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Abstract

Anaemia is a common complication of cancer and its treatment. It is also associated with substantial impairment of patient qual-
ity of life (QOL). Erythropoietic agents are primary treatment options for cancer-related anaemia (CRA). This review summarises
evidence supporting clinical use of the approved erythropoietic agents (epoetin alfa, epoetin beta, darbepoetin alfa). A MEDLINE�

search from January 2000 to September 2004 using the search terms ‘‘epoetin alfa,’’ ‘‘epoetin beta,’’ ‘‘darbepoetin alfa,’’ ‘‘erythro-
poietin,’’ and ‘‘anaemia’’ was conducted to identify studies evaluating erythropoietic agents in the treatment of CRA. Recent pre-
sentations at professional meetings were also included. Erythropoietic agents increase haemoglobin levels, decrease transfusion
requirements, and improve QOL in patients with CRA. However, variations in study design, patient populations, dose titration
schedules, and outcome measures among available studies make data comparisons between clinical trials difficult. Head-to-head tri-
als are comparing erythropoietic agents in a randomised setting; other trials are evaluating optimal dosage schedules. Clinically rel-
evant differences among approved erythropoietic agents have not been determined in direct comparative trials; however, epoetin alfa
appears to be at least as effective as darbepoetin alfa in treatment of CRA.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Anaemia caused by cancer and its treatment is a com-
mon but undertreated complication that adversely affects
patients� well-being, quality of life (QOL), and poten-
tially survival [1–3]. Changes in cancer chemotherapy,
particularly the introduction of new agents and treat-
ment regimens and the shift towards managing cancer
as a chronic disease, have increased the clinical signifi-
cance of cancer- and chemotherapy-related anaemia
(CRA) [4,5]. Because of the infection and immunosup-
pressive risks associated with blood transfusions, as well
as their transient effect on haemoglobin (Hb) levels and
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amelioration of anaemia, the use of erythropoietic agents
has become the new standard of care for patients with
CRA. Currently, in Europe, there are three approved
erythropoietic agents. Epoetin alfa was the first agent ap-
proved in Europe (in 1994) for the treatment of anaemia
in adult patients receiving chemotherapy [6], followed
more recently by epoetin beta and darbepoetin alfa.
Epoetin alfa and epoetin beta are recombinant forms
of endogenous erythropoietin, while darbepoetin alfa is
a modified erythropoiesis-stimulating protein that con-
tains higher sialic acid carbohydrate content than endog-
enous erythropoietin, which extends its serum half-life
but reduces its binding affinity for the erythropoietin
receptor [7–10]. The efficacy of these agents has been
demonstrated in clinical trials, but ongoing research is
underway to determine optimal dosing regimens that
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maximise efficacy while simultaneously optimising flexi-
bility and convenience for patients.

Anaemia definitions vary internationally, with the
World Health Organization and the US National Can-
cer Institute classifying anaemia by grade (0–4, with 0
representing ‘‘normal’’ and 4 the most ‘‘severe’’). In
these classification schemes, more severe anaemia grades
are identical in terms of Hb thresholds (6.5–7.9 g/dL for
grade 3; <6.5 g/dL for grade 4), but less severe grades
are identified by slightly different Hb thresholds. The
US National Comprehensive Cancer Network (NCCN)
defines anaemia as mild (Hb 10–11 g/dL), moderate (Hb
8–10 g/dL), or severe (Hb < 8 g/dL). The American
Society of Clinical Oncology (ASCO) and the American
Society of Hematology (ASH) jointly published consen-
sus guidelines on the use of erythropoietic agents in pa-
tients with cancer [4]. These guidelines recommend
erythropoietic agents as a treatment option for patients
with CRA and Hb levels 610 g/dL [4]. For less severe
anaemia (Hb >10 and 612 g/dL), the ASCO/ASH
guidelines recommend treatment with an erythropoietic
agent depending on clinical circumstances [4]. NCCN
guidelines provide similar recommendations, although
erythropoietic agents are recommended as a treatment
option for patients with Hb < 11 g/dL [5]. Both guide-
lines recommend a target Hb level of 12 g/dL [4,5].
The European Organisation for Research and Treat-
ment of Cancer (EORTC) also recently published guide-
lines for the use of erythropoietic proteins in anaemic
patients with cancer [11]. These guidelines recommend
initiating treatment with an erythropoietic protein in pa-
tients with cancer and Hb 9–11 g/dL based on anaemia
symptoms, regardless of whether the patient is receiving
chemotherapy or radiotherapy. The guidelines further
state that erythropoietic therapy may be considered in
asymptomatic, anaemic patients with Hb 9–11 g/dL to
prevent further decreases in Hb, according to individual
factors (e.g. type/intensity of chemotherapy, baseline
Hb). The target Hb recommended by EORTC is 12–
13 g/dL, with the major goals of erythropoietic therapy
being QOL improvement and prevention of transfusions
[11]. As with all the aforementioned guidelines, the
EORTC guidelines will need updating on a regular ba-
sis, especially with respect to levels of evidence, as newer
data become available.

Despite these recommendations and the well-docu-
mented benefits of subcutaneous (SC) administration
of erythropoietic agents in this setting, CRA continues
to be undertreated. This problem is further complicated
by confusion regarding the relative efficacy and safety of
the approved agents. Trials conducted to date evaluat-
ing these agents have often used different outcome mea-
sures, inclusion/exclusion criteria, and design features
that potentially confound any clinical comparisons be-
tween the approved agents. The purpose of this review
is to provide a critical analysis of published data regard-
ing the clinical profiles of epoetin alfa, epoetin beta, and
darbepoetin alfa for the treatment of CRA. This review
includes clinical studies that were identified in a MED-
LINE� search using publication dates from January
2000 to September 2004 and the search terms ‘‘epoetin
alfa,’’ ‘‘epoetin beta,’’ ‘‘darbepoetin alfa,’’ ‘‘erythropoie-
tin,’’ and ‘‘anaemia.’’ Only publications relating to the
use of these agents in the oncology setting were consid-
ered. Recent relevant presentations at professional meet-
ings were also included.
2. Pharmacokinetic/pharmacodynamic properties

