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Background: Fluconazole, posaconazole and voriconazole are used prophylactically in patients with acute
myeloid leukaemia (AML). This study evaluated the clinical and economic outcomes of these agents when
used in AML patients undergoing consolidation chemotherapy.

Methods: A retrospective chart review (2003–10) of AML patients receiving consolidation chemotherapy was
performed. Patients were followed through their first cycle of consolidation chemotherapy. Antifungal prescrib-
ing patterns, clinical outcomes and resource consumptions were recorded. A decision analytical model was
developed to depict the downstream consequences of using each antifungal agent, with success defined as
completion of the designated course of initial antifungal prophylaxis without developing invasive fungal
disease (IFD). Cost-effectiveness and sensitivity analyses were performed.

Results: A total of 106 consecutive patients were analysed. Baseline characteristics and predisposing factors for
IFD were comparable between groups. Three IFDs (one proven, one probable and one suspected) occurred, all in
the posaconazole group. Patients receiving posaconazole had the highest rate of intolerance requiring drug ces-
sation (13% versus 7% in each of the fluconazole and voriconazole groups). Fluconazole conferred overall
savings per patient of 26% over posaconazole and 13% over voriconazole. Monte Carlo simulation demon-
strated a mean cost saving with fluconazole of AU$8430 per patient (95% CI AU$5803–AU$11 054) versus
posaconazole and AU$3681 per patient (95% CI AU$990–AU$6319) versus voriconazole. One-way sensitivity
analyses confirmed the robustness of the model.

Conclusions: This is the first study to show that, in the setting of consolidation therapy for AML, fluconazole is
the most cost-effective approach to antifungal prophylaxis compared with posaconazole or voriconazole.
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Introduction
Patients receiving myelosuppressive chemotherapy for acute
myeloid leukaemia (AML) are vulnerable to invasive fungal
diseases (IFDs), with the reported rate of mould infections

(predominantly Aspergillus species) of the order of 7.9% and
yeast infections around 4.4%.1 The mortality rate of IFD is sub-
stantial2,3 as the response to antifungal treatment is often
poor4,5 and the cost of treating IFD is high.6 Accordingly, there
has been a focus on using antifungal prophylaxis in patients
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with haematological malignancies, whereby a number of antifun-
gal agents, including fluconazole,7 voriconazole8 – 10 and posacon-
azole,11 are used. The results of these studies have led to
antifungal prophylaxis being strongly recommended12 – 14 during
the high-risk period of prolonged post-induction aplasia.1,15

To date, only fluconazole and posaconazole have shown a
survival benefit when used prophylactically in the haematology
population.11,16 Fluconazole lacks activity against moulds (e.g.
Aspergillus) and Candida krusei,17 whereas posaconazole pro-
vides broad-spectrum coverage. Voriconazole, another broad-
spectrum antifungal agent, was commonly used prior to the
availability of posaconazole,9,10 but evidence from clinical trials
for its prophylactic effectiveness in AML is lacking. Whilst the ran-
domized trial by Cornely et al.11 showed superiority of posacon-
azole prophylaxis over fluconazole/itraconazole in decreasing IFD
during induction chemotherapy, translation of the benefit into
consolidation cycles remains unknown.14,16

Most studies have focused on the clinical efficacy and cost-
effectiveness of prophylaxis during induction chemotherapy of
AML or myelodysplastic syndrome.7,8,11,18 – 23 There is little evi-
dence, however, to guide the appropriate use of antifungal
prophylaxis in patients with AML undergoing consolidation
chemotherapy,24 where the risk for IFD is lower than during in-
duction.25,26 It is unknown if the benefit of antifungal prophylaxis
during consolidation chemotherapy with posaconazole or vori-
conazole outweighs their higher drug acquisition costs compared
with fluconazole.

Accordingly, we investigated the clinical and economic out-
comes of fluconazole, posaconazole and voriconazole in AML
patients undergoing the first consolidation chemotherapy cycle
after successful induction.

Methods

Perspective
The economic modelling was conducted from the Australian public hos-
pital perspective, encompassing costs incurred from index admission for
administration of consolidation chemotherapy cycle 1 through to the day
prior to commencement of consolidation chemotherapy cycle 2, or the
end of the assessment period at day 40, whichever was earlier. This
costing period, which covered the at-risk period for IFD in consolidation
chemotherapy cycle 1, included subsequent elective re-admission(s)

and outpatient stay(s) between admissions. Only direct medical costs
related to the management of IFD were accounted for. Given that the
focus of the study was on prophylactic antifungal therapy, costs of
underlying conditions were not included. Indirect and non-medical
costs were also excluded as the patients’ social and employment data
were not readily available.

Model structure
A decision analytical model involving four possible treatment pathways
was constructed to depict the downstream consequences of initial anti-
fungal prophylaxis with fluconazole, posaconazole or voriconazole in
patients with AML undergoing consolidation chemotherapy cycle 1
(Figure 1). Success was defined as completion of the designated full
course of initial antifungal prophylaxis without breakthrough IFD.
Failure was defined as the premature discontinuation of initial prophy-
laxis and switching to alternative therapy due to any of the following
reasons: (i) proven, probable or possible breakthrough IFD, as defined
by the European Organisation for Research and Treatment of Cancer
and the Mycoses Study Group (EORTC/MSG),27 or empirical use of system-
ic antifungal treatment for clinically suspected IFD, or (ii) intolerance due
to poor oral intake or gastrointestinal intolerance (e.g. diarrhoea, vomit-
ing) or any other conditions that raised concern about oral absorption of
the antifungal agent. Patients who failed prophylaxis due to documented
or suspected IFD were switched to targeted or empirical antifungal treat-
ment and followed until therapeutic success (defined as cessation of
antifungal treatment without progression of IFD) or death. The death
pathway refers to overall mortality, given the difficulties in attributing
the cause of death to IFD ante-mortem28,29 and the occult effect of
drug-related adverse events on survival. Patients who failed initial
prophylaxis because of intolerance and switched to alternative prophy-
lactic antifungals were followed until the end of the assessment period.

