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Purpose: The prognosis of invasive pulmonary asper
gillosis (IPA) occurring in neutropenic patients remains 
poor. We studied whether new strategies for early diag
nosis could improve outcome in these patients.

Patients and Methods: Twenty-three histologically 
proven and 14 highly probable IPAs in 37 hematologic 
patients (neutropenic in 36) were analyzed retrospec
tively.

Results: The most frequent clinical signs associated 
with IPA were cough (92%), chest pain (76%), and he
moptysis (54%). Bronchoalveolar lavage (BAL) was posi
tive in 22 of 32 cases. Aspergillus antigen test was posi
tive in 83% of cases when tested on BAL fluid. Since 
October 1991, early thoracic computed tomographic (CT) 
scans were systematically performed in febrile neutro
penic patients with pulmonary x-ray infiltrates. This ap
proach allowed us to recognize suggestive CT halo signs 
in 92% of patients, compared with 13% before this date, 
and the mean time to IPA diagnosis was reduced dramat-

FO R  THE PAST 30 years, increasing doses o f chemo
therapeutic agents have been used to improve the 

response rate in hematologic malignancies. This strategy 
was associated with an increased incidence of systemic 
fungal infections.12 Invasive pulmonary aspergillosis 
(IPA) is the second most common cause of fungal infec
tion in immunocompromised patients. Its prognosis re
mains poor in leukemic patients, despite amphotericin B 
(AmB) treatment. The mortality rate reaches 50% to 60% 
when IPA occurs during chemotherapy-induced neutro
penia and could exceed 90% in the setting of bone marrow 
transplantation (BMT).3 Improvement of prognosis needs 
early recognition of IPA and effective antifungal treat
ment.4,5

The present study analyses the course o f IPA in 37 
patients with hematologic malignancy and suggests that 
systematic use o f thoracic computed tomography (CT) 
could allow earlier diagnosis in the course o f IPA and 
thereby improve overall survival among these patients.

PATIENTS AND METHODS

Patients and Conditions o f  Hospitalization
Between Januaiy 1988 and February 1996, 501 patients with he

matologic malignancies received 754 myeloablative treatments that 
induced neutropenia (polymorphonuclear leukocyte [PMN) count <  
500/fiL). Among these intensive therapies, 219 BMTs were per
formed. During the neutropenia that followed chemotherapy, patients 
were hospitalized in single-isolation reverse rooms or in laminar

ically from 7 to 1.9 days. Among 36 assessable patients, 
10 failed to respond (amphotericin B [AmB] plus fluoro- 
cytosyne, n = 2; itraconazole + AmB, n = 8) and died of 
aspergillosis. Twenty-six patients were cured or im
proved by antifungal treatment (itraconazole with or 
without AmB, n = 22; voriconazole, n = 4). In 15 of 16 
cases, surgical resection was combined successfully with 
medical treatment. Achievement of hematologic re
sponse, early diagnosis, unilateral pulmonary involve
ment, and highest level of fibrinogen value < 9 g/L were 
associated with better outcome.

Conclusion: In febrile neutropenic patients, system
atic CT scan allows earlier diagnosis of IPA. Early antifun
gal treatment, combined with surgical resection if neces
sary, improves IPA prognosis dramatically in these 
patients.

J  Clin Oncol 15:139-147. © 1997 by American So
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air-flow -protected rooms. In these rooms, chest x-rays were taken 
systematically twice a week. Microbiologic monitoring included a 
daily blood culture and samples from the throat, nose, urine, and 
stool twice a week. Axillary temperature was measured every 3 
hours. When the first febrile episode (axillary temperature >  38°C 
for >  3 hours) occurred, y3-lactam antibiotic plus aminoglycoside 
was used as empirical therapy after microbiologic sampling and a 
chest x-ray. Antibiotic therapy was adapted secondarily to the results 
of cultures. When these cultures were negative and fever persisted, 
vancomycin or teicoplanin was added at 48 hours. Amphotericin B 
(AmB) was administered when either the fever persisted for 24 to 
48 hours following the addition of a glycopeptide, or a subsequent 
episode of fever occurred in a patient with ongoing neutropenia.

