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Background: Invasive fungal infections in the immuno
compromised patient are associated with substantial mor
tality. The use of conventional amphotericin B, the main
stay of treatment, has often been limited by its adverse 
effects. The incorporation of amphotericin B into lipo
somes enables more drug to be given without an increase 
in adverse reactions; We examined the efficacy of AmBi
some (Vestar Inc, San Diego, Calif), a small unilamellar 
liposomal formulation of amphotericin B, in the treat
ment of mycologically proven systemic fungal diseases.

Methods: A retrospective analysis of the “Compassion
ate Use of AmBisome” in 58 patients who were treated 
in 34 centers throughout the United Kingdom between 
July 1990 and August 1992, before licensure of the drug.

Results: Thirty patients had a definite or probable my-

cologic diagnosis, including 17 who had invasive asper
gillosis, nine with Candida infections (three with muco
sal disease only), three w7ith zygomycosis, and one with 
cryptococcal meningitis. The overall response rate was 
59% for patients with aspergillosis (80% for those who 
had had no prior therapy with amphotericin B) and 56% 
for those with candidosis. More than 40% of those in 
whom AmBisome was used as “salvage therapy” re
sponded. A daily dose of up to 5 mg/kg was tolerated with 
minimal side effects.

Conclusions: AmBisome is efficacious in the treatment 
of invasive fungal infections and provides an alternative 
therapy for those who fail to respond or become intol
erant to conventional amphotericin B therapy.

(Arch Intern Med. 1995;155:1093-1098)
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I NVASIVE f u n g a l  infections in 
immunocompromised hosts are 
difficult to eradicate and are asso
ciated with a high mortality rate 
(30% to 95% in invasive asper
gillosis1) despite the use of antifungal 

agents. Amphotericin B has been the main
stay of treatment. However, with conven
tional formulations, such as amphoteri
cin B deoxycholate (Fungizone), fungicidal 
titers are seldom achieved in tissues2; in 
the clinical setting, the dosage adminis
tered is often limited by adverse effects 
(such as fever, chills, and nephrotoxic 
effects). In addition, continuing underly
ing predisposing factors, such as neutro
penia and advanced human immunodefi
ciency virus infection, may contribute to 
treatment failure.

Targeted drug delivery systems, such 
as liposomes, make it possible to give more 
amphotericin B and to attain a much higher 
drug concentration in some organs3 with
out any increase in systemic toxic effects 
based on historical data. The first lipo
somal formulation of amphotericin B 
(comprising multilamellar vesicles) de

veloped by Lopez-Berestein et al4 was never 
produced commercially. AmBisome, on the 
other hand, is a lyophilized form of small 
(<100 nm) unilamellar liposomal ampho
tericin B (with a phosphatidylcholine to 
cholesterol to distearoyl phosphatidyl- 
glycerol to am photericin B ratio of 
2 :1 :0 .8 :0 .45) and is licensed in several 
countries, including the United King
dom. Several animal studies have shown 
that AmBisome, compared with equiva
lent doses of amphotericin B deoxycho
late, achieved a much higher (five times) 
and sustained serum concentration.5'6 It 
has a prolonged circulation half-life and 
the highest area under the curve (after a 
standardized dose) among all the avail
able lipid-associated forms of amphoteri
cin B.7 Also, a technetium-radiolabel study8 
showed that liposomes carrying ampho
tericin B leave the circulation via fenes-

See Patients and Methods 
on next page
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PATIENTS AND METHODS

Fifty-eight patients (3 8  adults and 20  children) w ere en
rolled at 3 4  centers in United Kingdom betw eenjuly 1 9 9 0  
and August 1 9 9 2 . Thirty had leukemia/lymphoma, 23  of 
w hom  but seven w ere n eutropenic (neu troph il co u n t, 
< 0 .5  X 1 0 9/L ). Three patients had nonhem atologic malig
nant neoplasms, three were human im m unodeficiency vi
rus seropositive,19 had undergone organ transplantation  
(including bone m arrow transplantation [BMTJ) and were 
receiving im m unosuppressive therapy, three had no un
derlying disease, and 19 had previously undergone treat
m ent w ith am photericin B deoxycholate, w hich was dis
continued because of either a lack of clinical response or 
developm ent of drug-related toxic effects. Preexistent re
nal im pairm ent before AmBisome treatm ent was identi
fied in 3 0  patients (in the majority due to am photericin B 
toxicity), whereas preexistent abnormal results of liver func
tion tests w ere docum ented in five patients.

