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Zusammenfassung
Hintergrund: Pulmonale invasive Pilzinfektionen (IFI) sind 
bekannte Komplikationen mit hoher Morbidität und Mor
talität bei Patienten mit hämatologischen Neoplasien.  
Patienten und Methoden: In einer prospektiven Phase-II-
Studie untersuchten wir den prophylaktischen Einsatz von 
vernebeltem liposomalem Amphotericin B (lipAmB) bei 
Patienten mit einer erwarteten Neutropeniedauer von 
mehr als 10 Tagen aufgrund einer intensiven Chemo
therapie oder einer allogenen Stammzelltransplantation. 
Ergebnisse: Patienten in 98 Behandlungsepisoden wur-
den in die Studie eingeschlossen und mit 105 histori-
schen Kontrollen verglichen. Schwere Nebenwirkungen 
wurden nicht beobachtet. 40 Patienten empfanden die 
Inhalationen als unangenehm, 2 als sehr unangenehm, 
überwiegend aufgrund von schlechtem Geschmack oder 
Husten. Wir registrierten nur wenige Fälle einer sicheren 
oder wahrscheinlichen Pilzinfektion, trotzdem erhielten 
viele Patienten eine systemische pilzwirksame Therapie 
aufgrund von Pneumonien oder Fieber unklarer Ursache. 
In einer vorab definierten Subgruppenanalyse an 48 Pati-
enten mit neu diagnostizierter akuter myeloischer Leuk-
ämie (AML) beobachteten wir ein besseres 1-Jahres-
Überleben im Vergleich zum Kontrollkollektiv (80% vs. 
54%, p < 0,01). Schlussfolgerungen: Eine Inhalation mit 
lipAmB kann sicher durchgeführt werden. Aufgrund der 
positiven Ergebnisse in der Subgruppe von AML-Patien-
ten und Ergebnissen anderer Studien sollte eine weitere 
Evaluation dieser Strategie erfolgen.
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Summary
Background: Pulmonary invasive fungal infections (IFI) 
are well-recognized complications with high morbiditiy 
and mortality in patients with hematologic malignancies. 
Patients and Methods: Aerosolized liposomal ampho
tericin B (lipAmB) was evaluated as an antifungal pro
phylaxis in patients with an expected neutropenia of 
more than 10 days due to intensive chemotherapy or 
stem cell transplantation, in a prospective phase II trial. 
Results: 98 treatment episodes were included in the 
study and compared to 105 historical control patients.  
Inhalation was performed between 0 and 103 days. No 
severe side effects of therapy occurred. 40 patients  
considered inhalations as unpleasant, 2 as very un
pleasant, mostly due to bad taste or cough. Few cases  
of definite or probable IFI were recorded, whereas a 
large number of patients were treated with systemic  
antifungal therapy for pneumonia or fever of unknown 
origin without a significant difference between study  
patients and controls. In a predefined subgroup analysis 
of 48 patients with newly diagnosed acute myeloid  
leukemia (AML), significantly more patients survived for 
1 year in the AmB prophylaxis than in the control group 
(80% vs. 54%, p < 0.01). Conclusions: Inhalations of 
lipAmB are feasible and safe. Results in the subgroup of 
patients with AML together with data from other trials 
suggest further evaluation of effectiveness.
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Introduction

Invasive fungal infections (IFI) are well-recognized compli-
cations in patients with hematologic malignancies [1–3]. �
Individual risk of IFI increases with profound neutropenia �
of prolonged duration, i.e. more than 10 days. Clinical �
outcomes in leukemia patients with additional clinically �
apparent IFI are significantly inferior to outcomes in pa-
tients suffering from leukemia alone. Candida infections as 
one type of IFI take their origin mainly from gastrointestinal 
infections and can be effectively reduced by prophylaxis with �
fluconazole, although this strategy has only formally been 
shown to be effective in patients after allogeneic transplanta-
tion. The majority of IFI develop in the lung, with Aspergil-
lus as the most frequent pathogen, and it can be assumed 
that these infections originate from inhaled conidia.

