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A b s t r a c t  To determine the value of aerosol amphoter- 
icin B inhalations for prevention of invasive pulmonary 
aspergillosis (IPA), we initiated a prospective random- 
ized multicenter trial. The scheduled intent-to-treat in- 
terim analysis included 115 patients (30%) with pro- 
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longed neutropenia after chemotherapy for acute myel- 
oid leukemia, acute lymphoblastic leukemia/high-grade 
non-Hodgkin's lymphoma, or solid tumors undergoing 
autologous stem cell transplantation. Sixty-five patients 
had been randomized to receive prophylactic aerosol 
amphotericin B inhalations at a dose of 10 mg twice 
daily (group A); for the remaining 50 patients no aero- 
sol amphotericin B prophylaxis was used (group B). No 
serious side effects from amphotericin B inhalations oc- 
curred, but coughing (54%), bad taste (51%), and nau- 
sea (37%) caused early cessation of aerosol amphoteri- 
cin B prophylaxis in 23% (15/65) of courses. In group 
A, the incidence of proven, probable, or possible IPA 
was 5% (3/65) as compared with 12% (6/50) in group B 
(p > 0.05). Microbiologically documented bacterial 
pneumonias were observed in 5/65 (8%) patients in 
group A and in 1/50 (2%) patients in group B 
(p > 0.05). Thus, no reduction in incidence of IPA from 
use of prophylactic aerosol amphotericin B inhalations 
was found in this interim analysis. As there were no se- 
rious side effects from aerosol amphotericin B prophy- 
laxis, accrual in the study will continue for a total of 380 
patients. 

K e y  w o r d s  Aspergillosis �9 Amphotericin B �9 
Inhalation �9 Neutropenia �9 Prophylaxis 

Introduction 

Invasive pulmonary aspergillosis (IPA) is increasingly 
recognized as a severe infection in cancer patients with 
prolonged neutropenia and is associated with a high 
mortality of 50% or more [10, 20]. Difficulties in early 
clinical diagnosis [24] as well as poor response of IPA 
to antifungal treatment [2, 22] have prompted an inten- 
sive search for effective prophylactic strategies [4]. 

Present prophylactic strategies, such as laminar air 
flow rooms with high-efficacy particulate air (HEPA) 
filtration [26] or empiric administration of intravenous 
amphotericin B to persistently febrile neutropenic pa- 
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t ients with a his tory of invasive fungal  infect ion [11, 23], 
s e e m  to be  able to reduce  the incidence of  IPA.  H o w -  
ever,  H E P A  fi l t rat ion is expensive ,  and  use of  in t rave-  
nous  ampho te r i c in  B is h a m p e r e d  by  its toxic side ef- 
fects. Unfo r tuna t e ly ,  a benef i t  of  o the r  less toxic s t ra te-  
gies such as in t ranasa l  ampho te r i c in  B spray  [9], low- 
dose in t ravenous  ampho te r i c in  B [5], in t ravenous  lipos- 
oma l  ampho te r i c in  B [27], or  oral  i t raconazole  [7, 28] 
has not  b e e n  d e m o n s t r a t e d  in r a n d o m i z e d  clinical trials 
so far. 

Because  I P A  is usual ly acqui red  th rough  the  inhala-  
t ion of  Aspergi l lus  conidia  [1, 4, 26], p rophylac t i c  inhal- 
at ions of  ae roso l  ampho te r i c in  B r ep re sen t  a ra t ional  
approach ,  avoiding the  systemic side effects  of  this drug  
[3]. Resul ts  f r o m  initial phase  I / I I  trials or  o the r  non-  
r a n d o m i z e d  studies sugges ted  a p rophylac t i c  eff icacy of  
aerosol  ampho te r i c in  B inhala t ions  [3, 8, 13, 15, 16, 21]. 
H o w e v e r ,  due  to large var ia t ions  in env i ronmen ta l  ex- 
posu re  to Aspergi l lus  spp. as well  as changes  in the  
popu la t ion  at risk [30, 32], the  results  f r o m  these  ear ly  
trials r ema in  to be  conf i rmed.  The re fo re ,  we ini t ia ted a 
r a n d o m i z e d  mul t i cen te r  trial in pa t ien ts  with p ro longed  
n e u t r o p e n i a  af ter  mye losuppres s ive  t r e a t m e n t  for  acute  
l eukemia ,  h igh-grade  l y m p h o m a ,  or  solid tumors .  