Thirty patients (52% ) had a definite (n=27) or prob
able (n=3) mycologic diagnosis. The other 28  (13  of whom  
died) were empirically treated for a presumptive diagnosis 
of invasive fungal disease and therefore were excluded from  
our final analysis owing to the lack of a clinical end point. 
Among those who had a definite diagnosis, there were 17 
cases of Aspergillus infection, nine cases of candidosis, three 
cases of zygomycosis, and one case of cryptococcosis.

The diagnosis o f invasive aspergillosis was estab
lished by any of the following: (1 ) histologic evidence of 
invasive fungal pneum onia or sinusitis consistent with as
p ergillosis (n = 2 ) ; (2 )  p rogressive o r new  ro en tg en o -  
graphic infiltrate seen on a chest roentgenogram , a co m 
puted tom ographic scan of the chest or sinuses, and any 
one or more of the following: (a) another abnormal site posi
tive for Aspergillus species (tissue culture or histology), eg, 
skin, sinus (n = 2); (b) if neutropenic (neutrophil count, 
< 0 .5 X 1 0 9/L ) either positive nasal culture for Aspergillus 
species (n = l)  or positive respiratory culture for or cyto
logic evidence of Aspergillus species (n = 3); (c) if not neu
tropenic (either positive sputum culture for Aspergillus spe
cies within 7 days of new infiltrate or positive culture for

or cytologic evidence of bronchoalveolar lavage for Asper
gillus species [n = 5]); or (3 ) autopsy evidence o i Aspergil
lus infection with multiple organ involvem ent (n = l).

The three probable cases of AspergiHus infection in
cluded two patients (with norm al neutrophil counts but 
who w ere receiving immunosuppressive therapy) who had 
clinical and roentgenographic evidence of chest infection 
as well as a positive sputum  culture for Aspergillus spe
cies. They did not fulfill the criteria for a definite diagno
sis owing to a lack of docum entation of the temporal rela
tionship between culture positivity and roentgenographic 
progression. Patient 18 (who was pancytopenic) clinically 
had maxillary sinus infection with symptoms of fever, head
ache, and nasal obstruction, as well as swelling and inflam
m ation over the zygoma. Aspergillus /umigatus was ob
ta in e d  fro m  h e r p o s tn a s a l  sw a b , b u t a co m p u te d  
tom ographic scan  was n ot obtained before com m ence
m ent of AmBisome therapy. However, im provem ent of fa
cial inflammation and swelling was evident during the brief 
treatm ent period.

The diagnosis of invasive candidosis was established 
by any of the following: (1 ) positive blood culture (n= 4), 
(2 )  isolation of Candida species from any sterile site (e x 
cept urine) (n = l); (3 ) severe m ucosal candidiasis that was 
unresponsive to conventional therapy (n = 3); or (4 ) an au
topsy finding of Candida m icroabscesses in multiple vis
cera (n = l) .

Three patients (patients 2 8  through 3 0 )  had zygomy
cosis that was confirmed, in each case, by culture and/or 
histologic exam ination. In one patient, Cryptococcus neo- 
form ans  was noted in cerebrospinal fluid on m icroscopy.

Am Bisom e was adm inistered by intravenous infu
sion (via either a central or peripheral vein) during a 30 -  
to 60-m inute period.

