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Abstract 

Objectives: Compare the cost of  the primary prophylaxis of  invasive fungal infections (IFI) with 
voriconazole, posaconazole, and micafungin in patients undergoing allogeneic hematopoietic stem cell 
transplantation (HSCT) in hospitals of  the National Health System (NHS) in Spain.

Methods: A cost analysis was made for 100 days and 180 days of  prophylaxis and a decision tree model was 
developed. The efficacy rate of  IFI prophylaxis and survival rate with liposomal amphotericin B treatment 
of  prophylaxis failures were obtained from randomized trials and a meta-analysis of  mixed treatment 
comparisons. The model simulation was interrupted with IFI treatment (prophylaxis failures). The costs of  
medication and its intravenous administration in the hospital (in the case of  micafungin) were considered.

Results: In the non-modeled analysis, the savings per patient of  prophylaxis with voriconazole ranged 
from €1,709 to €9,655 compared with posaconazole oral solution, from €1,811 to €9,767 compared with 
posaconazole gastro-resistant tablets and from €3,376 to €7,713 compared with micafungin. In the modeled 
analysis, the mean cost per patient of  the prophylaxis and treatment of  IFIs was €6,987 to €7,619 with 
voriconazole, €7,749 with posaconazole, and €22,424 with micafungin. Therefore, the savings per patient 
of  prophylaxis with voriconazole was €130 to €3,664 and €11,132 to €30,374 compared with posaconazole 
and micafungin, respectively. The result remained stable after modification of  the number of  days of  
antifungal prophylaxis and the cost of  antifungal treatment of  failures.

Conclusion: Taking into account this model, antifungal prophylaxis with voriconazole in recipients of  
hematopoietic progenitor transplants, compared with posaconazole or micafungin, may represent savings 
for hospitals in Spain.
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1. Introduction

Invasive fungal infections (IFI) by yeasts and filamentous fungi are a persistent problem in Spain.1 The 
widespread use of  prophylactic fluconazole has resulted in a dramatic decline in the frequency of  IFIs. 
However, IFIs due to filamentous fungi in general and invasive aspergillosis in particular continue to be a 
major health problem, especially in patients with acute leukemia and high-risk myelodysplastic syndromes, 
and in patients who have received allogeneic hematopoietic stem cell transplants (HSCT).1,2 The incidence 
of  proven or probable IFI due to filamentous fungi in hematological patients at risk ranges from 4% to 
22%, in most cases involving invasive aspergillosis.1 In addition, in hematology patients at risk the mean 
rate of  mortality associated with invasive candidiasis is greater than 30% and that associated with invasive 
aspergillosis is greater than 50%.1,3-5

The cost of  an episode of  IFI in Spain has been estimated at €14,293. Out of  this amount, 68% is due to 
the hospital stay and the remaining 32% is due mainly to the antifungal treatment.6

Given the health and economic impact of  IFIs, it is important to carry out an adequate prevention strategy.1 

According to a recent meta-analysis of  clinical trials of  antifungal prophylaxis in patients undergoing HSCT, 
prophylaxis with voriconazole, micafungin, or posaconazole has been shown to be as effective, or more 
effective, than prophylaxis with fluconazole, the antifungal most often used in prophylaxis.7

The aim of  this study was to estimate the cost of  primary prophylaxis of  the IFIs with voriconazole, 
posaconazole, or micafungin in patients undergoing HSCT from the perspective of  the hospitals of  the 
Spanish National Health System (NHS).

2. Methods

The effectiveness of  IFI prophylaxis with voriconazole, posaconazole, and micafungin was assessed using 
two types of  analysis.

Non-modeled Analysis

The cost per patient of  prophylaxis was assessed, taking into account the following variables: purchase ex-
factory price of  the drugs8, a treatment period of  100 days, or 180 days in the case of  high risk patients9, 
and, finally, patient body weight, which determines the daily dose of  voriconazole and micafungin. For a 
body weight of  more than 40 kg, the daily dose of  voriconazole is 400 mg and that of  micafungin is 50 
mg. For a body weight of  40 kg or less, the daily dose of  voriconazole is 200 mg and that of  micafungin 
is 1 mg/kg.9-12 It was assumed that after intravenous prophylaxis with micafungin patients would continue 
prophylaxis with oral voriconazole or posaconazole at discharge from the hospital.

