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Abstract The safety and efficacy profile of caspofungin
and micafungin in Japanese patients with fungal infections
were directly compared in this prospective, randomized,
double-blind study. The proportion of patients who devel-
oped significant drug-related adverse event(s) (defined as a
serious drug-related adverse event or a drug-related adverse
event leading to study therapy discontinuation) was com-
pared in 120 patients [caspofungin 50 mg, or 50 mg follow-
ing a 70-mg loading dose on Day 1 (hereinafter, 70/50 mg)
group: 60 patients; micafungin 150 mg: 60 patients]. The
overall response rate was primarily evaluated in the per-
protocol set (PPS) population. The proportion of patients
who developed significant drug-related adverse events was

5.0 % (3/60) in the caspofungin group and 10.0 % (6/60) in
the micafungin group [95 % confidence interval (CI) for the
difference: −15.9 %, 5.2 %]. The favorable overall response
in the PPS population for patients with esophageal candidi-
asis, invasive candidiasis, and chronic pulmonary aspergil-
losis including aspergilloma was 100.0 % (6/6), 100.0 % (3/
3), and 46.7 % (14/30) in the caspofungin group, and 83.3 %
(5/6), 100.0 % (1/1), and 42.4 % (14/33) in the micafungin
group, respectively. In Japanese patients with Candida or
Aspergillus infections, there was no statistical difference in
the safety between caspofungin and micafungin. Consistent
with other data on these two agents, the efficacy of caspo-
fungin and micafungin was similar.
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Introduction

The importance of deep-seated fungal infections in Japan is
considered to be increasing due to the rise in the number of
immunocompromised patients associated with the introduc-
tion of advanced medical treatment and the aging of the
Japanese population as a whole. Candida spp. and Asper-
gillus spp. are the most important causative pathogens in
Japan, the same as in other countries [1, 2].

Echinocandins inhibit the biosynthesis of (1,3)-β-D-glu-
can, the structural component of fungal cell wall, thereby,
exhibiting antifungal activity against Candida spp. and As-
pergillus spp. Although caspofungin, micafungin sodium
(hereinafter, micafungin), and anidulafungin have been ap-
proved and are used worldwide, micafungin is the only
approved echinocandin antifungal agent in Japan at the time
of this study.

Caspofungin has been shown to be effective as the pri-
mary therapy for esophageal candidiasis and invasive can-
didiasis, as salvage therapy for invasive aspergillosis, and as
empirical therapy in patients with persistent fever and neu-
tropenia. To date, caspofungin has been approved for use in
over 80 countries worldwide, including the United States
and Europe [3–6]. A comparator-controlled study of caspo-
fungin and micafungin conducted in patients with candide-
mia has been reported by Pappas et al. In this study,
micafungin 100 mg or 150 mg once daily was shown to
be effective (non-inferior) compared to caspofungin 50 mg
daily following a 70-mg loading dose on Day 1 [7]. Addi-
tionally, in a cohort analysis, caspofungin and micafungin
were compared as empirical therapy in patients with febrile
neutropenia, with similar efficacy reported [8]. There are no
reports on the comparative study of caspofungin and mica-
fungin for aspergillosis.

Herein, we report the results of a randomized, double-
blinded, comparative study of caspofungin versus micafun-
gin conducted in Japanese patients with Candida or Asper-
gillus infections. The safety and efficacy profiles of
caspofungin and micafungin were compared.

Study patients and study plan

Objective and study design

This is a randomized, multicenter, double-blind, compara-
tive study. The study was conducted in 43 study sites in
Japan from August 2008 through July 2010. The protocol
was reviewed by the Institutional Review Board of each
participating site, and written informed consent was
obtained from each patient. The protocol was also registered
on clinicaltrials.gov (NCT00717860). In this study, a seri-
ous drug-related adverse event or a drug-related adverse

event leading to study therapy discontinuation was defined
as significant drug-related adverse event(s). Definitions of
adverse events and drug relationships, and the determination
of seriousness basically complied with the “Definitions and
Terminology Associated with Clinical Safety Experience” in
the International Conference on Harmonisation (ICH)-E2
[9]. The primary objective of this study was to compare
the difference in the proportion of patients who develop
significant drug-related adverse events(s) between the cas-
pofungin and micafungin groups. The secondary objective
was to evaluate the difference in the overall response by
each of esophageal candidiasis, invasive candidiasis, and
aspergillosis.

Patient inclusion criteria

Japanese patients aged 20 years and over were enrolled in
this study following obtainment of written informed con-
sent. Patients who fulfilled the criteria indicated below were
enrolled as probable disease cases. When causative fungi
(Candida spp. or Aspergillus spp.) were identified by culture
or relevant organisms with specific morphology (yeast or
acutely branching mold with septated hyphae) were ob-
served by microscopic examination in addition to the criteria
below, then patients were enrolled as proven disease cases.
Both probable and proven disease cases were the target
population in this study.

