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ABSTRACT

BACKGROUND

Patients with neutropenia resulting from chemotherapy for acute myelogenous leu-
kemia or the myelodysplastic syndrome are at high risk for difficult-to-treat and
often fatal invasive fungal infections.

METHODS

In this randomized, multicenter study involving evaluators who were unaware of
treatment assignments, we compared the efficacy and safety of posaconazole with
those of fluconazole or itraconazole as prophylaxis for patients with prolonged neu-
tropenia. Patients received prophylaxis with each cycle of chemotherapy until recov-
ery from neutropenia and complete remission, until occurrence of an invasive fungal
infection, or for up to 12 weeks, whichever came first. We compared the incidence
of proven or probable invasive fungal infections during treatment (the primary end
point) between the posaconazole and fluconazole or itraconazole groups; death
from any cause and time to death were secondary end points.

RESULTS
A total of 304 patients were randomly assigned to receive posaconazole, and 298 pa-
tients were randomly assigned to receive fluconazole (240) or itraconazole (58). Proven
or probable invasive fungal infections were reported in 7 patients (2%) in the posacon-
azole group and 25 patients (8%) in the fluconazole or itraconazole group (absolute
reduction in the posaconazole group, —6%; 95% confidence interval, —9.7 to —2.5%;
P<0.001), fulfilling statistical criteria for superiority. Significantly fewer patients in
the posaconazole group had invasive aspergillosis (2 [1%] vs. 20 [7%], P<0.001).
Survival was significantly longer among recipients of posaconazole than among recipi-
ents of fluconazole or itraconazole (P=0.04). Serious adverse events possibly or
probably related to treatment were reported by 19 patients (6%) in the posaconazole
group and 6 patients (2%) in the fluconazole or itraconazole group (P=0.01). The
most common treatment-related adverse events in both groups were gastrointestinal
tract disturbances.

CONCLUSIONS
In patients undergoing chemotherapy for acute myelogenous leukemia or the myelo-
dysplastic syndrome, posaconazole prevented invasive fungal infections more effec-
tively than did either fluconazole or itraconazole and improved overall survival.
There were more serious adverse events possibly or probably related to treatment in
the posaconazole group. (ClinicalTrials.gov number, NCT00044486.)
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NVASIVE FUNGAL INFECTIONS REMAIN A

major cause of illness and death in patients

with neutropenia who have hematologic can-
cers, despite the availability of new antifungal
agents. The incidence of proven or probable mold
and yeast infections can reach 24% among pa-
tients with leukemia.»2 Reported mortality from
candidiasis or aspergillosis ranges from 40 to 50%,
and mortality from fusariosis or zygomycosis is
70% or more.3"® Prophylaxis is a commonly used
treatment strategy, because the diagnosis of fungal
infection is often delayed or difficult to establish
with certainty, and a delay in antifungal treatment
increases mortality.%

Antifungal prophylaxis with fluconazole reduc-
es morbidity and mortality among recipients of
allogeneic hematopoietic stem-cell transplants.1?13
Fluconazole prophylaxis is also used in other pa-
tient populations with neutropenia, although few-
er data support its efficacy in these patients.'*
Fluconazole has an acceptable adverse-event pro-
file but lacks efficacy against filamentous fungi,
which have become increasingly frequent causes
of infection in patients with neutropenia. Itracon-
azole has a wider spectrum of activity than flucon-
azole, including activity against aspergillus spe-
cies. A meta-analysis of trials involving patients
with neutropenia and hematologic cancers showed
that prophylaxis with itraconazole is more effec-
tive than prophylaxis with fluconazole.*> How-
ever, the clinical usefulness of itraconazole is
limited by the poor tolerability of the cyclodextrin-
containing oral solution and the erratic bioavail-
ability of the oral-capsule formulation. Thus,
early-generation oral azole agents have limitations
related to the spectrum of antifungal activity and
tolerability.

Posaconazole is a new-generation oral azole
with in vitro activity against a wide spectrum of
medically important fungi, including species
of candida, aspergillus, Zygomycetes, and fusari-
um.'®17 Studies of animals and humans have
shown clinical activity of posaconazole in the
treatment of invasive infection with molds and
yeasts.'®21 We conducted a randomized trial com-
paring the efficacy and safety of posaconazole
with those of fluconazole or itraconazole for the
prevention of invasive fungal infections in patients
with neutropenia who were undergoing remission-
induction chemotherapy for acute myelogenous
leukemia or the myelodysplastic syndrome.

METHODS

PATIENTS

Patients 13 years of age or older were eligible if
they had or were anticipated to have neutropenia,
with an absolute neutrophil count of 500 cells
per cubic millimeter or less, for 7 days or more,
resulting from remission-induction chemotherapy
for newly diagnosed, or the first relapse of, acute
myelogenous leukemia or the myelodysplastic
syndrome. To be eligible, patients also had to be
able to take oral medications, although a brief
period of intravenous therapy (less than 4 days)
was permitted at entry into the trial. Exclusion
criteria were an invasive fungal infection within
the previous 30 days, clinically significant hepatic
or renal dysfunction, an abnormal QT interval cor-
rected for heart rate (QTc interval), a baseline
Eastern Cooperative Oncology Group performance
status score of more than 2 (in bed more than
half of the day), a history of hypersensitivity or
idiosyncratic reactions to azoles, or a requirement
for medications with a potential for adverse inter-
actions with azoles. Before enrollment, written in-
formed consent was obtained from each patient or
the patient’s parent or legal guardian, and the study
was approved by the institutional review board or
ethics committee at each participating center.

STUDY DESIGN

The study was designed by academic authors and
employees of the sponsor, in collaboration with an
independent expert panel. The sponsor analyzed
the data, and the academic authors and one au-
thor who is an employee of the sponsor prepared
the manuscript. The academic authors had full
access to the primary data and to the results of
their analyses and were given full independence
in decisions concerning the reporting of results
and the content of the manuscript. The academic
authors vouch for the accuracy and completeness
of the data and data analyses.

In this prospective, randomized trial involving
evaluators who were unaware of the treatment
assignments, we compared posaconazole with
fluconazole or itraconazole for the prevention of
invasive fungal infections. On the basis of local
practices, investigators selected either fluconazole
or itraconazole at the start of the study for use
throughout the study. Patients were randomly as-
signed, in a 1:1 ratio, to receive posaconazole or

N ENGLJ MED 356;4 WWW.NEJM.ORG JANUARY 25, 2007

Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission.

Copyright © 2007 Massachusetts Medical Society. All rights reserved.

