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Maréchal Joffre, 92340 Bourg la Reine, France.

Tel: þ33 1 40 91 30 30; Fax: þ33 1 40 91 30 31;

antoine.lafuma@cemka.fr

Key words
Acute leukaemia – Cost Analysis – Fungal infection –

Posaconazole – Prophylaxis

Accepted: 19 November 2010; published online: 22 December 2010

Citation: J Med Econ 2011; 14:28–35

Abstract

Background:

Acute myeloblastic leukaemia (AML) patients are at high risk of suffering from invasive fungal infections (IFI).

Posaconazole demonstrated higher efficacy than standard azole agents (SAA) in the prophylaxis of IFI in

this population.

The authors estimated the cost effectiveness of posaconazole versus SAA in France.

Methods:

A decision-tree model was developed to compare posaconazole with SAA with the results of a published

clinical trial. Clinical events were modelled with chance nodes reflecting probabilities of IFI, IFI-related death,

and death from other causes. Medical resource consumption and costs were obtained from results of the

clinical trial and from a dedicated survey on the costs of treating IFI using a retrospective chart review

design.

Results:

IFI treatment costs were estimated using medical files from 50 AML patients from six French centres, with a

proven and probable IFI, who had been followed-up for 298 days on average. Direct costs directly related to

IFI were estimated atE51,033, including extra costs of index hospitalisation, costs of antifungal therapy and

additional hospitalisations related to IFI treatment. The model indicated that the healthcare costs for the

posaconazole strategy were E5,223 (E2,697 for prophylaxis and E2,526 for IFI management), which was

E859 less than the E6,083 in costs with SAA (E469 for prophylaxis and E5614 for IFI management). A

sensitivity analysis indicated that there was an 80% probability that prophylaxis using the posaconazole

strategy would be superior.

Conclusion:

The findings from this analysis suggest that posaconazole use is a clinically and economically dominant

strategy in the prophylaxis of IFI in AML patients, given the usual limits of economic models and the

uncertainty of costs estimates.

Introduction

Acute myeloid leukaemia (AML) is a relatively rare disease of the myeloid line
of white blood cells, characterised by rapid proliferation of abnormal cells which
accumulate in the bone marrow and consequently interfere with the production
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of normal blood cells. AML is the most common acute
leukaemia affecting adults and its incidence increases
with age.

In France, the number of new AML cases was recently
estimated at 2,600 per year based on epidemiological data.
French researchers estimated the 5-year survival rate in
individuals with AML to be 19%1.

Invasive fungal infections (IFI) are a major cause of
morbidity and mortality in AML patients receiving inten-
sive myelotoxic chemotherapy. Established risk factors are
previous fungal infection, neutropenia exceeding 10 days,
older age, active cancer, corticosteroid therapy, adminis-
tration of broad spectrum antibiotics, allogeneic HSCT,
central venous catheter and organ dysfunction2.

Posaconazole has recently been approved in Europe
for prophylaxis of invasive fungal infections in patients
receiving remission induction chemotherapy for AML or
myelodysplastic syndromes (MDS) expected to result in
prolonged neutropenia and who are at an increased risk
of developing invasive fungal infections. This indication
was based on the results of a recently published clinical
trial3. This trial recruited patients who received cytotoxic
chemotherapy as treatment for AML or MDS. It compared
posaconazole to fluconazole or itraconazole as the primary
prophylaxis of IFI (proven or probable) and followed-up
patients for at most 12 weeks (100 days).

A total of 304 patients were treated with posaconazole
for 29 days and 298 were treated with fluconazole or
itraconazole for 25 days, on average.

Proven or probable fungal infection was diagnosed in
2% of the patients in the posaconazole group as compared
with 8% in the control group (p50.001) during the treat-
ment phase (7 days after the last dose of study drug admin-
istered during the last chemotherapy cycle)and 4.5% and
11%, respectively during the 100-day period (p¼ 0.003).
Aspergillosis was the most common breakthrough infec-
tion and occurred less frequently (p¼ 0.009) in patients
receiving posaconazole (1%) compared to control patients
(9%). Lastly, as well as the reduction in fungal infections
rates, overall survival was significantly longer in the posa-
conazole group (p¼ 0.04).

