

Figure 2. Monthly number of patients treated and hemoglobin (HGB) level for 2006–2008. On the left, the number of unique
patients treated monthly (A) and the HGB value (mean � standard deviation) on the day of transfusion (C) are shown. On the right,
results of the corresponding piecewise linear regression model for the number of patients treated (B) and HGB value on the day of
transfusion (D) are shown.

Table 3. ESA and RBC transfusion use among patients receiving CT

Year 2006 Year 2007 Year 2008 p-valuea

Proportion of patients receiving CT among patients 81.4 81.1 81.8 .83
receiving ESAs 3,389/4,164 2,494/3,077 1,315/1,608

Proportion of patients receiving CT among patients transfused 67.6 66.5 66.1 .25

3,556/5,264 3,708/5,576 3,743/5,663

Proportion of patients receiving ESAs among patients 26.5 18.8 9.4 �.0001
receiving CT 3,389/12,803 2,494/13,289 1,315/13,938

Proportion of patients receiving RBC transfusions among 27.8 27.9 26.9 .11
patients receiving CT 3,556/12,803 3,708/13,289 3,743/13,938

Chemotherapy includes treatment with targeted agents.
a�2 test.
Abbreviations: CT, chemotherapy; ESA, erythropoiesis-stimulating agent.
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prior to the initiation of ESAs in the ESA-naïve population
(Table 4). The proportion of patients who started ESAs at a
hemoglobin level �10 g/dl increased from 60.6% in 2006 to
71% in 2007 and to 88.9% in 2008 (p � .0001) (Table 4). Dur-
ing the 3 years, an increasing proportion of ESA-naïve patients
received RBC transfusions before the initiation of ESAs
(26.4% in 2006, 33.7% in 2007, and 40.7% in 2008).

ESA Use in the RBC-Transfusion
Receiving Patients
ESA use in patients receiving RBC transfusions de-
creased significantly, from around 30.7% in January
2006 to 5.9% in December 2008 (Fig. 3). Based on the
regression model, there was a change point at 9.9 months
(October 2006), with estimated slopes before and after

Figure 3. Monthly use of RBC transfusions in erythropoiesis-stimulating agent (ESA)-receiving patients and ESAs in RBC-
transfused patients for 2006–2008. On the left, the proportion of ESA-receiving patients who required RBC transfusions (A) and
the proportion of RBC-transfused patients who received ESAs (C) are shown. On the right, results of the corresponding piecewise
linear regression model for the proportion of patients transfused (B) and patients receiving ESAs (D) are shown.

Table 4. Threshold hemoglobin level for RBC transfusion and initiation of erythropoiesis-stimulating agents (ESAs)

Hemoglobin level (g/dl) Year 2006, n (%) Year 2007, n (%) Year 2008, n (%) p-value

Hemoglobin level on the day of transfusion

�8 10,770 (39.5) 11,849 (39.4) 12,095 (37.7) .41a

8–10 13,086 (48.0) 14,556 (48.5) 16,793 (52.3)

�10 3,379 (12.4) 3,631 (12.1) 3,234 (10.1)

Total 27,235 30,036 32,122

Hemoglobin level at the initiation of ESAsb

�8 140 (7.1) 134 (10.2) 91 (12.3) �0.0001a

8–10 1,054 (53.5) 791 (60.7) 566 (76.6)

�10 778 (39.5) 379 (29.1) 82 (11.1)

Total 1,972 1,304 739
aMantel-Haenszel �2 test.
bHemoglobin level on the day of ESA initiation given for ESA-naïve patients.
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the change point of �0.02 percent/month (95% CI,
�0.69 to 0.64) and �0.97 percent/month (95% CI, �1.1
to �0.84), respectively. The difference between the two
slopes was statistically significant (p � .0003). These re-
sults indicate that, from January 2006 to October 2006,
there was no significant difference in the proportion of
ESA-receiving patients among RBC-transfused patients,
and after October 2006, there was a significant decrease
in the ESA use in this population (Fig. 3).