Differences in the molecular compositions of epoetin
alfa, epoetin beta, and darbepoetin alfa result in phar-
macokinetic and pharmacodynamic differences between
these agents. Epoetin alfa and epoetin beta demonstrate
similar pharmacokinetic profiles in healthy subjects, the
primary differences being a greater volume of distribu-
tion and prolonged elimination following intravenous
administration, and delayed subcutaneous absorption
of epoetin beta compared with epoetin alfa [12]. Darbe-
poetin alfa has two additional N-linked carbohydrate
chains, each containing four additional sialic acid resi-
dues, compared with recombinant erythropoietin. These
modifications result in a two to threefold longer plasma
half-life [12–14]. However, the extra carbohydrate
chains also give darbepoetin alfa approximately four-
fold-lower binding affinity for the erythropoietin recep-
tor than either epoetin alfa or epoetin beta [12,14].
The clinical implications of these pharmacokinetic dif-
ferences have not yet been definitively established.
3. Clinical efficacy

Since randomised comparative trials of epoetin alfa
and darbepoetin alfa have only recently been initiated,
balanced assessments regarding the relative therapeutic
value of these agents are challenging. Clinical trial de-
sign, patient populations, inclusion/exclusion criteria,
baseline haematologic status, drug doses and dosage fre-
quency, and dose titration schedules differ widely across
these studies. In addition, studies differ with respect to
outcome parameters, including definitions of haemato-
logic response, and time at which responses are mea-
sured. No direct comparative trials of epoetin beta
with another approved erythropoietic agent have been
identified.

Table 1 summarises the most frequently evaluated
dosage regimens for the three approved erythropoietic
agents. The EORTC guidelines recommend that, within
reasonable limits of body weight, fixed doses of erythro-
poietic agents should be used [11]. In Europe, epoetin
alfa is approved for the treatment of CRA using a



Table 1
Dosage regimens of erythropoietic agents for the treatment of CRA

Drug Approved regimens in Europe Approved regimens in the US Alternative and investigational
dosage regimens

Epoetin alfa In patients with solid tumours,
malignant lymphoma, or
multiple myeloma: 150 IU/kg SC
TIW, increasing to 300 IU/kg SC
TIWa [15]

In patients with non-myeloid
malignancies: 150 IU/kg SC
TIW, increasing to 300 IU/kg SC
TIWa [17]

60,000 IU QW (induction)
followed by 60,000 IU Q2W [18]

or or 80,000 IU Q3W [19] or
120,000 IU Q3W [20]
(maintenance)

450 IU/kg SC QWb [16] 40,000 IU QW, increasing to
60,000 IU QWa [17]

Epoetin beta In patients with solid tumours:
150 IU/kg IV QW, increasing to
300 IU/kg TIWa [21]

Not approved in US

or

In patients with lymphoid
malignancies: 450 IU/kg QW
increasing to 900 IU/kg QWb [21]
or

30,000 IU SC QWa [22]

Darbepoetin alfa In patients with non-myeloid
malignancies: 2.25 mcg/kg SC
QW, increasing to 4.5 mcg/kg
QWa [23]

In patients with non-myeloid
malignancies: 2.25 mcg/kg QW,
increasing to 4.5 mcg/kg QWa

[23]

4.5 mcg/kg or 325 mcg fixed dose
QW (induction), then 4.5 mcg/kg
or 325 mcg fixed dose Q3W
(maintenance) [25]

or 3 mcg/kg SC Q2W, with titration
to 5 mcg/kg Q2Wa or

Q3W administrationc [24] 200 mcg Q2W, increasing to
300 mcg Q2Wa [26]

a Dose increased for inadequate haemoglobin response. TIW, three times per week; QW, once weekly; Q2W, every 2 weeks; Q3W, every 3 weeks.
b Dosage regimen recently approved by the European Commission. Recommendations for dosage adjustments not publicly available at press time.
c Dosage regimen recently approved by the European Commission. Recommendations for precise dose and dosage adjustments not publicly

available at press time.
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three-times-weekly (TIW) or once-weekly (QW) dosage
regimen; darbepoetin alfa for QW or once-every-3 week
(Q3W) administration; and epoetin beta for QW admin-
istration in patients with lymphoid malignancies. In the
US, a QW regimen for epoetin alfa was recently ap-
proved, and a Q2W administration schedule for darbe-
poetin alfa is frequently used in clinical practice [27].
Epoetin beta is not approved for use in the US.

3.1. Treatment of cancer-related anaemia

3.1.1. Epoetin alfa

Randomised, placebo-controlled, and open-label
clinical trials of epoetin alfa have enrolled patients with
either solid tumours or haematologic (myeloid and non-
myeloid) malignancies, and have typically required
patients to have a baseline Hb 6 11 g/dL [28–34] (Table
2). In a randomised, controlled, multicentre trial, 375
patients with solid tumours or non-myeloid haemato-
logic malignancies were randomised to receive epoetin
alfa 150 IU/kg SC TIW or matching volume of placebo
for up to 28 weeks [29]. The epoetin alfa dose was
increased to 300 IU/kg SC TIW if Hb had not increased
by P1 g/dL at week 4 and reticulocyte count had not
increased by P40,000/lL. Compared with placebo, pa-
tients receiving epoetin alfa had significantly greater in-
creases in Hb (2.2 g/dL versus 0.5 g/dL; P < 0.001),
fewer transfusions (24.7% versus 39.5%; P = 0.0057),
and were more likely to achieve a P2-g/dL increase in
Hb (70.5% versus 19.1%; P < 0.001) [29]. In addition,
epoetin alfa was associated with significant (range,
P = 0.0007 to P = 0.0048) improvements in all primary
QOL endpoints compared with placebo [29]. Notably,
there was a strong and statistically significant (range,
P = 0.0002 to P = 0.0325) correlation between Hb
changes and changes in QOL parameters [29].

Epoetin alfa appears to produce similar benefits in
patients with CRA irrespective of whether they are
receiving chemotherapy [30]. In a prospective, multicen-
tre, open-label trial, treatment with epoetin alfa 150 IU/
kg SC TIW for 16 weeks resulted in a mean Hb increase
of 2.5 g/dL from baseline to study end in 182 cancer pa-
tients who did not receive chemotherapy, compared with
a mean Hb increase of 2.8 g/dL in 218 patients who did
receive chemotherapy [30].