From a medical standpoint, the use of posaconazole
prophylaxis should be recommended in these patients4,5.
However, there are some concerns about the cost effec-
tiveness of this strategy in France as the costs of
prophylaxis therapy are included in the tariff of the diag-
nosis-related group (DRG) for AML. Cost-effectiveness
studies should compare the extra costs of posaconazole to
the economic benefit of avoiding IFIs.

Very little is known about the costs of IFI in France,
although Chapuis et al.6 published some results based on
costs in 2000, but these applied to resources consumed
between 1993 and 1996 and before the availability of the
new antifungal agents. At the time of this study, one-third

of inpatients with IFI died during their first hospital stay
and less than one-quarter survived an entire year.

From the international literature, the authors retrieved
both a US7 and a German study on the costs of IFI8. US
researchers estimated that the extra costs during the first
stay of an IFI patient over a non-infected patient were
$47,915. The German group applied standard costs to con-
sumed resources collected during a 3-month clinical trial.
They calculated the average cost of IFI treatment to be
E23,000 for this period. Other studies were performed but
some focused on the costs associated with a specific anti-
fungal agent or compared two treatment strategies9–13.
None of these studies, however, included the long-term
costs of IFI, in particular, those involving cure, mainte-
nance treatment, and an eventual secondary prophylaxis
for patients who now survive longer with the new antifun-
gal therapies.

Given the situation described above, it is important to
estimate the cost effectiveness of posaconazole because of
the burden of IFI treatment on the French healthcare
system. Another important point to consider is that the
current French formulation policy does not favour the use
of posaconazole in current practice.

Methods

The main perspective of this economic study was the one
of the French healthcare system combining the French
sickness funds and the one of hospitals. The study used a
two-step design. The first step, a cost study, consisted of a
retrospective chart review of patients with proven or prob-
able IFI14 to estimate the costs of the condition from IFI
occurrence until death or date of last report, lost to follow-
up or date of data collection. This study proved to be nec-
essary because available IFI cost estimates for France were
too old6 to be considered relevant for the study’s purpose.
These new cost estimates were introduced in a medico-
economic model aimed at estimating the cost effectiveness
of posaconazole in the prophylaxis of IFI for patients who
received myelotoxic chemotherapy.

The observational cost study was conducted according
to French regulations to ensure privacy and patients’ rights
and therefore was carried out anonymously. The design
was the following:
� Adult patients with AML and presenting with a prob-

able or proven IFI were retrospectively selected in six
French haematological wards, starting backward from
December 2006 in order to include recent patients and
their management during a sufficient period.

� From the start of the IFI, resources consumed for the
treatment and secondary prophylaxis were collected in
the medical files.

� Most of the patients presented their first occurrence of
IFI during hospitalisation for the treatment of AML.
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� Resources consumed were the estimated additional
length of stay (LOS) as compared with complication-
free stays for AML treatment (national estimate) for
the index hospitalisation.

� Other resources included the antifungal agents con-
sumed during hospitalisation and in the outpatient
setting, and additional hospitalisations due to the
treatment of IFI.

The cost study was performed from the perspective of the
French healthcare system combining the French sickness
funds and the one of hospitals through the evaluation of
the collected resources for the year 2009. For the index
hospitalisation, the cost was estimated using the difference
in tariffs for the DRGs with and without complications
(see Table 1).

Additional LOS was then costed using the tariff of extra
LOS over the upper limit of the DRG plus the potential
daily tariff in cases of hospitalisation in a positive pressure
room15. Antifungal agents were then costed using the offi-
cial tariffs, the duration of consumption and the location of
their consumption. Expensive agents consumed in hospi-
tals are charged on top of the DRGs by hospitals to the
sickness funds (expensive and innovative medications reg-
istered on drug list off DRG). The less-expensive medica-
tions are included in the DRGs and their costs were only
allocated to the hospitals. Agents consumed by outpatients

were cost on the basis of official tariffs and are charged
to the French sickness funds.

Additional hospitalisations were costed according to
the tariff of the DRG as the main reason for hospitalisa-
tion. Only hospitalisations due to IFI management were
included in this analysis.

