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Summary Objectives. The objective was to prospectively assess the efficacy and
safety of caspofungin as salvage therapy for invasive aspergillosis in patients enrolled
in the caspofungin compassionate-use study.
Methods. Forty-eight patients with invasive Aspergillus infections (36 with

pulmonary infection, 12 with extrapulmonary or disseminated infection) were enrolled
in this study. All patients were refractory to or intolerant of intravenous amphotericin
B or a lipid amphotericin formulation(s). Efficacy was assessed at end of intravenous
caspofungin therapy based on the clinical (symptom/sign and radiographic) response.
Results. Underlying diseases included hematological malignancy (69%), organ

transplant (8%), and AIDS (6%). Forty-three (90%) patients were refractory to prior
antifungal treatment, including 25 patients refractory to multiple agents. Sixteen
(33%) were neutropenic at study entry. Following caspofungin therapy, a favorable
response was noted in 44% (20/45) of the patients, including nine (20%) and 11 (24%)
patients with complete and partial responses, respectively. Caspofungin was generally
well tolerated one serious drug-related adverse event was reported.
Conclusions. In this study, caspofungin was an effective alternative for patients with

refractory Aspergillus infections.
Q 2004 The British Infection Society. Published by Elsevier Ltd. All rights reserved.

Introduction

The incidence of invasive fungal infections has risen
dramatically in the last two decades, due in large
part to an increased number of immunocompro-
mised patients and the increased use of invasive
procedures.1 In fact, Aspergillus is now the second
most common fungal pathogen encountered in the

hospital setting, accounting for approximately 30%
of the fungal infections in cancer patients.2 – 5

Unfortunately, despite antifungal treatment, the
crude mortality rate of invasive aspergillosis (IA)
infections still remains unacceptably high,
approaching 90% in the most severely immunocom-
promised hosts.6

Diagnostic difficulties contribute, in part, to the
high mortality seen with IA.7 Shortcomings with the
currently available antifungal arsenal against
Aspergillus species also contribute to the high
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mortality rate. Amphotericin B deoxycholate, a
polyene antifungal, has long served as the mainstay
for the treatment of IA on account of its long-
standing use and its known fungicidal action;
however, several recent IA studies indicate that
the overall response rate of primary treatment is
low (less than 40%) and even lower for certain high-
risk treatment groups.8–10 Dose-limiting nephro-
toxicity, acute infusion-related toxicity, and
electrolyte imbalances further limit its use. The
lipid formulations of amphotericin B, including the
liposomal, lipid complex, and colloidal dispersion
formulations, are associated with less toxicity11 –15

and an improved therapeutic index of amphotericin
B;16 however, these lipid-based delivery systems
have not yet been proven to offer an efficacy
benefit relative to conventional amphotericin.14,
16 –18

The antifungal triazoles, itraconazole and vor-
iconazole, comprise a second class of compounds
approved for treatment of IA.19 –23 In fact, recent
results suggest a potential efficacy benefit with
voriconazole, relative to amphotericin B, for the
first-line treatment of IA; however, despite its
benefit, only about 50% of the patients within the
voriconazole treatment arm responded favorably.19

Azole use is also not without its own limitations;
treatment with either itraconazole or voriconazole
may be hampered by drug-related toxicity, signifi-
cant drug interactions, or other pharmacokinetic
obstacles.

There remains a significant medical need for
newer classes of antifungal agents to combat
invasive Aspergillus infections. Unlike the currently
available agents, caspofungin (formerly MK-0991,
L-743,872), the first approved agent from the
echinocandin class of antifungals, inhibits fungal
cell wall glucan synthesis. Caspofungin has demon-
strated activity both in vitro and in vivo, against
Aspergillus species.24 – 28 Animal models which
incorporate molecular techniques to quantitatively
measure fungal burden (PCR) note a significant
count reduction in Aspergillus in target organs and
improved survival following caspofungin therapy.29

Because of its unique mechanism of action, cross-
resistance with conventional antifungal com-
pounds, which primarily target the fungal cell
membrane, is not anticipated.30 –34 In fact, the
results from an initial monotherapy trial demon-
strated a 45% favorable outcome rate with caspo-
fungin for the salvage treatment of IA and led to the
licensure of caspofungin for this indication.35

Herein we report additional data from a prospective
compassionate use study, wherein 48 patients with
documented IA received caspofungin as salvage
therapy.