A prophylactic strategy using nebulized antifungal agents 
therefore seems to be a rational approach. Amphotericin B 
deoxycholate (AmBd) was tested earlier for this purpose. 
Although initial phase II studies showed promising results, 
in a formal phase III study, AmBd did not improve out-
comes of high-risk patients in comparison to placebo [4]. 
However, based on preclinical models, liposomal AmB �
(lipAmB) may be better tolerated and more effective than 
AmBd due to the following reasons: Unlike AmBd, lipAmB 
does not foam during nebulization, resulting in a more uni-
form formation of small droplets; in addition, lipAmB does 
not inhibit the function of pulmonary surfactants as reported 
for AmBd [5] and, in animal models of pulmonary asper
gillosis, lipAmB or AmB lipid complex was more effective 
than AmBd [6–9]. Furthermore, nebulized lipAmB or AmB 
lipid complex was successfully used in previous small pub-
lished case series in patients [10, 11] and further unpublished 
studies and was therefore systematically tested in our single-
institution phase II study described below.

Patients and Methods

Study Design
Nebulized lipAmB was evaluated in a phase II trial in patients with �
expected neutropenia (< 0.5 G/l) of more than 10 days due to induction 
and/or consolidation chemotherapy for acute leukemias and/or allogeneic 
stem cell transplantation. The patients did not have to be included �
upfront before entering their first chemotherapy cycle but could also be 
included during subsequent cycles, provided that the next chemotherapy 
would lead to profound neutropenia and that no systemic mould-active 
drug had already been given. Fluconazole prophylaxis was allowed and 
was used in the vast majority of patients according to local common prac-
tice at 400 mg/day throughout the whole study period, in patients �
and controls. A patient could enter the study for a second time as a ‘new’ 
patient (e.g. during therapy of a relapse of his/her leukemia) if more than 
3 months had passed since the last lipAmB inhalation.

Prophylaxis consisted of lipAmB (Ambisome®, Gilead, Foster City, 
CA, USA) nebulized by the use of jet stream nebulizers (LC Star, Pari, 
Starnberg, Germany). LipAmB was reconstituted with distilled water �
as for regular intravenous (i.v.) use and applied undiluted in doses of �

12.5 mg on 4 consecutive days and then twice weekly until neutrophil �
recovery. Inhalations were supervised by physiotherapists, a single �
application taking 10–20 min. Treatment was paused with recovery of 
neutrophils > 1 G/l and resumed during neutropenic episodes following 
subsequent chemotherapy cycles. If systemic mould-active antifungals 
were started due to suspected IFI in an individual patient, per-protocol 
lipAmB inhalations were stopped, but inhalations could be continued at 
the discretion of the treating physician. Management of suspected IFI �
was not specified in the protocol, although some recommendations for 
diagnostic workup were given. Computed tomography (CT) scans of the 
chest and serum Aspergillus antigen tests were recommended in fever 
refractory to antibacterial therapy. The patients were interviewed for �
possible side effects of inhalations in regular intervals.

The protocol was approved by the ethics committee of the University 
of Regensburg. All patients gave their written informed consent before 
inclusion in the study.

Patient Population
Patients were screened for eligibility from 07/2003 until the target number 
of 100 treatment episodes was reached. Patients fulfilling the same entry 
criteria and treated in the same institution in the years 2000–2002 served 
as historical controls [12].

Study Analysis
Evaluation of toxicity and a possible reduction in the incidence of proven 
or probable fungal infections according to published consensus criteria 
[13] were defined as primary outcome parameters. Predefined secondary 
outcome parameters were incidence of fever of unknown origin refrac-
tory to antibacterial therapy for more than 72 h, delays of chemotherapy 
in patients with AML, and 1-year survival within the subgroup of newly 
diagnosed AML patients.