Once-weekly dosage regimens for epoetin alfa have
also been studied, which offer more convenience for pa-
tients and clinicians, and epoetin alfa 40,000 IU SC QW



Table 2
Phase III/IV studies of epoetin alfa (EPO-alfa) for chemotherapy-related anaemia

Reference Study design Na Dose Mean Hb change
BL! final (g/dL)

Response rate RBC transfusions Mean QOL
improvement BL! final

Non-myeloid malignancies

Littlewood [29] Randomised,
multicentre, double-
blind, placebo-controlled

EPO-alfa: 251 150–300 IU/kg SC EPO-alfa: 2.2 EPO-alfa: 71%b Post Day 28 transfusion
rate: 25% versus 40% for
placebo

EPO-alfa: LASA› 4.8–
8.1 mm; FACT-An ›
2.5–4.0 points

Placebo: 124 TIW · 28 weeks Placebo: 0.5 Placebo: 19%b Placebo: LASAfl 5.8–
6.0 mm; FACT-Anfl
2.2–3.6 points

Gabrilove [33] Community-based,
multicentre, open-label,
non-randomised

2964 40,000–60,000 IU 1.8 68%c 9% fl from BL! Month
4

LASA › 19–30%;
FACT-An › 6.0 pointsSC QW · 16 weeks

Quirt [30] Multicentre, open-label,
non-randomised

Non-CT cohort: 182 150–300 IU/kg SC Non-CT cohort: 2.5 Non-CT cohort:
48%b

Non-CT cohort: 21% fl
from BL!Month 4

Non-CT cohort: LASA
› 12–14 mm; FACT-An
› 3–8 points

CT cohort: 218 TIW · 16 weeks CT cohort: 2.8 CT cohort: 63%b CT cohort: 25% fl from
BL! Month 4

CT cohort: LASA › 13–
14 mm: FACT-An › 4–
11 points

Shasha [34] Community-based,
multicentre, open-label,
non-randomised

442 40,000–60,000 IU 1.9 74%c 5% fl from BL! Month
4

LASA › 14.2–16.5 mm

SC QW · 16 weeks

Haematologic malignancies

Littlewood [37] Subset analysis of a
randomised, multicentre,
double-blind, placebo-
controlled study

EPO-alfa: 115 150–300 IU/kg EPO-alfa: 2.2 EPO-alfa: 75%b Post Day 28 transfusion
rate: 25% versus 43% for
placebo

EPO-alfa: LASA › 9.0–
11.6 mm; FACT-An
Fatigue › 4.3 points;
FACT-G › 5.8 points

Placebo: 58 SC TIW · 28 weeks Placebo: 0.3 [73%d] Placebo:
17%b[15%d]

Placebo: LASA fl 2.5–
5.2 mm; FACT-An
Fatigue fl 0.2 points;
FACT-G › 1.1 points

Dammacco [28] Randomised,
multicentre, placebo-
controlled

EPO-alfa: 69 150–300 IU/kg SC EPO-alfa: 1.8 EPO-alfa:
58%b[46%d]

Transfusion rate during
Months 2 and 3: 28%
versus 47% for placebo

Specific values not
reported

Placebo: 76 TIW · 12 weeks Placebo: 0.0 Placebo:
9%b[3%d]
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has recently been approved in the US for patients with
CRA. Two large, open-label, community-based studies
have evaluated the efficacy of epoetin alfa. The
40,000 IU SC QW dose was escalated to 60,000 IU SC
QW for Hb increases 61 g/dL after 4 weeks of treatment
in more than 3300 cancer patients with baseline Hb lev-
els 611 g/dL who were receiving chemotherapy alone
[33] or in combination with radiation [34]. Similar to
the results from studies evaluating TIW schedules, mean
increases in Hb were 1.8 and 1.9 g/dL, respectively
[33,34]. Significant increases in Hb from baseline were
evident within 2–4 weeks of treatment initiation
[33,34], with a mean Hb increase of 1.1 g/dL reported
at 4 weeks [35]. The number of epoetin alfa patients
requiring transfusions and the number of units trans-
fused decreased by more than half compared with base-
line after 4 months of therapy [33,34]. Another study
also showed that a QW epoetin alfa regimen increased
Hb levels by 3.1 g/dL after 12 weeks, and improved
overall QOL in 100 cancer patients with CRA who were
not receiving chemotherapy or radiation [35].

In a recently published, randomised, double-blind,
placebo-controlled, multicentre trial, 344 patients with
advanced cancer and anaemia (Hb < 11.5 g/dL for
men and <10.5 g/dL for women) undergoing chemo-
therapy received either epoetin alfa 40,000 IU SC QW
or placebo for up to 16 weeks [36]. Epoetin alfa recipi-
ents also received supplemental iron. After the first
month, the epoetin alfa dose was increased to
60,000 IU SC QW if Hb had not increased by >1 g/dL
or if the patient required a blood transfusion. Patients
in the epoetin alfa group had a mean increase in Hb
of 2.8 g/dL, significantly greater than the 0.9 g/dL for
the placebo group (P < 0.0001). In addition, signifi-
cantly fewer epoetin alfa patients required transfusions
(39.6% versus 25.3%; P < 0.005). However, unlike the
earlier study of the TIW regimen, there was no difference
between groups in QOL endpoints. This may have been
attributable in part to the fact that transfusions were al-
lowed in both groups at physician discretion [36].

3.1.2. Epoetin beta

Several randomised trials have shown epoetin beta to
be effective in treating CRA in patients with solid tu-
mours or haematologic malignancies [8,38–44] (Table
3). In a recent summary of trials including patients with
solid tumours, epoetin beta (100–200 IU/kg SC TIW)
elicited mean Hb increases of 0.89–2.7 g/dL from base-
line to last assessment, with study durations ranging
from 8 to 24 weeks [8]. Epoetin beta was also associated
with decreases in transfusion requirements of 37–90%
compared with no treatment [8].

In a randomised, double-blind, placebo-controlled
trial that enrolled 349 patients with transfusion-depen-
dent haematologic malignancies, epoetin beta 150 IU/
kg SC TIW improved haematologic parameters and



Table 3

Phase III/IV studies of epoetin beta (EPO-beta) for chemotherapy-related anaemia

Reference Study design Tumour type Treatment Mean Hb

change BL

! final (g/dL)

Response

rate

RBC transfusions Mean QOL improvement BL ! final

Solid tumours

Johansson [42] Randomised Metastatic,

hormone-

refractory prostate

cancer

EPO-beta 1000 IU TIW

(n = 90) or 5000–10,000 IU

TIW (n = 90) · 12 weeks

Not reported 1 K: 25%b 1 K: 54% EORTC QLQ-C30 improvements:

1 K: 0.7–8.4 points 5 K: 2.7–7.9 points5 K: 43%b 5 K: 40%

Kunikane [43] Randomised, double-blind,

placebo-controlled

Non-small-cell

lung cancer

EPO-beta 200 IU/kg TIW

(n = 18) or EPO-beta

100 IU/kg TIW (n = 16) or

placebo (n = 19) · 8 weeks

EPO-beta 200: 1.7 Not reported EPO-beta 200: 6% Not an endpoint

EPO-beta 100: 0.9 EPO-beta 100: 13%

Placebo: �0.7 Placebo: 0%

Olsson [44] Randomised Metastatic breast

cancer

EPO-beta 1000 IU TIW

(n = 90) or 5000–10,000 IU

TIW (n = 90) · 24 weeks

1 K: 1.7 1 K: 51%b

[68%c]