Model inputs
This study was approved by the human ethics committees of Melbourne
Health, Peter MacCallum Cancer Centre and Monash University. Clinical
and resource consumption data used to populate the model were
extracted from a 6 year retrospective review of medical records (Novem-
ber 2003 to January 2010) of all patients with AML admitted for consoli-
dation chemotherapy cycle 1 at the Royal Melbourne Hospital and the
Peter MacCallum Cancer Centre. Both tertiary hospitals have comparable
standards and levels of patient care, including treatment protocols for
haematological malignancies and diagnostic procedures. In addition,
two infectious diseases physicians (M. S. and K. T.) provide consultation
at both hospitals.

treatment endpoint (end of follow-up) 

prophylactic success

Antifungal prophylaxis

in AML consolidation

prophylactic failure

failure due to IFD

failure due to intolerance

death

therapeutic success

Figure 1. Decision analytical model of antifungal prophylaxis in AML consolidation chemotherapy.
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Adult patients aged ≥18 with AML in complete remission after induc-
tion chemotherapy were included in the study if they received flucon-
azole, posaconazole or voriconazole as the initial antifungal prophylaxis
during their first consolidation chemotherapy. Doses of fluconazole
(orally, 200 mg daily), posaconazole (orally, 200 mg three times daily)
and voriconazole (orally, 400 mg twice daily on day 1 and then 200 mg
twice daily) were prescribed according to the Australasian antifungal
guidelines.30 Oral prophylactic antifungals were commenced at the be-
ginning of the index admission. Patients receiving systemic antifungals
for empirical treatment of suspected IFD within 7 days prior to initiation
of fluconazole, posaconazole or voriconazole prophylaxis in the consoli-
dation stage, those with active or previous diagnosis of proven or prob-
able IFD, baseline renal impairment [creatinine level ≥2 times the
upper limit of normal (ULN)] or baseline hepatic insufficiency (any liver
function test ≥2 times the ULN) were excluded. Baseline characteristics
between the three groups were compared by the Kruskal–Wallis test
for continuous variables and the x2 test for categorical variables, using
SPSS version 17.0 (IBM SPSS, Inc.).

Cost calculations
The cost of prophylaxis success included the drug acquisition costs of
initial prophylaxis with fluconazole, posaconazole or voriconazole, in-
patient stay, outpatient clinic visit and relevant resources consumed
throughout hospitalization and outpatient stay [i.e. monitoring (e.g. full
blood count, renal and liver function tests) and diagnostic (e.g. chest
X-ray or CT scan, histopathological examination, microscopy and cultures)
tests and diagnostic procedures (e.g. bronchoscopy with bronchoalveolar
lavage, tissue biopsy and lumbar puncture)]. The cost of prophylactic
failure included costs of items as listed for the cost of prophylaxis
success and, where applicable, the costs of alternative prophylaxis, em-
pirical or targeted antifungal therapy.

All costs were expressed in Australian dollars (AU$) for the financial
year 2011/12. Discounting was not applied because no adjustment of
future cost to the present was required. Medication acquisition costs
were obtained from Health Purchasing Victoria (HPV) tender 2010–12,31

which represents the drug wholesale prices paid by public hospitals in
the state of Victoria, or from the public hospital procurement system
for medications (voriconazole and posaconazole) that are not in the
HPV list. Drug acquisition costs were calculated based on actual doses
administered to patients. The cost of hospitalization, specifically for the
acute leukaemia patient group, was obtained from the Australian
Refined Diagnosis Related Group (AR-DRG) 2009–1032 and inflated to
the financial year 2011/12 according to the Australian Health Consumer
Price Index 2012.33 The costs of pathology, pharmacy, imaging and crit-
ical care were excluded from the hospitalization cost obtained from the
AR-DRG to avoid double counting. The costs of monitoring and diagnostic
tests, diagnostic procedures and outpatient clinic visits were based on
the Australian Medicare Benefits Schedule Book 2012.34 The costs of
resources used are listed in Table 1.

Sensitivity analyses
The robustness of model outcomes to variation in the values of key vari-
ables and alternative scenarios was evaluated using deterministic and
probabilistic sensitivity analyses. An alternative scenario was used to
analyse the impact of matching the three groups according to age
(,60 versus ≥60 years old), as described in our previous study,20 as
advanced age is associated with less favourable response to chemother-
apy and predisposes patients to a higher risk of IFD.35 In another scen-
ario, three patients with IFD were excluded from the posaconazole
cohort to account for possible imbalance in the number of IFDs between
groups due to small sample size.

The effects of variation in cost estimates and key parameters of the
model, such as acquisition costs of antifungal drugs, hospitalization
cost, daily dose of fluconazole (400 mg versus 200 mg) and the use of
monitoring and diagnostic tests, were investigated using one-way sensi-
tivity analyses. Variation ranges of the key variables are detailed in
Table 2. Threshold analyses were performed by varying the total
average durations of hospitalization of each fluconazole, posaconazole
and voriconazole group until the model conclusion changed.

Monte Carlo probabilistic sensitivity analysis was conducted using
@Risk 5.5w software (Palisade Corporation, Ithaca, NY, USA). The uncer-
tainty ranges of the model inputs (i.e. outcome probabilities) were pre-
defined by triangular distribution at+10%. A total of 10000 simulations
were performed. Corresponding costs were calculated and the probability
of cost saving was evaluated using a distribution curve. The impact of
input parameters on the overall costs was determined.

