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A B S T R A C T

Introduction and objectives: Treatment with ferric carboxymaltose improves symptoms, functional

capacity, and quality of life in patients with chronic heart failure and iron deficiency. The aim of this

study was to assess the cost-effectiveness of ferric carboxymaltose treatment vs no treatment in these

patients.

Methods: We used an economic model based on the Spanish National Health System, with a time

horizon of 24 weeks. Patient characteristics and ferric carboxymaltose effectiveness (quality-adjusted

life years) were taken from the FerinjectW Assessment in patients with IRon deficiency and chronic Heart

Failure trial. Health care resource use and unit costs were taken either from Spanish sources, or from the

above mentioned trial.

Results: In the base case analysis, patients treated with and without ferric carboxymaltose treatment

acquired 0.335 and 0.298 quality-adjusted life years, respectively, representing a gain of 0.037 quality-

adjusted life years for each treated patient. The cost per patient was s824.17 and s597.59, respectively,

resulting in an additional cost of s226.58 for each treated patient. The cost of gaining 1 quality adjusted

life year with ferric carboxymaltose was s6123.78. Sensitivity analyses confirmed the robustness of the

model. The probability of ferric carboxymaltose being cost-effective (< s30 000 per quality-adjusted life

year) and dominant (more effective and lower cost than no treatment) was 93.0% and 6.6%, respectively.

Conclusions: Treatment with ferric carboxymaltose in patients with chronic heart failure and iron

deficiency, with or without anemia, is cost-effective in Spain.

� 2014 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.
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R E S U M E N

Introducción y objetivos: El tratamiento con hierro carboximaltosa de pacientes con insuficiencia cardiaca

crónica y deficiencia de hierro mejora los sı́ntomas, la capacidad funcional y la calidad de vida. El

propósito del estudio es evaluar el coste-efectividad del tratamiento con hierro carboximaltosa frente a

no tratar a dichos pacientes.

Métodos: Se realizó un modelo económico, desde la perspectiva del Sistema Nacional de Salud, con un

horizonte temporal de 24 semanas. Las caracterı́sticas de los pacientes y la efectividad del hierro

carboximaltosa (años de vida ajustados por calidad) se obtuvieron del estudio FerinjectW Assessment in

patients with IRon deficiency and chronic Heart Failure. El uso de recursos sanitarios y los costes unitarios

provienen de fuentes españolas o del citado estudio.

Resultados: En el caso base del análisis, para cada paciente se obtendrı́an 0,335 y 0,298 años de vida

ajustados por calidad con y sin hierro carboximaltosa, respectivamente, con 0,037 años de vida ajustados

por calidad ganados para el paciente tratado. El coste por paciente serı́a de 824,17 y 597,59 euros,

respectivamente, conque se produce un coste adicional de 226,58 euros con hierro carboximaltosa. El
* Corresponding author: Servicio de Cardiologı́a, Hospital del Mar, Pg. Marı́tim 25-29, 08009 Barcelona, Spain.

E-mail address: jcomin@hospitaldelmar.cat (J. Comı́n-Colet).

Please cite this article in press as: Comı́n-Colet J, et al. Evaluación económica de la utilización de hierro carboximaltosa en pacientes con
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coste de ganar 1 año de vida ajustado por calidad con hierro carboximaltosa serı́a de 6.123,78 euros. La

estabilidad del resultado se confirmó en los análisis de sensibilidad. Las probabilidades de que el hierro

carboximaltosa sea coste-efectivo (< 30.000 euros/año de vida ajustado por calidad) y dominante (más

eficaz, con menores costes que no tratar) son del 93,0 y el 6,6% respectivamente.

Conclusiones: Según el estudio, el tratamiento con hierro carboximaltosa de pacientes con insuficiencia

cardiaca crónica y deficiencia de hierro, con o sin anemia, es coste-efectivo en España.

