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Abstract:

Objectives: To evaluate the comparative cost efficiency across the European Union G5
countries of the erythropoiesis-stimulating agents (ESAs] epoetin a (originator [Eprex®] and
biosimilar [Binocrit®]; once weekly), epoetin B (NeoRecormon®; once weekly), and darbepoetin
o (Aranesp®; once weekly or once every 3 weeks) under different scenarios of fixed and
weight-based dosing in the management of chemotherapy-induced anemia.

Methods: Direct costs of ESA treatment were calculated for one patient with cancer
undergoing chemotherapy [(six cycles at 3-week intervals) with ESA initiated at week 4 and
continued for 15 weeks. Five scenarios were developed under fixed and weight-based dosing:
continuous standard dose for 15 weeks; sustained dose escalation to 1.5x or double the
standard dose at week 7, continued for 12 weeks; and discontinued dose escalation to 1.5x or
double the standard dose at week 7 for a 3-week period, then 9 weeks of standard dose.
Results: Under fixed dosing, the average cost of biosimilar epoetin a treatment across
scenarios was €4643 (30,000 1U) or €6178 (40,000 IU). Corresponding estimates were €7168 for
originator epoetin o, €7389 for epoetin , €8299 for darbepoetin a. once weekly, and €9221 for
darbepoetin o once every 3 weeks. Under weight-based dosing, the average cost of biosimilar
epoetin a treatment across scenarios was €4726. Corresponding estimates were €5484 for
originator epoetin o, €5652 for epoetin 3, and €8465 for both darbepoetin o once weekly and

once every three weeks.

Conclusion: Managing chemotherapy-induced anemia with biosimilar epoetin o is consistently
cost efficient over treatment with originator epoetin a, epoetin , and darbepoetin o under

both fixed and weight-based dosing scenarios.

Keywords: anemia, biosimilars, cost efficiency, cost savings, erythropoiesis-stimulating

agents, erythropoietin

Introduction

The European Cancer Anaemia Survey (ECAS)
highlighted the high prevalence and incidence of
anemia among patients with cancer in Europe
[Ludwig er al. 2004]. Among more than 15,000
patients evaluated, the prevalence of anemia
(hemoglobin [Hb] <12 g/dl) at enrolment was
39%; 67% of patients had a Hb level less than
12 g/dl recorded at least once during the survey.

The incidence of anemia was 54% overall and
63% among patients who received chemotherapy
[Ludwig er al. 2004].

Treatment options for anemia include blood
transfusions, iron supplementation (for patients
with absolute or functional iron deficiency), and
erythropoiesis-stimulating agents (ESAs) [Aapro
and Link, 2008]. Blood transfusions are often
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recommended for use only in patients with a Hb
level less than 9 g/dl [Aapro and Link, 2008;
Bokemeyer er al. 2007]. In addition, there are a
number of issues around blood transfusions
[Aapro and Link, 2008; Upile er al. 2008]. These
include concerns about continued availability of
blood due to falling donor numbers, the risk of
transfusion-transmitted diseases, the increasingly
rigorous screening of donors and blood to reduce
the risk of disease transmission, the risk of tumor
growth promotion and worsening of prognosis,
and the real cost of the product and its adminis-
tration. Despite these concerns, transfusions are
still frequently used in many countries while in
others there has been an increased use of ESAs
[Ludwig er al. 2009].

Use of ESAs provides more sustained anemia cor-
rection compared with transfusions, and is more
convenient for patients [Bokemeyer ez al. 2007].
Use of ESAs in congruence with European
Organisation for Research and Treatment of
Cancer (EORTC) guidelines leads to improved
results in terms of Hb outcomes [Aapro et al.
2009]. Several ESA products are available in
Europe for the treatment of chemotherapy-
induced anemia in patients with cancer.
These include epoetin o (Eprex®, Janssen-Cilag,
Neuss, Germany), epoetin 3 (NeoRecormon®, F.
Hoffman-La Roche, Basel, Switzerland), epoetin 6
(Eporatio®, Teva, Petach Tikva, Israel), and dar-
bepoetin o (Aranesp®, Amgen Europe, Breda,
The Netherlands). Clinical practice guidelines
consider all ESAs to be equivalent in relation to
effectiveness and safety [Schrijvers ez al. 2010]. A
biosimilar epoetin o was approved by the
European Medicines Agency (EMA) in 2007,