CT Scan Criteria fo r  IPA Suspicion in Neutropenic 
Patients

The identification of a chest x-ray infiltrate during a febrile episode 
in a neutropenic or BMT patient resulted in a systematic search for
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invasive aspergillosis. In neutropenic patients, thoracic CT scan is 
a major tool for the diagnosis of IPA. Two CT signs are clearly 
identified as indicators of IPA. The CT halo sign is described as a 
mass-like infiltrate with a surrounding halo of ground-glass attenua
tion. This halo sign is highly indicative of IPA and occurs early in 
the course of IPA during the neutropenic period/'8 The air-crescent 
sign is described as a pulmonary cavitation. It is a later sign that 
appears with bone marrow recovery.,J0 This air-crescent sign is not 
pathognomonic of aspergillosis, but in the setting of patients with 
hematologic malignancies, and especially in leukemic patients, it is 
highly suggestive of filamentous fungal disease."1"  Therefore, a 
thoracic CT scan was performed as frequently as possible to search 
for CT signs of IPA. A high-resolution CT scan was used in all 
cases, with 10-mm-thick sections and additional 1-mm-thin sections 
through any suspected fungal lesions

Other Criteria fo r  IPA Suspicion
Minor signs of IPA (rated as chest pain; hemoptysis, including 

hemoptysic sputum; and proof of Aspergillus in the nasal secretions 
or in the expectorations) were recorded systematically. To clarify 
the diagnosis, a fiberoptic bronchoscopy with bronchoalveolar lavage 
(BAL) was performed depending on the patient's condition. Direct 
examination and culture of BAL were realized systematically. At 
the time of suspected IPA, an Aspergillus antigen test was performed 
on repeated serum samples (Pastorex test; Pasteur Institute, Paris, 
France). In some cases, an Aspergillus antigen test was performed 
on the BAL fluid.

When possible, a transbronchial biopsy was performed during 
fiberoptic examination. In some patients, a pulmonary resection of 
suspected aspergillary mass was realized either under thoracoscopy 
or in an open thoracotomy. In other cases, biopsy of an affected 
extrapulmonary organ was performed. In all of these cases with 
tissue biopsy, pathologic and mycologic examinations were per
formed.

Criteria fo r  IPA Diagnosis
Definite IPA was defined as positive tissue biopsy with typical 

septate acute branching hyphae with or without positive culture for 
Aspergillus. In the absence of histopathology, the combination of a 
positive BAL test for Aspergillus (direct examination and/or culture) 
and a suggestive thoracic CT scan (halo or air-crescent signs) was 
considered as a highly probable IPA.

Treatment o f  IPA
Until August 1988, the treatment of IPA relied on AmB, either 

alone or in combination with fluorocytosine. Since that time, most 
patients have been treated with oral itraconazole (Janssen-Cilag Lab, 
Boulogne, France) alone or in combination with AmB. In some 
cases, plasmatic levels of itraconazole were measured with high- 
performance liquid chromatography (HPLC) or microbiologic 
assays. More recently, a few patients received a new azole com
pound. namely, voriconazole (Pfizer Lab, Kent, United Kingdom), 
which is available in both oral and intravenous forms.

Statistical Analysis
The characteristics of patients with definite IPA and highly proba

ble IPA were compared by the Mann-Whitney U test and Fisher's 
exact test.

Survival curves were plotted according to the Kaplan-Meier

method and survival duration were compared by the log-rank test. 
Survival of patients with IPA relied on outcome of both hematologic 
disease and fungal disease. Since the death of patients attributed to 
IPA always occurred in the 3 months following IPA diagnosis, we 
have chosen to censor the analysis of survival 100 days after IPA 
diagnosis to analyze the aspergillosis-related factors that influence 
patient outcome.

RESULTS

Patients

Between January 1988 and February 1996, we man
aged 754 episodes of bone marrow aplasia in patients 
with hematologic diseases. Pneumonia was identified in 
159 cases, either during neutropenia or in the weeks fol
lowing aplasia recovery. In 37 patients, pneumonia was 
identified as IPA (5%). The main characteristics o f these 
patients are listed in Table I .

Hematologic malignancies included acute leukemia (n 
=  32), chronic myeloid leukemia (n =  1), lymphoma (n 
= 1), myeloma (n = 2), and severe aplastic anemia (n =  
1). Two patients had recently received allogenic BMT 
and three patients were in hematologic relapse after autol
ogous BMT. At the time of IPA diagnosis, 20 patients 
(54%) had progressive hematologic disease (failure or 
relapse) and all but one (allogenic BMT) were neutro
penic for a median length of 20 days (range, 8 to 43).

Aspergillosis occurred during six of 303 myeloablative 
treatments (2%) performed in laminar air-flow-protected 
rooms, compared with 31 of 451 treatments (7%) per
formed in single reverse-isolation rooms, which suggests 
the efficacy o f laminar air-flow protection in preventing 
aspergillosis (P = .005, x 2 ,est)-

Diagnosis o f Aspergillosis

The criteria for IPA diagnosis are listed in Table 1. 
We compared the characteristics o f patients with definite 
IPA (n =  23) and those with highly probable IPA (n = 
14). None o f the clinical, biologic, or radiologic signs 
were significantly different between the two groups.

