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InTRODuCTIOn: Posaconazole prophylaxis in high-risk neutro-
penic patients prevents invasive fungal infection (IFI). An economic 
model was used to assess the cost effectiveness of posaconazole from a 
Canadian health care system perspective.
METhODS: A decision-analytic model was developed based on data 
from a randomized trial comparing posaconazole with standard azole 
(fluconazole or itraconazole) therapy. The model was extrapolated to a 
lifetime horizon using one-month Markov cycles; lifetime survival was 
specific to the underlying disease. Drug and treatment costs associated 
with IFI were estimated using published literature. The model was used 
to estimate total costs, IFIs avoided, life-years gained and the incre-
mental cost-effectiveness ratio of posaconazole versus standard azole 
therapy, in 2007 Canadian dollars.
RESulTS: Based on the clinical trial data, posaconazole was associated 
with fewer cases of IFI (0.05 versus 0.11; P=0.003), increased life-years 
(2.52 years versus 2.43 years) and slightly lower costs ($6,601 versus 
$7,045) per patient relative to standard azole therapy over a lifetime 
horizon. Higher acquisition costs for posaconazole were offset by IFI-
associated inpatient costs for those prophylaxed with standard azoles. 
Probabilistic sensitivity analysis indicated a 59% probability that posa-
conazole was cost-saving versus standard azole therapy and a 96% prob-
ability that the incremental cost-effectiveness ratio for posaconazole 
was at or below the $50,000 per life-year saved threshold.
DISCuSSIOn: In Canada, posaconazole appears to be cost-saving 
relative to standard azole therapy in IFI prevention among high-risk 
neutropenic patients.
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l’évaluation économique du posaconazole par 
rapport à une thérapie standard à l’azole en 
prophylaxie d’infections fongiques invasives 
chez des patients du Canada ayant une 
neutropénie prolongée

InTRODuCTIOn : La prophylaxie au posaconazole chez les patients 
neutropéniques à haut risque prévient l’infection fongique invasive (IFI). 
Les chercheurs ont utilisé un modèle économique pour évaluer le rapport 
coût-efficacité du posaconazole dans un système de santé canadien.
MÉThODOlOGIE : Les chercheurs ont mis au point un modèle de 
décision analytique fondé sur des données tirées d’un essai aléatoire 
comparant le posaconazole à un traitement standard à l’azole (fluconazole 
ou itraconazole). Ils ont extrapolé le modèle à l’horizon d’une vie au moyen 
de modèles de Markov sur un mois. La survie longitudinale dépendait de 
la maladie sous-jacente. Ils ont estimé les coûts des médicaments et des 
traitements associés à l’IFI d’après des publications scientifiques et utilisé 
le modèle pour estimer les coûts totaux, les IFI évitées, les années de vie 
gagnées et le rapport coût-efficacité incrémentiel (RCEI) du posaconazole 
par rapport à une thérapie standard à l’azole, en dollars canadiens de 2007.
RÉSulTATS : D’après les données d’essai clinique, le posaconazole 
s’associait à un moins grand nombre de cas d’IFI (0,05 par rapport à 0,11; 
P=0,003), à l’augmentation des années de vie (2,52 ans par rapport à 
2,43 ans) et à des coûts légèrement moins élevés (6 601 $ par rapport à 
7 045 $) par patient par rapport à la thérapie standard à l’azole sur l’horizon 
d’une vie. Les coûts d’acquisition plus élevés du posaconazole étaient 
contrebalancés par les coûts d’hospitalisation des patients en raison d’une 
IFI qui recevaient une prophylaxie standard aux azoles. D’après l’analyse de 
sensibilité probabiliste, il y avait 59 % de probabilité que le posaconazole 
soit plus économique que la thérapie standard à l’azole et 96 % de 
probabilité que le RCEI du posaconazole corresponde ou soit inférieur au 
seuil de 50 000 $ par année de vie épargnée.
EXPOSÉ : Au Canada, le posaconazole semble être économique par 
rapport à la thérapie standard à l’azole pour prévenir l’IFI chez les patients 
neutropéniques à haut risque.
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Invasive fungal infections (IFIs) cause significant morbidity and mor-
tality and are difficult to treat once established (1-3). Causative 

