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SUMMARY

Background and objective: Cost control is becom-

ing an increasingly important consideration for

clinicians when planning how to provide the best

treatment for anaemic cancer patients. Adminis-

tration of erythropoiesis stimulating agents

(epoetin alpha, epoetin beta and darbepoetin

alpha) has become the standard of care for treat-

ment of anaemia in cancer patients. However,

only limited information is available on the eco-

nomic comparability of epoetin alpha, epoetin

beta and darbepoetin alpha, and thus this study

was conducted to compare cost per patient of each

of these agents for anaemic cancer patients.

Methods: All prescriptions of the agents over

1 year were analysed by two Austrian regional

public health insurance associations and cost per

patient for each agent was calculated from

invoicing data. Data from the two regions were

combined to obtain total mean drug costs per

patient per year.

Results and discussion: Analyses showed signifi-

cantly lower costs for epoetin alpha (€2743Æ27)

than for darbepoetin alpha (€3627Æ98) or epoetin

beta (€3292Æ28): epoetin alpha vs. darbepoetin

alpha (P < 0Æ0001); epoetin beta vs. darbepoetin

alpha (P = 0Æ0001); epoetin alpha vs. epoetin beta

(P = 0Æ0009). As costs of the three agents in

Austria are identical for therapeutically equival-

ent doses, the higher cost of darbepoetin alpha

was believed to be due mainly to longer treatment

duration to target haemoglobin level.

Conclusion: The finding of a cost difference

favouring epoetin alpha over darbepoetin alpha

suggests the need for prospective randomized

studies comparing efficacy and cost effectiveness

of all three agents to obtain more definitive data.

Keywords: anaemia, cost comparison, darbepoe-

tin, epoetin, erythropoietin, pharmacoeconomics

INTRODUCTION

Anaemia is often present in cancer patients at the

time of diagnosis and its incidence and severity

increase with successive rounds of chemotherapy

or radiotherapy (1–4). Because anaemia and its se-

quelae can adversely affect the patients’ physical

and functional status, as well as quality of life

(QOL), correction of the lowered haemoglobin (Hb)

levels is crucial for optimal patient management

(5–8). Several treatment options are currently

available for increasing Hb values, including blood

transfusion, iron supplementation and adminis-

tration of pharmacological agents, specifically ery-

thropoiesis stimulating proteins (i.e. epoetin alpha,

epoetin beta, darbepoetin alpha).

When aiming for optimal pharmacological

management of anaemia in cancer patients, clini-

cians must consider the following factors: timeli-

ness, duration, predictability, and extent of

haematological response, QOL outcomes and the

body of evidence from clinical trials including

doses proposed and doses used (9–11). In the

oncology/haematology setting, a more rapid

response to therapy may be preferred in an effort to

minimize any deleterious effects of anticancer
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therapy on the patients’ QOL (12–14). However,

cost control is becoming an increasingly important

consideration for clinicians worldwide when

planning how to provide the best treatment for

anaemic cancer patients. Among the main factors

involved in healthcare costs are the price of the

drug itself and costs related to time and resource

utilization (e.g. healthcare professional, facility and

labour). The analysis reported here deals with the

impact of all three available erythropoietic agents

on treatment costs for anaemic cancer patients.

BACKGROUND

For more than 10 years, anaemia in cancer patients

has been treated in Europe with epoetin alpha or

epoetin beta. In mid-2002, a third erythropoietic

agent, darbepoetin alpha, was approved for the

treatment of anaemia in patients with non-myeloid

cancers (16). At the time the present analysis was

performed (October 2002 to September 2003), both

epoetin alpha and epoetin beta’s labelling in Eur-

ope recommended three times weekly (TIW)

administration (150 IU/kg). Darbepoetin alpha, in

contrast, was approved for once weekly (QW)

administration (2Æ25 lg/kg) which could be an

advantage for patients with respect to convenience

(17–21). More recently, epoetin alpha was

approved for QW administration (450 IU/kg) (22)

in patients receiving chemotherapy for solid

tumours and haematological malignancies, and

epoetin beta was approved for this dosage in

anaemic cancer patients with haematologic malig-

nancies and relatively low erythropoietin levels

(23).

In most cases, response to treatment with a

standard dosage of 10 000-IU epoetin alpha or

epoetin beta (150 IU/kg) TIW has ranged from 53%

to 71%, with mean Hb increases of 1Æ8–2Æ8 g/dL

(9, 10, 24–28). Both agents have demonstrated a

timeliness of response that remains quite consistent

over the wide range of patients, tumour types

and chemotherapy regimens included in the var-

ious clinical trials, with achievement of the desired

1-g/dL Hb increase at 4 weeks and subsequent

2-g/dL Hb increase of responding patients gener-

ally attained in these studies. In contrast to the

situation with epoetin alpha, only limited informa-

tion, some derived from dose-ranging studies

(17, 19, 21), has been published in the medical

literature on mean Hb increases obtained with

darbepoetin alpha treatment (15, 29), as well as on

optimal treatment doses and dosage schedules.