Results

Clinical outcomes

One hundred and six patients receiving consolidation chemo-
therapy cycle 1 were evaluated (fluconazole, n¼30; posacon-
azole, n¼47; voriconazole, n¼29). Patients in the fluconazole
and posaconazole groups were recruited between 2005 and

Table 1. Resource costs

Item Unit Cost (AU$)

Fluconazole 200 mg oral capsule 2.34
Posaconazole 105 mL/bottle oral suspension 659.75
Voriconazole 200 mg oral tablet 45.15

200 mg iv vial 187.07
Liposomal amphotericin B 50 mg iv vial 295.00
Terbinafine 250 mg oral tablet 0.47
Chest X-ray 1 test 35.35
CT scan 1 test 295.00
Ultrasound scan 1 test 111.30
MRI scan 1 test 403.20
Blood C&S 1 test 30.95
Urine C&S 1 test 20.70
Non-blood C&Sa 1 test 48.45
Bronchoscopy/BAL 1 test 252.15
Lung biopsy 1 test 121.50
Skin biopsy 1 test 51.25
Lung wedge resection 1 test 1125.80
Lumbar puncture 1 test 71.15
PCR 1 test 28.85
Serology 1 test 49.00
Histology 1 test 72.00
Full blood count 1 test 17.05
Renal function test 1 test 155.40
Liver function test 1 test 17.80
Outpatient clinic visit 1 follow-up 74.10
Hospitalization general ward per day 1177.00

MRI, magnetic resonance imaging; C&S, culture and susceptibility; BAL,
bronchoalveolar lavage.
aNon-blood culture includes specimens from wound swab, biopsies, CSF,
bronchoalveolar lavage fluid, pleural fluid, catheter tip, sputum and skin.
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2010, whereas those receiving voriconazole were recruited
between 2003 and 2008. The demographics of each group are
summarized in Table 3. All groups had similar baseline character-
istics and predisposing factors for IFD, including intensity of
chemotherapy regimens (intermediate- to high-dose cytarabine,
≥1.5 g/m2) (P¼0.69), duration of grade 4 neutropenia (absolute
neutrophil count ,0.5×109/L) (P¼0.75) and total length of hospi-
talization (P¼0.18). Almost all patients (97.2%) had received

broad-spectrum azoles (posaconazole or voriconazole) during in-
duction. Only three patients, all in the fluconazole group, received
fluconazole prophylaxis during the previous induction cycle. The
time to onset of neutropenia from the first day of consolidation
chemotherapy was similar between groups: fluconazole (median
10 days, range 3–12), posaconazole (median 10 days, range
6–34) and voriconazole (median 10 days, range 6–13). Similarly,
the time to recovery from neutropenia was also comparable:

Table 3. Baseline demographic and clinical characteristics of patients

Characteristic Fluconazole (n¼30) Posaconazole (n¼47) Voriconazole (n¼29)

Age
years, median (range) 62 (17–75) 55 (23–79) 54 (18–77)
,60 years, n (%) 13 (43.3) 29 (61.7) 19 (65.5)
≥60 years, n (%) 17 (56.6) 18 (38.3) 10 (34.5)

Male sex, n (%) 18 (60.0) 26 (55.3) 16 (55.2)
Weight (kg), median (range)a 76.8 (43–130) 72.0 (40–116) 73.0 (49–107)

Previous induction cycles, n (%)

1 29 (96.7) 40 (85.1) 28 (96.6)
2 1 (3.3) 7 (14.9) 1 (3.4)

Prophylaxis used in previous induction cycles, n (%)b

voriconazole 12 (40.0) 3 (6.1) 29 (100.0)
posaconazole 16 (53.3) 45 (95.7) 2 (6.9)
fluconazole 3 (10.0) 3 (6.1) 2 (6.9)
liposomal amphotericin B 1 (3.3) 13 (26.5) 5 (17.2)
intermediate- to high-dose chemotherapy, n (%) 10 (33.3) 15 (31.9) 12 (41.4)
dose of cytarabine: g/m2/day; median (range) 0.1 (0.1–3) 0.3 (0.1–6)c 0.3 (0.1–4)

Neutropenia, n (%) 29 (96.7) 46 (97.9) 29 (100.0)
total duration (days), median (range)d 7.5 (3–52) 6.5 (3–50) 6.0 (3–29)

Total length of hospitalization (days), median (range) 17 (5–40) 19 (5–42) 17 (5–34)

P.0.05 for all comparisons (by Kruskal–Wallis test for continuous variables and x2 test for categorical variables).
aMissing data for three patients (one in the posaconazole group and two in the fluconazole group).
bSome patients had switching in antifungal prophylactic agent.
cOne patient received a chemotherapy regimen without cytarabine.
dTotal duration of grade 4 neutropenia (absolute neutrophil count ,0.5×109/L) at any point during the 40 day assessment period. The neutropenia
duration for three patients in the voriconazole group and one patient in the posaconazole group was a composite of two single neutropenic episodes.

Table 2. Variation range for key variables in sensitivity analysis

Variable Base case

Variation range

low high

Fluconazole cost/capsule, AUD$ 2.34 1.17 3.51
Posaconazole cost/bottle, AUD$ 659.75 329.88 989.63
Voriconazole cost/tablet, AUD$ 45.15 22.57 67.73
Liposomal amphotericin B cost/vial, AUD$ 295.00 147.50 442.50
Hospitalization cost/day, AUD$ 1177.00 588.50 1765.50
Daily dose of fluconazole 200 mg 200 mg 400 mg
Duration of hospitalization (fluconazole), days 17 17 24
Duration of hospitalization (posaconazole), days 19 12 19
Duration of hospitalization (voriconazole), days 17 14 17
Counting for costs of monitoring, pathology and imaging tests, and outpatient follow-up yes no yes
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fluconazole (median 17 days, range 14–40), posaconazole (median
17 days, range 13–35) and voriconazole (median 17 days, range
13–40). The exceptions were two patients (one each in the flucon-
azole and posaconazole groups) with persistent pancytopenia at
day 40.