Clinical signs associated with IPA included cough, fe
ver more than 39°C, and chest pain in most patients, while 
hemoptysis occurred in half (hemoptysic sputum in most 
patients, except four patients who either died o f massive 
hemoptysis in two cases or needed a pulmonary resection 
or an arterial embolization in one case each, respectively).

Fibrinogen level was systematically measured each 
other day during hospitalization. It was found to be 
greater than 6 g/L in most patients (median value, 7 g/L; 
range, 5.5 to 11.4) in the 48 hours before IPA diagnosis.

Since the diagnosis o f IPA was established or highly 
suspected, Aspergillus antigenemia was measured in all 
but three patients. In eight patients, antigenemia was mea
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Table 1. Criteria for Diagnosis in 37 Cases of IPA
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Variable

All Patients With IPA 
(N = 37)

Patients With Definite IPA 
(n = 23)

Patients With Highly 
Probable IPA (n = 14)

No % No % No *

Main characteristics of patients
Mean age (years} 50 6 ± 15 48.3 ± 15 53.8 ± 16
Sex ratio (male/female) 1.18 1 30 1.00
Acute leukemia 32/37 86 21/33 91 11/14 79
Progressive hematologic disease 20/37 54 13/23 56 7/14 50
Previous neutropenia (days} 20 1 ± 7 4 21 1 ± 7.7 18.3 ± 7 1

Clinical signs associated with IPA
Fever > 39°C before IPA diagnosis 32/37 86 19/23 83 13/14 93
Mean duration of fever (days) 6 1 + 5 3 7.3 ± 6 5.2 ± 4

Cough 34/37 92 20/23 87 14/14 100
Chest pain 28/37 76 18/23 78 10/14 71
Hemoptysis (including minor hemoptysis) 20/37 54 13/23 56 7/14 50

indirect biologic signs associated with IPA
Fibrinogen level a  6 g/L (at time of IPA diagnosis) 32/37 86 20/23 87 12/14 86
Positive A sperg illus antigenemia the day of IPA diagnosis 4/34 12 2/20 10 2/14 14
Positive A sperg illus antigenemia after IPA diagnosis 10/34 29 8/20 40 2/14 14
Positive A sperg illus antigen test in the BAL fluid 15/18 83 8/10 80 7/8 88
Positive sputum sample For Aspergillus 11/37 30 7/23 30 4/14 29
Positive nasal sample for Aspergillus 1/37 3 1/23 4 0/14 0

Direct biologic signs associated with IPA
Patients with BAL performed 32/37 86 18/23 78 14/14 100
Positive culture of BAL for Aspergillus 22/32 69 8/18 45 14/14 100
Positive tissue biopsy 23/37 62 23/23 100 Not done

Radiologic signs associated wilh IPA
No. of pulmonary focus x-rays — 2 29/37 78 17/23 74 12/14 86
Bilateral focus on x-ray 23/37 62 14/23 61 9/14 64
Patients with thoracic CT 33/37 89 19/23 83 14/14 100
Thoracic CT halo sign 27/33 82 16/19 84 11/14 79
Thoracic CT air-crescent sign 6/33 18 3/19 16 3/14 21

sured from one to three times per patient after IPA diagno
sis and was positive in only one. In the 26 remaining 
patients, antigenemia was measured from five to 35 times 
per patient (median, 10) and was positive in 13. From 
IPA diagnosis, antigenemia was found positive after a 
median delay of 4.5 days (range, 0 to 23). Overall, among 
34 patients in whom antigenemia was performed, four 
(12%) were positive on the day of IPA diagnosis, 10 
(29%) were positive after IPA diagnosis, and 20 (59%) 
remained negative for antigenemia. Overall, only 72 of 
the 291 antigen tests performed were positive (25%), in
cluding two patients with 16 and 25 positive consecutive 
tests.

BAL was performed in 32 patients. In 22 cases (69%), 
Aspergillus was found by direct examination and/or in 
the culture. Aspergillus antigen test was identified as posi
tive in BAL fluid from 15 of 18 examined cases (83%). 
In 10 cases, culture and antigen were both positive in 
BAL. Conversely, antigen was positive in five of eight 
cases with negative culture of BAL. Interestingly, IPA 
diagnosis was established definitely by pathologic exami

nation in these five patients. The cultures o f sputum and 
nose samples were positive for Aspergillus in 11 (30%) 
and one (4%) patient, respectively.