Patients and methods

Study population

The caspofungin compassionate use study (Merck
MX-0991 Protocol 024/025), a worldwide patient-
named trial, was conducted prior to the licensure of
caspofungin. Enrollment was open to patients with
either a documented Aspergillus or Candida infec-
tion in those countries whose regulatory agencies
approved the protocol and no other mechanism was
in place to allow patients to receive caspofungin.

Inclusion in the Aspergillus portion of the study
required that adult patients, between the ages 18
and 80 years, to have either definite or probable
aspergillosis. The definitions of disease were
modeled after the Mycosis Study Group criteria for
invasive aspergillosis.36 Definite disease was
defined as the presence of either (1) tissue
histopathology with evidence of invasive Aspergil-
lus infection or (2) a positive culture for Aspergillus
species from tissue obtained by an invasive pro-
cedure (e.g., open lung biopsy, transbronchial
biopsy, percutaneous needle aspiration). For this
study, probable disease signified radiographic evi-
dence of disease and either (1) a positive culture for
Aspergillus species from either sputum or bronch-
oalveolar lavage (BAL) or (2) two or more consecu-
tively positive results for Aspergillus on plasma
galactomannan enzyme-linked immunosorbent
assay (ELISA). Patients lacking histopathological,
microbiological, or serological evidence suggestive
of IA were not eligible for enrollment. All patients
were either refractory to or intolerant of standard
therapy with an intravenous amphotericin formu-
lation. Refractory was defined as clinical or micro-
biological progression of disease or lack of
improvement despite at least 7 days of therapy
with an intravenous amphotericin formulation (IV
amphotericin B deoxycholate, liposomal amphoter-
icin B [AmBisomew, Fujisawa, USA], amphotericin B
lipid complex [ABELCETw, Enzon Pharmaceuticals,
USA], or amphotericin B colloidal dispension
[AMPHOTECw, Sequus Pharmaceuticals, USA]. Intol-
erance included patients with a serum creatinine
increase to $2.5 mg/dL or other significant intol-
erance while receiving amphotericin B or its lipid
formulations (e.g., acute, severe infusion-related
toxicity). All women of childbearing potential had a
negative pregnancy test for human chorionic
gonadotropin (HCG) prior to enrollment into the
study.

Exclusion criteria included a prior history of
allergy or serious reaction to echinocandins or
known acute hepatitis or cirrhosis (of any cause).
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Ongoing treatment with cyclosporin A or other
concomitant systemic antifungal agents was also
not allowed, unless a prior approval had been issued
by the Merck monitor physician. Abnormal labora-
tory values that disqualified patients from study
participation were hemoglobin of ,7 gm/dL, pla-
telet count of ,50,000 mL21 for non-neutropenic
patients (,5000 mL21 for neutropenic patients),
total serum levels of bilirubin three or more times
the upper limit of normal (ULN), levels of serum
transaminases or serum alkaline phosphatase of five
or more times the ULN, or an international normal-
ization ratio (INR) of .3 in patients not receiving
anticoagulant therapy. Patients with allergic
bronchopulmonary aspergillosis were excluded.
Similarly, patients with aspergilloma or ocular
disease were also ineligible, unless appropriate
surgical procedures were performed prior to study
entry.

Written, informed consent was obtained from all
patients or their families. The emergency use of
caspofungin was acknowledged by each participat-
ing site’s institutional review board.

Study design

The compassionate-use study was a non-compara-
tive open-label, multisite trial consisting of a
preliminary prescreening period, a study therapy
period, and a follow-up visit 14 days following the
completion of caspofungin therapy. Patients with IA
who successfully fulfilled the selection criteria
were treated with IV caspofungin 50 mg/day,
following a 70 mg loading dose on Day 1. All
caspofungin infusions were administered once
daily, with each infusion lasting approximately 1 h.

