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ABSTRACT

BACKGROUND
Invasive fungal infections are an important cause of morbidity and mortality after
allogeneic hematopoietic stem-cell transplantation.

METHODS

In an international, randomized, double-blind trial, we compared oral posaconazole
with oral fluconazole for prophylaxis against invasive fungal infections in patients
with graft-versus-host disease (GVHD) who were receiving immunosuppressive ther-
apy. The primary end point was the incidence of proven or probable invasive fungal
infections from randomization to day 112 of the fixed treatment period of the study.

RESULTS

Of a total of 600 patients, 301 were assigned to posaconazole and 299 to flucon-
azole. At the end of the fixed 112-day treatment period, posaconazole was found to
be as effective as fluconazole in preventing all invasive fungal infections (incidence,
5.3% and 9.0%, respectively; odds ratio, 0.56; 95 percent confidence interval [CI],
0.30 to 1.07; P=0.07) and was superior to fluconazole in preventing proven or prob-
able invasive aspergillosis (2.3% vs. 7.0%; odds ratio, 0.31; 95% CI, 0.13 to 0.75;
P=0.006). While patients were receiving study medications (exposure period), in
the posaconazole group, as compared with the fluconazole group, there were fewer
breakthrough invasive fungal infections (2.4% vs. 7.6%, P=0.004), particularly in-
vasive aspergillosis (1.0% vs. 5.9%, P=0.001). Overall mortality was similar in the
two groups, but the number of deaths from invasive fungal infections was lower in
the posaconazole group (1%, vs. 4% in the fluconazole group; P=0.046). The inci-
dence of treatment-related adverse events was similar in the two groups (36% in the
posaconazole group and 38% in the fluconazole group), and the rates of treatment-
related serious adverse events were 13% and 10%, respectively.

CONCLUSIONS

Posaconazole was similar to fluconazole for prophylaxis against fungal infections
among patients with GVHD. It was superior in preventing invasive aspergillosis and
reducing the rate of deaths related to fungal infections. (ClinicalTrials.gov number,
NCT00034645.)
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NVASIVE FUNGAL INFECTIONS REMAIN ONE
of the leading causes of death among recipi-
ents of hematopoietic stem-cell transplants.’3
In these patients, factors associated with compli-
cations resulting from transplantation, such as
prolonged neutropenia, graft failure, immunosup-
pression, and graft-versus-host disease (GVHD),
increase the risk of an invasive fungal infection.*-°

Randomized, controlled trials have shown the
superiority of fluconazole over placebo for the
prevention of fungal infections, primarily those
caused by candida species, after hematopoietic
stem-cell transplantation. Fluconazole prophylaxis
reduces both fungal-infection—related and overall
mortality”® and has become a standard of care
for antifungal prophylaxis after the first 100 days
of the post-transplantation period in recipients
of hematopoietic stem-cell transplants.”-

The incidence of infections caused by aspergil-
lus species among recipients of hematopoietic
stem-cell transplants ranges from 3 to 14%,%10-14
with the peak occurrence after hematopoietic re-
covery associated with GVHD and immunosup-
pressive therapy.t*+1°-15 So far, no prophylactic
strategies for the prevention of mold infections
during this period of risk have been validated in
randomized, controlled trials. The lack of estab-
lished prophylactic measures for these patients
underscores the need for options for broad-spec-
trum, well-tolerated antifungal prophylaxis for
this population.

Posaconazole is an extended-spectrum triazole
with in vitro activity against a broad spectrum of
fungi'®'® and clinical activity against various
fungal pathogens, including aspergillus species,
candida species, zygomycetes, and fusarium spe-
cies.’21 On the basis of this broad spectrum of
antifungal activity, we compared posaconazole
with fluconazole for efficacy, safety, and tolera-
bility in the prevention of invasive fungal infec-
tions among recipients of allogeneic hematopoi-
etic stem-cell transplants with GVHD who were
receiving immunosuppressive therapy.

