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Background: Allogeneic hematopoietic stem-cell transplant re-
cipients often receive fluconazole or an amphotericin B prepara-
tion for antifungal prophylaxis. Because of concerns about fungal
resistance with fluconazole and toxicity with amphotericin B, al-
ternative prophylactic regimens have become necessary.

Objective: To compare the efficacy and safety of intravenous
and oral itraconazole with the efficacy and safety of intravenous
and oral fluconazole for long-term prophylaxis of fungal infec-
tions.

Design: Open-label, multicenter, randomized trial.
Setting: Five transplantation centers in the United States.

Patients: 140 patients undergoing allogeneic hematopoietic
stem-cell transplantation.

Intervention: Itraconazole (200 mg intravenously every 12
hours for 2 days followed by 200 mg intravenously every 24 hours
or a 200-mg oral solution every 12 hours) or fluconazole (400 mg
intravenously or orally every 24 hours) from day 1 until day 100
after transplantation.

Measurements: Proven invasive or superficial fungal infection,
drug-related side effects, mortality from fungal infection, and
overall mortality.

Results: Proven invasive fungal infections occurred in 6 of 71
itraconazole recipients (9%) and in 17 of 67 fluconazole recipients
(25%) during the first 180 days after transplantation (difference,

—16 percentage points [95% Cl, —29.2 to —4.7 percentage
points]; P = 0.01). Superficial fungal infections occurred in 3 of 71
itraconazole recipients (4%) and in 2 of 67 fluconazole recipients
(3%). In a multivariable analysis using factors known to affect the
risk for invasive fungal infection after hematopoietic stem-cell
transplantation, prophylaxis with itraconazole was still associated
with fewer invasive fungal infections (odds ratio, 0.300 [CI, 0.111
to 0.814]; P= 0.02) caused by either yeasts or molds. More
fungal pathogens were found to be resistant to fluconazole than
to itraconazole. Except for more frequent gastrointestinal side ef-
fects (nausea, vomiting, diarrhea, or abdominal pain) in patients
given itraconazole (24% vs. 9%; difference, 15 percentage points
[Cl, 2.9 to 27.0 percentage points]; P = 0.02), both itraconazole
and fluconazole were well tolerated. The overall mortality rate was
similar in each group (32 of 71 patients in the itraconazole group
[45%] vs. 28 of 67 patients in the fluconazole group [42%];
difference, 3 percentage points [Cl, —13.2 to 19.8 percentage
points]; P> 0.2), but fewer deaths were related to fungal infec-
tion in patients given itraconazole (6 of 71 [9%]) than in patients
given fluconazole (12 of 67 [18%]) (difference, 9 percentage
points [Cl, —20.6 to 1.8 percentage points]; P = 0.13).

Conclusion: Iltraconazole is more effective than fluconazole for
long-term prophylaxis of invasive fungal infections after alloge-
neic hematopoietic stem-cell transplantation. Except for gastroin-
testinal side effects, itraconazole is well tolerated.

Ann Intern Med. 2003;138:705-713.
For author affiliations, see end of text.

www.annals.org

ungal infections have become an increasing cause of

morbidity and death after allogeneic hematopoietic
stem-cell transplantation. Indeed, with better prevention of
cytomegalovirus disease, invasive fungal infections are now
the leading cause of death from infection at many trans-
plantation centers (1,2). Consequently, antifungal agents
are often used for prophylaxis in allogeneic hematopoietic
stem-cell transplant recipients. An amphotericin B formu-
lation or fluconazole has been most commonly used (3—
11). Each of these agents, however, has substantial limita-
tions for prophylaxis. The amphotericin B formulations are
limited by toxicity, and the lipid preparations of ampho-
tericin B can be expensive. Furthermore, the prophylactic
efficacy of standard amphotericin B and the newer lipid
formulations of amphotericin has not been consistently
demonstrated in randomized, controlled trials (1, 5-11).
Routine use of fluconazole for prophylaxis has been asso-
ciated with the emergence of fluconazole-resistant Candida

infections (12-14). Fluconazole also lacks reliable activity
against Aspergillus species, which have now become the pri-
mary cause of invasive fungal infection at many transplan-
tation centers (15, 16).

Itraconazole is an azole antifungal agent that may
overcome some of the limitations of fluconazole and the
amphotericin B formulations as prophylactic agents in al-
logeneic hematopoietic stem-cell transplant recipients. Itra-
conazole has excellent in vitro activity against many oppor-
tunistic fungi that are resistant to fluconazole, including
Aspergillus and some Candida species (17, 18). Itraconazole
is less toxic than the amphotericin B formulations. It is
now available in an oral hydroxypropyl-B-cyclodextrin so-
lution as well as an intravenous formulation. Compared
with itraconazole capsules, itraconazole oral solution is
much better absorbed and has been used successfully for
antifungal prophylaxis in neutropenic patients who had
not received an allogeneic hematopoietic stem-cell trans-
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Context

Fungal infections after allogeneic hematopoietic stem-cell
transplantation are a serious problem. Current prophylactic
regimens are limited by toxicity and the emergence of re-
sistant infections.

Contribution

This open-label randomized trial of 140 patients undergo-
ing stem-cell transplantation found that prophylaxis with
itraconazole for 100 days after transplantation prevented
more invasive fungal infections than did prophylaxis with
fluconazole (absolute difference, —16 percentage points
[95% CI, —29 to —5 percentage points). More fungal
pathogens were resistant to fluconazole. Nausea, vomit-
ing, diarrhea, and abdominal pain were more common in
patients receiving itraconazole.

Implications

Itraconazole is better than fluconazole for preventing inva-
sive fungal infections in allogeneic stem-cell transplant re-
cipients but causes more gastrointestinal side effects.

—The Editors

plant (19-21). Intravenous itraconazole is the only azole
approved for empirical antifungal therapy in febrile neu-
tropenic patients (22). We performed a randomized trial to
compare intravenous and oral itraconazole with intrave-
nous and oral fluconazole for prevention of fungal infec-
tions in allogeneic hematopoietic stem-cell transplant re-
cipients.