The duration of treatment was individualized for
each patient based on the patient’s underlying
disease and clinical response to therapy. In general,
patients with IA were to be treated for a minimum
of 28 days and a maximum of 90 days. However,
therapy with caspofungin could be extended
beyond 90 days on a case-by-case basis after prior
discussion with the Merck physician. In general, all
patients were to be treated for at least 7 days
following the resolution of symptoms. Further-
more, patients with neutropenia were to be treated
with caspofungin for at least 14 days after the
resolution of the neutropenia (until absolute neu-
trophil count, or ANC, was greater than 500 mL21);
shorter courses may have been given to those
patients in whom neutropenic resolution was not
anticipated.

Patients were evaluated on a weekly basis while
receiving caspofungin therapy. Modification of
study dosing was not permitted, but therapy could

be temporarily interrupted. Following cessation of
therapy, all patients were to be reevaluated 14 days
following the cessation of caspofungin.

The protocol also allowed for potential retreat-
ment courses with caspofungin. Patients were
retreated for recurrences or other justifiable
conditions only after discussion with the Merck
physician. Patients could be retreated a maximum
of three times.

Efficacy and safety evaluations

An assessment of signs and symptoms of infection
was made in each patient on a weekly basis during
IV therapy; however, the primary assessment of
response in each patient was performed by the
investigator at the end of caspofungin therapy. A
favorable response included assessments of either
‘complete response’ or ‘partial response.’ A com-
plete response mandated the resolution of all
symptoms or signs, radiographic findings, and
bronchoscopic abnormalities attributable to the
Aspergillus infection. A partial response was
defined as clinically meaningful improvement of
the clinical symptoms and signs of infection and
relevant improvement of radiographic and broncho-
scopic abnormalities due to the Aspergillus infec-
tion. Unfavorable responses at the end of
caspofungin therapy included any patient who did
not meet the definition of a favorable response
(patients with documented ‘failure’ or ‘stable
disease’).

The safety of IV caspofungin was evaluated by
determining the presence of adverse events. On a
daily basis during the IV caspofungin therapy
period, the investigator monitored each patient
for adverse events from both routine clinical
evaluations and laboratory tests. Patients were
also monitored for adverse events in the follow-up
period for at least 14 days following the last dose of
caspofungin. Serious clinical and laboratory adverse
events and selected non-serious clinical and lab-
oratory adverse experiences (including all drug-
related adverse events) were reported to Merck.

Statistical analysis and approaches

This compassionate-use study was an open-label,
non-comparative trial; no hypothesis for efficacy
were predefined for this study. The primary
evaluation for efficacy was the proportion of
patients with a favorable outcome (complete or
partial response) at the end of IV caspofungin
therapy. Patients included in the efficacy evalu-
ation represented all patients who had a proper
diagnosis of infection, received at least one dose of
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caspofungin, and had a clinical assessment per-
formed by the investigator at the end of caspofun-
gin therapy. The efficacy proportions are displayed
with 95% Clopper–Pearson exact confidence inter-
vals, based on the binomial distribution.

No statistical hypotheses were predefined for
safety evaluations. All patients who received at
least one dose of caspofungin are included in the
evaluation of safety.

Results

Baseline characteristics of the patients

The caspofungin compassionate use trial was con-
ducted worldwide between September 1999 and
September 2002. Forty-one investigators from five
different countries (United States,21 Belgium,9

Italy,8 Greece,2 and Israel1) enrolled a total of 48
patients with IA. The majority (69%) of the patients
had hematological malignancies or other hemato-
logical disorders at study entry (Table 1). Approxi-
mately a third of these patients were recipients of
either an autologous (3) or allogeneic (8) hemato-
poietic stem cell transplantation (HSCT). Other less
common risk factors included solid organ transplan-
tation (8%) and AIDS (6%). Two patients did not have
a discernible risk factor for Aspergillus infection;
both patients had confirmed definite disease.
Neutropenia (ANC ,500 mL21) was a noted risk
factor in one-third of the patients.

Site of Aspergillus infection

Overall, 36 (75%) patients had pulmonary disease,
including 16 definite and 20 probable cases (Table
1). Skin and sinus were the most common extra-
pulmonary sites of infection. Two patients (one
with an infection of the lung and skin, the other of
lung and CNS) had disseminated disease, defined as
Aspergillus infection at two or more non-contiguous
sites of infection (Table 1).

