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Abstract
Introduction: Few studies have assessed the efficacy and safety of micafungin in patients with proven or probable invasive
aspergillosis (IA). This was the aim of the current study, which was conducted in 22 hospitals in China, where micafungin was
approved for treatment of IA in 2006.

Methods: This was a non-comparative, phase IV open-label study (NCT02646774). Eligible patient were adults with proven or
probable IA. Efficacy endpoints included rates of overall treatment success (primary endpoint) and clinical improvement, fungal
clearance, mortality, and the site ofAspergillus infection (all secondary endpoints). Safety endpoints included incidences of treatment-
emergent adverse events (TEAEs), serious AEs (SAEs), and adverse drug reactions (ADRs). These endpoints were reported
descriptively with associated 95% confidence intervals (CI); no hypotheses were tested.

Results: The study was discontinued early due to low patient recruitment, which did not allow for the planned sample size to be
reached. In total, 68 patients were enrolled: 42 into the full analysis set (for efficacy) and 61 into the safety analysis set. All patients
were Han Chinese; the majority were male (n=26; 61.9%) and�60 years of age (n=35; 83.3%). Rates of overall treatment success,
clinical improvement, fungal clearance, and mortality were 45.2% (n=19/42; 95% CI: 29.85–61.33); 59.5% (n=25/42; 95% CI:
43.28–74.37), 80.0% (n=4/5; 95% CI: 28.36–99.49), and 7.1% (n=3/42; 95% CI: 1.50–19.48), respectively. All patients were
diagnosedwith pulmonary Aspergillus infection. Overall, 155 TEAEs and 8 SAEs were reported by 37 (60.7%) and 7 (11.5%) patients.
The most common TEAEs were decreased platelet count and fatigue (both n=5; 8.2%) and the most common SAEs were
intracranial hemorrhage and lung infection (n=3; 4.9% and n=2; 3.3%). Eight ADRs (n=6; 9.8%) were reported but all were
completely remitted or remitting during follow-up.

Conclusions: Results suggest that micafungin is efficacious and well-tolerated in patients with proven or probable IA in
China. However, these findings should be interpreted with care, due to the small number of patients included in this
study. Further comparative trials should be used to confirm the efficacy and safety of micafungin in patients with proven or
probable IA.

Abbreviations: ADRs = adverse drug reactions, AST = aspartate aminotransferase, CI = confidence interval, CT = computed
tomography, FAS = full analysis set, IA = invasive aspergillosis, IFD = invasive fungal disease, OD = once-daily, PD =
pharmacodynamics, PK = pharmacokinetics, PPS = per protocol set, SAEs = serious adverse events, SAS = safety analysis set,
SD = standard deviation, TEAEs = treatment-emergent adverse events (TEAEs), ULN = upper limit of normal.
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1. Introduction

Invasive fungal disease (IFD) caused by Aspergillus species
(invasive aspergillosis; IA) is a significant cause of morbidity and
mortality,[1–3] particularly in immunocompromised patients
undergoing chemotherapy or transplantation.[1,2,4,5] The inci-
dence of IA has increased substantially in recent years, in part
associated with the introduction of fluconazole prophylaxis to
prevent Candida infections.[6,7] The most common Aspergillus
spp. isolated from cases of IA are Aspergillus fumigatus,
Aspergillus flavus, Aspergillus niger, and Aspergillus terreus,
although up to 7% remain unidentified.[8,9] The majority of IFDs
due to Aspergillus spp. are limited to the lungs, respiratory tract,
and sinuses.[9,10] Although other organs (e.g., heart, kidneys,
liver, and pancreas) can also be affected.[9]

IA can be defined as proven, probable, and possible.[11] Proven
cases should be based on histopathology, cytopathology, or
direct microscopic examination, and positive Aspergillus culture
test of specimens from normally aseptic sites. Probable cases are
those that meet criteria within 3 categories: host factors, clinical
manifestations (symptoms, signs, and radiological features), and
mycological evidence.[3,11] The overall incidence of proven IA in
patients in intensive care units is thought to be up to 17%,with an
associated mortality rate of up to 79%.[12] However, the
incidence rate of IA may vary depending on local epidemiology
and host risk factors, as well as the quality of air control in
hospital settings.[13]

Micafungin is an echinocandin with a broad-spectrum of
activity against Aspergillus spp.[14] The efficacy and safety of
micafungin when used as prophylaxis or empirical therapy for
IFDs has been shown in randomized, multicenter trials (including
1 conducted in China).[15–17] In these studies, the overall
treatment success rates (i.e., the absence of suspected, proven,
or probable invasive fungal infection) at the end of micafungin
treatment were similar to those of active comparators (flucona-
zole or itraconazole); similar tolerability was observed with
micafungin and fluconazole,[15] but improved overall tolerability
was observed for micafungin compared with itraconazole.[16,17]

