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SUMMARY

Background and objective: Functional iron defi-

ciency is one reason for lack of response to

erythropoietin treatment. Concomitant intrave-

nous (IV) iron supplementation has the potential

to improve response to erythropoietin, allowing a

decrease in erythropoietin dose requirements. In

a recent study of anaemic, iron-replete patients

with lymphoproliferative malignancies (Leuke-

mia, 21, 2007, 627), the haemoglobin (Hb) increase

and response rate were significantly greater in

patients receiving epoetin beta with concomitant

IV iron compared with patients receiving epoetin

beta without IV iron (P < 0Æ05). The present

analysis aimed to investigate whether a combi-

nation of epoetin beta and IV iron is cost-effec-

tive compared with epoetin beta without IV iron.

Methods: This analysis was performed from a

Swedish societal perspective as a within-trial

evaluation of overall costs (based on differences

in drug costs and resource use between groups)

and effect (differences in Hb increases) during

16 weeks’ treatment with epoetin beta with or

without concomitant IV iron.

Results and discussion: There was an improved

response to epoetin beta with IV iron therapy and

an almost 2-fold greater increase in Hb levels.

Overall mean cost per patient in the epoetin beta

with IV iron group was €5558 and in the epoetin

beta without IV iron group was €6228. Thus,

treatment with epoetin beta with IV iron resulted

in overall cost savings of about 11% compared

with epoetin beta without iron, mainly due to

reduced erythropoietin dosages.

Conclusion: Epoetin beta with concomitant IV

iron in anaemic patients with lymphoprolifera-

tive malignancies not receiving chemotherapy

resulted in better outcomes at lower cost com-

pared with epoetin beta without iron. This sug-

gests that epoetin beta with IV iron is a dominant

therapy from a Swedish perspective.

Keywords: anaemia, cancer, cost-effectiveness,

erythropoietin, IV iron, lymphoproliferative
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INTRODUCTION

With the exception of life-threatening or severe

anaemia [haemoglobin (Hb) <8 g ⁄ dL], erythropoi-

etin therapies have replaced blood transfusion as the

standard of care for anaemic patients with cancer in

many countries. Results of randomized, controlled

trials of erythropoietin have led to their recognition

in US and European guidelines as an appropriate

treatment for cancer-related anaemia (1–3).

Erythropoietin treatment is considered to be safe

when used within approved indications (4–7).

However, according to the European Cancer

Anaemia Survey (ECAS) many patients with can-

cer do not receive treatment for anaemia – only

17% of anaemic patients received erythropoietin in

this 6-month survey (8). In addition, this survey

highlighted that the Hb trigger for using erythro-

poietin was often lower than that recommended in

guidelines, with a third of treated patients not
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receiving erythropoietin until Hb had decreased to

<9 g ⁄ dL. In contrast, European Organisation for

Research and Treatment of Cancer (EORTC)

guidelines, published at the beginning of 2007,

suggest that erythropoietin may be considered in

anaemic patients at Hb levels <11Æ9 g ⁄ dL,

depending on a careful evaluation of individual

factors such as intensity of ongoing chemotherapy

(2). Possible explanations of the low use of eryth-

ropoietin in ECAS, besides the perceived high cost

of this treatment, might be that only 50–70% of

patients achieve a haematological response and it is

difficult to predict those patients most likely to

respond (9).

One of the major reasons for a lack of response to

erythropoietin treatment is functional iron defi-

ciency (FID), defined as a failure to provide iron to

the erythroblasts despite the presence of iron stores

(10). This condition is seen in anaemia of chronic

disease, both in chronic inflammatory conditions

and cancer, and is aggravated when erythropoietin

treatment increases the demand for iron transport

to the erythron (11, 12).

It has been suggested that co-administration of

intravenous (IV) iron with erythropoietin treatment

may be effective in reducing the risk of FID in

patients with cancer (13–15). An initial study in

anaemic patients with chronic kidney disease

showed that the response rate to erythropoietin

could be improved and erythropoietin dose

requirements could be reduced with concomitant

IV iron (16). Consequently, IV iron is routinely

used and recommended in this patient population

(17). As data emerge that addition of IV iron may

also optimize the response to erythropoietin treat-

ment in patients with cancer (18–20), it is important

to determine if IV iron supplementation is funda-

mental to improvement of medical effectiveness

and cost-effectiveness of erythropoietin treatment.

