Itraconazole Prevents Invasive Fungal Infections in
Neutropenic Patients Treated for Hematologic Malignancies:
Evidence From a Meta-Analysis of 3,597 Patients

By Axel Glasmacher, Archibald Prentice, Marcus Gorschliiter, Steffen Engelhart, Corinna Hahn, Benjamin Djulbegovic,
and Ingo G.H. Schmidt-Wolf

Purpose: Efficacy of antifungal prophylaxis has not yet
been convincingly proven in numerous trials of various
antifungals. New evidence and the anti-Aspergillus efficacy
of itraconazole prompted a new look at the data for the
prevention of invasive fungal infections.

Patients and Methods: Randomized, controlled studies
with itraconazole for antifungal prophylaxis in neutropenic
patients with hematologic malignancies were identified
from electronic databases and hand searching.

Results: Thirteen randomized trials included 3,597 pa-
tients who were assessable for invasive fungal infections.
ltraconazole reduced the incidence of invasive fungal infec-
tion (mean relative risk reduction, 40% + 13%; P = .002),
the incidence of invasive yeast infections (mean, 53% =
19%; P = .004) and the mortality from invasive fungal
infections (mean, 35% =+ 17%; P = .04) significantly. The
incidence of invasive Aspergillus infections was only re-
duced in trials using the itraconazole cyclodextrine solution

NVASIVE FUNGAL infection is aleading cause of mortality
and morbidity in neutropenic patients treated for hemato-
logic malignancies. The risk of these infections depends, among
other factors, on the underlying disease, and the treatment given
and varies from 2% to 40%." In Europe and North America the
predominant causative fungi are Aspergillus and Candida spe-
cies. The case fataity rate from invasive aspergillosis is 50% in
patients with neutropenia alone and 86% in those who have had
astem-cell transplant.? Nonalbicans invasive candidal infections
are now responsible for aimost half of all nosocomial invasive
candidal infections, with a case fatality rate of between 20% and
40%, depending on the species,® and in one transplant center,
these species are responsible for more than 90% of all Candida
infections.* Effective prophylaxis against these infections might
reduce morbidity and mortality in such patients treated with
curative intent.

Previous randomized trials and meta-analyses have shown
reduction of the risk of invasive Candida infections using
fluconazole but could not demonstrate successful prevention
of invasive Aspergillus infections.>® Most randomized con-
trolled trials of antifungal prophylaxis have been underpow-
ered to detect a significant difference in the incidence of
proven invasive fungal infections and have not shown con-
clusive results. A focused meta-analysis of randomized con-
trolled trials may overcome this difficulty.” Because itracon-
azole is the only azole tested in this setting so far that is
equally active against most yeast and Aspergillus species, this
meta-analysis is confined to itraconazole.
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(mean, 48% + 21%; P = .02) and not itraconazole capsules
(mean, 75% + 73% increase; P = .3). The overall mortality
was not changed. Adverse effects were rare, hypokalemia
was noted in three studies, and a higher rate of drug
discontinuation was found in trials that compared itracon-
azole cyclodextrine solution to a control without cyclodex-
trine. The effect of prophylaxis was clearly associated with
a higher bioavailable dose of itraconazole.

Conclusion: Antifungal prophylaxis with itraconazole ef-
fectively prevents proven invasive fungal infections and—
shown for the first time for antifungal prophylaxis—reduces
mortality from these infections and the rate of invasive
Aspergillus infections in neutropenic patients with hemato-
logic malignancies. Adequate doses of the oral cyclodex-
trine solution (at least 400 mg/d) or IV formulations (200
mg/d) of itraconazole are necessary for these effects.

J Clin Oncol 21:4615-4626. © 2003 by American
Society of Clinical Oncology.

PATIENTS AND METHODS

Search Strategy

The Cochrane Central Register of Controlled Trials (http://www.update-
software.com) and MEDLINE (PubMed version) were searched in February
2003 and updated in July 2003. Reference lists of all identified studies and
related reviews were screened. The volume of abstracts of the annual
meetings of the American Society of Hematology, the Interscience Confer-
ence on Antimicrobial Agents and Chemotherapy, the European Hematology
Association, European Group for Blood and Marrow Transplantion, the
German and Austrian Society of Hematology and Oncology, and the British
Society for Hematology were screened from 1994 to 2003. The pharmaceu-
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tical manufacturer of itraconazole was contacted, and its representatives
provided data on an unpublished trial in July 2003 (ITR-GER-23; Janssen-
Cilag/Ortho-Biotech Ltd, Neuss, Germany).

Inclusion and Exclusion Criteria

For inclusion, trials had to be prospective and randomized with any
preparation of itraconazole in one arm compared with control treatment (no
treatment, placebo, oral polyenes or fluconazole) in patients with hemato-
logic malignancies who were neutropenic (leukocytes < 1 X 10%ulL or
neutrophils < 0.5 X 10%uL) following cytotoxic chemotherapy or hemato-
poietic stem cell transplantation.

Extraction Process

A structured form was used for an independent extraction by at least two
reviewers. Disagreements were resolved by consensus. Reviewers were not
blinded to authors or journals. The first authors of studies that were not fully
published were contacted, and they kindly provided additional data.®*°

Definition of Outcomes

The incidence of proven invasive funga infections was the predefined
primary outcome. Predefined secondary outcomes were proven invasive yeast
infections, proven invasive Aspergillus infections, the mortaity from proven
invasive fungal infections, and the mortality from any cause during the study
period. Predefined adverse effects extracted were hypokaemia, liver toxicity, the
rate of bacterial infections, and the rate of drug discontinuation.