349



350

The NEW ENGLAND JOURNAL of MEDICINE

either fluconazole or itraconazole. Prophylaxis
was administered with each chemotherapy cycle,
starting either 24 hours after the last anthracy-
cline dose or, in patients not receiving an anthra-
cycline-based regimen, on the first day of chemo-
therapy. Prophylaxis was continued until recovery
from neutropenia and complete remission, until
occurrence of an invasive fungal infection, or for
up to 12 weeks from randomization, whichever
came first. Patients were followed for 100 days
after randomization and for 30 days after the last
dose of the study drug administered during the
last chemotherapy cycle. An independent data re-
view commiittee of infectious disease experts who
were unaware of the treatment assignments re-
viewed and classified all cases of fungal infection
as proven, probable, or possible, according to the
consensus criteria of the European Organisation
for the Research and Treatment of Cancer and the
Mycoses Study Group.??

ADMINISTRATION OF THE STUDY DRUG
Study patients received 200 mg of posaconazole in
an oral suspension three times daily, 400 mg of
fluconazole (Diflucan, Pfizer) in an oral suspen-
sion once daily, or 200 mg of itraconazole (Spo-
ranox, Janssen) in an oral solution twice daily.
Patients who were unable to tolerate the oral study
drug could receive intravenous prophylaxis at the
same dose for 3 days or less per chemotherapy
cycle. In the fluconazole or itraconazole group, the
intravenous prophylaxis was the assigned study
drug; in the posaconazole group, it was ampho-
tericin B deoxycholate (Fungizone [Apothecon
Pharmaceuticals] or a generic form, 0.3 to 0.5 mg
per kilogram of body weight daily). Patients in ei-
ther group were permitted to receive amphoteri-
cin B or another systemic agent as empirical anti-
fungal therapy for a suspected invasive fungal
infection.

ASSESSMENT OF EFFICACY
All patients underwent comprehensive evaluations
for the presence of an invasive fungal infection at
the beginning and the end of prophylaxis, 30 days
after the last dose of the study drug had been
administered, and 100 days after randomization.
Atany time during the treatment phase — defined
as the period from randomization to 7 days after
the last dose of the study drug had been adminis-

tered during the last chemotherapy cycle — if a
patient had any sign or symptom of infection,
including fever, a complete clinical and mycologic
evaluation was performed. Surveillance blood spec-
imens were collected twice weekly for the asper-
gillus galactomannan assay (Platelia aspergillus
enzyme-linked immunosorbent assay, Bio-Rad
Laboratories). In vitro susceptibility testing of
fungal isolates was performed by staff at a central
laboratory, according to the methods of the Clini-
cal and Laboratory Standards Institute (formerly
the National Committee for Clinical Laboratory
Standards).?324 We measured the steady-state
plasma concentrations of the study drug and calcu-
lated the arithmetic means using liquid chroma-
tography with a mass-spectrometric detection
method for measurements of posaconazole?> and
fluconazole?® levels and a high-performance chro-
matographic method for itraconazole.?”

Primary Analysis

The primary efficacy end point was the incidence
of proven or probable invasive fungal infection
during the treatment phase, as adjudicated by an
expert panel whose members were unaware of the
treatment assignments, according to consensus
criteria of the European Organisation for the Re-
search and Treatment of Cancer and the Mycoses
Study Group.

Secondary Analyses

Secondary end points included the incidence of
invasive aspergillosis, the incidence of invasive
fungal infection within 100 days after randomiza-
tion, and treatment success (vs. failure) during the
treatment phase. Treatment failure was defined as
the occurrence of a proven or probable invasive
fungal infection; receipt of an intravenous study
drug for 4 consecutive days or more or 10 days in
total; receipt of any other systemic antifungal
agent for 4 days or more for suspected invasive
fungal infection; the occurrence of an adverse
event possibly or probably related to the study
treatment, resulting in the discontinuation of
treatment; or withdrawal from the study with no
additional follow-up. Survival was evaluated 100
days after randomization, and analyses were con-
ducted for overall survival, time to death from any
cause, time to death related to fungal infection,
and survival without proven or probable invasive
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fungal infection. Time to invasive fungal infection
and time to first use of empirical antifungal ther-
apy were also assessed.

ASSESSMENT OF SAFETY
Adverse events were recorded from randomization
until day 30 after the last dose of the study drug
had been administered during the last chemo-
therapy cycle. These events were classified accord-
ing to the Common Toxicity Criteria grading sys-
tem of the National Cancer Institute.?®

STATISTICAL ANALYSIS
The primary efficacy analysis was based on the
intention-to-treat approach, with the use of data
from all patients who underwent randomization.
First, the noninferiority of posaconazole as com-
pared with fluconazole or itraconazole therapy
was assessed. For our study, the incidence of prov-
en or probable invasive fungal infection was as-
sumed to be 8% or less with fluconazole or itra-
conazole prophylaxis.t Therefore, using a cutoff
level of significance of 4.87% for the final analy-
sis (in order to account for the interim analysis),
we calculated that if the upper bound of the
95.13% confidence interval (hereafter called the
95% CI) for the difference between the incidence
of proven or probable fungal infection for posacon-
azole and that for fluconazole or itraconazole
was less than 4%, noninferiority would be dem-
onstrated, and the superiority of posaconazole
over fluconazole or itraconazole therapy could be
assessed. The superiority of posaconazole would
be established if the upper bound of the same
95% CI was negative. This two-step analysis al-
lowed for an overall type 1 error rate of 0.05. We
used the Kaplan—-Meier method to evaluate time
to death from any cause, time to death related to
fungal infection, time to proven or probable fun-
gal infection, time to first use of empirical anti-
fungal therapy, and survival free from proven or
probable invasive fungal infection. The survival
benefit was assessed with the chi-square and log-
rank tests. All analyses except the noninferiority
analysis were based on two-sided P values, with a
two-sided P value of less than 0.05 considered to
indicate statistical significance. The numbers of
patients who would need to be treated to prevent
one fungal infection and one death (numbers
needed to treat) were calculated as described pre-
viously.?®

RESULTS

PATIENT CHARACTERISTICS

The study was conducted from August 2002
through April 2005 at 89 centers worldwide. A total
of 602 patients were randomly assigned to treat-
ment: 304 patients to receive posaconazole and
298 patients to receive fluconazole (240) or itra-
conazole (58). The two groups had similar char-
acteristics (Table 1).