A recently published, randomized clinical trial

performed in Sweden in anaemic patients with

lymphoproliferative malignancies not receiving

chemotherapy (18) showed that the magnitude of

Hb increase and Hb response rate were greater in

patients receiving epoetin beta with concomitant IV

iron than in those receiving epoetin beta without IV

iron. The patients in this study were shown to be

iron replete at baseline based on the presence of

stainable iron in the bone marrow. As expected

from the enhanced efficacy of epoetin beta with IV

iron, over the course of the study there was also a

decrease in the epoetin beta dose requirement in

this group compared with patients receiving

epoetin beta without IV iron. Based on a within-

trial analysis of the results of this study, the aim of

the present evaluation was to investigate whether

epoetin beta with IV iron represents a cost-effective

use of resources compared with epoetin beta

without iron in this Swedish setting.

METHODS

The methods and efficacy results of the clinical

study used in this economic analysis have been

described in detail previously (18). Briefly, this

randomized study assessed whether concomitant

IV iron improved Hb response and permitted a

decrease in epoetin beta dose in anaemic (Hb

9–11 g ⁄ dL), transfusion-independent patients with

stainable iron in the bone marrow and lymphoid

malignancies who were not receiving chemother-

apy. Patients were randomized to subcutaneous

(SC) epoetin beta (NeoRecormon�; Roche AB,

Stockholm, Sweden) 30 000 IU once weekly for

16 weeks with or without concomitant IV iron sup-

plementation [iron sucrose (Venofer; Renapharma

AB, Uppsala, Sweden) 100 mg once weekly from

weeks 0 to 6 and 100 mg every 2 weeks from weeks

8 to 14]. There were 67 evaluable patients in the

study recruited from 15 centres in Sweden, of whom

33 received epoetin beta with IV iron and 34

received epoetin beta without iron. A brief

description of the baseline characteristics of the

evaluable patients is shown in Table 1.

The primary efficacy endpoint was the change in

Hb levels between baseline and the end of treat-

ment. All efficacy parameters were based on an

intention-to-treat (ITT) population comprising all

67 randomized patients. Efficacy parameters were

also assessed in a per-protocol (PP) population,

defined as the 57 patients who received treatment

for 16 weeks and did not receive transfusions or

chemotherapy during the study (epoetin beta with

IV iron group, n = 27; epoetin beta without IV iron

group, n = 30).

Efficacy results used in economic analysis

The efficacy results have already been presented

(18) and only those results relevant to the economic
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analysis are described here. While both epoetin

beta treatment groups showed a significant

increase in Hb levels over the course of the study,

there was a significantly (P < 0Æ05) greater increase

in mean Hb from week 8 onwards in the epoetin

beta with IV iron group compared with the epoetin

beta without iron group. At the end of treatment,

the mean change in Hb was 2Æ76 g ⁄ dL in the

epoetin beta with IV iron group and 1Æ56 g ⁄ dL in

the epoetin beta without IV iron group (P = 0Æ0002;

ITT population) (Fig. 1). In addition, the percentage

of patients with an Hb response (defined as an Hb

increase ‡2 g ⁄ dL without transfusion up to week

15) was significantly higher in the epoetin beta with

IV iron group (87%) than in the epoetin beta

without iron group (53%) (P = 0Æ0014; ITT popu-

lation). Higher serum ferritin and transferrin satu-

ration in the epoetin beta with IV iron group

suggested that improved iron availability accoun-

ted for the Hb response difference (18).

Moreover, the mean weekly epoetin beta dose

was significantly lower after 13 weeks of therapy

(P = 0Æ029) in patients receiving concomitant IV

iron compared with those receiving epoetin beta

without iron. After 15 weeks, the mean weekly

dose of epoetin beta was approximately 10 000 IU

(>25%) lower in the IV iron group. The total

cumulative patient dose was also lower in the

epoetin beta with IV iron group (P = 0Æ059;

ITT population).