Definition of Fungal Infections

Only proven invasive fungal infections were anadyzed, and these were
restricted to only those infections that fitted closely the consensus criteria
proposed by the joint working party of the European Organization for Research
and Treatment of Cancer and Mycoses Study Group in 2002.** Additionally,
patients with typical findingsin computed tomography scans and the isolation of
the Aspergillus species from bronchoaveolar lavage were accepted from four
trials'®*® that did not differentiate Aspergillus infections proven by culture or
histology from those that are probable, due to typica computed tomography
findings and isolation from bronchoalveolar lavage. These infections would be
classified as probable according to the EORTC/MSG criteria. Fungal infections
of the nasal and paranasa sinuses or fungal esophagitis (two in the itraconazole
arm®® and four in the control arm®*"8) were excluded a priori because they
were considered to be localized infections.

Bioavailable Dose

We calculated, from reports in the literature'®2* and from our own
published?® and unpublished observations, that the bioavailability of itracon-
azole capsules in neutropenic patients was 22% and 55% for itraconazole
oral solution. The bioavailable daily dose (BDD) was taken as the dose
multiplied by the bioavailability.

Sensitivity Analysis

To assess the influence of possible biases (methodological, diagnosis- or
treatment-related) on the meta-analysis, we performed a sensitivity analysis
of various factors. These were attrition rate (intention-to-treat v per protocol),
blinding of treatment, concealment of allocation, and repetitive inclusion
(including one patient in several episodes of neutropenia) aswell as certainty
of diagnosis (proven v proven plus suspected), inclusion of patients after
alogeneic stem cells transplantation only and treatment as a control arm
(fluconazole or ora polyenes). A bias was suspected if the treatment effect
differed clearly in the subgroups of this analysis.

Satistical Analysis

This meta-analysis was performed according to the guidelines of the
Cochrane Collaboration® and the Quality of Reporting of Meta-Analysis
statement?* with two computer software applications, Comprehensive Meta
Analysis Version 1.0.25 (Biostat, Englewood, NJ) and Review Manager
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4.2.2 (The Cochrane Collaboration, Oxford, UK), with identical results. The
statistical summary was expressed as the Peto odds ratio (risk calculated as
the number of patients with a certain event divided by the number of patients
without this event), which was analyzed with a fixed-effect model and
reported with a 95% CI. Relative risk reductions are reported with their
standard deviations (SDs). Heterogeneity between the trials was assessed by
the Mantel-Haenszel 2 test for heterogeneity and no statistically significant
heterogeneity (P < .10) was found in the analyses of any outcome. Funnel
plots were graphically assessed and did not show significant asymmetry. The
statistical significance of differences between subgroups was assessed by
analysis of variance (calculated with Comprehensive Meta Analysis) and a
X2 test for heterogeneity between subtotals (kindly calculated by Dr. R. Hills,
Birmingham, UK) with identical results. A two-sided P value of lessthan .05
was considered statistically significant. To assess possible bias a sensitivity
analysis was performed with the stratified subtotals.

Role of Funding Sources

Ortho-Biotech/Janssen-Cilag (Neuss, Germany) was asked to supply data
of published and unpublished trials and provided partia funding for the
study, but neither they nor any other manufacturer of antifungal agents had
any role in the study design, data extraction, data interpretation, in the
writing of the report or in the decision to submit the paper for publication.

RESULTS

Included Trials

Thirteen triadls were identified which reported at least one
outcome for 3,597 patients (1,812 treated with itraconazole and
1,785 controls). Table 1 shows the selection criteria, the propor-
tion of patients with acute leukemia, and the median duration of
neutropenia in each study. Methodological quality such as
generation and concealment of alocation sequences, blinding
and type of analysis is reported in Table 2. Five trials used
itraconazol e capsules, six itraconazole oral solution and two used
the intravenous (1V) and oral solution (Table 3). In the control
arm one trial compared itraconazole capsules to placebo only,
one trial to no control treatment, five trials compared itracon-
azole to ora polyenes and six trials used fluconazole for
comparison (Table 3). Some trials included several episodes
of neutropeniain one patient; these trials were all included in
the analysis.

Incidence of Invasive Fungal Infections

This outcome was reported in 13 trials. Proven invasive fungal
infections occurred in 59 (3.3%) of 1,812 episodes with itracon-
azole prophylaxis and in 94 (5.3%) of 1,785 control episodes
(odds ratio [OR], 0.60; 95%Cl, 0.43 to 0.83; P = .002; Fig 1).
In a subgroup analysis, a statistically significant effect was seen
only in patients who received itraconazole solution (OR, 0.51;
95%Cl, 0.35 to 0.75; P = .0005) and not in patients receiving
capsules (OR, 0.92; 95% CI, 049 to 1.74; P = .81). This
indicates a 40% = 13% reduction of invasive fungal infections
with any itraconazole prophylaxis and a 49% =+ 14% reduction
in episodes with the solution. The difference between the two
subgroups (solution v capsule) was not significant (P = .10).

Incidence of Invasive Yeast Infections

This outcome was reported in twelve trials. Proven invasive
yeast infections occurred in 19 (1.1%) of 1,668 episodes with
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Characteristics of Included Studies: Patient Selection
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Study

Inclusion Criteria*

Itraconazole Arm

Control Arm

Acute Leukemia

Duration of
Neutropeniat (Days)

Acute Leukemia

Duration of

Neutropeniat (Days)

n/N

%

Mean

SD

Range

n/N

%  Mean

SD

Range

Vreugdenhil et al'?