Costs not considered in this analysis were examina-
tions that were not recorded extensively in the files,
including those performed in an ambulatory setting
and administration costs of injectable medications at
home.

An Excel-based decision analytic model was con-
structed. It compared two groups of patients with AML
or MDS in the proportions of the randomised clinical
trial (RCT)3. Because the duration of the follow-up
period was restricted to 100 days in the RCT and because
there is a significant difference in survival between posa-
conazole and standard azole agents, a time extrapolation
was performed to estimate the lifetime cost effectiveness.
This time extrapolation took into consideration the fact
that patients with AML and MDS have a shorter life
expectancy than the general population.

The model for the short-term phase used findings from
the RCT. Transition probabilities were directly extracted
from results as were the survival rates during the period.
The duration of prophylaxis treatments was also issued

Table 2. Unit costs (taxes included) of antifungal agents15.

Brand name, dosage and unit Active product Route Unit cost Price per
mg (E)

Drug list
off DRG*

Abelcet 5 mg/ml 1 bottle of 100 mg Liposomial amphotericin B IV E132.73 1.32730 Yes
Ambisome 50 mg 1 bottle of 50 mg Liposomial amphotericin B IV E155.19 3.10380 Yes
Cancidas 50 mg 1 bottle of 50 mg Caspofungine IV E488.04 9.76076 Yes
Cancidas 70 mg 1 bottle of 70 mg Caspofungine IV E620.77 8.86811 Yes
Fungizone 50 mg 1 bottle of 50 mg Amphotericin B IV E8.36 0.16720 No
Noxafil 40 mg/ml 1 bottle of 105 ml Posaconazole PO E648.34 0.15437 No
Sporanox 100 mg 1 box of 30 capsules Itraconazole PO E84.92 0.02831 No
Sporanox 250 mg 1 vial of 250 mg Itraconazole IV E25.00 0.10000 No
Triflucan 2 mg/ml 1 bottle of 100 ml Fluconazole IV E25.53 0.12765 No
Triflucan 200 mg 1 box of 30 capsules Fluconazole PO E334.01 0.05567 No
Vfend 200 mg 1 tablet Voriconazole PO E41.86 0.20931 No
Vfend 200 mg 1 vial Voriconazole IV E158.26 0.79128 Yes
Vfend 50 mg 1 tablet Voriconazole PO E10.52 0.21032 No

IV, intravenous administration; PO, oral route of administration.
*Drug registered on the list of drugs off DRG. These medications are charged on top of the DRG to the French sickness funds.

Table 1. DRG of acute leukaemia hospitalizations with and without complication: tariffs and daily tariff of extra LOS15.

DRG code Label Tariff
per DRG

Upper limit
of LOS (days)

Daily cost per
day over the limit

17M09V Acute leukaemia of adult patients without complications E8,478.27 41 E560.80
17M09W Acute leukaemia of adult patients with complications E15,129.56 51 E550.46

DRG, diagnosis-related group.
LOS, Length of stay.
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from the RCT, with 29 days in the posaconazole arm and
25 days in the itraconazole or fluconazole arm. Surviving
patients entered the second phase of the model that esti-
mated cost-effectiveness ratios for the lifetime of the
patients. A Markov model was used to calculate their life
expectancy (Figure 1).

The model calculated the costs of each strategy by mul-
tiplying the number of patients with the average cost of
prophylaxis treatment for the entire population and the
average cost of IFI for the patients contracting IFI.
Incremental cost-effectiveness ratios can be estimated for
this period by dividing the extra costs by the gain in life
expectancy.

The Markov model estimated life expectancy during
the lifetime of the patients taking into account the fact
that patients with AML have only a 20.9% 5-year survival
probability as compared with the survival probability of

the corresponding general population according to SEER
data (Surveillance Epidemiology and End Results) of the
National Cancer Institute16. This 5-year survival probabil-
ity is only 8% for patients with MDS17. The proportion
of patients with AML was 86% and 14% had MDS, as
in the RCT.