METHODS

STUDY DESIGN

The study was a phase 3, randomized, multicenter,
double-blind and double-dummy, parallel-group,
multinational trial comparing posaconazole with
fluconazole for prophylaxis against invasive fun-
gal infections in high-risk patients with GVHD

after allogeneic hematopoietic stem-cell trans-
plantation. The trial was conducted from March
1999 through February 2003. The study protocol
and informed-consent form were reviewed and
approved by an independent ethics committee or
institutional review board at each study site. Writ-
ten informed consent was obtained from all par-
ticipants before the initiation of any study-related
activities. An independent data review committee
of eight physicians with expertise in opportunis-
tic infections in transplant recipients reviewed all
suspected and documented fungal infections in a
blinded fashion and classified the infections ac-
cording to consensus criteria.??

The study was designed in part by the academ-
ic authors and in part by a clinical team of em-
ployees of the sponsor. All authors, except those
employed by the sponsor, gathered the clinical
data. The sponsor was responsible for the analy-
sis of the data. All authors contributed to the writ-
ing of the manuscript. All authors also had full
access to the primary data and to the analysis,
and all vouch for the accuracy and completeness
of the reported data.

PATIENTS
Male and female patients 13 years of age or older
and weighing more than 34 kg (75 1b) who had
undergone allogeneic hematopoietic stem-cell
transplantation were eligible to participate in the
study if they had either acute GVHD, grade II to
IV, or chronic extensive GVHD,23:2# or if they were
being treated with intensive immunosuppressive
therapy consisting of either high-dose corticoste-
roids (21 mg per kilogram of body weight per
day for patients with acute GVHD or >0.8 mg per
kilogram every other day for patients with chronic
GVHD), antithymocyte globulin, or a combination
of two or more immunosuppressive agents or types
of treatment. Patients were excluded if they had a
history of proven or probable mold infections or
a suspected invasive fungal infection at baseline,
clinically significant hepatic dysfunction as indi-
cated by elevated alanine aminotransferase or as-
partate aminotransferase levels or both (>10 times
the upper limit of the normal range), or renal
dysfunction. Patients were also excluded if they
required medications known to interact with
azoles.?® For a detailed description of the inclusion
and exclusion criteria, see the Supplementary Ap-
pendix (available with the full text of this article
at www.nejm.org).
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STRATIFICATION AND RANDOMIZATION

Patients were stratified according to GVHD status
at baseline and were randomly assigned to receive
posaconazole oral suspension (Noxafil, Schering-
Plough), at a dose of 200 mg three times daily
plus placebo capsules once daily, or fluconazole
capsules (Diflucan, Pfizer), at a dose of one 400-mg
encapsulated tablet orally once daily plus placebo
oral suspension three times daily, for the expected
112-day fixed treatment period of the study. After
randomization, patients were treated for up to
112 days or until a protocol-specified end point
(a breakthrough invasive fungal infection, an ad-
verse event requiring discontinuation of the study
medication, or death) was reached. Patients who
discontinued treatment for reasons other than
death were followed for the full 112 days. The
period from the first dose of the study drug to
7 days after receipt of the last dose was defined as
the exposure period. Patients or physicians could
interrupt the study medication for up to 5 con-
secutive days.

EFFICACY END POINTS
The primary efficacy end point was the incidence
of proven or probable invasive fungal infections,??
as adjudicated by the data review committee in a
blinded fashion, during the period from random-
ization to day 112 (the treatment period) in the
intention-to-treat population (patients who had
given informed consent and undergone random-
ization). For the primary end point, failure of pro-
phylaxis was defined as the development of an
invasive fungal infection during the fixed treat-
ment period.

Other end points were based on cases adjudi-
cated by the data review committee and included
the following: the incidence of proven or probable
aspergillosis during the treatment period in the
intention-to-treat population, the incidence of
breakthrough proven or probable invasive fungal
infections during the exposure period, the time
to the occurrence of an invasive fungal infection,
the overall mortality in the intention-to-treat
population, and mortality attributable to fungal
infection in the intention-to-treat population.
Deaths occurring at any time during the study
were included in the mortality analysis. The cause
of death was assessed by the investigators and
was attributed to intercurrent illness, drug-related
adverse events, GVHD progression, complications
of an invasive fungal infection, or other causes

that could not be categorized. If a patient was
unable to continue taking the assigned study
medication or had a probable or proven invasive
fungal infection,?? treatment with the study drug
was discontinued, and the patient was treated ac-
cording to the local standard of care for antifun-
gal therapy.

