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Abstract
Micafungin (MCFG) is an echinocandin antifungal drug used for prophylaxis and treatment of fungal infections after
allogeneic hematopoietic cell transplantation (HCT). However, its efficacy and safety in patients undergoing cord
blood transplantation (CBT) has not been clarified. We retrospectively analyzed the efficacy and safety of MCFG in
92 adult patients undergoing CBT in our institute. Of the entire cohort, 83 patients (90%) received MCFG for
empirical or preemptive therapy. Documented breakthrough fungal infection occurred in 2 patients during MCFG
treatment. Among the 49 patients who received MCFG as empirical therapy for febrile neutropenia, 41 (84%)
patients had resolution of fever during neutropenia. Elevation of serum levels of hepatobiliary parameters during
MCFG treatment was commonly observed, but grade 3 or higher elevation was rare. We also compared the efficacy
and safety of 2 different initial daily doses of MCFG (150 mg vs. 300 mg). There were no significant differences of
efficacy and safety between the two groups. These data suggest that MCFG was effective and safe for adult patients
undergoing CBT. The optimal daily dose of MCFG treatment is a matter of future investigation for adult patients
undergoing CBT.
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Introduction

Invasive fungal infections (IFIs), mainly due to Candida and
Aspergillus species, cause significant mortality and morbidity
in allogeneic hematopoietic cell transplantation (HCT) recip-
ients [1]. Micafungin (MCFG) is an echinocandin antifungal
drug that inhibits the synthesis of the fungal cell wall by

binding to the (1,3)-β-D-glucan synthase enzyme complex
[2, 3]. MCFG does not have affect mammalian cells, because
of the lack of a cell wall in mammalian cells. Moreover,
MCFG has little to no effect on CYP450 isoenzymes and P-
glycoprotein transport systems. Therefore,MCFG has a favor-
able profile of safety and drug interaction compared with other
antifungal agents such as amphotericin B and triazoles [2, 3].

Cord blood transplantation (CBT) has been a valuable al-
ternative for adult patients who lack a matched related or un-
related donor [4–8]. However, delayed hematopoietic recov-
ery and immune reconstitution compared with HCT from oth-
er graft sources are the main disadvantages of CBT, which
result in higher risk of fungal infections in the early phase of
CBT [9, 10]. Although several studies have demonstrated that
MCFG is effective in prophylaxis and treatment of IFIs for
patients undergoing allogeneic HCT [11–18], the efficacy and
safety of MCFG in patients undergoing CBT has not been
clarified. Therefore, we retrospectively analyzed the efficacy
and safety of MCFG in adult patients undergoing CBT in our
institute.
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Patients and methods

Study patients and data collection

We performed a retrospective study involving 92 adult pa-
tients who received MCFG for at least 4 days during admis-
sion for single-unit unrelated CBT for hematological diseases
at the Institute of Medical Science, The University of Tokyo,
between March 2004 and April 2018. The indication of
MCFG and a daily initial dose of MCFG were determined
by the physicians. If patients received two or more cycles of
MCFG treatment during admission for CBT, only the first
cycle of MCFG treatment was included in this study.

All patients fed a neutropenic diet and were isolated in
single rooms with high-efficiency particulate air-filtration
from the beginning of the conditioning until neutrophil en-
graftment. Oral quinolones and triazoles were used for bacte-
rial and fungal prophylaxis from 14 days before CBT in pa-
tients without infectious and febrile episodes before CBT. At
first, neutropenic episode was usually treated with empirically
with intravenous piperacillin–tazobactam, cefepime, or
meropenem. When persistent or recurrent fever was present
despite for broad-spectrum antibacterial treatment, vancomy-
cin or other glycopeptides were added, and/or prophylactic
antifungal drug was also changed to intravenous antifungal
drugs, such as MCFG, voriconazole, or liposomal
amphotericin B by the treating physicians.