METHODS
Patients

Patients of either sex who were 13 years of age or older
and undergoing allogeneic hematopoietic stem-cell trans-
plantation were eligible for the study if they had no history
of an invasive yeast or mold infection within 8 weeks be-
fore initiation of therapy with the study drug. Because of
the paucity of efficacy and safety data on the use of intra-
venous and oral itraconazole in children at the time this
study was initiated, patients younger than 13 years of age
were excluded. Patients with liver enzyme values greater
than five times the upper limit of normal, a bilirubin level
greater than 85.5 umol/L (5.0 mg/dL), an allergy to imi-
dazoles or azoles, or a body temperature greater than
38.0 °C within 48 hours of starting therapy with the study
drug were also excluded. Similarly, patients who had re-
ceived a previous bone marrow or peripheral stem-cell
transplant and patients requiring concomitant therapy with
drugs (rifampin, rifabutin, phenobarbital, phenytoin, car-
bamazepine, midazolam, triazolam, cisapride, terfenadine,
or astemizole) having potential interactions with azole an-
tifungal agents were not eligible for the study. Women
were required to have a negative result on a pregnancy test.
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Informed consent was obtained from each patient or ap-
propriate relative in a manner approved by the institutional
review board at each study center.

Study Drugs and Design

Eligible patients were randomly assigned to receive
prophylaxis with either itraconazole or fluconazole. We
used blocked randomization, which was done in a 1:1 ratio
and stratified by study center. The randomization process
was performed by the pharmacy department at each study
site. The study design was open label because blinding of
intravenous and oral itraconazole against intravenous and
oral fluconazole was technologically impossible at the time
the study was conducted.

Prophylaxis with each study medication was started on
the first day after transplantation. Because a previous trial
had shown both a reduction in fungal infections and im-
proved survival when prophylactic fluconazole was used for
75 days after transplantation (4), use of the study drug was
continued until day 100 after transplantation. Patients ran-
domly assigned to receive itraconazole were initially given
intravenous itraconazole at a loading dose of 200 mg every
12 hours for 2 days, followed by 200 mg every 24 hours for
12 days. Patients were then switched to oral itraconazole
solution at a dose of 200 mg every 12 hours until day 100
after transplantation. Similarly, patients randomly assigned
to receive fluconazole were initially given intravenous flu-
conazole at a dose of 400 mg once daily for 14 days and
were then switched to oral fluconazole tablets at a dose of
400 mg once daily until day 100 after transplantation. If
patients could not take or tolerate oral medications, they
resumed prophylaxis with the intravenous form of the
study drug. The dose of itraconazole was not adjusted in
patients with renal failure. However, if the serum creati-
nine level increased to greater than 354 umol/L (4.0 mg/
dL) during treatment with intravenous itraconazole, pa-
tients were changed to itraconazole oral solution because of
the prolonged elimination rate of intravenous hydroxypro-
pyl-B-cyclodextrin with severe renal impairment. The daily
dose of fluconazole was decreased by 50% for a creatinine
clearance of 0.33 to 0.84 mL/s (20 to 50 mL/min) and by
75% for a creatinine clearance of less than 0.33 mL/s (20
mL/min).

After transplantation, prophylaxis with the study drug
was discontinued if an invasive fungal infection was docu-
mented, a serious adverse event definitely related to the
study drug occurred, or the patient died. Patients with a
documented superficial fungal infection could be treated
with a topical antifungal agent while continuing prophy-
laxis with the study drug. Use of the study drug was
temporarily discontinued when empirical therapy with am-
photericin B was administered for suspected but undocu-
mented fungal infection. After the empirical amphotericin
B therapy was stopped, prophylaxis with the study drug

was resumed.
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Transplantation Regimen

Investigators at each study center were allowed to use
the preparative regimens of chemoradiation therapy and
the immunosuppressive agents for prophylaxis and treat-
ment of graft-versus-host disease that were considered stan-
dard practice at their institutions. Similarly, each study
center used its own standard agents to prevent and treat
bacterial and viral infections. The criteria used to diagnose
and grade graft-versus-host disease have been previously

published (23, 24).

Laboratory Procedures

We obtained complete blood counts with differential
leukocyte count and platelet count, blood urea nitrogen
levels, serum creatinine and electrolyte determinations, uri-
nalyses, and liver function studies (aspartate aminotransfer-
ase, alanine aminotransferase, alkaline phosphatase, and to-
tal bilirubin levels) at study entry, at least once weekly
during the study, and within 3 days of completion of pro-
phylaxis with the study drug. Serum cyclosporine levels,
measured by using high-pressure liquid chromatography,
were also monitored during the study (25). In patients
receiving itraconazole, trough plasma levels of itraconazole
and its active metabolite, hydroxy-itraconazole, were mea-
sured by using high-performance liquid chromatography
on days 3 and 7 of the study and then once every 1 or 2
weeks thereafter (26).

We obtained cultures of the blood and other suspected
sites of fungal infection whenever a patient’s clinical con-
dition suggested the possibility of infection. Chest radiog-
raphy, computed tomography, bronchoscopy, and biopsies
were also done when clinically indicated to diagnose fungal
infection.

We determined minimum inhibitory concentrations
(MICs) of itraconazole and fluconazole for yeast and fila-
mentous fungi isolated from patients with documented
fungal infections to evaluate the possible emergence of re-
sistant organisms. Antifungal susceptibility testing was per-
formed by a central reference laboratory according to
guidelines of the National Committee for Clinical Labora-
tory Standards (27, 28).

Definitions of Fungal Infection

Superficial fungal infections were diagnosed by the iso-
lation of a fungus from the skin, oropharynx, gastrointes-
tinal tract, or vagina in association with signs of inflamma-
tion, ulcerations, plaques, exudates, or other manifestations
of infection not explainable by other pathogens. Invasive
fungal infections were diagnosed by using criteria pub-
lished by the National Institutes of Health Mycoses Study
Group and the European Organization for Research and
Treatment of Cancer (29). The diagnosis of invasive fungal
infection required the presence of fungus in the blood,
pulmonary tissues or secretions, sinuses, soft tissues, or
other organ structures in association with symptoms and
signs of infection not explainable by other pathogens.
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Figure 1. Profile of patients in the study.
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Statistical Analysis

All statistical tests were two tailed. Differences in pro-
portions between treatment groups were compared by us-
ing the Fisher exact test (30). We determined 95% Cls for
differences by using the normal approximation. Compari-
sons of time to specific events in the treatment groups were
performed by using the Kaplan—Meier method and log-
rank test (31). A propensity score method and a stratified
analysis with the Mantel-Haenszel test were used to ana-
lyze multiple factors that might influence the development
of invasive fungal infection (32). P values of 0.05 or less
were considered to be statistically significant.