The highest rate of prophylactic success occurred in the flucon-
azole group, followed by the voriconazole and posaconazole
groups (Table 4). The weighted total duration of antifungal
therapy (initial prophylaxis plus alternative therapies) was compar-
able among all groups: 32 days (median 35, range 15–43) with
fluconazole, 30 days (median 32, range 10–61) with posaconazole
and 32 days (median 31, range 17–67) with voriconazole.

Two patients encountered proven or probable breakthrough
IFD (one case each) after receiving posaconazole prophylaxis
for 12 and 16 days, respectively. One developed Scedosporium
prolificans fungaemia and died 4 days later despite combination
therapy with 500 mg of intravenous (iv) voriconazole on day 1
then 300 mg twice daily and 250 mg of oral terbinafine twice
daily. Another had probable fungal pneumonia and was success-
fully treated with 26 days of iv liposomal amphotericin B at
3 mg/kg/day, sequentially combined with 20 days of 200 mg of
oral voriconazole twice daily and then 10 days of 250 mg of ter-
binafine daily. The causative pathogen for this patient was not
defined, despite fungal elements resembling Aspergillus spp. in
the bronchoalveolar lavage specimen. The only case of sus-
pected breakthrough IFD, also from the posaconazole group,
received empirical antifungal therapy for pneumonia with iv lipo-
somal amphotericin B at 3 mg/kg/day for 6 days, which was
ceased after improvement. All these three patients had received
posaconazole or liposomal amphotericin B prophylaxis during
the previous induction cycle. The total duration of neutropenia
following consolidation chemotherapy in the proven and prob-
able cases (11 and 24 days, respectively) was not longer than
that of patients with successful prophylaxis. No mucositis was
recorded but both patients had symptomatic gastro-oesophageal
reflux disease during consolidation chemotherapy. None had
plasma posaconazole measured.

Overall, fluconazole, posaconazole and voriconazole prophy-
laxes were well tolerated. The frequency of premature discontinu-
ation due to intolerance was highest in the posaconazole group
(6/47, 13%) compared with the fluconazole (2/30, 7%) and vori-
conazole (2/29, 7%) groups (Table 4). If the initial prophylaxis
was discontinued prematurely, alternative prophylactic therapies
used included 100 mg of iv liposomal amphotericin B three
times a week, 200 mg of oral posaconazole three times a day,

200 mg of oral fluconazole daily and 200 mg of oral voriconazole
twice daily. Of the 10 patients who experienced intolerance, 50%
had a history of intolerance to the oral formulation of that specific
azole during previous induction chemotherapy; the majority of
these (3/5) were in the posaconazole group. The rate of intolerance
in the previous induction cycle was lower in the subgroup with
prophylactic success (16.1%, 15/93).

Cost of antifungal prophylaxis

Fluconazole was the most cost-saving strategy (i.e. higher
success and less costly than the alternatives), with savings of
AU$8420 (26%) per patient over posaconazole and AU$3684
(13%) per patient over voriconazole (Table 5). Comparison
between posaconazole and voriconazole resulted in a 14% dis-
parity in overall cost (AU$32799 versus AU$28063 per patient,
respectively). The averted treatment costs for IFDs constituted
the major share of savings, in terms of hospitalization and anti-
fungal drug therapies, of fluconazole over posaconazole. For the
cost saving of fluconazole over voriconazole, its lower drug ac-
quisition cost appeared to be the most important. Hospitalization
was the primary driver of the total therapy cost (Figure 2).

Sensitivity analyses

In the scenario where patients in the three groups were matched
(1:1:1) according to age (,60 and≥60 years), 37 patients (flucon-
azole, n¼6; posaconazole, n¼24; voriconazole, n¼7) were
excluded. The economic advantage of fluconazole (n¼23) over
posaconazole (n¼23) further increased to AU$11227 per patient
(30%), whereas the economic advantage of fluconazole over vori-
conazole (n¼23) was slightly reduced (AU$2717 per patient or
10%) compared with the base case. The cost difference between
posaconazole and voriconazole increased from AU$4736 (base
case) to AU$8510 per patient (i.e. 23%) in favour of voriconazole.

Likewise, in the hypothetical situation of no IFD breakthrough
in the posaconazole cohort (n¼44), fluconazole remained
dominant, with a 21% cost saving (AU$6401 per patient) over
posaconazole. The economic difference between the two
mould-active agents was reduced to 9% (AU$2717 per patient).

A +50% variation in a single model parameter (i.e. the anti-
fungal drugs’ acquisition costs, hospitalization cost, total dur-
ation of hospitalization, daily dose of fluconazole, or exclusion
of the costs of monitoring, diagnostic tests and outpatient
clinic visits) had no substantial influence on the model’s

Table 4. Outcomes and probabilities as extracted from medical records

Patient outcome

Probability (%)

fluconazole (n¼30) posaconazole (n¼47) voriconazole (n¼29)

Prophylactic success 93.33 (n¼28) 80.85 (n¼38) 93.10 (n¼27)
Prophylactic failure 6.67 (n¼2) 19.15 (n¼9) 6.90 (n¼2)

failure due to IFD 0.00 (n¼0) 33.33 (n¼3) 0.00 (n¼0)
therapeutic success 0.00 (n¼0) 66.67 (n¼2) 0.00 (n¼0)
death 0.00 (n¼0) 33.33 (n¼1) 0.00 (n¼0)

failure due to intolerance 100.00 (n¼2) 66.67 (n¼6) 100.00 (n¼2)
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conclusions. Threshold analyses indicated that posaconazole
and voriconazole afforded cost saving over fluconazole only if
the total duration of hospitalization was shortened from 19 to
12 days and from 17 to 14 days, respectively, or if the length
of hospitalization associated with fluconazole increased from
17 to 24 or 20 days, respectively.