During MCFG treatment, the clinical data, which included
the characteristics of patients and transplantations, MCFG
treatment, and laboratory hepatobiliary and renal parameters,
were collected from the medical records. The institutional re-
view board of the Institute ofMedical Science, The University
of Tokyo, has approved this retrospective study (30-84-
B0304).

Endpoints and definitions

The primary endpoints of this retrospective study were the
efficacy and safety of MCFG treatment during CBT. The sec-
ondary endpoints were the efficacy and safety of two different
initial daily doses of MCFG (150 mg vs. 300 mg). Efficacy
was assessed according to the five endpoints that were used in
a previous report [19]: (1) absence of any breakthrough fungal
infection during therapy or within 7 days after the end of
therapy; (2) successful MCFG treatment of any baseline fun-
gal infection; (3) survival for 7 days after the end of therapy;
(4) no premature discontinuation of MCFG treatment because
of drug-related toxicity or lack of efficacy; (5) resolution of
fever, which was defined as a body temperature below 38 °C
for at least 48 h, during neutropenia. Fungal infection was
classified as proven or probable according to the criteria of
the European Organization for Research and Treatment of
Cancer/Invasive Fungal Infections Cooperative Group and

the National Institute of Allergy and Infectious Disease
Mycoses Study Group (EORTC/MSG) [20].

Safety was assessed according to adverse events (AEs),
which were evaluated according to the Common
Terminology Criteria for AEs (CTCAE) version 4.0. For the
evaluation of hepatobiliary and renal AEs, 11 patients who
developed elevations of hepatobiliary and renal parameters,
probably due to multiple organ failure within 7 days before
death (n = 7) or graft-versus-host disease (GVHD) (n = 4),
were excluded. Finally, we assessed the hepatobiliary and re-
nal AEs of 81 patients.

Statistical analyses

Categorical variables were compared with Fisher’s exact test.
Continuous variables were comparedwith theMann–Whitney
U test. Statistical analyses were performed in EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Japan), a
graphical user interface for R 3.5.0 (R Foundation for
Statistical Computing, Vienna, Austria) [21]. All P values
were two-sided, and P values < 0.05 were considered
significant.

Results

Characteristics of patients and transplantations

The characteristics of patients and CBTs are summarized in
Table 1. The median age was 44 years (range, 16–68 years),
58 (63%) of the patients were male, and the median body
weight was 55.6 kg (range, 38.4–90.6 kg). The most common
disease type was acute myeloid leukemia in 41 (45%) patients.
The myeloablative conditioning (MAC) regimen (84%) and
methotrexate-based GVHD prophylaxis (79%) were more
commonly performed in this study group.

Treatment of MCFG

The characteristics of MCFG treatment are summarized in
Table 2. Of the entire cohort, 83 patients (90%) received
MCFG for empirical or preemptive therapy, and 9 patients
(10%) received MCFG for prophylaxis. The median daily
dose of MCFG based on actual body weight was 2.8 mg/kg/
day (range, 1.1–7.0 mg/kg/day). The median duration of
MCFG administration was 44 days (range, 4–186 days). The
median cumulative dose of MCFG based on actual body
weight was 116.9 mg/kg (range, 8.6–920.9 mg/kg). The initial
daily dose of MCFG was 75 mg for 5 patients, 150 mg for 72
patients, and 300 mg for 15 patients. Before switching to
MCFG, all patients had received prophylactic antifungal
drugs with either fluconazole (n = 67), itraconazole (n = 7),
voriconazole (n = 15), amphotericin B oral suspension (n =
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2), or liposomal amphotericin B (n = 1). In contrast, after
switching from MCFG, 83 patients received antifungal drugs
with either fluconazole (n = 43), itraconazole (n = 11),
voriconazole (n = 23), or liposomal amphotericin B (n = 6)
due to de-escalation of MCFG treatment (n = 55), lack of
efficacy (n = 21), or drug-related toxicity (n = 7). During
MCFG treatment, calcineurin inhibitors and corticosteroids
were concomitantly used in 81 (88%) and 30 (33%) patients,
respectively.