Response to treatm ent was defined as resolution of 
symptom s and signs of infection or roentgeographic clear
ance of infiltrate on chest roentgenogram s or m ycologic 
eradication.

Patients who died of causes other than fungal infec
tion and who showed no evidence of fungal infection dur
ing a postm ortem  examination were also classified as hav
ing a favorable response.

trated capillaries in reticuloendothelial organs, such as 
liver and spleen, which would account for the observed 
increase (10 times) in total drug concentrations in these 
organs with AmBisome compared with amphotericin B 
deoxycholate.5’9 Its uptake in organs such as the kidney, 
brain, and heart, on the other hand, is lower, which may 
explain the low incidence of adverse effects, including 
cardiac and renal toxic effects reported in various stud
ies.3,10,11 Hematologic abnormalities frequently associ
ated with amphotericin B deoxycholate are relatively un
common in patients treated with AmBisome.11 Other 
advantages include a shorter period and a lower volume 
of infusion compared with the conventional prepara
tion.

We present the data relating to the “Compassion
ate Use of AmBisome” in the United Kingdom in 58 pa
tients who were treated in 34 centers throughout the 
United Kingdom betweenjuly 1990 and August 1992, 
before licensure of the drug. Patients who entered the

study either had evidence of invasive fungal infections 
despite the use of amphotericin B deoxycholate or had 
suffered drug toxic effects and/or renal insufficiency (ow
ing to amphotericin B deoxycholate or other causes).

RESULTS

The results are summarized in Table 1.

INVASIVE ASPERGILLOSIS

The overall response rate was 59% (10/17). Mean (±SD) 
cumulative doses of AmBisome received by the respond
ers and those who failed to respond were 2081 ±  1189 mg 
and 1207±839 mg, respectively. Mean durations of treat
ment were 17±8 days and 7 ± 4  days, respectively. All 
six patients who received therapy for more than 14 days 
responded, whereas 75% of those (3/4) who were treated 
for 5 days or less died (Table 2 ) . The average maxi
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mum daily dose received/tolerated by the group as a whole 
was 3 ±  1 mg/kg per day (range, 1 to 5 mg/kg per day).

AmBisome was used as “salvage” therapy in seven 
patients who received amphotericin B deoxycholate as 
first-line treatment but either failed to respond (pa
tients 9, 15, and 17) or developed renal insufficiency 
(patients 2, 6, 14, and 16) as a result of treatment. The 
response rate among this group of patients was 43% 
(3/7). Eight (80%) of 10 of those who did not receive 
prior therapy with amphotericin B deoxycholate re
sponded to AmBisome therapy (including two who failed 
to show improvement while receiving itraconazole cap
sules).

The response rates among solid-organ transplant re
cipients and patients with hematologic malignant neo
plasms were 83% (5/6) and 63% (5/8), respectively. Both 
patients (patients 14 and 15) who had undergone BMT 
(one autologous, the other allogeneic) died despite 
therapy. The underlying disease of the remaining pa
tient (patient 11) was unknown. No obvious effect of neu
tropenia on treatment outcome was observed, but the data 
concerning the time of peripheral neutrophil count re
covery or death were unavailable in most cases. How
ever, one patient (patient 8), whose neutrophil count re
covered upon receiving granulocyte (macrophage) colony- 
stimulating factor, did respond favorably to AmBisome 
therapy.

AmBisome was well-tolerated despite the presence 
of preexistent renal impairment in 47% (8/17) of this 
group of patients. One patient (6%) had rigors, two (12%) 
had a mild rise in creatinine level (one was concurrently 
receiving cyclosporine) and another developed hypoka
lemia requiring potassium supplementation. No cardiac 
or hematologic toxic effects were reported.

CANDIDA INFECTIONS

The overall response rate in candidosis was 56% (5/9). 
All three patients with mucosal disease only responded, 
while four of the six patients with systemic or deep- 
seated infection died during treatment. The mean cu
mulative dose received was 1040±592 mg (the average 
maximum daily dose was 2± 1  mg/kg per day, data not 
complete for four patients). The median duration of treat
ment was 5 to 7 days.