Nucci et al'”
[25

Annaloro et a

Huijgens et al'®

Untreated hematologic malignancy, intensive cytotoxic chemotherapy,
age >15 years

Hematologic malignancy or autologous bone marrow transplantation,
anticipated duration of neutropenia > 7 days, no evidence of
fungal infection, no difficulty ingesting oral drugs, age > 4 years

Allogeneic or autologous bone marrow transplantation, no evidence
of infection, no history of infection or antimicrobial medication in 2
weeks, age > 11 years

Hematologic malignancies, intensive cytotoxic chemotherapy or
autologous stem cell transplantation; anticipated duration of
neutropenia = 10 days; no overt infection, age > 17 years

37/46

83/104

NA

43/101

80

80

NA

43

28

12

23

NA

NA

NA

6.8

6-72

7-38

10-60

NA

44/46

85/106

NA

35/101

96

80

NA

25

11

NA

NA

NA

6.6

8-68

7-30

10-70

NA

Harousseau et al'®

Hematologic malignancy undergoing infensive therapy, autologous

199/281 71 18 NA 0-84 195/276 71 20 NA 0-88

bone marrow transplantation, anticipated duration of neutropenia

= 14 days, no evidence of fungal infection, age > 14 years

Menichetti et al'®

Hematological malignancy undergoing chemotherapy likely to induce

149/201 74 13 NA 0-56 157/204 NA 0-56

neutropenia within 7 days, no history or clinical evidence of fungal

infection, age > 14 years
Morgenstern et al'4

Hematologic malignancy undergoing chemotherapy, anticipated

194/288 26 NA NA 187/293 26 NA NA

neutropenia < 1,000/ ul for = 7 days, allogeneic or autologous

stem cell fransplantation, no hepatic or renal impairment, no

profuse diarrhea or ileus, no history of proven fungal infection, age

> 15 years

Boogaerts ef al'®

Leukemia, aplastic anemia, bone marrow transplantation or cytotoxic

86/144 60 28 NA NA 95/133 71 29 NA NA

therapy with anticipated duration of neutropenia = 10 days, no

fungal infection at start of the study, age > 15 years
Winston et al”

Allogeneic stem cell fransplantation, no fungal infection within 8

22/71 31 19 NA 797 23/67 NA  9-42

weeks prior to study, no severe liver disease, age > 12 years

Lass-Florl et al®

Adult patients receiving myelosuppressive chemotherapy or high-dose

41/59 69 19 NA NA  42/56 NA NA

chemorheropy with cufo|ogous periphera| stem cell trqnsp|ancﬁon,

no prior azoles, no prior fungal infections
Marr et al'©
fungal infections at baseline

ITR-GER-23

Patients receiving allogeneic stem cell transplantation, no azoles or

Hematologic malignancy or autologous bone marrow transplantation

NA NA 19 NA 10-35 NA  NA 19 NA 9-46

NA  NA NA NA NA NA  NA NA

with anticipated duration of neutropenia = 10 days, no fungal

infection at or before start of the study, age = 18 years
Kaptan et al?®

Acute leukemia with myelosuppressive chemotherapy with anticipated

31/31 NA 831 16 NA 24/24 NA 14 NA 9-29

duration of neutropenia = 7 days, no fungal infection, no previous

antifungal chemotherapy < 15 days, no hepatic or renal
dysfunction

Abbreviations: n, number of events; N, number of patients or episodes; SD, standard deviation; NA, not available (not repoded).

*Age limits either as previously defined or lowest age of included patients.
tleukocytes < 1,000/l or neutrophils < 500/ L if not stated otherwise.

itraconazole prophylaxis and in 40 (2.4%) of 1,652 control
episodes (OR, 0.47; 95% ClI, 0.28 to 0.79; P = .004; Fig 2). In
a subgroup analysis, a statistically significant effect was seen
only in patients who received itraconazole solution (OR, 0.40;
95% ClI, 0.21 to 0.76; P = .005) and not in patients receiving
capsules (OR, 0.63; 95% CI, 0.26 to 1.55; P = .32). This
indicates a 53% = 19% reduction of invasive yeast infections
with itraconazole prophylaxisin all studies and a 60% =+ 21%
reduction in episodes with itraconazole solution only. The
difference between the two preparation subgroups was not
significant (P = .40). The effectiveness of itraconazole
prophylaxis could also be found in a separate analysis of the
rate of proven C. albicans (OR, 0.43; 95% CI, 0.16 to 1.11)

and nonalbicans Candida species (OR, 0.47, 95% CI, 0.25 to
0.89) infections.