pathogens seen with increasing frequency in recent years include 
Candida and Aspergillus species and the Zygomycetes (4,5). Patients 
with cancer are at particularly high risk for IFI because of intensive 
chemotherapy resulting in neutropenia and other immunosuppressive 
treatments (3-6). IFI-associated morbidity can delay or prevent treat-
ment of a patient’s underlying malignancy (7). Furthermore, retro-
spective data on approximately eight million hospitalizations showed 
that candida and aspergillus infections resulted in increased treatment 
costs of approximately US$45,616 and US$25,128, respectively, in 

high-risk patients compared with matched control patients with no IFI 
(8). Specifically, in the present study, patients with hematological 
malignancies had costs associated with any IFI of approximately 
US$37,046 more than patients without an IFI.

Antifungal prophylaxis has been recommended for patients with 
cancer at high risk for IFI by such organizations as the National 
Comprehensive Cancer Network (9), the Infectious Diseases Society 
of America (1), the American Society for Blood and Marrow 
Transplantation (10) and the European Conference on Infections 
in Leukemia (11). Current antifungal agents with the potential to 
prevent fungal infections include amphotericin B compounds, azoles 
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(fluconazole, itraconazole, voriconazole and posaconazole) and ech-
inocandins (caspofungin, micafungin and anidulafungin). The National 
Comprehensive Cancer Network has advocated extended-spectrum anti-
fungal prophylaxis and has recommended that neutropenic patients with 
acute myeloid leukemia (AML) or myelodysplastic syndrome (MDS) 
receive prophylaxis with a mould-active antifungal agent (posaconazole 
as category 1; voriconazole or amphotericin B as category 2B) (9). In 
contrast, the Infectious Diseases Society of America guidelines are not 
quite as encompassing; for the management of invasive aspergillosis (IA), 
the guidelines recommend primary prophylaxis with posaconazole for 
hematopoietic stem cell transplantation recipients with graft-versus-host 
disease and for neutropenic patients with AML or MDS who are at risk 
for IA. Alternative preventive pharmacotherapies for IA are itraconazole 
(intravenous or oral) and micafungin (1).

Posaconazole is an extended-spectrum oral triazole. It has demon-
strated efficacy against various pathogenic moulds and yeasts, includ-
ing those resistant to other antifungal therapies (12-16) and is 
approved for use in various jurisdictions for prophylaxis of aspergillus 
and candida infections in high-risk patients with prolonged neutro-
penia and hematopoietic stem cell transplantation recipients (17-19).

In a pivotal, randomized clinical trial, posaconazole demonstrated 
superior efficacy compared with standard azole therapy with fluconaz-
ole or itraconazole in preventing proven and probable IFIs (occurrence 
in 2% versus 8% of patients, respectively) and reducing overall mortal-
ity in high-risk neutropenic patients who received cytotoxic chemo-
therapy for AML or MDS (20). Significantly fewer patients in the 
posaconazole group had IA (1% versus 7%; P<0.001), and survival was 
significantly longer among posaconazole recipients compared with 
recipients of fluconazole or itraconazole (P=0.04) (20).

Despite the demonstrated clinical superiority over fluconazole and 
itraconazole, concerns abound regarding the high drug acquisition cost 
for posaconazole. Notwithstanding these concerns, studies have dem-
onstrated that posaconazole is a cost-effective or cost-saving alternative 
to itraconazole and fluconazole in patients with AML or MDS, and 
chemotherapy-induced neutropenia in the United States (USA) (21,22) 
and the Netherlands (23). The Netherlands study (23) reported a 90% 
probability that the cost increase per quality-adjusted life-year with 
posaconazole was less than €20,000. A study conducted in the USA (21) 
reported a 96% probability that the incremental cost-effectiveness ratio 
(ICER) for posaconazole was ≤$50,000 per life-year saved (LYS) and that 
there was a 73% probability that posaconazole was cost-saving compared 
with fluconazole or itraconazole. In another American analysis (22), 
posaconazole prophylaxis was associated with lower overall treatment 
costs compared with patients with prolonged neutropenia who were 
administered prophylaxis with fluconazole or itraconazole.