Reason for enrollment (refractory or
intolerant)

Forty-three (90%) of the 48 patients with IA were
refractory to at least one prior antifungal agent
(Table 2). Of the refractory patients, 25 (58%) had
failed therapy with more than one antifungal agent
(including 17 who had failed both polyene and
triazole therapy and eight who had failed therapy
with more than one IV amphotericin preparation).
An additional six (14%) patients were refractory to

itraconazole only after confirmed intolerance to
one or more of the polyenes. Thirty (70%) of the 43
refractory patients had manifested disease pro-
gression while on the prior therapy; the other 13

Table 1 Baseline demographics

Characteristic All patients ðN ¼ 48Þ

Gender
Male 28 (58.3)
Female 20 (41.7)

Median age, in years (range) 51 (7–89)a

Race
Caucasian 41 (85.4)
Black 3 (6.3)
Hispanic 2 (4.2)
Other 2 (4.2)

Neutropenia status at study entry
Neutropenic (ANC # 500/mL) 16 (33.3)
Non-neutropenic 32 (66.7)

Underlying disease
Hematological malignancy/disorder 33b (68.8)
Acute leukemia 15c

Chronic leukemia 5d

Non-Hodgkin’s or other lymphomas 5
Multiple myeloma 3
Myelodysplastic syndrome 2
Aplastic anemia 3
Organ transplant 4e (8.3)
AIDS 3 (6.3)
Other 8f (16.7)

Underlying site of Aspergillus infection
Pulmonary 36 (75.0)
Definite 16
Probable 20
Extrapulmonary 12 (25.0)
Sinus 3
Skin 3
Disseminated 2
Other 4g

Data are no. (%) unless otherwise indicated.
a The age limits for the 7- and 89-year-olds were waived by
the Monitor to allow for enrollment.

b Eleven of the patients had received a hematopoietic stem
cell transplant for their underlying hematological con-
dition; eight were recipients of an allogeneic
transplantations.

c Includes eight patients with acute myelogenous leukemia,
six with acute lymphoblastic leukemia, and one with acute
biphenotypic leukemia.

d Includes three patients with chronic myelogenous leukemia
and two with chronic lymphoblastic leukemia.

e One patient each with a lung, liver, kidney, and heart/lung
transplant.

f Immunosuppressive therapy in two patients, trauma
related to surgery in two patients, prior Aspergillus
pneumonia in one patient, and known PPD positive status
in one patient; two other patients with no identifiable risk
factor.

g Includes one patient each with infection of the liver,
lymphatic system, CNS, and spine (osteomyelitis).
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failed to show any meaningful improvement on the
prior regimen(s).

Duration of caspofungin therapy

Caspofungin was administered for a mean duration
of 38.3 days (range 1–129 days). Overall, a total of
23 (48%) patients received greater than 28 days of
caspofungin therapy, including five who were
granted permission to receive over 90 days of
therapy. All but one patient received caspofungin
at the 50 mg daily dose (following the 70 mg loading
dose on Day 1); the one exception, a 7-year-old
patient, was administered caspofungin at
1 mg/kg/day (23 mg/day).

Overall efficacy

Three (6%) of the 48 patients enrolled in this study
were not evaluated for efficacy at the end of
caspofungin therapy. A favorable response at the
end of caspofungin therapy was noted in 20 (44%) of
the 45 patients included in the efficacy analyses.
Complete and partial responses were noted in nine
(20%) and 11 (24%) patients, respectively (Table 3).
Of the 25 patients who had an unfavorable
response, 20 were considered failures and the

other five were classified as having stable disease
at the end of caspofungin.

Efficacy by significant underlying factors

The proportion of patients with a favorable
response is displayed by a number of clinically
relevant baseline factors, such as underlying dis-
ease and site of infection, in Table 4. In general,
favorable responses were noted across all the
different subgroups. Higher success rates were
noted in patients with non-hematological diseases
(nine of 15, or 60%) than patients with hematologi-
cal conditions (11 of 37, or 37%). Patients with
pulmonary infections (18 of 34, or 53%) fared,
better than patients with extrapulmonary infec-
tions (two of 11, or 18%). As expected, the eight
patients who had received an allogeneic transplant
had the poorest outcome.