In all cases, chest x-ray showed at least one pulmonary 
infiltrate. This lesion was unique in only eight of 37 stud
ied cases (22%). Pulmonary involvement was multiple 
and bilateral in most (Table 1). Thoracic CT scan was 
always highly suggestive o f IPA. It identified a CT halo 
sign in 16 of 19 patients with definite IPA and a CT air- 
crescent sign in the remaining three. In the other group, 
CT halo and air-crescent signs were recorded in 11 and 
three o f 14 patients, respectively. In all but two patients 
(with one CT), at least two thoracic CT scans were per
formed. The first CT scan always suggested aspergillosis.

A tissue biopsy (including three transbronchial biop
sies) or resection was performed in 23 patients (lungs, 15 
cases; lungs and bone, one; lungs and larynx, one; lungs 
and thyroid, one; bronchi, two; maxillary sinuses and 
skin, one case; larynx, one; pericardium, one). In all cases, 
histopathologic analysis showed invasion of the tissue by 
branching septate hyphae. The culture of the tissue biopsy
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showed the presence of Aspergillus in 19 of 21 cases in 
which it was performed. In 16 cases, pulmonary resection 
of the aspergillary mass was performed. Preoperative cri
teria of IPA diagnosis and operative procedures are listed 
in Table 2. In four cases (25%), preoperative diagnosis 
of IPA was highly suspected on the combination of sug
gestive CT and evidence o f Aspergillus in BAL. Interest
ingly, in the 12 remaining cases (75%), the main criteria 
of IPA diagnosis before surgery was based on CT find
ings, either alone or in combination with a positive anti
gen test on BAL fluid (five cases).

Thirty-three strains o f Aspergillus were isolated. Asper
gillus fum igatus  and Aspergillus fluvus grew in 29 and 
three cases respectively. Aspergillus nidulans was iso
lated in one case. AmB was active in vitro on 31 of 33 
strains tested. Itraconazole was tested on 19 isolated 
strains of Aspergillus (Centre National de Reference des 
Mycoses et des Antifongiques, Professor Bertrand Du
pont; Institut Pasteur, Paris, France). Itraconazole had 
good in vitro activity against the 19 strains tested (median 
minimal inhibitory concentration [MIC], 0.36 /ig/mL; 
range, 0.01 to 2.5).

The time between the first clinical warning sign and 
IPA diagnosis was determined retrospectively, based on 
the date o f fever, cough, or chest pain occurrence. On 
average, the time to diagnosis was 3.6 ±  4 days for all 
patients. Until October 1991, chest CT scans were used 
only to document IPA in patients whose diagnosis had 
already been confirmed or strongly suspected. Since then, 
CT has been used systematically for the early diagnosis 
o f aspergillosis (Table 3). Thoracic CT performed before

October 1991 was the first evidence of IPA (with the 
presence of halo sign) in only one of eight patients, com
pared with 23 of 25 after this date (P  = .0001, Fisher’s 
exact test). Because of this approach, an earlier diagnosis 
of IPA could be attained. The time between the first clini
cal sign and IPA diagnosis was shorter after October 1991 
than before (1.9 ±  1.5 days v 7 ±  5.5 days; P  = .01, 
Mann-Whitney U test). This reduction of the time to reach 
IPA diagnosis was associated with a better prognosis. 
Before October 1991, the deaths of six o f 12 patients 
were directly attributed to IPA. Since this date, only four 
o f 24 assessable patients died of IPA (P = .04, Fisher’s 
exact test) (Fig 1).

At the time of the first clinical sign of IPA, 21 patients 
(57%) were receiving intravenous AmB (administered 
empirically before the IPA diagnosis for fever of un
known origin) for a median of 13 days (range, 6 to 43) 
at a mean daily dose of 1 ±  0.27 mg/kg/d.

Antifungal Therapy and Clinical Outcome

Currently, 36 patients are assessable for antifungal re
sponse.