Materials and Methods 

Pat ients  

From March 1993 until April 1994, 115 patients with an expected 
duration of neutropenia < 500/1,1 for more than 10 days were ran- 
domized to receive prophylactic amphotericin B inhalations 
(group A) or no inhalation prophylaxis (group B). Eligibility cri- 
teria for the study included: (a) de novo or relapsed acute myel- 
oid leukemia, high-risk myelodysplastic syndrome, blast crisis of 
chronic myeloid leukemia, relapse of acute lymphoblastic leu- 
kemia, relapse of high-grade non-Hodgkin's lymphoma, solid tu- 
mor receiving high-dose chemotherapy with autologous stem-cell 
rescue; (b) age > 18 years; (c) Karnofsky index > 50%; (d) writ- 
ten informed consent. Patients with one of the following criteria 
were excluded: (a) proven or probable IPA during a preceding 
neutropenic episode; (b) therapy with itraconazole or intravenous 
amphotericin B during the preceding 3 months; (c) current pro- 
phylaxis with itraconazole or intravenous amphotericin B; (d) 
laminar air flow units; (e) pulmonary infiltrate at time of random- 
ization; (f) prior participation in the study. 

Randomization was performed by the treatment center in a 
13:10 ratio and stratified according to three groups: (a) acute 
myeloid leukemia, high-risk myelodysplastic syndrome, blast cri- 
sis of chronic myeloid leukemia; (b) relapse of acute lymphoblas- 
tic leukemia, relapse of high-grade non-Hodgkin's lymphoma; (c) 
solid tumor receiving high-dose chemotherapy with autologous 
stem-cell rescue. The study was initiated after approval by the 
ethics committees at the participating institutions and conducted 
in accordance with the declaration of Helsinki. 

In t e rven t ions  and obse rva t ions  

Patients randomized to group A inhaled 10 mg aerosol amphoter- 
icin B twice daily. For each inhalation 10 mg of the amphotericin 
B preparation for intravenous use (Bristol Myers Squibb, Mu- 
nich, Germany) was diluted with sterile water to a total volume of 

5 ml and nebulized with the RespirGard II nebulizer (Marquest, 
Englewood, Colo., USA) and the Lifetec jetair d 10 (Salvia, 
Schwalbach, Germany) compressor at a flow rate of 8 ml/min, 
with the Pariboy, or with the Pari I.S. II (Pari Werke, Starnberg, 
Germany). Each inhalation lasted for 15-20 rain, and each nebu- 
lizer was used only twice to avoid bacterial contamination, Am- 
photericin B inhalations were initiated at the beginning of chemo- 
therapy and stopped after recovery of neutrophils to >1000/txl 
for two consecutive days. In case of intravenous amphotericin B 
therapy, continuation of amphotericin B inhalations was optional. 
Prophylactic, diagnostic, and therapeutic strategies were con- 
ducted according to the interventional antimicrobial strategy of 
the German multicenter trials I and II of the Paul Ehrlich society 
[17, 18]. The definitions for proven, probable, and possible inva- 
sive fungal infections are presented in Table 1. 

Statistical analysis 

The observation period was the time from randomization until 
recovery of neutrophits to > 1000/pJ or death, with a maximum 
observation period of 50 days. The incidence of proven, probable, 
or possible IPA is the primary end point of the study. A total of 
380 patients are planned to be enrolled into the study to detect a 
significant difference between group A and B with a 90% power 
(/3 = 0.1) at a cumulative significance level of 5% 
(c~<0.05:c~<0.01 for the interim analysis and c~< 0.04 for the fi- 
nal analysis) in the one-tailed chi-square test by Mantel-Haenszel, 
assuming that the incidence of proven, probable, or possible IPA 
can be reduced from 10% in group B to 1% in group A. After 
recruitment of 115 patients (30%), this interim analysis was 
scheduled. All assessments were made on an intent-to-treat ap- 
proach. Statistical calculations were performed on a personal 
computer using the CSS Statistica (Statsoft, Tulsa, Okla., USA) 
software. For comparison of continuous variables the Mann- 
Whitney test was used; categorial variables were compared using 
the chi-square test. 