The primary end point of the study was the incidence
of invasive fungal infection. Other end points were the
incidence of superficial fungal infection, adverse events re-
lated to the study drug, mortality from fungal infection,
and overall survival rates. All patients who received at least
one dose of study drug were included in both the efficacy
and safety analysis (modified intention-to-treat analysis).
Patients were followed until day 180 after transplantation
or time of death. For this study, the incidence of invasive
fungal infection in patients receiving prophylactic flucon-
azole was assumed to be 10%; therefore, itraconazole was
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Table 1. Patient Characteristics

Characteristic Itraconazole Fluconazole
Group Group
(n=71) (n =67)

Median age (range), y 41 (14-63) 38 (17-61)
Sex, n (%)

Male 44 (62) 39 (58)

Female 27 (38) 28 (42)
Underlying disease, n (%)

Acute leukemia 22 (31) 23 (34)

Chronic myelogenous leukemia 24 (34) 25 (37)

Myelodysplastic syndrome 7 (10) 9 (13)

Lymphoma 8(11) 5(8)

Aplastic anemia 8(11) 2(3)

Multiple myeloma 1(1.5) 2(3)

Chronic lymphocytic leukemia 1(1.5) 1)
Donor type, n (%)

Related 54 (76) 35 (52)

Unrelated 17 (24) 32 (48)*
HLA matching, n (%)

Matched 65 (92) 58 (87)

Mismatched 6 (8) 9 (13)
Stem-cell source, n (%)

Bone marrow 57 (80) 59 (88)

Peripheral blood 14 (20) 8(12)
Conditioning regimen, n (%)

Chemotherapy alone 19 (27) 12 (18)
Radiation and chemotherapy 52 (73) 55 (82)
Fungal colonization at baseline, n (%) 21 (30) 29 (43)t

Graft-versus-host disease prophylaxis,
n (%)
Cyclosporine 21 (29) 18 (27)
Cyclosporine and methotrexate 2(3) 2(3)
Cyclosporine and corticosteroids 30 (42) 39 (45)
Cyclosporine, corticosteroids, and
methotrexate 16 (23) 15 (22)
Antithymocyte globulin and
corticosteroids 2(3) 2(3)
Mean duration of neutropenia (neutrophil
count <500 cells X 10°/L [<500
cells/uL] range), d 19 (7-97) 19 (9-42)
Corticosteroids for prevention or
treatment of graft-versus-host
disease, n (%) 59 (83) 58 (87)
Acute graft-versus-host disease, n (%)
None (grades 0-1) 55 (77) 36 (54)
Yes (grades 2-4) 16 (23) 31 (46)%
Chronic graft-versus-host disease, n (%)
None 65 (92) 52 (78)
Yes 6(8) 15 (22)8
Cytomegalovirus disease 1(1.5) 3(4)

* P=10.001 (difference, 24 percentage points [CI, 8.3 to 39.4 percentage
points]).
TP =0.112 (difference, 13 percentage points [CI, —2.2 to 29.6 percentage
points]).
¥ P =0.004 (difference, 23 percentage points [CI, 8.4 to 39.2 percentage
points]).
§ P =0.032 (difference, 14 percentage points [CI, 2.0 to 25.8 percentage
points]).

considered to be noninferior to fluconazole if the difference
in the incidence of invasive fungal infection with itracon-
azole was not more than 15 percentage points higher than
the incidence with fluconazole. A sample size of 65 patients
per study group would be sufficient to show noninferiority
with 82% power at an « level of 0.05 (33).

Role of the Funding Source
The study design was developed jointly by the study
sponsor (Janssen Research Foundation, Titusville, New
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Jersey) and the investigators. The Foundation also pro-
vided clinical research associates for review of data and
comparison with source documentation and established a
contract with PRA International, Charlottesville, Virginia,
for analysis and statistical evaluation of the data. Interpre-
tation of the study results and decisions about publication
of the manuscript were made by the investigators.

REsSULTS
Patient Characteristics

From October 1996 to November 1998, 140 patients
were eligible for study. One patient requiring continuation
of phenytoin therapy for a seizure disorder was excluded
from the study because this drug interacts with azoles. The
140 eligible patients were randomly assigned to receive ei-
ther itraconazole or fluconazole (Figure 1). Two randomly
assigned patients (1 in the itraconazole group and 1 in the
fluconazole group) were subsequently withdrawn from the
study before they had received any study drug and were
excluded from all analyses. Table 1 summarizes the char-
acteristics of the other 138 patients. Seventy-one patients
received itraconazole, and 67 were given fluconazole. The
two groups of patients had similar demographic character-
istics, except that more patients given fluconazole received
stem cells from unrelated donors. The incidence of acute
and chronic graft-versus-host disease was also higher in the
patients given fluconazole. Approximately 85% of the pa-
tients in both study groups were given systemic corticoste-
roids for preventing or treating graft-versus-host disease.
The mean duration of corticosteroid use was 56 days
(range, 2 to 161 days) in the itraconazole group and 67
days (range, 2 to 180 days) in the fluconazole group (P =
0.12).

Study Drug Administration

The mean duration of intravenous administration of
study drug was 26 days (range, 1 to 95 days) in the itra-
conazole group and 22 days (range, 3 to 65 days) in the
fluconazole group. The mean duration of oral administra-
tion of study drug was 52 days (range, 1 to 94 days) in the
itraconazole group and 63 days (range, 2 to 91 days) in the
fluconazole group. Thirteen patients given itraconazole and
13 given fluconazole received intravenous study drug for
more than 30 days.