The median white blood cell count and absolute neu-
trophil count (ANC) at the time of starting MCFG treat-
ment were 20/μL (range, 0–9960/μL) and 3/μL (range,
0–7889/μL), respectively. Seventy-four (80%) patients
started to receive MCFG during neutropenia, which
was defined as an ANC of less than 500/μL. Among
74 patients with neutropenia at the time of starting
MCFG treatment, the median duration from starting
MCFG treatment until neutrophil recovery was 13 days
(range, 4–39 days). Among 74 patients with neutrope-
nia, 49 patients received MCFG as empirical therapy for
febrile neutropenia, which was defined as a temperature
of 38 °C or higher and an ANC of less than 500/μL.

Among 83 patients who received MCFG for empirical or
preemptive therapy, serum β-D-glucan and galactomannan
were elevated in 2 (2%) patients and 1 (1%) patient,

respectively. Multiple pulmonary nodules detected by com-
puted tomography were observed in 1 (1%) patient.

Efficacy of MCFG treatment

The efficacy of MCFG treatment after CBT is summa-
rized in Supplementary Table 1. Documented break-
through fungal infection occurred in 2 patients during
MCFG treatment (proven fungemia due to Candida
fermentati, n = 1; probable invasive pulmonary aspergil-
losis, n = 1) indicating that the absence of breakthrough
fungal infection was observed in 90 (98%) of the 92
patients. Within 7 days after the end of MCFG treat-
ment, 7 patients died of GVHD (n = 3), sepsis (n = 2),
relapse (n = 1), or graft failure (n = 1). Therefore, 85
(92.4%) patients survived for at least 7 days after the
end of MCFG treatment. Among the 85 patients who
survived for at least 7 days after the end of MCFG
treatment, 25 (29%) patients prematurely discontinued
MCFG treatment because of drug-related toxicity (n =
7) or lack of efficacy (n = 18). Among the 49 patients
who received MCFG as empirical therapy for febrile
neutropenia, 41 (84%) patients had resolution of fever
during neutropenia. Because no patients had basal fun-
gal infection at the time of starting MCFG treatment,

Table 1 Characteristics of the
patients and cord blood
transplantations

Characteristic Value

Number of patients 92

Age at CBT, median (range), years 44 (16–68)

Body weight, median (range), kg 55.6 (38.4–90.6)

Sex

Male 58 (63%)

Female 34 (37%)

Disease type

Acute myeloid leukemia 41 (45%)

Acute lymphoblastic leukemia 12 (13%)

Myelodysplastic syndrome/chronic myelomonocytic leukemia 25 (27%)

Chronic myelogenous leukemia/myeloproliferative neoplasm 4 (4%)

Non-Hodgkin’s lymphoma/adult T cell leukemia–lymphoma 8 (9%)

Chronic active Epstein–Barr virus infection 1 (1%)

Severe aplastic anemia 1 (1%)

Conditioning regimen

Myeloablative conditioning 77 (84%)

Reduced-intensity conditioning 15 (16%)

GVHD prophylaxis

Cyclosporine + methotrexate 73 (79%)

Cyclosporine + mycophenolate mofetil 13 (14%)

Cyclosporine 6 (7%)

CBT, cord blood transplantation; GVHD, graft-versus-host disease
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successful MCFG treatment of any baseline fungal in-
fection could not be evaluated in our study.

Adverse events of MCFG treatment

AEs of MCFG treatment after CBT are summarized in
Supplementary Table 2. No patients experienced infusion-
related hypersensitivity associated anaphylactic shock.
Regarding hepatobiliary AEs, elevations of serum levels of
aspartate amino transaminase (AST), alanine amino transam-
inase (ALT), alkaline phosphatase (ALP), gamma-glutamyl
transpeptidase (GGTP), and total-bilirubin during MCFG
treatment were commonly observed, but grade 3 or higher
elevations of ALT or GGTP were observed in 3 (4%) and 6
(7%) patients, respectively. Regarding renal AEs, elevation of
the serum level of creatinine during MCFG treatment was
commonly observed, but no patients developed grade 3 or
higher elevation of serum creatinine.