In each study, fewer cases of probable or proven breakthrough IA
(proven or probable disease with onset of symptoms on day 3 or
later after initiation of antifungal therapy[3]) were reported in
patients treated with micafungin, compared with the comparator
treatments.[15–17]

The majority of studies of micafungin in patients with IA are
limited to case reports, as discussed by Enoch et al.[18] Indeed, few
studies have evaluated the efficacy and safety of micafungin in
patients with proven or probable IA.[19–21] Micafungin demon-
strated similar efficacy compared with caspofungin (overall
response rates: 42.4% vs 46.7%, respectively) in a randomized,
double-blind, multicenter trial of 120 patients with proven or
probable IA conducted in Japan, and similar overall tolerability
was also observed (adverse events [AEs] reported by 38.3% vs
41.7% of patients).[21] In the other trials, both of which were
non-comparative, patient numbers were low (n�29 for all
efficacy assessments), and 1 trial was discontinued early due to
issues with enrollment.[19,20] However, across both of these trials,
overall response rates of up to 50.0% were observed in patients
who received micafungin as monotherapy.[19,20]

Micafungin was approved for the treatment of infectious
diseases caused by Aspergillus spp. in China in 2006 (it is
approved for the treatment of invasive candidiasis but not IA in
Europe and the United States).[22,23] Post-marketing data
reported in Chinese patients with IA have shown favorable
2

treatment response rates for micafungin compared with
fluconazole (66.7% vs 44.4%, respectively), and an acceptable
tolerability profile.[24]

The objective of the current study was to evaluate the efficacy
and safety of micafungin for the treatment of patients with
proven or probable IA.

2. Methods

2.1. Study design and treatment

This was a non-comparative, multicenter, phase IV, open-label
study (Astellas protocol number: ACN-MA-MYC-IA-2012;
clinicaltrials.gov identifier: NCT02646774), conducted in 22
hospitals in China. The date of first enrollment was March 1,
2014 and the last evaluation was completed on June 26, 2015. All
eligible patients were treated once-daily (OD) with micafungin
via intravenous infusion; the dosage used was at the discretion of
the treating physician, ranging from 50 to 300mg/d. Patients
were treated for up to 12 weeks according to disease severity; the
treatment duration was calculated on the day patients were
enrolled and first received micafungin (Day 0).
2.2. Patients

Eligible patients were adults ≥18 years of age, with proven or
probable infections caused byAspergillus, according to European
Organization for Research and Treatment of Cancer/Invasive
Fungal Infections Cooperative Group/National Institute of
Allergy and Infectious Diseases Mycoses Study Group criteria.[3]

Patients highly suspected to have IA were also enrolled and
received micafungin on Day 0; however, these patients only
continued in the study if they were diagnosed with proven or
probable IA on the third day after their first dose of micafungin.
Patients were excluded due to: lack of a negative pregnancy test

prior to the study; unwillingness to use reliable methods of
contraception throughout the study; receipt of any echinocandin
or enrollment in another clinical study within 1 month prior to
enrollment into the current study; aspartate aminotransferase/
alanine aminotransferase levels >5 times the upper limit of
normal (ULN); total bilirubin level >2.5 times the ULN; blood
urea nitrogen/creatinine level >3 times the ULN; being human
immunodeficiency virus-positive; history of hypersensitivity or
any serious reaction to any echinocandin; life expectancy of <1
month; or previous enrollment in the current study. Patients were
also excluded if the investigator considered them unlikely to
comply with the protocol-scheduled visits, or if they had a history
of non-compliance in other trials.
Written informed consent was obtained from all patients. The

study was approved by local ethics committees, who were
informed of all serious AEs (SAEs) which occurred during the
study. The study was conducted in accordance with the principles
outlined in the Declaration of Helsinki, Good Clinical Practice,
and all applicable laws and regulations.

2.3. Endpoints and assessments
2.3.1. Efficacy (assessed each week after initiation and at
completion of micafungin treatment). The primary endpoint
was the overall treatment success rate (derived by calculating the
proportion of patients with a complete or partial response; full
definitions for these response criteria are shown in Table 1).[25]

Secondary endpoints included clinical improvement rate (the
proportion of patients with improvement or complete resolution



Table 1

Full definitions of complete and partial response.

