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Abstract A 57-year-old man with acute myeloid leuke-
mia (AML) French-American-British (FAB) 4 developed
disseminated invasive cerebral and pulmonary aspergil-
losis during postinduction aplasia. According to interna-
tional consensus, infection was categorized as probable
(two host factors: deep neutropenia for >10 days and
refractory fever for >96 h; major clinical criteria of lower
respiratory tract and CNS invasive fungal infection;
positive results for galactomannan antigen in three blood
samples). After the failure of standard amphotericin-based
therapy, the spectacular regression of multifocal brain and
lung lesions was rapidly achieved under a caspofungin
acetate/voriconazole combination. Further permanent
caspofungin maintenance with voriconazole added during
aplasia periods permitted two consolidation courses and
autograft-based intensification without any delay.
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Introduction

The management of disseminated invasive aspergillosis
(IA) in highly immunocompromised hematological pa-
tients remains a major problem. Aspergillosis has become
an increasingly prevalent infection with the rise of
immunosuppression and its incidence ranges from 5 to
more than 20% in high-risk groups [1]. The lungs are the
most common site involved (87%) followed by sinuses/

nose (16%) and the brain (8%) [2]. Despite improvements
in diagnosis and the advent of newer formulations of
amphotericin B (AmB) the mortality of IA still ranges
from 50 to over 90% [3, 4]. Because of the extremely
poor prognosis of IA and toxicity of AmB preparations,
newer antifungal drugs and drug combinations with
improved efficacy and reduced toxicity are needed.
Itraconazole alone has a good safety and tolerability
profile and was shown to be effective against Aspergillus
[5], but polyene/azole combinations are not recommended
for treatment of invasive fungal infections for concerns of
their antagonism in vivo (Infectious Diseases Society of
America guidelines) [6]. Recently, two new agents,
triazole voriconazole (VOR) and echinocandin caspofun-
gin acetate (CAS), were reported to possess powerful
activity against IA [7, 8]. Because of different mecha-
nisms of action and absence of cross-toxicity the CAS/
VOR combination could be a promising challenge for
enhancing the efficacy of each other. Laboratory findings
[9] and animal models studies [10] confirmed a synergic
interaction between these two agents. The application of
the CAS/VOR combination in our patient led to a rapid
resolution of disseminated IA and supports the hypothesis
of its synergic antifungal activity without any additional
toxicity.

Case report

A 57-year-old Caucasian man with no significant medical history
was admitted to our department for hyperleukocytosis (180�109/l),
anemia (9 g/dl), and thrombocytopenia (45�109/l). The diagnosis of
acute myeloid leukemia (AML) French-American-British (FAB)
M4 with (inv16) was made. On admission, there was no evidence
for hepatosplenomegaly or neurological manifestations, and the
chest X-ray and lumbar puncture were normal. On day 8 of
induction therapy [daunorubicin 60 mg/m2 days 1–3; continuous
cytarabine (AraC) 200 mg/m2 days 1–7], the patient developed
fever and hypoxia, and the chest X-ray showed pulmonary
infiltrates. Treatment with broad-spectrum antibiotics was started
immediately. Intravenous AmB (Fungizone, Bristol-Myers-Squibb,
Princeton, N.J., USA, 1 mg/kg per day) was added on day 13 for
persistent fever, worsening of clinical conditions, and radiological
signs of multiple bilateral pulmonary infiltrates with halo signs on
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chest CT scan (Fig. 1A). Two days thereafter (day 15), the patient
became withdrawn and confused. The CT scan of the brain revealed
five nodular lesions with perifocal edema in the frontal and parietal
lobes (Fig. 1B). Highly positive results of Aspergillus galactoman-
nan antigen (GA) were found in a sandwich enzyme-linked
immunosorbent assay (ELISA) in three consecutive peripheral
blood samples. The cerebrospinal fluid (CSF) was normal with no
atypical cells or hyperproteinorrhachia; it was also negative for GA,
Cryptococcus neoformans antigen, Toxoplasma gondii polymerase
chain reaction (PCR), and standard cultures including Nocardia.
Since stereotactic or open surgery was not possible because of the
patient’s general condition, cerebral and pulmonary lesions were
classified as probable disseminated aspergillosis [11]. On day 18
CAS (Cansidas, Merck, Sharp, & Dohme, Lyon, France, 70 mg on
day 1 followed by 50 mg daily) was added to AmB. After 6 days of
combination AmB/CAS therapy, the patient’s respiratory and
neurological status continued to worsen and the CT scan on day
23 showed aggravation of pulmonary lesions with appearance of
cavities within areas of consolidation. For this reason AmB was
switched to intravenous voriconazole (Vfend, Pfizer, New York,
USA, 6 mg/kg b.d. the 1st day and then 4 mg/kg b.d.). After 6 days
of CAS/VOR therapy and along with recovery from aplasia, the