Criteria for probable disease:

& Esophageal candidiasis: patients with clinical symptoms
of esophageal candidiasis (i.e., odynophagia, dysphagia,
and heartburn) and plaque observed on the esophageal
mucosa by endoscopy.

& Candidemia: patients with fever >38 °C observed, or
fever of ≥37.5 °C that continues for 1 h or more despite
the use of antibiotic therapy and positive results for the
(1,3)-β-D-glucan test.

& Other types of invasive candidiasis (except candidemia):
fungal infection strongly suspected at screening based
on the clinical course and symptoms, typical radiograph-
ic imaging findings on X-ray and computed tomography
(CT) (based on infection site), and positive results for
the (1,3)-β-D-glucan test.

& Invasive aspergillosis: patients with risk factors of fun-
gal infections (e.g., neutropenia, immunosuppressive
treatment), clinical symptoms (e.g., fever, generalized
malaise, coughing, sputum, bloody sputum, dyspnea),
characteristic radiographic imaging findings (e.g., infil-
tration shadow, nodular shadow, cavitary lesions, or halo
sign), and positive results for Aspergillus galactomannan
antigen (enzyme-linked immunosorbent assay).

& Chronic pulmonary aspergillosis (except pulmonary
aspergilloma): patients with clinical symptoms (e.g.,
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fever not responding to antibiotic agent, body weight
decreased, wet coughing, bloody sputum), characteristic
radiographic imaging findings (e.g., pericavity infiltra-
tion, increasing size of cavity, or fluid collection in the
cavity), and positive results for Aspergillus antibody or
Aspergillus galactomannan antigen.

& Pulmonary aspergilloma: patients who have clinical
symptoms (e.g., sputum, bloody sputum, hemoptysis, fe-
ver, dyspnea, coughing), characteristic radiographic imag-
ing findings (e.g., coccus image in the cavity, thickened
cavity wall, pleural thickening, or fluid collection in the
cavity), and positive results for Aspergillus antibody.

Of note, patients who received prior antifungal therapies
(other than echinocandins) were also allowed to enroll in
this study. In such cases, the patients were evaluated on
whether they met the criteria of refractoriness (the patient
received an antifungal agent within 7 days prior to study
therapy administration, but the disease progressed or clinical
improvement was not observed) or intolerance (there is a
significant problem in tolerance during the administration of
prior antifungal agents as judged by the investigators).

Patients who fall under any of the criteria listed below
were to be excluded: patients with mycoses due to causes
other than Candida spp. and Aspergillus spp.; patients who
had already received caspofungin or micafungin for the
current fungal infection within the 7 days prior to initiation
of the study; International Normalized Ratio (INR) (pro-
thrombin time) of >2 × ULN (upper limit of normal) for
patients not receiving anticoagulants; INR >4 × ULN for
patients receiving anticoagulants; total bilirubin of >5 ×
ULN; aspartate aminotransferase (AST), alanine amino-
transferase (ALT), or alkaline phosphatase (ALP) of >5 ×
ULN; patients with a history of serious drug-related allergy
or sensitivity; patients with moderate or severe hepatic in-
sufficiency (acute hepatitis, hepatic cirrhosis, etc.); patients
who received another investigational drug within 1 month
prior to study entry; patients who are pregnant, intend to
become pregnant during the period up to 2 weeks after study
completion, or are lactating.

Treatment plan

The randomization was stratified by infection category
[esophageal candidiasis, candidemia, other types of invasive
candidiasis (except candidemia), invasive aspergillosis,
chronic pulmonary aspergillosis, and pulmonary aspergil-
loma] using a random permuted block, with the caspofungin
group and micafungin group allocated at a ratio of 1:1.
Patients, study investigators, and the sponsor remained
blinded to the treatment group throughout the study. The
pharmacist or preparer of the study therapy at each site was
not blinded to the treatment group, but this individual could

not be involved with any evaluation or judgment of efficacy
and safety in this study.

Each patient received intravenous administration of cas-
pofungin (esophageal candidiasis: 50 mg, invasive candidi-
asis and aspergillosis: 70/50 mg) once daily or micafungin
150 mg once daily for approximately 1 h in a blinded
fashion. The treatment periods were 7–28 days for patients
with esophageal candidiasis, 14–56 days for patients with
invasive candidiasis, and 14–84 days for patients with as-
pergillosis. Patients with esophageal candidiasis were trea-
ted with study therapy for at least 3 days after the resolution
of clinical symptoms and signs. Patients with candidemia
were treated for at least 14 days after the last positive culture
result for Candida spp. Patients with aspergillosis were
treated for at least 7 days after the resolution of clinical
symptoms/signs and at least 14 days after the resolution of
neutropenia (absolute neutrophil count; ANC: >500/μL).
The use of other systemic antifungal agents and rifampin
was prohibited until the time of the efficacy evaluation.