1 K: 36% EORTC QLQ-C30 Global QOL

improvements: 1 K: 53%a 5 K: 35%a

5 K: 2.3 5 K: 58%b

[66%c ]

5 K: 34%

Haematologic malignancies

Cazzola [39] Randomised, open-label,

multicentre

NHL, MM, CLL EPO-beta 30,000 IU QW–

30,000 IU twice weekly

(n = 115) or 10,000–

20,000 IU TIW

(n = 114) · 16 weeks

Not reported 30 K: 72%d 30 K: 9% Not an endpoint

10 K: 75%d 10 K: 14%

Glossmann [41] Randomised, controlled Hodgkin�s disease,
NHL

EPO-beta 10,000 IU TIW

(n = 20) or control (n = 24)

until end of sequential high-

dose chemotherapy regimen

EPO-beta: �2.3 Not reported EPO-beta: 75% EORTC QLQ-C30 changes: EPO-

beta: �18.9 to +1.6 points

Control: �2.7 Control: 92% Control-b: �39.4 to �6.9 points

Österborg [38] Randomised, double-blind,

multicentre, placebo-controlled

NHL, MM, CLL EPO-beta 150–300 IU/kg

TIW (n = 170) or placebo

(n = 173) · 16 weeks

Not reported EPO-beta: 67%d EPO-beta: 33% EPO-beta: FACT An ›14.8 points;

FACT-G › 6.5 points; FACT-Fatigue

› 5.2 points

Placebo: 27%d Placebo: 52% Placebo: FACT-An › 8.7 points

FACT-G › 3.1 points; FACT-Fatigue

› 3.0 points

Solid tumours or haematologic malignancies

Boogaert [40] Randomised, open-label,

multicentre, controlled

NHL, MM, CLL,

or any solid

tumour

EPO-beta 150–300 IU/kg

TIW (n = 133) or control

(n = 129) · 12 weeks

EPO-beta: 2.1 EPO-beta: 47% EPO-beta: 22% EPO-beta: SF-36 › 3.0 pointsa;

FACT-An › 0.8 pointsa; FACT-

Fatigue › 6.0 pointsa; LASA ›
12 mma

Control: 0.9 Control: 13% Control: 43% Control: SF-36 fl 1.5 pointsa; FACT-

An fl 0.2 pointsa; FACT-Fatigue › 0.5

pointsa; LASA fl 0.5 mma

Hb, haemoglobin; BL, baseline; RBC, red blood cell; QOL, quality of life; TIW, three times weekly; EORTC, European Organization for Research and Treatment of Cancer; NHL, non-Hodgkin�s lymphoma; MM, multiple

myeloma; CLL, chronic lymphocytic leukaemia; FACT, Functional Assessment of Cancer Therapy; An, anaemia; G, general; SF-36, Short Form 36; LASA, Linear Analog Scale Assessment.
a Estimated from a graph.
b Increase in Hb P 2 g/dL from baseline.
c Increase in Hb P 1 g/dL from baseline.
d Increase in Hb P 2 g/dL from baseline without need for transfusion.
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QOL [38]. Patients treated with epoetin beta had a sig-
nificantly higher transfusion-free survival rate (66.7%)
compared with controls (47.6%; P = 0.0012) [38]. Epoe-
tin beta was also associated with a significantly higher
response rate (no transfusion requirement and a P2-g/
dL increase in Hb) compared with placebo (67% versus
27%; P < 0.0001) [38]. Significant improvements in
QOL (measured by the Functional Assessment of Can-
cer Therapy-Anemia [FACT-An] and FACT-General
[FACT-G] scales) in favour of epoetin beta were evident
by week 12 of treatment [38].

A QW epoetin beta dosage regimen was recently
compared with the TIW regimen in an effort to establish
comparable efficacy between these schedules in patients
with CRA. In an open-label trial, 241 patients with lym-
phoproliferative malignancies with baseline Hb 9–11 g/
dL and low-serum erythropoietin levels (<100 mU/mL)
were randomised to epoetin beta 10,000 IU SC TIW
or 30,000 IU SC QW [39]. The investigators reported
no significant differences between groups regarding
changes in Hb levels, response rates, or blood transfu-
sion requirements [39]. The median time to Hb increase
of P1 g/dL was 4.1 weeks for both the TIW and QW
regimens [45]. The authors concluded that epoetin beta
administered QW is an effective and convenient treat-
ment for anaemia in patients with lymphoproliferative
malignancies and defective endogenous erythropoietin
production [39]. However, a recent critical review of this
study highlighted several deficiencies in study design and
analysis that bring these conclusions into question [46].
These limitations include lack of sufficient statistical
power to detect significant differences between groups,
a QW group that was not entirely QW (since some
patients in this group who did not demonstrate an
adequate haematologic response were switched to twice-
weekly dosing), and a carefully selected patient popula-
tion with restrictive exclusion criteria that predicted a
higher probability of response. Patients were excluded
if they had Hb <9 g/dL, transfusion history within 2
months of baseline, or serum erythropoietin level >100
mU/mL [46]. Nevertheless, the 30,000 IU SC QW regi-
men of epoetin beta has recently received European
marketing approval for anaemic patients with lymphoid
malignancies [22].

3.1.3. Darbepoetin alfa
In several dose-ranging studies, darbepoetin alfa was

shown to improve haematologic parameters in a dose-
dependent manner in patients with solid tumours and
non-myeloid haematologic malignancies [47–49]. In
one study, darbepoetin alfa 0.5–4.5 mcg/kg SC adminis-
tered QW elicited mean Hb increases from baseline
ranging from 1.45 to 2.91 g/dL after 12 weeks in patients
with non-myeloid malignancies [49]. Importantly, the
largest Hb increase was only observed at the highest
dose level (4.5 mcg/kg SC QW), which is double the
US-approved dose for darbepoetin alfa. At the ap-
proved darbepoetin alfa dose (2.25 mcg/kg SC QW) pa-
tients demonstrated a mean Hb increase from baseline
of 2.07 g/dL. Further, the mean change from baseline
was calculated using the last available Hb value in the
absence of a transfusion in the preceding 28 days. The
median time to haematopoietic response (aP 2-g/dL in-
crease in Hb level or an Hb level P12 g/dL in the ab-
sence of a transfusion in the preceding 28 days) was
also dose-dependent and ranged from 50 days (�7
weeks) in the lowest dose group to 27 days (�4 weeks)
in the highest dose group. Patients receiving the US-ap-
proved dose had a median time to response of 36 days
(�5 weeks) [49].