INVASIVE FUNGAL INFECTION
Proven or probable invasive fungal infections oc-
curred during the treatment phase in 7 of the 304
patients (2%) in the posaconazole group and in
25 of the 298 patients (8%) in the fluconazole or
itraconazole group (absolute reduction in the
posaconazole group, —6%; 95% CI, —-9.7 to -2.5;
P<0.001). The superiority of posaconazole over
fluconazole was confirmed in a post hoc analysis
limited to centers at which fluconazole was used
as the comparison study drug (see the Supplemen-
tary Appendix, available with the full text of this
article at www.nejm.org). We estimated that 16 pa-
tients would need to be treated with posaconazole,
as compared with fluconazole or itraconazole, in
order to prevent one invasive fungal infection.
During the 100-day period after randomiza-
tion, 14 of 304 patients (5%) in the posaconazole
group had a proven or probable fungal infection,
as compared with 33 of 298 patients (11%) in the
fluconazole or itraconazole group (P=0.003). The
mean (+SD) time to invasive fungal infection was
41%26 days in the posaconazole group and 25+26
days in the fluconazole or itraconazole group.
Kaplan—Meier analysis of the time to invasive
fungal infection showed a significant difference
in favor of posaconazole (P=0.003) (Fig. 1A).
Table 2 lists the causative pathogens of invasive
fungal infections that occurred during the treat-
ment phase; aspergillus was the most common.
There were significantly fewer cases of aspergil-
losis associated with posaconazole prophylaxis
than with fluconazole or itraconazole prophylaxis
(2 [1%] vs. 20 [7%)], P<0.001).

CLINICAL SUCCESS OR FAILURE

Rates of clinical success or failure and the reasons
for clinical failure are listed in Table 3. Of the
304 patients in the posaconazole group, 81 (27%)
received an empirical antifungal agent during the
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Table 1. Characteristics of the Intention-to-Treat Population at Baseline and during the Treatment Phase.*
Fluconazole or
Posaconazole Itraconazole  Fluconazole Itraconazole
Characteristic (N=304) (N=298) (N=240) (N=58) P Value
Age —yr
Mean 4917 50+16 50+17 52+14 0.30
Median 53 53 52 54
Range 13-82 13-81 13-79 20-81
Race or ethnic group — no. (%)t
White 220 (72) 231 (78) 182 (76) 49 (84) 0.16
Nonwhite 84 (28) 67 (22) 58 (24) 9 (16)
Black 16 (5) 9(3) 7 (3) 2(3)
Asian 13 (4) 9(3) 3 (1) 6 (10)
Hispanic 51 (17) 47 (16) 46 (19) 1(2)
Other 4(1) 2(1) 2(1) 0
Male sex — no. (%) 158 (52) 160 (54) 128 (53) 32 (55) 0.68
Region — no. (%)
United States 81 (27) 78 (26) 70 (29) 8 (14) 0.93
Europe 125 (41) 127 (43) 92 (38) 35 (60)
Canada 14 (5) 14 (5) 14 (6) 0
Far East 18 (6) 21(7) 9(4) 12 (21)
Latin America 66 (22) 58 (19) 55 (23) 3 (5)
Primary diagnosis — no. (%)
Acute myelogenous leukemia
New diagnosis 213 (70) 222 (74) 181 (75) 41 (71) 0.24
First relapse 42 (14) 38 (13) 31 (13) 7 (12) 0.72
Myelodysplastic syndrome 49 (16) 38 (13) 28 (12) 10 (17) 0.25
Nadir ANC during treatment phase — no. (%)
<500 cells/mm? 298 (98) 290 (97) 234 (98) 56 (97) 0.60
<100 cells/mm? 264 (87) 261 (88) 213 (89) 48 (83) 0.81
Total no. of days of neutropenia during treatment phase
0-7 —no. (%) 21 (7) 21 (7) 17 (7) 4(7)
8-21— no. (%) 141 (46) 143 (48) 118 (49) 25 (43)
>21 — no. (%) 142 (47) 134 (45) 105 (44) 29 (50)
Mean 25+17 23+13 23+13 24+14 0.046
Yeast-colonization status in stool or throat at baseline — no. (%)
Positive 133 (44) 121 (41) 107 (45) 14 (24) 0.67
Negative 147 (48) 144 (48) 107 (45) 37 (64)
Missing or unknown 24 (8) 33 (11) 26 (11) 7 (12)
MORTALITY

352

treatment phase, as did 112 of the 298 patients
(38%) in the fluconazole or itraconazole group
(P=0.004). The analysis of the time to first use of
empirical antifungal therapy during the 100-day
period revealed a significant difference in favor
of posaconazole over fluconazole or itraconazole
(P=0.02).

Of the 304 patients in the posaconazole group,
49 (16%) died during the study period, as did 67 of
298 patients (22%) in the fluconazole or itracon-
azole group (P=0.048); 44 patients (14%) and 64
patients (21%), respectively, died within 100 days.
Kaplan—Meier analysis of the time to death from
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Table 1. (Continued.)

Characteristic

Use of systemic antifungal agents as prophylaxis before
randomization

Patients — no. (%)
No. of days
Mean
Median
Range
No. of days from randomization to last contact

No. of days of prophylaxis with study drug

1
=2

Use of growth factors during treatment phase
Patients — no. (%)

Days — no. (%)

during treatment phase::

Patients — no. (%)
Days — no. (%)

1-3

4-7

>7

Mean

Treatment with systemic amphotericin B

Patients — no. (%)

No. of days

Fluconazole or

Total no. of chemotherapy cycles during treatment phase — no. (%)

Use of intravenous study drug as substitute for oral prophylaxis

Posaconazole Itraconazole  Fluconazole Itraconazole
(N=304) (N=298) (N=240) (N=58)
42 (14) 42 (14) 28 (12) 14 (24)
4+7 3+5 3+6 3+5
1 1 1 1
1-45 1-31 1-31 1-17
93+33 90+33 87+33 99+34
29+21 25+17 24+16 29+21
174 (57) 182 (61) 146 (61) 36 (62)
130 (43) 116 (39) 94 (39) 22 (38)
143 (47) 147 (49) 111 (46) 36 (62)
14+12 12+10 12+10 13+11
17 (6)§ 30 (10) 25 (10) 5 (9)
11 (4) 18 (6) 17 (7) 1(2)
4(1) 8 (3) 6 (3) 2(3)
2 (1) 4(1) 2(1) 203)
4+4 4+4 4+4 6+4
68 (22) 82 (28)
1+3 2+3

P Value

1.0

0.31
0.008

0.36

0.62
0.08

0.048

0.16
0.29

* Plus—minus values are means +SD. The treatment phase was defined as the period from randomization to 7 days after the last dose of the
study drug had been administered during the last cycle of chemotherapy. P values are for the posaconazole group as compared with the
pooled fluconazole and itraconazole groups. ANC denotes absolute neutrophil count.