Modeled Analysis

A model decision tree was prepared in Microsoft Excel in which the three prophylaxis options were 
compared (voriconazole, posaconazole, and micafungin) in adults or children undergoing HSCT (Figure 
1). The clinical trials from which the efficacy data were obtained were selected based on the following 
criteria: randomized design, use in primary IFI prophylaxis of  patients undergoing HSCT, and comparisons 
with other antifungals. The efficacy rates of  antifungals in the prophylaxis of  IFIs were obtained from 
the clinical trials chosen, three involving comparisons to fluconazole9,12,13 and one, comparisons to 
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itraconazole11 (Table 1). These studies were obtained through a systematic review of  published comparative 
clinical trials of  the three options compared. Antifungal prophylaxis was understood as efficacious in the 
absence of  proven or probable IFI in the period set for the evaluation of  efficacy in clinical trials: 4 weeks12 
with micafungin, 112 days13 with posaconazole, or 100 to 180 days with voriconazole after HSCT9,11 (Table 
1). In the case of  occurrence of  IFI, the mortality due to HSCT or the underlying disease was increased by 
the mortality associated with IFI itself14 (Table 1). Two types of  costs were accounted: the cost of  antifungal 
prophylaxis and IFI treatment costs in the event of  prophylaxis failure. In the model, the cost of  the 
medications and intravenous administration of  IFI prophylaxis in the hospital (in the case of  micafungin) 
was considered. The cost of  antifungal treatment (€2014) was calculated from the laboratory market price 
(PVL)8, the number of  doses, the loading doses and the duration of  prophylaxis considered in clinical 
trials9,11-13,15 (Table 1). In addition to the cost of  prophylaxis itself, the cost of  prophylaxis failures was also 
estimated, i.e., the cost of  antifungal treatment in patients in which IFI occurred despite prophylaxis (Figure 
1). This cost, estimated at €10,515, was obtained from a recently published Spanish study in which it was 
assumed that if  IFI occurred it was treated with liposomal amphotericin B.16  All costs were updated to 2014 
by the price index in Spain.

Figure 1. Decision Tree Model

Presentation of  Results

The results of  the non-modeled and modeled analyses were presented as the mean cost per patient of  
prophylaxis (and treatment of  prophylaxis failures in the case of  the model), and the difference in cost 
depending on the antifungal drug used. In the non-modeled analysis, the results obtained by changing the
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variables mentioned above (number of  days of  prophylaxis and body weight) were presented. Sensitivity 
analyses were made considering: the hypothesis that the vial for IV infusion of  micafungin could be used 
in more than one patient in the event that only part of  the vial contents was administered to a single 
patient12; discounts on the laboratory market price of  voriconazole of  8%, 16%, and 24%; and analysis 
of  the threshold sensitivity for possible discounts on the laboratory market price of  posaconazole and 
micafungin. In the modeled analysis, a base case was analyzed using the mean values of  all the variables, and 
deterministic sensitivity analyses were made in which the number of  days of  antifungal prophylaxis, cost of  
treating failures, and minimum and maximum costs were modified (Table 1).

Table 1. Variables and Assumptions of  the Economic Model

Item Value/Assumption
References/

Sources
IFI prophylaxis efficacy IFI a

Voriconazole 92.7% / 98.7% 9,11
Posaconazole 94.7% 13
Micafungin 80.0% 12

Mortality from all causes in patients with / without IFI
With IFI 40.0% 14
Without IFI 34.7% 13,14

IFI prophylaxis dutation (days) b

Voriconazole 96 (34-101) 9,11
Posaconazole 80 (64-96) 13
Micafungin 18 (12-37) 12

Drugs doses (mg/day)
Voriconazole 400 9,11
Posaconazole 600 13
Micafungin 50 12

Loading dose (first 24 hours)
Patients weighing equal or superior to 40 kg 400 mg every 12 hours 15
Patients weighing less than 40 kg * 200 mg every 12 hours 15