Fungal Infection

Table 2 summarizes the incidence of proven fungal
infection within 180 days after transplantation. Fungal in-
fection was confirmed in 9 of 71 patients given itracon-
azole (13%) and in 19 of 67 patients given fluconazole
(28%) (difference, —15 percentage points [CI, —29.0 to
—2.4 percentage points]; 2 = 0.03). Invasive fungal infec-
tions of the blood, lungs, or other organs were especially
less frequent in patients receiving prophylactic itracon-
azole. Six of 71 patients given itraconazole (9%) compared
with 17 of 67 patients given fluconazole (25%) had an
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invasive fungal infection (difference, —16 percentage
points [CI, —29.2 to —4.7 percentage points]; P = 0.01).
This difference fulfills the protocol-defined criteria for
noninferiority of itraconazole, since the upper bound
(—4.7 percentage points) of the CI falls within the pre-
defined lower bound of +15 percentage points. Kaplan—
Meier estimates of the percentage of patients in each group
who had a proven invasive fungal infection also showed
that itraconazole was more effective than fluconazole in
preventing invasive fungal infections (? = 0.01) (Figure
2). Similarly, among patients with acute graft-versus-host
disease (grades 2 to 4), who are usually considered at in-
creased risk for serious fungal infections, Kaplan—Meier es-
timates of the percentage of patients in each study group
who had a proven invasive fungal infection demonstrated a
trend of a lower probability of developing invasive fungal in-
fection within the first 180 days after transplantation in pa-
tients given prophylactic itraconazole (2 = 0.08) (Figure 3).
Table 3 presents the types of organisms that cause
invasive fungal infections. Fewer infections were caused by
either yeasts or molds in the patients given itraconazole.
Candida glabrara and C. krusei were the most common
yeasts causing invasive infection. Of note, no cases of in-
vasive fungal infection due to C. albicans occurred in either
study group. Aspergillus was the most common mold caus-
ing invasive fungal infection. Three of 71 patients given
itraconazole (4%) and 8 of 67 patients given fluconazole
(12%) had Aspergillus infections (difference, —8 percentage
points [CI, —16.8 to 1.4 percentage points]), but this dif-
ference was not statistically significant (P = 0.12). Eight
isolates of Candida and 2 isolates of Aspergillus that caused
invasive fungal infection were available for in vitro suscep-
tibility testing. Of these 10 isolates, 8 were resistant to
fluconazole (MIC = 64 ug/mL) but only 1 was resistant to
itraconazole (MIC = 1.0 pug/mL) (P = 0.005).

Multivariable Analyses

We used a propensity score method to adjust for fac-
tors that might simultaneously influence the incidence of
invasive fungal infections and the results of antifungal pro-
phylaxis. Propensity scores were generated by using a logis-
tic regression model, with study drug (itraconazole or flu-
conazole) as the dependent variable. The logistic regression
model included the following factors: age, sex, underlying
disease, type of transplantation (related or unrelated do-
nor), conditioning regimen, baseline fungal colonization,
acute graft-versus-host disease, chronic graft-versus-host
disease, systemic corticosteroids, and graft failure. A strat-
ified analysis using the Mantel-Haenszel test, controlling
for propensity scores, showed that prophylaxis with itra-
conazole was still associated with fewer invasive fungal in-
fections than prophylaxis with fluconazole (odds ratio,
0.300 [CI, 0.111 to 0.814]; P = 0.02).

Plasma Itraconazole Concentrations
Table 4 summarizes mean trough plasma concentra-
tions of itraconazole and its active metabolite, hydroxy-
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Table 2. Incidence of Proven Fungal Infections within 180 Days
after Transplantation

Variable Itraconazole Fluconazole
Group Group
(n=71) (n=67)
n (%)
Patients with proven fungal infection 9(13) 19 (28)*
Invasive infection of blood, lungs,
brain, liver, or multiple organs 6 (9) 17 (25)t
Superficial infection of oral cavity,
skin, or gastrointestinal tract 3(4) 2(3)

* P =0.03 (difference, 15 percentage points [CI, —29.0 to —2.4 percentage
points]).
tP=0.01 (difference, 16 percentage points [CI, —29.2 to —4.7 percentage
points]).

itraconazole. The mean trough plasma concentration of
itraconazole was 627 ng/mL after 3 days of treatment with
intravenous itraconazole. Mean trough plasma concentra-
tions of greater than 600 ng/mL were subsequently main-
tained throughout the administration of intravenous itra-
conazole. When patients were changed to oral itraconazole
solution, the mean trough plasma concentrations of itra-
conazole increased further and were all greater than 750
ng/mL during each week of the study.

Side Effects

Adverse clinical events or laboratory abnormalities
possibly or probably related to study drug occurred in 33
of 71 patients given itraconazole (46%) and in 14 of 67
patients given fluconazole (21%) (difference, 25 percentage
points [CI, 10.4 to 40.7 percentage points]; 2 < 0.001).
Gastrointestinal side effects (nausea, vomiting, diarrhea, or
abdominal pain) were the only side effects that occurred
significantly more often in patients who received itracon-
azole (17 of 71 itraconazole recipients [24%] vs. 6 of 67

Figure 2. Time to development of proven invasive fungal
infection in all patients.
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Survival distributions of time to development of proven invasive fungal
infection in itraconazole and fluconazole recipients were derived by using
Kaplan—Meier product-limit estimates. For the difference in time of on-
set of proven invasive fungal infection between itraconazole and flucon-
azole recipients, P = 0.01.
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Figure 3. Time to development of proven invasive fungal
infection in patients with acute graft-versus-host disease
(grades 2 to 4).
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Survival distributions of time to development of proven invasive fungal
infection in itraconazole and fluconazole recipients were derived by using
Kaplan—Meier product-limit estimates. For the difference in time of on-
set of proven invasive fungal infection between itraconazole and flucon-
azole recipients, P = 0.08.

fluconazole recipients [9%]) (difference, 15 percentage
points [CI, 2.9 to 27.0 percentage points]; P = 0.02).
Serum bilirubin or hepatic enzyme levels were elevated,
possibly as a result of the study drug, in 11 patients given
itraconazole and 7 given fluconazole. Skin rash, possibly
associated with the study drug, occurred in 3 itraconazole
recipients and in 4 fluconazole recipients. The incidences
of neurologic symptoms (headaches, dizziness, or tremors),
renal dysfunction (elevated serum creatinine level), cardio-
vascular events (hypertension, hypotension, or electrocar-
diogram changes), and respiratory complications (dyspnea
or hypoxemia), possibly or probably related to the study
drug, were low (<3%) and similar in each study group. Six
patients who were given itraconazole (8.5%) (3 with nau-
sea and vomiting, 2 with hepatic dysfunction, and 1 with
hypotension) and 1 patient who was given fluconazole
(1.5%) and developed hepatic dysfunction were withdrawn
from the study (difference, 7 percentage points [CI, —0.1
to 14.0 percentage points]; 2 = 0.12). The respective me-

Table 3. Types of Organisms Causing Invasive Fungal Infection

Organism Itraconazole Group Fluconazole Group
n
Patients with yeast infection
Candida glabrata 0 4
C. krusei 0 3
C. glabrata and C. krusei 1 0
C. tropicalis 0 1
C. guilliermondi 1 0
Patients with mold infection
Aspergillus species 3 8
Fusarium species 0 1
Rhizopus species 1 0
Total 6 17
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dian trough serum cyclosporine levels for itraconazole and
fluconazole recipients were 366 ng/mL and 311 ng/mL at
week 1 (difference, 55 ng/mL [CI, —32.0 to 82.0 ng/mL];
P> 0.2); 364 ng/mL and 304 ng/mL at week 2 (differ-
ence, 60 ng/mL [CI, 0.0 to 77.0 ng/mL]; P = 0.05); 349
ng/mL and 313 ng/mL at week 4 (difference, 36 ng/mL
[CI, —23.0 to 95.0 ng/mL]; P> 0.2); 338 ng/mL and
316 ng/mL at week 6 (difference, 22 ng/mL [CI, —64.0 to
98.0 ng/mL]; P> 0.2); 244 ng/mL and 324 ng/mL at
week 8 (difference, —80 ng/mL [CI, —127.0 to 67.0 ng/
mL]; P> 0.2); 324 ng/mL and 269 ng/mL at week 10
(difference, 55 ng/mL [CI, —43.0 to 99.0 ng/mL]; P>
0.2); and 286 ng/mL and 263 ng/mL at week 12 (differ-
ence, 23 ng/mL [CI, —46.0 to 156.0 ng/mL]; P> 0.2)
after transplantation.