Laboratory evaluations for susceptibility to fun-
gal isolates and testing for colonization were
performed every 2 weeks by a designated labora-
tory.22?7 Immunoassays for the detection of as-
pergillus galactomannan antigen in serum (Plate-
lia Aspergillus EIA, Bio-Rad Laboratories) were
performed at the central laboratory.?® Fungal col-
onization at baseline and colonization at the end
of therapy were compared. An increase of more
than 4 times the minimum inhibitory concentra-
tion was considered a clinically significant change
in susceptibility. Plasma concentrations of posacon-
azole were determined with the use of a validated
method of liquid chromatography—tandem mass
spectrometry.?®

SAFETY ASSESSMENT
The safety and tolerability of the study drugs were
assessed in all patients who underwent random-
ization. The assessment was based on paired elec-
trocardiographic and laboratory evaluations and
evaluation for changes in clinical signs and symp-
toms. Patients were monitored for 16 weeks (the
fixed 112-day treatment period) and were followed
for an additional 8 weeks; the total of 24 weeks
was considered the observation period. Adverse
events were characterized according to the Nation-
al Cancer Institute’s Common Toxicity Criteria
(version 2.0, revised March 23, 1998). Reasons for
early discontinuation of the study treatment were
recorded.

STATISTICAL ANALYSIS
At the time of the initiation of the study, the in-
cidence of invasive fungal infections among pa-
tients with GVHD who were receiving fluconazole
was not known. The study was designed with
90% power at a significance level of 0.05 to detect
a risk ratio of 2 or more, assuming an overall inci-
dence of invasive fungal infection of 15%. The
design required 93 invasive fungal infections and
a total of approximately 600 patients.

The primary analysis was a comparison of the
incidence rates of proven or probable invasive
fungal infections during the period from random-
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Table 1. Demographic and Baseline Clinical Characteristics of the Patients and Risk Factors for Invasive Fungal Infections.*
Characteristic Fixed Treatment Period
Posaconazole  Fluconazole
Group Group
(N=301) (N=299) P Valuet
Age
Mean —yr 42.2 40.4 0.07
Range —yr 13-72 13-70
13 to <18 yr — no. (%) 4(1) 8 (3)
18 to <65 yr— no. (%) 292 (97) 286 (96)
265 yr — no. (%) 5(2) 5(2)
Male sex — no. (%) 203 (67) 187 (63) 0.23
Primary underlying diagnosis — no. (%)
Chronic myelogenous leukemia 98 (33) 104 (35) 0.60
Acute myeloid leukemia 81 (27) 66 (22) 0.18
Non-Hodgkin’s lymphoma 40 (13) 35 (12) 0.62
Acute lymphoblastic leukemia 25 (8) 36 (12) 0.14
Myelodysplastic disorder 19 (6) 13 (4) 0.36
Chronic lymphoblastic leukemia 10 (3) 11 (4) 0.83
Multiple myeloma 10 (3) 12 (4) 0.67
Aplastic anemia 8 (3) 7(2) 1.0
Hodgkin’s lymphoma 2(1) 7(2) 0.11
Other 12 (4) 9(3) 0.66
None 0 1(<1)
GVHD class — no. (%)
Acute
Grade | 3(1) 1(<1) 0.62
Grade Il 135 (45) 136 (45) 0.94
Grade lll 52 (17) 54 (18) 0.83
Grade IV 12 (4) 6(2) 0.23
Chronic limited 2 (1) 1(<1) 1.0
Chronic extensive 96 (32) 99 (33) 0.79
Missing data 1(<1) 2(1)

ization to day 112 in the two treatment groups.
As stated in the protocol, the evaluation of effi-
cacy occurred in two stages. First, the noninferi-
ority of posaconazole to fluconazole was assessed.
If noninferiority was demonstrated, then the su-
periority of posaconazole to fluconazole was as-
sessed. This two-stage process allowed for control
of the type I error rate. Furthermore, adjustment
for the two prespecified, unequally spaced inter-
im analyses resulted in 95.01% confidence inter-
vals (CIs, hereafter called 95% CI) in the final
analysis.

Posaconazole was considered to be noninferior
to fluconazole, with respect to the primary effi-

cacy end point, on the basis of evaluations of all
patients if the upper limit of the 95% CI for the
adjusted odds ratio did not exceed a maximum
value corresponding to a relative difference of 15
percentage points from the observed incidence
rates in the fluconazole group. The 95% CI of
Mantel-Haenszel odds ratios, adjusted for the
stratification factor (acute vs. chronic GVHD),
were computed for the effect of treatment on the
incidence of proven or probable invasive fungal
infections.