Results

From 07/2003 to 10/2005, 101 courses of lipAmB prophylaxis 
in 96 independent patients were included in the study. 3 of 
these were not eligible because systemic mould-active anti-
fungal therapy had already been initiated at study entry. The 
remaining 98 eligible cases were analyzed by intent-to-treat 
principles. The majority of patients received chemotherapy 
for acute leukemia; 43 patients were treated by transplanta-
tion of allogeneic bone marrow or blood stem cells. A corre-
sponding sample of patients that would have met inclusion 
criteria was analyzed for control purposes. Further patient 
characteristics are given in table 1. Baseline characteristics for 
age, sex, and fraction of allogeneic transplants were rather 
similar between study patients and controls, with the excep-
tion of myeloproliferative diseases (mainly chronic myeloid 
leukemia (CML)) that were only present in the control group.

10 patients never started inhalation due to general fatigue, 
patient request, or start of systemic antifungal therapy; 46 pa-
tients remained on therapy per protocol until neutrophil re-
covery after the last planned chemotherapy cycle or until start 
of systemic antifungal therapy, and in 41 patients inhalations 
were either stopped prematurely or not restarted in subse-
quent chemotherapies (13 patients), mainly due to the request 
of patients feeling uncomfortable during the inhalation proce-
dure. In 1 patient, the exact timing and reason for discontinu-
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ation was unfortunately not documented. Discounting breaks 
of study therapy during periods of neutrophil recovery, inhala-
tion was performed between 0 and 103 days with a mean dura-
tion of 32 days, and a median duration of 26 days (table 2).

No severe side effects of therapy like fever or acute dysp-
nea occurred and no pulmonary infiltrates or other symptoms 
during further follow-up where considered to be provoked by 
lipAmB inhalations. 40 patients considered inhalation as un-

Table 1. Patient characteristics

Patients Controls

Individual patients recruited   96 105
Recruited twice (more than 3 months apart)     5   13

Treatment episodes 101 118
Excluded from analysis (did not meet inclusion criteria)     3 –

Evaluated for effectivity (ITT population)   98 118
Never started study treatment   10 –
Evaluated for toxicity   88 –

Demographics
Men/women   66/32   65/53
Median/mean age, years   48/49   52/49

Disease (ITT population)
AML, AUL or MDS   75   70
Newly diagnosed AML   48   52
ALL   16   13
Lymphoma or multiple myeloma     6   17
Myeloproliferative disease –   16
Aplastic anemia, PNH     1     2

Therapy during observation period (ITT population)
Chemotherapy only   55a   65
Allogeneic transplantation only   17   34
Both   26   19

Therapy during ‘at risk’ period (before initiation of systemic antifungal therapy)
Chemotherapy only   68   74
Allogeneic transplantation only   17   34
Both   13   10

aPlus autologous transplantation in 1 patient.
ITT = Intention-to-treat, AML = acute myeloid leukemia, AUL = acute undifferentiated leukemia, MDS = myelodysplastic syndrome, �
ALL = acute lymphoblastic leukemia, PNH = paroxysmal nocturnal hemoglobinuria.

Table 2. Results in the study population

Patients Controls

Execution of therapy 
during period at risk

mean/median number of chemotherapy, cycles in pts. without transplantation   1.7/1 1.6/1
mean/median number of chemotherapy, cycles in pts. with transplantation   2.0/1 1.3/1
never started inhalations, n 10 –
premature stop of inhalations, n 41 –

mean/median duration of inhalations in patients with premature stop, days 26.7/23 –
inhalations per protocol, n 46 –

mean/median duration of inhalations in per-protocol patients, days 43.6/33 –
missing data, n   1 –

Side effects, n none 40 –
minor/some discomforta 33/7 –
severe discomfortb   2 –
missing data of self-assessment   6 –
any side effects requiring �
medical intervention