Survival

Thirty-two patients given itraconazole (45%) and 28
patients given fluconazole (42%) died within 180 days af-
ter transplantation (difference, 3 percentage points [CI,
—13.2 to 19.8 percentage points]; P> 0.2). Fewer pa-
tients given itraconazole died of fungal infection: 6 of 71
itraconazole recipients (9%) compared with 12 of 67 flu-
conazole recipients (18%) (difference, —9 percentage
points [CI, —20.6 to 1.8 percentage points]), but this dif-
ference was not statistically significant (P = 0.13). Other
causes of death were bacterial or viral infection (5 itracon-
azole recipients and 4 fluconazole recipients), toxicity due
to chemotherapy and radiation (6 itraconazole recipients
and 6 fluconazole recipients), graft-versus-host disease (3
itraconazole recipients and 3 fluconazole recipients), re-
lapsed leukemia (4 itraconazole recipients and 2 fluconazole
recipients), idiopathic interstitial pneumonia (3 itracon-
azole recipients and 1 fluconazole recipient), hemorrhage
(3 itraconazole recipients), thrombotic thrombocytopenia
purpura (1 itraconazole recipient), and myocardial infarc-
tion (1 itraconazole recipient).

DiscussioN

In our study, itraconazole was more effective than flu-
conazole in preventing invasive fungal infection after allo-
geneic hematopoietic stem-cell transplantation (Table 2,
Figure 2). Patients receiving prophylactic itraconazole had
fewer invasive fungal infections caused by C. glabrata, C.
krusei, and Aspergillus species (Table 3). This reduction in
infection is consistent with itraconazole’s greater in vitro
activity for Aspergillus and some fluconazole-resistant Can-
dida species (17, 18). Of note, of the 10 fungal isolates
causing invasive infection that were available for in vitro
susceptibility testing, 8 were resistant to fluconazole and
only 1 was resistant to itraconazole. A study of neutropenic
patients also showed that oral itraconazole solution pro-
vided greater protection than fluconazole against fatal as-
pergillosis (20).

The 25% incidence of proven invasive fungal infec-
tions among patients given fluconazole in this study is rel-
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atively high. In two previous trials of prophylactic flucon-
azole in the early 1990s, the incidence of serious fungal
infections in hematopoietic stem-cell transplant recipients
receiving prophylactic fluconazole was approximately 10%
(3, 4). In our study, patients given itraconazole had a
higher incidence of acute and chronic graft-versus-host dis-
ease than patients given fluconazole. Earlier studies have
identified graft-versus-host disease as a risk factor for fungal
infection (1, 34—37). However, the difference in the inci-
dence of invasive fungal infections between patients with
or without graft-versus-host disease in our study was not
statistically significant (23% vs. 13%) (difference, —10
percentage points [CI, —24.2 to 3.7 percentage points];
P = 0.15). On the other hand, approximately 85% of the
patients in both the itraconazole and fluconazole groups in
our study received systemic corticosteroids for the preven-
tion or treatment of graft-versus-host disease. Corticoste-
roids, independent of the occurrence of graft-versus-host
disease, have been strongly associated with an increased risk
for fungal infections in previous studies (1, 6, 15, 36, 38).
Thus, the overwhelming use of corticosteroids in our study
probably contributed to the high incidence of serious fun-
gal infections. Finally, the earlier studies of prophylactic
fluconazole were performed 10 years ago. Over the past
decade, invasive fungal infections have increased notably at
many transplantation centers as a result of more intensive
transplantation procedures in higher-risk patients (1, 15,
16). The 32% to 40% incidence of all fungal infections at
autopsy (39, 40) and the 12% to 13% incidence of As-
pergillus infections (15, 16) in hematopoietic stem-cell
transplant recipients recently reported by other transplan-
tation centers are similar to the incidences of fungal infec-
tion among patients in the fluconazole group in our study.

Our study may be limited by the lack of blinding to
treatment assignment. Consequently, despite well-defined
prestudy criteria for evaluating efficacy and adverse events,
evaluation of the treatment response and causes of adverse
events could have been somewhat biased. In addition, ran-
domization was not stratified by donor type, and the num-
ber of patients with unrelated donors in the study groups
was not balanced. More patients given fluconazole than
patients given itraconazole received stem cells from unre-
lated donors, which may have contributed to the higher
incidence of acute and chronic graft-versus-host disease in
the fluconazole group (Table 1). However, in a multivari-
able analysis of possible risk factors for invasive fungal in-
fection (including graft-versus-host disease), prophylaxis
with itraconazole was still associated with fewer fungal in-
fections. Furthermore, patients taking prophylactic itra-
conazole had a lower probability of developing an invasive
fungal infection in a separate analysis of only patients with
acute graft-versus-host disease (Figure 3). Of note, in the
only other clinical trial evaluating long-term antifungal
prophylaxis in allogeneic hematopoietic stem-cell trans-
plant recipients, prophylactic fluconazole was more effec-
tive than placebo in decreasing Candida infections and gas-
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Table 4. Mean Trough Plasma Concentrations of Itraconazole
and Its Metabolite, Hydroxy-Itraconazole

Treatment Day Patients Mean Plasma Concentration + SD
Itraconazole Hydroxy-Itraconazole
n ng/mL
Intravenous administration
Day 3 45 627 + 595 617 = 299
Week 1 40 657 *+ 443 787 =396
Week 2 21 656 = 379 861 + 487
Oral administration
Week 3 10 785 + 485 1136 + 520
Week 4 18 1033 =700 1297 = 757
Week 6 17 1181 =895 1369 * 888
Week 8 12 943 =900 1200 = 1055
Week 10 15 993 + 953 1374 + 1078
Week 12 1M1 1178 = 1145 1539 *= 1285
Week 14 12 1052 = 1129 1572 + 1431

trointestinal graft-versus-host disease (41). Those investigators
postulated that effective antifungal prophylaxis may de-
crease graft-versus-host disease by reducing microbial anti-
genic stimulation of donor T cells involved in the graft-
versus-host disease process (41).