The efficacy of QW darbepoetin alfa has been demon-
strated in two randomised, double-blind placebo-
controlled phase III trials in patients with lung cancer
(n = 320) [50] and lymphoproliferative malignancies
(n = 344) [51] (Table 4). In both trials, patients were re-
quired to have cancer- or chemotherapy-related anaemia
(Hb 6 11 g/dL) and expected to receive P12 additional
weeks of chemotherapy [50,51]. Patients were random-
ised 1:1 to receive darbepoetin alfa 2.25 lg/kg SC QW
or placebo for 12 weeks [50,51]. In the first trial, patients
in the darbepoetin alfa group had significantly fewer
transfusions (27% versus 52%; P < 0.001), fewer units
of red blood cells transfused (0.67 versus 1.92;
P < 0.001), and a higher rate of haematopoietic response
(66% versus 24%; P < 0.001) compared with placebo pa-
tients [50]. Similar results were reported in the second
trial; 60% of patients receiving darbepoetin alfa had a
haematopoietic response, compared with 18% of pla-
cebo patients (P < 0.001) [51]. The mean increase in
Hb level from baseline to last value was 1.8 g/dL in
the darbepoetin alfa group and 0.2 g/dL in the placebo
group [51]. However, darbepoetin alfa treatment was
not associated with significant improvements in QOL
endpoints (FACT-Fatigue subscale scores) compared
with placebo in either study [50,51]. Hedenus and col-
leagues [51] demonstrated a statistical difference in
FACT-Fatigue scores with darbepoetin alfa versus pla-
cebo after adjusting for differences in baseline scores,
although this analysis was not part of the planned statis-
tical analysis. These investigators also showed a statisti-
cally significant (P < 0.001) correlation between changes
in Hb levels and FACT-Fatigue scores over the treat-
ment period.

3.1.4. Alternative dosage regimens

Alternative dosage regimens for the approved eryth-
ropoietic agents are under investigation. In particular,
preliminary studies are assessing whether higher initial
doses of these agents, followed by less frequent mainte-
nance dosing (sometimes termed ‘‘front-loading’’) can
shorten the time to haematologic response, increase
overall response rate, improve convenience, and allow



Table 4
Phase III studies of darbepoetin alfa (DARB) for chemotherapy-related anaemia

Reference Study design Na Dose Mean Hb
change
BL! final
(g/dL)

Response rate RBC transfusions Mean QOL
improvement
BL! final

Lympho

proliferative

malignancies

Hedenus [51] Multicentre,
randomised,
double-blind,
placebo-controlled

DARB:
174

2.25–4.5 mcg/kg DARB: 1.8 DARB: 60%b

[65%c]
Transfusion rate
Week 5 to end of
treatment: 31%
versus 48% for
placebo

Overall mean › in
FACT-Fatigue
(primary QOL
assessment)
not provided

Placebo:
170

SC QW · 12
weeks

Placebo: 0.2 Placebo: 18%b

[24%c]

Lung cancer

Vansteenkiste [50] Multicentre,
randomised,
double-blind,
placebo-controlled

DARB:
156

2.25–4.5 mcg/kg Not reported DARB: 66%c Transfusion rate
Week 5 to end of
treatment: 27%
versus 52% for
placebo

FACT-Fatigue › in
56% of patients
versus 44% of placebo
patients, with a P25%
› in 32% versus 19%
of patients

Placebo:
158

SC QW · 12
weeks

Placebo: 24%c

Hb, haemoglobin; BL, baseline; CT, chemotherapy; RBC, red blood cell; QOL, quality of life; SC, subcutaneously; Q2W, once every 2 weeks; FACT,
Functional Assessment of Cancer Therapy; QW, once weekly.
a Number of patients evaluable for efficacy.
b Hb increase P2 g/dL from baseline during the study independent of transfusion within 28 days.
c Hb increase P2 g/dL from baseline or Hb P12 g/dL during the study independent of transfusion within 28 days.
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greater dosage flexibility. For example, some studies are
evaluating the efficacy of epoetin alfa 60,000 IU SC QW
to attain a target Hb of 12 g/dL within 12 weeks fol-
lowed by maintenance doses of 60,000 IU SC to
120,000 IU SC Q2W or Q3W [18–20].

Similarly, front-loaded schedules of darbepoetin alfa
have also been designed to produce accelerated anaemia
correction, followed by lower doses to maintain ade-
quate Hb levels for effective erythropoiesis. Such regi-
mens have incorporated either a weight-based dose
(4.5 lg/kg SC) or a fixed dose (325 lg SC) administered
QW until Hb levels reach 12 g/dL, followed by a lower or
less frequent maintenance dose [25,52]. These regimens
appear to be effective in producing an Hb response in
more than half of patients during the correction phase
[25,52]. The Hb levels attained during the correction
phase have generally been maintained during the mainte-
nance phase [25,52]. In addition, a Q3W administration
schedule of darbepoetin alfa was recently approved in
Europe [24]. However, further studies are needed to
determine the efficacy and safety of front-loaded dosage
regimens of erythropoietic agents [11].

3.1.5. Effects on survival
Anaemia may be an independent prognostic factor for

survival in patients with cancer. A quantitative review of
the literature indicated an overall estimated hazard rate
ratio of death, after adjusting for various factors as re-
ported in each study evaluated, of 1.65 for patients with
anaemia and cancer (including lung cancer, head and
neck cancer, prostate cancer, and lymphoma) versus
those without anaemia [3]. In a randomised, placebo-
controlled trial of epoetin alfa TIW, Kaplan–Meier
estimates showed a trend in overall survival favouring
epoetin alfa (P = 0.13), with Cox regression analysis
demonstrating an estimated hazard ratio of 1.309
(P = 0.052) [29]. Although this study was not prospec-
tively powered to assess survival and the protocol did
not control for factors that may influence survival (e.g.,
disease stage, bone marrow involvement), these findings
suggested that the mortality risk during the median 26-
month follow-up period could have been up to 31%
greater for patients receiving placebo than for those
receiving epoetin alfa [29].