Mortality tables from the French National Institute of
Statistics18 were introduced into the Markov model. A
discount rate of 3% was applied to cost and efficacy.
One-way sensitivity analyses were performed calculating
the economic results with the baseline value� SD of the
relevant parameters. Multivariate sensitivity analyses were
performed using a probabilistic method with the distribu-
tion law of each parameter of interest. These analyses were
computed with Excel.

For each iteration, the model picked up a value in the
distribution of each parameter at random and estimated

IFI related death

IFI Death from other cause

Survive

# patients in POS arm

Death from other cause

No IFI

Survive

0,1595,05

2,82

p(IFI) = 0,0495
Survive

14,26

34,059,4

100

0,15

2,13

80,79

p(IFI death/IFI) = 

p(die other)

p(die other)

0,42

2,40

= number of patients

= transition probability

Legend

Death of IFI

IFI Death from other cause

Survive

# patients in control arm

Death from other cause

No IFI

Survive

100

11,00

p(IFI) = 0,11

89,00

4,73

p(IFI death/IFI) = 0,43

6,27

p(die other) 0,15

13,35

p(die other) 0,15

Survive

0,94

5,33

75,65

Markov Model 

Markov Model 

Markov Model 

Markov Model 

(a)

(b)

Figure 1. Transition probabilities and number of patients for each strategy (on the basis of 100 patients) (a) in the posaconazole group, (b) in the control group.
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cost and efficacy to calculate the incremental cost-
effectiveness ratio.

Results of the sensitivity analyses are shown in a
Figure 2 with the 1000 incremental cost-effectiveness
ratios.

Results

Cost study

A total of 50 patients were included in this cost study. Sex
ratio was 2.12 males to 1 female, and mean age was
56.2� 14.1 years; 46% of the patients were over 60 years
of age. Of these 50 AML patients, 12 have been treated
with bone marrow graft during the follow-up, all after the
occurrence of the IFI. IFI was verified in 44% of the
patients and was considered probable in 56%.

Aspergillus was the most frequently (80%) identified
fungus, being found alone in 67% of patients and
Candida was present in 24% of the patients and found
alone in 12%. Aspergillus and Candida were combined in
8% and the remaining six patients were infected with
Absidia, Aspergillus plus a zygomycete, Candida plus
Aspergillus plus Fusarium, Candida plus Aspergillus plus
Fusarium, Fusarium and Geotrichum. The main sites of
infection were lungs (76%), blood (18%) and sinuses (8%).

The average time between AML diagnosis and IFI
occurrence was 6.2� 9.3 months. Of the 50 patients, 32
were followed-up until death. The average follow-up dura-
tion from IFI occurrence was 297.8 days. This duration was
longer for surviving patients (566.3 days) than for deceased
patients (146.7 days).

The reasons for admission during the index hospitalisa-
tion, where IFI was diagnosed, was AML treatment for
82% of the patients, bone marrow transplant for 8%, and

fever and chest disorders for 10%. The LOS of index hos-
pitalisations was 45.6 days on average (median 41 days).

Antifungal agents were consumed widely by the
patients. Duration of antifungal agent use was 198.2 days
on average with a minimum of 11 days and a maximum of
613 days. An average of 3.7 lines of treatment were pre-
scribed, of which 1.1 was carried out with a combination of
two or more agents. The most widely used antifungal agent
was voriconazole, representing 59.9% of the total cumula-
tive consumption. Other agents were utilised: caspofun-
gine (14.8%), itraconazole (7.1%), posaconazole (5.4%),
amphotericin B (4.6%), fluconazole (4.2%) and liposomal
amphotericin B (3.9%), respectively.

Of the 50 patients, 11 were admitted for 13 additional
hospitalisations directly related to IFI. Reasons were fever
or infection which accounted for seven stays, surgical cure
(mainly pulmonary) for three and diagnosis (n¼ 1) or
relapse of IFI during a hospitalisation for AML treatment.