Transfusion Requirement in
ESA-Receiving Patients
We examined whether the RBC transfusion use in patients
receiving ESAs changed during this period. As shown in
Figure 3, there was no decrease in the proportion of patients
receiving transfusions—43.7% of ESA-receiving patients
required transfusions in January 2006 and 52.3% of ESA-
receiving patients required transfusions in December 2008.
Based on the regression model, there was no change point
over the 3-year period.

Patient Population Receiving ESAs
The greatest ESA use was by the hematologic services (leu-
kemia, lymphoma/myeloma, and stem cell transplantation).
The combined use of ESAs by the hematologic services was
28% over the 3-year period (31% in 2006, 29% in 2007, and
20% in 2008). Among solid tumor patients, the genitouri-
nary and gastrointestinal medical oncology services were
the lead users. A decrease in ESA use was seen across all
top 10 services.

Multiple Logistic Regression
Multiple logistic regression models were fit for the indicators
of ESA use and RBC transfusions in order to assess the change
of ESA usage or RBC transfusion over time while adjusting
for other patient and clinical characteristics (ethnicity, finan-
cial status, diagnosis, and treatment). Age, gender, and dis-
tance from the cancer center were not significant predictors of
either outcome variable in the univariate analysis. The multi-
variate analysis indicated that, after accounting for other pa-
tient characteristics, ESA use in 2007 and 2008 was
significantly lower than in 2006 (Table 5). However, the use of

Table 5. Multiple logistic regression analysis for the use of erythropoiesis-stimulating agents (ESAs) and RBC transfusions

Variable

ESA use RBC transfusion

Odds
ratio

95% confidence
interval

Odds
ratio

95% confidence
interval

Ethnicity

Black versus white 1.34 1.24–1.44 1.40 1.32–1.49

Hispanic versus white 0.90 0.82–0.97 1.19 1.12–1.26

Other versus white 1.09 0.97–1.23 1.22 1.12–1.34

Treatment

Chemotherapya with or without radiation or surgery versus
no cancer treatment

2.41 2.24–2.58 2.96 2.79–3.14

Radiation or surgery versus no cancer treatment 0.29 0.22–0.39 1.65 1.45–1.88

Radiation versus no cancer treatment 0.25 0.20–0.32 0.59 0.51–0.69

Surgery versus no cancer treatment 0.22 0.19–0.25 1.58 1.48–1.70

Financial

Medicare/Medicaid versus private 1.13 1.07–1.19 1.16 1.11–1.21

Self-pay versus private 0.79 0.71–0.88 1.15 1.06–1.24

Indigent versus private 1.39 1.07–1.80 1.58 1.30–1.93

Diagnosis

Hematological disease versus common solid tumor 1.34 1.25–1.42 2.99 2.84–3.14

Multiple cancers versus common solid tumor 1.35 1.27–1.44 1.89 1.80–1.99

Rare tumor versus common solid tumor 0.91 0.83–1.00 1.41 1.33–1.50

Calendar year

2007 versus 2006 0.63 0.59–0.66 0.95 0.90–0.99

2008 versus 2006 0.27 0.26–0.29 0.88 0.84–0.92
aIncludes treatment with targeted agents.
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RBC transfusions was not higher in 2007 and 2008 than in
2006.

DISCUSSION

Recent safety concerns and regulatory restrictions on ESA
use have caused controversy and uncertainties surrounding
ESA use in the oncology community. As ESA policies have
become more restrictive, there has been major concern of a
potential negative impact on transfusion patterns [30–33].
The purpose of this study was to determine the impact of
these changes on the use of ESAs and blood transfusions at
a comprehensive cancer center. Our findings indicate that,
compared with 2006, ESA use dramatically declined in
2007 and 2008, when the FDA revised the ESA label with
black box warnings and the reimbursement of ESAs by the
CMS became more restrictive [23–27]. Surprisingly, how-
ever, a marked decline in ESA use, by 29% in 2007 and by
80% in 2008, compared with 2006, did not result in a con-
comitant increase in RBC transfusion.