patient’s clinical condition improved with disappearance of fever
and resolution of pulmonary and neurological clinical manifesta-
tions. The complete remission was established and on day 37 the
patient was discharged on CAS monotherapy (50 mg/day). The CT
scan on day 46 of induction (day 28 of CAS) revealed partial
regression of cerebral lesions with a 44% regression of pulmonary
nodules. Immediately after, the first consolidation course was
performed and the aplasia period was covered by addition of VOR
(13 i.v. 4 mg/kg doses) to the CAS. On day 72 (day 54 of CAS), the
pulmonary lesions largely regressed with nearly complete disap-
pearance of cerebral lesions (Fig. 2A, B). It permitted full high-
dose AraC-based superconsolidation. The same dose of VOR was
added again to cover the neutropenic period. The CT scan of the
brain and chest on day 78 showed no evidence of cerebral or
pulmonary lesions. After the end of post-superconsolidation aplasia
(day 94), CAS was definitely stopped (the patient received 76 days
of CAS in total). Single VOR prophylaxis (200 mg/day p.o.) was
continued through auto-PBSCT (day 0=day 119) and stopped on
day 239 from diagnosis. Currently, our patient is doing well in first
complete remission 10 months after diagnosis.

Fig. 1 A Chest CT scan;
B brain CT scan

Fig. 2 A Chest CT scan;
B brain CT scan
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Discussion

The case fatality rate of 86.7% for BMT recipients and
88.1% for patients with CNS or disseminated aspergillosis
confirms that this complication remains a highly lethal
opportunistic infection [3]. Prompt administration of
effective antifungal therapy and early initiation of active
salvage therapy in the case of refractory fungal disease is
crucial to secure the control of infection [12, 13]. High-
dose (8–10 mg/kg) liposomal AmB was reported to
penetrate into the CSF [14] in animal models and was
successfully used in leukemia patients with cerebral
aspergillosis [15], but this option was not widely tested
because of its high cost. Despite the introduction of lipid
formulations of AmB, about 50% of patients with
aspergillosis will fail primary therapy [16]. The new
azole voriconazole was shown to be superior to AmB in
terms of efficacy and survival and actually approved for
the first-line treatment of IA [17]. CAS represents a new
class of echinocandins with a novel mechanism of action
different from that of AmB or azoles. It inhibits the
synthesis of b-D-glucan in fungal cell wall causing a
rapid fungicidal activity in Candida and an inhibitory
effect on most Aspergillus spp. [18]. CAS was shown to
be effective for the treatment of IA in patients who are
refractory or intolerant to previous antifungal treatment
and could be considered as salvage therapy [19]. As the
new formulations act in different ways on the integrity of
the fungal cell, it is logical to suppose the presence of a
synergistic fungicidal effect of its combinations. Perea et
al. [9] in vitro and Kirkpatrick et al. [10] in animal models
with brain aspergillosis demonstrated a possible synergic
or additive effect of the CAS/VOR combination. One
clinical case of successful treatment of disseminated IA
by CAS/VOR combination in a leukemic child was
reported recently by Gatbois et al. [20]

According to international consensus [11], our patient
met the criteria of probable disseminated invasive
pulmonary and cerebral aspergillosis. Six-day first-line
AmB therapy did not improve the clinical and radiolog-
ical status of the patient. Even if there is no accurate
pharmacokinetic data on the bioavailability of CAS and
VOR in the CSF, we chose CAS as the second-line agent
following the report of favorable response in two of eight
refractory cases of Aspergillus brain abscesses treated
with this drug [19]. After 6 days of AmB/CAS treatment,
the results were unsatisfactory and the switch to CAS/
VOR was based on two case reports of successful
treatment of brain aspergillosis [21] and Scedosporium
[22] abscesses with voriconazole. The clinical brain and
pulmonary recovery was favorable and dramatically
rapid. Despite two further consolidation courses with
repeated periods of neutropenia, there was direct evidence
of fast regression of cerebral and pulmonary lesions.
There is no direct proof that the cure was exclusively due
to combination. Parallel resolution of neutropenia and
complete remission of AML undoubtedly played a role.
Because of the rarity of favorable outcomes in equivalent
situations, the optimal drug combination and treatment

duration are not well established. In our case, the absence
of any hepatic or renal toxicity allowed us to prolong
CAS maintenance for 76 days and to add VOR to cover
each period of aplasia. This is the first case of successful
treatment of disseminated cerebral and pulmonary IA in
an adult patient with a CAS/VOR combination. The fast
positive response confirms the hypotheses of good brain
penetration of these drugs and their possible synergic/
addictive antifungal activity.
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