Both epoetin and darbepoetin have chemical

structures based on the native erythropoietin hor-

mone but with distinct characteristics and features

that should be considered in terms of the structural

and functional relationships of these agents. Dar-

bepoetin remains in the circulation longer than

epoetin and has a half-life approximately two to

three times that of epoetin; however, its binding

affinity for the erythropoietin receptor is 4-fold

lower than that of epoetin (30–32). It has been sug-

gested that the higher affinity of epoetin for the

erythropoietin receptor on target cells results in

more rapid receptor saturation and removal of

epoetin from the circulation, and may partially

account for its reduced serum half-life compared

with that of darbepoetin. According to this concept,

the reduced binding affinity of darbepoetin for the

erythropoietin receptor may account for the exten-

ded half-life of this agent in the circulation (31).

Given that 1-lg darbepoetin has been shown to

be equivalent to 200-IU epoetin as per the protein-

to-mass ratio of the molecules (32), the prices of the

weekly standard dosages of either 10 000-IU

epoetin alpha or epoetin beta TIW and 150-lg

darbepoetin QW are identical in Austria. Thus, if

the recommended dosing regimens are used for all

agents, the cost per patient should not differ

between these agents.

STUDY OBJECTIVE

As the annual cost to the Austrian social health

insurance associations (excluding hospitals) for all

three erythropoietic agents is approximately

€50 million, there is an increasing demand for data

on clinical efficacy as well as on economic analyses

to allow balanced comparisons. Thus, the overall

goal of this analysis was to compare the costs of

epoetin alpha, epoetin beta and darbepoetin alpha

outside the controlled environment of a clinical

trial by examining data from actual community

practice obtained from the invoicing system of the

BGKK, a public health insurance association in

eastern Austria (Region 1). Specifically, the analysis

was to compare utilization costs between the

agents. If epoetin alpha, epoetin beta and

darbepoetin alpha are equally effective at the dose
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conversion ratio of 200 IU : 1 lg and are used in

comparable groups of patients, then the costs

should be identical. The assumption is that

the respective recommended standard dosing

regimens are used, and none of the drugs are

preferred over the others in specific subgroups of

patients.

METHODS

Data were analysed by means of ‘FOKO’, a stand-

ard costs tool utilized by all Austrian health

insurance associations. For the study analysis, the

data were filtered to protect patient privacy. Using

the FOKO software (SAS Institute Inc., Cary, NC,

USA), any regional Austrian agency, such as the

BGKK, can obtain patient-related medication data.

Results of the analyses of these data can be used for

management decisions in the health sector.

Data from four quarters (2002/Q4 to 2003/Q3)

were used for this analysis. To separate the

treatment of anaemia in cancer patients from that

in patients with nephrological indications, inclu-

sion and exclusion criteria were implemented to

serve as filters for data analysis. As a first step,

all patients were included if they were prescribed

a minimum dose strength of 150 lg for darbe-

poetin alpha or 10 000 IU for epoetin alpha or

epoetin beta. After exclusion of patients with

renal disease, the medication for all patients

receiving the aforementioned minimum doses of

the agents was checked to confirm an oncological

indication.

The three study endpoints were:

1 Number of injections per patient. (In accordance

with the respective product labels and based on

the hypothesis that 1 · 150-lg darbepoetin alpha

is equivalent to 3 · 10 000-IU epoetin, the num-

ber of injections of darbepoetin alpha should be

one-third that of epoetin alpha or epoetin beta.)

2 Proportion of patients who had dose titration.

3 Cost per patient. (This parameter not only shows

the cost efficiency of the respective drugs, but is

also an integral measure of treatment duration

and dose, as the prices at which the company

sells the assumed equivalent doses of the agents

are identical.)

To exclude possible region-specific influences in

Region 1, data from a second health insurance

association (NÖGKK, Region 2) were similarly

analysed; costs per patient for each treatment in

Region 2 were determined separately, and were

then combined with those for Region 1 to provide

annual costs per patient per drug for the two

regions combined.