Neutropenia is another significant prognostic
factor in patients with IA. Approximately 30% of
the patients with neutropenia at study entry had a
favorable response to caspofungin (Table 4).
Notably, two of these neutropenic patients and one
other patient who became neutropenic during the
treatment course as a result of consolidative chemo-
therapy responded successfully to caspofungin even

Table 2 Distribution of patients by reason of study entry and type of prior therapy

Reason for enrollment Site of infection Overall

Prior antifungal regimen Pulmonary ðN ¼ 36Þ Extrapulmonary ðN ¼ 12Þ ðN ¼ 48Þ

Refractorya 32 (88.9) 11 (91.7) 43 (89.6)
Amphotericin B deoxycholate 3 0 3
Lipid formulation of amphotericin B (any IV preparation) 5 4 9
Itraconazoleb 5 1 6
Multiple agents 19c 6d 25

Intolerant 4 (11.1) 1 (8.3) 5 (10.4)
Amphotericin B deoxycholate 2 1 3
Lipid formulation of amphotericin B (any IV preparation) 1 0 1
Multiple agents 1 0 1

a Includes patients who may have been both refractory and intolerant of prior antifungal therapy.
b All six patients refractory to itraconazole were also intolerant of one or more IV preparations of amphotericin.
c Includes 13 patients who were refractory to both an IV amphotericin agent(s) and a triazole(s). Six other patients were refractory
to more than one IV preparation of amphotericin B.

d Includes four patients who were refractory to both an IV amphotericin agent(s) and a triazole(s). Two other patients were
refractory to more than one IV preparation of amphotericin B.

Table 3 Favorable outcomes at the end of caspofungin therapy

Assessment time point Complete response
n=ma (%) (95% CI)b

Partial response
n=m (%) (95% CI)

Overall favorable response
n=m (%) (95% CI)

End of caspofungin therapy 9/45 (20.0) (9.6, 34.6) 11/45 (24.4) (12.9, 39.5) 20/45 (44.4) (29.6, 60.0)

a This signifies the number of patients with a favorable response/the number of assessable patients included in the infection group.
b Represent the 95% Clopper–Pearson exact confidence intervals, based on the binomial distribution.
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though all three patients were still identified as
neutropenic at the end of study therapy.

Outcome was also assessed based on the reason
for study entry and the type of prior therapy.
Sixteen (40%) of the 40 patients who were refrac-

tory to at least one prior antifungal agent, including
12 (43%) of the 28 patients with disease progression
on the prior regimen(s), responded favorably (Table
4). Of note, six (27%) of the 22 patients who were
refractory to multiple antifungal agents prior to
study onset were categorized as having a favorable
response to caspofungin. Four (67%) of the six
patients who were both refractory to itraconazole
and intolerant of an IV amphotericin preparation
were also deemed caspofungin successes. In con-
trast, four (80%) of the five patients who were
intolerant of a polyene prior to study entry
exhibited a favorable response at the end of
caspofungin therapy.

Mortality

A total of 24 (50%) patients died either during the
course of study therapy or in the follow-up period.
The majority of the deaths (19, or 79%) were
directly related to progression of the aspergillosis
or from related respiratory complications; each
occurred while the patient was receiving caspofun-
gin or in the few days following its discontinuation.
All of these patients were considered efficacy
failures. The remaining five deaths were the result
of progression of hematologic malignancies or other
malignant complications (e.g., pancytopenia-
induced intracranial hemorrhage). None of the
deaths was attributed to caspofungin therapy.

Combination therapy

Ten (21%) of the 48 patients with IA received
caspofungin in combination with another antifungal
agent during the course of the study. Each of these
10 patients was deemed by the respective investi-
gator at the time of enrollment as too ill to warrant
monotherapy; thus, given the protocol’s compas-
sionate use nature, the use of caspofungin with
other concomitant antifungal agents was per-
mitted. Multiple poor prognostic factors were
noted in this group at baseline: seven of the 10
patients had definite aspergillosis (four with extra-
pulmonary disease), nine had an underlying hem-
atological malignancy (four allogeneic HSCT
recipients), and five were neutropenic. All 10
patients were refractory to at least one prior
antifungal agent, including seven patients who
were refractory to more than one antifungal agent
in the prestudy period. In all 10 cases, the patient
was also refractory to the antifungal agent used in
combination with caspofungin.