Table 1. Baseline clinical characteristics (intention-

to-treat population)

Epoetin

beta + IV

iron (n = 33)

Epoetin

beta

(n = 34)

Gender (% male) 33 41

Mean ± SD age (years) 74 ± 10 77 ± 8

Disease type (% patients)

Multiple myeloma 36 38

Non-Hodgkin’s

lymphoma

33 24

Chronic lymphocytic

leukaemia

30 38

ECOG performance score (% patients)

0 34 47

1 63 53

Mean ± SD haemoglobin

level (g ⁄ dL)

10Æ3 ± 0Æ5 10Æ3 ± 0Æ5

Median (range) serum

erythropoietin (IU ⁄ L)

42 (6–288) 34 (7–213)

Median (range) serum

ferritin level (lg ⁄ L)

128 (22–570) 130 (25–794)

ECOG, Eastern Cooperative Oncology Group; IV, intravenous;

SD, standard deviation.
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Fig. 1. Mean change in haemoglobin (Hb) levels (a) and

Hb response (increase in Hb of at least 2 g ⁄ dL) (b) fol-

lowing 16 weeks treatment with epoetin beta plus

intravenous (IV) iron or epoetin beta without iron

(intention-to-treat population; n = 67) (18). *P = 0Æ0014

vs. epoetin beta + IV iron group; **P = 0Æ0002 vs. epoetin

beta + IV iron group.
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Resource use and costs

For this economic analysis, the average costs for

each patient were estimated from a Swedish soci-

etal perspective. All costs were calculated in 2006

Swedish Kronor (SEK). Prices were converted from

SEK to Euros using the average exchange rate

during 2006 of SEK 9Æ25 ⁄ €. Only costs occurring

during the 16-week treatment period were inclu-

ded and accumulated. Resource utilization was

obtained from the clinical study and adjusted or

reviewed for the situation in daily clinical practice.

Productivity losses were estimated using the

human capital method (21). Costs for each resource

unit were taken from official Swedish sources. The

cost components used in the present study are

described together with their unit costs in Table 2.

Epoetin beta and IV iron costs were based on the

actual usage in the clinical trial and calculated

based on public purchase prices (AUP) in Sweden.

Estimates for the number of laboratory tests

during a 16-week treatment period in clinical

practice were derived by interviewing the trial

investigators. This was performed to remove

patient driven costs. Briefly, the investigators esti-

mated that blood status laboratory tests were per-

formed five times during the study if the patient

responded to epoetin beta (i.e. Hb increase of

‡1Æ0 g ⁄ dL after 4 weeks of therapy), but eight times

during the study if the patients did not respond. In

addition, the investigators estimated that serum

ferritin tests were performed three times during the

study in the epoetin beta without iron group but

four times in the epoetin beta with IV iron group

during the 16-week treatment period.

Patients randomized to the IV iron group

received on average 9Æ91 injections of IV iron over

the course of the study. IV iron is administered by a

nurse in an outpatient setting in normal practice in

Sweden and takes about 20 min of nurse time for

each administration. In contrast, SC epoetin beta is

usually self-administered by the patient and is,

therefore, not associated with any administration

costs, besides those of the medication. For the

16-week trial period, an average of 3Æ3 nurse hours

per patient (i.e. 20 min per injection ·9Æ91 injec-

tions) were needed to administer the IV iron. On

average, the material needed per patient to

administer one dose of IV iron sucrose was esti-

mated to be one injection needle, two drain tubes,

50 mL 0Æ9% NaCl and one dressing.