A previous concern about the use of itraconazole for
prophylaxis in transplant recipients was the erratic bioavail-
ability of the capsule formulation of itraconazole. The oral
itraconazole solution used in our study contains hy-
droxypropyl-B-cyclodextrin, which greatly increases the
bioavailability of itraconazole and eliminates the need for
food or gastric acidity for optimal absorption (18). Fur-
thermore, the availability of the intravenous formulation of
itraconazole allowed the continuation of effective prophy-
laxis in patients unable to take any medication by mouth.
Consequently, mean trough plasma concentrations of itra-
conazole were greater than 500 ng/mL throughout the
study. Although it is difficult to define the most ideal
plasma itraconazole concentration needed for efficacy, a
plasma concentration of greater than 500 ng/mL has re-
cently been correlated with effective prophylaxis in neutro-
penic patients (42).

Both itraconazole and fluconazole were generally well
tolerated. The oral itraconazole solution was associated
with more gastrointestinal side effects. The hydroxypropyl-
B-cyclodextrin in oral itraconazole solution has an osmotic
effect, which may cause diarrhea and other gastrointestinal
side effects (18—20). In our study, intravenous itraconazole
was usually substituted for the oral itraconazole solution in
patients experiencing frequent gastrointestinal side effects.
The intravenous formulation was used safely for more than
30 days in 13 patients who had difficulty taking oral med-
ications. Itraconazole also has drug interactions that may
limit its use in certain patients. In transplant recipients,
itraconazole may increase serum levels of cyclosporine by
inhibiting the cytochrome P-450 enzyme system (43).
Pharmacokinetic studies of the interactions between itra-
conazole and cyclosporine suggest that patients taking ei-
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ther the intravenous or oral formulation of itraconazole
require a dose reduction of cyclosporine to maintain safe
therapeutic levels of cyclosporine (44, 45).

Several new second-generation triazoles have recently
become available and are being evaluated in clinical trials.
Agents of this class include voriconazole, posaconazole, and
ravuconazole (17). They have greater activity against flu-
conazole-resistant Candida species (including C. glabrata
and C. krusei) as well as Aspergillus species and certain other
molds. Whether these drugs can provide improved prophy-
lactic efficacy over itraconazole requires additional investi-
gation in randomized, controlled trials. The favorable re-
sults achieved with itraconazole in our study provide a
framework for future trials of long-term antifungal prophy-
laxis in hematopoietic stem-cell transplant recipients.

From UCLA Medical Center, Los Angeles, California; Oregon Health
and Sciences University, Portland, Oregon; Harper University Hospital,
Wayne State University, Detroit, Michigan; Ireland Cancer Center, Uni-
versity Hospitals of Cleveland, Cleveland, Ohio; Indiana University
Hospital, Indianapolis, Indiana; and Ortho Biotech, Raritan, New
Jersey.

Acknowledgments: The authors thank Ann Gogesch, RN, UCLA Med-
ical Center, Los Angeles, California, and Mary Steigelman, RN, Harper
University Hospital, Detroit, Michigan, for their valuable assistance dur-
ing the study. They also thank Dr. Ronghua Yang, Larry Broach, and
Katie Harding for performing data and statistical analyses and Katharine
Fry for preparing the manuscript.

Grant Support: By Janssen Research Foundation, Titusville, New Jersey.

Potential Financial Conflicts of Interest: Employment: G.J. Leitz (Or-
tho Biotech); Comsultancies: J.L. Blumer (Phzer); Honoraria: D.J. Win-
ston (Ortho Biotech and Pfizer), P.H. Chandrasekar (Pfizer), J.L. Blumer
(Pfizer); Grants received: D.J. Winston (Janssen Research Foundation,
Ortho Biotech, and Pfizer), P.H. Chandrasekar (Pfizer), M. Goldman
(Janssen Research Foundation).

Requests for Single Reprints: Drew ]. Winston, MD, Department of
Medicine, UCLA Medical Center, Room 42-121 CHS, 10833 Le Conte
Avenue, Los Angeles, CA 90095; e-mail, dwinston@mednet.ucla.edu.

Current author addresses and author contributions are available at www
.annals.org.

References

1. Wingard JR. Fungal infections after bone marrow transplant. Biol Blood
Marrow Transplant. 1999;5:55-68. [PMID: 10371357]

2. Dykewicz CA. Summary of the guidelines for preventing opportunistic infec-
tions among hematopoietic stem cell transplant recipients. Clin Infect Dis. 2001;
33:139-44. [PMID: 11418871]

3. Goodman JL, Winston DJ, Greenfield RA, Chandrasekar PH, Fox B, Kaizer
H, et al. A controlled trial of fluconazole to prevent fungal infections in patients
undergoing bone marrow transplantation. N Engl ] Med. 1992;326:845-51.
[PMID: 1542320]

4. Slavin MA, Osborne B, Adams R, Levenstein MJ, Schoch HG, Feldman AR,
et al. Efficacy and safety of fluconazole prophylaxis for fungal infections after
marrow transplantation—a prospective, randomized, double-blind study. J Infect

Dis. 1995;171:1545-52. [PMID: 7769290]

712|6 May 2003 [ Annals of Internal Medicine | Volume 138 ® Number 9

5. Riley DK, Pavia AT, Beatty PG, Petersen FB, Spruance JL, Stokes R, et al.
The prophylactic use of low-dose amphotericin B in bone marrow transplant
patients. Am J Med. 1994;97:509-14. [PMID: 7985709]

6. O’Donnell MR, Schmidt GM, Tegtmeier BR, Faucett C, Fahey JL, Ito J, et
al. Prediction of systemic fungal infection in allogeneic marrow recipients: impact
of amphotericin prophylaxis in high-risk patients. ] Clin Oncol. 1994;12:827-34.
[PMID: 8151325]

7. Wolff SN, Fay ], Stevens D, Herzig RH, Pohlman B, Bolwell B, et al.
Fluconazole vs low-dose amphotericin B for the prevention of fungal infections in
patients undergoing bone marrow transplantation: a study of the North Ameri-
can Marrow Transplant Group. Bone Marrow Transplant. 2000;25:853-9.
[PMID: 10808206]