Incidence of Invasive Aspergillus Infections

This outcome was reported in twelve trials. Proven invasive
Aspergillus infections occurred in 27 (1.6%) of 1,668 episodes
with itraconazole prophylaxis and in 39 (2.4%) of 1,652 control
episodes (OR, 0.67; 95% Cl, 0.41 to 1.10; P = .12; Fig 3). Ina
subgroup analysis, a statistically significant effect was seen in
patients who received itraconazole solution (OR, 0.52; 95% ClI,
0.30 to 0.90; P = .02) and not in patients receiving capsules
(OR, 1.75; 95% ClI, 0.61 to 5.07; P = .30). Thus there was no
significant reduction of invasive Aspergillus infection episodes
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Table 2. Characteristics of Included Studies: Methodological Assessment

Study

Generation of Allocation
Sequences

Concealment of
Allocation Sequences

Double-Blinding

Analysis

Vreugdenhil et al'?
Nucci et al'”
Annaloro et al?®

Huijgens et al'®

Harousseau et al'3

Menichetti et al'®
Morgenstern et al'4

Boogaerts et al'®

Not reported
Not reporfed
Not reported
Not reported
Compufer-generared
Not reported
Computer-generated
Not reporfed

Not reported
Yes
Not reported
Not reported
Yes
Yes
Not reported
Not reported

Yes (identical placebo)
Yes (identical placebo)
No (not reported)

Yes (identical capsules)
Yes (double placebo)
Yes (identical placebo)
No

Per protocol (three patients withdrawn in each arm)
Modified infention-to-treat*

Intention-to-treat (no exclusions reported)

Per protocol? (five and six patients excluded)
Intention-to-treat (no exclusions reported)
Intention-to-treat (no exclusions from analysis)

Per protocol

Winston et al? Not reported Yes
Lass-Florl et al® Not reported Not reported
Marr et al™® Computer-generated Yes
ITR-GER-23 Computer-generated Yes

Kaptan et al?® Not reported Not reported

No Intention-to-treat (no exclusions from cna|ysis)
No Per protocol (one patient excluded in each arm)
No Per protocol

No Per profocol

No Intention-to-treat

No Per protocol

*Eleven patients were excluded from analysis by the investigators for violations of inclusion criteria.
p % Y g

1The authors stated that the analysis was done intention-to-treat; however, because of the large number of excluded patients, the study was regarded as analyzed per

protocol in this review.

with itraconazole prophylaxis overall but a 48% = 21% reduc-
tion in episodes with itraconazole solution only (P = .02). The
difference of the two preparation subgroups approached statisti-
cal significance (P = .0537).

Mortality From Proven Invasive Fungal Infections

This outcome was reported in thirteen trials. Mortality from
proven invasive fungal infections occurred in 40 (2.2%) of 1,812
episodes with itraconazole prophylaxis and in 59 (3.3%) of 1,785
control episodes (OR, 0.65; 95% Cl, 0.43t0 0.98; P = .04). This
corresponds to a 35% = 17% reduction in all trialsand a42% =
18% reduction in the itraconazole solution trials only. The case
fatality rate for invasive fungal infections was 40 (68%) of 59

patients in the itraconazole arm and 59 (63%) of 94 patients in
the control arm and not statistically different (P = .60). In a
subgroup analysis a significant effect on mortality was seen only
in patients who received itraconazole solution (OR, 0.58;
95%ClI, 0.36 to 0.91; P = .02) and not in patients receiving
capsules (OR, 1.01; 95% CI, 0.43 to 2.39; P = .98). The
difference between the two preparation subgroups was not
statistically significant (P = .30).

Mortality From All Causes

Data for this outcome could be extracted from all trials. Death
from any cause (including the underlying disease) occurred
during the period of prophylaxis in 207 (11.4%) of 1,812

Table 3. Characteristics of Included Studies: Antifungal Prophylaxis in Intervention and Control Arm

Incidence*
Study n/N % Intervention Arm: ltraconazole Control Arm

Vreugdenhil et al'? 11/167 6.6 Capsules 400 mg/day PO plus amphotericin B Amphotericin B 4,000 mg/day PO
4,000 mg/day PO

Nucci et al'” 13/210 6.2 Capsules 200 mg/day PO Placebo only

Annaloro et al? 5/59 8.5 Capsules 400 mg/day PO plus nystatin 4.5 Fluconazole 300 mg/day PO plus nystatin 4.5 MU/day
MU/day PO

Huijgens et al'® 8/213 3.8 Capsules 200 mg/day PO plus intranasal Fluconazole capsules 100 mg/day PO plus intranasal
amphotericin B 6 mg/day amphotericin B 6 mg/day

Harousseau et al'3 21/557 3.8 Oral solution 5 mg/kg body weight/day PO Amphotericin B 2,000 mg/day PO

Menichetti et al'® 12/405 3.0 Oral solution 5 mg/kg body weight/day PO Nystatin 2.0 MU/day PO
plus nystatin 2.0 MU/day PO

Morgenstern et al'# 7/581 1.2 Oral solution 5 mg/kg body weight/day PO Fluconazole 100 mg/day PO

Boogaerts et al'® 14/277 5.1 Oral solution 200 mg/day PO Amphotericin B 1,500 mg/day PO plus nystatin 8.0

MU/day PO

Winston et al” 23/138 16.7 Intravenous solution 400 mg day 1-2, 200 mg Fluconazole: IV solution 400 mg day 1-14, oral 400
day 3-14, oral solution 400 mg day 15-100 mg day 15-100 (back to IV if necessary)
(back to IV if necessary)

Lass-Florl et al® 4/115 3.5 Oral solution 10 mg/kg body weight/day PO Amphotericin B 3,000 mg/day PO

Marr et al’© 19/295 6.4 Oral solution 7.5 mg/kg body weight/day PO Fluconazole 400 mg/day PO or IV
or 200 mg/day IV

ITR-GER-23 9/494 1.8 Oral solution 5 mg/kg body weight/day PO Fluconazole 400 mg/day PO