and is marketed as Binocrit® (Sandoz,
Holzkirchen, Germany), Epoetin o Hexal®

(Hexal, Holzkirchen, Germany) and Abseamed®
(Medicie Arzneimittel, Iserlohn, Germany) at a
lower price than the originator products. Another
biosimilar ESA has also been approved by the
EMA (epoetin ), and is marketed as Retacrit®
(Hospira, Royal Leamington Spa, UK) and
Silapo® (STADA, Bad Vilbel, Germany).

The recommended initial fixed doses are 40,000
IU/week for originator epoetin oo and biosimilar
epoetin o, 30,000 IU/week for epoetin 3, and 150
ug for darbepoetin a once weekly or 500 pg if given
once every 3 weeks. Weight-based dosing typically
assumes 450 IU/kg/week for originator epoetin o,
biosimilar epoetin o and epoetin B, 2.25 pg/kg for
darbepoetin o once weekly, and 6.75 ug/kg for

darbepoetin o every three weeks. If Hb has not
increased by at least 1 g/dl after 4 weeks, according
to the product information the dose of originator
epoetin o, biosimilar epoetin o and epoetin 3 may
be escalated up to 200% of the standard dose.
Treatment should be discontinued if, after 8 weeks,
Hb has not increased by at least 1 g/dl. For darbe-
poetin a, if the clinical response of the patient
(fatigue, Hb response) is inadequate after 9 weeks,
further therapy may not be effective.

Biosimilar, or similar biological medicinal product,
is a regulatory term used to define medicines that
are similar to a biological medicine that has already
been approved and whose patent has expired
[Roger, 2010]. To obtain EMA approval, a biosim-
ilar has to demonstrate comparability to the refer-
ence product in terms of quality, safety, and
efficacy. Biosimilar epoetin o (Binocrit®) has com-
parable efficacy and safety to its reference product
(Eprex®) [Weigang-Kohler et al. 2009; Haag-
Weber ez al. 2009], and has also been shown to be
effective in real-life clinical practice. Initial treat-
ment with biosimilar epoetin o 30,000 IU or
40,000 IU per week has been shown to produce a
similar Hb response [Kerkhofs ez al. 2012], and the
overall response rate for biosimilar epoetin a in this
study was similar to that observed for originator
ESAs in an earlier study [Ludwig ez al. 2009].

Despite concerns about increased risk of throm-
bovascular events, and regulatory warnings about
possible ESA-induced tumor progression and
mortality, available data suggest that ESAs are
effective when used for labeled indications in
patients with cancer, with a favorable risk—benefit
profile [Aapro and Spivak, 2009]. Meta-analyses
also indicate that ESAs have a neutral effect on
overall survival when used in accordance with
approved indications (i.e. patients with cancer
who are receiving chemotherapy) [Glaspy ez al.
2010; Tonelli ez al. 2009].

Comparative cost efficiency (or budget impact)
studies assess the actual cost of treatment that
buyers or payers would incur and are consid-
ered independent of outcomes (unlike cost-
effectiveness studies, which evaluate cost
relative to differential outcomes). For instance,
biosimilar filgrastim (Zarzio®, Sandoz) has been
shown to be the most cost-efficient approach to
prevent or treat chemotherapy-induced febrile
neutropenia under various treatment scenarios
from 1 to 14 days relative to the originator fil-
grastim (Neupogen®, Amgen) and its pegylated
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formulation (Neulasta®, Amgen) [Aapro et al
2011]. Given the equivalence of originator and
biosimilar ESAs in terms of outcomes, actual
cost is the purchase differentiator.