Response criteria Definition

Complete response Survival and resolution of all attributable symptoms and signs of disease; plus
Persistence of only a scar or postoperative changes (where resolution of radiological lesion[s] had been achieved); plus
Documented clearance of infected sites that were accessible to repeated sampling (e.g., fungal disease involving the palate,
sinuses or cutaneous lesions)

Partial response Survival and improvement of attributable symptoms and signs of disease; plus
Documented clearance of infected sites that were accessible to repeated sampling (e.g., fungal disease involving the palate,
sinuses or cutaneous lesions); or

Resolution of all attributable symptoms and signs of fungal disease, or biopsy of an infected site showing no evidence of hyphae
and negative culture results (both in cases of radiological stabilization)

Definitions were adapted from Segal et al.[25].

Assessed for
eligibility (n=68)

Excluded (n=26)
• No evidence of Aspergillosis infection
  using mycological examination (n=23)
• Met exclusion criteria on Day 3* (n=2)
• Withdrew consent (n=1)

Withdrew from study (n=5)
• Lack of efficacy (n=2)
• SAE (n=2)
• AE (n=1)

Excluded (n=6)
• Protocol violation (n=6)**

Enrolled (n=68)†

FAS (n=42)

PPS (n=31)

Completed study (n=37)

Figure 1. Patient disposition throughout the study. †61 patients received
treatment with ≥1 dose of micafungin and had a post-baseline safety
assessment, these patients were included in the SAS. ∗On day 3, 1 patient’s
serum total bilirubin exceeded 2.5 time the upper limit of normal, the other had a
life expectancy of <1 month. ∗∗Four of these patients also had elevated liver
function. AE=adverse event, FAS= full analysis set, IA= invasive aspergillosis,
PPS=per protocol set, SAE=serious AE, SAS=safety analysis set.
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of symptoms and signs), fungal clearance rate, mortality rate, and
the site of Aspergillus infection. The fungal clearance rate
represented the proportion of patients with confirmed clearance
(by negative result for fungal microscopy or culture) or assumed
clearance (by complete removal of clinical symptoms and signs, if
no repeated sampling was accessible).

2.3.2. Safety. Safety endpoints (assessed at all visits) included
the incidence and severity of treatment-emergent AEs (TEAEs;
reported according to the Medical Dictionary for Regulatory
Activities, version 16.0) and SAEs, including adverse drug
reactions (ADRs), considered by the investigator to be related to
micafungin treatment. AEs of special interest included those
associated with hepatobiliary and renal function. Vital signs,
clinical laboratory results, and exposure to micafungin (time and
dose) across the treatment period were also assessed.

2.3.3. Follow-up. Follow-up, comprising physical examination,
laboratory testing, and other assessments, was performed up to 2
weeks after completion of micafungin treatment.

2.4. Sample size

The planned sample size was 120, based on the following
formula: n= (m2

a/2p[1�p])/d2, and considering a 20% dropout
rate, where p is the overall success rate, assumed to be 50%,
based on previously reported data[26]; d is the acceptable 95% CI
precision, defined as 10%; and ma/2 is the 1–a/2 percentile of the
standard normal distribution, which is 1.96 when a=0.05.

2.5. Analysis subsets

Efficacy was evaluated in the full analysis set (FAS; primary
population) and the per protocol set (PPS; secondary population).
All enrolled patients who received≥1 dose of micafungin and had
a post-baseline efficacy assessment were included in the FAS; all
patients who had been enrolled and received a complete course of
micafungin for ≥2 weeks (or ≥4 weeks in patients with
hematological disease) were included in the PPS. Patients who
received ≥1 dose of micafungin and had a post-baseline safety
assessment were included in the safety analysis set (SAS).

2.6. Statistical analyses

All pre-specified endpoints were reported descriptively, with
associated 95% confidence intervals (CI) calculated for efficacy
assessments. No hypotheses were tested.
Post-hoc subgroup analyses (multivariate logistic regression

analyses including covariates as independent variables, unless
stated) were conducted to assess the impact of the following
3

stratification factors on the overall treatment success rate (FAS,
PPS): age (<60 and ≥60 years), sex (male and female), initial dose
(continuous variables; 100, 150, 200, and 300mg), and granulo-
cyte count at enrollment (<0.5�109/L and ≥0.5�109/L). Similar
analyses were performed to assess the impact of the following
stratification factors on the incidence of ADRs using data from the
SAS: age (<60 and ≥60 years), sex (male and female), and total
dose (<1000mg and ≥1000mg). Odds ratios (ORs) were
calculated and a significance level of P< .05 was required to
conclude that there was a significant difference. The maximum
likelihood estimates for logistic regression were based on iterative
methods; therefore, no close form formulae were used.
All analyses were conducted using Statistical Analysis Software

version 9.2 (JMP, Marlow, Buckinghamshire, United Kingdom).