Drugs price (Ex-factory)c

Voriconazole (Vfend 200 mg, 14 tablets) €499.47 8
Voriconazole (Vfend 200 mg, 28 tablets) €998.92 8
Posaconazole (Nofaxil 40 mg/ml, 105 ml oral solut.) €629.09 8
Posaconazole (Nofaxil 100 mg, 24 gastro-resistant tablets) €720.00 8
Micafungin (Mycamine 50 mg, 1 vial powder) €214.19 8
Micafungin (Mycamine 100 mg, 1 vial powder) €428.57 8

Cost of  IFI prophylaxis failure treatment
Treatment with liposomic Anfotericin B c,d €10,515  (€8,412-12,618) 16

Cost of  intravenous prophylaxis with micafungin
Inpatient intravenous infusion €566.52 16
% of  infusions in hospital floor 100% (0%) Estimated

IFI: invasive fungal infection  *Patients with an age of  15 years or above
aProphylaxis efficacy: not proven or probable IFI, in a period of  4 weeks12, 112 days13 or 180 days after PCT9,11 b 95% 
confidence intervals c Costs for year 2014; d IV administration of  liposomal amphotericin B, the daily dose of  3mg/kg, for 
a body weight of  70kg for 15 days16 Range: ± 20% 
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3. Results

Non-modeled Analysis

For 100 days of  prophylaxis, the savings per patient treated with voriconazole compared with oral solution 
of  posaconazole ranged from €1,709 to €5,348, depending on the scenario analyzed. When voriconazole 
was compared with gastro-resistant tablets of  posaconazole (highest price that the oral solution) savings per 
patient treated with voriconazole ranged from €1,811 to €5,450. The savings per patient versus micafungin 
ranged from €3,376 to €5,560 depending on the scenario (Table 2). 

Table 2. Non-modeled Costs Analysis Results

A) Comparison of  Voriconazole and Posaconazole (oral solution)

Prophylaxis days
Body weight

(kg)
Voriconazole cost 

per patient
Posaconazole cost per 
patient (oral solution)

Cost difference per 
patient

100 ≥ 40 €7,279 €8,988 - €1,709 
100 < 40 €3,640 €8,988 - €5,348 
180 ≥ 40 €13,045 €16,178 - €3,133 
180 < 40 €6,523 €16,178 - €9,655 

B) Comparison of  Voriconazole and Posaconazole (gastro-resistant tablets)

Prophylaxis days
Body weight

(kg)
Voriconazole cost 

per patient
Posaconazole cost per 

patient (tablets)
Cost difference per 

patient
100 ≥ 40 €7,279 €9,090 - €1,811 
100 < 40 €3,640 €9,090 - €5,450 
180 ≥ 40 €13,045 €16,290 - €3,245 
180 < 40 €6,523 €16,290 - €9,767 

C) Comparison of  Voriconazole and Micafungin

Prophylaxis days
Body weight

(kg)
Voriconazole cost 

per patient
Micafungin cost per 

patient
Cost difference per 

patient
100 ≥ 40 €7,279   €10,655* - €3,376 
100 < 40 €3,640   €9,200* - €5,560 
100 < 40 €3,640    €8,295** - €4,655 
180 ≥ 40 €13,045    €17,133* - €4,088 
180 < 40 €6,523    €14,236* - €7,713 
180 < 40 €6,523      €13,332** - €6,809 

*No reutilization of  vials for intravenous infusion. **With reutilization of  vials for intravenous infusion.

For 180 days of  prophylaxis, the savings per patient treated with voriconazole versus oral solution 
posaconazole ranged from €3,133 to €9,655, depending on the scenario analyzed. When voriconazole was 
compared with gastro-resistant tablets of  posaconazole savings per patient treated with voriconazole ranged 
from €3,245 to €9,767. The savings per patient versus micafungin ranged from €4,088 to €7,713, depending 
on the scenario (Table 2). In the case that discounts on the laboratory market price for voriconazole of  8%, 
16%, and 24% were given, the savings for a patient weighing 65 kg who received prophylaxis for 100 days 
would be €2,292, € 2,873, and €3,457, respectively, compared with oral solution of  posaconazole, €2,393, 
€2,975 and €3,559, respectively, compared with gastro-resistant tablets of  posaconazole, and €3,726, €4,075, 
and €4,425, respectively, compared with micafungin.  
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Prophylaxis with oral solution of  posaconazole or micafungin would have a lower cost than voriconazole 
parting from discounts of  19% and 83% of  the laboratory market price of  posaconazole and micafungin, 
respectively.