Probabilistic sensitivity analyses

Comparing posaconazole with fluconazole, Monte Carlo simula-
tion showed a mean cost difference of AU$8430 per patient
(95% CI AU$5803–AU$11 054) in favour of fluconazole. Flucon-
azole had .99.9% chance of conferring cost saving over posa-
conazole, ranging from AU$4102 to AU$12892 (Figure 3). The
impact of clinical variables on the main conclusion is illustrated
in Figure 4, which demonstrates that the cost difference was

most sensitive to the treatment success in the fluconazole and
posaconazole groups. This is unsurprising given that the propor-
tions of patient distribution and associated costs were most sub-
stantial with these two variables (Table 5). Fluconazole also
presented a mean cost saving of AU$3681 per patient (95% CI
AU$990–AU$6319) over voriconazole with 99.8% probability
(data not shown).

In comparing the two mould-active agents, voriconazole was
preferred over posaconazole, attributed to its conferred saving at
AU$4714 per patient (95% CI AU$1977–AU$7508) (data not
shown).

Discussion
To our knowledge, this is the first study comparing the clinical
and economic outcomes of fluconazole, posaconazole and
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Figure 2. Contribution of different cost components to overall therapy. OP, outpatient.

Table 5. Proportional costs of prophylactic fluconazole, posaconazole and voriconazole

Patient outcome

Fluconazole Posaconazole Voriconazole

proportion
(%)

cost
(AU$)/
patient

proportional
cost (AU$)

proportion
(%)

cost
(AU$)/
patient

proportional
cost (AU$)

proportion
(%)

cost
(AU$)/
patient

proportional
cost (AU$)

Prophylactic success 93.33 23681 22102 80.85 29693 24 006 93.10 26 910 25054
Prophylactic failure

failure due to IFD
therapeutic success — — — 4.26 78643 3347 — — —
death — — — 2.13 29931 637 — — —

failure due to
intolerance

6.67 34162 2278 12.77 37671 4809 6.90 43639 3009

Total cost per
patienta

24380 32799 28063

aIndividual costs may not add up to total costs because of rounding.
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voriconazole as antifungal prophylaxis during consolidation
chemotherapy for AML. The strength of this study includes the
utilization of actual clinical data to fully capture the downstream
clinical and economic consequences after antifungal prophylaxis,
depicting the real-world scenario. Furthermore, the costing
period covered the total duration where patients are at risk of
IFD after chemotherapy, including expenditure incurred through-
out outpatient stay(s) and elective re-admission(s).

The main findings in this study are that the incidence of IFD
was low in all groups and fluconazole prophylaxis (with a lower
drug acquisition cost) was as effective and led to cost saving
(26% and 13% reduction in overall costs over posaconazole

and voriconazole, respectively). Determination of the incremen-
tal–cost effectiveness ratio was therefore not performed.
Between the two mould-active agents, voriconazole conferred
a 14% cost advantage over posaconazole. Therapeutic drug
monitoring (TDM) and newer diagnostic tests (serum galacto-
mannan antigenaemia test and Aspergillus PCR) were not part
of standard practice during the study period and were used in
only a small number of cases (,2%). Such costs were therefore
excluded from our analysis, noting that inclusion of TDM costs
would add to the cost advantage of fluconazole prophylaxis as
TDM is recommended for posaconazole and voriconazole but
not fluconazole.12
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Figure 4. Tornado diagram of the regression of clinical variables on the cost difference between fluconazole and posaconazole. The study model was
consistent with cost saving with fluconazole compared with posaconazole. Of the potential variables, prophylactic success in the fluconazole group
exerted the greatest influence (regression coefficient 0.72) on the cost difference, increasing the cost saving associated with fluconazole. The second
important variable was prophylactic success in the posaconazole group (regression coefficient –0.66), which reduced the economic advantage of
fluconazole and minimized the cost difference.
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It is important to note that the baseline characteristics of the
three patient groups were evenly matched with respect to risk
factors for IFD. Specifically, there was no significant difference
in the baseline characteristics across all groups, including dur-
ation of neutropenia and the use of intensive (cytarabine dose,
≥1.5 g/m2/day) consolidation regimens. Significantly, almost all
patients had received mould-active prophylaxis during their
remission-induction chemotherapy.

The overall incidence of proven and probable IFD (2%) was
similar to previous clinical observations (3.0%–4.5%).25,26 Indeed,
the risk of IFD in consolidation is lower than that in induction
chemotherapy (8% with fluconazole prophylaxis).11 This may
reflect a number of factors, including the absence of colonization
due to anti-mould prophylaxis in induction chemotherapy,
patient selection such that only fit patients in remission receive
consolidation, and a shorter duration of severe (absolute neutro-
phil count ,0.2×109/L) neutropenia. In comparison with induction
chemotherapy, consolidation is less intense and most patients
have a normal neutrophil count at the start of treatment. Less in-
tensive chemotherapy may also result in less mucositis (i.e. lower
risk of IFD) and better absorption of orally administered antifungal
prophylaxis.