Ten patients died o f IPA (28%). All of them received 
AmB (median dose, 1.5 mg/k/d) for a median duration 
of 12 days (range, 8 to 30) combined with either fluoro- 
cytosine (median dose, 150 mg/kg/d) in two or itracona
zole (median dose, 400 mg/d) in the eight remaining pa
tients until death. The plasmatic levels of itraconazole 
were determined in six patients and the residual levels of 
itraconazole remained low (<  0.2 /jg/mL) during the 20 
first days o f treatment in five of them. Eight patients in

Table 2. Pulmonary Surgical Resection in 16 Cases of IPA

Variable

Preoperative IPA Diagnosis Based on 
Evidence of Aspergillus on BAL and 

on Suggestive Thoracic CT

Preoperative IPA Diagnosis Based on 
Suggestive Thoracic CT Without 
Evidence of Aspergillus on BAL

No of patients 4 (25%) 12(75%)
Chest pain before surgery 3/4 9/12
Hemoptysis before surgery 3/4 5/12
Positive Asperg illus antigenemia before surgery 0/4 1/12
Positive culture of sputum before surgery 3/4 1/12
Performed BAL before surgery 4/4 7/12
Positive BAL for Aspergillus before surgery 4/4 0/7
Positive Aspergillus antigen test in BAL before surgery 3/3 5/7
Thoracic CT halo sign before surgery 3/4 11/12
Ttioracic CT air-crescent sign before surgery 1/4 1/12
Pulmonary resection under thoracoscopy 1/4 2/12
Pulmonary resection under open thoracotomy 3/4 10/12
Pulmonary segmentectomy or wedge resection 1/4 4/12
Pulmonary lobectomy 3/4 8/12
Surgery to prevent hemoptysis (emergency procedure) 2/4 6/12
Histologically confirmed diagnosis of IPA 4/4 12/12
Positive culture to tissue biopsy 4/4 8/10
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Toble 3. Contribution of Systematic CT Scon for Early Diagnosis of IPA

Variable Before October 1991 After October 1991 P

IPA observed 12 25 NA
Patients with positive tissue biopsy 8/12 15/25 NS*
Patients with positive culture of BAL 9/12 13/19 N S '
Mean time (days)

Admission to hospital to IPA diagnosis 31 ± 9 21 ± 5 ,0006t
First IPA sign to IPA diagnosis 7  ± 5 .5 1+ bi .011

Patients with chest CT scans 8/12(66%) 2 5 /2 5  (100%) .008*
CT scan with suggestive halo sign before IPA diagnosis 1/8 23/25 ooor
Death (for assessable patients) attributed to IPA 6/12 (50%) 4/24 (17%) .04’

Abbreviation: N A  not applicable. 
'Fisher's exact test. 
tMann-Whitney U Test

hematologic failure remained neutropenic following IPA 
diagnosis and died of extensive pulmonary aspergillosis. 
Two patients, who had achieved complete hematologic 
responses, died o f massive hemoptysis. The median sur
vival duration was 20 days (range, 9 to 90).

Twenty-six patients (72%) were improved or cured by 
antifungal treatment. Twenty-two patients received itra
conazole (median dose, 400 mg/d) for a median length 
of 302 days (range, 103 to 1,185). No severe adverse 
reactions were experienced with itraconazole therapy. 
The plasmatic levels of itraconazole were determined in 
16 patients, and in 14 of them the residual levels o f itraco
nazole were greater than 0.6 /ig/mL during the 20 first 
days of treatment. In 13 cases, AmB (median dose, 1.3 
mg/kg/d) was combined with itraconazole for a median 
duration o f 9 days (range, 5 to 20). Three patients were 
successfully treated with voriconazole (median dose, 6 
mg/kg/d; median duration, 63 days). One patient failed

Days a fte r IPA

Fig 1. Koplan-M eier survival curves according to the strategy for 
IPA d iagnosis. Systematic thoracic CT scan in febrile neutropenic p a
tients since the end of 1991 w as associated with improved survival 
of patients with an IPA diagnosis.

to respond to a 26-day treatment with voriconazole and 
improvement o f IPA was achieved with itraconazole. 
Overall, apyrexia was achieved on average within 9 days 
(range, 2 to 22), while the fibrinogen level normalized 
(<  4 g/L) within 40 days (range, 10 to 100). In 19 of 
26 cases (73%), a complete hematologic response was 
achieved. The median length of neutropenia after initia
tion o f antifungal therapy was 5 days (range, 1 to 80). In 
five o f 26 cases, patients were considered improved by 
the treatment. These patients died o f underlying disease 
within 6 months following IPA diagnosis without any 
evidence of aspergillosis. The 21 remaining patients were 
considered cured of aspergillosis. Eleven patients are still 
well and alive, while 10 patients died of underlying hema
tologic disease more than 6 months following IPA diag
nosis without any sign of aspergillosis. Overall, the me
dian survival duration after IPA diagnosis was 390 days 
(range, 112 to 2,039) in this group.

