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Successful Treatment of
Angioinvasive
Aspergillosis During
Prolonged Neutropenia
with Liposomal
Amphotericin,
Voriconazole, and
Caspofungin

Susan S. Huang,
Iris T. Chan,
Richard M. Stone, and
Lindsey R. Baden

Case Report. Treatment of invasive

aspergillosis is changing because of

new antifungal agents. Voricona-

zole and caspofungin have been

studied for treatment of invasive as-

pergillosis refractory to treatment

with amphotericin. However, opti-

mal therapeutic combinations and

durations are unknown. We report

the successful treatment of angioin-

vasive aspergillosis in an immuno-

compromised host with a triple an-

tifungal regimen of amphotericin,

voriconazole, and caspofungin.

A 69-year-old man with fevers

and chills presented to a local hos-

pital in November 2000 following 6

weeks of progressive fatigue, dys-

pnea, and weight loss. Of note, he

had been constructing a new home.

He was neutropenic (absolute neu-

trophil count of 10 cells/�l), and

the proportion of blasts on a pe-

ripheral blood smear was 2%. Chest

computed tomography (CT) re-

vealed left-upper-lobe and bilateral

lower-lobe consolidative opacities.

He was transferred to our hospital,

where a bone marrow biopsy re-

vealed FAB subtype M1 acute myel-

ogenous leukemia.

Treatment with levofloxacin and

ceftazidime was initiated for pneu-

monia and febrile neutropenia, and

he underwent urgent induction

chemotherapy on CALGB protocol

9720 [1] with daunorubicin, etopo-

side, and high-dose ara-C. Ampho-

tericin B (1 mg/kg per day) was

added because of persistent fevers.

On day �8 relative to chemother-

apy initiation, a sputum culture

yielded Aspergillus niger. He was

switched to treatment with high-

dose liposomal amphotericin (7.5

mg/kg per day) because of therapy-

associated renal insufficiency.

A second chest CT demonstrated

bilobar pneumonia with complete

opacification of the left lower lobe

(Fig. 1A), left apical focal necrosis,

and a segmental pulmonary artery

filling defect, suspicious for an-

gioinvasion. Additional sputum cul-

tures and bronchoscopy did not

demonstrate a pathogen.

His fevers diminished with reso-

lution of neutropenia, and he un-

derwent a diagnostic thoracoscopic

biopsy on day �31. Examination of

a frozen section of his lung revealed

extensive involvement with As-

pergillus species, but cultures were

negative.

Given severe disease and pro-

gression on polyene therapy, com-

FIGURE 1. A, Chest CT following induction chemotherapy for AML, showing
extensive left-lower-lobe consolidation and infarct and a right-lower-lobe wedge-
shaped infarct with an adjacent loculated effusion due to biopsy-proven
aspergillus infection. B, Chest CT 8 months later showing evolution of the left-
lower-lobe infarct into a 3.5 � 3.5 cm2 cavitary structure in communication with
the left-lower-lobe bronchus. No active pulmonary disease is seen.
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passionate-use voriconazole (200

mg orally twice daily, subsequently

increased to 300 mg twice daily)

was given in addition to liposomal

amphotericin (7.5 mg/kg per day).

He was also treated surgically with

left-lung decortication and debulk-

ing of a subpleural fungal abscess.

On day �64, he received consol-

idation chemotherapy and devel-

oped neutropenic fever. Chest CT

showed increasing right middle and

lower lobe opacities and persistent

left-sided consolidation. These opac-

ities stabilized with recovery of his

neutrophil count to �1,000 cells/

mm3. G-CSF was not administered.

On day �96 hemoptysis devel-

oped (100 ml), prompting the addi-

tion of caspofungin (70-mg IV loading

dose, then 50 mg/day) to the treat-

ment regimen for possible progres-

sive angioinvasive aspergillosis. Chest

CT findings remained stable, but

further hemoptysis (250 ml) on day

�116 required emergent intubation

and rigid bronchoscopy. Bronchial

blocker placement and emergent left-

bronchial-artery embolization were

required for stabilization.