Results 

Pat ien ts '  character is t ics  

A tota l  of  115 pa t ien ts  f r o m  five inst i tut ions were  in- 
c luded in this analysis; 65 pa t ien ts  were  r a n d o m i z e d  to 
g roup  A and 50 pa t ien ts  to g roup  B. Pa t ien ts '  charac-  
terist ics such as age, disease enti ty,  cor t icos tero id  come-  
dicat ion,  t r e a t m e n t  with h e m a t o p o i e t i c  g rowth  factors,  
and med ian  dura t ion  of n e u t r o p e n i a  (18 days)  were  
ba lanced  b e t w e e n  the  two groups  (Table  2). 

Inc idence  of  infect ions 

T h e  incidence of p roven ,  p robab le ,  or  poss ible  I P A  was 
5% (3/65) in g roup  A pat ients ,  who  rece ived  aerosol  
ampho te r i c in  B prophylaxis ,  as c o m p a r e d  with 12% (6/ 
50) in g roup  B pat ients ,  for  w h o m  no aeroso l  a m p h o -  
tericin B was used (Table  3). This  d i f ference  was not  
statistically significant. Of  the  nine pa t ien ts  with prov-  
en, p robab le ,  or  poss ible  IPA,  six (67%)  suf fered  f rom 
acute  mye lo id  l eukemia .  N o  statist ically significant dif- 
fe rences  were  obse rved  in the  incidence of  p r o v e n  [1/65 
(2%)  pa t ien ts  in g roup  A versus  0/50 (0%)  pa t ien ts  in 
g roup  B], p r o b a b l e  [2/65 (3%)  versus  1/50 (2%)] ,  or  
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T a b l e  1 Definition of invasive fungal infections in neutropenic 
patients 

Invasive pulmonary aspergillos& 
Proven 

- Histology + culture 
Probable 

Pneumonia or other organ infection unresponsive to 
antibiotics 
with no other microbiologically documented causative 
organism 
and one of the following conditions: 
- Culture of normally sterile tissues, bronchoalveolar lavage, 

blood, sputum, or nose 
- Repeated antigen detection or increasing antibody titers in 

blood 
- Pulmonary lesions with halo sign in CT scan or air crescent 

sign 
Possible 

Fever unresponsive to antibiotics 
with no other microbiological documented causative organism 
and one of the following conditions: 
- Culture of normally sterile tissues, bronchoalveolar lavage, 

blood, sputum, or nose 
- Repeated antigen detection or increasing antibody titers in 

blood 

lnvasive candidiasis 
Proven 

- Histology -+ culture 
or 

- Histology or culture of normally sterile tissues including 
blood 
with fever unresponsive to antibiotics and 
no other microbiologically documented causative organism 

Probable 
Pneumonia or other organ infection unresponsive to 
antibiotics 
with no other microbiologically documented causative 
organism 
and one of the following conditions: 
- Culture of bronchoalveolar lavage 
- Increasing antigen or antibody titers in blood 
- Multiple hepatic and splenic lesions in CT scan/sonography 

Possible 
Fever unresponsive to antibiotics 
with no other microbiologically documented causative 
organism, 
and one of the following conditions: 
- Culture, excluding blood 
- Increasing antigen or antibody titers in blood 

Possible invasive fungal infection 
No invasive pulmonary aspergillosis or candidiasis as defined 
"above, 
but one of the following conditions: 
- Pneumonia unresponsive to antibiotics and/or responsive to 

antimycotics + antibiotics 
- Fever unresponsive to antibiotics and responsive to 

antimycotics + antibiotics 

possible [6/65 (9%)  versus 3/50 (6%)]  invasive candid-  
iasis, possible invas ive  fungal  infections [7/65 (11%) 
versus 6/50 (12%)],  use of  in t ravenous  amphoter ic in  B 
[26/65 (40%) versus 19/50 (38%)],  or  incidence of  fever  
unrespons ive  to b road - spec t rum antibacter ial  agents 
[22/65 (34%) versus 18/50 (36%)].  