Recently, there has been growing concern that limiting
ESA use will lead to an increase in blood transfusions and
burden the nation’s blood supply. Using a modeling simu-
lation technique, a recent study estimated that a 25% reduc-
tion in ESA use would lead to 118,602 units of incremental
RBC transfusions that would require 18% of the marginal
U.S. blood supply, and the total cessation of ESA use would
exceed the U.S. blood supply [31]. The reasons for the lack
of impact of a significant reduction in ESA use on transfu-
sions at our center are not well understood. It was not a re-
sult of a decrease in the number of patients treated, because
the number of patients referred and treated was 22% higher
during 2008 than during 2006. Transfusion practice did not
change during this period, as evidenced by the similar
monthly mean hemoglobin values on the day of transfusion
during all 3 years. Furthermore, the proportion of patients
transfused with different degrees of anemia was also not
significantly different, suggesting that the hemoglobin
threshold for transfusion was not the reason for a lack of
increase in RBC transfusions.

To determine whether changes in patient demographics
or the diagnoses of patients treated at our cancer center were
responsible for the decline in ESA use or the lack of impact
on transfusions, multiple logistic regression models were
fit. Although there were minor changes in patient demo-
graphics during the study period, the multiple logistic re-
gression analysis after accounting for patient demographics
still showed a significant decline in ESA use without any
impact on transfusion use in the 3-year period.

One possible explanation for the lack of impact of a
lower ESA use on transfusions is the ESA practice pattern,
that is, the use of ESAs in patients with more significant

anemia and compromised bone marrow. Several observa-
tions support this. First, 28% of the ESA-receiving popula-
tion was from hematologic services, wherein compromised
bone marrow may be responsible for the anemia. Second,
the majority of ESA-naïve patients initiated ESAs at a he-
moglobin level �10 g/dl (60.6%, 70.7%, and 88.9% in
2006, 2007, and 2008, respectively), with a higher propor-
tion of patients being more anemic (hemoglobin �9 g/dl:
29% in 2006, 37.7% in 2007, and 46.7% in 2008). Third,
and more importantly, about one third of the ESA-naïve pa-
tients had already received prior transfusions.

Because there is a time lag for the production of ma-
ture RBCs from the effect of ESAs on progenitor cells,
ESAs may not be effective in avoiding transfusion when
delayed until patients become significantly anemic, es-
pecially with ongoing injury to bone marrow. Prior stud-
ies have shown the importance of baseline hemoglobin
and prior transfusion status [35–37]. Blood use was
greater when ESA therapy was initiated in patients with a
baseline hemoglobin level �10 g/dl than when it was ini-
tiated in patients with a hemoglobin level of 10 –11 g/dl.
A meta-analysis confirmed that patients who start ESAs
with a hemoglobin level �10 g/dl are more likely to re-
quire transfusions [37]. In that analysis, patients trans-
fused prior to ESA initiation were approximately twice
as likely to be transfused than those not pretransfused.
Taken together, these findings suggest that restriction to
a lower hemoglobin threshold, as currently recom-
mended, may compromise ESA efficacy. Considering
the time lag for their effect, ESAs are more effective as
preventive agents rather than therapeutic agents for ane-
mia.

One limitation of our study is that it is a retrospective
observational study and the data are reflective of only
those patients treated at our cancer center. Nevertheless,
the reduction in ESA use at our center is in line with
trends in the country. Furthermore, subsequent to the
presentation of our findings [38], data reported in ab-
stract form by another cancer center [39] support our
finding that, despite a decline in ESA use, there is no sig-
nificant impact on transfusions.

In conclusion, our findings indicate that recent safety
concerns and regulatory restrictions related to ESA use
have significantly impacted the management of anemia in
cancer patients and reduced ESA use markedly. Surpris-
ingly, the decline in ESA use is not associated with an in-
crease in RBC transfusion use at our center.
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