There is a real choice available to physicians and
pharmacists when selecting different ESA prod-
ucts. As previously indicated, there appears to be
no significant difference in the effectiveness and
safety of the different agents in managing chemo-
therapy-induced anemia [Schrijvers ez al. 2010].
Each agent can also be used in fixed and weight-
based dosing scenarios. To enable a clinically rel-
evant comparison, this study compares the cost of
each ESA in a range of different fixed and weight-
based dosing schedules. Physicians and pharma-
cists can then select the appropriate comparisons
to match their own clinical practice to estimate
the comparative cost efficiency (or budget impact)
of switching between different originator and
biosimilar ESAs or dosing regimens. The study
planned to evaluate the cost efficiency of different
ESA preparations. We modeled ESA use in the
five largest countries by population (Germany,
France, UK, Italy, Spain), which together make
up more than half the EU population (316 mil-
lion out of 501 million) [Eurostat European
Statistics, 2011]. Specifically, the study compared
the population-weighted direct costs of managing
anemia with originator epoetin a, epoetin 3, dar-
bepoetin o, and biosimilar epoetin o in one
patient with cancer undergoing a chemotherapy
regimen of six cycles at 3-week intervals (18
weeks) and with ESA initiation at week 4 and
continued for a total of 15 weeks. Five scenarios
were developed under both fixed and weight-
based dosing: continuous standard dose of each
ESA for 15 weeks; sustained dose escalation of
each ESA to 1.5 times or double the standard
dose at week 7 and continued for 12 weeks; and
discontinued dose escalation to 1.5 times or dou-
ble the standard dose of each ESA at week 7 for a
3-week period, then 9 weeks of standard dose.
The second objective was to determine the rela-
tive cost savings of treatment with biosimilar epo-
etin a over the originator ESAs.

Methods

Cost model

Cost was defined as the direct costs incurred by a
buyer or payer for buying or reimbursing any of
the four agents to treat anemia in one patient with
cancer undergoing a chemotherapy regimen of six

cycles at 3-week intervals (18 weeks). Consistent
with the cost-efficiency analysis for granulocyte
colony-stimulating factor [Aapro et al. 2011],
indirect costs were not considered as the focus
was on the actual cost and associated budget
impact of a purchasing or reimbursement deci-
sion: the incurred cost of delivering goods as sub-
tracted from total revenue in the calculation of
gross margin prior to consideration of administra-
tive and selling costs. The public pack price (in
euros) was used for all but the UK, for which the
negotiated NHS price was used (in British pounds
converted to euros at exchange rate of 1.13499).

Model assumptions

First, treatment was defined as a chemotherapy
regimen of six cycles at 3-week intervals, for a total
18 weeks. A cycle was defined as the 3-week period
starting with the week in which chemotherapy was
administered plus the ensuing 2 weeks. Second,
weekly ESA treatment was assumed to have been
initiated at the start of the second chemotherapy
cycle (week 4) and continued over each subse-
quent cycle, including the 2 weeks following the
last chemotherapy cycle. Thus ESA treatment was
assumed to last for a total of 15 weeks. Third, to
fully capture physician prescribing behaviors, both
fixed and weight-based dosing was considered.
Fixed ESA dosing was set at 40,000 IU per week
for originator epoetin o, 30,000 and 40,000 IU per
week for biosimilar epoetin o, 30,000 IU per week
for epoetin B, and either 150 pug once weekly or 500
pug once every 3 weeks for darbepoetin o; these
were selected on the basis of recommended initial
doses for the various agents, and taking account of
commonly used and effective doses as reported in
the literature [Kerkhofs ez al. 2011; Ludwig et al.
2009]. For weight-based dosing, we used the aver-
age weight of 68 kg reported for patients in the
Anaemia Cancer Treatment (ACT) study, all of
whom had anemia and were treated with ESAs
[Ludwig et al. 2009]. For originator epoetin o,
epoetin 3, and biosimilar epoetin o, a posology of
450 IU/kg/week was used for a weekly dose of
30,600 IU. Posologies for darbepoetin o were 2.25
ng/kg/week for the once weekly and 6.75 pg/kg/
week for the once every 3 week formulations, for
doses of 153 ug and 459 pg for the two regimens,
respectively. Fourth, five scenarios were applied to
both the fixed and weight-based dosing schemes.
The continuous standard dose (CSD) scenario
assumed that the standard dose of each ESA was
administered for 15 weeks. Two sustained dose
escalation (SDE) scenarios specified a dose
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Table 1. Calculations used to derive the cost estimates for the different erythropoiesis-stimulating agents.