The incidence of proven or probable aspergil-
losis during the fixed treatment period in the
intention-to-treat population and the incidence of
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Table 1. (Continued.)

Characteristic

Days from transplantation to baseline
<30 —no. (%)
30-60 — no. (%)
61-100 — no. (%)
2101 — no. (%)
Missing data — no. (%)
Mean — no.
Median — no.
Range — no.
Aspergillus galactomannan antigen index — no. (%)
Positive (20.5)
Negative
Missing data
Corticosteroids — no. (%)§
>2.0 mg/kg/day
<2.0 but 21.0 mg/kg/day
<1.0 mg/kg/day
Missing data
None

No. of immunosuppressive agents used — no. (%)

None
Days of prior antifungal therapy before first dose
Mean
Median
Range

Fixed Treatment Period
Posaconazole  Fluconazole

Group Group
(N=301) (N=299) P Valuet

45 (15) 37 (12)

98 (33) 103 (34)

32 (11) 37 (12)

124 (41) 121 (40)
2(1) 1(<1)
156.1+£222.2 171.6+262.3 0.46
63 64

0-1858 0-1692

21 (7) 30 (10) 0.19
259 (86) 243 (81)

21 (7) 26 (9)

41 (14) 32 (11) 032
107 (36) 129 (43) 0.07
142 (47) 127 (42) 0.25

10 (3) 10 (3)

1 (<1) 1 (<1)

64 (21) 48 (16) 0.12
151 (50) 168 (56) 0.14

85 (28) 82 (27) 0.86

1(<1) 1(<1)

26.4+39 35.3+82 0.09

16 19

0-254 0-1002

* Plus—minus values are means +SD. For information on the baseline characteristics of the patients during the exposure
period, see the Supplementary Appendix (available with the full text of this article at www.nejm.org).
7 P values for continuous variables were calculated with Student’s t-test; P values for categorical variables were calculated

with Fisher’s exact test.
I Some patients had multiple primary diagnoses.

§ The corticosteroids used were methylprednisolone or equivalents.

breakthrough proven or probable invasive fungal
infections during the exposure period were evalu-
ated in a similar manner, with the use of the
Mantel-Haenszel method. The time to invasive
fungal infection, the time to death, and the time
to death related to invasive fungal infection were
evaluated with the use of the Kaplan—-Meier
method, and between-group comparisons were
performed with the use of the log-rank test.

RESULTS

STUDY POPULATION

Patients were enrolled during the 4-year study
period at 90 centers worldwide. A total of 600
patients underwent randomization (301 patients
assigned to posaconazole, and 299 to fluconazole)
and were included in the intention-to-treat popu-
lation. Approximately 40% of the patients under-
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went randomization in the United States. Of the
600 patients, 291 received at least one dose of
posaconazole, and 288 received at least one dose
of fluconazole. The duration of treatment was sim-
ilar in the two groups. Patients in the posacon-
azole group were treated for a mean of 80 days
(median, 111; range, 1 to 138), and those in the
fluconazole group were treated for a mean of 77
days (median, 108; range, 1 to 130).

The demographic characteristics and the se-
lected risk factors for invasive fungal infections
were similar in the two groups (Table 1). The
majority of patients had two or more known risk
factors for invasive fungal infections; the two
groups appeared to be balanced with respect to
these risk factors. Few patients (£5%) had a his-
tory of invasive yeast or mold infection, and none
were considered to have evidence of proven or
probable invasive fungal infections at baseline
or were receiving secondary prophylaxis.

EFFICACY

A total of 175 cases of suggestive invasive fungal
infections were submitted to the independent data
review committee for adjudication. Of these 175
cases, 62 were judged to be proven or probable in-
fections occurring during the 24-week observation
period (overall incidence, 10%); 43 of the cases oc-
curred during the treatment period from random-
ization to day 112, and 19 occurred after day 112.