3. Results

3.1. Patient demographics and characteristics

This study was terminated early due to fewer patients being
recruited than expected, which did not allow for the planned
sample size of 120 to be reached.
Overall, 68 patients were enrolled in the study and 61 patients

received treatment with ≥1 dose of micafungin (Fig. 1); these

http://www.md-journal.com


Table 2

Patient demographics and characteristics (FAS).

Total (n=42)

Sex (male), n (%) 26 (61.9)
Race (Asian), n (%) 42 (100)
Ethnicity (Han Chinese), n (%) 42 (100)
Age
�60 years, n (%) 35 (83.3)
Median 40
Range 19–76

Median height, cm 170
Median weight, kg 60
Mycological examination results, n (%)

∗

Positive sputum smear (n=7) 1 (14.3)
Positive sputum culture (n=12) 3 (25.0)
Positive examination of other specimens (n=2) 1 (50.0)
Positive G test (n=31) 16 (51.6)
Positive GM test (n=42) 38 (90.5)

Summary of medical history, n (%)
Two weeks prior to diagnosis
Treatment with antifungal drugs 22 (52.4)
Neutropenia 10 (23.8)
Immunosuppressive treatment for organ transplantation 6 (14.3)

At baseline
Abnormal chest CT scan 38 (90.5)
Malignant blood disease 19 (45.2)

Progressive 15 (35.7)
Invasive mycotic infection 12 (28.6)
Diabetes 4 (9.5)
COPD 4 (9.5)
Chronic renal insufficiency 2 (4.8)
Chronic cardiac insufficiency 2 (4.8)
Abnormal chest radiography 1 (2.4)

COPD= chronic obstructive pulmonary disease, CT= computed tomography, FAS= full analysis set,
G test=b-D-glucan test, GM test= serum galactomannan antigen test.
∗
The percentage reported is related to the number (n) who were tested.
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patients were included in the SAS. Forty-two eligible patients with
proven or probable IA were included in the FAS, of which 5
discontinued treatment. Of the 37 patients who completed the
study, 6 were excluded for protocol violation, resulting in 31
Table 3

Summary of efficacy assessments.

Overall success rate at EOT, % (95% CI)
Complete response, n (%)
Partial response, n (%)
Stable response, n (%)
Disease progression, n (%)

Clinical improvement rate at EOT, % (95% CI)
∗

Resolution, n (%)
Improvement, n (%)
No improvement, n (%)
Aggravated, n (%)

Fungal clearance at EOT, % (95% CI)
Confirmed clearance, n (%)
Assumed clearance, n (%)
No clearance, n (%)

Mortality rate at EOT, % (95% CI)
Death, n (%)

Site of Aspergillus infection, n (%)
Lungs

CI= confidence intervals, EOT= end of treatment, FAS= full analysis set, PPS=per-protocol set.
∗
Subcategories denote classification of disease-related symptoms and signs.

† Fungal clearance rate based on patients who were tested only (FAS: n=5; PPS: n=5).
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patients being included in the PPS. Of the 26 patients enrolled
who were excluded from the efficacy analyses, the majority (n=
23) were excluded because of no established proven or probable
Aspergillus infection 3 days after their first dose of micafungin.
Patient demographics and characteristics in the FAS are shown in

Table 2. All patients wereHanChinese; themajorityweremale (n=
26; 61.9%) and �60 years of age (n=35; 83.3%). All patients
included in the FAS had ≥1 positive mycological examination at
baseline. Medical history included treatment with antifungal or
immunosuppressive drugs, and neutropenia 2 weeks prior to
baseline; and abnormal chest computed tomography (CT) scan,
malignant blood disease, and invasive mycotic infection at baseline.
3.2. Efficacy
3.2.1. Primary endpoint. The overall treatment success rate was
45.2% (19/42 patients; 95% CI: 29.85–61.33) in the FAS and
54.8% (17/31 patients; 95% CI: 36.03–72.68) in the PPS
(Table 3). All patients considered to have treatment success in the
FAS and the PPS had a partial response to treatment, rather than
a complete response.

3.2.2. Secondary endpoints. The clinical improvement rate
was 59.5% (25/42 patients; 95%CI: 43.28–74.37 in the FAS and
74.2% (23/31 patients; 95% CI: 55.39–88.14) in the PPS
(Table 3). The majority of these patients (21 [50%] in the FAS
and 19 [61.3%] in the PPS) experienced an improvement in
symptoms and signs. The fungal clearance rate at end of
treatment was 80.0% (4/5 patients) in the FAS and the PPS (95%
CI: 28.36–99.49) (Table 3). Each case of fungal clearance
reported was confirmed clearance, as opposed to assumed
clearance. The mortality rate was 7.1% (3/42 patients; 95% CI:
1.50–19.48) in the FAS and 6.5% (2/31 patients; 95% CI: 0.79–
21.42) in the PPS (Table 3). All patients in the FAS and PPS were
diagnosed with pulmonary Aspergillus infection (Table 3).