Statistical analysis

Statistical analyses were conducted to test for

significant differences in annual treatment costs

between the three erythropoietic agents. The

Kruskal H-test was used to assess differences in

costs between the treatment groups. Mean cost

(standard deviation and standard error) per patient

for each agent was calculated over 1 year. Addi-

tionally, median cost per patient was computed,

both to validate the results and to take into account

any non-normal distribution of the cost data. The

period of analysis chosen for the study was based

on the approval date and availability of darbe-

poetin alpha for the oncological indication. Because

treatment or a treatment cycle with all three agents

is usually completed within a few months, both

data from quarterly periods and annual data were

used to calculate treatment cost per patient. It

should be noted that for some patients in the

database, treatment spanned two quarterly periods

and therefore the mean cost per patient within a

given quarter was less than the annual mean cost

per patient.

RESULTS

Region 1

Two hundred and twenty-six cancer patients with

anaemia were identified from the Region 1 data-

base. The average age of these patients was

67Æ2 years [epoetin alpha 69Æ4 years, standard

deviation (SD) 13Æ0; epoetin beta 67Æ3 years, SD

11Æ8; darbepoetin alpha 63Æ3 years, SD 11Æ5]. The

gender for 124 patients (43 men, 81 women) was

available; of these, 66% in the epoetin alpha group,

55% in the epoetin beta group and 74% in the

darbepoetin alpha group were women. One hun-

dred and eleven patients were treated with epoetin

alpha, 75 patients were treated with epoetin beta

and 62 were treated with darbepoetin alpha. The

total number of patients is 246, because some

patients received more than one agent.
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Table 1 shows the distribution of medication

across patients whereas Table 2 lists the number of

patients whose regimens included higher doses. Of

the seven patients receiving epoetin alpha

40 000 IU, two had been previously treated with

10 000 IU and one patient had been treated with

150-lg darbepoetin alpha and then switched to

epoetin alpha 40 000 IU. The four remaining

patients received epoetin alpha 40 000 IU as a

starting dose. Of the 15 patients receiving epoetin

beta 20 000 IU, eight patients had been previously

treated with 10 000 IU of this agent and seven had

started their treatment with 20 000 IU. Three of the

four patients receiving 300-lg darbepoetin alpha

had been previously treated with 150-lg darbe-

poetin alpha; the remaining patient had no docu-

mentation describing any preliminary treatment

and it is possible that this patient received the

higher dosage at treatment initiation. Regarding

the effect of increased dosage on the cost per

patient, 300-lg darbepoetin alpha represents a

doubling of dose/cost whereas 40 000-IU epoetin

alpha QW or 20 000-IU epoetin beta twice weekly

is only a 33% increase. Table 3 shows the allocation

of patients receiving the prescribed agents. The

mean number of doses received per patient was

19Æ63 for patients in the epoetin alpha group, 22Æ96

for those in the epoetin beta group and 9Æ81 for

those in the darbepoetin alpha group, a ratio of

2 : 1 for epoetin alpha and epoetin beta vs. darbe-

poetin. The contribution of costs for drug injection

seems to be negotiable because it is assumed that

most patients do that by themselves and the costs

for an injection by a physician are €2Æ18.

Table 1. Distribution of medications

Agent

(brand name)

Packets

purchased Dose (aliquot)

Epoetin alpha

(Erypo�, Eprex�)

346 10 000 IU (6 vials)

27 40 000 IU (1 vial)

7 6000 IU (6 vials)

5 4000 IU (6 vials)

1 1000 IU (6 vials)

Epoetin beta

(NeoRecormon�)

226 10 000 IU (6 vials)

38 20 000 IU (6 vials)

10 1000 IU (6 vials)

9 5000 IU (6 vials)

6 20 000 IU (3 vials)

1 2000 IU (6 vials)

Darbepoetin alpha

(Aranesp�)

138 150 lg (4 vials)

30 300 lg (1 vial)

5 100 lg (4 vials)

1 20 lg (4 vials)

Table 2. Distribution of patients with higher doses

Dose

Number of

patients

Epoetin alpha 40 000-IU QW 7

10 000 IU › to 40 000 IU 2

150-lg darbepoetin changed to

epoetin alpha 40 000 IU

1

Started at 40 000 IU 4

Epoetin beta 20 000-IU TIW or BIW 15

10 000 IU › to 20 000 IU 8

Started at 20 000 IU 7

Darbepoetin alpha 300-lg QW 4

150 lg › to 300 lg 3

No documentation of initial tx;

possibly started at 300 lg

1

QW, once weekly; BIW, twice weekly; TIW, three times weekly.