Safety and efficacy evaluation

With regard to the safety of the study drug, the investigators
recorded all adverse events and drug-related adverse events
occurring from the initiation of study therapy through
14 days after the last dose of the study drug, based on any
abnormal physical findings, vital signs, and laboratory tests,
including red blood cell count, white blood cell count,
hemoglobin, hematocrit, platelet count, total protein, albu-
min, total bilirubin, direct bilirubin, AST, ALT, γ-glutamyl
transpeptidase (γ-GTP), ALP, lactate dehydrogenase, blood
urea nitrogen, creatinine, Na, K, Cl, Ca, uric acid, blood
glucose, C-reactive protein, urinalysis, prothrombin time,
and partial thromboplastin time. All safety information per-
taining to a significant drug-related adverse event was
reviewed by the Independent Safety Assessment Committee
(ISAC) under blinded conditions for study therapy. In addi-
tion, with regard to hepatic function tests, maximum values
from the study period were graded according to the Com-
mon Terminology Criteria for Adverse Events (CTCAE)
Version 3 [10].

The diagnosis of patients enrolled into this study was
reviewed by an Independent Efficacy Assessment Commit-
tee (IEAC). The efficacy results in this study were based on
the overall response, which included the resolution or im-
provement of clinical symptoms and radiographic imaging
findings [or eradication of Candida (microbiological re-
sponse) in patients with candidemia]). All efficacy evalua-
tions made by the investigators were reviewed by the IEAC
in a blinded fashion, and the judgment by the IEAC was
considered as the final result.

The efficacy evaluation in esophageal candidiasis was
conducted 5–7 days after the end of study therapy. The
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overall response was determined as “favorable” in patients
with esophageal candidiasis if clinical symptoms and signs
of Candida infections (odynophagia, dysphagia, and heart-
burn) resolved and follow-up endoscopy results indicated at
least a two-grade improvement (or return to Grade 0) in the
predefined criteria (Grades 0, 1/2, 1, 2, 3, and 4) [11]. The
efficacy evaluation in invasive candidiasis was conducted at
the completion of study therapy. The overall response was
determined to be “favorable” in patients with invasive can-
didiasis if the clinical symptoms and signs of Candida
infections were resolved and follow-up blood culture was
negative (for patients with candidemia) or follow-up radio-
graphic imaging findings were “improved” [for patients
with other types of invasive candidiasis (except candide-
mia)]. The efficacy evaluation in aspergillosis was con-
ducted at the completion of study drug. The overall
response was determined to be “favorable” in patients with
aspergillosis if the clinical symptoms and signs of Aspergil-
lus infections were “improved” or “stable”, and follow-up
radiographic imaging findings were “improved” or “stable”.
However, if the clinical symptoms and signs and radio-
graphic imaging findings were both “stable” in patients with
aspergillosis, the overall response was determined to be
“unfavorable”.

Identification of fungus and drug sensitivity study

Fungus isolated in the study was sent to Mitsubishi Chem-
ical Medience Corporation and the organism was identified
to the species level. The susceptibility of all isolated Asper-
gillus spp. and Candida spp. to antifungal agents was mea-
sured according to the guidance for microdilution technique
M38-A2 (Aspergillus spp.) [12] and M27-A3 (Candida
spp.) [13] of the Clinical and Laboratory Standards Institute
(CLSI).

Statistical analysis

The safety analysis population was the all patients as treated
(APaT) population (all randomized patients who received at
least one dose of study therapy). The incidence and its 95 %
confidence interval (CI) by treatment groups were calculat-
ed for the primary endpoint, namely, the proportion of
patients who developed significant drug-related adverse
events (a serious drug-related adverse event or a drug-
related adverse event leading to study therapy discontinua-
tion). In addition, 95 % CIs for the difference in the inci-
dence between treatment periods were calculated using the
Miettinen and Nurminen method (1985). The study was not
powered to show a statistically significant difference be-
tween treatment groups.

The primary efficacy analysis population was the per-
protocol set (PPS) population. The PPS included any patient

who was diagnosed as having Candida or Aspergillus infec-
tions by the IEAC and received an appropriate course of
study therapy (at least 5 days for the treatment of esophageal
candidiasis or invasive candidiasis or at least 7 days for the
treatment of aspergillosis), and in whom the efficacy evalu-
ation was conducted in accordance with the study protocol.
For esophageal candidiasis and candidemia, patients were
included in the PPS population only when Candida spp. was
confirmed by culture test. In addition, a secondary efficacy
analysis was also performed using the full analysis set (FAS)
population to confirm the consistency of the results. The
FAS included any patient who received at least one dose of
study therapy and was diagnosed as having Candida or
Aspergillus infections by the IEAC.