� 2014 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L.U. Todos los derechos

reservados.
Abbreviations

CHF: chronic heart failure

FAIR-HF: FerinjectW Assessment in patients with IRon

deficiency and chronic Heart Failure

FCM: ferric carboxymaltose

QALY: quality-adjusted life year
INTRODUCTION

Chronic heart failure (CHF) has high prevalence,1 and major
morbidity and mortality2 in Spain.

Iron deficiency is common in patients with CHF, and is found in
40% to 50%3–5 of ambulatory patients. In many cases there is an
absolute iron deficiency, due to occult gastrointestinal losses
(related to anticoagulant and antiplatelet therapies), but often the
deficiency is functional (reticuloendothelial block), related to
hepcidin production and the pro-inflammatory state of CHF.6

Recent studies have shown that iron deficiency in patients with
CHF is associated with higher mortality, lower functional class,
lower exercise tolerance and worse quality of life, regardless of
anemia status.3–5,7 These findings suggest that in the majority of
patients with CHF, anemia is secondary to iron deficiency, which in
turn is a comorbidity in its own right.

The FAIR-HF (FerinjectW Assessment in patients with IRon
deficiency and chronic Heart Failure) trial was a randomized,
double-blind, placebo-controlled clinical trial (n = 459), which
assessed the clinical benefits and quality of life associated with
intravenous ferric carboxymaltose (FCM) treatment in patients
with CHF (NYHA [New York Heart Association] functional classes
II and III, with left ventricular ejection fraction � 40% for class II
patients and � 45% for class III patients), iron deficiency, and
hemoglobin level between 9.5 and 13.5 g/dL.8 Ischemia was the
main cause of heart failure in the FAIR-HF trial, accounting for
245 patients (80.6%) in the FCM group and 123 (79.4%) in the
placebo group. The primary and secondary efficacy endpoints
were change in NYHA functional class from baseline, and change
in the health-related quality of life questionnaire EuroQol
(European Quality of Life) of 5 dimensions index. The FAIR-HF
trial showed that FCM had a better outcome than placebo in both
parameters.

Not only does heart failure have a negative impact on
mortality and quality of life, but it is also associated with
increased health care costs.9 This financial burden, for patients
and health systems alike, accounts for almost 2% of the health
care budget in most developed countries.9 In the current
economic situation, Spanish and other public health care system
policy makers must make key decisions to reduce chronic disease
costs and assess the cost-effectiveness of new treatments. For
this reason, our study aimed to assess the cost-effectiveness of
iron deficiency treatment with intravenous FCM in patients with
CHF, using an economic model based on the Spanish National
Health System.
Please cite this article in press as: Comı́n-Colet J, et al. Evaluación econ
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METHODS

Model

We adapted a cost-effectiveness model to the Spanish
healthcare setting, to calculate the cost of gaining one effectiveness
unit with FCM treatment of iron deficiency compared with no iron
treatment, in patients with CHF, with and without anemia.
Effectiveness is expressed as quality-adjusted life years (QALYs),
ranging from 0, or even negative values (worst health possible), to
1 (best health possible) according to patient self-assessment and
tools such as EuroQol.10

The model was a theoretical scheme that simulates complex
health processes.10 Its decision-tree design has been previously
described in an analysis performed for the United Kingdom.11 We
implemented the model with TreeAge Pro 2011 Suite (TreeAge
Software Inc.; Williamstown, Massachusetts, United States).