Kaptan et al?® 4/97 4.1 Capsules 400 mg/day PO No treatment

Abbreviations: n, number of events; N, number of patients or episodes; PO, orally; IV, intravenous.
*Incidence of proven invasive fungal infections in the complete study population.
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Events/Patients Statistics O.R. & 95% Cl Odds Redn.
Itraconazole Control (O-E) Var. (Itraconazole : Control) (SD)
Itraconazole capsules:
Annaloro 4/31 1/28 14 1-2 336% (178). 2P 202
Huijgens 4/101 3/101 05 1-7 T54% (89, 2P = 07
Kaptan 2/54 2/43 -0-2 1-0 2% (01).2P =08
Nucci 5/104 8/106 ~-1-4 31 = 379 (46); 2P = 0-4
Vreugdenhil 5/83 7/84 -1-0 2-8 29% (51); 2P = 06
B Subtotal: 20/373 21/362  -0.8 9.7 s e | E——
8% (31)
reduction
2P =0.8
Test for heterogeneity between trials: X% = 2:8; P = 0-6
Itraconazole solution:
Boogaerts 7/144 7/133 -0-3 3-3 - §% (53, 2P =00
Harousseau 8/281 13/276 -2:6 51 & 40% (35); 2P = 02
ITR-GER-23 4/248 5/246 -05 2:2 21% (60, 2P = 07
Lass—Floerl 1/69 4/56 -1-6 1-2 3% (51); 2P = 0-2
Marr 9/147 12/148 -15 4-9 - 26% (39); 2P = 05
Menichetti 3/201 9/204 -3-0 29 64% (37): 2P = 0-08
Morgenstern 1/288 6/293 -2'5 17 76% (40); 2P = 0-06
Winston 6/71 17/67 -5-8 48 —m— 70% (26); 2P = 0008
I Subtotal: 39/1439 731423 -17.7 26.2 <> 49% (14)
reduction
2P = 0-0005
Test for heterogeneity between trials: X% = 5:6; P = 0-6
. Total: 59/1812 94/1785 -18.4 35.9 < 40% (13)
reduction
0-0 0.5 1.0 1.5 2.0
ltraconazole Control
Test for heterogeneity (13 trials): X%, = 10-9; P =05 better better
Test for heterogeneity between subtotals: X% = 2-5; P = 0-1 Effect 2P = 0-002

Fig 1.
standard deviation.

episodes with itraconazole prophylaxis and in 206 (11.5%) of
1,785 control episodes (OR, 0.98; 95% CI, 0.79t0 1.22; P = .88)
with no difference between itraconazole solution and capsules.

Adverse Effects

Only a few studies reported a difference in adverse effects.
Severe drug-related adverse effects were reported in one study
where itraconazole was administered concomitantly with high-
dose cyclophosphamide.® A higher rate of hepatic toxicity
occurred. This was not seen after the start of the itraconazole
prophylaxis was delayed until the cyclophosphamide condition-

Incidence of proven invasive fungal infections. OR, odds ratio; O-E, observed minus expected events; Var., variance of O-E; Odds Redn., odds reduction; SD,

ing was completed. To maintain comparability with the other
trials, the per-protocol analysis (“on drug”) of thistrial was used
for the evaluation of invasive fungal infections. Hypokalemia
was associated with itraconazole solution twice as often in three
trials (including the ITR-GER-23 trial) that reported this out-
come (OR, 1.93; 95% Cl, 1.41 to 2.65; P < .0001).*31* The rate
of drug discontinuation was reported in twelve trials. The rate of
discontinuation was comparable between the arms of the trias
that used itraconazole capsules (OR, 0.90, 95% Cl, 0.34 to 2.37;
P = .83)12171825 or cyclodextrine as placebo (OR, 1.09; 95%
Cl, 0.81 to 1.48; P = .56).236 |n trials that compared itracon-
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Events/Patients Statistics O.R. & 95% Cl Odds Redn.
Iltraconazole Control (O-E) Var. (ltraconazole : Control) (SD)
ltraconazole capsules:
Annaloro 4/31 1/28 1-4 1-2 T226% (178). 2P =02
Huijgens 0/101 0/101
Kaptan 1/54 1/43 -0-1 0-3 21% (128);2P =09
Nucci 2/104 6/106 -2-:0 19 —= 64% (45); 2P = 02
Vl’eugdenhll 1/83 4/84 —1 5 1 2 70% (52); 2P = 0-2
M Subtotal: 8/373 12/362 -2-2 4.8 -
37% (37)
reduction
2P =03

Test for heterogeneity between trials: X3 = 45, P = 02

Itraconazole solution:

Harousseau 2/281 2/276
ITR-GER-23 1/248 1/246
Lass-Floerl 1/59 3/56
Marr 3/147 4/148
Menichetti 1/201 8/204
Morgenstern 1/288 2/293
Winston 2/71 8/67
I Subtotal: 11/1295 28/1290 -

Test for heterogeneity between trials: X5 = 3-4; P = 0-8

19/1668 40/1652

B Tota:

Test for heterogeneity (11 trials): X3, = 8:5; P = 0-6

Test for heterogeneity between subtotals: X3 = 0:7; P = 0-4

00

-3-6
-0-5
-3

8.7

~-10-8

0-0 10 2% (99). 2P = 10
05 1% (141); 2P = 10
-1 10 66% (62); 2P = 0-3
-0-5 17 —= 25% (66), 2P = 0.7
22 —— 79% (34); 2P = 0-02
0-7 48% (85); 2P = 06
2:3 " 74% (36); 2P = 0-04
9.5 <t 60% (21)
reduction
2P = 0.005
143 <[ 53% (19)
reduction
0.0 0.5 1.0 1.5 2.0
Itraconazole Control
better better

Effect 2P = 0-004

Fig 2. Incidence of proven invasive yeast infections. OR, odds ratio; O-E, observed minus expected events; Var., variance of O-E; Odds Redn., odds reduction; SD,

standard deviation.

azole ora solution with fluconazole (four trials®'%* and the
unpublished ITR-GER-23) or oral amphotericin B (one trial*®)
the discontinuation rate was twice as high in theitraconazole arm
(OR, 1.95, 95% CI, 1.57 to 2.44; P < .0001). The reason most
often reported for drug discontinuation in the itraconazole
solution arms was nausea.