escalation to 1.5 times or double the standard dose
at week 7 of the chemotherapy regimen (start of
cycle 3) and continued for the remaining 12 weeks.
Under the discontinued dose escalation (DDE)
scenario, ESA treatment was escalated to 1.5 times
or double the standard dose at week 7 for a 3-week
period, followed by a return to standard dose ESA
treatment for the remaining 9 weeks. Fifth, we
assumed all ESA agents to be equally effective in
managing chemotherapy-induced anemia. Lastly,
population estimates were as per 1 January 2011;
that is, capturing the population at the close of
2010. Hence, 2010 prices were used in the
analysis.

Analyses

Table 1 summarizes the calculations to derive the
cost estimates for the different agents. The follow-
ing steps were taken:

Price parity conversion. Not all the five largest EU
countries share a common currency. To permit a
comparison that allows for fluctuation between
the euro and the British pound, we first converted

all prices for the four products in each of the G5
countries to the base of ‘price per 1000 IU epoetin
o’ for product and country. This conversion put
the cost-of-treatment estimates for each agent on
a price parity basis expressed in 1000 IU of epoe-
tin o. Specifically, we used the public pack price
(or NHS price for the UK) per 1000 IU epoetin o
as the benchmark, assuming a standard regimen
of 40,000 IU/week. Taking the public pack or
NHS price for epoetin 3 and darbepoetin o and,
under consideration of the recommended regi-
mens for these agents to achieve therapeutic
equivalence with epoetin o, we converted the pur-
chasing price of these agents to the epoetin o base;
that is, the cost of epoetin § 30,000 IU/week and
darbepoetin a 150 pg expressed in epoetin o price
per 1000 IU. This brought all agents considered
onto the pricing platform in commercial use.
Price per week of treatment per 1000 1U equivalent
dose in each G5 country. Using the parity prices, we
calculated the weekly cost of treatment for each
product in each of the five countries.
Population-weighted price per week of treatment per
1000 IU equivalent dose. To determine the
weighted G5 price for 1 week of treatment with
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each product, we multiplied a product’s price in
a given country by the proportional population
weight for that country. Thus, the weighted G5
cost for 1 week of treatment with originator epo-
etin o was €367.60, €378.91 for epoetin J3,
€425.57 for darbepoetin o, and €316.84 for
biosimilar epoetin a.

Results

Table 2 presents the cost of 15 weeks of treat-
ment and the percentage savings possible with
use of 30,000 IU and 40,000 IU biosimilar epo-
etin a for each of the five scenarios under a fixed-
dosing scheme. The average cost across scenarios
for 15 weeks of treatment with biosimilar epoetin
o was €4643 (30,000 IU) or €6178 (40,000 IU),
compared with €7168 for originator epoetin o,
€7389 for epoetin B, €8299 for darbepoetin o
once weekly, and €9221 for darbepoetin o once
every 3 weeks (Figure 1). The average incremen-
tal costs (across the five scenarios) over biosimi-
lar epoetin o of fixed-dose treatment with the
originator products are shown in Figure 2. The
percentage savings achieved by treating patients
with biosimilar epoetin o 40,000 IU were 13.8%
over originator epoetin a, 16.4% over epoetin f3,
25.5% over darbepoetin o once weekly, and
33.0% over darbepoetin a once every 3 weeks
(Table 2). For biosimilar epoetin o 30,000 IU,
the average savings were 35.4% over originator
epoetin o, 37.3% over epoetin 3, 44.2% over dar-
bepoetin a once weekly, and 49.7% over darbe-
poetin a once every three weeks.