The aim of the present study was to apply a decision-analytic 
model based on data from a randomized prophylactic clinical trial 

comparing posaconazole with fluconazole or itraconazole (standard 
azole therapy) (20) and to evaluate the cost effectiveness of posacon-
azole compared with fluconazole or itraconazole from a Canadian 
health care perspective.

METhODS
A decision-analytic model was developed to estimate the cost effect-
iveness of antifungal prophylaxis therapy among patients with AML or 
MDS at high risk for IFI caused by chemotherapy-induced neutropenia 
(Figure 1).

Patients in the model were assumed to receive prophylaxis with 
posaconazole or standard azole therapy (fluconazole or itraconazole) 
for the prevention of IFIs, as reported in the clinical trial of Cornely 
et al (20). This was a randomized, multicentre trial in which pro-
phylaxis was administered with each chemotherapy cycle and was 
continued until recovery from neutropenia and complete remission, 
or occurrence of an IFI for up to 12 weeks following randomization, 
whichever came first. Patients were followed for a total of 100 days 
after randomization.

A hybrid model consisting of a decision tree and a Markov model 
was constructed to compare prophylaxis strategies. Patients at risk of 
IFI enter the decision tree and receive prophylaxis with either 
posaconazole or standard azole therapy (Figure 1); distributions of 
patients receiving fluconazole and itraconazole in the comparator 
group were assumed to be the same as those in this trial (ie, 81% 
fluconazole and 19% itraconazole) (20).

Figure 1) Model structure. IFI Invasive fungal infection; M Monte Carlo
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Table 1
Model parameters and data sources

Model parameter estimate
Data source,  
author, year (reference)

Efficacy of prophylaxis
Probability of IFI with fluconazole/  
   itraconazole

0.11 Cornely et al, 2007 (20)

Probability of IFI with posaconazole 0.05 Cornely et al, 2007 (20)
Survival after prophylaxis
Probability of IFI-related death, given IFI 0.43 Cornely et al, 2007 (20)
Probability of other death within 100 days 0.15 Cornely et al, 2007 (20)
Relative survival for AML after 100 days 0.21 CSS, 2009 (24);  

SEER 2006 (25)
Relative survival for MDS after 100 days 0.08 Kantarjian et al, 2006 (36)

Costs*, $
Cost of treating an IFI*
Candidiasis 52,618 OCCI 2007/2008 (26)
Aspergillosis 61,198 OCCI 2007/2008 (26)

Weighted cost of an IFI*†

Fluconazole/itraconazole trial arm 59,378 Cornely et al, 2007 (20)
Posaconazole trial arm 55,069 Cornely et al, 2007 (20)

Drug costs per day*
Fluconazole 22.19 RAMQ
Itraconazole 14.00 RAMQ
Posaconazole 141.14 RAMQ

Duration of prophylaxis, days, mean ± SD
Fluconazole 24±16 Cornely et al, 2007 (20)
Itraconazole 29±21 Cornely et al, 2007 (20)
Posaconazole 29±21 Cornely et al, 2007 (20)

Discount rate, % 5 CADTH Guidelines (37)
*Canadian dollars; †Weighted according to the incidence of candidiasis and 
aspergillosis reported in the posaconazole and control arm from the random-
ized trial. AML Acute myeloid leukemia; CADTH Canadian Agency for Drugs 
and Technologies in Health; CSS Cancer Survival Statistics (Statistics 
Canada); IFI Invasive fungal infection; MDS Myelodysplastic syndrome; OCCI 
Ontario Case Costing Initiative; RAMQ Régie de l’assurance maladie du 
Québec; SEER Surveillance, Epidemiology, and End Results 
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Clinical events were modelled during the study period using data 
from the clinical trial (Table 1) (20) with chance nodes reflecting the 
probabilities of IFI, IFI-related death and death from other causes; 
survival beyond 100 days was modelled by extending the decision tree 
with one-month Markov cycles that extrapolate survival to a lifetime 
horizon.