Dose-Response Relationship

For all trials, the BDD was calculated as described above and
the incidence of invasive fungal infections was compared in one
group with aBDD of lessthan 110 mg/d*#1517182528 (OR, 0.92;

95% CI, 0.54 to 1.59; P = .77) with another group with a BDD
above 200 mg/d (including the ITR-GER-23 trial)®101314.16
(OR, 0.47; 95% ClI, 0.31 to 0.70; P = .0001). The difference
between these two subgroups was statistically significant for the
incidence of invasive fungal infections (P = .0495, Fig 4) and
nearly so for the incidence of invasive Aspergillus infections
(P = .0537, data not shown).

Sensitivity Analysis

This analysis was performed to detect bias in the pooling of
studies with different methodological quality and different
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Events/Patients Statistics O.R. & 95% Cl Odds Redn.
Iltraconazole Control (O-E) Var. (ltraconazole : Control) (SD)
Itraconazole capsules:
Annaloro 0/31 0/28
Huijgens 4/101 1101 1-5 1-2 ~240% (177); 2P = 0-2
Kaptan 1/54 1/43 -01 0-5 —eme TT% (128)2P = 09
Nucci 0/104 0/106
Vreugdenhil 4/83 3/84 05 17 —= ~36% (90); 2P = 07
H  Subtotal: 9/373 5/362 1.9 34 S = B
75% (73)
increase
2P =03
Test for heterogeneity between trials: X5 = 1:0; P = 0-6
Itraconazole solution:
Harousseau 5/281 9/276 -2-1 3-4 —— 45% (41): 2P = 03
ITR-GER-23 2/248 3/246 -0'5 1-2 34% (74); 2P = 06 -
Lass-Floerl 0/59 1/56 ~-0-5 0-2 5% (85): 2P = 03
Marr 6/147 8/148 ~1-0 33 W 2P =06
Menichetti 2/201 1/204 0-5 0-7 ~98% (166); 2P = 0-6
Morgenstern 0/288 4/293 -2-0 1-0 ] 86% (43); 2P = 0:05
Winston 3/71 8/67 -2-7 25 ———1 65% (39); 2P = 01
Il Subtotal: 18/1295 34/1290 -8.2 12.5 g 48% (21)
reduction
2P =0.02
Test for heterogeneity between trials: X% = 4-5; P = 06
. Total: 27/1668 39/1652 -6.3 15.9 T 33% (21)
reduction
L J
01 1.0 10.0
ltraconazole Control
Test for heterogeneity (10 trials): X% = 9-4; P = 0-4 better better

Test for heterogeneity between subtotals: X3 = 3-9; P = 0-05

Effect 2P = 0-1

Fig 3. Incidence of proven invasive Aspergillus infections. OR, odds ratio; O-E, observed minus expected events; Var., variance of O-E; Odds Redn., odds reduction;

SD, standard deviation.

treatments in the control arm. Figure 5 summarizes the results of
these analyses and shows no important deviations. The incidence of
proven and suspected (as defined by the investigators) funga
infections was aso included and compared with the incidence of
proven infections only (OR, 0.65; 95% CI, 0.52 to 0.80; P < .0001
for proven and suspected infections). Itraconazole was as superior in
randomized controlled trials against fluconazole in the control arms
as it was in randomized controlled trials against nonsystemic
antifungal drugsin the control arm (fluconazole in control arm: OR,
0.60, 95% Cl, 0.37 to 0.97; P = .04; oral polyenesin control arm:
OR, 0.60, 95% CI, 0.38 to 0.95; P = .03). Also the effect of
itraconazole prophylaxis was superior in the two trials that included
patients only after allogeneic stem cell transplantation.®°

DISCUSSION

This meta-analysis demonstrates that antifungal prophylaxis
with itraconazole reduces invasive fungal infections, invasive
yeast infections, and death from these infections in neutropenic
patients with hematologic malignancies and myelosuppressive
chemotherapy significantly. These benefits are derived mainly
from trials using the oral or 1V cyclodextrine solution of the
drug. Subgroup analysis also showed that with the solution,
itraconazole significantly reduced invasive Aspergillus infec-
tions, which has not been shown before with any other antimy-
cotic drug. Furthermore, there seems to be an important dose-
response relationship. None of these effects could have been
clearly shown in previous single randomized trials.
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Events/Patients Statistics 0O.R. & 95% CI Odds Redn.
Dose level Itraconazole Control (O-E) Var. (ltraconazole : Control) (SD)
Dose level 1 (<110 mg/d):
Annaloro 4/31 1/28 1-4 1-2 —226% (178), 2P = 02
Boogaerts 7144 7/133 -0-3 33 - 5% (53), 2P =03
Huijgens 4/101 3/101 0-5 1-7 T34% (89). 2P = 07
Kaptan 2/54 2/43 -0-2 1-0 27% (1), 2P = 08
Nucci 5/104 8/106  -1+4 3-1 - 379 (46} 2P = 0-4
Vreugdenhil 5/83 7/84 -1-0 28 - 297 (517, 5P = 06
H Subtotal: 27/517 28/495 -1.0 13.0 =
8% (27)
reduction
2P=038