Subsequently, several studies were initiated to evalu-
ate the efficacy of earlier initiation of erythropoietic
agents to maintain Hb, reduce transfusions, and main-
tain or improve QOL in patients with cancer who were
not yet anaemic. Treatment with epoetin alfa was initi-
ated either in patients with Hb levels >10.5 g/dL [53–
55] or at the start of chemotherapy in patients with
Hb levels P12 and <15 g/dL [56–58]. Data from a ran-
domised, placebo-controlled trial demonstrated that
early intervention with epoetin alfa resulted in higher
Hb levels and response rates and lower transfusion rates
compared with later intervention (i.e., when Hb levels
decreased to 610.5 g/dL), while maintaining QOL [55].
Results of prospective studies support these findings
and suggest that early treatment with epoetin alfa results
in significant increases in Hb, reduced transfusion rates,
and improvements in QOL compared with waiting until
anaemia becomes more severe (i.e., <9–10 g/dL) [53–58].
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While these results are intriguing, none of these stud-
ies were powered to evaluate the impact of epoetin alfa
on survival. A meta-analysis of 8 randomised clinical tri-
als enrolling 1624 patients with CRA showed that epoe-
tin alfa was associated with a strong trend toward
improved survival compared with the control group
(hazard ratio = 0.80), although the difference did not
quite achieve statistical significance (95% CI for hazard
ratio = 0.65, 1.00) [59].

In contrast to these positive results, the publication of
two studies beyond the correction of anaemia showing
increased mortality in patients receiving early treatment
with erythropoietic agents has raised concerns about the
safety of this investigational approach [60,61]. In a mul-
ticentre, double-blind, randomised, placebo-controlled
trial, 351 patients (Hb < 12 g/dL [women] or <13 g/dL
[men]) with carcinoma of the head and neck received
radiotherapy concomitantly with subcutaneous epoetin
beta 300 IU/kg SC TIW (n = 180) or matching placebo
(n = 171) [60]. In this study, 82% of epoetin beta recipi-
ents achieved Hb levels >14 g/dL (women) or >15 g/dL
(men), compared with 15% of placebo recipients. How-
ever, loco-regional progression-free survival was lower
for epoetin beta than for placebo (adjusted relative risk,
1.62; P = 0.0008) and, when measured separately, rela-
tive risks for loco-regional progression and survival were
1.69 (P = 0.007) and 1.39 (P = 0.02), respectively. The
study design allowed patients with near-normal Hb lev-
els to be treated to high target Hb levels (mean Hb at
week 9, 15.4 g/dL), in addition to allowing Hb increases
P2 g/dL during a 1-week period. The relative contribu-
tion of these rapid Hb increases to the mortality out-
come in this study is unclear, particularly since the
number of patients achieving a rapid Hb increase was
not reported. Differences in mortality also may have re-
sulted in part from differences in baseline characteristics
between the treatment groups.

Another recent, double-blind, randomised, placebo-
controlled study in 939 patients with metastatic breast
cancer receiving epoetin alfa 40,000 IU SC QW initiated
at the start of chemotherapy and continued for up to 12
months was terminated early because of a significantly
higher mortality rate observed in the epoetin alfa group
compared with placebo (P = 0.0117) [61]. There were no
upper or lower limits for baseline Hb level in this study,
although the mean baseline Hb level was 12.5 g/dL for
each group, and the goal of epoetin alfa therapy was
to maintain Hb levels P12 and 614 g/dL [62]. Unfortu-
nately, analysis of survival data was limited by the study
design, which did not incorporate prospective collection
of many important prognostic variables that may have
affected the study outcome [61]. Further, between-group
mortality differences were reported primarily within the
first 4 months of treatment, with most deaths attributed
to disease progression [61]. Reasons for the observed
differences in mortality remain uncertain, but it appears
likely that increased thrombovascular events associated
with this investigative use of erythropoietic treatment
beyond correction of anaemia may have played a role.
Treatment differed from the approved use of erythropoi-
etic therapy for chemotherapy-associated anaemia in
that target Hb levels were relatively high and treatment
continued for a year, regardless of chemotherapy. It ap-
pears that treating patients to Hb levels of 12–13 g/dL is
clinically appropriate to optimise QOL outcomes; how-
ever, treating to higher Hb levels beyond anaemia cor-
rection cannot be recommended at this time. The use
of erythropoietic agents to improve survival or response
to cancer treatment in anaemic patients with cancer is
also currently not recommended [11].
4. Comparative trials

Challenges in comparing data from studies of eryth-
ropoietic agents are due in part to the fact that these
studies often did not use consistent methodology to ana-
lyze patient populations and define eligibility criteria
(including definition of anaemia and baseline Hb level),
definitions and time points of haematologic response,
and extent of follow-up (trial duration). Also, efficacy
analyses varied because of disparities in protocol-
defined evaluable patient populations. These discrepan-
cies have created significant challenges in understanding,
interpreting, and applying the results of these studies to
clinical practice. In an effort to overcome these chal-
lenges, several retrospective studies of data from clinical
trials have compared the therapeutic value of epoetin
alfa and darbepoetin alfa in patients with CRA. In gen-
eral, these studies have shown similar efficacy for QW
epoetin alfa and Q2W darbepoetin alfa [27,63–65],
although interpretation of these findings is limited by
a variety of factors. In particular, the analysis by
Schwartzberg and co-workers [27] did not disclose the
mean duration of epoetin alfa or darbepoetin alfa ther-
apy, or the mean duration and number of chemotherapy
cycles for each treatment group. Further, there was an
imbalance between treatment groups in terms of chemo-
therapy frequency (more epoetin alfa patients received
chemotherapy QW, whereas more darbepoetin alfa pa-
tients received chemotherapy Q4W) and epoetin alfa pa-
tients who received treatment through week 12 and
response information throughout the treatment period
had a higher mean baseline Hb than the corresponding
darbepoetin alfa population (10.4 versus 9.8 g/dL).