Modeled Analysis

The mean cost per patient of  the prophylaxis and treatment of  IFIs would be €6,987 to €7,619 with 
voriconazole, €7,749 with posaconazole, and €17,374 with micafungin, as can be seen in Table 3. Therefore, 
the savings per patient of  prophylaxis with voriconazole would be €130 to €3,664 and €11,133 to €30,374 
compared with posaconazole and micafungin, respectively. The result remained stable (savings with 
voriconazole versus posaconazole and micafungin) when the number of  days of  antifungal prophylaxis and 
cost of  treating failure were modified (Table 3).

Table 3. Results of  Deterministic Modeling Analysis (Base Case)

Voriconazole vs. Posaconazole Cost per patient
 AVERAGE MINIMUM MAXIMUM
Voriconazole (Wingard, 2010) €7,619 €3,040 €8,128
Posaconazole (Ullmann, 2007) €7,749 €6,199 €9,299
DIFFERENCE - €130 - €3,159 - €1,171

Voriconazole vs. Posaconazole Cost per patient
 AVERAGE MINIMUM MAXIMUM
Voriconazole (Marks, 2011) €6,987 €2,535 €7,371
Posaconazole (Ullmann, 2007) €7,749 €6,199 €9,299
DIFFERENCE - €762 - €3,664 - €1,928

Voriconazole vs. Micafungin Cost per patient
 AVERAGE MINIMUM MAXIMUM
Voriconazole (Wingard, 2010) €7,619 €3,040 €8,128
Micafungin (van Burik, 2004) €22,424 €14,173 €37,745
DIFFERENCE - €14,805 - €11,133 - €29,617

Voriconazole vs. Micafungin Cost per patient
 AVERAGE MINIMUM MAXIMUM
Voriconazole (Marks, 2011) €6,987 €2,535 €7,371
Micafungin (van Burik, 2004) €22,424 €14,173 €37,745
DIFFERENCE - €15,437 - €11,638 - €30,374

4. Discussion

According to the present economic study, administering IFI prophylaxis to patients undergoing HSCT with 
voriconazole could generate savings for the hospitals of  the National Health System of  Spain.

In the assessment of  these results, we should take into account both the potential limitations and consistencies 
of  the study. With regard to the limitations, it must first be remembered that this is a theoretical model, 
which by definition is a simplified simulation of  reality. In second place, a probabilistic analysis (Monte
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Carlo simulation) was not made due to the insufficiency of  the data available for estimating the standard 
deviations of  the variables.17 In third place, it should be taken into account that the efficacy data from 
which the therapeutic success rates of  the drugs compared were calculated originate from randomized 
clinical trials9,11-13 and a meta-analysis.14 However, the clinical trials did not directly compare the antifungals 
analyzed, so there is no absolute certainty that the efficacy data correspond to the same type of  patients 
in terms of  the prognostic factors. For example, in the studies of  Wingard et al9 and Ullmann et al13, 
voriconazole and posaconazole, respectively, were compared with fluconazole. The cumulative incidence of  
IFI with fluconazole was also, respectively, 11.2% (95% CI, 7.7 to 14.7%) and 9.0%. This similarity in the 
response rate to prophylaxis with fluconazole might indicate some similarity between the patients in both 
studies. However, in the study of  Ullmann et al13 all the patients had graft-versus-host disease at baseline, in 
contrast with the patients enrolled in the study of  Wingard et al.9 Another possible weakness of  the study 
could be the fact that it was not taken into consideration that, in clinical practice, part of  the patients treated 
with voriconazole might receive it intravenously. In this sense, it should nevertheless be considered that 
the efficacy data used in the model come from clinical trials in which the treatments, both voriconazole9,11 
and posaconazole13, were administered orally. Assuming that the same results would be obtained with the 
intravenous route in an undetermined percentage of  patients adds uncertainty, due to the accumulation of  
ill-founded assumptions. Finally, it should be noted that the duration of  prophylaxis with micafungin in the 
clinical trial was only 19 days on average12, a much shorter duration than oral prophylaxis for 96 days with 
voriconazole9,11 and for 80 days with posaconazole13, which could have contributed to the lower rate of  
efficacy observed with micafungin in the clinical trial.