The most common agent used in combination
with caspofungin was liposomal amphotericin (5),
followed by amphotericin lipid complex (8),

Table 4 Efficacy based on underlying factors

Subgroup Favorable
outcome to
caspofungin

n=ma (%)

Underlying disease
Hematological malignancy/disorder 11/30b (36.7)
Organ transplant (25.0)
AIDS 3/3 (100.0)
Other 5/8 (62.5)

Site of infection
Pulmonary 18/34 (52.9)
Definite 8/16
Probable 10/18
Extrapulmonary 2/11 (18.1)
Sinus 0/2
Skin 1/3
Disseminated 0/2
Other 1/4c

Reason for study entry
Refractory 16/40d (40.0)
Intolerant 4/5 (80.0)

Neutropenic status
Neutropenic (ANC #500/mL) 4/13 (30.8)
Non-neutropenic 16/32 (50.0)

Pathogene

A. fumigatus 9/20 (45.0)
A. flavus 0/1 (0)
A. niger 1/1 (100.0)
A. terreus 0/2 (0)
Mixed infection 1/2 (50.0)
Aspergillus not speciated or diagnosis not
confirmed microbiologically

9/19 (47.4)

a The n=m signifies the number of patients with favorable
response/number of assessable patients in that subgroup.

b Includes success in six (42.9%) of 14 patients with acute
leukemia, one (25%) of four patients with chronic leukemia,
two (50%) of four patients with lymphoma, one of three
patients with multiple myeloma, one of three patients with
aplastic anemia, and neither of the two patients with
myelodysplastic syndrome. One (33%) of the three patients
with an autologous HSCT and none of the eight patients
with an allogeneic HSCT transplantation responded
favorably.

c Includes a favorable outcome in one patient with spinal
osteomyelitis. One patient with a confirmed CNS infection
failed to respond to caspofungin.

d Includes a favorable outcome in 12 (42.9%) of the 28
patients whose infection had progressed on prior antifungal
therapy and four (33.3%) of the 12 patients who had no
improvement on prior therapy.

e Information on Aspergillus species was obtained from the
case report form and was based solely on data from the
microbiology laboratory. Data on susceptibility pattern was
not collected.
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itraconazole (1), and the combination of liposomal
amphotericin and itraconazole (1). Duration of
combination therapy ranged between 2 and 82
days (mean 25 days, median 16 days). A favorable
response at the end of caspofungin therapy was
noted in one (10%) of the 10 patients. The one
success was the single patient who received
caspofungin in combination with itraconazole.
Seven (70%) of the 10 patients died while on
combination therapy or in the immediate follow-
up period; all but one death was related to
progressive aspergillosis or other related respirat-
ory events (cardiopulmonary arrest, respiratory
failure, or alveolar hemorrhage).

Safety and tolerability

Of the 48 patients enrolled with IA, only one (2%)
serious drug-related adverse event was reported;
this patient with known acute biphenotypic leuke-
mia developed anaphylaxis to caspofungin (charac-
terized by stridor/dyspnea, facial swelling, and
accentuation of a preexisting skin rash) approxi-
mately 10 min into the infusion. All symptoms
resolved within 15 min following the interruption
of the caspofungin and the administration of
diphenhydramine and hydrocortisone. Four other
patients (8%) developed non-serious, drug-related
adverse events: diarrhea, dizziness, fever, and
hypercalcemia in one patent each. Only the one
patient with anaphylaxis was discontinued for a
drug-related adverse event.

Antifungal therapy was well tolerated in the
subset of patients who received caspofungin in
combination with other antifungal agents. None of
these 10 patients developed a drug-related adverse
experience during the treatment course, despite
receiving combination therapy for a mean of 24.6
days (median, 16 days; range, 2–82 days).

Discussion

In 1999, prior to the licensure of caspofungin
(CANCIDASw), we initiated a compassionate use
study to provide this echinocandin antifungal agent
to those patients who warranted alternative anti-
fungal therapy but who were hospitalized at
medical centers not participating in caspofungin
clinical trials. Herein we provide the results from
the Aspergillus portion of this study. To our knowl-
edge, this study represents only the second trial to
prospectively evaluate caspofungin monotherapy as
a second-line treatment option for patients with IA.
Stringent inclusion criteria were implemented for

this study. The definitions of disease were modeled
after Mycoses Study Group Criteria;36 enrollment
was strictly limited to patients with either definite
or probable cases of IA. Eligible patients had to also
satisfy the standardized definitions of refractori-
ness or intolerance to prior antifungal therapy
before enrollment could be considered.