Mortality after MCFG treatment

At 30 days after starting of MCFG treatment, 10 (11%) pa-
tients had died. The primary causes of death were GVHDwith

or without infection in 5 patients, sepsis due to bacteria (n = 2),
or Fusarium (n = 1) in 3 patients, graft failure in one patient,
and underlying hematologic disease in one patient.

Comparison of efficacy and safety of two different
initial daily doses of MCFG

We also compared the efficacy and safety of two different
initial daily doses of MCFG. In the entire cohort, 72 patients
were administered a dose of 150 mg, whereas 15 patients were
administered a dose of 300 mg. However, the dose of MCFG
was increased from 150 to 300 mg in 1 patient, or decreased
from 150–300 mg to 75–150 mg in 7 patients. Finally, 69
patients who were administered a fixed dose of 150 mg and
10 patients who were administered a fixed dose of 300 mg
were included for further analysis.

There were significant differences in duration of MCFG
treatment (P = 0.002), daily dose of MCFG based on body
weight (P < 0.001), and cumulative dose of MCFG based on
bodyweight (P < 0.001) between the two groups (Table 3). As
for efficacy, there were no significant differences between the
two groups in view of breakthrough fungal infection, survival
for at least 7 days after the end of treatment, discontinuation
due to toxicity or lack of efficacy, and resolution of fever
during neutropenia (Table 3). As for hepatobiliary and renal
AEs, there were also no significant differences between the
two groups (Table 3).

Discussion

The purpose of this retrospective study was to evaluate the
efficacy and safety of MCFG treatment in adult patients un-
dergoing CBT. The majority of patients (90%) received
MCFG as empirical or preemptive therapy. Only 2 (2%) pa-
tients developed breakthrough fungal infection. Among 49
patients with febrile neutropenia at the time of starting
MCFG treatment, 41 (84%) patients had resolution of fever
during neutropenia. Grade 3 hepatobiliary AE was observed
for 6 patients. The daily dose of MCFG was not significantly
associated with efficacy or hepatobiliary and renal AEs in our
study, but the optimal daily dose of MCFG for adult patients
undergoing CBT is unclear, because the sample size of pa-
tients in each group was small.

Several studies, including randomized control studies and a
retrospective cohort study, have demonstrated that micafungin
is either similar or superior to fluconazole for prophylaxis of
fungal infections among patients undergoing HCT [11, 13, 14,
16]. A meta-analysis by Lee et al. also showed that MCFG
was significantly associated with higher treatment success,
lower rates of IFIs, and fewer AEs compared with triazoles
[22]. Based on these studies, MCFG is currently approved by
the FDA for prophylaxis of IFIs among patients undergoing

Table 2 Characteristics of MCFG treatment

Characteristic Value

Indication of MCFG treatment

Prophylaxis 9 (10%)

Empirical or preemptive therapy 83 (90%)

Daily dose of MCFG, mg/kg/day, median (range) 2.8 (1.1–7.0)

Duration of MCFG treatment, days, median (range) 44 (4–186)

Cumulative dose of MCFG, mg/kg, median (range) 116.9 (8.6–920.9)

Initial daily dose of MCFG

75 mg 5 (5%)

150 mg 72 (78%)

300 mg 15 (16%)

Before switching to MCFG

Fluconazole 67 (73%)

Itraconazole 7 (8%)

Voriconazole 15 (16%)

Amphotericin B oral suspension 2 (2%)

Liposomal amphotericin B 1 (1%)

After switching from MCFG

Fluconazole 43 (47%)

Itraconazole 11 (12%)