Effectiveness

We used data from the FAIR-HF trial patients to model the
patients’ clinical and demographic characteristics.8,12 We obtained
QALYs per patient with or without FCM from the same FAIR-
HF patients, who had completed the EuroQol-5 dimension
questionnaire.8,11

The clinical model population was made up of 459 patients,
selected on an intention to treat basis (304 received FCM and
155 placebo), with iron deficiency, CHF, and the characteristics
shown in Table 1. The study design, endpoints, and clinical
outcomes have been described previously.8,12

Resource Use and Unit Costs

We used Spanish sources and the FAIR-HF trial data for health
resource use and unit costs (expressed in 2013 euros). We only
considered direct health costs (National Health System cost of
purchase and intravenous administration of FCM, and hospitaliza-
tion for CHF). Using the FAIR-HF trial as a starting point, we
estimated the mean dose of FCM, the mean number of FCM 200-mg
injections, the duration and frequency of hospitalizations with and
without FCM and the difference in QALYs with and without FCM8,11

(Table 2). We obtained the length of hospital stay for patients
with CHF using DRG (diagnosis-related group) 127 from the DRG
state standard (AP-DRG V25) by hospital group for 2010.13 Day
hospital costs for patients with CHF were taken from the same
source. The cost of FCM intravenous infusion in the day hospital,
defined as 15 min infusion time, 15 min nursing time, and the
cost of disposable equipment, was taken from a recent Spanish
study.14 The laboratory sale price of FCM 100 mg was taken from
the database of the Consejo General de Colegios Oficiales de

Farmacéuticos (Council of Official Colleges of Pharmacists), Bot
PLUS 2.015 (Table 2).

Ferric carboxymaltose administration cost was calculated
assuming that there would be no vial wastage, as in the FAIR-
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Table 1
Clinical and Demographic Characteristics of the FerinjectW Assessment in
Patients With IRon Deficiency and Chronic Heart Failure Intention to Treat
Population11

Variable FCM (n = 304) Placebo (n = 155)

Age, mean (SD), y 67.8 (10.3) 67.4 (11.1)

Women 159 (52.3) 85 (54.8)

NYHA functional class II 53 (17.4) 29 (18.7)

NYHA functional class III 251 (82.6) 126 (81.3)

LVEF, mean (SD), % 31.9 (5.5) 33.0 (6.1)

Hemoglobin, mean (SD), g/L* 119.0 (12.6) 119.5 (13.8)

Serum ferritin, mean (SD), mg/L 52.5 (54.5) 60.1 (66.5)

Transferrin saturation, mean (SD), % 17.7 (12.6) 16.7 (8.4)

Ischemic etiology of HF, % 80.6 79.4

Cardiovascular risk factors, %

Hypertension 79.9 82.6

Dyslipidemia 47.4 45.2

Diabetes mellitus 30.6 23.9

Atrial fibrillation 30.9 28.4

eGFR, mL/min/1.73m2, mean (SD) 63.8 (21.2) 64.8 (25.3)

eGFR, estimated glomerular filtration rate; FCM, ferric carboxymaltose; HF, heart

failure; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association;

SD, standard deviation.

The values are expressed as mean (standard deviation), or No. (%).
* Due to the number of cases lost, the hemoglobin data come from 298 patients

treated with ferric carboxymaltose and 153 who received placebo.
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HF trial. The hospitalization cost for CHF was calculated by
multiplying the number of days of hospital stay for patients with
CHF by the mean number of hospitalizations in the FAIR-HF
placebo group. In the case of patients treated with FCM, the
number of days of hospital stay was multiplied by the mean length
of stay in the FCM group divided by the mean length of stay in the
placebo group. Adverse event costs were not included because no
clinically relevant differences were found between the treatment
groups in the FAIR-HF trial.11

Time Horizon

The time horizon of the analysis (duration of simulated patient
follow-up in the model) was 24 weeks, corresponding to the
duration of the FAIR-HF trial. Extrapolation of the time horizon
to a longer term (eg, lifelong time horizon) was not considered
Table 2
Parameters Included in the Economic Model, Ranges and Distributions Used in th