The average distance travelled from the patient’s

home for the IV iron administration was estimated

at 20 km (one way), resulting in an accumulated

average travel distance of 396Æ4 km per patient

during the study period to receive IV iron. The

whole procedure for the patient was estimated to

take 1Æ5 h per injection including travel time (over

16 weeks accumulated to 14Æ86 h). Time losses for

the patient were viewed as loss of leisure time since

these patients are seldom able to work or are

beyond retirement age (the mean age was

>70 years in both groups; Table 1). Patients attend

with a companion in about 20% of cases and

companions are usually younger, healthy people;

therefore, an estimate of cost for loss of work time

for 20% of visits was also included in the economic

comparison. Based on a total of 14Æ86 h for atten-

dance of the patient for IV iron administration over

the 16 weeks of the study, it was calculated that

there would be an additional time loss of 2Æ97 h

working time for the companions attending with a

patient.

Costs were only considered during the period

between the first and last Hb measurement. Regu-

lar trial-related follow-up visits in both treatment

arms and resultant resource use (e.g. during Hb

measurement) have not been considered in this

analysis.

Table 2. Medical and non-medical resources included in

the analysis and unit costs (in 2006 SEK converted to €)

Resources used

Unit

cost (€)

Drugs

Epoetin beta (per 1000 IU) 10Æ33

Iron sucrose (per mL iron [III]) 0Æ19

Laboratory tests

Blood haemoglobin 4Æ21

Serum ferritin 9Æ83

Administration of iron sucrose

Injection needle 0Æ49

Drain tube 0Æ01

Dressing 0Æ05

0Æ9% NaCl (per 50 mL) 1Æ43

Nurse time (per hour) 21Æ61

Transportation (per km) 0Æ19

Time loss for patient (leisure, per hour) 4Æ32

Time loss for companion (work, per hour) 25Æ93
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Economic analysis design

This analysis has been performed from a Swedish

societal perspective as a within-trial evaluation of

costs (based on differences in drug costs and

resource use between groups) and effect (differ-

ences in increase in Hb levels) during 16 weeks of

treatment with epoetin beta or epoetin beta with

IV iron.

Based on the differences in clinical trial out-

comes with respect to Hb levels and resource use in

the two clinical trial arms, an incremental cost-

effectiveness ratio [ICER – defined as the difference

in cost between two treatment interventions over

the differences in their effect (22)] was calculated as

follows:

ICER ¼
�CEpoetin betaþIV iron � �CEpoetin beta

�EEpoetin betaþIV iron � �EEpoetin beta

where �CEpoetin betaþIV iron is the mean overall cost per

patient in the epoetin beta with IV iron group over

the 16-week treatment period and �CEpoetin beta is the

mean overall cost in the epoetin beta without IV

iron group. �EEpoetin betaþIV iron is the mean change in

Hb levels between baseline and end of treatment in

the epoetin beta with IV iron group and �EEpoetin beta

is the mean change in Hb levels in the epoetin beta

without IV iron group.

Sensitivity analysis

A non-parametric bias corrected accelerated boot-

strap (BCa) method was used to determine the

sensitivity of different pairs of cost and effective-

ness results and 95% confidence intervals for the

ICER (22). Additionally, one-way sensitivity anal-

yses were performed for all used cost driving

components, analysing the probability of a correct

result interpretation.

RESULTS

Mean resource utilization during the study is

shown in Table 3. The mean total cumulative doses

of epoetin beta per patient within the clinical trial

were calculated for the two groups (based on the

ITT population) at 483 000 IU for patients with IV

iron supplementation and 597 000 IU for patients

without IV iron supplementation (P = 0Æ059). Using

the estimated number of laboratory tests combined

with data from the clinical study showed that the

average use of laboratory tests per patient was

about the same in the two treatment groups

(Table 3).

Economic analysis

The average cost of treatment per patient was cal-

culated based on the resource utilization in the

clinical trial and the published treatment costs

based on 2006 prices (Table 4). The total mean cost

per patient after 16 weeks of treatment in the

epoetin beta with IV iron group was calculated to

be €5558 compared with total mean cost per patient

in the epoetin beta without IV iron group of €6228.