7 Race or ethnic group was reported by physicians.

i The intravenous study drug used was amphotericin B deoxycholate for patients in the posaconazole group and an intravenous formulation
of the study drug for patients in the fluconazole and itraconazole groups.
§ These patients include the six who received amphotericin B as the intravenous alternative study drug for 4 consecutive days or more or for

10 days in total (see Table 3).

any cause at the end of the 100-day period after
randomization showed a significant survival ben-
efit in favor of posaconazole over fluconazole or
itraconazole (P=0.04) (Fig. 1B). The relative reduc-
tion in mortality at day 100 in the posaconazole
group, as compared with the fluconazole or itra-
conazole group, was 33%. The estimated number
needed to treat with posaconazole, as compared
with fluconazole or itraconazole, to prevent one
death was 14 patients.

Of the 116 deaths that occurred during the
study, 21 were considered to be related to fungal
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infection: 5 (2%) that occurred in the posaconazole
group and 16 (5%) in the fluconazole or itracona-
zole group (P=0.01). Other causes of death were
intercurrent illnesses in 20 patients (7%) in the
posaconazole group and 30 patients (10%) in the
fluconazole or itraconazole group and leukemia-
related complications in 24 patients (8%) and 21
patients (7%), respectively. The analysis of the time
to invasive fungal infection or death also showed
a significant benefit in favor of posaconazole
(P=0.01) (Fig. 1C).
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Figure 1. Kaplan—Meier Curves for Time to Invasive Fungal Infection (Panel A),
Death from Any Cause (Panel B), and Invasive Fungal Infection or Death
(Panel C) over the 100-Day Period after Randomization.

P values were estimated with the log-rank test. Data were censored on the
last date of contact or on day 100 after randomization, whichever was sooner.
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SAFETY ANALYSIS
All 602 patients in the intention-to-treat popula-
tion were included in the safety evaluation. The
incidence of treatment-related adverse events was
similar among the treatment groups (Table 4 and
the Supplementary Appendix). Treatment-related
prolongation of the QT or QTc interval was re-
ported in 12 of the 304 patients (4%) receiving
posaconazole, 5 of the 240 patients (2%) receiving
fluconazole, and 4 of the 58 patients (7%) receiv-
ing itraconazole; the prolongation was considered
to be serious in 1 patient in the posaconazole

group. Other serious treatment-related cardiac
events included atrial fibrillation, a decreased
ejection fraction, and torsades de pointes, each
occurring in one patient receiving posaconazole.
Serious adverse events possibly or probably relat-
ed to treatment were reported by 19 patients (6%)
in the posaconazole group and 6 patients (2%) in
the fluconazole or itraconazole group (P=0.01).

PHARMACOKINETIC ANALYSES
Among patients from whom blood was collected
for pharmacokinetic analysis, the mean plasma
concentration of the study drug was 583+381 ng
per milliliter in 215 patients receiving posacona-
zole, 13,577+7104 ng per milliliter in 172 patients
receiving fluconazole, and 785+429 ng per milli-
liter in 33 patients receiving itraconazole.

DISCUSSION

Our randomized clinical trial involving more than
600 high-risk patients showed that, as compared
with fluconazole or itraconazole prophylaxis, posa-
conazole effectively prevented invasive fungal in-
fections during successive cycles of chemotherapy
for acute myelogenous leukemia or the myelodys-
plastic syndrome. Furthermore, mortality from
any cause was significantly lower in the posacon-
azole group than in the fluconazole or itracona-
zole group, indicating that the survival of patients
with acute leukemia can be improved with the use
of antifungal prophylaxis during remission-induc-
tion chemotherapy.

Before our study, significant reductions in the
incidence of invasive fungal infections and in mor-
tality from any cause had been shown with flucon-
azole prophylaxis only in patients undergoing
hematopoietic stem-cell transplantation.*? Flucon-
azole prophylaxis has become the standard of
care in this setting'* and has been used in patients
undergoing remission induction for acute leuke-
mia, even though advantages with respect to mor-
bidity or mortality have not been proved and there
is no consensus among clinicians regarding its use
in these high-risk patients.3° Although the use of
itraconazole seems to reduce the incidence of
proven invasive fungal infections,3* it does not
confer a significant survival benefit over flucon-
azole in large trials, and it has been associated
with greater toxicity.32:33

When we designed our trial, both fluconazole
and itraconazole had been shown to be more ef-
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Table 2. Proven or Probable Invasive Fungal Infection during the Treatment Phase.*

Fluconazole
Posaconazole or ltraconazole Fluconazole Itraconazole
Invasive Fungal Infection (N=304) (N=298) (N=240) (N=58) P Value
number (percent)
Proven or probablef 7(2) 25 (8) 19 (8) 6 (10) <0.001
Mold
Invasive aspergillosis 2(1) 20 (7) 15 (6) 5(9) <0.001
Aspergillus fumigatus 0 2 1 1
A. flavus 0 2 2 0
Aspergillus species: 2 16 12 4
Rhizopus species 0 1 1 0
Pseudallescheria boydii 0 1 1 0
Mold, not otherwise specified 1 0 0 0
Yeast
Invasive candidiasis 3(1) 2 (<1) 2 (<1) 0
Candida glabrata 2 1 1 0
C. krusei 0 1§ 1§ 0
C. parapsilosis 0 1§ 1§ 0
C. tropicalis 1 0 0 0
Other
Preumocystis jirovecii| 1 1 0 1

95% ClI

-9.7to-2.5

—-9.1to-3.1

* The treatment phase was defined as the period from randomization to 7 days after the last dose of the study drug had been administered
during the last cycle of chemotherapy. P values were calculated with the use of the chi-square test. P values and 95% confidence intervals
(Cls) are reported for the posaconazole group as compared with the pooled fluconazole and itraconazole groups.

T The global distribution of invasive fungal infection was as follows: United States, 7 patients (posaconazole group, 1 of 81; fluconazole or
itraconazole group, 6 of 78), Europe, 15 patients (posaconazole, 3 of 125; fluconazole or itraconazole, 12 of 127), Canada, O patients, Far
East, 5 patients (posaconazole, 2 of 18; fluconazole or itraconazole, 3 of 21), and Latin America, 5 patients (posaconazole, 1 of 66; flucon-

azole or itraconazole, 4 of 58).

I Microbiologic criteria for proven or probable infection with aspergillus species included a positive test for aspergillus galactomannan anti-
gen (20.5 on the galactomannan index), not necessarily a positive culture, or compatible histopathological findings.

§ Two infections were in one patient; therefore, they are counted as a single infection.