Data from two completed head-to-head studies of
epoetin alfa and darbepoetin alfa has also been recently
reported. One is a single, randomised, open-label, multi-
centre, phase III study (supported by Ortho Biotech
Clinical Affairs, LLC, Bridgewater, NJ, USA) [66], and
the other is a pooled analysis of data from three identi-
cally designed, randomised, open-label, multicentre,



2610 P. Gascón / European Journal of Cancer 41 (2005) 2601–2612
phase II studies (supported by Amgen Inc., Thousand
Oaks, CA, USA) [67]. In both studies, patients were ran-
domised 1:1 to receive epoetin alfa 40,000 IU SC QW or
darbepoetin alfa 200 mcg SC Q2W for up to 16 weeks. In
the pooled analysis, dose escalation was permitted after 4
weeks for both agents if Hb increase was <1 g/dL [67]. In
the single phase III study, dose escalation was permitted
after 4 weeks of epoetin alfa (to 60,000 IU SC QW) and
after 6 weeks of darbepoetin alfa (to 300 mcg SC Q2W),
in line with US ASCO/ASH clinical practice guidelines
[66]. The doses chosen for evaluation in both studies were
based on the most common doses used in clinical oncol-
ogy practice in the US. In the pooled analysis, efficacy
data were reported for 157 patients receiving darbepoetin
alfa and 155 patients receiving epoetin alfa (Table 5) [67].
Mean baseline Hb was 10.4 g/dL in both groups, and
mean Hb increase (independent of transfusions within
28 days) from baseline to the end of treatment was
1.5 g/dL with epoetin alfa and 1.4 g/dL with darbepoetin
alfa. The percentage of patients requiring a transfusion
from baseline to the end of treatment was 16% for darbe-
poetin alfa and 17% for epoetin alfa [67]. At preliminary
analysis of the phase III study, 147 patients receiving
epoetin alfa and 142 receiving darbepoetin alfa had a
mean baseline Hb of 10.2 and 10.1 g/dL, respectively
[66]. From Day 29 to study end, 9.5% of epoetin alfa pa-
tients (n = 148) and 16.8% of darbepoetin alfa patients
(n = 143) received transfusions. Mean Hb increase (inde-
pendent of transfusions within 28 days) after 4 weeks of
treatment was 0.9 g/dL with epoetin alfa (n = 131) and
0.4 g/dL with darbepoetin alfa (n = 128). After 8 weeks
Table 5
Clinical results from direct comparative trials

Waltzman [66] (n) Schwartzberg [67] (n)

Baseline Hb, mean ± SD, g/dL

Epoetin alfa 10.2 ± 0.8 (147) 10.4 ± 0.8 (155)
Darbepoetin alfa 10.1 ± 0.8 (142) 10.4 ± 0.8 (157)

Mean Hb increase from baseline to last assessment, g/dL

Epoetin alfa 1.4 (38) 1.5 (155)
Darbepoetin alfa 1.1 (26) 1.4 (157)

Haematologic response rate, % of patientsa

Epoetin alfa 50.5 (133)c NA
Darbepoetin alfa 38.0 (129)c NA

Haematopoietic response rate, % of patientsb

Epoetin alfa NA 72 (155)
Darbepoetin alfa NA 69 (157)

Patients receiving transfusion, %

Epoetin alfa 9.5d (148) 17 (155)
Darbepoetin alfa 16.8d (143) 16 (157)

Hb, haemoglobin; SD, standard deviation, NA = not available.
a Hb increase P1 g/dL from baseline.
b HbP 12 g/dL or Hb increase P2 g/dL from baseline.
c Modified intent-to-treat population (all randomised patients with

P1 dose of study drug and P1 postbaseline Hb value or transfusion).
d From Day 29 to study end.
of treatment, mean Hb increase was 1.4 g/dL (n = 95)
for epoetin alfa and 0.8 g/dL (n = 87) for darbepoetin
alfa [64]. The incidence of thrombovascular events
(TVEs) was low in both studies, and was similar between
the two treatment groups.
5. Conclusions

Erythropoietic agents have a well-established efficacy
for the treatment of cancer- and chemotherapy-related
anaemia, eliciting improvements in haematologic
parameters and decreasing transfusion requirements.
Of the three approved erythropoietic agents, only epoe-
tin alfa and epoetin beta have been associated with sta-
tistically significant improvements in a priori QOL
endpoints compared with placebo in randomised-con-
trolled clinical trials. Although the optimal dosage regi-
mens for all three agents remain to be determined, less
frequent dosing schedules for both epoetin alfa and dar-
bepoetin alfa appear to be as effective as the approved
regimens. Challenges in comparing these agents include
differences in clinical trial design, patient populations,
dose titration schedules, and clinical endpoints. Another
issue to be resolved is the clinical significance of an ear-
lier Hb increase versus the Hb increase achieved overall.
It has recently been suggested that an earlier Hb re-
sponse leads to better clinical outcomes [68]. Publication
of the full results of the direct comparative trial sup-
ported by Ortho Biotech is eagerly anticipated in the
continuing efforts to determine whether there are clini-
cally relevant differences between erythropoietic agents.
Conflict of interest statement

Dr. Gascón has received honoraria from Amgen Inc.,
Janssen-Cilag Ltd., Johnson and Johnson Pharmaceuti-
cals LLC, and Roche Laboratories Inc. This study was
supported by Johnson & Johnson Pharmaceutical Ser-
vices, LLC.
References

1. Crawford J, Cella D, Cleeland CS, et al. Relationship between
changes in hemoglobin level and quality of life during chemo-
therapy in anemic cancer patients receiving epoetin alfa therapy.
Cancer 2002, 95, 888–895.

2. Cella D, Zagari MJ, Vandoros C, et al. Epoetin alfa treatment
results in clinically significant improvements in quality of life in
anemic cancer patients when referenced to the general population.
J Clin Oncol 2003, 21, 366–373.

3. Caro JJ, Salas M, Ward A, et al. Anemia as an independent
prognostic factor for survival in patients with cancer. A system-
atic, quantitative review. Cancer 2001, 91, 2214–2221.

4. Rizzo JD, Lichtin AE, Woolf SH, et al. Use of epoetin in patients
with cancer: evidence-based clinical practice guidelines of the



P. Gascón / European Journal of Cancer 41 (2005) 2601–2612 2611
American Society of Clinical Oncology and the American Society
of Hematology. Blood 2002, 100, 2303–2320.

5. National Comprehensive Cancer Network. Clinical practice

guidelines in oncology–cancer and treatment-related anemia, ver-
sion 2.2004, Jenkintown, PA, USA. <http://www.nccn.org/pro-
fessionals/physician_gls/PDF/anemia.pdf>; accessed February
16, 2005.

6. Henry DH. The evolving role of epoetin alfa in cancer therapy.
Oncologist 2004, 9, 97–107.

7. Cheung WK, Goon BL, Guilfoyle MC, et al. Pharmacokinetics
and pharmacodynamics of recombinant human erythropoietin
after single and multiple subcutaneous dosing to healthy subjects.
Clin Pharmacol Ther 1998, 64, 412–423.

8. Cheer SM, Wagstaff A. Epoetin beta: a review of its clinical use in
the treatment of anaemia in patients with cancer. Drugs 2004, 64,
323–346.