Patients who experience an IFI are subsequently at risk of death 
from IFI. Patients who do not have an IFI, as well as those who sur-
vive an IFI, are at risk of short-term (ie, within 100 days) death from 
causes unrelated to IFI. Patients who survive the 100-day period fol-
lowing initiation of prophylaxis enter a Markov model in which their 
monthly risk of death is specific to the underlying condition (ie, AML 
or MDS) but independent of whether they previously had an IFI. 
Lifetime survival beyond the trial follow-up period was estimated for 
AML patients based on Cancer Survival Statistics (Statistics Canada, 
Ottawa, Ontario) (24), as well as Surveillance, Epidemiology, and End 
Results (SEER) data from the National Cancer Institute (25). This 
estimate was applied to age-specific death rates for the general popula-
tion obtained from Statistics Canada’s Life Tables.

Costs of IFI prophylaxis were estimated using drug acquisition costs. 
The costs of managing IFIs associated with invasive aspergillosis and 
candidiasis were obtained from the Ontario Case Costing Initiative 
(OCCI) database (26). The OCCI database is a record-specific costing 
database for acute care inpatients and day surgery patients admitted to 
participating hospitals. A costing analysis tool allows the user to select 
the diagnostic codes and have the corresponding average cost calcu-
lated on the OCCI website. An incidence-based approach to estimat-
ing the costs of IFIs that occur within the trial period was used. For the 
base case analysis, the cost of treating an IFI was weighted based on the 
incidence of invasive aspergillosis and invasive candidiasis reported for 
each arm in the pivotal trial (20); the posaconazole group had a lower 
incidence of breakthrough IFIs compared with standard azole therapy 
(0.29 versus 0.79, respectively).

The model was used to estimate total costs, IFIs avoided, life-years 
gained and ICER of posaconazole compared with standard azole ther-
apy from a third-party perspective in 2007 Canadian dollars. One-way 
sensitivity analyses and second-order probabilistic Monte Carlo sensi-
tivity analysis were conducted to assess the robustness of model results 
and the effects of parameter uncertainty on the study findings, particu-
larly as related to treatment efficacy and IFI costs.

RESulTS
In the trial published by Cornely et al (20), AML was the primary 
diagnosis in 86% of patients and MDS was the primary diagnosis in 
14% of patients. The approximate average age was 50 years, and 53% 
of patients were male.

Among a population of neutropenic patients at high risk, the model 
suggests that posaconazole is associated with fewer IFIs, increased life-
years and lower costs per patient than standard azole therapy over a 
lifetime horizon (Table 2 and Figure 2). Posaconazole was associated 
with fewer cases of IFIs: 0.05 versus 0.11; P=0.003 (0.06 IFI avoided); 
increased life-years: 2.52 versus 2.43 (0.09 LYS per patient); and 
slightly lower total costs: $6,601 versus $7,045 ($444 lower). The 
higher acquisition cost of posaconazole ($4,079 versus $514) was offset 
by higher IFI-associated inpatient costs for patients prophylaxed with 
fluconazole and itraconazole ($6,532 versus $2,522).

All-cause mortality rates within the clinical trial were 16% 
(posaconazole) versus 22% (fluconazole or itraconazole) (P=0.048) 

(20). There were significantly fewer IFI-related deaths (P=0.01) in the 
posaconazole group (five of 304 [1.6%]) compared with the fluconaz-
ole or itraconazole group (16 of 298 [5.4%]) (20). The economic 
model used conservative aggregate assumptions regarding IFI-related 
mortality. Total cost and mortality within the 100-day trial period in 
the economic model remained lower with posaconazole than with 
standard azole therapy.