Dif ferences  be twe e n  the two s tudy groups  in the in- 
c idence of  o ther  infections, classified as bac teremia / fun-  

T a b l e  2 Patients' characteristics a 

Group A Group B 
(n =65) (n=50) 

Age: median/range (years) 43/19-73 43/18-81 
Underlying disease n (%) 

AML 38 (58) 29 (58) 
Relapse of ALL/high-grade NHL 5 (8) 6 (12) 
Solid tumors receiving high-dose 
chemotherapy 22 (34) 15 (30) 

Leukocytopenia< 1000/~1: median/range 
(days) 17/048 15/0-47 

Granulocytopenia < 500/ixl: median/range 
(days) 18/4-50 18/0-50 

Corticosteroid comedication 14 9 
Therapy with hematopoietic growth 

factors (G-/GM-CSF) 34 17 

a Differences between the two groups were not significant; 
p > 0.05, chi-square test or Mann-Whitney test. 

T a b l e  3 Effect of aerosol amphotericin B inhalations on the inci- 
dence of invasive pulmonary aspergillosis a 

Group A Group B 
(n =65) (n =50) 

Invasive pulmonary aspergillus 3 (5%) 6 (12%) 
Proven 1 1 
Probable 2 4 
Possible 0 1 

~Differences between the two groups were not significant; 
p > 0.05, chi-square test. 

T a b l e  4 Effect of aerosol amphotericin B inhalations on the inci- 
dence of all infections a 

Type of infection n (%) Group A Group B 
(n =65) (n =50) 

Bacteremia and/or fungemia 14 (22) 6 (12) 
Pneumonia 17 (26) 11 (22) 
Other clinically documented infection 4 (6) 3 (6) 
Other clinically and microbiologically 

documented infection 3 (5) 2 (4) 
Fever of unknown origin 20 (31) 23 (46) 
No infection 7 (11) 5 (10) 

a Differences between the two groups were not significant; 
p >0.05, chi-square test. 

gemia,  pneumon ia ,  o ther  clinically d o c u m e n t e d  infec- 
tions, o ther  clinically and microbiological ly  docu-  
men ted  infections, fever  of  u n k n o w n  origin, or  no in- 
fection, were  also not  statistically significant (Table 4). 
The re  was a higher incidence of  microbiological ly  doc-  
u m e n t e d  bacter ial  pneumon ias  in g roup  A as c o m p a r e d  
with g roup  B [5/65 (8%)  versus 1/50 (2%)],  but  this was 
not  statistically significant (p > 0.05). These  six bacter ial  
pneumon ias  were  caused by X a n t h o m o n a s  maltophil ia,  
P s e u d o m o n a s  aeruginosa,  Ac ine tobac t e r  baumani i ,  
Pro teus  sp., S taphylococcus  aureus,  and S taphylococcus  
epidermidis ,  and all were  d o c u m e n t e d  by b ronchoa l -  
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veolar lavage. The incidence of gram-negative bacter- 
emias with septic shock was 6% in both study groups. 

Mortality was 17% (11/65) in group A versus 16% 
(8/50) in group B (p > 0.05), for an overall mortality of 
17% (19/115); 17/19 (90%) nonsurvivors suffered from 
acute myeloid leukemia. Thirteen patients died of in- 
fections, three of progressive acute myeloid leukemia, 
two of cerebral bleeding, and one of toxic renal failure. 
Infective causes of death were pneumonia in seven pa- 
tients (two Aspergillus, one Cytomegalovirus, one Xan- 
thomonas maltophilia, and three without microbiologi- 
cal confirmation), sepsis in four patients (three gram- 
negative, and one without microbiological confirma- 
tion), and fever of unknown origin in two cases. 