Item Units 

Mean dose of FCM administered to patients8,11 mg 

Mean number of injections (200 mg) of FCM8,11 — 

Hospitalization duration in CHF13 Days 

Relative hospitalization duration (FCM vs placebo)8,11 — 

Hospitalization duration with/without FCM8,11 Days 

Hospitalization frequency with/without FCM8,11 — 

Laboratory sale price of 100 mg of FCM11 Euros 

Ambulatory IV FCM injection (15 min)14 Euros 

Day hospital cost for CHF13 Euros 

Difference in QALYs with/without FCM8,11 — 

CHF, chronic heart failure; DA, deterministic analysis; FCM, ferric carboxymaltose; IV, 

Please cite this article in press as: Comı́n-Colet J, et al. Evaluación econ
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adequate as the FAIR-HF trial provides no information on longer
term survival or other long-term effects.11

Base Case, Sensitivity Analysis and Presentation of Results

We performed a baseline analysis, using mean model values for
all considered variables (resource use, unit costs, and QALYs).
The aim of our sensitivity analyses was to assess the stability of
the baseline analysis result when considering variable outliers.
Specifically, we performed univariate deterministic sensitivity
analyses, and in each analysis we modified the baseline value of a
determined variable, including one of the outliers for that variable,
as shown in ranges in Table 2. We also carried out a probabilistic
sensitivity analysis using a second-order Monte Carlo simulation,
based on 10 000 sets of randomly drawn variable values, according
to the statistical distributions in Table 2.11 The results are
presented for one patient (with or without FCM treatment) as
cost per patient, cost difference, QALYs per patient, QALYs gained
with FCM, and, finally, cost per QALY gained with FCM compared
with no treatment, which is the ICER (incremental cost-effective-
ness ratio). Costs and benefits were not discounted given the short
time horizon of the study.11

RESULTS

Base Case

In the base case analysis, each patient acquired 0.335 QALYs
and 0.298 QALYs with and without FCM, respectively, with a
difference of 0.037 QALYs gained in the treated patients. The cost
per patient was s824.17 and s597.59, respectively, representing
an additional cost of s226.58 per patient with FCM. Thus, the
cost per QALY gained with FCM was s6123.78 (Table 3).

Sensitivity Analysis

The sensitivity analyses confirmed the robustness of the base
case result. The tornado diagram in Figure 1 shows the determin-
istic sensitivity analysis results. The most sensitive variable was
the proportional reduction in hospital stay in FCM-treated patients
compared with untreated patients. In the worst case, cost per
QALY gained was s14 306. In all the analyses, the cost of gaining
1 QALY with FCM was < s30 000, which is the generally accepted
upper threshold for cost-effective treatment in Spain.16
e Sensitivity Analysis

Value DA variation PA distribution

1851.33 1802.12-1900.54 Normal

9.46 9.21-9.71 Normal

9.32 6.81-17.34 Triangular

0.36 0.16-0.88 Lognormal

With FCM: 1.07 — —

Without FCM: 2.95

With FCM: 0.08 — —

Without FCM: 0.17

20.00 — —

25.11 18.79-32.52 Triangular

382.25 205.42-523.05 Triangular

0.037 0.020-0.060 Normal

intravenous; PA, probabilistic analysis; QALY, quality-adjusted life years.
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Table 3
Base Case Analysis Results

Comparator Cost/patient, euros Incremental cost, euros QALYs/patient QALYs gained Cost of gaining 1 QALY, euros

Without FCM 597.59 — 0.298 — —

With FCM 824.17 226.58 0.335 0.037 6123.78

FCM, ferric carboxymaltose; QALY, quality-adjusted life year.
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According to the Monte Carlo simulation, the probability of
FCM being cost-effective (< s30 000/QALY) and dominant (more
effective and lower cost than no treatment) was 93.0% and 6.6%,
respectively. In terms of the ICER, 95.0% of results were between
s4617 and s13 437 per QALY gained with FCM treatment
compared with non-treatment (Figure 2).