Results from one-way sensitivity analyses on the risk of IFIs with 
posaconazole and fluconazole or itraconazole, the cost of treating an 
IFI and the costs of prophylaxis with fluconazole or itraconazole are 
presented in Table 3. One-way sensitivity analyses indicated that the 
posaconazole cost-effectiveness ratio was most sensitive to the risk of 
IFI, followed by the mean duration of posaconazole prophylaxis. 
Varying the efficacy of posaconazole using the 95% CI for the differ-
ence between the prophylaxis groups from the trial, the ICER for 
posaconazole ranged from being cost-saving to $35,443 per LYS rela-
tive to fluconazole or itraconazole.

The probabilistic sensitivity analysis results showed that there was 
a 59% chance that posaconazole was cost-saving compared with stan-
dard azole therapy and that there was a 96% chance that the ICER for 
posaconazole is equal to or less than the $50,000 per LYS threshold 
(Figures 3 and 4).

DISCuSSIOn
Posaconazole is clinically more effective than standard azole therapy 
(fluconazole or itraconazole) in preventing IFIs and reducing overall 
mortality in neutropenic patients at high risk for such an infection 
(20). The IFI probability for the fluconazole or itraconazole group 
(0.11) reflects the observed rates in clinical practice and is within the 
range of other published estimates in patients with hematological 
malignancies (6% to 12%) (4,27). The improved clinical outcomes 
seen with posaconazole in the Cornely et al (20) trial appear to trans-
late into cost savings despite its higher acquisition cost.

Cost-effectiveness analyses indicated that posaconazole was cost 
effective or cost saving compared with itraconazole and fluconazole for the 
prevention of IFIs among high-risk AML and MDS patients undergoing 
induction chemotherapy in the USA and the Netherlands (21,23). 

Table 2
Cost effectiveness of posaconazole versus standard azoles in the prophylaxis of invasive fungal infection (IFI) among high-
risk neutropenic patients

Prophylaxis
Total cost*, 

$
IFI inpatient 

costs*, $
Drug costs*, 

$
Cases of 

IFI
Cases of  

IFI avoided lY lYS
Incremental 

cost*, $
Cost per IFI 
avoided*, $

Cost per 
lYS*, $

Fluconazole/itraconazole 7,045 6,532 514 0.11 – 2.43 – – – –
Posaconazole 6,601 2,522 4079 0.05 0.06 2.52 0.09 444 Cost saving Cost saving
*2007 Canadian dollars. LY Life-years; LYS LY saved

Figure 2) Invasive fungal infection (IFI) inpatient treatment costs among 
high-risk neutropenic patients. *2007 Canadian dollars. Flu Fluconazole; 
Itra Itraconazole; Pos Posaconazole
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Results from the current analysis indicate that posaconazole prophylaxis is 
cost effective from the Canadian health care perspective and is likely to be 
cost saving compared with standard azoles in patients with AML and 
MDS who are undergoing intensive induction chemotherapy for AML.

Total cost savings were $6,601 (posaconazole) versus $7,045 (stan-
dard azoles). In one-way sensitivity analyses, the ICER was most sensi-
tive to the risk of IFI, followed by mean duration of posaconazole 
prophylaxis. Results from the probabilistic sensitivity analysis indi-
cated that posaconazole has a 59% chance of being cost-saving com-
pared with standard azoles and that there was a 96% chance that the 
ICER for posaconazole was equal to or less than the $50,000 per LYS 
threshold. Posaconazole prevented more IFIs than the comparator 
regimens (IFI avoided: 0.06).