Pulmonary Surgery Combined With Antifungal 
Treatment

Among 16 patients who underwent pulmonary surgical 
resection, the surgery was performed as either a diagnosis 
(four cases) or a therapeutic procedure (12 cases) com 
bined with medical therapy (Table 2).

In four cases, surgery was delayed after IPA diagnosis 
for more than 3 weeks (median, 34 days; range, 21 to 
548). Pulmonary resection (wedge resection in two cases 
and lobectomy in two) of a peripheral residual mass was 
performed due to continuing hemoptysis in one case and 
stable aspergillary lesion despite medical therapy before 
new courses o f myeloablative therapy in three other (in
cluding two allogenic BMTs). The four patients had re
covered from bone marrow aplasia with a normal count 
o f platelets and granulocytes at the time of surgery.

In the remaining eight cases, surgery was an emergency 
procedure. The need for surgical interventions was based
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on observation of repeated chest CT scans that showed 
pulmonary aspergillosis that contacted the pulmonary ar
tery or its dividing branches with a risk of massive hemor
rhage due to angioinvasive fungal process. Interestingly, 
in six o f eight patients, the IPA diagnosis before surgery 
was based on CT findings alone (combined with positivity 
o f a positive Aspergillus antigen test on the BAL in one 
case). Lobectomy was performed in all of the cases. Six 
patients underwent surgery despite persistent granulocy
topenia. Before surgical intervention, the platelet counts 
were less than 100,000//iL in seven eases. These seven 
patients received two to six U packed platelets to reach a 
count greater than 100,000//iL. No postoperative bleeding 
was observed. Macroscopic analysis of the lobectomy 
sections showed necrotic aspcrgillary focus at the point 
o f contact with the pulmonary artery, accompanied in six 
cases by an invasion o f the arterial wall and bearing an 
increased risk o f hemorrhage (in one case, the main left 
pulmonary artery ruptured during surgical intervention). 
Pathologic examination and culture of the surgical sec
tions confirmed invasive aspergillosis in all o f the cases. 
Surgery was uneventful, and seven patients were dis
charged from hospital less than 3 weeks after surgery, 
while one patient died o f extensive aspergillary pneumo
nia 12 days after surgery.

Prognostic Factors fo r  Survival

The lack o f a complete hematologic response to chemo
therapy and the related increase o f neutropenia duration 
are negative predictors for prognosis. Eight of 10 patients 
who did not respond to antifungal therapy versus seven 
of 26 responding patients were in hematologic failure (P 
=  .005, Fisher’s exact test). Overall, 13 of 26 patients 
improved or cured by antifungal treatment received fur
ther myeloablative treatments (including two allogenic 
and one autologous BMT) in the year following IPA 
diagnosis without any relapse o f IPA.

The 24 assessable patients treated for IPA since Octo
ber 1991 had an improved survival (Fig 1) compared with 
the 12 patients treated before this date (P = .006, log- 
rank test).

The 12 patients with a highest fibrinogen level >  9 g /  
L in the 10 days after IPA diagnosis had a unfavorable 
outcome (Fig 2) compared with the 24 patients with a 
highest value fibrinogen level that was less than 9 g/L (P 
= .0002, log-rank test).

Additionally, the 14 patients with initial unilateral pul
monary focus had a better outcome (Fig 3) compared 
with the 22 patients with a bilateral pulmonary focus (P 
= .02, log-rank test).

The value of these three prognostic factors was
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%

Days after IPA diagnosis

Fig 2. Kaplan-Meier survival corves according to the highest level 
of fibrinogen in the 10 days after IPA diagnosis. A fibrinogen value 
> 9 g/L was associated with a poor outcome.

strengthened by the multivariate analysis. In the Cox 
model, poor prognosis was related to fibrinogen level == 
9 g/L during the 10 days after IPA diagnosis [P = .003; 
relative risk (RR): 8.7; 95% confidence interval (Cl): 2.1 
to 36.9] and to delayed treatment before systematic use 
of CT scan (P  = .02; RR: 3.6; 95% Cl: 1.0 to 13.5). 
Lastly, a trend for unilateral pulmonary involvement as 
a favorable prognostic factor was identified (P  =  .058; 
RR: 0.08; 95% Cl: 0.01 to 0.66).

The prognostic influences o f BMT and residual plasma 
levels o f itraconazole were not determined due to the 
small cohort of patients in these groups. Only two patients 
have received an allogeneic T cell-depleted BMT. One 
patient died from disseminated aspergillosis during an 
acute GVHd episode 2 months after alloBMT, whereas 
the other survived more than 18 months after IPA diag
nosis.