The incidence of invasive fungal infections dur-
ing the fixed treatment period (the primary end
point) was 5.3% in the posaconazole group and
9.0% in the fluconazole group (odds ratio for in-
vasive fungal infection in the posaconazole group,
0.56; 95% CI, 0.30 to 1.07). Given the total num-
ber of events, ruling out a 15% relative difference
between the two groups resulted in an odds
ratio of 1.16. Since the upper limit of the CI
(1.07) was less than 1.16, the noninferiority of
posaconazole, as compared with fluconazole,

Table 2. Proven or Probable Invasive Fungal Infections during the Fixed Treatment Period and the Exposure Period,
According to Pathogen, among Patients Assigned to a Study Drug.

Pathogen or Pathogen Group

Fixed treatment period
All proven and probable invasive fungal infections*
All invasive aspergillosis
Aspergillus (not otherwise specified)
Aspergillus galactomannan antigen index
A. fumigatus
A. flavus
A. niger
A. terreus
All candida species
C. krusei
C. albicans
C. glabrata
C. parapsilosis
Candida (not otherwise specified)
Other fungi
Pseudallescheria boydii
Rhizomucor miehei
Trichosporon beigelii
Scedosporium prolificans

Mold (not otherwise specified)

Posaconazole Fluconazole
Group Group Odds Ratio
(N=301)

(N=299) P Value

no. (%)

(95% CI)

(9.0)  0.56 (0.30-1.07) 0.07
(7.0 0.31(0.13-0.75) 0.006

N = 2 O = Ul H O N O +H A O O O N U O
H O O H O N O +H H +H H M H H W Ul O U1~ 9
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was established; superiority was not demonstrat-
ed (P=0.07).

The majority of the invasive fungal infections
occurring during the fixed treatment period were
invasive aspergillosis (Table 2). In other analyses,
posaconazole was superior to fluconazole in re-
ducing the incidence of proven or probable asper-
gillosis (odds ratio, 0.31; 95% CI, 0.13 to 0.75;
P=0.000) during the treatment period and was
superior to fluconazole in reducing the incidence
of breakthrough proven or probable invasive fun-
gal infections (odds ratio, 0.30; 95% CI, 0.12 to
0.71; P=0.004) and invasive aspergillosis during
the exposure period (odds ratio, 0.17; 95% CI,
0.05 to 0.57; P=0.001). Rates of invasive fungal

infections in the two groups during the fixed
treatment period, according to selected risk fac-
tors considered to be predictive of such infections,
are shown in Table 3. In general, the results of
this subgroup analysis were consistent with the
overall results.

Among patients for whom the results of phar-
macokinetic testing were available, the mean con-
centration of posaconazole was 1470 ng per
milliliter (coefficient of variation, 57%) in the 82
patients with chronic GVHD and 958 ng per milli-
liter (coefficient of variation, 68%) in the 158 pa-
tients with acute GVHD. Analysis of the time to
invasive fungal infection by the Kaplan—Meier
method showed a delay in the onset of infections

Table 2. (Continued.)

Pathogen or Pathogen Group

Exposure periody
All proven and probable invasive fungal infections*
All invasive aspergillosis
Aspergillus (not otherwise specified)
Aspergillus galactomannan antigen index
A. fumigatus
A. flavus
A. niger
A. terreus
All candida species
C. krusei
C. albicans
C. glabrata
C. parapsilosis
Candida (not otherwise specified)
Other fungi
P. boydii
R. miehei
T. beigelii
S. prolificans
Mold (not otherwise specified)

Posaconazole Fluconazole
Group Group Odds Ratio
(N=291)  (N=288) (95% ClI) P Value
no. (%)

7 (2.4) 22 (7.6) 0.30 (0.12-0.71) 0.004
3 (1.0) 17 (5.9) 0.17 (0.05-0.57) 0.001
0 4

3 4

0 61

0 2

0 0

0 1

1 3

0 1

0 1

1 1

0 0

0 0

3 2

1 0

0 1

1 0

0 0

1 1

* Cases of probable invasive aspergillosis confirmed on aspergillus galactomannan immunossay (Platelia Aspergillus

EIA, Bio-Rad Laboratories) were included in this category.

7 The total numbers of patients for the analysis of invasive fungal infections during the exposure period were 291 in the

posaconazole group and 288 in the fluconazole group.