9. Glaspy J, Jadeja JS, Justice G, et al. A dose-finding and safety
study of novel erythropoiesis stimulating protein (NESP) for the
treatment of anaemia in patients receiving multicycle chemother-
apy. Br J Cancer 2001, 84(Suppl. 1), 17–23.

10. Egrie JC, Browne JK. Development and characterization of
darbepoetin alfa. Oncology 2002, 16(Suppl.), 13–22.

11. Bokemeyer C, Aapro MS, Courdi A, et al. EORTC guidelines for
the use of erythropoietic proteins in anaemic patients with cancer.
Eur J Cancer 2004, 40, 2201–2216.

12. Halstenson CE, Macres M, Katz SA, et al. Comparative phar-
macokinetics and pharmacodynamics of epoetin alfa and epoetin
beta. Clin Pharmacol Ther 1991, 50, 702–712.

13. Zamboni WC, Stewart CE. An overview of the pharmacokinetic
disposition of darbepoetin alfa. Pharmacotherapy 2002, 22,
133S–140S.

14. Egrie JC, Dwyer E, Browne JK, et al. Darbepoetin alfa has a
longer circulating half-life and greater in vivo potency than
recombinant human erythropoietin. Exp Hematol 2003, 31,
290–299.

15. Eprex� (epoetin alfa) prescribing information. Janssen-Cilag Ltd.,
High Wycombe, UK; January 2004.

16. Eprex� (epoetin alfa) summary of product characteristics. Jansen-
Cilag Ltd., High Wycombe, UK; October 2004.

17. Procrit� (epoetin alfa) prescribing information. Ortho Biotech
Products, L.P., Raritan, NJ, USA; June 2004.

18. Gregory SA, Williams D. Epoetin alfa 60,000 U QW followed by
Q2W maintenance dosing corrects anemia and maintains hemo-
globin in anemic patients with cancer receiving chemotherapy.
Blood 2003, 102, 166b, abstract 4373.

19. Langer CJ, Williams D. Anemia correction and hemoglobin
maintenance with epoetin alfa 60,000 U QW followed by 80,000 U
Q3W in anemic patients with cancer receiving chemotherapy.
Blood 2003, 102, 166b, abstract 4374.

20. Patton J, Kuzur M, Liggett W, et al. Epoetin alfa 60,000 U once
weekly followed by 120,000 U every three weeks maintains
hemoglobin levels in anemic cancer patients receiving chemother-
apy: final report. Oncologist 2004, 9, 90–96.

21. NeoRecormon� (epoetin beta) prescribing information. Roche
Pharmaceuticals, Basel, Switzerland; March 2003.

22. European approval launches more convenient and cost-effective
delivery of once weekly NeoRecormon for patients with lymphoid
cancers. <http://www.roche.com/inv-update-2004-03-02>; accessed
September 8, 2004.

23. Aranesp� (darbepoetin alfa) prescribing information. Amgen,
Thousand Oaks, CA, USA; December 12, 2003.

24. Amgen Inc. Aranesp approved for extended dosing by European

Commission. <http://www.amgen.com/news/viewPR.jsp?id= 616912>;
accessed September 27, 2004.

25. Hesketh PJ, Arena F, Patel D, et al. A randomized controlled
trial of darbepoetin alfa administered as a fixed or weight-based
dose using a front-loading schedule in patients with anemia who
have nonmyeloid malignancies. Cancer 2004, 100, 859–868.

26. Thames W, Yao B, Scheifele A, et al. Drug use evaluation (DUE)
of darbepoetin alfa in anemic patients undergoing chemotherapy
supports a fixed dose of 200 mcg Q2W given every 2 weeks (Q2W).
Proc Am Soc Clin Oncol 2003, 22, 546, abstract 2196.

27. Schwartzberg L, Shiffman R, Tomita D, et al. A multicenter
retrospective cohort study of practice patterns and clinical
outcomes of the use of darbepoetin alfa and epoetin alfa for
chemotherapy-induced anemia. Clin Ther 2003, 25, 2781–2796.

28. Dammacco F, Castoldi G, Rödjer S. Efficacy of epoetin alfa in the
treatment of anaemia of multiple myeloma. Br J Haematol 2001,
113, 172–179.

29. Littlewood TJ, Bajetta E, Nortier JW, et al. Effects of epoetin alfa
on hematologic parameters and quality of life in cancer patients
receiving nonplatinum chemotherapy: results of a randomized,
double-blind, placebo-controlled trial. J Clin Oncol 2001, 19,
2865–2874.

30. Quirt I, Robeson C, Lau Y, et al. Epoetin alfa therapy increases
hemoglobin levels and improves quality of life in patients with
cancer related anemia who are not receiving chemotherapy and
patients with anemia who are receiving chemotherapy. J Clin

Oncol 2001, 19, 4126–4134.
31. Crawford J, Demetri GD, Gabrilove JL, et al. Clinical benefits of

epoetin alfa therapy in patients with lung cancer. Clin Lung

Cancer 2002, 3, 180–190.
32. Demetri GD, Gabrilove JL, Blasi MV, et al. Benefits of epoetin

alfa in anemic breast cancer patients receiving chemotherapy. Clin
Breast Cancer 2002, 3, 45–51.

33. Gabrilove JL, Cleeland CS, Livingston RB, et al. Clinical
evaluation of once-weekly dosing of epoetin alfa in chemotherapy
patients: improvements in hemoglobin and quality of life are
similar to three-times-weekly dosing. J Clin Oncol 2001, 19,
2875–2882.

34. Shasha D, George MJ, Harrison LB. Once-weekly dosing of
epoetin-a increases hemoglobin and improves quality of life in
anemic cancer patients receiving radiation therapy either concom-
itantly or sequentially with chemotherapy. Cancer 2003, 98,
1072–1079.

35. Shasha D, George M. Rapid hemoglobin response in anemic
cancer patients undergoing chemotherapy or chemoradiation
therapy receiving once-weekly epoetin alfa treatment. Blood

2002, 100, 17b, abstract 3517.
36. Witzig TE, Silberstein PT, Loprinzi CL, et al. Phase III,

randomized, double-blind study of epoetin alfa compared with
placebo in anemic patients receiving chemotherapy. J Clin Oncol

2005, 23(12), 2606–2617.
37. Littlewood TJ, Nortier J, Rapoport B, et al. Epoetin alfa corrects

anemia and improves quality of life in patients with hematologic
malignancies receiving non-platinum chemotherapy. Hematol

Oncol 2003, 21, 169–180.
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