3.3. Safety

Overall, 155 TEAEs and 8 SAEs were reported by 37 (60.7%)
and 7 (11.5%) patients, respectively during the treatment period
FAS (n=42) PPS (n=31)

45.2 (29.85–61.33) 54.8 (36.03–72.68)
0 0

19 (45.2) 17 (54.8)
13 (31.0) 9 (29.0)
7 (16.7) 3 (9.7)

59.5 (43.28–74.37) 74.2 (55.39–88.14)
4 (9.5) 4 (12.9)
21 (50.0) 19 (61.3)
12 (28.6) 6 (19.4)
5 (11.9) 2 (6.5)

80.0 (28.36–99.49)† 80.0 (28.36–99.49)†

4 (80.0) 4 (80.0)
0 0

1 (20.0) 1 (20.0)
7.1 (1.50–19.48) 6.5 (.79–21.42)
3 (7.1) 2 (6.5)

42 (100) 31 (100)



Table 4

TEAEs occurring in ≥2% of patients in the SAS.

Total (n=61)

TEAE (preferred term), n (%)
Fatigue 5 (8.2)
Decreased platelet count 5 (8.2)
Rash 4 (6.6)
Chest discomfort 4 (6.6)
Decreased white blood cell count 4 (6.6)
Increased AST 4 (6.6)
Decreased hemoglobin 4 (6.6)
Intracranial hemorrhage 3 (4.9)
Dizziness 3 (4.9)
Respiratory distress 3 (4.9)
Lung infection 3 (4.9)
UTI 3 (4.9)
Cough 3 (4.9)
Oropharyngeal discomfort 3 (4.9)
Nausea 3 (4.9)
Increased ALT 3 (4.9)
Decreased granulocyte count 3 (4.9)
Abdominal tenderness 3 (4.9)
Diarrhea 3 (4.9)
Vomiting 3 (4.9)
Hemoptysis 2 (3.3)
Productive cough 2 (3.3)
Oropharyngeal pain 2 (3.3)
Rales 2 (3.3)
Hematochezia 2 (3.3)
Abdominal pain 2 (3.3)
Abdominal distension 2 (3.3)
Decreased red blood cell count 2 (3.3)
Granulocyte percentage decreased 2 (3.3)
Feeling cold 2 (3.3)
Peripheral edema 2 (3.3)
Hematuria 2 (3.3)
Back pain 2 (3.3)
Restlessness 2 (3.3)
Decreased appetite 2 (3.3)
Abnormal hepatic function 2 (3.3)
Tachycardia 2 (3.3)

Patients may have experienced>1 AE; the number and percentage reflect the overall incidence within
the SAS.
ALT= alanine aminotransferase, AST= aspartate aminotransferase, SAS= safety analysis set,
TEAEs= treatment-emergent adverse events, UTI=urinary tract infection.

Table 5

Summary of SAEs; and ADRs considered related to micafungin
treatment (both SAS).

Total (n=61)

SAE (preferred term), n (%)
Intracranial hemorrage 3 (4.9)
Lung infection 2 (3.3)
Respiratory failure 1 (1.6)
Lymphocytic leukemia 1 (1.6)
Renal injury 1 (1.6)

ADR (preferred term), n (%)
Mildly abnormal hepatic function 2 (3.3)
Mild renal injury 1 (1.6)
Moderate drug-induced liver injury 1 (1.6)
Rash 1 (1.6)
Decreased white blood cell count 1 (1.6)
Decreased blood albumin 1 (1.6)

Patients may have experienced >1 AE/SAE; the number and percentage reflect the overall incidence
within the SAS.
Mild and moderate SAEs were defined as those which caused no disruption and did affect normal daily
activities, respectively.
ADR=adverse drug reaction, AE= adverse event, SAE= serious AE, SAS= safety analysis set.
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(Tables 4 and 5). The most common TEAEs were decreased
platelet count and fatigue, both occurring in 5 (8.2%) patients;
the most common SAEs were intracranial hemorrhage and lung
infection, occurring in 3 (4.9%) and 2 (3.3%) patients,
respectively. Overall, there were 6 deaths resulting from SAEs
during the study.
In total, 7 ADRs were observed in 6 (9.8%) patients (Table 5).