Table 3 details the results for the five scenarios
when weight-based dosing was applied, in this
case for a patient weighing 68 kg. The average
cost for 15 weeks of treatment across the scenar-
ios was €5484 for originator epoetin o, €5652 for
epoetin 3, and €8465 for darbepoetin o once
weekly or once every 3 weeks compared with
€4726 for biosimilar epoetin o.. The average incre-
mental costs (across the five scenarios) over bio-
similar epoetin o of weight-based treatment with
the originator products are shown in Figure 3.
Using biosimilar epoetin o yielded savings of
13.8% over originator epoetin o, 16.4% over epo-
etin B, and 44.2% over darbepoetin o once weekly
or once every 3 weeks.

Discussion
The main conclusion from this comparative cost-
efficiency analysis comparing biosimilar epoetin

o with originator ESAs is that, for the EU G5, the
cost of treating anemia in one patient with cancer
during one line of chemotherapy (whether using
fixed or weight-based dosing) is lowest for the
biosimilar ESA, followed by originator epoetin o,
epoetin f3, darbepoetin o once weekly and finally
darbepoetin o once every 3 weeks. With the effi-
cacy and effectiveness of all four agents consid-
ered equivalent, biosimilar epoetin o provides
favorable value (defined as quality over cost) in
the management of chemotherapy-induced ane-
mia. For fixed-dosing schedules, the average cost
savings associated with use of biosimilar epoetin o
40,000 IU ranged from €990 (13.8%) to €3042
(33.0%), while for biosimilar epoetin o 30,000
IU the average savings ranged from €2534
(35.4%) to €4587 (49.7%). For weight-based
dosing, the cost savings with the use of biosimilar
epoetin o ranged from €757 (13.8%) to €3738
(44.2%). It is interesting to note that European
prescribing information for darbepoetin o does
not contain explicit advice on dose escalation,
while the US prescribing information does. In the
present analysis, biosimilar epoetin o remains
cost efficient relative to darbepoetin o for both
fixed and weight-based dosing even if only con-
tinuous standard dosing is considered.

Our model assumes that all the ESAs have similar
efficacy and safety, which is justified on the basis
of available data and recommendations in clinical
practice guidelines [Schrijvers er al. 2010]. Dose
requirements for biosimilar epoetin o are also
similar to those for short- and long-acting origi-
nator ESAs, as indicated by a large study in
patients (z = 1695) with anemia secondary to
chronic kidney disease [Ode ez al. 2011].

ESAs have two potentially useful actions in the
treatment of chemotherapy-induced anemia: cor-
recting anemia to improve quality of life and
avoiding the need for transfusions [Aapro and
Link, 2008].The relative cost effectiveness of each
management strategy for chemotherapy-induced
anemia differs with each aim along with the differ-
ent target Hb levels for treatment. The data
presented in this paper help inform the choice
between different types of ESA products. In
choosing between a policy of transfusion or ESAs
for managing chemotherapy-induced anemia,
more complex analyses are needed [Littlewood
et al. 2006]. One could argue that the cost of red
blood cell transfusions should be entered into the
cost-efficiency equations for managing chemo-
therapy-induced anemia. Using estimates from six
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Figure 1. Average total cost of 15 weeks’ treatment with the different erythropoiesis-stimulating agents
(ESAs) across five fixed-dosing scenarios. Costs are based on population-weighted price per week in the EU G5

countries. QW, once weekly; Q3W, once every 3 weeks.
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Figure 2. Average incremental cost of 15 weeks’ treatment with the different erythropoiesis-stimulating
agents (ESAs) across five fixed-dosing scenarios. Costs are based on population-weighted price per week in
the EU G5 countries: (A) relative to biosimilar epoetin o 40,000 1U; (B) relative to biosimilar epoetin o 30,000 IU.