DISCUSSION

Pulmonary aspergillosis remains a life-threatening 
complication for immunocompromised patients.3 The 
present series of neutropenic patients does not differ from 
previously reported studies. The risk of aspergillosis is 
estimated to be 5% .112,13 Eighty-five percent of IPAs were 
observed in patients hospitalized in rooms without air- 
filtration systems,14 and the length and severity o f neutro
penia were the main risk factors for invasive aspergillo
sis.15 The median duration of neutropenia before diagnosis 
was 20 days. Only one patient with allogenic BMT was 
not neutropenic at the time IPA occurred.

The characteristics of patients with definite or highly 
probable IPA did not differ significantly (Table 1). Acute
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Fig 3 . Kaplan-M eier survival curves according to initial pulmo
nary involvement by aspergillosis. Bilateral involvement w as associ
ated with a poor outcome.

leukemia was the most common underlying hematologic 
disease.1 The other main clinical indicators of aspergillo
sis were chest pain and hemoptysis, which were observed 
with a frequency o f 76% and 54%, respectively.1617 Fever 
is a common problem in neutropenic patients. All of the 
patients who developed IPA had fever greater than 38°C. 
Interestingly, 86% of patients demonstrated fever greater 
than 39°C in the days before IPA diagnosis.

The positivity of Aspergillus antigenemia is highly pre
dictive of invasive aspergillosis in immunocompromised 
patients, although its sensitivity remains weak.18 20 In our 
experience, the antigen test was positive in 14 of 34 pa
tients tested and was a relatively good indicator of fungal 
infection. Repeating the assays seems to increase the sen
sitivity.1819 However, antigenemia was positive in only 
12% o f patients on the day o f IPA diagnosis. In 29% of 
cases, positive results were obtained after the establish
ment of diagnosis. The use o f a sandwich enzyme-linked 
immunosorbent assay (ELISA) could increase the sensi
bility of Aspergillus antigenemia.20 When identified in the 
BAL (15 of 18 positive results in our study), Aspergillus 
antigen appears to be a good indicator of IPA in neutro
penic patients.23 In five patients with IPA diagnosis subse
quently established by pathologic examination, the anti
gen test was positive on BAL fluid, while culture or direct 
examination of BAL remained negative. Therefore, in 
a febrile neutropenic patient with x-ray infiltrates, the 
positivity o f Aspergillus antigen in the BAL fluid could 
have the same value as the isolation of Aspergillus in 
the BAL.

O f 32 BALs performed, 69% showed Aspergillus, a

100

7 5  ■

> SO -

rate comparable to other reports.21,22 In the group of 23 
patients with a definitely proven diagnosis of IPA, a BAL 
was performed in 18 cases and was positive for Aspergil
lus in only eight. However, the presentation of patients 
with definite IPA and those with highly probable IPA 
was similar. The isolation of Aspergillus in expectoration 
or nasal swab must be considered when diagnosing asper
gillosis in leukemic patients.24 In this report, Aspergillus 
was isolated in expectoration from 30% of patients and 
isolation of Aspergillus in nasal swab was not helpful in 
the diagnosis of IPA.

The contribution of chest CT scan to the diagnosis of 
pulmonary aspergillosis may be helpful. Previous studies 
reported that the halo sign was highly indicative of IPA 
in neutropenic patients.5"8 25 The image occurs early in the 
disease and allows the assumption of aspergillosis before 
the typical cavitation.6-7,9-25'26 Therefore, we assigned ma
jo r diagnostic importance to CT scans and, in particular, 
to the halo sign. At the beginning, we used CT scans 
for confirmation of aspergillosis that had already been 
diagnosed through other means and frequently observed 
cavitations. Since the end of 1991, chest CT scan has 
been part of the routine examination for the etiologic 
diagnosis of radiographic infiltrates that occur in febrile 
neutropenic patients. Accordingly, CT scans performed 
since that time have most often contributed to the diagno
sis, with the presence o f at least one halo sign in greater 
than 90% of cases (Table 3). Moreover, in 12 of 16 
patients who underwent pulmonary resection, the criteria 
for the diagnosis of aspergillosis were mainly the exis
tence of febrile pneumopathy in neutropenic patients and 
the presence of either a halo sign (n = 11) or air-crescent 
sign (n =  1) in thoracic CT scans (Table 2). These obser
vations indicate that early chest CT scans tend to provide 
earlier diagnosis o f aspergillosis in neutropenic patients. 
Interestingly, since the end of 1991, the prognosis of 
neutropenic patients with IPA has been improved due to 
earlier diagnosis (Fig 1 and Table 3).