Voriconazole 23 (25%)

Liposomal amphotericin B 6 (7%)

Concomitant use of other drugs during MCFG treatment

Calcineurin inhibitors 81 (88%)

Glucocorticoids 30 (33%)
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HCT. In contrast, the majority of patients received MCFG as
empirical or preemptive therapy with or without neutropenia
in our study. For empirical therapy for neutropenic fever in
patients with hematological malignancies, there were two pro-
spective studies that compared MCFG with triazole [17, 23].
Oyake et al. reported that MCFG had a similar efficacy to
voriconazole in patients with neutropenic fever [17]. Jeong
et al. reported that MCFG had a more favorable efficacy and
safety than itraconazole in patients with neutropenic fever
[23]. Recently, a meta-analysis by Chen et al. showed that
echinocandins, including caspofungin and micafungin, appear
to be the most effective for empiric therapy for IFIs in patients
with neutropenic fever [24]. However, these studies included
none or small number of patients undergoing CBT. In our
study, the rate of resolution of neutropenic fever in MCFG
treatment was higher than that in previous reports [17, 23].
The resolution of neutropenic fever after CBT might be partly
due to the resolution of pre-engraftment syndrome, which is a
unique clinical manifestation characterized by non-infectious
fever and erythematous skin rash after CBT but before neu-
trophil engraftment [24–28], with a median time of initiation
of MCFG treatment at 8.5 days after CBT. On the other hand,

only 2 (2%) patients developed breakthrough fungal infection
in our study, which was slightly lower than in previous studies
[17, 23]. In our study, the causative breakthrough fungemia
wasCandida fermentatiwith an fks1p mutation, as previously
reported [29]. Recently, Kimura et al. reported that 30
candidemia and 9 fungemia other than candidemia were ob-
served in hematological patients under MCFG treatment [30].
Although the most common cause of fungemia in this report
was C. parapsilosis [30], breakthrough candidemia caused by
C. parapsilosis was not observed in our study. Indeed, when
colonization of C. parapsilosis was identified under MCFG
treatment in our cohort, MCFG was switched to the suscepti-
ble triazoles before the development of candidemia. Whether
active surveillance culture and decolonization intervention for
MCFG resistant strains can contribute to prevention of break-
through fungus infections is a matter of future investigation
for patients undergoing allogeneic HCT, particularly for CBT
under MCFG treatment.

Our study showed that hepatobiliary AEs during MCFG
treatment were commonly observed, but grade 3 or higher
AEs were rare. Grade 3 hepatobiliary AEs were not signifi-
cantly associated with the duration of MCFG treatment (P =

Table 3 Efficacy and adverse
events according to different
initial daily doses of MCFG

150 mg 300 mg P value

Number of patients 69 10

Daily dose of MCFG, mg/kg/day, median (range) 2.7 (1.7–3.9) 5.3 (4.0–7.0) < 0.001

Duration of MCFG treatment, days, median (range) 42 (4–141) 72 (29–123) 0.002

Cumulative dose of MCFG, mg/kg, median (range) 99.6 (8.6–409.9) 358.1 (99.7–920.9) < 0.001

Efficacy

No breakthrough fungal infection 68/69 (99%) 9/10 (90%) 0.239

Survival for at least 7 days after the end of treatment 66/69 (96%) 9/10 (90%) 0.425

No discontinuation due to toxicity or lack of efficacy 45/66 (68%) 8/9 (89%) 0.254