QW, once weekly; Q3W, once every 3 weeks.

studies covering five European countries, the pop-
ulation-weighted inflation-adjusted cost of two
units of red blood cell transfusions in 2010 was
estimated at €878 [Abraham and Sun, 2012]. If
three transfusions of two units each were needed
to correct anemia and maintain adequate Hb lev-
els during a six-cycle chemotherapy regimen,
matching the transfusion-related cost of €2634
would require significant discounting by ESA
manufacturers. However, substitution of ESAs by
transfusions is not the issue for the following rea-
sons. First, red blood cell transfusion does tran-
siently increase Hb levels, but it does not provide
the short- to medium-term quality-of-life benefits
that come with the erythropoietic stimulation
achieved with ESAs [Jones et al. 2004; Kimel ez al.
2008]. Second, transfusions are recommended to

correct very low (<9 g/dl) Hb levels, but not for
Hb titers above that level [Aapro and Link, 2008;
Bokemeyer er al. 2007]. Third, transfusions come
with their own safety, convenience and quality-of-
life issues [Aapro and Link, 2008; Upile ez al
2008]. Fourth, the increase in Hb from transfu-
sions is only transient. Hence it is not a matter of
weighing the cost of transfusions to the cost of
ESA treatment. Instead, analyses should focus on
the cost of transfusions plus the cost of managing
transfusion-related adverse events wversus the cost
of ESA treatment plus the cost of managing ESA-
related adverse events. To our knowledge, such
cost-effectiveness analysis has not yet been done.
There are, however, data to indicate that for a
comparable increase in quality of life, ESA treat-
ment costs five to seven times less than
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Table 3. Cost of erythropoiesis-stimulating agent (ESA] treatment and percentage savings associated with use of biosimilar
epoetin a: weight-based-dosing scenarios.

transfusion [Cornes et al. 2007]. Finally, due to
falling donor numbers and enhanced screening
for pathogens, blood is a scarce resource [Aapro
and Link, 2008; Stramer et al. 2009]; indeed, the
EU has issued a number of directives on strate-
gies to conserve blood supplies. Moreover, older
blood (blood stored for >28 days) has reduced
red cell function and viability following trans-
fusion, and subsequently reduced O,-carrying
potential [D’Almeida ez al. 2000; Koch er al
2008]. In summary, there are various clinical,
pharmacological, efficacy, safety, as well as policy
and economic elements to consider in the deci-
sions of if and when to prescribe red blood cell
transfusions.

As indicated in the ACT study, many physicians
do not intervene to correct anemia until Hb levels
have fallen below 9 g/dl [Ludwig et al. 2009].
Possible explanations for this include late diagno-
sis, concerns about the impact of ESAs on sur-
vival leading to a more conservative approach to
anemia management in this population, or cost of
ESA use. Biosimilar ESAs such as biosimilar epo-
etin o have been developed specifically to lower
costs of treatment with difficult-to-make, expen-
sive biological agents. Use of biosimilar ESAs can
provide savings in hospital budgets, expand access
to ESA treatment, and provide physicians with
the latitude to treat anemia earlier (in accordance
with current labels and guidelines). Consequently,
more patients would benefit from improved qual-
ity of life and scarce blood resources would be
conserved.

Supplementing ESA therapy with intravenous
iron has been shown to increase hemoglobin
response rates compared with ESA alone
[Auerbach er al. 2004, 2010; Bastit er al. 2008],
to levels similar to those observed for transfu-
sions. This has also been recently demonstrated
for biosimilar epoetin a [Kerkhofs ez al. 2012].
In this audit of patients with solid tumors and
chemotherapy-induced anemia, the hemoglobin
response rate was 77% among patients treated
with biosimilar epoetin a alone, and 93% among
those who received supplemental intravenous
iron. Other data indicate that addition of intrave-
nous iron to ESA therapy increases Hb response
and decreases ESA dose requirement in patients
with cancer and anemia [Hedenus ez al. 2007].
While the full impact of adding intravenous iron
to ESA therapy is outside the scope of the current
cost model, it is likely that a greater response rate
could be achieved with a lower ESA dose, further
reducing the cost of ESA treatment across the
therapeutic class [Szucs er al. 2011].