8. Tollemar J, Ringdén O, Andersson S, Sundberg B, Ljungman P, Tydén G.
Randomized double-blind study of liposomal amphotericin B (AmBisome) pro-
phylaxis of invasive fungal infections in bone marrow transplant recipients. Bone
Marrow Transplant. 1993;12:577-82. [PMID: 8136741]

9. Kelsey SM, Goldman JM, McCann S, Newland AC, Scarffe JH, Oppenheim
BA, et al. Liposomal amphotericin (AmBisome) in the prophylaxis of fungal
infections in neutropenic patients: a randomised, double-blind, placebo-con-
trolled study. Bone Marrow Transplant. 1999;23:163-8. [PMID: 10197802]
10. Meunier F. Prevention and mycoses in immunocompromised patients. Rev
Infect Dis. 1987;9:408-16. [PMID: 3296106]

11. Schwartz S, Behre G, Heinemann V, Wandt H, Schilling E, Arning M, et
al. Aerosolized amphotericin B inhalations as prophylaxis of invasive aspergillus
infections during prolonged neutropenia: results of a prospective randomized
multicenter trial. Blood. 1999;93:3654-61. [PMID: 10339471]

12. Wingard JR, Merz WG, Rinaldi MG, Johnson TR, Karp JE, Saral R.
Increase in Candida krusei infection among patients with bone marrow transplan-
tation and neutropenia treated prophylactically with fluconazole. N Engl ] Med.
1991;325:1274-7. [PMID: 1669837]

13. Wingard JR, Merz WG, Rinaldi MG, Miller CB, Karp JE, Saral R. Asso-
cation of Torulopsis glabrara infections with fluconazole prophylaxis in neutro-
penic bone marrow transplant patients. Antimicrob Agents Chemother. 1993;37:
1847-9. [PMID: 8239594]

14. Marr KA, Seidel K, White TC, Bowden RA. Candidemia in allogeneic
blood and marrow transplant recipients: evolution of risk factors after the adop-
ton of prophylactic fluconazole. ] Infect Dis. 2000;181:309-16. [PMID:
10608780]

15. Baddley JW, Stroud TP, Salzman D, Pappas PG. Invasive mold infections
in allogeneic bone marrow transplant recipients. Clin Infect Dis. 2001;32:1319-
24. [PMID: 11303267]

16. Marr KA, Carter RA, Crippa F, Wald A, Corey L. Epidemiology and
outcome of mould infections in hematopoietic stem cell transplant recipients.
Clin Infect Dis. 2002;34:909-17. [PMID: 11880955]

17. Sheehan DJ, Hitchcock CA, Sibley CM. Current and emerging azole anti-
fungal agents. Clin Microbiol Rev. 1999;12:40-79. [PMID: 9880474]

18. De Beule KL. Itraconazole: pharmacology, clinical experience, and future
development. Int ] Antimicrob Agents Chemother. 1996;6:175-81.

19. Menichetti F, Del Favero A, Martino P, Bucaneve G, Micozzi A, Girmenia
C, et al. Itraconazole oral solution as prophylaxis for fungal infections in neutro-
penic patients with hematologic malignancies: a randomized, placebo-controlled,
double-blind, multicenter trial. GIMEMA Infection Program. Gruppo Italiano
Malattie Ematologiche dell’Adulto. Clin Infect Dis. 1999;28:250-5. [PMID:
10064240]

20. Morgenstern GR, Prentice AG, Prentice HG, Ropner JE, Schey SA, War-
nock DW. A randomized controlled trial of itraconazole versus fluconazole for
the prevention of fungal infections in patients with haematological malignancies.
U.K. Multicentre Antifungal Prophylaxis Study Group. Br ] Haematol. 1999;
105:901-11. [PMID: 10554799]

21. Harousseau JL, Dekker AW, Stamatoullas-Bastard A, Fassas A, Linkesch
W, Gouveia J, et al. Itraconazole oral solution for primary prophylaxis of fungal
infections in patients with hematological malignancy and profound neutropenia:
a randomized, double-blind, double-placebo, multicenter trial comparing itracon-
azole and amphotericin B. Antimicrob Agents Chemother. 2000;44:1887-93.
[PMID: 10858349]

22. Boogaerts M, Winston DJ, Bow EJ, Garber G, Reboli AC, Schwarer AP, et
al. Intravenous and oral itraconazole versus intravenous amphotericin B deoxy-
cholate as empirical antifungal therapy for persistent fever in neutropenic patients

www.annals.org



with cancer who are receiving broad-spectrum antibacterial therapy. A random-
ized, controlled trial. Ann Intern Med. 2001;135:412-22. [PMID: 11560454]
23. Thomas ED, Storb R, Clift RA, Fefer A, Johnson L, Neiman PE, et al.
Bone-marrow transplantation (second of two parts). N Engl ] Med. 1975;292:
895-902. [PMID: 235092]

24. Sullivan KM, Shulman HM, Storb R, Weiden PL, Witherspoon RP, Mc-
Donald GB, et al. Chronic graft-versus-host disease in 52 patients: adverse nat-
ural course and successful treatment with combination immunosuppression.
Blood. 1981;57:267-76. [PMID: 7004534]

25. Huang WY, Lipsey Al, Cheng MH. Comparison of cyclosporine determi-
nations in whole blood by three different methods. HPLC, '*°I RIA and *H RIA.
Am J Clin Pathol. 1987;87:528-32. [PMID: 3826016]

26. Warnock DW, Turner A, Burke J. Comparison of high performance liquid
chromatographic and microbiological methods for determination of itraconazole.
J Antimicrob Chemother. 1988;21:93-100. [PMID: 2833490]

27. National Committee for Clinical Laboratory Standards. Reference Method
for Broth Dilution Antifungal Susceptibility Testing of Yeasts. Tentative stan-
dard. NCCLS document M27-A. Wayne, PA: National Committee for Clinical
Laboratory Standards; 1997.

28. Espinel-Ingroff A, Bartlett M, Bowden R, Chin NX, Cooper C Jr,
Fothergill A, et al. Multicenter evaluation of proposed standardized procedure for
antifungal susceptibility testing of filamentous fungi. J Clin Microbiol. 1997;35:
139-43. [PMID: 8968895]

29. Ascioglu S, Rex JH, de Pauw B, Bennett JE, Bille ], Crokaert F, et al.
Defining opportunistic invasive fungal infections in immunocompromised pa-
tents with cancer and hematopoietic stem cell transplants: an international con-
sensus. Clin Infect Dis. 2002;34:7-14. [PMID: 11731939]

30. SAS Institute, Inc. User's Manual. SAS Version 6.12 Software. Cary, NC:
SAS Institute, Inc.; 1996.

31. Kaplan EL, Meier P. Nonparametric estimation from incomplete observa-
tion. Journal of the American Statistical Association. 1958;53:457-81.