Test for heterogeneity between trials: X = 2:8; P = 0-7

Daose level 2 (>200 mg/d):

Harousseau 8/281 13/276  -2'6 51 - 40% (35); 2P = 0-2
ITR-GER-23 4/248 5/246 ~0-5 2:2 21% (60). 2P = 07
LaSS—F|OeI’| 1/59 4/56 -1 6 1-2 - 73% (51); oP =02
Marr 9/147 12/148 -1-5 4-9 = 26% (39): 2P = 05
Menichetti 3/201 9/204 -3-0 29 —= 64% (37); 2P = 0:08
Morgenstern 1/288 6/293 -25 1-7 76% (40); 2P = 0-06
Winston 6/71 17/67 -5-8 4-8 —8—— 70% (26); 2P = 0-008
Il Subtotal: 32/1295 66/1290 -174 22.8 <= 53% (15)
reduction
2P = 0-0003
Test for heterogeneity between trials: X2 = 4-2; P = 0-6
. Total: 59/1812 94/1785 -18-4 359 < 40% (13)
reduction
0-0 0.5 1.0 1.5 2.0
Iltraconazole Control
Test for heterogeneity (13 trials): X3, = 109; P = 05 better better

Test for heterogeneity between subtotals: X2 = 3-9; P = 0-05

Effect 2P = 0.002

Fig 4. Dose-response analysis (outcome: incidence of proven invasive fungal infections). OR, odds ratio; O-E, observed minus expected events; Var., variance of O-E;

Odds Redn., odds reduction; SD, standard deviation.

Our findings concur overall with a recent systematic review
which suggested that antifungal prophylaxis with various drugs
reduced invasive fungal infections and death from these infec-
tions in neutropenic patients who had been given myelosuppres-
sive therapy.® However, that study differed from ours in several
respects. First, it included trials of patients who had nonhema-
tologic malignancies and therefore different and probably lower
risks of developing invasive fungal infections. Second, it pooled
the results of studies of drugs with very different spectra of
antifungal activity and bioavailability. Third, several important
studies with itraconazole were not included (only five were

included). Therefore, no clear therapeutic recommendation was
derived from that study, and the findings required confirmation
in a more specific and focused meta-analysis.

A previous meta-analysis by Gotzsche and Johansen was
seriously flawed in assuming an equivalent range of antifungal
activity and bio-availability across very different drugs and by
different modes of delivery (eg, pooling oral polyenes with
azoles). It was aso incomplete as only three of thirteen relevant
randomized controlled trials of itraconazole were included.

In this meta-analysis of itraconazole, clear reductions are
demonstrated not only in the rate of invasive fungal infections

27,28
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Events/Patients Statistics O.R. & 95% Cl Odds Redn.
Citation Treated Control  (O-E) Var. {Treated : Control) {(SD)
Allogeneic Stem Cell Transplant:
No Transplant 44/15904 65/1670 -11-1 261 —a— 35% (16), 2P = 0-08
Transpiant 16/218 29/216  -7-3 97 —— 53% (23); 2P = 002
Altrition:
Per protocol 18/631 31/624  -67 116 —= 44% (22). 2P = D05
Intention fo treat 41/1181 63/1161 -11-7 24-3 —— 38% (16): 2P = 0:02
Biinding of treatment:
Not blinded 33/983 50/958  -94 19-1 —— 39% (18 2P = 0.03
Double blinded 26/829 44/827  -90 167 — 42% (19); 2P = 003
Certainty of Diagnosis:
Proven + Suspected ~ 161/1842  230/1785 -359 822 - 35% (9). 2P < 0.000%
Proven only 59/1812 94/1785 -18-4 359 —— 40% (13) 2P = 0-002
Concealment of allocation:
Not reported 30/831 47/805  -95 177 —a— 42% (18): 2P =002
Concealed 29/881 47/880 -90 18-1 — 39% (19): 2P = 003
Piacebo Controlled:
No Placebo 54/1708 86/1679 =170 328 —— 48% {143 2P = 0-003
Piacebo Control 5/104 8/106 -1-4 31 T7% (46} 2P = 04
Repetitive Inclusion:
Yes 16/628 26/609 50 10-0 S 39% (25); 2P = D1
No 43/1184 68/1176 -12:9 26-8 —— 39% (15); 2P = 001
Treatment of control arm:
Fluconazole 28/888 44/883 -84 165 — 40% (19); 2P = 004
Oral polyenes 29/872 47/889 -9-8 18-4 — 41% (18): 2P = 002
0-0 0-5 1-0 1-5 20
Treated Control
belter better

Fig 5. Sensitivity analysis (outcome: incidence of proven invasive fungal infections). OR, odds ratio; O-E, observed minus expected events; Var., variance of O-E; Odds

Redn., odds reduction; SD, standard deviation.

and deaths from invasive fungal infections but also in the
incidence rate of a broad spectrum of invasive yeast infec-
tions. In contrast, one previous meta-analysis of sixteen
randomized controlled trials with fluconazole provided evi-
dence of effective prevention of invasive yeast infections due
to Candida albicans but failed to demonstrate a significant
reduction in invasive infections due to all yeasts or Aspergil-

lus species, and this effect of fluconazole was seen only in
randomized controlled trials with an incidence of more than
15% invasive yeast infections in the control group.® Several
trials in this meta-analysis compared itraconazole with flu-
conazole (Table 3). In these trials, the efficacy of itraconazole
was as superior to fluconazole as in trials with other compar-
ators, especially oral polyenes (Fig 5).
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This systematic review is the first to demonstrate effective
prevention of invasive aspergillosis in the treatment of patients
with hematologic malignancy. In these patients, this infection
has a high mortality rate.? This meta-analysis also provides the
first evidence that these benefits are derived mainly from those
trials using the cyclodextrine solution of the drug with at |east
400 mg/d PO or 200 m g/d IV.