The study was limited to the costs of  antifungal drugs and intravenous administration (in the case of  
micafungin). No other treatment costs such as hospital stay and adverse effects of  drugs were considered. 
In this regard, it was assumed that these costs would be similar between treatments compared. 

Regarding the consistencies of  the study, the reliability of  the result obtained, which was confirmed 
by sensitivity analysis, should be noted first.18 In all the deterministic sensitivity analyses, voriconazole 
prophylaxis was what generated less costs per patient compared with posaconazole and micafungin. In 
second place, the follow-up of  the patients who received prophylaxis with micafungin in the study of  van 
Burick et al12 was only four weeks (28 days) after 19 days of  prophylaxis, for a total of  47 days. This follow-
up was less than that carried out for voriconazole9,11, which was 180 days. For this reason, it is possible that 
the efficacy results of  micafungin may be overestimated when compared with voriconazole.

No economic analysis comparing voriconazole, posaconazole, and micafungin in the prophylaxis of  IFIs in 
patients undergoing HSCT was identified. The effectiveness of  the prophylaxis of  IFIs with voriconazole 
compared to fluconazole was evaluated in a cost-effectiveness analysis conducted in the United States 
in patients who underwent HSCT.19 According to this study, the added expense of  prophylaxis with 
voriconazole rose to US $5,562 per patient, with a cost per year of  life gained with voriconazole (the 
most effective prophylaxis) of  $5,453. According to a probabilistic analysis, the probability of  voriconazole 
prophylaxis being cost-effective in the United States in patients with HSCT would be 85% for an availability 
to pay $50,000 per year of  life gained.

The effectiveness of  the antifungal prophylaxis of  IFIs with voriconazole has been analyzed in two 
Australian studies.20,21 In a retrospective study published in 2010, in which an analysis was made of  56 and 
38 patients with acute myeloid leukemia who received prophylaxis with voriconazole and posaconazole, 
respectively, the Monte Carlo simulation suggests that patients treated with posaconazole would generate 
less cost than with voriconazole, with a probability of  91.6%.20 In a more recent retrospective study, 106 
consecutive patients with acute myeloid leukemia who received prophylaxis with fluconazole, posaconazole, 
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and voriconazole were analyzed. All the episodes of  IFI (n = 3) occurred in the posaconazole group. On 
the other hand, patients with posaconazole prophylaxis had the highest rate of  drug intolerance which 
led to the discontinuation of  treatment (13% vs. 7% with fluconazole and voriconazole). A Monte Carlo 
simulation demonstrated a savings with fluconazole of  8,430 Australian dollars (AU $) (95% CI, AU $5,803 
to 11,054) per patient compared with posaconazole and AU $3,681 (95% CI, AU $990 to 6,319) per patient 
compared with voriconazole.21 Both Australian studies indicate possible savings with posaconazole versus 
voriconazole. However, these results are based on the efficacy data obtained in observational studies and 
they may be influenced by a retrospective design and, in any case, by the unit costs of  health care resources 
in Australia.

Recently, a new drug form of  posaconazole in tablets has been marketed at a higher price than the oral 
solution. No controlled, adequately powered clinical efficacy trial was conducted with the new formulation. 
Therefore, there is some uncertainty about the clinical efficacy of  the new formulation of  this drug.22

According to the results of  this study, based on efficacy data from randomized clinical trials and the 
acquisition prices of  antifungals in Spain, voriconazole may generate savings in Spanish hospitals compared 
with posaconazole and micafungin in the prophylaxis of  IFIs in patients undergoing HCST.
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