Patients whose overall response was determined as “un-
able to be judged” were excluded from the overall response
in the PPS analysis. In the FAS analysis, “unable to be
judged” patients were treated as “unfavorable”. The propor-
tion of patients with a favorable overall response and its
95 % CI were calculated by three disease types (esophageal
candidiasis, invasive candidiasis, and chronic pulmonary
aspergillosis including aspergilloma), as judged by the
IEAC. The analysis methods, handling, and the identifica-
tion of the patients to be excluded from the PPS population
mentioned above were determined before the unblinding.

Results

Study patients and patient background

One hundred and twenty-one patients were randomized. The
average age of the randomized patients at the time of en-
rollment was 69.1 years and the proportion of male patients
(79.3 %) was greater than that of female patients (20.7 %).
The average weight was 48.8 kg and patients who were
refractory to or intolerant of prior antifungal agents
accounted for approximately one-quarter of enrollment.
There were no patients with human immunodeficiency virus
(HIV) infection, allogeneic stem cell transplant, or graft
versus host disease. Major risk factors observed in patients
with esophageal candidiasis were diabetes mellitus (25.0 %)
and malignant tumor (25.0 %). Major risk factors in patients
with invasive candidiasis were diabetes mellitus (31.6 %)
and malignant tumor (26.3 %). Major risk factors in patients
with chronic pulmonary aspergillosis were pulmonary dis-
order (31.4 %), tuberculosis sequelae (24.3 %), diabetes
mellitus (21.4 %), malignant tumor (8.6 %), and use of
steroids (5.7 %). There was no statistical difference between
the caspofungin group and the micafungin group for any
demographic or baseline data (Table 1)

The breakdown of APaT, FAS, PPS and populations in
this study and the reasons for the exclusion of patients from
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each population is included in Fig. 1. One patient was
excluded from the APaT population because blinding was
not maintained for this patient. Thirteen patients who were
diagnosed as having infections caused by pathogens other
than Aspergillus spp. and Candida spp., based on the deter-
mination of the IEAC, were excluded from the FAS popu-
lation. The most common reason for why patients were
excluded from the FAS population and the PPS population
was unconfirmed “positive culture” for esophageal candidi-
asis and invasive candidiasis (15 patients). Most of these
excluded patients were with probable candidemia. Candide-
mia patients were allowed to start study therapy based on the
positive (1,3)-β-D-glucan test and clinical symptoms, and,
as a result, most of the culture results in these patients were
demonstrated as negative. Patients who were not classified
into diseases predefined in the study protocol (two patients
with aspergillosis not classified) were also excluded from
the PPS population. In addition, there were exclusions due
to the use of prohibited concomitant drugs (one patient)
and insufficient study therapy duration (four patients).
There was no notable difference in the number of patients
within each treatment group in any of the three analysis
populations.

The average dosages in the APaT population were
51.0 mg/day and 149.7 mg/day in the caspofungin and
micafungin groups, respectively. The average duration of
study drug treatment in the APaT population was 28.7
(range 2–84) days and 33.6 (range 1–84) days in the caspo-
fungin and micafungin groups, respectively. The accounting
of patients by disease type is presented in Table 2.

Safety evaluation

The number of patients who reported drug-related adverse
events is shown in the APaT population in Table 3. Drug-
related adverse events were reported in 38.3 % and 41.7 % of
patients in the caspofungin and micafungin groups, respec-
tively. Serious drug-related adverse events were reported in
two patients; both were in the micafungin group (AST and
ALT increased in one patient and rash in the other patient).

Abnormal values in ALT, AST, and ALP (maximal
levels), regardless of the drug relationship, were assessed
in an exploratory fashion in accordance with CTCAE
Version 3. The numbers of patients who had Grade 2 or
higher ALT, AST, or ALP elevations (>2.5 × ULN) were 3,
4, and 5, respectively, in the caspofungin group, and 6, 5,

Table 1 Patient demographics
and background conditions (all
randomized patients)

aChi-square test (t-test for age
and weight)
bPulmonary disorder includes
bronchiectasis, tuberculosis,
chronic obstructive pulmonary
disease, pulmonary fibrosis, and
pulmonary bulla
cBased on the comparison of the
proportion of patients who have at
least one of the underlying risks
between two treatment groups

Total Caspofungin Micafungin p-valuea

n (%) n (%) n (%)

Randomized patients 121 61 60

Sex 0.472

Male 96 (79.3) 50 (82.0) 46 (76.7)

Female 25 (20.7) 11 (18.0) 14 (23.3)

Age (years) 0.815

Mean 69.1 68.9 69.3

Standard deviation 10.1 11.2 9.0

Weight (kg) 0.476

Mean 48.80 49.56 48.01

Standard deviation 11.61 10.75 12.47

Refractoriness or intolerance to prior
antifungal agents

0.884

Refractory 23 (19.0) 12 (19.7) 11 (18.3)

Intolerant 5 (4.1) 2 (3.3) 3 (5.0)