I An invasive fungal infection that developed in one patient on day 113 (while the patient was receiving the study drug)
was not counted as occurring during the fixed treatment period (the interval beginning on the date of randomization

and ending on day 112).
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Table 3. Incidence of Invasive Fungal Infections during the Fixed Treatment Period, According to Selected Risk Factors.*

Risk Factor

GVHD class
Acute

Grade |
Grade ll
Grade lll
Grade IV
Chronic limited
Chronic extensive
Aspergillus galactomannan antigen index at baseline
Positive (20.5)
Negative
Missing data
Baseline use of corticosteroids (mg/kg/day)T
>2.0
<2.0 but 21.0
<1.0 but 20.4
<0.4 but >0
None
Dose unknown
Cytomegalovirus statusz:
Positive
Negative
No. of immunosuppressive agents used at baseline
1
2
23
None
Region
United States
Not United States

Posaconazole Group Fluconazole Group
(N=301) (N=299)
no. with no. with
invasive fungal invasive fungal
no. infections (%) no. infections (%)
3 0 1 0
135 6 (4) 136 11 (8)
52 5 (10) 54 10 (19)
12 0 6
2 0 1 0
96 5 (5) 99 6 (6)
21 2 (10) 30 7 (23)
259 12 (5) 243 20 (8)
21 2 (10) 26 0
41 4 (10) 32 5 (16)
107 6 (6) 129 13 (10)
108 4 (4) 100 7(0)
34 0 27 1(4)
1 1 0
10 2 (20) 10 1 (10)
96 7(7) 78 11 (14)
205 9 (4) 221 16 (7)
64 5 (8) 48 3 (6)
151 6 (4) 168 16 (10)
85 5 (6) 82 8 (10)
1 0 1 0
117 10 (9) 121 14 (12)
184 6(3) 178 13 (7)

* Additional data on the exposure period are available in the Supplementary Appendix.
T The corticosteroids used were methylprednisolone or equivalents.
1 Cytomegalovirus status was determined by a test for pp65 antigen or by a polymerase-chain-reaction assay.

in the posaconazole group, as compared with
the fluconazole group, during the fixed treatment
period (P=0.048) (Fig. 1). Fewer deaths occurred
in the posaconazole group than in the flucona-
zole group; deaths caused by invasive fungal in-
fections were significantly fewer (P=0.046) in the
posaconazole group (Table 4).

COLONIZATION

In both the posaconazole group and the flucona-
zole group, the principal pathogens were Candida
albicans and C. glabrata. C. krusei was detected in
only four patients treated with fluconazole. The
development of resistance to the study drug oc-
curred more frequently among patients taking
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fluconazole (17%, 4 of 24 patients) than among
those taking posaconazole (5%, 1 of 21 patients).

SAFETY EVALUATION
The safety evaluation included all 600 patients. The
majority of the adverse events were considered by
the investigators to be unrelated to the study treat-
ment. The incidence of adverse events judged to
be related to the study drugs was similar in the
two groups (36% in the posaconazole group and
38% in the fluconazole group) (Table 4).

The frequency of discontinuation of a study
drug because of an adverse event was similar in
the two groups (103 patients [34%)] in the posa-
conazole group and 114 patients [38%] in the
fluconazole group). For detailed information on
discontinuation of a study drug prematurely, see
the Supplementary Appendix. The most common
treatment-related adverse events that led to dis-
continuation of the study drug were those associ-
ated with gastrointestinal disorders. Overall, the
frequency of treatment-related serious adverse
events was similar in the two groups (Table 4).
No single serious, treatment-related adverse event
occurred at a rate higher than 2% in either group.
A high rate of treatment discontinuation occurred
in this study because of the severity of the under-
lying disease; only 46% of the patients in the
posaconazole group and 41% of those in the flu-
conazole group completed the full 16 weeks of
treatment.

DISCUSSION

This large, randomized, multicenter, double-blind
trial showed that posaconazole was as effective as
fluconazole in preventing all invasive fungal dis-
eases in recipients of hematopoietic stem-cell
transplants with severe GVHD who were receiving
immunosuppressive agents during a 16-week pe-
riod. Posaconazole was superior to fluconazole
in the prevention of invasive aspergillosis. Rates
of invasive fungal infections among patients with
chronic GVHD are reported to be as high as 39%.3°
Previous trials of prophylaxis focused on the effi-
cacy of primary prophylaxis only during the early
period (up to day 100) after hematopoietic stem-
cell transplantation.”®3134 The advantage of our
study design is that the patients enrolled were at
high risk for invasive fungal infections as well as
at increased risk for disorders related to the under-
lying disease. Therefore, any potential shortcom-
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Figure 1. Time to Proven or Probable Invasive Fungal Infection.

