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icafungin-induced hemolysis attack due to drug-dependent
ntibody persisting for more than 6 weeks

Micafungin, which is the class of echinocandin antifungal drugs
hat inhibit �-(1,3)-d-glucan synthesis that is the main compo-
ition element of fungal cell walls in the peculiarity and has an
xcellent antimycotic activity, possesses high effectiveness against
nvasive aspergillosis and Candida spp., it excels also in safety,
nd it is used for the management of fungal infections to neu-
ropenic patients after intensive chemotherapy or hematopoietic
tem cell transplantation. Nanri et al. recently reported 2 patients
eveloping acute hemolysis followed by acute renal failure due
o micafungin administration [1]. They revealed that red blood
ells (RBCs) caused agglutination by the mixture of micafungin
nd the patient’s plasma samples in the indirect antiglobulin test
AGT). Acute hemolysis due to a particular drug is important in

anaging hematologic malignancies, since it may indirectly or
irectly affect therapeutic strategy. We encountered an additional
ase of micafungin-induced hemolysis during pretreatment for
ematopoietic stem cell transplantation, which hampered thera-
eutic further intervention.

We diagnosed with myelodysplastic syndrome, refractory ane-
ia with excess blasts (RAEB-1, IPSS INT-2), in a 60-year-old man

n July 2008. He received bone marrow transplantation from his
LA-identical sibling after pre-conditioning with fludarabine and

ntravenous busulfan at another hospital. However, the blasts per-
isted in the peripheral blood and the chimerism analysis of the
one marrow cells revealed graft rejection. He was admitted for
second transplantation with umbilical cord blood from a cord

lood bank on January 22, 2009 in our hospital. During the hos-
italization, he had a high fever of unknown origin, and received
efepim and micafungin 150 mg daily as empiric therapy. After
dministration of antibiotics and micafungin for 4 days, his fever
as improved. On February 25, 2009, micafungin (50 mg in 100 ml

f 0.9% saline) was administered on day-7 as prophylaxis before
ord blood transplantation. Four hours after administration of
icafungin, sudden severe general fatigue, vertigo and vomit-

ng occurred, and hemoglobinuria was detected. On next day, his
emoglobin value dropped dramatically (from 8.6 g/dL to 7.3 g/dL),
nd a reticulocytes count was 19.4‰, with multiple organ fail-
re, and an increased total bilirubin (4.43 mg/dL: indirect bilirubin
f 3.64 mg/dL), lactate dehydrogenease (LDH) (2081 U/L, normal
ange 106–211 U/L), serum creatinine (2.10 mg/dL, normal range
.6–1.1 mg/dL), aspartate aminotransferase (AST) (518 U/L, normal
ange 8–38 U/L), alanine aminotransferase (ALT) (308 U/L, normal
ange 4–44 U/L), without leukocytosis. Haptogulobin was less than
0 mg/dL (normal range 25–176 mg/dL), confirmed intravascular

emolysis followed by acute renal failure. Since drug-induced
emolysis was suspected, micafungin was then discontinued. He
eceived fluid supplement and transfusion with several units of
BCs, without corticosteroid or immunosuppressant (Fig. 1). One
nd half months later, his liver function normalized, but his creati-

145-2126/$ – see front matter © 2009 Elsevier Ltd. All rights reserved.
oi:10.1016/j.leukres.2009.07.029
Fig. 1. Laboratory data of the patient showing acute hemolytic attack due to mica-
fungin.

nine level was not yet normalized (1.48 mg/dL).We performed AGT
40 days after the second micafungin administration, because the
hemolytic episode we suspected to have been caused by the mica-
fungin. Direct antiglobulin test (DAT) was performed using both
polyspecific antiglobulin, anti-human immunoglobulin G (IgG) and
anti-C3b/C3d antiglobulin with the patient’s RBCs. The blood sam-
ple, taken 6 weeks after the hemolytic episode, showed negative
result. The detection of drug–anti-drug immune complex (immune
complex method) was performed using micafungin, phosphate-
buffered saline and complement (fresh serum). It was positive in
a reactive system containing the patient’s serum, micafungin and
the complement, but was negative in a system containing patient’s
serum and voriconazole or micafungin and serum sample from
healthy individual (Table 1).

Drug-induced immune hemolysis is rarely reported. However,
hemolysis has been described as adverse effect of the echinocan-
dins [2]. Reports of hemolysis due to micafangin are limited;
incidences of hemolytic anemia are shown only six cases by the
Pharmaceuticals and Medical Devices Agency [3]. Moreover, life-
threatening incidences, such as intravascular hemolysis attack has
only been reported in 2 cases [1]. The detailed mechanism is
unknown. In our study, positivity of immune complex method sug-
gests micafungin–anti-micafungin antibody immune complexes
react with red blood cells only in the presence of the micafun-
gin, causing complement-mediated intravascular hemolysis in the
patient. Significantly, antibody against micafungin detected by AGT
has remained in the patient’s plasma at approximately 6 weeks
from the onset of the hemolytic attack. Martinengo et al. have

reported that drug antibody test were persistently positive in a
follow-up of 8 months [4]. Data on now, the drugs associated with
immune hemolytic anemia have reached 100 kinds or more. Despite
the hemolysis type, forecasting hemolysis due to drugs in many
cases is impossible, therefore it is important to always keep it in
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Table 1
Immune complex test.

Patient serum sample Healthy control

1 2 1 2

MCFG 60 min at 37 ◦C (2+/H) (2+/H) (−) (−)
AGT (3+) (3+) (−) (−)

PBS 60 min at 37 ◦C (−) (−) (−) (−)
AGT (−) (−) (−) (−)

Fresh serum samples (containing complement) from both the patient and healthy
volunteer were incubated with solutions of the drug (50 �g/ml micafungin and
phosphate-buffered saline (PBS), according to a previous report [1]. For the micafun-
gin or PBS, 2 drops of fresh serum from the patient or from healthy volunteer, 2 drops
of drug solution or PBS were incubated for 1 h at 37 ◦C with 1 drop of ficin-treated
group O red blood cells. Agglutination, hemolysis, and reactivity with antiglobulin
were then evaluated. No agglutination was observed in ficin-treated red cells incu-
bated with PBS. Serum samples from healthy individual also did not react, although
strong agglutination of ficin-treated red cells with patient’s serum and micafungin
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as seen after the 37 ◦C incubation and by the AGT.
CFG: micafungin, PBS: phosphate-buffered saline, AGT: antiglobulin test, 1 and

: different ficin-treated group O red blood cells, +: RBCs agglutination level, H:
emolysis.

ind, clinically. Accumulation of further cases is necessary to clarify
emolytic mechanism of this drug.
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