Primary therapy 93 (76.9) 47 (77.0) 46 (76.7)

Underlying risks 0.478c

Diabetes mellitus 28 (23.1) 11 (18.0) 17 (28.3)

Pulmonary disorderb 25 (20.7) 13 (21.3) 12 (20.0)

Malignant tumor 22 (18.2) 13 (21.3) 9 (15.0)

Tuberculosis sequelae 20 (16.5) 9 (14.8) 11 (18.3)

Use of immunosuppressive drugs 5 (4.1) 1 (1.6) 4 (6.7)

Use of steroids 5 (4.1) 2 (3.3) 3 (5.0)

Neutrophil count <500/mm3 4 (3.3) 2 (3.3) 2 (3.3)

Thermal burn 1 (0.8) 1 (1.6) 0 (0.0)
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and 2, respectively, in the micafungin group. Of these, the
number of patients who had Grade 3 ALT, AST, or ALP
elevations (>5.0–20.0 × ULN) was 2, 3, and 1, respectively,
in the micafungin group; none of the caspofungin-treated
patients had Grade 3 elevations for ALT, AST, or ALP.

The proportion of patients fulfilling the primary endpoint
of this study, the presence of one or more significant drug-
related adverse events, was 5.0 % (95 % CI: 1.0, 13.9) in the

caspofungin group and 10.0 % (95 % CI: 3.8, 20.5) in the
micafungin group. The between-treatment difference was
−5.0 % (95 % CI: −15.9, 5.2), thereby, showing no signif-
icant difference between the two groups. Significant drug-
related adverse events were reported in three patients in the
caspofungin group (all reported drug-related adverse events
leading to study therapy discontinuation) and six patients in
the micafungin group (two reported serious drug-related

Caspofungin 
N=61 

APaT 
N=60 

FAS 
N=54 

PPS 
N=44 

PPS 
N=41

FAS 
N=53

APaT 
N=60

Micafungin 
N=60

Randomized 
N=121 

Excluded from PPS  
N=10

Candida spp. not identified: 6 
Disease not categorized: 2 
Received prohibited concomitant 
medication: 1 
Insufficient treatment duration: 1 

Excluded from APaT 
N=1 

Procedure deviation: 1 

Excluded from FAS 
N=6

Not having target disease: 6 

Excluded from FAS 
N=7

Not having target disease: 7 

Excluded from PPS 
N=12

Candida spp. not identified: 9 
Insufficient treatment duration: 3 

Fig. 1 Analysis populations
and reasons for exclusion by
treatment group. APaT: all
patients as treated, FAS: full
analysis set, PPS: per-protocol
set

Table 2 Disposition of patients
by disease type

APaT all patients as treated, PPS
per-protocol set
aDisease classification is based
on the diagnosis by the Indepen-
dent Efficacy Assessment
Committee (IEAC)
bOther infectious diseases (not
mycosis) diagnosed by the IEAC

Disease typea APaT PPS

Number of patients
[duration of therapy,
mean days]

Number of patients

Caspofungin Micafungin Caspofungin Micafungin

Esophageal candidiasis 9 [14.7] 7 [13.7] 8 6

Invasive candidiasis 9 [13.2] 9 [13.2] 3 1

Candidemia 6 7 1 0

Invasive candidiasis (excluding candidemia) 3 2 2 1

Aspergillosis 36 [37.1] 37 [42.1] 33 34

Invasive aspergillosis 1 0 1 0

Chronic pulmonary aspergillosis (including
pulmonary aspergilloma)

33 37 32 34

Pulmonary aspergillosis (unclassified) 2 0 0 0

Other than mycosisb 6 [21.8] 7 [34.9] 0 0

Total 60 [28.7] 60 [33.6] 44 41
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adverse events accompanied by study therapy discontinuation
and four reported drug-related adverse events leading to study
therapy discontinuation). The significant adverse events of
three patients in the caspofungin group were elevation of
ALP, AST, and γ-GTP, moderate rash, and elevation of AST
and ALT. The significant adverse events in six patients of the
micafungin group were elevation of AST and ALT, moderate
rash, increased blood pressure level, occurrence of atrial fi-
brillation, elevation of γ-GTP alone, and elevation of AST,
ALT, γ-GTP, ALP, and LDH with the occurrence of nausea.
Nine patients in the caspofungin group and 10 patients in the
micafungin group died during this study. None of the deaths
were considered to be drug-related adverse events.