The current findings challenge the need for universal prophy-
laxis with broad-spectrum antifungals during consolidation
chemotherapy in patients who have not developed an IFD
during induction chemotherapy. At our observed incidence rate,
the number needed to treat to prevent one IFD with posacon-
azole prophylaxis would be 52, not 16 as reported by Cornely
et al.,11 in a group that comprised predominantly patients receiv-
ing induction cycles. Our data suggest that in patients who
received broad-spectrum antifungals during the high-risk
remission-induction period, de-escalation to fluconazole is feas-
ible in the consolidation cycles, together with a diagnostic-driven
approach to detect early IFD.36

In this study, premature discontinuation due to intolerance
occurred at a higher frequency in patients receiving posacon-
azole compared with those in the voriconazole and fluconazole
groups. Posaconazole prophylaxis was usually discontinued
because of diarrhoea, nausea, vomiting or poor oral intake,
which could be either due to adverse effects of the drug or a
consequence of consolidation chemotherapy. Concerns about
reduced oral bioavailability and sub-optimal concentrations of
posaconazole and voriconazole were the primary reasons for
switching to iv liposomal amphotericin B therapy. The discontinu-
ation rates of azole prophylaxis in this study contrast with the lit-
erature. The incidence of posaconazole discontinuation (13%)
was lower than the 22% reported by Ananda-Rajah et al.37 in
AML induction, but higher than the 0% reported in the Cologne
AML induction cohort.19 The favourable tolerability profile of vori-
conazole (7% discontinuation) contrasted with the 15%18 and
32.5%38 discontinuation rates among AML patients, predomin-
antly due to hepatotoxicity. No hepatotoxicity was observed in
our cohort. The discontinuation rate with fluconazole prophylaxis
(7%) in this study contrasted with the 22% rate previously
reported.38

This study has limitations owing to the non-contemporan-
eous cohorts, primarily with the voriconazole group (2003–08)
versus posaconazole (2006–10) and fluconazole (2005–09)
groups. Posaconazole would therefore not have been a viable al-
ternative for patients who discontinued the initial voriconazole

prophylaxis due to side effects or other medical reasons, as
posaconazole was not available in Australian public hospitals
prior to 2006. Nevertheless, the small number of patients who
discontinued voriconazole (n¼2) in this study would have dimin-
ished the impact of this limitation on our study’s conclusions.
Even if voriconazole was discontinued due to intolerance, posa-
conazole, which is only available in oral formulation, would prob-
ably not have been considered a viable alternative. Another
limitation flows from the clinicians’ preference for the different
antifungal drugs, which stems from the different levels of evi-
dence in their efficacy as prophylactic agents. Given that posa-
conazole has the best evidence for its efficacy and survival
benefit in the prophylaxis setting, clinicians may have had a
lower threshold to discontinue voriconazole and fluconazole
prophylaxis in cases of suspected IFD or deteriorating clinical
condition. This would lead to switching to alternative antifungal
treatment and increased overall costs. However, breakthrough
IFDs only occurred in patients receiving posaconazole, thus redu-
cing the importance of this limitation. Moreover, the presence of
this confounder would result in higher alternative treatment
costs for the fluconazole and voriconazole groups, and favour
posaconazole prophylaxis, but we found that fluconazole has
.99.9% chance of costing less than posaconazole, implying a
minor influence of clinicians’ discontinuation threshold on our
findings. The 4.2% (2/47) incidence rate of proven or probable
IFD observed with posaconazole prophylaxis was unusual,
given that a lower breakthrough rate was found in clinical
trials.11,39 Excluding all IFD cases from the posaconazole group
had no impact on the economic conclusion. Although the individ-
ual side effects associated with each of the three comparative
drugs were not reported, the side effects were still considered in
this study in terms of their indirect effects on the success and
failure of therapies. The retrospective observational design and
the size of the study cohort were also limitations, although it is,
to our knowledge, the largest study of its kind to date.

In conclusion, the results of this study suggest that patients
with AML who have successfully received broad-spectrum antifun-
gal prophylaxis in induction cycles are predisposed to a low risk of
acquiring IFD during their first cycle of consolidation chemother-
apy. Fluconazole appears to be cost-effective in this group of
patients, compared with posaconazole and voriconazole. In the
context of readily available high-resolution CT scans, the galacto-
mannan assay, Aspergillus PCR and other non-culture-based tests,
it could be argued that fluconazole prophylaxis with a diagnostic-
driven management strategy is adequate during consolidation
chemotherapy for AML in patients without prior IFD.

Acknowledgements
S.-C. H. is the recipient of an Endeavour Postgraduate Award. We thank
Dr Thao Nguyen (Victorian Infectious Diseases Services) and staff from
the Health Information Systems of the Royal Melbourne Hospital and the
Peter MacCallum Cancer Centre (Melbourne, Australia) for their assistance.

Funding
This study was supported by internal funding.

Heng et al.

1676

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/article/68/7/1669/890214 by guest on 30 April 2024



Transparency declarations
M. A. S. has sat on advisory boards for and has received research funding
from Pfizer, MSD and Gilead Sciences. S. K. has sat on an advisory board
for MSD. A. G. has sat on advisory boards for MSD, Gilead and
Pfizer. D. C. M. K. has sat on an advisory board for Pfizer and receives fi-
nancial support (not related to the current work) from Pfizer, MSD and
Gilead Sciences. All other authors: none to declare.

References
1 Pagano L, Caira M, Candoni A et al. The epidemiology of fungal
infections in patients with hematologic malignancies: the SEIFEM-2004
study. Haematologica 2006; 91: 1068–75.

2 Nicolle MC, Benet T, Thiebaut A et al. Invasive aspergillosis in patients
with hematologic malignancies: incidence and description of 127 cases
enrolled in a single institution prospective survey from 2004 to 2009.
Haematologica 2011; 96: 1685–91.

3 Mahfouz T, Anaissie E. Prevention of fungal infections in the
immunocompromised host. Curr Opin Investig Drugs 2003; 4: 974–90.

4 Herbrecht R, Denning DW, Patterson TF et al. Voriconazole versus
amphotericin B for primary therapy of invasive aspergillosis. N Engl J
Med 2002; 347: 408–15.

5 Cornely OA, Maertens J, Bresnik M et al. Liposomal amphotericin B as
initial therapy for invasive mold infection: a randomized trial comparing
a high-loading dose regimen with standard dosing (AmBiLoad trial).
Clin Infect Dis 2007; 44: 1289–97.