Adverse reactions 

Adverse reactions consisted predominantly of cough- 
ing, bad taste, and nausea; these were reported by 35/65 
(54%), 33/65 (51%), and 24/65 (37%) patients, respec- 
tively. Side effects resulted in the early cessation of the 
inhalations in 15/65 (23%) patients. One patient who 
stopped inhalation prematurely developed probable 
IPA after termination of prophylaxis. 

Discussion 

The interim analysis of this prospective randomized 
trial of prophylactic aerosol amphotericin B inhalations 
in neutropenic patients after myelosuppressive chemo- 
therapy demonstrated a 5% incidence of proven, prob- 
able, or possible IPA in patients receiving prophylaxis 
with aerosol amphotericin B, which compares with a 
12% incidence in patients who received no such pro- 
phylaxis. 

These promising results are in accordance with data 
from animal experiments and previous clinical trials in 
humans. Thus, delivery of a single dose of 1.6 mg/kg 
aerosol amphotericin B, 2 days prior to Aspergillus ex- 
posure, significantly delayed the mortality from IPA in 
immunocompromised rats [25]. Six groups have recent- 
ly reported on aerosol amphotericin B prophylaxis of 
IPA in human patients [3, 8, 13, 15, 16, 21]. In these 
nonrandomized trials, no cases of proven IPA were ob- 
served in patients who received the prophylaxis 
throughout their neutropenic period, but four cases of 
proven or probable IPA were observed in patients who 
discontinued inhalations [3]. Still, a prospective ran- 
domized evaluation is needed to judge the impact and 
potential side effects of prophylactic aerosol amphoter- 
icin B inhalations. 

This requirement is strongly emphasized by the 
present evaluation revealing a relatively high frequency 
of side effects comprising mainly bad taste (51%), 
coughing (54%), and nausea (37%), which caused the 
early cessation of inhalation in 23%. In previous pilot 
studies a substantially lower frequency of side effects 

was observed [3, 8, 13, 16, 21]. In addition to these ad- 
verse effects, prophylactic administration of aerosols 
bears the risk of facilitating bacterial pneumonia and 
subsequent sepsis. For this reason, the control group 
did not receive any inhalations, and the study was not 
blinded. Previous studies with aerosol amphotericin B 
inhalations did not report frequencies of bacterial 
pneumonia and sepsis [3, 8, 13, 15, 16, 21]. In the cur- 
rent trial, the incidence of gram-negative bacteremias 
with septic shock was the same in both groups, at 6%. 
However, there was a higher incidence of microbiologi- 
cally documented bacterial pneumonia in the group re- 
ceiving amphotericin B inhalations (8% versus 2%), 
which was not statistically significant. 

The majority of nonsurvivors in the current trial suf- 
fered from acute myeloid leukemia (90%), with pneu- 
monia and sepsis as the predominant causes of death. 
Moreover, the high incidence of proven, probable, and 
possible IPA in this subgroup of patients confirms the 
necessity of stratification for risk factors of IPA in this 
as well as in similar studies investigating prophylactic 
interventions [14, 29]. Although the over-representa- 
tion of growth-factor-treated patients in the amphoteri- 
cin B group was not statistically significant, it might 
have influenced the outcome. 

In most clinical trials invasive fungal infections are 
not defined in detail [12, 19, 31], which renders compar- 
ison of study results more difficult. The current trial at- 
tempts to create and apply detailed and clinically rele- 
vant definitions (Table 1). Because none of the diag- 
nostic procedures and criteria for invasive fungal infec- 
tions alone allows the clinical management of patients, 
the proposed definitions for IPA and invasive candidia- 
sis use combinations of clinical [2, 10], radiologic [6], 
cultural [2, 10], histologic [2, 10], and serologic [1, 24] 
criteria (Table 1). 

In conclusion, prophylactic aerosol amphotericin B 
might be promising for the prevention of IPA in neu- 
tropenic patients. However, further recruitment of pa- 
tients in the ongoing trial is required before more defi- 
nite statements on the role of aerosol amphotericin B 
prophylaxis of IPA can be made. Because of the still 
undetermined efficacy of this intervention and the as 
yet undetermined risk of bacterial pneumonia, the use 
of aerosol amphotericin B inhalations for prevention of 
IPA can not be recommended outside clinical trials at 
present. 
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