The most common was mildly abnormal liver function (n=2;
3.3%); mild renal injury, moderate drug-induced liver injury,
rash, decreased white blood cell count, and decreased blood
albumin were observed in 1 patient each (1.6%). Hepatobiliary
and renal AEs were experienced by 3 (4.9%) and 5 (8.2%)
patients, respectively. All ADRs (considered related to micafun-
gin treatment) were completely remitted or remitting during the
follow-up period.
Vital signs and clinical laboratory results (Table 6) were

generally within normal ranges at the end of treatment, although
16 (34.8%), 19 (37.3%), and 20 (37.0%) patients, respectively,
had abnormal respiratory rate, aspartate aminotransferase
5

(AST), and urea nitrogen levels at the end of treatment, after
reporting normal rates/levels before treatment. The mean
exposure to micafungin was 18.44 days (standard deviation
[SD]: ±21.50); the mean daily and total doses were 168.22mg
(SD: ±47.96) and 3372.46mg (SD: ±3991.25], respectively
(Table 6).

3.4. Subgroup analyses

According to the data from the multivariate logistic regression
models, the initial dose of micafungin was the only stratification
factor that had a statistically significant impact on the overall
treatment success rate in the FAS (Table 7); no statistically
significant differences were reported in the PPS.
None of the stratification factors assessed had a statistically

significant impact on the incidence of ADRs in the SAS (Table 7).
4. Discussion

This study evaluated the efficacy and safety of micafungin in
Chinese patients with probable or proven IA. For the primary
endpoint, micafungin treatment resulted in overall treatment
success in around 50% of patients; treatment success rates were
higher in the PPS than in the FAS. Similar differences between
the FAS and PPS were observed for secondary efficacy
endpoints. These differences may be attributed to the exclusion
from the PPS of patients who experienced TEAEs or SAEs
(perhaps as a result of being unwell, less responsive to
treatment, or having more severe illness) or were subject to
study protocol violations.
Overall treatment success rates were lower than those derived

from a post-marketing study assessing the effectiveness of
micafungin against IA (70.8%).[27] And also lower than those
observed in clinical trials that assessed overall treatment success
rates for micafungin against all IFDs (including IA) (range, 64.4–
92.6%).[15–17] However, when compared with studies conducted
in a comparable patient population (i.e., patients with proven or
probable IA), overall treatment success rates were similar to or
higher than those previously reported for micafungin (range,
25.0–50.0%).[19–21]

http://www.md-journal.com


Table 6

Vital signs, clinical laboratory results, and time of exposure to micafungin across the treatment period (SAS).

Number of patients
assessed from
total (n=61)

Normal before
and after

treatment, n (%)

Normal before
and abnormal after
treatment, n (%)

Abnormal before
treatment and normal
after treatment, n (%)

Abnormal before
and after

treatment, n (%)

Vital signs
Temperature 56 12 (21.4) 13 (23.2) 10 (17.9) 21 (37.5)
Resting pulse rate 54 36 (66.7) 14 (25.9) 0 4 (7.4)
Respiration rate 46 15 (32.6) 16 (34.8) 3 (6.5) 12 (26.1)
Systolic blood pressure 30 25 (83.3) 4 (13.3) 1 (3.3) 0
Diastolic blood pressure 30 20 (66.7) 4 (13.3) 2 (6.7) 4 (13.3)

Clinical laboratory results
Routine blood tests
White blood cell 53 4 (7.5) 13 (24.5) 0 36 (67.9)
Red blood cells 53 1 (1.9) 2 (3.8) 0 50 (94.3)
Hemoglobin 53 2 (3.8) 4 (7.5) 0 47 (88.7)
Neutrophil count 47 6 (12.8) 10 (21.3) 1 (2.1) 30 (63.8)
Neutrophil percentage 48 3 (6.3) 11 (22.9) 2 (4.2) 32 (66.7)
Platelet count 53 5 (9.4) 10 (18.9) 3 (5.7) 35 (66.0)

Blood chemistry tests
Total bilirubin 51 32 (62.7) 12 (23.5) 0 7 (13.7)
Direct bilirubin 49 22 (44.9) 15 (30.6) 1 (2.0) 11 (22.4)
Globulin 43 22 (51.2) 6 (14.0) 1 (2.3) 14 (32.6)
Albumin 52 6 (11.5) 9 (17.3) 2 (3.8) 35 (67.3)
ALT 51 26 (51.0) 13 (25.5) 1 (2.0) 11 (21.6)
AST 51 19 (37.3) 19 (37.3) 2 (3.9) 11 (21.6)
ALP 48 22 (45.8) 14 (29.2) 0 12 (25.0)
GGT 47 13 (27.7) 8 (17.0) 4 (8.5) 22 (46.8)
Cr 53 23 (43.4) 13 (24.5) 3 (5.7) 14 (26.4)
Urea nitrogen 54 18 (33.3) 20 (37.0) 3 (5.6) 13 (24.1)