6 Ananda-Rajah MR, Cheng A, Morrissey CO et al. Attributable hospital
cost and antifungal treatment of invasive fungal diseases in high-risk
hematology patients: an economic modeling approach. Antimicrob
Agents Chemother 2011; 55: 1953–60.

7 Rotstein C, Bow EJ, Laverdiere M et al. Randomized placebo-controlled
trial of fluconazole prophylaxis for neutropenic cancer patients: benefit
based on purpose and intensity of cytotoxic therapy. The Canadian
Fluconazole Prophylaxis Study Group. Clin Infect Dis 1999; 28: 331–40.

8 Vehreschild JJ, Bohme A, Buchheidt D et al. A double-blind trial on
prophylactic voriconazole (VRC) or placebo during induction chemotherapy
for acute myelogenous leukaemia (AML). J Infect 2007; 55: 445–9.

9 Trifilio SM, Bennett CL, Yarnold PR et al. Breakthrough zygomycosis after
voriconazole administration among patients with hematologic malignancies
who receive hematopoietic stem-cell transplants or intensive chemotherapy.
Bone Marrow Transplant 2007; 39: 425–9.

10 Ueda K, Nannya Y, Kumano K et al. Monitoring trough concentration
of voriconazole is important to ensure successful antifungal therapy
and to avoid hepatic damage in patients with hematological disorders.
Int J Hematol 2009; 89: 592–9.

11 Cornely OA, Maertens J, Winston DJ et al. Posaconazole vs.
fluconazole or itraconazole prophylaxis in patients with neutropenia.
N Engl J Med 2007; 356: 348–59.

12 Walsh TJ, Anaissie EJ, Denning DW et al. Treatment of aspergillosis:
clinical practice guidelines of the Infectious Diseases Society of
America. Clin Infect Dis 2008; 46: 327–60.

13 Cornely OA, Bohme A, Buchheidt D et al. Primary prophylaxis of
invasive fungal infections in patients with hematologic malignancies.
Recommendations of the Infectious Diseases Working Party of the
German Society for Haematology and Oncology. Haematologica 2009;
94: 113–22.

14 Slavin MA, Heath CH, Thursky KA et al. Antifungal prophylaxis in adult
stem cell transplantation and haematological malignancy. Intern Med J
2008; 38: 468–76.

15 Caira M, Girmenia C, Fadda RM et al. Invasive fungal infections in
patients with acute myeloid leukemia and in those submitted to
allogeneic hemopoietic stem cell transplant: who is at highest risk? Eur
J Haematol 2008; 81: 242–3.

16 Bow EJ, Laverdiere M, Lussier N et al. Antifungal prophylaxis for
severely neutropenic chemotherapy recipients: a meta-analysis of
randomized-controlled clinical trials. Cancer 2002; 94: 3230–46.

17 Pfaller MA, Diekema DJ, Sheehan DJ. Interpretive breakpoints for
fluconazole and Candida revisited: a blueprint for the future of
antifungal susceptibility testing. Clin Microbiol Rev 2006; 19: 435–47.

18 Chabrol A, Cuzin L, Huguet F et al. Prophylaxis of invasive aspergillosis
with voriconazole or caspofungin during building work in patients with
acute leukemia. Haematologica 2010; 95: 996–1003.

19 Vehreschild JJ, Ruping MJ, Wisplinghoff H et al. Clinical effectiveness
of posaconazole prophylaxis in patients with acute myelogenous
leukaemia (AML): a 6 year experience of the Cologne AML cohort.
J Antimicrob Chemother 2010; 65: 1466–71.

20 Al-Badriyeh D, Slavin M, Liew D et al. Pharmacoeconomic evaluation
of voriconazole versus posaconazole for antifungal prophylaxis in acute
myeloid leukaemia. J Antimicrob Chemother 2010; 65: 1052–61.

21 Collins CD, Ellis JJ, Kaul DR. Comparative cost-effectiveness of
posaconazole versus fluconazole or itraconazole prophylaxis in patients
with prolonged neutropenia. Am J Health Syst Pharm 2008; 65: 2237–43.

22 Stam WB, O’Sullivan AK, Rijnders B et al. Economic evaluation of
posaconazole vs. standard azole prophylaxis in high risk neutropenic
patients in the Netherlands. Eur J Haematol 2008; 81: 467–74.

23 O’Sullivan AK, Pandya A, Papadopoulos G et al. Cost-effectiveness of
posaconazole versus fluconazole or itraconazole in the prevention of
invasive fungal infections among neutropenic patients in the United
States. Value Health 2009; 12: 666–73.

24 Robenshtok E, Gafter-Gvili A, Goldberg E et al. Antifungal prophylaxis
in cancer patients after chemotherapy or hematopoietic stem-cell
transplantation: systematic review and meta-analysis. J Clin Oncol
2007; 25: 5471–89.

25 Pagano L, Caira M, Candoni A et al. Invasive aspergillosis in patients
with acute myeloid leukemia: a SEIFEM-2008 registry study.
Haematologica 2010; 95: 644–50.

26 Lewis G, Hall P, Eisa N et al. Acute myelogenous leukemia patients are
at low risk for invasive fungal infections after high-dose cytarabine
consolidations and thus do not require prophylaxis. Acta Haematol
2010; 124: 206–13.

27 Ascioglu S, Rex JH, de Pauw B et al. Defining opportunistic invasive
fungal infections in immunocompromised patients with cancer and
hematopoietic stem cell transplants: an international consensus. Clin
Infect Dis 2002; 34: 7–14.

28 Chamilos G, Luna M, Lewis RE et al. Invasive fungal infections in patients
with hematologic malignancies in a tertiary care cancer center: an autopsy
study over a 15-year period (1989–2003). Haematologica 2006; 91:
986–9.