All events not related to invasive fungal infections were considered censored;
data on all patients were censored as of the end of the treatment period
(day 112). The mean day of the onset of invasive fungal infection was day
102 in the posaconazole group and day 88 in the fluconazole group (P=0.048).

ing in safety would be readily identified in this
population with complicated conditions.
Although a previous study of itraconazole pro-
phylaxis followed patients for up to 180 days,
itraconazole was associated with greater toxic
effects and poorer tolerability than fluconazole,
thus limiting its success.>® In contrast, in our
study, the discontinuation rates in the two groups
were similar. Fluconazole was considered in the
past to be a benchmark for safe antifungal pro-
phylaxis acceptable to patients in the setting of
hematopoietic stem-cell transplantation. In our
study, posaconazole was shown to be as safe and
as acceptable as fluconazole. This finding con-
firms the results of previous studies involving
patients with neutropenia.?® The high incidence
of gastrointestinal abnormalities in both treat-
ment groups was expected, and most of these
events were considered to be related to GVHD.
As in other trials, efficacy was analyzed in the
group of patients who had received at least one
dose of the study medication.”3>3” Not all patients
continued taking the study drug for the planned
duration of 112 days; however, posaconazole was
significantly more effective in preventing invasive
fungal infections during the exposure period than
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Table 4. Treatment-Related Adverse Events and All-Cause Mortality during the Observation Period.*

Event

Adverse events

Total

Headache

Gastrointestinal disorders
Diarrhea
Nausea
Vomiting

Liver and biliary disorders
Bilirubinemia
Increased y-glutamyltransferase
Increased hepatic enzymes

Increased aspartate aminotransferase

Increased alanine aminotransferase
Serious adverse events
Total
Increased hepatic enzymes
Increased y-glutamyltransferase
Hepatocellular damage
Bilirubinemia
Abnormal hepatic function
Vomiting

Nausea

Posaconazole Group Fluconazole Group
(N=301) (N=299)
no. (%)

107 (36) 115 (38)
3 8(3)
8 (3) 12 (4)
22 (7) 28 (9)
13 (4) 15 (5)
8(3) 5(2)
5(3) 7(2)
8(3) 7(2)
8(3) 3()
9(3) 4(1)
40 (13) 29 (10)

6 (2) 1(<1)
5(2) 3(1)

4 (1) 0
3(1) 3(1)
0 3 (1)
4 (1) 1(<1)
4(1) 0

was fluconazole. How long prophylaxis is re-
quired at this stage of disease is not established.
Although previous studies used longer periods of
prophylaxis, the prophylactic regimen was initi-
ated earlier in the disease in these studies than
it was in our study.”83%33

The study was powered under the assumption
that there would be 93 invasive fungal infections.
However, only 43 cases were observed at the time
of the final analysis, making it difficult to show
significant differences. Given this outcome, the
finding of noninferiority can be considered
strengthened. The overall incidence of invasive
fungal infections in the study was lower than
incidences reported in other studies.>3° This low
incidence may be explained, in part, by the rela-
tively short duration of prophylaxis and by the
fact that all study patients received prophylaxis.
Many patients with GVHD remain at risk for
much longer periods, depending on the extent of

the GVHD and the duration of immunosuppres-
sive therapy needed. After the onset of GVHD,
invasive fungal infections developed later among
patients receiving posaconazole at any time after
transplantation than among those receiving flu-
conazole, underscoring the prophylactic effect of
this agent. The superiority of posaconazole in
preventing invasive aspergillosis reflects the lack
of activity of fluconazole against filamentous fun-
gi, which are the major fungal pathogens affect-
ing patients with GVHD.»3# The demographic
and clinical characteristics of the patients, includ-
ing baseline risk factors for infection, did not
differ significantly between the two groups; the
results were therefore not influenced by differ-
ences in the baseline risk of infection.

The effects of factors such as the environment
or compliance with other strategies for fungal
prevention could have played an additional role
in the incidence of invasive fungal infections in
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Table 4. (Continued.)