Costs of IFI consisted are primarily in three parts:
(1) Costs of index hospitalisations;
(2) Costs of re-hospitalisations;
(3) Costs of antifungal therapies.
Costs of index hospitalisations were calculated with the
costs of the DRG (E6,189 on average) of the costs related
to the extra LOS over the upper limit (E3,570 on average)
and of the costs associated with positive pressure rooms
(E3,960 on average) for total average cost of E13,720.
Costs of rehospitalisations were estimated at E1,345 per
AML patient. Cost of antifungal therapies was estimated at
E35,967 per patient. These costs were related to inpatient
drug consumption for 39%, of which 90% were for drugs
charged out of the DRGs, and 61% for drugs consumed
in an ambulatory setting.

The average total cost of a probable or proven IFI
episode can then be estimated at: E13,721þE1,345þ
E35,967¼E51,033.

–€6000

–€4000

–€2000

€0

€2000

€4000

–0.04 –0.02 0.00 0.02 0.04 0.06 0.08 0.10 0.12

Incremental life-years

In
cr

em
en

ta
l c

o
st

s

ICERs €30 000/per life-year gained

Figure 2. Multivariate sensitivity analyses.
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Results of the model

The results of the baseline model are shown in Table 4.
Posaconazole strategy is more efficacious and less costly
because the cost of avoided IFI episodes exceeds the extra
cost of posaconazole strategy over that of standard azoles.

The benefit related to avoiding an IFI will be essentially
for the French sickness fund, as costs of IFI are mainly due
to antifungal agents and costs of hospitalisations, and
prophylaxis costs are paid by hospitals.

One-way sensitivity analysis results are the following:
When varying the IFI probability in the control arm

(p¼ 0.11� 0.0181) the economic benefit of the posaco-
nazole arm ranged from E351 to E1,368 and the effective-
ness was respectively 0.013 and 0.016 life-years gained.

The IFI probability uncertainty (0.0495� 0.012) pro-
vided results from �E242 to �E1,477 in favour of posa-
conazole associated with life-years gained of 0.013 and
0.019, respectively.

The other important parameter that is the average cost
of the IFI episode during index hospitalisation variation
was assumed to be� 15% of the E27,497. With this
variation, benefit of posaconazole ranged from E651 and
E1,068 without variation of the effectiveness results.

Results (n¼ 1000) of the probabilistic sensitivity
analysis are presented in Figure 2.

The average benefit was E839 (median E836) which
was associated with an average increase in life expectancy
of 0.016 years (median 0.015).

Table 3. Parameters of the model, distribution laws, baseline value, standard deviations used in the sensitivity analyses and sources.

Parameter Distribution type Baseline value SD* Source

IFI probability in the control arm Beta 0.1100 0.0181 Clinical trial
Relative risk of IFI for posaconazole patients Gamma 0.4500 – Clinical trial
IFI probability in the posaconazole arm Beta 0.0495 0.0120 Clinical trial
Death rate due to IFI in the posaconazole arm Beta 0.4300 0.0714 Clinical trial
Death rate due to IFI in the control arm Beta 0.4300 0.0714 Clinical trial
Death rate due to other cause in the posaconazole arm Beta 0.1500 0.0140 Clinical trial
Death rate due to other cause in the posaconazole arm Beta 0.1500 0.0140 Clinical trial
Relative survival of AML patients Gamma 0.2090 – SEER
Relative survival of MDS patients Gamma 0.0800 – SEER
IFI related costs during index hospitalization Gamma 27 497 3450 Cost study
IFI related costs after discharge Gamma 23 536 – Cost study
Daily cost of posaconazole Gamma 93 –
Daily cost of fluconazole Gamma 18 –
Daily cost of itraconazole Gamma 22 –
% of patients treated with itraconazole in the control arm Beta 0.1900 – Clinical trial
Treatment duration of posaconazole (in days) Gamma 29.0000 – Clinical trial
Treatment duration of itraconazole (in days) Gamma 25.0000 – Clinical trial
Treatment duration of fluconazole (in days) Gamma 25.0000 – Clinical trial
Discount rate Beta 0.03 –

*SD of certain parameters are assumed to be 0 and not included in the probabilities sensitivity analysis.
IFI, invasive fungal infection; AML, acute myeloid leukaemia; MDS, myelodysplastic syndrome.

Table 4. Results of the model according to the payer (average cost per patient).