Table 3. Total number and percentage of patients receiving one of the three erythropoietic agents by quarter

Agent

2002/Q4,

N (%)

2003/Q1,

n (%)

2003/Q2

n (%)

2003/Q3

n (%)

Total numbera over all

four quarters n (%)

Epoetin alpha 64 (63Æ4) 38 (45Æ2) 30 (36Æ1) 30 (28Æ9) 162 (43Æ5)

Epoetin beta 28 (27Æ7) 26 (31Æ0) 29 (34Æ9) 36 (34Æ6) 119 (32Æ0)

Darbepoetin alpha 9 (8Æ9) 20 (23Æ8) 24 (28Æ9) 38 (36Æ5) 91 (24Æ5)

Total 101 (100) 84 (100) 83 (100) 104 (100) 372 (100)

aAs treatment duration for some patients spans across two quarters, the total number of patients across all four quarters (n = 372) is

greater than the total study population (n = 226).
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If epoetin alpha and epoetin beta were admin-

istered TIW and darbepoetin alpha QW without

dose escalation, it can be concluded that darbe-

poetin alpha patients were treated on average for

10 weeks whereas epoetin alpha and epoetin beta

patients received treatment for approximately

7 weeks.

Figures 1 and 2 show that the mean costs per

patient was consistently higher for darbepoetin

alpha than for either epoetin alpha or epoetin beta

with one exception, during the fourth quarter of

2002. However, the latter finding most likely

reflects the small number of darbepoetin alpha

patients (n = 9) evaluated during this period. For

Region 1, mean cost per patient was €2828Æ99 for

epoetin alpha, €3463Æ87 for epoetin beta and

€4183Æ09 for darbepoetin alpha. These differences

were not statistically significant. Exclusion of the

four patients who received 300-lg darbepoetin

alpha reduces the mean costs for darbepoetin alpha

to €3719Æ96. Exclusion of all 15 patients who

received 20 000-IU epoetin beta reduces the mean

costs for epoetin beta to €3006Æ81.

Region 2

As the results of the initial analysis were based

solely on the data from 226 patients in Region 1 and

could be influenced by region-specific behaviour, a

second health insurance association in north-east-

ern Austria (NÖGKK, Region 2) was asked to

analyse the annual costs of the three agents per

patient using their data. Table 4 and Fig. 2 show

the data for Region 2, whereas Table 5 and Fig. 2

show the combined data for the two regions. An

additional 1288 patients were analysed from

Region 2. For Region 2, costs were €2724Æ59,

Fig. 1. Quarterly costs in euros

per patient (Region 1).

Table 4. Number and percentage of patients by drug

(Region 2)

Number of patients %

Epoetin alpha 514 39Æ9
Epoetin beta 408 31Æ7
Darbepoetin alpha 366 28Æ4

Fig. 2. Annual costs in euros

per patient (Region 1, Region 2

and Regions 1 and 2 combined).
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€3260Æ74 and €3532Æ43 for epoetin alpha, epoetin

beta and darbepoetin alpha, respectively

(P < 0Æ000001); values for results of multiple com-

parisons were epoetin alpha vs. darbepoetin alpha,

P < 0Æ000001; epoetin beta vs. darbepoetin alpha,

P = 0Æ0001; epoetin alpha vs. epoetin beta,

P = 0Æ0014.

A total of 1514 patients were included in the

combined analysis of Region 1 and Region 2. After

adjusting for multiple comparisons and unequal

sample size (Nemenyi), H-tests (Kruskal) demon-

strated that epoetin alpha was significantly less

costly than both darbepoetin alpha (P < 0Æ0001)

and epoetin beta (P = 0Æ0009), and epoetin beta was

significantly less costly than darbepoetin alpha

(P = 0Æ0001) (Table 6).

DISCUSSION

Because of the risks associated with red blood cell

transfusions, the use of erythropoietic agents,

including epoetin alpha, epoetin beta and more

recently, darbepoetin alpha, has become the

standard of care for treatment of anaemia in can-

cer patients. Extensive clinical trial data, including

several randomized controlled studies, have

demonstrated that treatment with epoetin alpha

results in increased Hb levels, reduced transfusion

requirements and improved or preserved QOL

(13, 14, 24–28). More recent studies have demon-

strated that darbepoetin alpha also improves Hb

levels and reduces transfusion requirements in

anaemic cancer patients (17–21, 29). However,

only limited information is available on the clin-

ical and economic comparability of epoetin alpha,

epoetin beta and darbepoetin alpha. The present

study was undertaken to compare the costs per

patient of the three erythropoietic agents. To

accomplish this, we analysed invoicing data from

two Austrian social health insurance associations

(Region 1 and Region 2). The goal of such asso-

ciations is to maximize the therapeutic and eco-

nomic benefits for patients being treated within a

given region. Thus, in addition to clinical results

obtained, these associations must scrutinize eco-

nomic results, given the often high costs of med-

ications prescribed and the limited financial

resources available.