On day �151 the caspofungin

dosage was increased to 70 mg/day

because of persistent right-sided in-

filtrates. By day �156, the liposo-

mal amphotericin dosage was de-

creased to 7.5 mg/kg three times 

a week in anticipation of home

infusion. A bone marrow biopsy

showed continued remission, and

subsequent chest CT showed sig-

nificant diminishment of infiltrates

bilaterally. On day �164 he was dis-

charged to home.

Subsequently, in the infectious

diseases clinic, it was noted that he

had developed a tan despite limited

sun exposure. Iron and cortisol lev-

els were normal. Initially, he was

pancytopenic, requiring blood trans-

fusions twice. Workup for secondary

causes of anemia were negative,

and these were believed to be po-

tential side effects of the antifungal

regimen. His outpatient medications

included only nutritional supple-

ments, metoprolol, and the triple-

antifungal regimen.

Striking macrocytosis (MCV �

103.5) developed despite normal

B12 and folate levels. Hepatitis

serologies were negative, and trans-

aminase levels remained normal.

The alkaline phosphatase level be-

came persistently elevated (to 150

mg/dl).

His performance status improved

rapidly. He had no constitutional

symptoms or further hemoptysis.

He regained 23 pounds, 11 pounds

short of his baseline weight (before

induction therapy). A chest CT

showed evolution of the pulmonary

infarcts into large cavitary struc-

tures, including a left-lower-lobe

(3.5 � 3.5 cm2) cavity in communi-

cation with the left-lower-lobe

bronchus (Fig. 1B).

On day �252 (3 months after his

last symptom or sign of infection), li-

posomal amphotericin was with-

drawn because the creatinine con-

centration rose from 1.1 to 2.0

mg/dl. On day �287, caspofungin

was withdrawn. In total, he re-

ceived 94.47 g of liposomal ampho-

tericin (244 days) and 12.41 g of

caspofungin (192 days). He contin-

ued to receive voriconazole, 300 mg

twice a day, until day �380, when it

was withdrawn after 7 months of

stable CT findings consistent with

scarring and cavity formation.

One month later, a bone marrow

biopsy was performed to investi-

gate a newly declining platelet

count. It revealed early relapse of

AML. Voriconazole administration

was restarted preemptively, and the

patient underwent a nonmyeloabla-

tive peripheral stem cell transplan-

tation from a fully matched related

donor on April 12, 2002. Serial

chest CTs showed no active pul-

monary disease, and a bone marrow

biopsy performed 104 days after

transplantation revealed remission.

Discussion. Multilobar aspergillus
pneumonia during prolonged neu-
tropenia is associated with a nearly
100% fatality rate, even with am-
photericin treatment. During the
course of this man’s illness, caspo-
fungin was FDA-approved, and
voriconazole became available by
compassionate release (now FDA
approved [May 2002]). This report
shows promise for combination an-
tifungal therapy with these agents.

Voriconazole is a novel triazole
that inhibits ergosterol incorpora-
tion into fungal cell membranes. Its
in vitro activity against Aspergillus
species is comparable to that of am-
photericin. It has a bioavailability of
90%, volume of distribution of 2
l/kg, and half-life of 6 hours, and it
is 58% protein-bound [2]. Like other
azoles, voriconazole is metabolized
by the hepatic cytochrome CYP3A4,
2C9, and 2C19 systems and inter-
acts with drugs such as erythromy-
cin, omeprazole, warfarin, and cal-
cineurin inhibitors.

In vitro antagonism between
polyenes (amphotericin) and azoles
has been demonstrated in vitro [3].
Theoretically, inhibition of ergos-
terol synthesis by azoles reduces
available binding sites for ampho-
tericin. In fact, in vitro antagonism
is most strongly manifested when
azoles are given prior to ampho-
tericin [4]. Nevertheless, antagonism
in humans has not been established,
and success with combination ther-
apy has been reported [5].

We believed that the theoretical
risk for antagonism did not out-
weigh the potential benefits of
combined therapy [6], given the es-
tablished use of polyenes and the
preliminary success of voricona-
zole in the treatment of invasive
aspergillosis at the time this case
was managed. Subsequent to the
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management of this case, a multi-
center clinical trial showed that
amphotericin was superior to vori-
conazole (by the composite end-
point) for empiric treatment of
febrile neutropenia. However, sig-
nificantly fewer breakthrough
fungal infections occurred in the
voriconazole group, and two addi-
tional large studies have de-
monstrated the efficacy and safety
of voriconazole in the management
of invasive aspergillosis [8,9]. In the
study by Herbrecht et al. [9],
voriconazole was found to be equi-
valent or superior to amphotericin
B in single-agent therapy. The role
of combination therapy has not yet
been evaluated in a clinical trial.