Posaconazole prophylaxis for the prevention of IFIs in immuno-
compromised patients has also been recognized recently by a number 
of governmental bodies as cost effective. The Scottish Medicines 
Consortium and the Australian Pharmaceutical Benefits Advisory 
Committee have acknowledged the clinical and cost-effectiveness 
evidence for posaconazole compared with fluconazole and itraconazole 
(28,29). However, not all jurisdictions concur. In a recent Common 
Drug Review of posaconazole by the Canadian Agency for Drugs and 
Technologies in Health, IFI prophylaxis with posaconazole was not 
recommended (19). The Common Drug Review believed that the sup-
porting data were not robust enough because in the clinical trial pub-
lished by Cornely et al (20), too few patients were randomized to 
receive itraconazole to provide a meaningful comparison between 
posaconazole and itraconazole (19). A head-to-head direct compari-
son of posaconazole and itraconazole would indeed be of interest; 
however, the aforementioned clinical trial published by Cornely et al 
(20) simulated clinical practice where patients were randomly assigned 

to receive either posaconazole or standard azole therapy according to 
investigators’ institutional standard protocol. The low number of 
patients receiving itraconazole, as stated by the study authors (20), 
reflects the fact that fluconazole had become the standard of care for 
antifungal prophylaxis in patients with AML undergoing induction 
chemotherapy. Although itraconazole also reduces the incidence of 
proven IFIs (30), it has not conferred a significant survival benefit 
over fluconazole in large trials, and it has been associated with greater 
toxicity with no additional clinical benefit (31-33).

It has been demonstrated that hospital length of stay costs are the 
single most important issue contributing to higher costs in cost-
effectiveness studies. Our analysis has the limitation that the duration 
of hospitalization was not measured in the Cornely et al study (20); 
therefore, a reduced duration of hospitalization (and an associated 
reduction in costs) in posaconazole-treated patients was assumed to be 
similar to that observed in the OCCI database (19,26). Increased hos-
pitalization costs due to IFI have been widely reported. A study of 
almost 12,000 patients with IFIs and approximately the same number 
of control patients (matched by age, sex and either high-risk group or 
primary diagnosis) without IFIs reported that relative to the control 
group, patients with an IFI stayed an average of 11.4 days longer in 
hospital (P<0.001) (8). Dasbach et al (34) estimated costs of aspergillosis-
related hospitalization in 1996 from the Nationwide Inpatient Sample 
of the Healthcare Cost and Utilization Project in patients with a range 
of underlying conditions; aspergillosis led to an average hospital stay of 
18.8 days (compared with 5.0 days in matched patients without asper-
gillosis; P<0.05). Another American study, which estimated the 1998 
incidence and direct patient costs associated with IFIs, concluded that 
the incremental average hospitalization costs per patient attributable 
to aspergillosis and candidiasis were significantly greater than those 

Figure 3) Results from second-order probabilistic Monte Carlo sensitivity 
analysis. *Canadian dollars. ICER Incremental cost-effectiveness ratio; 
LYS Life-years saved 

Figure 4) Cost-effectiveness acceptability curve. LYS Life-years saved
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Table 3
Univariate sensitivity analyses of the cost effectiveness of posaconazole versus standard azoles in the prophylaxis of 
invasive fungal infection (IFI) among high-risk neutropenic patients

Parameter base case low value* High value*
ICeR ($lYS)†

Magnitude of variation†lower Upper
Risk of IFI on posaconazole 0.05 0.0024 0.0883 Dominant 35,443 >35,443
Risk of IFI on fluconazole/itraconazole 0.11 0.0825 0.1375 8,315 Dominant >8,315
Cost of IFI†, $ 

Candidiasis/aspergillosis 55,069/59,378 55,069 59,378 335 Dominant >335
Costs of fluconazole/itraconazole†, $ 22.19/14.00 16.64/10.50 27.74/17.50 Dominant Dominant –
Duration of posaconazole prophylaxis, days 28.9 7.8 50 Dominant 28,308 >28,308
Probability of patients receiving itraconazole 0.19 zero 1.00 Dominant Dominant –
*Ranges estimated as ± 25% of model values, except for risk of IFI on posaconazole, which was estimated using the 95% confidence interval for the difference in 
risk between the posaconazole and standard azole groups, and duration of posaconazole prophylaxis that were derived from the Cornely et al trial (20); †Canadian 
dollars. ICER Incremental cost-effectiveness ratio; LYS Life-years saved 
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