As expected, the most prevalent risk factor in
these patients enrolled with IA was an active
hematologic malignancy or other active hematolo-
gic process. Approximately one quarter of the
patients were recipients of either an allogeneic or
autologous HSCT, and one third were neutropenic
at study onset. Although the trial required that
patients be either refractory to or intolerant of
amphotericin B or a lipid amphotericin preparation,
90% of the enrolled patients with invasive Asper-
gillus infections were actually refractory to one or
more antifungal agents. In fact, the majority (58%)
of these patients were refractory to multiple prior
therapies, with 17 (35%) of 48 having failed prior
treatment with at least one polyene and one azole,
either as sequential or combination therapy. Over-
all, caspofungin was an effective option for these
patients with IA, with successful outcomes
achieved in approximately 45% of the cases.
Responses were noted across diverse sites of
infection, in patients with varying underlying
diseases, and in both the neutropenic and non-
neutropenic setting. In the setting of extended
treatment courses (mean 38.3 days, range 1–129
days), caspofungin therapy remained generally well
tolerated with a low frequency of drug-related
adverse events and drug-related discontinuations.

Overall, the results of this study closely mirror
the findings of the initial caspofungin salvage
monotherapy trial in patients with IA.35 Similar
enrollment criteria and outcome assessments were
implemented in the two studies; however, one
notable distinction was the use of an independent
expert panel to assess the efficacy in the original
study. In both the initial study and this follow-up
compassionate use study, patient demographics
and baseline characteristics were similar with
regard to the underlying disease (72 and 69% with
hematological disorder, respectively) site of infec-
tion (77 and 75% with pulmonary aspergillosis), and
reason for study entry (86 and 90% with refractory
cases). Of note, outcome evaluations were also
similar with success noted in 45 and 44% of the cases
in the original study and the compassionate use
trial, respectively. Even the outcomes in the
various subgroups—patients with hematological
disorders (42 and 37%), pulmonary aspergillosis (50
and 53%), refractory disease (39 and 40%), or
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underlying neutropenia (26 and 31%)—were highly
consistent.35

Both studies demonstrate that the outcome with
caspofungin monotherapy in certain high-risk
patients, namely prior recipients of an allogeneic
HSCT, was poor, as expected.35 A low success rate
in the HSCT population reflects the ongoing need in
this patient population for aggressive immunosup-
pressive therapy to ameliorate the effects of graft-
versus-host disease.37 Given the poor outcome in
these patients with any one monotherapy regimen
and the novel mode of action for caspofungin
relative to the triazole and polyene agents, an
argument could be made for the potential use of
combination therapy in HSCT recipients. In the
small subset of patients who received combination
therapy in this study, such an approach was not
effective; only one of the 10 patients, who received
combination therapy, including none of the four
allogeneic HSCT recipients, responded favorably.
However, the results in this group are limited and
somewhat biased in that combination therapy was
only granted in those patients whom the investi-
gator specifically requested its use. Hence, only
patients with multiple poor prognostic factors were
given combination therapy. As all 10 patients had
caspofungin added to an antifungal agent the
patient was already failing, this study does not
represent an optimal assessment of combination
therapy. Other studies involving combination
therapy with caspofungin have reported more
encouraging results, in both the primary and
salvage setting.38 –42 Clearly, the issue of combi-
nation antifungal therapy warrants further evalu-
ation before any firm conclusions may be drawn
with regards to its use.

In this study, caspofungin was found to be an
effective and well tolerated alternative for the
salvage treatment of IA. The remarkable consist-
ency between the efficacy data from this study and
from the earlier caspofungin monotherapy trial are
further testimony to its activity against this
difficult-to-treat infection. The results lend further
support for the use of caspofungin monotherapy in
the treatment of IA, particularly in patients with
infections refractory to conventional antifungal
agents.
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