9§ Pneumocystis pneumonia was included even though there is no evidence that azoles, including the study drugs, act against P. jirovecii.

fective than placebo in preventing fungal infec-
tions, so they had been routinely used as the
standards of care. However, no benefit of one azole
over the other had been clearly established,3?:33
nor has one been revealed by more recent data.?*
Therefore, given the increased risk of invasive
fungal infection among patients undergoing cyto-
toxic chemotherapy and the benefit seen among
those undergoing hematopoietic stem-cell trans-
plantation,** we believed that a placebo-controlled
trial was not feasible. In our study, the investiga-
tors used their preferred standard azole as the
comparison drug. The different dosing schedules
of the three study drugs and the logistics of their
intravenous alternatives precluded a double-blind
design. To minimize the possibility of bias, an

N ENGL ) MED 356;4 WWW.NEJM.ORG

independent data review committee, whose mem-
bers were unaware of the treatment assignments,
examined all suspected potential invasive fungal
infections in order to adjudicate them as proven
or probable, according to international consensus
criteria.??

A patient’s ability to swallow is rarely compro-
mised immediately after induction chemotherapy,
but oral intake may decrease owing to mucositis
later in the course of treatment. Few patients in
this trial were unable to tolerate oral medications
at entry or during the course of treatment (Ta-
ble 1). The study is therefore limited in its ability
to provide data on the usefulness of azole prophy-
laxis in patients who have severe mucositis and
are unable to eat or take oral medication.
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Clinical Response

Clinical success

Clinical failure

Proven or probable invasive fungal infection

Use of systemic antifungal agent for =4 consecu-
tive days for a suspected fungal infection:

Adverse event possibly or probably related to
study treatment, resulting in discontinuation

Use of intravenous study drug for =4 consecutive
days or for 10 days in total

Withdrawal for any reason and loss to follow-up

Table 3. Clinical Response and Reasons for Failure during the Treatment Phase.*
Fluconazole
Posaconazole  or Itraconazole
(N=304) (N=298) P Value 95% Cl
no. (%)
195 (64) 160 (54)
109 (36) 138 (46) 0.009 -18.3to-2.6
7(2) 25 (8) <0.001  -9.7to-2.5
68 (22) 101 (34) 0.002  -18.7to-4.3
25 (8) 25 (8) 0.94
6 (2)§ 12 (4) 0.14
8 (3) 1 (<) 0.02 0.0to 4.2

* The treatment phase was defined as the period from randomization to 7 days after the last dose of the study drug had
been administered during the last cycle of chemotherapy. P values were calculated with the use of the chi-square test.

P values are reported for the posaconazole group as compared with the pooled fluconazole and itraconazole groups;
related 95% confidence intervals (Cls) are provided when significance was achieved.

T Clinical failure was also defined as randomization without subsequent treatment, which accounted for 7 of the 304 pa-
tients (2%) in the posaconazole group and 6 of the 298 patients (2%) in the fluconazole or itraconazole group. Numbers
of patients in each subcategory do not sum to the total because some patients had more than one type of clinical failure.

1 Amphotericin B was the systemic antifungal agent most frequently administered to patients in both groups.

{§ Seventeen patients in the posaconazole group received amphotericin B intravenously as an alternative to posaconazole;
however, only six of them received it for 4 consecutive days or more or for 10 days in total.

The difference in the incidence of breakthrough
fungal infections during the treatment phase re-
sulted predominantly from the significantly lower
incidence of invasive aspergillosis in the posacon-
azole group than in the fluconazole or itracon-
azole group, which was consistent with the supe-
rior antifungal activity of posaconazole against
aspergillus species. However, the incidence of as-
pergillosis among patients who had received itra-
conazole prophylaxis was unexpectedly high and
was similar to that in the fluconazole group.

In our trial, throat and stool surveillance cul-
tures were collected on a weekly basis. The reduc-
tion in the incidence of fungal colonization after
prophylaxis was similar for the three study drugs.
Furthermore, there was no apparent trend toward
selection of azole-resistant colonizing yeast strains,
although further observation is warranted.

The value of less rigorous end points — such
as the time to antifungal treatment or mortality
attributable to fungal infection — remains an
issue of debate.** As compared with fluconazole
or itraconazole, however, posaconazole prophy-
laxis resulted in a significant delay of empirical
antifungal treatment and a significantly improved
rate of survival without proven or probable inva-

sive fungal infection. Since the numbers of pa-
tients needed to treat to prevent one invasive
fungal infection or one death are low (16 and 14,
respectively), the benefit of posaconazole prophy-
laxis seems to outweigh the risks of toxic effects
and selection of resistant organisms, which are
inherent in prophylactic drug regimens, and to
justify the cost.

Adverse events during treatment were similar
with posaconazole and fluconazole. As expected,
patients treated with itraconazole had gastro-
intestinal symptoms more frequently than did pa-
tients receiving fluconazole or posaconazole. Al-
though certain serious adverse events — including
a decreased ejection fraction, prolongation of the
QT or QTc interval, and torsades de pointes —
were each reported in one patient receiving
posaconazole, the open nature of our study and
the prevailing perception of fluconazole as a safe
drug cannot be ruled out as an influence in deter-
mining any possible relation with posaconazole.

In summary, prophylaxis with posaconazole
was superior to prophylaxis with fluconazole or
itraconazole in the prevention of proven or proba-
ble invasive fungal infection and resulted in lower
mortality from any cause and longer survival free
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Table 4. Summary of Serious Adverse Events.*

Event possibly or probably related to treatment

Total 19 (6)
Bilirubinemia 5(2)
Increased hepatic enzymes 3(1)
Increased alanine aminotransferase 1(<1)
Hepatic failure 1(<1)
Hepatitis 1(<1)
Hepatocellular damage 1(<1)
Jaundice 1(<1)
Diarrhea 1(<1)
Atrial fibrillation 1(<1)
Syncope 2 (1)
Decreased ejection fraction 1(<1)
QT or QTc prolongationz: 1(<1)
Torsades de pointes 1(<1)
Diplopia 0

Posaconazole

Event (N=304)

Any eventy
Total 159 (52)
Neutropenia 22 (7)
Gastrointestinal hemorrhage 8 (3)
Bilirubinemia 7(2)
Hypotension 10 (3)
Cardiac failure 6(2)
Cardiac arrest 4 (1)
Cardiorespiratory arrest 4(1)
Atrial fibrillation 2(1)

Fluconazole
or ltraconazole Fluconazole Itraconazole
(N=298) (N=240) (N=58)

number of patients (percent)

175 (59) 143 (60) 32 (55)
23 (8) 18 (8) 5(9)
3 (1) 2 (1) 1(2)
5(2) 4(2) 1(2)
21 (7) 17 (7) 4(7)
3 (1) 3(1) 0
6(2) 5(2) 1(2)
5(2) 4(2) 1(2)
6(2) 5(2) 1(2)
6 (2) 4(2) 2(3)
3 (1) 2 (1) 1(2)
1(<1) 1(<1) 0
1(<1) 0 1Q2)
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
1(<1) 1(<1) 0

* Events are listed for the period from randomization until 30 days after the last dose of the study drug had been admin-
istered. For a complete listing, see the Supplementary Appendix. Numbers for subentries may not sum to the total
numbers because patients could have more than 1 event. QTc denotes the QT interval corrected for heart rate.