Over the 16-week treatment period, the total

treatment costs per patient in the epoetin beta with

IV iron group were €670, or about 11%, lower than

in the epoetin beta without IV iron group. As most

patients seldom worked or were beyond retirement

age, loss of leisure time may be considered a

debatable subject. If the costs for loss of leisure time

were set to zero in the analysis, the costs in the

epoetin beta with IV iron group were €747, or about

12%, lower than in the epoetin beta without IV iron

group. Since use of epoetin beta was identified as

Table 3. Mean resource utilization per patient during

the study period, based on estimations and reported

results by the trial investigators (intention-to-treat pop-

ulation)

Epoetin beta

+ IV iron

Epoetin

beta

Drugs

Epoetin beta (IU) 482 995 597 000

Iron sucrose (mL) 990Æ91 0

Laboratory tests (nr)

Blood status 6Æ55 6Æ85

Serum ferritin 4Æ00 3Æ00

Administration of drugs

Injection needle (nr) 9Æ91 0

Drain tube (nr) 19Æ82 0

0Æ9% NaCl (mL) 495Æ50 0

Dressing (nr) 9Æ91 0

Nurse time (h) 3Æ30 0

Transportation (km) 396Æ36 0

Time loss (h)

Patient leisure time 14Æ86 0

Companion working time 2Æ97 0

IV, intravenous; nr, number required.
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the main cost-driving component in both treatment

arms (Fig. 2), these results are mainly based on the

reduced need for epoetin beta dose escalation in

the group receiving IV iron.

Due to improved clinical outcome in combina-

tion with lower cost in the IV iron group, the point

estimate of the calculated ICER is negative. This

indicates that epoetin beta in combination with IV

iron is dominant over epoetin beta without IV iron

in Sweden in the management of anaemia in

patients with lymphoproliferative malignancies

who are not receiving chemotherapy.

Sensitivity analysis

BCa-simulated cost-effectiveness pairs are shown

in Fig. 3. The probability of epoetin beta with IV

iron treatment being a dominant strategy com-

pared with epoetin beta without IV iron was 86%

in the base case scenario.

One-way sensitivity analysis of all used cost

driving components was performed under a vari-

ety of different assumptions and the results are

presented in Table 5. The point estimate for all

analyses was stable and showed that epoetin beta

with IV iron was the dominant strategy compared

with epoetin beta without IV iron, with the prob-

ability of this outcome being >80% in all analyses.

DISCUSSION

A recently published clinical trial (18) demonstrated

that addition of IV iron to epoetin beta treatment

was safe and significantly improved the Hb

response compared with epoetin beta without IV

iron in a well-defined population of anaemic, iron-

replete patients with lymphoproliferative malig-

nancies. In the ITT population, the magnitude of Hb

increase was almost twice as high (mean: 2Æ76 g ⁄ dL

vs. 1Æ56 g ⁄ dL respectively; P = 0Æ0002) and the Hb

response was also considerably higher (87% vs.

53% respectively; P = 0Æ0014) in the patients

receiving IV iron. In addition, the significantly

Table 4. Mean costs (2006 SEK converted to €) per

patient, based on resource use within the clinical trial

(intention-to-treat population)

Epoetin

beta + IV

iron (€)

Epoetin

beta (€)

Epoetin beta 4991 6169

Iron sucrose 191 0

Laboratory tests 67 58

Drug administration 91 0

Transportation 77 0

Time losses (patient leisure time) 64 0

Time losses (working time) 77 0

Total costs 5558 6228

IV, intravenous.

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

0
Epoetin beta

+ IV iron
Epoetin beta

M
ea

n
 c

o
st

 p
er

 p
at

ie
n

t 
(2

00
6 

€
) Total = €5558

Total = €6228

Resource use making
up total cost:

Drug administrationb

Laboratory tests
Iron sucrose
Epoetin beta

Othera

Fig. 2. Total mean costs per patient associated with 16-

weeks of therapy with epoetin beta with intravenous (IV)

iron or epoetin beta treatment without IV iron in anaemic

patients with lymphoproliferative malignancies not

receiving chemotherapy (intention-to-treat population).
aIncludes costs of transportation to the clinic for IV iron

administration, as well as time losses for patient leisure

time and companion work time. bIncludes costs of

equipment and nurse time for IV iron injection.