29 Sinko J, Csomor J, Nikolova R et al. Invasive fungal disease in allogeneic
hematopoietic stem cell transplant recipients: an autopsy-driven survey.
Transpl Infect Dis 2008; 10: 106–9.

30 Slavin MA. Introduction to the updated Australian and New Zealand
consensus guidelines for the use of antifungal agents in the
haematology/oncology setting, 2008. Intern Med J 2008; 38: 457–67.

31 Health Purchasing Victoria. Health Purchasing Victoria Tender (2010–
2012). http://www.hpv.org.au (3 November 2011, date last accessed).

32 Australian Government of Health and Ageing. National Hospital Cost Data
Collection. Round 14 (2009–10) Cost Report Version 6.0x. http://www.health.

Antifungal prophylaxis in AML consolidation

1677

JAC
D

ow
nloaded from

 https://academ
ic.oup.com

/jac/article/68/7/1669/890214 by guest on 30 April 2024

http://www.hpv.org.au
http://www.hpv.org.au
http://www.hpv.org.au
http://www.health.gov.au/internet/main/publishing.nsf/Content/ADF42B9AC16D4017CA257864000FBD0E/$File/R14CWNatEst_v6x.pdf
http://www.health.gov.au/internet/main/publishing.nsf/Content/ADF42B9AC16D4017CA257864000FBD0E/$File/R14CWNatEst_v6x.pdf
http://www.health.gov.au/internet/main/publishing.nsf/Content/ADF42B9AC16D4017CA257864000FBD0E/$File/R14CWNatEst_v6x.pdf


gov.au/internet/main/publishing.nsf/Content/ADF42B9AC16D4017CA2578
64000FBD0E/$File/R14CWNatEst_v6x.pdf (21 July 2012, date last
accessed).

33 Australian Bureau of Statistics. Consumer Price Index (2012). http://
www.ausstats.abs.gov.au/ausstats/meisubs.nsf/0/E292C70FB5AA6FE7C
A2579E90017E05D/$File/64010_mar%202012.pdf (21 July 2012, date
last accessed).

34 Australian Government of Health and Ageing. Medicare Benefits
Schedule Book (2012). http://www.health.gov.au/internet/mbsonline/
publishing.nsf/Content/700EAEBE8BC5D5FECA257A0F0017617F/$File/
201207-MBS.pdf (21 July 2012, date last accessed).

35 Marr KA, Carter RA, Boeckh M et al. Invasive aspergillosis in allogeneic
stem cell transplant recipients: changes in epidemiology and risk factors.
Blood 2002; 100: 4358–66.

36 Rogers TR, Slavin MA, Donnelly JP. Antifungal prophylaxis during
treatment for haematological malignancies: are we there yet? Br J
Haematol 2011; 153: 681–97.

37 Ananda-Rajah MR, Grigg A, Downey MT et al. Comparative clinical
effectiveness of prophylactic voriconazole/posaconazole to fluconazole/
itraconazole in patients with acute myeloid leukemia/myelodysplastic
syndrome undergoing cytotoxic chemotherapy over a 12-year period.
Haematologica 2012; 97: 459–63.

38 Riedel A, Choe L, Inciardi J et al. Antifungal prophylaxis in
chemotherapy-associated neutropenia: a retrospective, observational
study. BMC Infect Dis 2007; 7: 70.

39 Ullmann AJ, Lipton JH, Vesole DH et al. Posaconazole or fluconazole
for prophylaxis in severe graft-versus-host disease. N Engl J Med 2007;
356: 335–47.

Heng et al.

1678

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/article/68/7/1669/890214 by guest on 30 April 2024

http://www.health.gov.au/internet/main/publishing.nsf/Content/ADF42B9AC16D4017CA257864000FBD0E/$File/R14CWNatEst_v6x.pdf
http://www.health.gov.au/internet/main/publishing.nsf/Content/ADF42B9AC16D4017CA257864000FBD0E/$File/R14CWNatEst_v6x.pdf
http://www.ausstats.abs.gov.au/ausstats/meisubs.nsf/0/E292C70FB5AA6FE7CA2579E90017E05D/$File/64010_mar%202012.pdf
http://www.ausstats.abs.gov.au/ausstats/meisubs.nsf/0/E292C70FB5AA6FE7CA2579E90017E05D/$File/64010_mar%202012.pdf
http://www.ausstats.abs.gov.au/ausstats/meisubs.nsf/0/E292C70FB5AA6FE7CA2579E90017E05D/$File/64010_mar%202012.pdf
http://www.ausstats.abs.gov.au/ausstats/meisubs.nsf/0/E292C70FB5AA6FE7CA2579E90017E05D/$File/64010_mar%202012.pdf
http://www.ausstats.abs.gov.au/ausstats/meisubs.nsf/0/E292C70FB5AA6FE7CA2579E90017E05D/$File/64010_mar%202012.pdf
http://www.health.gov.au/internet/mbsonline/publishing.nsf/Content/700EAEBE8BC5D5FECA257A0F0017617F/$File/201207-MBS.pdf
http://www.health.gov.au/internet/mbsonline/publishing.nsf/Content/700EAEBE8BC5D5FECA257A0F0017617F/$File/201207-MBS.pdf
http://www.health.gov.au/internet/mbsonline/publishing.nsf/Content/700EAEBE8BC5D5FECA257A0F0017617F/$File/201207-MBS.pdf
http://www.health.gov.au/internet/mbsonline/publishing.nsf/Content/700EAEBE8BC5D5FECA257A0F0017617F/$File/201207-MBS.pdf
http://www.health.gov.au/internet/mbsonline/publishing.nsf/Content/700EAEBE8BC5D5FECA257A0F0017617F/$File/201207-MBS.pdf
http://www.health.gov.au/internet/mbsonline/publishing.nsf/Content/700EAEBE8BC5D5FECA257A0F0017617F/$File/201207-MBS.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /JPXEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /JPXEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