In our study, analysis of data for up to 1514

patients from Region 1 and Region 2 showed

highly significant differences in treatment costs

between epoetin alpha and epoetin beta compared

with darbepoetin alpha (P < 0Æ0001 and P = 0Æ0001

respectively), as well as between epoetin alpha and

epoetin beta (P = 0Æ0009). As the costs of the

respective recommended dosing regimens for the

three agents are identical, the different treatment

costs can be a result of higher-than-recommended

dosages, a longer treatment duration with darbe-

poetin alpha, unsuitable package size or a combi-

nation of these factors.

As indicated earlier, the ratio for total number of

injections between the two epoetins and darbe-

poetin alpha was 2 : 1 rather than 3 : 1, as would

have been expected from the respective European

product labels. This finding suggests that admin-

istration of darbepoetin alpha does not reduce the

number of doses to the degree expected based on

this agent’s recommended QW treatment schedule,

compared with the TIW schedules for epoetin

alpha and epoetin beta.

Table 5. Annual costs in euros (€), per patient and drug

(Regions 1 and 2 combined), with statistical parameters

Statistical parameters

Epoetin

alpha

Epoetin

beta

Darbepoetin

alpha

Mean cost 2743Æ27 3292Æ28 3627Æ98

SD/SE 2922Æ71 3235Æ24 3105Æ42

116Æ82 147Æ06 150Æ02

Median 1746Æ00 1746Æ00 2943Æ00

Lower quartile 873Æ00 873Æ00 1631Æ00

Upper quartile 3393Æ60 4282Æ00 4893Æ00

Number of patients 626 483 429

SD, standard deviation; SE, standard error.

Table 6. P-values for comparisons

of mean costs per year between

drugs (Region 1 and Region 2

combined)

Cost (€) P-value

Epoetin alpha vs. darbepoetin alpha 2743Æ27 vs. 3627Æ98 <0Æ0001

Epoetin alpha vs. epoetin beta 2743Æ27 vs. 3292Æ28 0Æ0009

Epoetin beta vs. darbepoetin alpha 3292Æ28 vs. 3627Æ98 0Æ0001
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Potential factors influencing differences in

treatment results between agents

Different patient groups. Patients receiving darbe-

poetin alpha were, on average, slightly, but not

significantly, younger than patients receiving

epoetin alpha or epoetin beta, and may have been

diagnosed with different tumour types. However,

there is no information in the European Public

Assessment Report that recommends adapting

doses for specific tumour types for any of the

agents in question. Further, although the invoicing

data provided no information regarding patient

weight, there is no reason to believe that any dif-

ferences in mean patient weight existed between

the treatment groups.

Higher starting dose or dose escalation. A total of 15

patients received epoetin beta 20 000 IU and only

four patients received darbepoetin alpha 300 lg.

The former group may have contributed to the

higher costs of epoetin beta compared with epoetin

alpha. The four patients receiving darbepoetin

alpha 300 lg may have contributed partially to the

higher cost associated with this agent; however,

given the low total number of patients receiving

this higher dose, the greater cost of darbepoetin

alpha is more likely to be associated with a longer

treatment duration in this patient population. The

longer treatment duration could be due to longer

treatment to reach target Hb.

Unsuitable package size. Epoetin alpha and epoetin

beta are packaged in units that provide for 2 weeks

of therapy, whereas darbepoetin alpha is packaged

in units that provide for 4 weeks of therapy. Lack

of suitable (i.e. smaller) package sizes, where

necessary, may reduce cost effectiveness because of

wasted unused product when the agent is withheld

or discontinued prematurely, e.g. on achievement

of target Hb level, increase in Hb beyond the

desired level, hospitalization of the patient or

patient refusal of further therapy.

Different drug experience. Haematologists and on-

cologists have more than 10 years experience using

epoetin alpha and epoetin beta in the clinical

practice setting (9, 10, 25–28, 33). Eligible patient

populations for this agent are well defined, as are

the goals and achievable outcomes of therapy. Far

less is known about darbepoetin alpha for patients

with cancer-related anaemia (e.g. appropriate dos-

ing and treatment duration, or achievable out-

comes) as this agent has been available for only

2 years for this indication and has a comparatively

small body of evidence in the medical literature.

Given the greater degree of uncertainty surround-

ing darbepoetin alpha in the oncology setting, the

higher costs for this agent may reflect lower-than-

expected efficacy over time and the consequential

need to prolong treatment duration. Longer treat-

ment durations not only have a major impact on

total costs to the healthcare system, but also reduce

the quality of clinical results, as patients must wait

longer for successful treatment.