1500

1000

500

0

–500

–1000

–1500

–2000

–2500

–3000
–5 0 5 10 15 20 25

In
cr

em
en

ta
l c

o
st

 (
€€

)

Incremental effect (g/L)

Fig. 3. Sensitivity analysis: simulated cost-effectiveness

pairs using a non-parametric accelerated bias corrected

bootstrap method (intention-to-treat population).

� 2008 Blackwell Publishing Ltd, Journal of Clinical Pharmacy and Therapeutics, 33, 365–374

370 M. Hedenus et al.



greater Hb response in patients receiving concomi-

tant IV iron was achieved with lower doses of

epoetin beta. These promising results led us to

perform an economic analysis of the same trial to

compare the total costs and effectiveness of the two

treatment strategies (epoetin beta with or without

IV iron). We showed in this 16-week study that

addition of IV iron to epoetin beta is a dominant (or

superior) treatment strategy compared with epoetin

beta without IV iron, both in terms of costs and

effectiveness from a Swedish societal perspective:

overall treatment costs were reduced by an average

of €670 or about 11%. Interestingly, we found that a

difference in mean dose was apparent from week 5

onwards between the two groups in the clinical

study and this difference widened over the course of

treatment (18), reaching statistical significance at

week 13. The 25% lower weekly dose in the epoetin

beta with IV iron group at the end of the trial (18),

suggests that the long-term cost-effectiveness for the

combined therapy may be even more favourable.

These results incorporated a cost for patient lei-

sure time, as the patients in the clinical trial were

mostly beyond retirement age. As the loss of

patient leisure time does not represent a produc-

tivity loss, we performed a separate analysis,

excluding any costs based on loss of patient leisure

time. The results for this analysis also showed

epoetin beta with IV iron to be the dominant

therapy: the costs in the epoetin beta with IV iron

group were €747, or about 12%, lower than in the

epoetin beta without IV iron group.

Table 5. Probability of dominance for intravenous (IV) iron supplementation after unilateral sensitivity analysis (results

based on the intention-to-treat population)

Cost-effectiveness

ratio 95% CI

Probability of epoetin

beta + IV iron being

dominant strategy (%)

Base case Dominant )257 to 64 86

Drug costs – epoetin beta

+10% Dominant )365 to 48 87

)10% Dominant )189 to 54 84

Drug costs – iron sucrose

+10% Dominant )253 to 60 86

)10% Dominant )271 to 48 87

Administration time – iron sucrose

)10 min per visit Dominant )259 to 66 86

+10 min per visit Dominant )251 to 61 84

Costs for laboratory tests

)10% Dominant )236 to 66 85

+10% Dominant )241 to 53 87

Production losses

No production losses Dominant )257 to 45 89

+2 h per visit Dominant )219 to 64 82

Leisure time losses

No leisure time losses Dominant )293 to 36 87

+2 h per visit Dominant )204 to 83 84

Transportation

No transportation costs Dominant )310 to 47 88

+20 km single journey Dominant )218 to 80 83

Hb differences

+10% in epoetin beta without IV iron arm Dominant )355 to 76 86

+10% in epoetin beta with IV iron arm Dominant )200 to 48 86

Per-protocol population Dominant )119 to 42 88

CI, confidence interval.
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The costs of blood transfusions were not inclu-

ded in this analysis since they were to be avoided

according to the study protocol. Recent studies

suggest that transfusions are associated with vari-

ous costs besides that of the blood product used,

including nursing time, requirement for hospital

stay and treatment of complications (23–25). Blood

transfusions are not very common in the popula-

tion of patients included in this study. Neverthe-

less, the greater efficacy of epoetin beta in the IV

iron group might be expected to reduce the need

for blood transfusions and this would allow even

larger cost savings.

The clinical implication of this study is that IV

iron can be safely and effectively added to epoetin

beta therapy, with a reduction in overall treatment

costs, at least in this subpopulation of patients with

lymphoid malignancies not receiving chemother-

apy. EORTC guidelines published in 2007

acknowledge the improved response rates to

erythropoietin with concomitant IV iron (but not

with oral iron) (2).