Efficacy evaluation

Of the 85 patients included in the PPS population, six
patients were deemed to be “unable to be judged”, and the
favorable overall response rate was assessed for 79 patients.
Favorable overall response rates in esophageal candidiasis,
invasive candidiasis, and chronic pulmonary aspergillosis
including aspergilloma are shown in Table 4. Among inva-
sive candidiasis, one patient in the caspofungin group was
candidemia and the others (two in caspofungin and one in
micafungin) were peritoneal candidiasis patients. The over-
all response of caspofungin and micafungin in chronic pul-
monary aspergillosis (other than aspergilloma) patients were

Table 3 The number (%) of
patients with clinical and labo-
ratory drug-related adverse
events (incidence ≥3 % in one or
more treatment groups) [all
patients as treated (APaT)
population]

aPatients with esophageal candi-
diasis received caspofungin
50 mg once daily. All other
patients received caspofungin
50 mg once daily following a
70-mg loading dose on Day 1
bAll patients received micafun-
gin 150 mg once daily

Every patient is counted once for
each applicable specific adverse
event. A patient with multiple
adverse events within a system
organ class is counted once for
that system organ class. A sys-
tem organ class or specific ad-
verse event appears in this table
only if its incidence in one or
more of the columns is greater
than or equal to the percent inci-
dence specified in the report ti-
tle, after rounding

Caspofungina Micafunginb

n (%) n (%)

Patients in population 60 60

With one or more drug-related adverse events 23 (38.3) 25 (41.7)

With one or more drug-related serious adverse events 0 (0.0) 2 (3.3)

Eye disorders 1 (1.7) 2 (3.3)

Gastrointestinal disorders 3 (5.0) 4 (6.7)

Constipation 0 (0.0) 2 (3.3)

Nausea 2 (3.3) 1 (1.7)

General disorders and administration site conditions 2 (3.3) 3 (5.0)

Injection site reaction 0 (0.0) 2 (3.3)

Hepatobiliary disorders 1 (1.7) 2 (3.3)

Infections and infestations 0 (0.0) 2 (3.3)

Laboratory abnormalities 14 (23.3) 18 (30.0)

Alanine aminotransferase (ALT) increased 5 (8.3) 4 (6.7)

Aspartate aminotransferase (AST) increased 6 (10.0) 3 (5.0)

Blood lactate dehydrogenase (LDH) increased 0 (0.0) 2 (3.3)

Blood potassium decreased 2 (3.3) 1 (1.7)

Blood potassium increased 1 (1.7) 3 (5.0)

Blood pressure increased 0 (0.0) 2 (3.3)

Eosinophil count increased 3 (5.0) 4 (6.7)

Gamma-glutamyl transpeptidase (γ-GTP) increased 2 (3.3) 2 (3.3)

Prothrombin time prolonged 2 (3.3) 0 (0.0)

White blood cell count decreased 1 (1.7) 2 (3.3)

White blood cell count increased 0 (0.0) 2 (3.3)

Platelet count increased 0 (0.0) 2 (3.3)

Blood alkaline phosphatase (ALP) increased 2 (3.3) 2 (3.3)

Nervous system disorders 3 (5.0) 2 (3.3)

Hypoesthesia 0 (0.0) 2 (3.3)

Skin and subcutaneous tissue disorders 1 (1.7) 6 (10.0)

Erythema 0 (0.0) 2 (3.3)

Rash 1 (1.7) 3 (5.0)

Vascular disorders 5 (8.3) 2 (3.3)

Hypertension 2 (3.3) 0 (0.0)

Phlebitis 2 (3.3) 2 (3.3)
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45.0 % (9/20) and 46.7 % (14/30), respectively. The overall
response of caspofungin in aspergilloma patients was
50.0 % (5/10), and there were no aspergilloma patients in
the micafungin group. In general, the favorable overall
responses were similar across the two treatment groups for
each disease. Since the efficacy evaluation was indepen-
dently assessed from an event of death, a listing of patients
in the PPS population who died during the study period is
shown in Table 5. Three of the four patients in the caspo-
fungin group and one of four patients in the micafungin
group died due to the worsening of primary infection
(chronic pulmonary aspergillosis in all cases). Three patients
deemed to be “unable to be judged” were not included in the
calculation of the favorable overall response rate (two
patients in the caspofungin group and one patient in the
micafungin group).

Additionally, in the FAS population, the favorable overall
response rates in the caspofungin group and the micafungin
group were 77.8 % (7/9) and 85.7 % (6/7) for patients with
esophageal candidiasis, 33.3 % (3/9) and 11.1 % (1/9) for
patients with invasive candidiasis, 45.5 % (15/33) and
37.8 % (14/37) for patients with chronic pulmonary asper-
gillosis including aspergilloma, respectively. The results
were generally comparable between the treatment groups,
such as those seen in the PPS population.