From the distribution of medications outlined in

Table 1, it can be concluded that, in the majority of

cases, the prescribed treatment comprised standard

doses of 10 000 IU TIW epoetin alpha and epoetin

beta or 150-lg QW darbepoetin alpha, the recom-

mended dosing in the product labellings.

Prescription of doses above or below those

recommended was infrequent in the populations

evaluated in this study.

The major limitation of this analysis is that it

assessed only drug utilization cost and did not

compare the efficacy of the three erythropoietic

agents. In Austria the costs of the three agents are

identical for claimed therapeutically equivalent

doses. The finding of lower cost of epoetin alpha

relative to darbepoetin alpha in the analysis is

consistent with the findings reported in a recent

comprehensive review of the literature by Morreale

et al. (34), and in other medical publications (35–

43). Morreale and colleagues, compared cost data

on average wholesale prices for epoetin alpha and

darbepoetin alpha in 2003, and concluded that

epoetin alpha offered better pharmacoeconomic

value. Persson et al. (43), in a retrospective chart

review of data from three Swedish hospitals, found

a higher haematopoietic response rate and faster

Hb response with epoetin alpha than with darbe-

poetin alpha; costs, however, although favouring

epoetin alpha, were not significantly different.

Also, van Hout and Gagon (41), using pooled data

from randomized, double-blind, placebo-con-

trolled studies of epoetin alpha (three studies) and

darbepoetin alpha (two studies), found that epoetin

alpha was more cost-effective than darbepoetin

alpha at labelled doses, produced higher haema-
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topoietic response rates and required fewer dose

escalations than darbepoetin alpha.

This cost analysis did not allow identification

of, and subsequent adjustment for, baseline

characteristics that could have independently

influenced the costs of the drugs (e.g. baseline

Hb level, prevalence of different types of cancer,

disease stage and comorbidities). Data on dem-

ographics and clinical characteristics for Region 1

and Region 2 were also limited. However, it is

doubtful that there were any strongly differen-

tiating characteristics between the patients in the

two regions, or factors that influenced regional

choice of one agent over another. There is no

recommendation in the Public Assessment

Report for adapting doses for specific tumour

types. In addition, factors such as higher starting

dose or dose escalation did not explain the

increased cost.

CONCLUSION

Results of the analysis reported here demonstrate

that darbepoetin alpha is more costly than both

epoetin alpha and epoetin beta for cancer patients

with anaemia. Darbepoetin alpha was associated

with a longer treatment duration, resulting in an

overall 30% increased cost of therapy compared

with epoetin alpha (Table 6). These findings

confirm those of other comparative studies

showing an economic benefit of epoetin alpha

over darbepoetin alpha. Further, the results of

this analysis emphasize the need for prospective

randomized studies of the clinical and economic

impact of the three available erythropoietic agents

to ensure optimal anaemia management for

anaemic cancer patients.

REFERENCES

1. Coiffier B, Guastalla JP, Pujade-Lauraine E, Bastit P

(2001) Predicting cancer-associated anaemia in pa-

tients receiving non-platinum chemotherapy: results

of a retrospective survey. European Journal of Cancer,

37, 1617–1623.

2. Denison U, Baumann J, Peters-Engl C et al. (2003)

Incidence of anaemia in breast cancer patients

receiving adjuvant chemotherapy. Breast Cancer

Research and Treatment, 79, 347–353.

3. Steurer M, Wagner H, Gastl G (2004) Prevalence and

management of anemia in haematologic cancer pa-

tients receiving cyclic nonplatinum chemotherapy:

results of a prospective national chart survey. Wiener

Klinische Wochenschrift, 116, 367–372.

4. Ludwig H, Van Belle S, Barrett-Lee PJ et al. (2004)

The European Cancer Anaemia Survey (ECAS): a

large, multinational, prospective survey defining the

prevalence, incidence and treatment of anaemia in

cancer patients. European Journal of Cancer, 40, 2293–

2306.

5. Fallowfield L, Gagnon D, Zagari M et al. (2002)

Multivariate regression analyses of data from a

randomised, double-blind, placebo-controlled study

confirm quality of life benefit of epoetin alfa in pa-

tients receiving non-platinum chemotherapy. British

Journal of Cancer, 87, 1341–1353.

6. Leitgeb C, Pecherstorfer M, Fritz E, Ludwig H (1994)

Quality of life in chronic anemia of cancer during

treatment with recombinant human erythropoietin.

Cancer, 73, 2535–2542.

7. Vogelzang NJ, Breitbart W, Cella D et al. (1997)

Patient, caregiver, and oncologist perceptions of

cancer-related fatigue: results of a tripart assessment

survey. The Fatigue Coalition. Seminars in Hematolo-

gy, 34, 4–12.