Posaconazole Itraconazole/fluconazole Difference

Prophylaxis treatment costs
Paid by hospitals E2,023 E352 E1,671
Charged to Sickness Funds E674 þE117 E557

Total prophylaxis treatment costs E2,697 E469 þE2,228

IFI costs
Paid by hospitals E45 E99 �E54
Charged to Sickness Funds E2,481 E5,515 �E3,033

Total IFI costs E2,526 E5,614 �E3,087

Total costs
Paid by hospitals E2,068 451 þE1,617
Charged to Sickness Funds E3,155 E5,632 �E2,477

Total costs E5,223 E6,083 �E859

Life expectancy 0.74 0.72 0.02
Cost-effectiveness ratio Dominant

IFI, invasive fungal infection.
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In all, 75.6% of the simulations show posaconazole to be
more efficacious and less expensive than standard azole
agents and only 0.4% show standard azole to be a superior
strategy. Approximately 17% of the results are over
E30,000 per life-year gained, usually an upper acceptable
limit in France

Discussion

The aim of this work was to estimate the cost effectiveness
of posaconazole in the primary prevention of IFI in AML
patients undergoing chemotherapy. First, this study
showed that costs related to IFI in these patients were
extremely high, especially because of the long duration
of the drug treatment.

Antifungal agents represented 72% of the costs – far
more than hospitalisation costs.

This average cost estimate was higher than the IFI costs
retrieved from the literature.

This is mainly due to the study design, which
followed-up on patients until death, taking into account
the long-term costs of IFI, with secondary prophylaxis and
additional hospitalisations. Results for the short-term were
similar to those analysed in the US and Germany, around
E25,000. Long-term costs doubled this estimate, even if
some of these patients died prematurely. As surviving
patients were followed-up on average for more than 1½
years, and as almost all of them were treated with new
antifungal agents, these long-term costs were probably
underestimated.

However, some limitations of this cost study should be
taken into account.

The design is retrospective and only information
retrieved in the medical files could be used. Some infor-
mation was not adequately included in the file for eco-
nomic purposes. For example, number and types of
exams were not systematically filled in on the chart, espe-
cially those performed in an ambulatory setting. This could
lead to an underestimation in the costs of IFI.

Some information needs to be interpreted to allocate
the resources to the IFI. This was also the case for addi-
tional hospitalisations, which were systematically
reviewed by a physician. The low number of additional
hospitalisations was the consequence of a conservative
approach to attribute the stays to IFI.

Secondly, the cost-effectiveness model derived from the
results of the clinical trial is in favour of the posaconazole
strategy. This is a consequence of the high medical benefit
for the patient and of the high expenses attributed to IFI
episodes. This efficacy result was considered very impor-
tant and convincing by the physicians but they were facing
economic pressures from their management in France.
Generalisation of the results of the clinical trial to the

current clinical practice was considered to be complete
as some of the experienced clinicians were prescribing pro-
phylaxis without an evidence base19 because of the impor-
tant consequences of the IFI occurrence in those patients.

The key point in the results of the model is the estimate
of the costs of IFI to be compared with the extra costs of
posaconazole over standard azole therapy. Other research-
ers presented a lower benefit (E183 per patient in their
baseline scenario) for the posaconazole prophylaxis strat-
egy20 because of lower estimated costs of avoided IFI
episodes.

The break-even point can easily be calculated by divid-
ing the extra cost of posaconazole (E2,228) by the differ-
ence in the IFI rates of the two strategies (11–4.5%). If the
average IFI cost is higher than E34,276, than, the posaco-
nazole strategy is preferred in France.

On the other hand, the benefit expressed in life-years
gained is not as great because of the current short life
expectancy of these patients and because of the scarcity
of information available concerning the expected sur-
vival of patients according to the presence or absence
of IFI.

Nevertheless, limits of these models have been widely
discussed and unit costs of some particular issues always
represent a large part of these studies.

Conclusion

Posaconazole is an effective treatment in the prophylaxis
of invasive fungal infections of patients with acute leukae-
mia presenting with neutropenia under chemotherapy and
the costs consequences for the French healthcare system
are fully acceptable.
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