In the current study, the mean age in the two

study arms was 74 and 76 years in the epoetin beta

with IV iron group and epoetin beta without IV

iron group, respectively. Recent literature has

focussed on anaemia in the elderly (26–28), and

suggests that in older individuals anaemia is

associated with a particularly wide range of com-

plications, such as increased risk of mortality, car-

diovascular disease, cognitive dysfunction, longer

hospitalizations and a significant reduction in

quality of life (QoL). This suggests that anaemia

treatment may be especially warranted in elderly

patients. The 2007 EORTC guidelines highlight that

elderly patients experience the same benefits from

erythropoietin treatment as younger patients (2). In

agreement with these guidelines, the current study

showed that despite the patients’ advanced age

there was a good response to epoetin beta.

In this economic analysis, we used data for the

ITT population, which included all randomized

patients, and this is likely to result in a conservative

estimate of the cost-effectiveness. A separate anal-

ysis was performed for the PP population (data not

shown), which included only those patients who

received the full 16-week treatment and did not

receive transfusions or chemotherapy during the

study. The clinical results for the PP population

corroborated those of the ITT population. An Hb

response was seen in 93% of patients treated with

epoetin beta with IV iron compared with 53%

treated with epoetin beta without IV iron.

There are some limitations to this economic

evaluation. The clinical trial and the within-trial

analysis do not reflect any benefits on patient-

related outcomes, such as QoL, which may be

associated with an increase in Hb levels in response

to epoetin beta. Rather, the assessment is based on

the efficacy endpoints of response to treatment and

increase of Hb levels in anaemic patients with

lymphoproliferative malignancies. In their health

economic assessment of erythropoietin treatment

in anaemia of cancer, Wilson et al. (29) suggested

that the cost-effectiveness of erythropoietin therapy

is dependent on a beneficial effect on survival.

Obviously, we cannot comment on this observation

as we compared the costs of two treatment strate-

gies both of which utilized epoetin beta and we did

not assess overall survival as an endpoint in the

clinical study. Other studies assessing the cost-

effectiveness of erythropoietin in relation to stan-

dard care have given conflicting results depending

on the method used to determine cost-effectiveness

[reviewed by Cornes et al. (30)]. Nevertheless, those

studies using clinically relevant endpoints, such as

an improvement in QoL, have shown that eryth-

ropoietin is more cost-effective than best standard

care (including transfusions when necessary) in the

treatment of anaemia in patients with cancer

(31–33).

Our study adds to the literature, addressing the

question whether addition of a relatively inexpen-

sive IV iron supplement to erythropoietin treat-

ment represents an efficient use of health sector

resources. From a Swedish perspective, adding IV

iron results in cost savings and improves the clin-

ical efficacy of epoetin beta treatment in anaemic

patients with lymphoproliferative malignancies,

especially in the elderly population of the under-

lying clinical trial. According to recently updated

guidelines, the two major goals of erythropoietin

therapy are prevention or elimination of blood

transfusions and improvement of QoL (2). Litera-

ture evidence shows that red blood cell transfusion

requirements are reduced following treatment with

erythropoietin (34–36). In addition, QoL is signifi-

cantly (P < 0Æ05) improved in patients with

chemotherapy-induced anaemia treated with

erythropoietin (34–38). As the current study has
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confirmed that concomitant IV iron therapy

increases the response to epoetin beta, while

simultaneously reducing epoetin beta dosage, we

would expect a corresponding improvement in

QoL, as well as reduction in other anaemia-related

symptoms, and also a reduction of cost for the

healthcare sector.

In conclusion, administration of epoetin beta

therapy with concomitant IV iron in anaemic

patients with lymphoproliferative malignancies not

receiving chemotherapy resulted in better out-

comes at lower cost compared with epoetin beta

without IV iron. This suggests that epoetin beta

with IV iron is a dominant therapy at least from a

Swedish perspective. Future research should focus

on the link from improvement of (surrogate) effi-

cacy parameters to estimates of impact of erythro-

poietin with IV iron therapy on morbidity and

mortality.
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18. Hedenus M, Birgegård G, Näsman P et al. (2007)

Addition of intravenous iron to epoetin beta

increases hemoglobin response and decreases

epoetin dose requirement in anemic patients with

lymphoproliferative malignancies: a randomized

multicenter study. Leukemia, 21, 627–632.