T Events listed are those with a 2% or greater incidence in the posaconazole group or in the fluconazole or itraconazole group.

i Prolongation was defined as a period of more than 450 msec for men and more than 470 msec for women.

from proven or probable invasive fungal infection.
Thus, posaconazole prophylaxis may be a useful
addition to the standard of care for patients with
acute myelogenous leukemia or myelodysplastic
syndromes who are undergoing remission-induc-

tion chemotherapy.

The study was funded by the Schering-Plough Research In-
stitute.

Dr. Cornely reports receiving grant support from Astellas
Pharma, Basilea Pharmaceutica, Gilead, Merck, Pfizer, Schering-
Plough, and Vicuron Pharmaceuticals; receiving fees for serving

as an adviser to Astellas Pharma, Basilea Pharmaceutica, Gilead,
Merck, Nektar Therapeutics, Pfizer, Schering-Plough, Vicuron
Pharmaceuticals, and Zeneus Pharma; and serving on a speakers’
bureau for Astellas Pharma, Gilead, Merck, Pfizer, and Schering-
Plough. Dr. Maertens reports receiving lecture fees and consulting
fees or advisory board fees from Astellas Pharma, Biogen, Bio-Rad,
Gilead, Merck, Pfizer, Schering-Plough, and Zeneus Pharma. Dr.
Winston reports receiving grant support from Astellas Pharma,
Schering-Plough, and ViroPharma. Dr. Perfect reports serving as
a consultant and receiving honoraria from Astellas Pharma, Enzon,
Merck, Pfizer, Pliva, and Schering-Plough and receiving grant
support from Schering-Plough and Merck. Dr. Ullmann reports
receiving grant support from Schering-Plough; fees for serving

N ENGLJ MED 356;4 WWW.NEJM.ORG JANUARY 25, 2007

Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission.
Copyright © 2007 Massachusetts Medical Society. All rights reserved.

357



358

The NEW ENGLAND JOURNAL of MEDICINE

as an adviser to Astellas Pharma, Basilea Pharmaceutica, Gilead, ~Angulo-Gonzalez report owning stock options in Schering-
Merck, Pfizer, and Schering-Plough; and lecture fees from Astellas  Plough. No other potential conflict of interest relevant to this
Pharma, Gilead, Merck, Pfizer, and Schering-Plough. Dr. Walsh  article was reported.

reports having Cooperative Research and Development Agree- We thank the members of the independent expert panel
ments with Astellas and with Vicuron (now owned by Pfizer). Drs. who helped design the study: Drs. Coleman Rotstein, Eric J.
Hardalo, Suresh, and Angulo-Gonzalez report being employees of Bow, Jeffrey H. Lipton, Michael Laverdiere, and Jean-Pierre
the Schering-Plough Research Institute, and Drs. Hardalo and Moquin.