Caspofungin is an echinocandin,
a new class of agents that irre-
versibly inhibit 1,3-�-D-glucan syn-
thase, leading to depletion of glucan
in fungal cell walls and subsequent
osmotic instability. This is a distinct
mechanism of action in compari-
son with azoles and polyenes.
Caspofungin has a half-life of 9–10
hours, is 80%–96% protein-bound,
and is not eliminated by the p450
system [10]. However, drug interac-
tions with calcineurin inhibitors, ri-
famycins, efavirenz, phenytoin, and
nelfinavir have been noted. It was
FDA-approved in January 2001 for
the treatment of invasive aspergillo-
sis refractory to treatment with am-
photericin [11].

Several key points are worth
highlighting in this case. First, un-
like A. fumigatus or A. flavus, A.
niger is ubiquitous in the environ-
ment and can often represent colo-
nization. In an immunocompro-
mised host, it is critical to obtain
tissue to exclude other pathogens
and demonstrate invasive disease.
Our patient’s active role in con-
structing a new home likely ex-
posed him to large fungal loads of
this species, which rapidly prolifer-
ated during neutropenia. Thus, we

pursued lung biopsy for a defini-
tive diagnosis despite a negative
bronchoscopy. In this case, bron-
choscopy and culture of the lung
tissue were negative despite sub-
stantial fungal disease on pathol-
ogy specimens.

Second, reduction of fungal bur-
den is essential in the management
of invasive mold infections and
mandates strong consideration of
surgical debulking. In this case,
lung decortication and drainage of
the subpleural abscesses were in-
strumental in disease containment.
Lobectomy was thought to be im-
possible because of the extent of
friable tissue, lending to the high
risk of stump dehiscence.

Third, neutropenia presents a
critical period in which progression
of invasive aspergillosis is likely—
even expected—despite optimal
antifungal therapy. Following in-
duction chemotherapy, significant
radiographic progression was noted
during liposomal amphotericin
monotherapy. During 4 weeks of
neutropenia that occurred during
consolidation chemotherapy, there
was only slight radiographic pro-
gression of the multiple pulmonary
infiltrates with the liposomal am-
photericin and voriconazole therapy.
In this case, combination antifungal
therapy substantially decreased the
rate of progression and enabled
disease containment during an ex-
tremely high risk period.

Several weeks later, caspofungin
was added to the treatment regimen
following massive hemoptysis be-
cause of concern about progressive
angioinvasion. Nevertheless, given
the patient’s prior clinical improve-
ment, it was not clear whether this
hemoptysis represented angioinva-
sion or mechanical erosion of a ves-
sel within abnormal tissues.

We have reported on the suc-
cessful treatment of biopsy-proven,
pan-lobar, angioinvasive aspergillo-

sis through prolonged neutropenia
with surgical debulking and com-
bination antifungal therapy with
amphotericin, voriconazole, and
caspofungin. Our patient tolerated
all three drugs over the course of
several months with minimal side
effects, including macrocytosis,
mild cholestasis, and moderate
photosensitivity. The latter two
have been reported to occur in
over 1% of patients who have re-
ceived voriconazole. He did not
experience any visual disturbances
such as enhanced brightness or
blurry vision, which have been re-
ported to occur in up to 44% of
patients [9].

Although it is difficult to draw
firm conclusions from an individual
case, the high morbidity and mor-
tality associated with mold infec-
tions in immunocompromised hosts
emphasize the urgent need for
more effective therapeutic strate-
gies. Our observation that antifun-
gal therapy with three distinct
classes of agents was efficacious
and safe in this patient suggests the
role for combination therapy in
high-risk situations. Although clini-
cal trials are needed, we believe
treatment of invasive mold infec-
tions in severely immunocompro-
mised patients requires early com-
bination therapy with antifungal
agents, followed by prolonged
maintenance therapy.
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