8. Cella D (1998) Factors influencing quality of life in

cancer patients: anemia and fatigue. Seminars in

Oncology, 25, 43–46.

9. Seidenfeld J, Piper M, Flamm C et al. (2001) Epoetin

treatment of anemia associated with cancer therapy:

a systematic review and meta-analysis of controlled

clinical trials. Journal of the National Cancer Institute,

93, 1204–1214.

10. Rizzo JD, Lichtin AE, Woolf SH et al. (2002) Use of

epoetin in patients with cancer: evidence-based

clinical practice guidelines of the American Society

of Clinical Oncology and the American Society of

Hematology. Blood, 100, 2303–2320.

11. Pohl G, Ludwig H (2004) Supportive treatment

for anemic cancer patients. Wiener Medizinische

Wochenschrift, 154, 226–234.

12. Crawford J, Cella D, Cleeland CS et al. (2002) Rela-

tionship between changes in hemoglobin level and

quality of life during chemotherapy in anemic cancer

patients receiving epoetin alfa therapy. Cancer, 95,

888–895.

13. Littlewood T, Bajetta E, Rapoport B, Nortier J (2002)

Early administration of epoetin alfa optimizes ane-

mia management with respect to hematologic and

quality of life (QOL) outcomes in anemic cancer

patients (pts) undergoing chemotherapy [abstract].

Blood, 100, 18b.

14. Shasha D, George M (2002) Rapid hemoglobin

response in anemic cancer patients undergoing

chemotherapy or chemoradiation therapy receiving

� 2006 The author. Journal compilation � 2006 Blackwell Publishing Ltd, Journal of Clinical Pharmacy and Therapeutics, 31, 503–512

510 B. Reichardt



once-weekly epoetin alfa treatment [abstract]. Blood,

100, 17b.

15. National Cancer Institute. Darbepoetin alfa compared

with epoetin alfa in treating anemia in patients receiving

chemotherapy for cancer. Available at: http://www.

clinicaltrials.gov/ct/gui/show/NCT00070382. Ac-

cessed 28 July 2004.

16. Aranesp (2005) Summary of product characteristics.

Breda: Amgen Europe, BV.

17. Glaspy J, Jadeja J, Justice G et al. (2002) Darbepoetin

alfa administered every 1 or 2 weeks (with no loss of

dose efficiency) alleviates anemia in patients with

solid tumors [abstract]. The Hematology Journal,

3(Suppl. 1), 67.

18. Heatherington AC, Schuller J, Mercer AJ (2001)

Pharmacokinetics of novel erythropoiesis stimula-

ting protein (NESP) in cancer patients: preliminary

report. British Journal of Cancer, 84(Suppl. 1), 11–16.

19. Hedenus M, Hansen S, Taylor K et al. (2002) Rand-

omized, dose-finding study of darbepoetin alfa in

anaemic patients with lymphoproliferative malig-

nancies. British Journal of Haematology, 119, 79–86.

20. Smith RE Jr, Jaiyesimi IA, Meza LA et al. (2001)

Novel erythropoiesis stimulating protein (NESP) for

the treatment of anaemia of chronic disease associ-

ated with cancer. British Journal of Cancer, 84(Suppl.

1), 24–30.

21. Glaspy JA, Jadeja JS, Justice G, Fleishman A, Rossi G,

Colowick AB (2003) A randomized, active-control,

pilot trial of front-loaded dosing regimens of

darbepoetin-alfa for the treatment of patients with

anemia during chemotherapy for malignant disease.

Cancer, 97, 1312–1320.

22. EprexTM (2004) Summary of product characteristics.

Austria: Janssen-Cilag Pharma.

23. NeoRecormonTM (2005) Summary of product charac-

teristics. UK: Roche Registration.

24. Dammacco F, Castoldi G, Rodjer S (2001) Efficacy of

epoetin alfa in the treatment of anaemia of multiple

myeloma. British Journal of Haematology, 113, 172–179.

25. Demetri GD, Kris M, Wade J, Degos L, Cella D, for

the Procrit Study Group (1998) Quality-of-life benefit

in chemotherapy patients treated with epoetin alfa is

independent of disease response or tumor type: re-

sults from a prospective community oncology study.

Journal of Clinical Oncology, 16, 3412–3425.

26. Gabrilove JL, Cleeland CS, Livingston RB, Sarokhan

B, Winer E, Einhorn LH (2001) 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.

Journal of Clinical Oncology, 19, 2875–2882.

27. Glaspy J, Bukowski R, Steinberg D et al. (1997)

Impact of therapy with epoetin alfa on clinical

outcomes in patients with nonmyeloid malignancies

during cancer chemotherapy in community oncol-

ogy practice. Journal of Clinical Oncology, 15, 1218–

1234.