Immunogenicity is a particular safety concern
with all biopharmaceuticals, including biosimi-
lars. As of December 2011, the estimated expo-
sure to biosimilar epoetin o was 122,000
patient-years (across both oncology and neph-
rology indications) [Sandoz, data on file], and
no cases of antibodies or other unexpected
safety concerns have been reported with the
commercially available product. Similarly, no
cases of immunogenicity have been reported in
patients with cancer receiving any ESA for
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Figure 3. Average incremental cost (relative to biosimilar epoetin o) of 15 weeks’ treatment with the different
erythropoiesis-stimulating agents (ESAs) across five weight-based dosing scenarios. Costs are based on
population-weighted price per week in the EU G5 countries. QW, once weekly; Q3W, once every 3 weeks.

chemotherapy-induced anemia [Macdougall

et al. 2012].

The relative cost efficiency of biosimilar epoetin o
is important in itself at the microeconomic level
of purchasing and reimbursement decisions for
a defined patient panel. The macroeconomic ben-
efits should be considered as well, especially if the
savings achieved with biosimilar epoetin o treat-
ment can be reallocated to provide other patients
within a panel with treatments for which other-
wise no funds would be available. Consider, for
instance, how savings from supportive cancer care
with biosimilar epoetin o at a fixed dose of 40,000
IU/week might translate into greater patient
access to primary cancer care with such life-sav-
ing agents as rituximab (Mabthera®, Roche) and
trastuzumab (Herceptin®, Roche). The weighted
EU G5 median cost of treatment for diffuse large
B-cell non-Hodgkins lymphoma with rituximab is
€11,320. Treating human epidermal growth fac-
tor receptor 2 (HER2)-positive metastatic breast
cancer with trastuzumab is estimated to cost
€29,784. If the estimated 94,587 patients with
cancer in the G5 countries treated with an ESA
other than biosimilar epoetin o were converted to
the latter, savings between €110,605,428 and
204,688,976 could be achieved. Using the lower
conservative estimate, an additional 9771 rituxi-
mab treatments would become available in the
EU G5, meeting the needs of 65.1% of patients
with the above type of lymphoma. Similarly, an
additional 3714 trastuzumab treatments would
meet the need of 40.3% of the EU G5 population
of patients with HER2-positive metastasized
breast cancer (data not reported, but available

from the corresponding author). The savings cre-
ated in supportive cancer care would indeed facil-
itate substantially improved patient access to
primary cancer treatment.

A potential limitation of our analysis is the use of
weighted average unit costs based on public pack
prices (and the NHS negotiated price for the UK)
rather than actual product costs (which can vary
within and between countries, and will change
over time in response to national and interna-
tional market forces). Use of weighted average
unit costs has the benefit of smoothing any cost
differentials between the countries and provides a
generalized estimate of ESA costs for the five
countries included in the study [Aapro ez al
2011]. Cost-efficiency analyses for purchasing
and reimbursement decisions in individual mar-
kets should use the unit dose costs for that mar-
ket. In addition, our model does not take into
account discounts that often apply in hospital- or
tender-driven markets; often in these settings the
price differential between a biosimilar and origi-
nator is greater than indicated by the list price,
and the cost savings possible through the use of
biosimilar ESA are likely to be higher than our
analysis indicates.

Conclusion

This analysis shows that, based on weighted EU
G5 cost estimates, the budget impact of managing
chemotherapy-induced anemia with biosimilar
epoetin o is consistently cost efficient over treat-
ment with originator epoetin o, epoetin f3, and dar-
bepoetin o under both fixed and weight-based
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dosing and across various scenarios of standard
and escalated dose regimens. Our analysis demon-
strates that, relative to originator ESAs, biosimilar
epoetin o is the most cost-efficient ESA to correct
anemia and maintain adequate hemoglobin levels
in patients with cancer undergoing chemotherapy.
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