This dose-response relationship of itraconazole has not yet been
systematicaly studied in humans, but other studies clearly support
our findings®* It is likely that at least 200 mg/d itraconazole
should be systemicaly available for effective prophylaxis (ie, a
least 400 mg/d oral solution) and a loading dose may achieve
steady-state more quickly.?? The bioavailability of itraconazole has
been shown to be variable, largely poor for the capsules,*® and
clearly better with the solution.?3"*8 Previous retrospective human
and animal studies suggested that minimum blood levels of itracon-
azole were needed to reduce the risk of invasive funga infections,
particularly with Aspergillus.?*33353 The highly significant dose-
response relationship reported in this meta-anadlysis confirms the
findings of these previous studies and the importance of bioavail-
ability to proof of efficacy and emphasizes the need to establish
pharmacokinetic profilesin advance of randomized controlled trials
and in the patient population for whom the drug is intended.

Our data indicate the importance of bioavailability. Hence,
measuring the serum concentration of itraconazole may be impor-
tant. One recommendation from our previous work is that the
itraconazole serum concentration should be monitored by high-
performance liquid choromatography and be above 500 ng/mL 3335
The use of the IV preparation of itraconazole (followed by the oral
solution) is recommended in patients with allogeneic stem cell
trangplantation and other high-risk patients who cannot take the oral
solution. From the data of this meta-analysis the use of itraconazole
capsules should be avoided for this indication.

We have redtricted our analysis to proven invasive funga
infections to provide the greatest possible specificity of the results.
The inclusion of suspected invasive funga infections would have
resulted in less reliable conclusions about the efficacy of antifungal
prophylaxis with itraconazole, because of the wide variation of the
definition of “suspected” infections among the trials, although our
sensitivity analysis showed that the results remain unchanged when
suspected fungal infections are included.

This restriction to proven infections makes it more difficult to
calculate representative numbers-needed-to-treat (NNTs) for
antifungal prophylaxis with itraconazole. These numbers need to
be applied cautiously, because the NNT is highly dependent on
the absolute incidence of the event rate in any cohort. For
example, given that a 53% reduction of the incidence of invasive
fungal infection has been shown in the higher dose group (Fig 5),
the NNT of a center with a 15% incidence of invasive fungal
infections would be low, at approximately 13 (1:12.6), whereas
it would rise to 38 (1:37.7) in a center with an incidence of 5%.
Reports in the literature have indicated that invasive fungal
infections cost between US $22,197*° and US $31,200* per
episode, whereas 20 days of prophylaxis with itraconazole oral

GLASMACHER ET AL

solution (400 mg/d PO) would cost approximaely US $683
(German pharmacy prices). Therefore, in a center with a 15%
incidence of invasive fungd infections and a 68% case-fatality rate,
the use of itraconazole ord solution would result in a cost of US
$8,538 for one avoided invasive funga infection and a cost of US
$15,958 for one avoided death from invasive fungal infection.

It has been suggested that overall mortality is a more important
end point than any other and that determining invasive funga
infections as the cause of death may be difficult.?”?® This meta-
analysis did not show any significant benefit of prophylaxis for this
end point. But again, it is very probable that our meta-anaysis
underestimates the influence of invasive funga infections on the
mortality of neutropenic patients. Two studies, one of which'® is
included in this meta-analysis, have reported prolonged protective
effects of antifungal prophylaxis that may have been missed in this
anaysis* It is also evident that any invasive fungal infection will
delay further antineoplastic treetment (including stem cell transplan-
tation) and thereby reduce the chances of cure for the patient.

In conclusion, this meta-analysis demonstrates that antifungal
prophylaxis with itraconazole, if adequately dosed, can signifi-
cantly reduce the incidence of and the mortality from invasive
fungal infections in neutropenic patients with hematologic ma-
lignancies. For the first time, it is shown that invasive Aspergil-
lus infections can also be prevented in these patients.

In the view of these data, patients with acute leukemia who
receive myel osuppressive cytotoxic chemotherapy and patients who
have undergone alogeneic stem cell transplantation should receive
an antifungal prophylaxis with itraconazole. The potentially serious
neurotoxic interaction of itraconazole with vincrigtine in patients
treated for acute lymphoblastic leukemia has to be avoided. Pro-
phylaxis should be given for the duration of neutropeniain leukemia
patients as it was in the trids in this meta-andysis, but it is more
difficult to determineits optimal duration in patients after allogeneic
stem cell transplantation. Previous studies have described a biphasic
distribution of the incidence of invasive Aspergillus infections with
a second peak at approximately 100 days after trangplantation.*>44
In the trials of Winston et a® and Marr et a,’° prophylaxis was
consequently continued for up to 100 days after transplantation.
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