DISCUSSION

This economic study shows that FCM treatment in patients with
CHF and iron deficiency, with or without anemia, is cost-effective
in Spain, with a cost per QALY gained of s6123.78, compared with
non-treatment of iron deficiency. This is well below the s30
000 accepted threshold for cost-effective treatment in Spain.16

These results are in line with the originally published model, which
reports that treatment with FCM is also cost-effective in the United
Kingdom, where the acceptable threshold is s22 200 to s33
300 per QALY gained.11 The higher cost per QALY in the United
Kingdom than in Spain is mainly due to the longer mean duration
of hospitalization for CHF in the United Kingdom (11.8 days)11

compared with Spain (9.32 days).13

The cost-effectiveness of FCM treatment in patients with CHF and
iron deficiency can be compared with other studies. One recently
published European study17 on primary prophylactic defibrillator
implantation in patients with ischemic or non-ischemic CHF found
a cost of s43 993 per QALY gained, compared with no implantable
defibrillator. Another study, in Spain, estimated that cardiac
Proportional reduction in hospitalization
days (0.16-0.88) 

Bas

2826

3750 

2298 

1663

4450 

5

5

0

20
00

40
00

Difference in QALYs between groups
(0.06-0.02) 

Mean hospitalization duration for CHF
(6.81 days -17.34 days) 

Day hospital cost for CHF
(€205.42-€523.05) 

Ambulatory injection cost
(€18.79-€32.52) 

Mean FCM dose (1802 mg-1900 mg) 

FCM group mean number of injections
administered (9.21-9.71) 

Control group hospitalization frequency
(0.11-0.24) 

Figure 1. Results of the deterministic sensitivity analysis. Tornado diagram. Each bar
for each variable mentioned in the text on the left. CHF, chronic heart failure; FCM, fe
adjusted life year. *Cost per quality-adjusted life year gained.
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resynchronization therapy, vs drug therapy, has a cost of
s28 612 per QALY gained, and that resynchronization plus
defibrillator costs s53 547 per QALY vs resynchronization
without defibrillator.18

Limitations

Possible limitations and consistency issues should be taken into
account when assessing our study results. We used a theoretical
model, which by definition is a simplified simulation of reality.
However, cost-effectiveness analysis is a particularly relevant
instrument which guides National Health System decision makers,
because it compares the effectiveness and costs of two options and
brings them together into one effectiveness variable, ie, the cost of
gaining 1 QALY with the most effective comparator.19 Further-
more, the efficacy data that we used to calculate QALYs gained for
FCM-treated patients come from a randomized clinical trial, which
compared quality of life in patients with and without treatment as
one of its objectives.8,12 In that study, patients were given repeated
doses of 200 mg FCM up to iron repletion (correction phase),
reaching a median total dose of 1000 mg in this phase. In the
recently published CONFIRM trial,20,21 which had a similar design
to the FAIR-HF trial, FCM was administered more rapidly according
to the study protocol, with initial doses of up to 1000 mg, as
indicated in the summary of product characteristics. The CONFIRM
trial findings confirm the FAIR-HF study results. This leads to the
hypothesis that a protocol that significantly reduces the number of
e case, €6123/QALY 

ICER (€/QALY)*

13 247

8785

10 752

9548

7917

6305782

876 6211

60
00

80
00

10
 0

00

12
 0

00

14
 0

00
14 306

 represents the variability in the base case result using outliers (in parentheses)
rric carboxymaltose; ICER, incremental cost-effectiveness ratio. QALY, quality-
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Figure 2. Result of the probabilistic sensitivity analysis (Monte Carlo
simulation). The results to the right of the diagonal broken line represent

the cases in which treatment with ferric carboxymaltose was cost-effective,
with cost ratios per quality-adjusted life year gained below the s30
000 threshold (which was the case in 93.0% of the 10 000 sets of analyses
performed). In 6.6% of simulations, treatment with ferric carboxymaltose was
dominant (more effective and lower cost than the non-treatment option). The
circle encompasses the 95% confidence interval of the incremental cost-

effectiveness ratio results, which range from s4617 to s13 437 per quality-
adjusted life year gained with ferric carboxymaltose treatment compared with
non-treatment.
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doses administered (from the 5 required in the correction phase
of the FAIR-HF protocol, to 1 or 2 dose in the CONFIRM protocol)
implies greater cost savings, and a potential lower cost per QALY
gained. In the light of the CONFIRM study results, it would be useful
to carry out a similar cost-effectiveness analysis to ours, with
these new data.