Duration of therapy and relationships with overall response
in aspergillosis patients

Among patients with aspergillosis in the PPS population, an
exploratory assessment was performed to compare the num-
ber of days on study therapy between the treatment groups

Table 4 Overall response in the
per-protocol set (PPS) excluding
patients deemed to be “unable to
be judged”a from the PPS
population

CI confidence interval
aPatients who were determined
as “unable to be judged” were
excluded from the PPS analysis
for overall response
bn/m number of patients with fa-
vorable overall response/number
of patients analyzed

Caspofungin Micafungin

Number of patients in PPS 44 41

Number of patients determined
as “unable to be judged”
for overall response

5 1

Number of patients analyzed
for overall response

39 40

Overall response Favorable response
rate, % (n/m)b

(95 % CI) Favorable response
rate, % (n/m)b

(95 % CI)

Esophageal candidiasis 100.0 (6/6) (54.1, 100.0) 83.3 (5/6) (35.9, 99.6)

Invasive candidiasis 100.0 (3/3) (29.2, 100.0) 100.0 (1/1) (2.5, 100.0)

Chronic pulmonary
aspergillosis including
aspergilloma

46.7 (14/30) (28.3, 65.7) 42.4 (14/33) (25.5, 60.8)

Table 5 Listing of patients who died in the PPS population

Treatment
group

Disease Study
therapy
duration

Overall response (by the IEAC) Date of death
(relative day after
study therapy
completion)

Cause of death (by primary
investigators)

Caspofungin Chronic pulmonary
aspergillosis

11 days Unable to judge (due to severe
co-infection of bacteria)

Day 1 (Worsening of) chronic
pulmonary aspergillosis

Chronic pulmonary
aspergillosis

84 days Unfavorable Day 11 (Worsening of) chronic
pulmonary aspergillosis

Chronic pulmonary
aspergillosis

84 days Unable to judge (due to repeated
co-infection of bacteria)

Day 12 (Worsening of) chronic
pulmonary aspergillosis

Candidemia 15 days Favorable Day 11 (Worsening of) peritoneal
mesothelioma

Micafungin Chronic pulmonary
aspergillosis

8 days Unable to judge (due to
inconsistent imaging data)

Day 2 (Worsening of) lung cancer

Chronic pulmonary
aspergillosis

20 days Unfavorable Day 7 (Worsening of) chronic
pulmonary aspergillosis

Chronic pulmonary
aspergillosis

8 days Unfavorable Day 19 (Worsening of) COPD

Chronic pulmonary
aspergillosis

13 days Unfavorable Day 8 Death (unknown cause of death)

394 Eur J Clin Microbiol Infect Dis (2013) 32:387–397



and by treatment outcome. The mean number (range) of
days on study therapy among patients with a favorable
response was 36.1 (8 to 84) days for the caspofungin 70/
50 mg group (n014) and 61.5 (22 to 84) days for the
micafungin group (n014). The mean treatment duration
was shorter among patients with a favorable response in
the caspofungin 70/50 mg group than in the micafungin
group. On the other hand, the mean number (range) of days
on study therapy among patients with an unfavorable re-
sponse with aspergillosis was 39.3 (14 to 84) days for the
caspofungin 70/50 mg group (n016) and 35.6 (7 to 84) days
for the micafungin group (n019). The treatment duration
was generally comparable between the groups in patients
with unfavorable responses.

Susceptibility of fungal isolates to caspofungin

The geometric mean (range) of the caspofungin minimum
inhibitory concentration (MIC) of clinical isolates of Can-
dida spp. detected at screening (baseline isolates) was 0.25
(0.06–0.5) μg/mL and 0.5 μg/mL for C. albicans (19
strains) and C. glabrata (one strain), respectively. The geo-
metric mean (range) of the caspofungin minimum effective
concentration (MEC) of clinical isolates of Aspergillus spp.
detected at screening was 0.25 (0.12–0.5) μg/mL, 0.25
(0.25) μg/mL, 0.25 (0.12–0.5) μg/mL, and 0.12 μg/mL for
A. fumigatus (nine strains), A. niger (three strains), A. flavus
(two strains), and Aspergillus spp. (one strain), respectively.

Discussion

This study is a prospective, randomized, double-blind study
to evaluate the efficacy and safety of caspofungin versus
micafungin in Japanese patients with Aspergillus or Candi-
da infections. The caspofungin doses investigated in this
study were the same as the approved clinical doses outside
of Japan. Although the approved standard dose of micafun-
gin for aspergillosis and candidiasis is 50–150 mg once
daily and 50 mg once daily, respectively, and the dose can
be increased up to 300 mg once daily in Japan, the average
daily micafungin dose which has been actually used in a
clinical setting is reported to be 110 mg [14]. In addition, in
the Japanese “Diagnosis and Treatment Guideline for Deep-
Seated Fungal Infections”, micafungin doses of 100 to
150 mg daily and 150 to 300 mg daily are recommended
for the treatment of candidiasis and aspergillosis, respective-
ly [15]. Based on these data, a micafungin dose of 150 mg
daily was determined to be an appropriate comparison to
caspofungin (50 mg or 70/50 mg once daily).