Routine urine tests
pH value 40 25 (62.5) 6 (15.0) 5 (12.5) 4 (10.0)
Urine-specific gravity 40 20 (50.0) 10 (25.0) 2 (5.0) 8 (20.0
Red blood cells 40 25 (62.5) 6 (15.0) 5 (12.5) 4 (10.0)
White blood cells 40 24 (60.0) 11 (27.5) 2 (5.0) 3 (7.5)
Proteins 40 27 (67.5) 6 (15.0) 2 (5.0) 5 (12.5)
Ketones 40 28 (70.0) 9 (22.5) 2 (5.0) 1 (2.5)
Glucose 40 30 (75.0) 6 (15.0) 2 (5.0) 2 (5.0)
Occult blood 38 20 (52.7) 7 (18.4) 2 (5.3) 9 (23.7)
Cylindruria

∗
31 29 (93.5) 1 (3.2) 1 (3.2) 0

Patients
assessed, n Mean±SD Median

Min,
max

Exposure
Duration, days 61 18.44±21.50 14.00 1.00, 84.00
Daily dose, mg/d 61 168.22±47.96 150.00 50.00, 300.00
Total dose, mg 61 3372.46±3991.25 2,100.00 50.00, 14,350.00

ALP= alkaline phosphatase, ALT= alanine aminotransferase, AST= aspartate aminotransferase, Cr=creatinine, GGT=gamma-glutamyl transferase, IU= international unit, SAS= safety analysis set, SD=
standard deviation.
∗
Casts in urine indicating renal disease.

Ji et al. Medicine (2017) 96:52 Medicine
Overall treatment success rates formicafungin were also within
the range of those observed for caspofungin and voricona-
zole,[21,28–34] and higher than those observed for amphotericin
B,[30,31,35,36] in several other studies of patients with proven or
probable IA. However, such between-study comparisons should
be made with caution, and some differences between these other
studies and the current study should be noted. Firstly, the
treatment duration in the other studies varied widely, from 7 days
to 6 months. Secondly, patient demographics and characteristics
were also varied between the other studies and differed from
those reported in the current study; for example, none of these
other studies were conducted in patients from China. Finally, the
definitions reported for proven or probable IA, or measures of
overall treatment success, although similar, were not identical to
those used in the current study in several cases.[21,28,35,36]
6

TEAEs were observed in a high proportion (60.7%) of patients
who received micafungin; this is consistent with the proportion
observed in other clinical trials of micafungin for the treatment of
IFDs,[15–17] similar to those observed in patients receiving other
treatments such as voriconazole or amphotericin B,[31] but
notably higher than in patients treated with caspofungin
(including 1 comparative study).[21,29,32–34] In other comparative
studies, a similar safety profile has been reported for micafungin
versus azole treatments (fluconazole and itraconazole).[15–17] In
the current study, decreased platelet count and fatigue were both
reported in 8.2% of patients, a higher proportion than reported
in previous trials, including those conducted in patients with
proven or probable IA.[15–17,19,21] Also, some vital signs and
clinical laboratory results (e.g., respiratory rate, AST, and urea
nitrogen levels) were reported as normal prior to treatment, but



Table 7

Results of post-hoc subgroup analyses to assess the impact of different stratification factors on the overall treatment success rate (FAS)
and the incidence of ADRs (SAS).

FAS (n=42) SAS (n=61)
Number of
patients
assessed

Complete
response, n

Partial
response, n

Overall
treatment

success rate (%)
OR

(95% CI)
∗

P-value
∗

Number of
patients
assessed

Incidence
of ADRs,
n (%)

OR
(95% CI)

∗
P-value

∗

Age
<60 35 0 16 45.7 1.00 (0.96–1.05) .89 50 5 (10.0) 1.01 (0.96–1.07) .69
≥60 7 0 3 42.9 11 1 (9.1)

Sex
Male 26 0 11 42.3 0.96 (0.23–4.31) .95 38 2 (5.3) .26 (0.043–1.60) .15
Female 16 0 8 50.0 23 4 (17.4)

Initial dose
100mg 2 0 1 50.0 0.98 (0.96–1.00) .05† – – – –

150mg 26 0 9 34.6 – – – –

200mg 10 0 5 50.0 – – – –

300mg 4 0 4 100 – – – –

Total dose
<1000mg – – – – – – 24 2 (8.3) 1.00 (1.00–1.00) .36
≥1000mg – – – – 37 4 (10.8)