One important limitation of our analysis is the lack of
exhaustive information regarding health resource use (eg,
concomitant treatments, devices such as pacemakers, and
ambulatory treatments,) which was not collected in the FAIR-HF
trial.8,11,12 However, there is no evidence to suggest that the use
of these unmeasured resources differed between patients with
and without iron treatment, and it is therefore doubtful that this
information would have affected the results of the analysis.11

Sensitivity analyses endorse the reliability of cost-effective-
ness results.22 In all the univariate deterministic sensitivity
analyses, the cost of gaining 1 QALY with FCM was less than s30
000, which is the generally accepted upper threshold for cost-
effective treatment in Spain.16 Furthermore, according to the
Monte Carlo simulation, the probability of FCM being cost-
effective (< s30 000 euros/QALY) and dominant (more effective
and lower cost than no treatment) was 93.0% and 6.6%,
respectively.

A further limitation of our analysis is that the FAIR-HF trial only
assessed the effect of FCM in stable patients with left ventricular
systolic dysfunction, and therefore it may not be possible to
completely extrapolate these results to other patient populations
with heart failure who have different stability profiles, ventricular
function, or comorbidities. Nevertheless, the subgroup analysis in
the original study showed that the results were consistent in all the
original trial design subgroups.23

CONCLUSIONS

This study appears to show that treatment with FCM is a cost-
effective option in Spain for patients with CHF and iron deficiency,
with or without anemia.
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3. Comin-Colet J, Enjuanes C, González G, Torrens A, Cladellas M, Meroño O, et al.
Iron deficiency is a key determinant of health-related quality of life in patients
with chronic heart failure regardless of anaemia status. Eur J Heart Fail. 2013;
15:1164–72.

4. Jankowska EA, Rozentryt P, Witkowska A, Nowak J, Hartmann O, Ponikowska B,
et al. Iron deficiency: an ominous sign in patients with systolic chronic heart
failure. Eur Heart J. 2010;31:1872–80.

5. Klip IT, Comin-Colet J, Voors AA, Ponikowski P, Enjuanes C, Banasiak W, et al.
Iron deficiency in chronic heart failure: an international pooled analysis. Am
Heart J. 2013;165:575–82.

6. Silverberg DS, Wexler D, Blum M, Wollman Y, Schwartz D, Sheps D, et al. The
interaction between heart failure, renal failure and anemia—the cardio-renal
anemia syndrome. Blood Purif. 2004;22:277–84.

7. Jankowska EA, Rozentryt P, Witkowska A, Nowak J, Hartmann O, Ponikowska B,
et al. Iron deficiency predicts impaired exercise capacity in patients with
systolic chronic heart failure. J Card Fail. 2011;17:899–906.

8. Anker SD, Comin Colet J, Filippatos G, Willenheimer R, Dickstein K, Drexler H,
et al. FAIR-HF committees and investigators. Rationale and design of FerinjectW

Assessment in patients with IRon deficiency and chronic Heart Failure (FAIR-
HF) study: a randomized, placebo-controlled study of intravenous iron supple-
mentation in patients with and without anaemia. Eur J Heart Fail. 2009;11:
1084–91.

9. Berry C, Murdoch DR, McMurray JJ. Economics of chronic heart failure. Eur J
Heart Fail. 2001;3:283–91.

10. Rubio Terrés C. Métodos para la realización de evaluaciones económicas de
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