Several efficacy findings deserve further attention. The
efficacy results from the patients who were in the PPS
excluding “unable to be judged” patients (n079) suggest

that the efficacy of caspofungin 50 mg or 70/50 mg once
daily was almost comparable to that of micafungin 150 mg
once daily. However, it should be noted that two patients in
the PPS population receiving caspofungin died due to wors-
ening of the primary disease of chronic pulmonary aspergil-
losis after 1 and 12 days following the completion of study
therapy, respectively, and were assessed as “unable to be
judged” by the IEAC because both patients also had bacte-
rial infection and the efficacy of caspofungin could not be
evaluated based on their clinical symptoms. Since the ulti-
mate cause of death was the worsening of primary disease,
these two patients were highly likely not to respond to
caspofungin, and, consequently, the efficacy of caspofungin
might be slightly lower in this study. All Candida spp.
isolates detected at screening in this study showed caspo-
fungin MIC below the current CLSI clinical breakpoint
(2 μg/mL) and were deemed to be susceptible. No CLSI
clinical breakpoint for Aspergillus spp. has been established;
however, the MEC values were similar to the data reported
to date [16]. Therefore, Candida spp. and Aspergillus spp. in
Japan appear to be susceptible to caspofungin.

Both caspofungin and micafungin demonstrated favor-
able treatment efficacy against Candida infections. This
result is similar to that in the fluconazole-controlled com-
parative studies of caspofungin and micafungin in patients
with esophageal candidiasis [3, 17] and to that in the direct
comparative study between caspofungin and micafungin in
patients with invasive candidiasis [7].

On the other hand, the favorable response rate was slight-
ly below 50 % in aspergillosis. In this study, no patients in
the primary efficacy analysis group were confirmed by the
IEAC to have invasive aspergillosis, and, thus, all patients
who were categorized into the aspergillosis population had
subacute to chronic stage of aspergillosis. As for the study
evaluating the efficacy against chronic pulmonary aspergil-
losis, a study has been conducted comparing micafungin
with voriconazole. In this study, the favorable overall re-
sponse rates at the completion of study therapy with micafun-
gin (average dose 167.4 mg/day) or voriconazole (6 mg/kg
twice daily on Day 1, followed by 4 mg/kg twice daily on Day
2 onwards) were 60.0 % and 53.2 %, respectively [18].
Although a direct comparative assessment is difficult due to
the different enrollment and efficacy evaluation criteria, based
on this previous report and the results from the current study
(favorable overall response rate of 46.7 % in the caspofungin
group and 42.4 % in the micafungin group), it can be consid-
ered that both agents are effective to some extent against
chronic pulmonary aspergillosis. Additionally, among the
chronic pulmonary aspergillosis patients who showed favor-
able efficacy response, we found that the duration of therapy
in the caspofungin group was numerically shorter than that in
the micafungin group. Since the number of patients was very
limited (n014 in each group) and any adjustment based on the

Eur J Clin Microbiol Infect Dis (2013) 32:387–397 395



medical history or concomitant diseases including risk factors
for fungal infection was not considered, it is difficult to
conclude that the difference in periods show antifungal
responses. However, it might be interesting to investigate the
difference of echinocandins, and, thus, further investigation in
the patients with more controlled status is needed.

Taken together, the overall efficacy results seem consis-
tent to those of other previous reports, although there is a
limitation to comparing the efficacy to each candidiasis and
aspergillosis between caspofungin and micafungin due to
the small number of patients in each subset of infection.

Amongst the proportion of patients with significant drug-
related adverse events, the primary endpoint of this study
was 5.0 % in the caspofungin group and 10.0 % in the
micafungin group. The 95 % CI for the treatment difference
in the incidence was −15.9 % to 5.2 %, thereby, showing no
significant difference. Furthermore, no apparent difference
between the treatment groups was observed in the incidence
of specific adverse events or drug-related adverse events. In
addition, relatively common drug-related adverse event cat-
egories were similar to those previously reported in associ-
ation with caspofungin [3–5]. Drug-related adverse events
relating to liver function enzymes have been commonly
reported in association with echinocandins. Since these
events were also frequently reported compared to other
drug-related adverse events in this study, these events were
further assessed.Whenmaximal levels of AST, ALT, andALP
were graded in accordance with CTCAE Version 3 criteria, all
abnormal changes observed in the caspofungin group were
Grade 2 (>2.5–5 × ULN), but some patients in the micafungin
group had Grade 3 levels (>5.0–20.0 × ULN). Since multiple
types of drugs were concomitantly used with the study therapy
in this trial, a discussion of the drug association with elevation
of these enzymes is difficult to make. However, the monitor-
ing of liver function enzymes is generally recommended for
patients receiving echinocandins.

Conclusion

In Japanese patients with Aspergillus orCandida infections, the
safety of the treatment with caspofungin 50 mg or 70/50 mg
once daily was similar to that of micafungin 150 mg daily.
Consistent to other data on these two agents, caspofungin
treatment showed similar efficacy to micafungin.
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