APPENDIX

The following personnel participated in the clinical trial: Investigators — Peripheral General Hospital of Athens “G. Gennimatas,” Athens — N.
Anagnostopoulos; Robert-Bosch-Krankenhaus, Stuttgart, Germany — W. Aulitzky; Cleveland Clinic Foundation, Cleveland — R. Avery; Hospital das
Clinicas da Universidade de Marilia, Marilia, Sdo Paulo — R. Baldissera; University of California, San Diego — A. Bashey; Kansas University Medical
Center, Kansas City — D. Bodensteiner; Health Sciences Centre, Winnipeg, MB, Canada — E.J. Bow; Westmead Hospital, Westmead, Sydney — K.
Bradstock; HealthONE Presbyterian and St. Luke’s Hospital, Denver — M. Brunvand; Hospital Instituto Ecuatoriano de Seguridad Social-Carlos Andrade
Marin, Quito, Ecuador — C. Canizares; Instituto Portugues de Oncologia-Lisboa, Lisbon, Portugal — S. Carvalho; Instituto Nacional de Enfermedades
Neoplasicas, Lima, Peru — L. Casanova; Sanatorio Parque, Rosario, Sante Fe, Argentina — 1. Cerutti; Harper Hospital|Wayne State University, Detroit
— DP. Chandrasekar; Hackensack University Medical Center, Hackensack, N] — C. Cicogna; Royal North Shore Hospital, St. Leonards, Sydney — L.
Coyle; Oregon Health Sciences University, Portland — P. Curtin; Academisch Ziekenhuis Groningen, Groningen, the Netherlands — S.M.G.J. Daenen;
Centre Hospitalier Universitaire de Lille, Hopital Claude Huriez, Lille, France — S. De Botton; Universitair Medisch Centrum Utrecht, Utrecht, the Netherlands
— A.W. Dekker; West Virginia University, Morgantown — S. Ericson; University Hospital Olomouc, Olomouc, Czech Republic — E. Faber; Instituto
Oncologico Nacional de Panama, Panama City, Panama — E. Fanilla; University Clinic of Innsbruck, Innsbruck, Austria — G.A. Gastl; Instituto Guatemalteco
de Seguridad Social, Guatemala City, Guatemala — F. Godinez; Hospital Universitario Dr. ].E. Gonzalez, Monterrey, Nuevo Leon, Mexico — D. Gomez-
Almaguer; University of Kentucky, Lexington — R. Greenberg; University of South Florida, H. Lee Moffitt Cancer Center, Tampa — J. Greene; Tufts—
New England Medical Center, Boston — S. Hadley; Hospital Nacional Guillermo Almenara Irigoyen, Lima, Peru — C. Herrera; Medical College of Georgia,
Augusta — J. Hiemenz; Akademiska Hospital, Uppsala, Sweden — M. Hoglund; Glasgow Royal Infirmary, Glasgow, United Kingdom — T. Holyoake;
Copenhagen University Hospital, Rigshospitalet, Copenhagen East, Denmark — D. Hovgaard; University of Michigan Medical Center, Ann Arbor — A.
Jakubowiak; Instituto de Cancerologia Clinica las Americas, Medellin, Colombia — A. Karduss; University Clinic of Vienna, Vienna — P. Knoebl; Bone
Marrow Transplant Center—Presidio Ospedaliero R. Binaghi, Cagliari, Italy — G. La Nasa; Hospital 12 de Octubre, Madrid — J.J. Lahuerta; Emory
University, Winship Cancer Institute, Atlanta — A. Langston; Hopital Maisonneuve-Rosemont, Montreal — M. Laverdiere; Princess Margaret Hospi-
tal-University Health Network, Toronto — J.H. Lipton; Karolinska University Hospital Huddinge, Stockholm — P. Ljungman; Hospital Universitario
Ramén y Cajal, Madrid — J. Lopez; Instituto Nacional de Ciencias Medicas y Nutricion, Mexico City, Mexico — X. Lopez-Karpovitch; Hospital Solca
Guayaquil, Guayaquil, Ecuador — B. Maldonado; Scripps Clinic, La Jolla, CA — J. Mason; Hospices Civils de Lyon, Hopital Edouard Herriot, Lyon, France
— M. Michallet; Ospidaliero Ferrarotto, Catania, Italy — G. Milone; Fundaleu Instituto de Transplante de Medula, Buenos Aires — G. Milone; Instituto de
Transplante de Medula Osea, La Plata, Argentina — J. Milone; Hopital du Sacre-Coeur, Montreal — J.-P. Moquin; Loyola University Medical Center, May-
wood, IL — K. Mullane; Ospedale la Maddalena, Palermo, Italy — M. Musso; Ospedale Niguarda-Ca Grande Milano, Milan — A. Nosari; Hospital
Universitario Clementino Fraga Filho, Rio de Janeiro — M. Nucci; University Hospital of Wales, Cardiff, United Kingdom — C. Poynton; University of
Texas M.D. Anderson Cancer Center, Houston — 1. Raad; University of Florida College of Medicine, Gainesville— V. Reddy; Christiana Care Health System,
Newark, DE — J. Reinhardt; Hospital Central de las Fuerzas Armadas y Policia Nacional, Santo Domingo, Dominican Republic — C. Rodriguez; Ham-
ilton Health Sciences Corporation—McMaster, Hamilton, ON, Canada — C. Rotstein; Hospital Clinic i Provincial, Barcelona — M. Rovira; Hospital Luis
Calvo Mackenna, Santiago, Chile — M.E. Santolaya; University of Pennsylvania, Philadelphia — M. Schuster; Alfred Hospital, Prahran, Victoria, Aus-
tralia — A. Schwarer; Cruz Roja Ecuatoriana, Quito, Ecuador — J. Sghirla; Pretoria Academic Hospital-Oncology, Pretoria, South Africa — C. Slabber;
Hospital Amaral Carvalho, Jau, Sdo Paulo — M. Souza; Hospital de Clinicals da Universidade Federal do Parana, Curitiba, Parana, Brazil — F. Telles;
Louisiana State University Medical Center, Shreveport — F. Turturro; Hospital Rosales, San Salvador, El Salvador — H. Valencia; University of Minne-
sota School of Medicine, Minneapolis — J.-A. van Burik; Baylor University Medical Center, Dallas — E. Vance; Hospital Universitario de Salamanca,
Salamanca, Spain — L. Vazquez; Centro Medico Nacional “La Raza” Hospital de Especialidades, Mexico City, Mexico — J. Vela-Ojeda; University District
Hospital, San Juan, Puerto Rico — E. Velez-Garcia; Peter MacCallum Cancer Institute, East Melbourne, Victoria, Australia — M. Wolf; Peripheral University
General Hospital of Patras, Patras, Greece — N. Zoumbos; Data Review Committee — National Cancer Institute, Bethesda, MD — T.J. Walsh, M.
Roden; Georgetown University Hospital, Washington, DC — C.E. Gonzales; Dallas Veterans Affairs Medical Center, Dallas — S. Revankar.

REFERENCES

1. Rotstein C, Bow EJ, Laverdiere M, Ioan-  and Treatment of Cancer (EORTC). Clin vey of invasive aspergillosis in haemato-

nou S, Carr D, Moghaddam N. Random-
ized placebo-controlled trial of flucon-
azole prophylaxis for neutropenic cancer
patients: benefit based on purpose and
intensity of cytotoxic therapy. Clin Infect
Dis 1999;28:331-40.

2. Winston DJ, Chandrasekar PH, Laza-
rus HM, et al. Fluconazole prophylaxis of
fungal infections in patients with acute
leukemia: results of a randomized placebo-
controlled, double-blind, multicenter trial.
Ann Intern Med 1993;118:495-503.

3. Viscoli C, Girmenia C, Marinus A, et al.
Candidemia in cancer patients: a prospec-
tive, multicenter surveillance study by the
Invasive Fungal Infection Group (IFIG) of
the European Organization for Research

Infect Dis 1999;28:1071-9.

4. Lin §J, Schranz J, Teutsch SM. Asper-
gillosis case-fatality rate: systematic review
of the literature. Clin Infect Dis 2001;32:
358-66.

5. Boutati EI, Anaissie EJ. Fusarium, a sig-
nificant emerging pathogen in patients
with hematologic malignancy: ten years’
experience at a cancer center and implica-
tions for management. Blood 1997;90:999-
1008.

6. Roden MM, Zaoutis TE, Buchanan WL,
et al. Epidemiology and outcome of zygo-
mycosis: a review of 929 reported cases.
Clin Infect Dis 2005;41:634-53.

7. Denning DW, Marinus A, Cohen J, et
al. An EORTC multicentre prospective sur-

logical patients: diagnosis and therapeutic
outcome. J Infect 1998;37:173-80.

8. Bow EJ, Loewen R, Cheang MS, Schact-
er B. Invasive fungal disease in adults un-
dergoing remission-induction therapy for
acute myeloid leukemia: the pathogenetic
role of the antileukemic regimen. Clin In-
fect Dis 1995;21:361-9.

9. DPrentice HG, Kibbler CC, Prentice AG.
Towards a targeted, risk-based, antifungal
strategy in neutropenic patients. Br J Hae-
matol 2000;110:273-84.

10. von Eiff M, Roos N, Schulten R, Hesse
M, Zuhlsdorf M, van de Loo J. Pulmonary
aspergillosis: early diagnosis improves sur-
vival. Respiration 1995;62:341-7.

11. Hope WW, Walsh TJ, Denning DW.

N ENGLJ MED 356;4 WWW.NEJM.ORG JANUARY 25, 2007

Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission.

Copyright © 2007 Massachusetts Medical Society. All rights reserved.



POSACONAZOLE ANTIFUNGAL PROPHYLAXIS IN PATIENTS WITH NEUTROPENIA

Laboratory diagnosis of invasive aspergil-
losis. Lancet Infect Dis 2005;5:609-22.

12. Goodman JL, Winston DJ, Greenfield
RA, etal. A controlled trial of fluconazole
to prevent fungal infections in patients
undergoing bone marrow transplantation.
N Engl J Med 1992;326:845-51.