Posaconazole Group Fluconazole Group

Event (N=301) (N=299)
no. (%)
Deaths
All causes
During the observation period 76 (25) 84 (28)
During the fixed treatment period 58 (19) 59 (20)
During the exposure period 22 (8) 24 (8)

Cause of death
Adverse event 39 (13)§ 37 (12)

Invasive fungal infection

Complications of infectioni: 4(1) 12 (4)

Proven or probable infection§ 2 (1) 11 (4)

Possible infection 2 (1) 1(<1)
Progression of underlying disease or GVHD 31 (10) 33 (11)
Other 2(1) 2(1)

* Treatment-related adverse events were those that occurred at a frequency of at least 3% in either of the two groups.
Treatment-related serious adverse events were those that occurred in at least three patients. Actual totals are also shown.
(For further details on treatment-related serious events, see the Supplementary Appendix.) Deaths from all causes were
those that occurred during the 24-week observation period. Invasive fungal infections were adjudicated by the data review
committee in a blinded fashion. The cause of death was assessed by an investigator as one of the following: an invasive
fungal infection, a cause other than an invasive fungal infection but in the presence of an invasive fungal infection, or a
cause other than an invasive fungal infection (without evidence on autopsy of invasive fungal infection or with clinical
evidence of the resolution of an invasive fungal infection).

7 Data are for 291 patients in the posaconazole group and 288 in the fluconazole group. Only one adverse event was con-
sidered by an investigator to be related to the study drug. Ninety days after posaconazole was discontinued, only a single
death from multiple-organ failure occurred after cyclosporine-associated thrombotic thrombocytopenic purpura—like syn-

drome developed; the death was considered by the investigator to be possibly related to treatment with posaconazole.

i P=0.046 by the log-rank test.
§ P=0.01 by the chi-square test.

our study. In addition, patients discontinuing
participation in the study for any reason were
evaluated for the efficacy of treatment; however,
these patients usually received fluconazole during
the observation period, a fact that explains the
similarity between the two groups in the intention-
to-treat population. It would have been unethical
to withhold prophylaxis as standard care.

Although posaconazole provided no advantage
over fluconazole with respect to overall mortality,
a difference in mortality due to invasive fungal
infections was observed, and this finding has
been reported in only a few trials conducted in
different settings.”®32 Some suggest that survival
free of invasive fungal infections should be in-
cluded as a primary end point in a prophylaxis
trial,3>3® but our trial was not powered to dem-
onstrate differences in mortality.

In the majority of the patients in our study,
plasma levels of posaconazole were above the

minimum inhibitory concentration for most fun-
gal pathogens.®'® The low number of break-
through invasive fungal infections in the posacon-
azole group confirms the bioavailability of oral
posaconazole in this patient population. Though
the emergence of fungi with reduced susceptibil-
ity to posaconazole was not detected during the
study period, the development of resistance re-
mains a concern with prophylaxis and warrants
further investigation.

Our study showed that although posaconazole
was as effective as fluconazole in preventing all
invasive fungal infections, it was superior in pre-
venting invasive aspergillosis in a high-risk popula-
tion of patients who had undergone hematopoietic
stem-cell transplantation and in reducing the rate
of death attributable to invasive fungal infections.
Posaconazole should be considered an option for
prophylaxis in patients with severe GVHD.
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CORRECTION

Posaconazole or Fluconazole for Prophylaxis in
Severe Graft-versus-Host Disease

Posaconazole or Fluconazole for Prophylaxis in Severe Graft-versus-
Host Disease . The second sentence of the third paragraph under
Efficacy (page 341) should have read “In other analyses, posacona-
zole was superior to fluconazole in reducing the incidence of proven
or probable aspergillosis (odds ratio, 0.31; 95% CI, 0.13 to 0.75;
P=0.006) during the treatment period and was superior to flucona-
zole in reducing the incidence of breakthrough proven or probable
invasive fungal infections (odds ratio, 0.30; 95% CI, 0.12 to 0.71,;
P=0.004) and invasive aspergillosis during the exposure period (odds
ratio, 0.17; 95% ClI, 0.05 to 0.57; P=0.001)" rather than “invasive as-
pergillosis during the treatment period.” The text has been corrected
on the Journal’s Web site at www.nejm.org.
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