Resolution of fever during neutropenia 31/39 (79%) 6/6 (100%) 0.624

Adverse events

Number of assessable patients 63 9

All grades

AST elevation 48 (76%) 8 (89%) 0.673

ALT elevation 43 (68%) 8 (89%) 0.268

ALP elevation 48 (76%) 9 (100%) 0.189

GGTP elevation 38 (60%) 6 (67%) 1

Total bilirubin elevation 10 (16%) 0 0.343

Serum creatinine elevation 51 (81%) 8 (89%) 1

Grades 3 to 4

AST elevation 0 0

ALT elevation 1 (2%) 0 1

ALP elevation 0 0

GGTP elevation 4 (6%) 0 1

Total bilirubin elevation 0 0

Serum creatinine elevation 0 0

AST, aspartate amino transferase; ALT, alanine amino transferase; ALP, alkaline phosphatase; GGTP, gamma-
glutamyl transpeptidase. The P values in italic are statistically significant (<0.05)
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0.182, Mann–Whitney U test) or cumulative dose of MCFG
(P = 0.308,Mann–WhitneyU test). Based on these data, grade
3 hepatobiliary AEs appeared to be dose-independent of the
toxicity of MCFG, which is consistent with a previous study
[31]. Only 7 (8%) patients discontinued MCFG due to AEs,
which was slightly lower than in previous studies [17, 23].
However, development of hepatobiliary toxicity under
MCFG treatment often leads to discontinuation of MCFG
regardless of causality. Indeed, the cause of hepatobiliary tox-
icity is likely to be multifactorial in allogeneic HCT.
Therefore, it was difficult to determine whether hepatobiliary
AEs were due to MCFG or other complications following
CBT, such as concomitant use of other potentially hepatotoxic
drugs, GVHD, or hepatic sinusoidal obstruction syndrome.
Moreover, MCFG did not alter the pharmacokinetic profiles
of cyclosporine, tacrolimus, prednisolone, mycofenolate mo-
fetil, fluconazole, and voriconazole [2], which are frequently
used for CBT recipients. However, concomitant use of
triazoles with other drugs can lead to serious drug interactions,
because triazoles are metabolized by cytochrome P450 iso-
zymes. These data suggest that MCFG had a more favorable
tolerability profile and fewer drug interactions in patients un-
dergoing CBT.

Several studies have investigated the efficacy and safety of
different doses of MCFG [12, 15, 32–34]. Ota et al. reported a
better clinical response for administration of an initial dose of
≥ 2.25 mg/kg/day compared with < 2.25 mg/kg/day for pa-
tients with candidemia [32]. Yamazaki et al. also showed that
treatment of IFIs and febrile neutropenia was significantly
better for a daily dose of 300 mg compared with 150 mg
[33]. However, the dose of MCFG did not affect the efficacy
in our study. Interestingly, almost all of these previous studies
demonstrated that the higher daily dose of MCFG did not
increase the AEs [12, 15, 33, 34], which is consistent with
our study. The optimal daily dose of MCFG might be depen-
dent on the strategy for prophylaxis and treatment and the
types of fungal infections. Prospective randomized studies
are required to clarify the relationship between the optimal
daily dose of MCFG and efficacy or safety in patients under-
going CBT.

The present study had several limitations. First, our study
could not divide empirical and preemptive therapy to evaluate
the efficacy of MCFG treatment. Cordonnier et al. conducted
a randomized trial to compare outcomes with empirical treat-
ment versus preemptive antifungal treatment in patients with
neutropenic fever, and found that empirical treatment de-
creased the incidence of probable or proven IFIs, whereas
preemptive treatment decreased the costs of antifungal drugs
[35]. Therefore, further studies are warranted to compare an
empirical treatment with a preemptive one of MCFG in pa-
tients undergoing CBT. Second, previous studies demonstrat-
ed that delayed T cell reconstitution was associated with in-
creased incidence of virus infection in patients received CBT

[36]. However, 74 (80%) patients received MCFG during
neutropenia and only 13 patients received MCFG after neu-
trophil engraftment in our study. Therefore, association be-
tween T cell reconstitution and efficacy of MCFG after CBT
should be clarified in the future study.

In summary, our data demonstrated that MCFG was effec-
tive and safe for adult patients undergoing CBT. The optimal
daily dose of MCFG treatment is a matter of future investiga-
tion for adult patients undergoing CBT.
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