Traditional treatment of aspergillosis in immunocom
promised patients is AmB.3 In leukemic patients, espe
cially in allogenic BMT patients, the efficacy of AmB 
was limited, with a failure rate that ranged from 50% to 
90%.3 In the present series, both 13 o f 26 patients im
proved by the treatment and the 10 patients who died of 
IPA received curative doses of AmB in the 10 first days 
of treatment. The use of a new AmB formulation (liposo
mal and lipidic emulsions) will need to be studied for the 
treatment o f IPA in neutropenic patients.27

One way to improve the prognosis of IPA patients is 
earlier initiation of antifungal treatment.5,28 This can be 
achieved through an earlier diagnosis, with the use of CT
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scan.25 In addition, the recent introduction o f a new tri- 
azole antifungal agent, itraconazole, appears to improve 
the treatment of aspergillosis. Response rates in greater 
than 60% to 70% have been reported for invasive asper
gillosis treated with itraconazole.4,28'30 31 We had a similar 
experience for both our preliminary studies32 and the pres
ent study, in which the overall response rate for patients 
treated with itraconazole was approximately 75%. In this 
report, patients who responded to itraconazole were 
treated for a minimum of 6 months if the immunodefi
ciency persisted or if the patient experienced a new course 
of myeloablative chemotherapy. The use of voriconazole 
seems to be interesting,33 but the small number of cases 
does not allow conclusions.

The two main purposes of surgical treatment of IPA 
were the prevention of severe, sometimes fatal, hemopty
sis,17'34,35 and the reduction of a remaining Aspergillus 
mass before a new myeloablative treatment.36 Most often, 
surgery was performed after the neutropenia had resolved. 
In our experiment, the death of two patients from massive 
hemoptysis led to prophylactic surgical resection of the 
aspergillary lesion when this lesion threatened the integ
rity o f the pulmonary artery. Despite persistent granulocy
topenia in six of eight patients, complications of the surgi
cal procedure were minimal. In most of cases, observation 
of the excised mass showed necrosis with perforation of 
the pulmonary artery wall, which confirmed the need for 
intervention. In this urgent situation, the role o f thoracic 
CT was major. When surgical intervention was practiced, 
the preoperative diagnosis of IPA was based on CT find
ings alone in six of eight cases. To determine the optimal 
time for surgical intervention, close consultation between 
the medical, surgical, and radiologic teams was required. 
Repeated chest CT scans with examination of the lesion 
were crucial factors to determine the need for surgery. 
The present series highlighted several prognostic factors. 
The major factor was the outcome of the hematologic 
malignancy. The achievement of a complete response 
with recovery of granulocyte counts was associated with
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a better outcome, even in the few months after IPA diag
nosis. An early diagnosis o f IPA in neutropenic patients 
is needed to improve the prognosis o f the disease.527 
Since the end of 1991, we have modified our strategy of 
IPA diagnosis in febrile neutropenic patients with system
atic use of thoracic CT to identify early CT halo signs. 
This reduction of the time to diagnosis IPA has resulted 
in better management o f the disease with early initiation 
of antifungal therapy and increased overall survival (Fig 
1). The fibrinogen value was also a prognostic factor. 
Neutropenic patients with IPA had a high level of fibrin
ogen in the days preceding and following the IPA diagno
sis. Furthermore, a fibrinogen value greater than 9 g/L 
was associated with a negative outcome (Fig 2). Specific 
rcceptors for fibrinogen were identified on the surface of 
A fumigatus,37 These receptors could act as mediators of 
conidial adherence to host tissue.37 However, it is impos
sible to know whether the fibrinogen increase is the cause 
or the consequence o f the progression of fungal disease. 
The value of fibrinogen could represent the importance of 
the aspergillary mass. The last parameter that influenced 
clinical outcome was bilateral versus unilateral pulmo
nary involvement (Fig 3).

In conclusion, although pulmonary aspergillosis in the 
neutropenic patient remains a life-threatening complica
tion of myeloablative therapy, earlier diagnosis could 
greatly improve its prognosis. The use of chest CT scan 
for early detection allows earlier initiation of antifungal 
therapy. Itraconazole seems to be an efficacious treatment 
of IPA in immunocompromised patients. Thoracic sur
gery combined with medical therapy could prevent effi
ciently massive hemorrhage or be used as an adjuvant 
treatment. Nevertheless, the main prognosis factor for 
improvement remains the achievement of a complete he
matologic response.
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