19. Auerbach M, Ballard H, Trout JR et al. (2004) Intra-

venous iron optimizes the response to recombinant

human erythropoietin in cancer patients with

chemotherapy-related anemia: a multicenter, open-

label, randomized trial. Journal of Clinical Oncology,

22, 1301–1307.

20. Henry DH, Dahl NV, Auerbach M, Tchekmedyian S,

Laufman LR (2007) Intravenous ferric gluconate

significantly improves response to epoetin alfa ver-

sus oral iron or no iron in anemic patients with

cancer receiving chemotherapy. Oncologist, 12,

231–242.

21. Henriksson F, Fredrikson S, Masterman T, Jönsson B

(2001) Costs, quality of life and disease severity in

multiple sclerosis: a cross-sectional study in Sweden.

European Journal of Neurology, 8, 27–35.

22. Briggs AH, Wonderling DE, Mooney CZ (1997)

Pulling cost-effectiveness analysis up by its boot-

straps: a non-parametric approach to confidence

interval estimation. Health Economics, 6, 327–340.

23. Glenngård AH, Persson U, Söderman C (2005) Costs

associated with blood transfusions in Sweden – the

societal cost of autologous, allogeneic and perioper-

ative RBC transfusion. Transfusion Medicine, 15,

295–306.

24. Agrawal S, Davidson N, Walker M, Gibson S, Lim C,

Morgan CL, Cowell W (2006) Assessing the total

costs of blood delivery to hospital oncology and

haematology patients. Current Medical Research and

Opinion, 22, 1903–1909.

25. Crémieux PY, Barrett B, Anderson K, Slavin MB

(2000) Cost of outpatient blood transfusion in cancer

patients. Journal of Clinical Oncology, 18, 2755–2761.

26. Dunn A, Carter J, Carter H (2003) Anemia at the end

of life: prevalence, significance, and causes in

patients receiving palliative care. Journal of Pain

and Symptom Management, 26, 1132–1139.

27. Eisenstaedt R, Penninx BW, Woodman RC (2006)

Anemia in the elderly: current understanding and

emerging concepts. Blood Reviews, 20, 213–226.

28. Weiss G, Goodnough LT (2005) Anemia of chronic

disease. The New England Journal of Medicine, 352,

1011–1023.

29. Wilson J, Yao GL, Raftery J et al. (2007) A systematic

review and economic evaluation of epoetin alpha,

epoetin beta and darbepoetin alpha in anaemia

associated with cancer, especially that attributable

to cancer treatment. Health Technology Assessment, 11,

1–202.

30. Cornes P, Coiffier B, Zambrowski JJ (2007) Erythro-

poietic therapy for the treatment of anemia in

patients with cancer: a valuable clinical and eco-

nomic option. Current Medical Research and Opinion,

23, 357–368.

31. Crémieux PY, Finkelstein SN, Berndt ER, Crawford J,

Slavin MB (1999) Cost effectiveness, quality-adjusted

life-years and supportive care. Recombinant human

erythropoietin as a treatment of cancer-associated

anaemia. Pharmacoeconomics, 16, 459–472.

32. Szucs TD, Boogaerts M, Coiffier B, Kainz C (2001)

Cost-effectiveness of epoetin beta in the manage-

ment of cancer-related anaemia. Presented at the 6th

Annual Congress of the European Haematology

Association, Frankfurt, Germany 21–24 June 2001.

The Hematology Journal, 2 (Suppl. 1), 67 (Abstract

192).

33. Borget I, Tilleul P, Baud M, Joly AC, Daguenel A,

Chouaid C (2006) Routine once-weekly darbepoetin

alfa administration is cost-effective in lung cancer

patients with chemotherapy-induced anemia: a

Markov analysis. Lung Cancer, 51, 369–376.
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