  0 –

Effectiveness mould-active systemic antifungals (for the following reasons), n 68 68
definite IFI (Aspergillus)   0   3
probable IFI (Aspergillus)   2   1
pulmonary infiltrates of any type 33 27
persisting fever 25 34
Aspergillus antigen without focus   3   0
suspected non-pulmonary fungal infection   3   3
intensified prophylaxis   2   0

n = Number of patients.
aIn descending order: cough, laborious, bad taste, nausea/vomiting.
b1 patient: bad taste; 1 patient: cough plus nausea/vomiting.

pleasant, 2 as very unpleasant, mostly due to bad taste or 
cough. All side effects can therefore be specified as grade I 
according to common toxicity criteria (CTC). Few cases of 
definite or probable IFI were recorded, whereas a large 
number of patients were treated with systemic antifungal 
therapy for possible IFI, unspecific pneumonia, or fever re-
fractory to antibacterial drugs, without a significant difference 
between study patients and controls (table 2). In an analysis 
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During data analysis of patients and controls, we could 
define only very few proven or probable IFI. Methods for 
the detection of IFI are not sensitive, and many cases of IFI 
are hidden behind ‘fever of unknown origin’, ‘unspecific’ 
pulmonary infiltrates or ‘possible fungal infection’ [14, 15]. 
For this reason, early antifungal interventions without clear-
cut evidence of a fungal infection are common practice, be-
cause an undetected and untreated IFI may rapidly become 
life-threatening. This strategy is also supported by a recent 
publication [16]. In our patients, systemic antifungal therapy 
was frequently applied empirically by treating physicians in 
ambiguous situations. For studies of IFI prophylaxis or early 
intervention, stringent diagnostic workup schedules using 
frequent determination of serum Aspergillus antigen and 
high-resolution CT scans with defined diagnostic criteria are 
helpful; however, unfortunately these criteria have not been 
defined in such a strict manner in our protocol and diagnos-
tics have been somewhat sparser in the earlier control group. 
However, even in recent clinical trials with standardized �
diagnostics, large patient numbers were needed to show the 
advantage of a prophylactic antimycotic strategy, in that case 
oral posaconazole solution [17]. Therefore, in retrospect, the 
absence of a significant difference in proven and probable 
IFI between the study arm and the historical control is not 
surprising. In addition, the results may also be biased against 
a positive result of our study by a somewhat increasing �
empirical use of antifungals in our institution over the study 
period. This is mainly due to the increasing use of CT scans 
allowing earlier and more sensitive detection of pulmonary 
infiltrates and due to the approval of voriconazole which is 
applied more generously due to fewer side effects when 
compared to systemic AmBd.

Data from our preplanned subgroup analysis in AML �
patients showing an improvement in survival compared to 
historical controls are more positive, but of course have to 
be interpreted with great caution. Confounding is possible 
using historical controls in a retrospective, non-randomized 
study. No obvious differences in the management of AML 
between the treated patients and historical controls were �
introduced in our institution, except for the use of vori
conazole that was already available for the intervention 
group but not for the control group, as described above. 
AML patients in the intervention group were somewhat 
younger than those in the historical control cohort, and the 
rate of allogeneic transplantation in AML patients in the 
treated cohort was higher than in the controls. These differ-
ences may be indicators of bias due to different patient char-
acteristics. Allogeneic transplantation may also have a favor-
able impact on mortality by itself; however, the difference in 
numbers of allogeneic transplantations is smaller than the 
difference in mortality. Analysis of the causes of death may 
be misleading for two reasons: Firstly, some of the patients 
were treated outside our institution after completion of in-
duction and consolidation chemotherapy and information 

conducted ex post, we analyzed possible differences in out-
come between patients strictly adhering to the inhalation pro-
tocol and others: Of the 10 patients never starting inhalation, 
systemic antifungals were initiated in all 10 (100%), of 41 pa-
tients prematurely terminating inhalations, antifungals were 
started in 28 (68%), and in per-protocol patients, antifungals 
were used in 29 (63%), pointing to a possible protective effect 
in protocol adherers.