Granulocyte count at enrollment
<0.5�109/L 10 0 3 30.0 0.76 (0.43–1.35) .34 – – – –

≥0.5�109/L 30 0 15 50.0 – – – –

CI= confidence interval, FAS= full analysis set, OR= odds ratio, SAS= safety analysis set.
∗
Multivariate logistic regression analyses were used to evaluate the impact of each different stratification factor at the end of treatment; a significance level of P< .05 was required to conclude that there was a

significant difference between stratification factors.
† Actual value: P= .048, therefore, statistical significance was inferred.
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abnormal levels were recorded after treatment. While there is no
immediately apparent reason that these TEAEs and abnormal
vital signs were reported in the current study, they could perhaps
be attributed to the medical profile observed in a significant
proportion of patients at, or just prior to baseline (e.g.,
neutropenia, malignant blood disease, chronic obstructive
pulmonary disease, and abnormal chest CT scan).
Overall, the findings from the current study add to the body of

data that demonstrates that micafungin is effective in patients with
IFDs, of which few studies were performed in this specific patient
population with proven or probable IA. Current international
guidelines for the diagnosis and management of IA recommend
that echinocandins such asmicafungin are used in settings inwhich
azoles or polyene antifungals are contraindicated[37] or in patients
who are intolerant of azoles or have progressive disease.[38]

However, some of these recommendations are weak and based on
moderate-quality evidence.[37] Current evidence suggests that
micafungin has similar efficacy and tolerability compared with
caspofungin in this specific patient population.[21] Further to this, a
recently published review discussed the need for future compara-
tive trials to evaluate micafungin treatment against standard
antifungal therapy in patients with IA. Such trials, which ideally
should be conducted in patients with proven or probable IA, will
help to establish the exact role for micafungin within the range of
currently available broad-spectrum antifungals.[18]

The current study was discontinued early because of low
patient recruitment, due to difficulties screening patients (e.g.,
low numbers of patients positive for serum galactomannan
antigen test) and collecting informed consent. The small sample
size meant that although results in the subgroup analyses
demonstrated statistical significance, the study was not suffi-
ciently powered to show a significant difference between patients
based on their initial doses of micafungin, or other stratification
factors. Nonetheless, results provide some evidence that higher
initial doses of micafungin (e.g., 300mg compared with 150mg
OD) may be associated with higher overall treatment success
7

rates (34.6% compared with 100% in the current study,
respectively). Although evidence from pharmacokinetic (PK)
analyses may not translate into clinical outcomes and should,
therefore, be interpreted with caution, these data are supported
by results from PK/pharmacodynamic (PD) studies conducted in
adults in Japan with suspected Aspergillus or Candida infection.
The results of these studies suggested that patients who received
200 to 250mg/d (either as a dose of 250mg OD, or as a twice-
daily dose of 100mg), had a 95% probability of maintaining a
micafungin plasma concentration of 0.05mg/L, thought to be
effective against Aspergillus spp.[39] However, a prospective
study of intrapulmonary and plasma PK/PD in adult lung
transplant recipients conducted in California, demonstrated that
a lower micafungin dose of 150mgODwas sufficient to maintain
a minimally inhibitory concentration required to inhibit the
growth of 90% of A fumigatus previously tested isolates
(MIC90).

[40] Further studies should be conducted to establish
the optimal initial/daily dose of micafungin, as well as the impact
of other factors (e.g., sex, age, initial dose, daily dose, and
granulocyte count) on the efficacy and safety of micafungin
treatment, in patients with proven or probable IA.
The main strength of the study was the use of a clearly defined

patient population (patients with proven or probable IA). Also,
patients were treated according to their physician’s usual clinical
practice, even though the study was conducted within a
controlled clinical trial setting. The main limitation of the study
was the small sample size, which restricts the conclusions that can
be drawn based on the study results. Few trials have provided
head-to-head comparisons of efficacy and safety between
micafungin and other treatments in patients with proven or
probable IA[20,21]; one of these studies was also discontinued
early due to low patient numbers and no clear conclusions could
be drawn.[20] Other limitations included the open-label study
design and the lack of comparator treatments.
In summary, results from the current study suggest that

micafungin is efficacious and well tolerated for the treatment of

http://www.md-journal.com
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patients with proven or probable IA in China; similar overall
treatment success and AE rates were observed compared with
previous investigations of micafungin in patients with proven or
probable IA. However, these findings are to be interpreted with
care due to the small number of patients included in this study.
Further comparative trials to confirm the efficacy and safety of
micafungin in patients with proven or probable IA would be
beneficial.
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