13. Slavin MA, Osborne B, Adams R, et al.
Efficacy and safety of fluconazole pro-
phylaxis for fungal infections after mar-
row transplantation — a prospective, ran-
domized, double-blind study. J Infect Dis
1995;171:1545-52.

14. Cornely OA, Ullmann AJ, Karthaus M.
Evidence-based assessment of primary
antifungal prophylaxis in patients with he-
matologic malignancies. Blood 2003;101:
3365-72.

15. Vardakas KZ, Michalopoulos A, Fala-
gas ME. Fluconazole versus itraconazole
for antifungal prophylaxis in neutropenic
patients with haematological malignan-
cies: a meta-analysis of randomised-con-
trolled trials. Br ] Haematol 2005;131:22-8.
[Erratum, Br ] Haematol 2006;132:665.]
16. Groll AH, Walsh TJ. Posaconazole:
clinical pharmacology and potential for
management of fungal infections. Expert
Rev Anti Infect Ther 2005;3:467-87.

17. Sabatelli F, Patel R, Mann PA, et al. In
vitro activities of posaconazole, flucona-
zole, itraconazole, voriconazole, and am-
photericin B against a large collection of
clinically important molds and yeasts. Anti-
microb Agents Chemother 2006;50:2009-
15.

18. Detraitiene R, Petraitis V, Groll AH, et
al. Antifungal activity and pharmacokinet-
ics of posaconazole (SCH 56592) in treat-
ment and prevention of experimental inva-
sive pulmonary aspergillosis: correlation
with galactomannan antigenemia. Antimi-
crob Agents Chemother 2001;45:857-69.
19. Raad II, Hachem RY, Herbrecht R, et al.

Posaconazole as salvage treatment of in-
vasive fusariosis in patients with underly-
ing hematologic malignancy and other con-
ditions. Clin Infect Dis 2006;42:1398-403.
20. Ullmann AJ, Cornely OA, Burchardt A,
et al. Pharmacokinetics, safety, and effi-
cacy of posaconazole in patients with per-
sistent febrile neutropenia or refractory
invasive fungal infection. Antimicrob
Agents Chemother 2006;50:658-66.

21. van Burik JA, Hare RS, Solomon HF,
Corrado ML, Kontoyiannis DP. Posacon-
azole is effective as salvage therapy in zygo-
mycosis: a retrospective summary of 91
cases. Clin Infect Dis 2006;42:e61-e65.
22. Ascioglu S, Rex JH, de Pauw B, et al.
Defining opportunistic invasive fungal in-
fections in immunocompromised patients
with cancer and hematopoietic stem cell
transplants: an international consensus.
Clin Infect Dis 2002;34:7-14.

23. Reference method for broth dilution
antifungal susceptibility testing of fila-
mentous fungi: approved standard. Wayne,
PA: National Committee for Clinical Labo-
ratory Standards, 2002. (NCCLS document
M38-A.)

24. Reference method for broth dilution
antifungal susceptibility testing of yeasts:
approved standards. Wayne, PA: National
Committee for Clinical Laboratory Stan-
dards, 2002. (NCCLS document M27-A2.)
25. ShenJX, Krishna G, Hayes RN. A sensi-
tive liquid chromatography and mass spec-
trometry method for the determination of
posaconazole in human plasma. J Pharm
Biomed Anal 2007;43:228-36.

26. Moraes LA, Lerner FE, Moraes ME,
Moraes MO, Corso G, De Nucci G. Flucon-
azole bioequivalence study: quantification
by tandem mass spectrometry. Ther Drug
Monit 1999;21:200-7.

27. Compas D, Touw DJ, de Goede PNFC.
Rapid method for the analysis of itracon-

azole and hydroxyitraconazole in serum by
high-performance liquid chromatography.
J Chromatogr B Biomed Appl 1996;687:
453-6.

28. Cancer Therapy Evaluation Program.
Common toxicity criteria manual. Version
2.0. Bethesda, MD: National Cancer Insti-
tute, 1999.

29. Cook RJ, Sackett DL. The number
needed to treat: a clinically useful measure
of treatment effect. BMJ 1995;310:452-4.
[Erratum, BMJ 1995;310:1056.]

30. Kanda Y, Yamamoto R, Chizuka A, et
al. Prophylactic action of oral fluconazole
against fungal infection in neutropenic
patients: a meta-analysis of 16 randomized,
controlled trials. Cancer 2000;89:1611-25.
31. Glasmacher A, Prentice A, Gorschluter
M, etal. Itraconazole prevents invasive fun-
gal infections in neutropenic patients treat-
ed for hematologic malignancies: evidence
from a meta-analysis of 3,597 patients.
J Clin Oncol 2003;21:4615-26.

32. Marr KA, Crippa F, Leisenring W, et
al. Itraconazole versus fluconazole for pre-
vention of fungal infections in patients
receiving allogeneic stem cell transplants.
Blood 2004;103:1527-33.

33. Winston DJ, Maziarz RT, Chandrasek-
ar PH, et al. Intravenous and oral itracon-
azole versus intravenous and oral flucona-
zole for long-term antifungal prophylaxis
in allogeneic hematopoietic stem-cell trans-
plant recipients: a multicenter, randomized
trial. Ann Intern Med 2003;138:705-13.
34. Glasmacher A, Cornely O, Ullmann AJ,
etal. An open-label randomized trial com-
paring itraconazole oral solution with flu-
conazole oral solution for primary pro-
phylaxis of fungal infections in patients
with haematological malignancy and pro-
found neutropenia. J Antimicrob Chemo-
ther 2006;57:317-25.

Copyright © 2007 Massachusetts Medical Society.

brief registration.

FULL TEXT OF ALL JOURNAL ARTICLES ON THE WORLD WIDE WEB
Access to the complete text of the Journal on the Internet is free to all subscribers. To use this Web site, subscribers should go
to the Journal’s home page (www.nejm.org) and register by entering their names and subscriber numbers as they appear on
their mailing labels. After this one-time registration, subscribers can use their passwords to log on for electronic access to the
entire Journal from any computer that is connected to the Internet. Features include a library of all issues since January 1993
and abstracts since January 1975, a full-text search capacity, and a personal archive for saving articles and search results of
interest. All articles can be printed in a format that is virtually identical to that of the typeset pages. Beginning 6 months after
publication, the full text of all Original Articles and Special Articles is available free to nonsubscribers who have completed a

N ENGL ) MED 356;4 WWW.NEJM.ORG

Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission.

JANUARY 25, 2007

Copyright © 2007 Massachusetts Medical Society. All rights reserved.

359