32. Rosenbaum PR, Dubin DB. Reducing bias in observational studies using
subclassification on the propensity score. Journal of the American Statistical As-
sociation. 1984;79:516-24.

33. Blackwelder WC. “Proving the null hypothesis” in clinical trials. Control
Clin Trials. 1982;3:345-53. [PMID: 7160191]

34. Goodrich JM, Reed EC, Mori M, Fisher LD, Skerrett S, Dandliker PS, et
al. Clinical features and analysis of risk factors for invasive candidal infection after
marrow transplantation. J Infect Dis. 1991;164:731-40. [PMID: 1894935]

35. Wingard JR, Beals SU, Santos GW, Merz WG, Saral R. Aspergillus infec-
tions in bone marrow transplant recipients. Bone Marrow Transplant. 1987;2:

www.annals.org

Itraconazole versus Fluconazole for Antifungal Prophylaxis ARTICLE

175-81. [PMID: 3332165]

36. Wald A, Leisenring W, van Burik JA, Bowden RA. Epidemiology of As-
pergillus infections in a large cohort of patients undergoing bone marrow trans-
plantation. ] Infect Dis. 1997;175:1459-66. [PMID: 9180187]

37. Jantunen E, Ruutu P, Niskanen L, Volin L, Parkkali T, Koukila-Kihkol,
Ruutu T. Incidence and risk factors for invasive fungal infections in allogeneic
BMT recipients. Bone Marrow Transplant. 1997;19:801-8. [PMID: 9134172]
38. Sayer HG, Longton G, Bowden R, Pepe M, Storb R. Increased risk of
infection in marrow transplant patients receiving methylprednisolone for graft-
versus-host disease prevention. Blood. 1994;84:1328-32. [PMID: 8049448]

39. van Burik JH, Leisenring W, Myerson D, Hackman RC, Shulman HM,
Sale GE, et al. The effect of prophylactic fluconazole on the clinical spectrum of
fungal diseases in bone marrow transplant recipients with special attention to
hepatic candidiasis. An autopsy study of 355 patients. Medicine (Baltimore).
1998;77:246-54. [PMID: 9715729]

40. Schmidt U, Pfaffenbach B, Quabeck K, Donhuijsen K. [Fungal infections
after bone marrow transplantation—an autopsy study]. Mycoses. 1991;34 Suppl
1:33-5. [PMID: 1818260]

41. Marr KA, Seidel K, Slavin MA, Bowden RA, Schoch HG, Flowers ME, et
al. Prolonged fluconazole prophylaxis is associated with persistent protection
against candidiasis-related death in allogeneic marrow transplant recipients: long-
term follow-up of a randomized, placebo-controlled trial. Blood. 2000;96:2055-
61. [PMID: 10979947]

42. Glasmacher A, Hahn C, Molitor E, Sauerbruch T, Marklen G, Schmidt-
Wolf IGH. Definition of an itraconazole target concentration for antifungal
prophylaxis [Abstract]. Abstracts of 40th Interscience Conference on Antimicro-
bial Agents and Chemotherapy; 17-20 September 2000; Toronto, Canada.
Washington: American Society for Microbiology; 2000:363.

43. Back D], Tjia JE. Comparative effects of the antimycotic drugs ketoconazole,
fluconazole, itraconazole and terbinafine on the metabolism of cyclosporin by
human liver microsomes. Br ] Clin Pharmacol. 1991;32:624-6. [PMID:
1659439]

44. Leather HL, Boyette R, Wingard JR. Evaluation of the pharmacokinetic
drug interaction between intravenous itraconazole and intravenous tacrolimus or
intravenous cyclosporin in allogeneic bone marrow transplant patients [Abstract].
Blood. 2000;96:3909.

45. Crippa F, Corey L, Leisenring W, Hoyle M, Boeckh M, Marr K. Admin-
istration of itraconazole for antifungal prophylaxis in stem cell transplant recipi-
ents: levels and drug interactions [Abstract]. Abstracts of 40th Interscience Con-
ference on Antimicrobial Agents and Chemotherapy; 17-20 September 2000;
Toronto, Canada. Washington: American Society for Microbiology; 2000:25.

6 May 2003 | Annals of Internal Medicine | Volume 138 ¢ Number 9|713



Current Author Addresses: Dr. Winston: Department of Medicine,
UCLA Medical Center, Room 42-121 CHS, 10833 Le Conte Avenue,
Los Angeles, CA 90095.

Dr. Maziarz: Oregon Health and Sciences University, 3181 Southwest
Sam Jackson Park Road, Portland, OR 97232.

Dr. Chandrasekar: Harper University Hospital, 4 Brush Center, 3990
John R, Detroit, MI 48201.

Dr. Lazarus: Ireland Cancer Center, University Hospitals of Cleveland,
11100 Euclid Avenue, Cleveland, OH 44106.

Dr. Goldman: Wishard Memorial Hospital, 430 OPW, 1001 West
Tenth Street, Indianapolis, IN 46202.

Dr. Blumer: Rainbow Babies and Children’s Hospital, 11100 Euclid
Avenue, Cleveland, OH 44106.

Dr. Leitz: Ortho Biotech, 430 Route 22 East, Bridgewater, NJ 08807.
Dr. Territo: Department of Medicine, UCLA Medical Center, Room
42-121 CHS, 10833 Le Conte Avenue, Los Angeles, CA 90095.

E-714|

Annals of Internal Medicine [ Volume ¢ Number

Author Contributions: Conception and design: D.J. Winston.
Analysis and interpretation of the data: D.J. Winston, G.J. Leitz.
Drafting of the article: D.J. Winston.

Critical revision of the article for important intellectual content: D.]J.
Winston, R.T. Maziarz, P.H. Chandrasekar, H.M. Lazarus, M. Gold-
man, J.L. Blumer.

Final approval of the article: D.J. Winston, R.T. Maziarz, P.H. Chan-
drasekar, M.C. Territo.

Provision of study materials or patients: R.T. Maziarz, P.H. Chan-
drasekar, H.M. Lazarus, M. Goldman, J.L. Blumer, M.C. Territo.
Obrtaining of funding: D.J. Winston.

Administrative, technical, or logistic support: G.J. Leitz.

Collection and assembly of the data: D.J. Winston.

www.annals.org