We evaluated the 1-year survival of newly diagnosed AML 
patients in a predefined subgroup analysis (table 3). Study pa-
tients were, on average, somewhat younger and transplanted 
more frequently. In these AML patients, 80% in the lipAmB 
prophylaxis group survived for 1 year, significantly more than 
in the control group (54%). 3 AML patients were lost to �
follow-up for this analysis because they had moved out of �
our area. Of the deceased 9 patients in the prophylaxis group, 
3 had not taken up inhalations and 3 had terminated inhalati-
ons prematurely, whereas of the surviving 36 patients 4 had 
never inhaled lipAmB and 19 had terminated prematurely. In 
4 out of 9 deceased patients in the treatment group and 8 of 24 
in the control group, evidence of pneumonia in the last weeks 
before death was reported in response to our inquiries; how-
ever, course of disease and causes of death during this ex-
tended observation period were difficult to evaluate since 
many patients received further care outside of our hospital 
and, therefore, for many patients only the life status and lim-
ited clinical data were available. The exact definition of treat-
ment delays due to infections in AML patients turned out to 
be very much prone to individual interpretation, and the anal-
ysis of this point was therefore omitted although initially 
planned in the protocol.

Discussion

In our study, we could confirm that prophylactic inhalations 
of nebulized lipAmB are feasible without significant toxicity. 
A concern is early termination of prophylactic inhalation in 
a substantial fraction of patients; however, this occurred be-
cause patients considered this treatment unpleasant, and not 
because of organ toxicity greater than grade I. Therefore, if a 
clear clinical benefit could be proven and were explained to 
patients, it is likely that most of them would adhere to such a 
strategy.

Table 3. Results in the subgroup of de novo AML patients

Patients Controls

Newly diagnosed AML, number of patients 48 52

Age, years (median/mean) 48/50 57/54

Lost to follow-up 3 0

Evaluable for survival 45 52

Allogeneic transplantation within study period 15 8

Death within 1 year 9a 24
ap < 0.01 compared to controls by Fisher’s exact test.
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trend for a better outcome in patients adhering to the inhala-
tion scheme per protocol. Secondly, the improved survival of 
the AML cohort in our study is encouraging, although a �
significant bias due to different patient characteristics in the 
intervention and control group cannot be ruled out. Taking 
the positive results of the larger study of Rijnders et al. [18] 
into account, inhalations of nebulized lipAmB may be an �
alternative to prophylactic posaconazole [17]. Both regimens 
should be compared in a larger randomized study.
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regarding these patients is scarce. Secondly, a fungal infec-
tion may delay optimal therapy and indirectly lead to re-
lapse, but nevertheless is not the direct cause of death in 
such cases. Taken together, the results of this subgroup anal-
ysis are encouraging, but clearly cannot be taken as a proof 
of this concept.

Recently, a similar but larger randomized phase III study 
conducted in parallel to our study was reported by Rijnders 
et al. [18]. Here, nebulized lipAmB was shown to decrease 
invasive aspergillosis in high-risk neutropenic patients. In 
this study, a comparably high rate of probable infections �
was detected in control patients, due to more extensive �
diagnostics or due to a genuinely higher baseline risk, or to a 
combination of both factors.

In conclusion, prophylactic inhalations of lipAmB were 
feasible without safety issues, but unpleasant to a consider-
able fraction of the patients. Due to the very low numbers of 
events qualifying as definite or probable IFI even in the con-
trol group and very high numbers of empirical mould-active 
antifungal therapies in both groups, we were not able to 
meet our objectives to show a reduction of IFI or use of anti-
fungals. However, several lines of evidence indicate that 
such a strategy may have a clinical benefit. Firstly, we saw a 
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