28. Littlewood TJ, Bajetta E, Nortier JW, Vercammen E,

Rapoport B, for the Epoetin Alfa Study Group (2001)

Effects of epoetin alfa on hematologic parameters

and quality of life in cancer patients receiving non-

platinum chemotherapy: results of a randomized,

double-blind, placebo-controlled trial. Journal of

Clinical Oncology, 19, 2865–2874.

29. Vansteenkiste J, Pirker R, Massuti B et al. (2002)

Double-blind, placebo-controlled, randomized phase

III trial of darbepoetin alfa in lung cancer patients

receiving chemotherapy. Journal of the National

Cancer Institute, 94, 1211–1220.

30. Elliott SG, Lorenzini T, Strickland T, Delorme E,

Egrie JC (2000) Rational design of novel erythropoiesis

stimulating protein (ARANESPTM): a super-sialylated

molecule with increased biological activity [abstract].

San Francisco, California: Annual Meeting of the

American Society of Hematology.

31. Jelkmann W (2002) The enigma of the metabolic fate of

circulating erythropoietin (Epo) in view of the phar-

macokinetics of the recombinant drugs rhEpo and

NESP. European Journal of Haematology, 69, 265–274.

32. Egrie JC, Browne JK (2001) Development and char-

acterization of novel erythropoiesis stimulating

protein (NESP). British Journal of Cancer, 84(Suppl. 1),

3–10.

33. Abels R (1993) Erythropoietin for anaemia in cancer

patients. European Journal of Cancer, 29A(Suppl. 2),

S2–S8.

34. Morreale A, Plowman B, DeLattre M, Boggie D,

Schaefer M (2004) Comments on clinical and econo-

mic comparison of epoetin alfa and darbepoetin alfa.

Current Medical Research and Opinion, 20, 381–395.

35. Cremieux P, Greenbery P, Piech C (2003) Epoetin is

cost-effective relative to darbepoetin alfa in lung

cancer patients receiving treatment for chemother-

apy-induced anemia [abstract]. Proceedings of the

American Society for Oncology, 22, 559.

36. Rosberg J (2003) Clinical response, cost of treatment,

and cost-effectiveness of three regimens of two

erythropoietic agents for treating chemother-

apy-induced anemia [abstract]. Proceedings of the

American Society for Oncology, 22, 559.

37. Frame D, Fastenau F, Piech CT (2004) Cost-effect-

iveness analysis favors epoetin alfa to front-loaded

doses of darbepoetin alfa for treatment of chemo-

therapy-related anemia [abstract]. Journal of Managed

Care Pharmacy, 10, 180.

38. McKenzie RR, Mark T, Tak Piech C (2004) Better early

and overall hematologic outcomes and lower drug cost

� 2006 The author. Journal compilation � 2006 Blackwell Publishing Ltd, Journal of Clinical Pharmacy and Therapeutics, 31, 503–512

Cost utilization of erythropoietic agents 511



with epoetin alfa (EPO) compared to darbepoetin alfa

(DARB) in colorectal patients [abstract]. San Francisco,

California: 2004 Gastrointestinal Cancers Sympo-

sium.

39. Papatheofanis FJ (2004) Epoetin alfa and darbepoetin

alfa anemia treatment outcomes in cancer patients

from a VA perspective [abstract]. Value Health, 7, 246.

40. Reichardt B (2004) Evidence-based, novel compar-

ison between epoetin alfa, epoetin beta, and darbe-

poetin alfa based on drug use, efficacy and treatment

costs in daily oncological use. The Hematology Journal,

5(Suppl. 2), S177.

41. Van Hout BA, Gagon DD (2004) The cost-effective-

ness of epoetin alfa (EPREX) and darbepoetin

(ARANESP) in the treatment of chemotherapy-rela-

ted anemia. The Hematology Journal, 5(Suppl. 2), S176.

42. Bramley T (2003) Economic comparison of erythropoi-

esis-stimulating therapies in treating chemotherapy-rela-

ted anemia in patients with lung cancer [abstract].

Montreal, Canada: Poster presented at 2003 Meeting

of the Academy of Managed Care Pharmacy; Octo-

ber 16–18.

43. Persson U, Borg S, Jansson S et al. (2004) Differences

in treatment practice, response rates and cost of

epoetin alfa and darbepoetin alfa treatment for ane-

mic cancer patients: a retrospective analysis from

Sweden [abstract]. The Hematology Journal, 5 (Suppl.

2), S175.

� 2006 The author. Journal compilation � 2006 Blackwell Publishing Ltd, Journal of Clinical Pharmacy and Therapeutics, 31, 503–512

512 B. Reichardt