Four patients had received prior therapy with am
photericin B deoxycholate; two had discontinued am
photericin B deoxycholate therapy due to the develop
ment of renal toxic effects, one had a severe drug reaction, 
and the other had a relapse of hepatic candidosis on dis
continuation of amphotericin B deoxycholate (patient 26, 
failure of mycologic eradication). The “salvage” re
sponse rate was 50% (2/4).

Underlying conditions included human immuno
deficiency virus infection (n=2), abdominal surgery (n=l), 
hematologic malignant neoplasms (n=3), BMT (n=2), and 
mesothelioma (n=l). Among the five who had invasive 
disease (three of whom were neutropenic), only two (40%) 
survived (patient 25, a BMT recipient who had candi- 
demia, and patient 26).

No adverse effects attributable to AmBisome were 
reported in this group.

OTHERS

AmBisome was also used to treat three patients with zy- 
gomycosis (two rhinocerebral and one pulmonary) and 
one patient with cryptococcal meningitis. Both patients 
with rhino cerebral/orbitocerebral zygomycosis and the 
patients with human immunodeficiency virus infection 
who had cryptococcus were successfully treated. The BMT 
recipient who had pulmonary zygomycosis died despite 
treatment. No adverse effects were noted.

COMMENT

To date, few data exist concerning the efficacy of AmBi
some in the treatment of mycologically proven cases of 
invasive aspergillosis. The clinical response rate of 59% 
demonstrated in our study is similar to that reported by 
Ringden et al12 (60% [17/29] cure/improvement) and 
Chopra et al13 and Mills et al14 (67% [4/6] resolution). 
We found that those who responded tended to have re
ceived a bigger (cumulative) dose as well as a longer du
ration of treatment than those in whom treatment failed. 
However, this difference was not statistically significant 
owing to the small number involved. The 40% response 
rate of proven systemic Candida infections seen, on the 
other hand, is much lower than expected. Eighty-four per
cent (21/25) of such cases were previously reported to 
be cured or improved by AmBisome therapy,15 but the 
criteria for “enrollment” were less distinct.

Apart from the type of pathogens and the dose and 
duration of therapy, treatment outcome in invasive fun
gal sepsis is also influenced by the site of infection (which, 
to some extent, determines bioavailability) as well as the 
nature of (and recovery from) the underlying predispos
ing condition (eg, neutrophil recovery14). The clinical ef
ficacy of AmBisome in the treatment of central nervous 
system infections, such as cryptococcal meningitis (78% 
clinical response and 67% cerebrospinal fluid steriliza
tion)11 and (our two cases of) rhinocerebral zygomyco
sis, is remarkable, especially in light of its poor penetra
tion into cerebrospinal fluid12 and low concentration in 
the brain. Its failure to treat invasive pulmonary asper
gillosis in the two BMT recipients is disappointing. The 
mortality for this disease is 85% to 95% following BMT 
irrespective of current treatment.16 Both responses and 
failure, using AmBisome for invasive aspergillosis fol
lowing BMT have been reported.14’16 It is encouraging that 
there are some responses. Whether the use of growth fac
tors, which promote neutrophil recovery and augment 
antifungal function (in combination with AmBisome), can 
influence the outcome in such cases is currently un
clear.

Among the patients who had proven invasive as
pergillosis, those in whom AmBisome was used as sal
vage therapy had a less favorable prognosis than those 
who had never been treated with amphotericin B deoxy
cholate. The response rate of 80% in the latter group is 
indeed comparable with that obtained with the use of 
itraconazole as monotherapy17'20 (although the patients’ 
immunocompromising factors may not be compa
rable) . Itraconazole may also be effective in patients whose 
disease fails to respond to or who become intolerant of
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; J a b l c f l . j y m n l i r ^ o y i i f i  Characterist c s fM y p io g ic  Diagnosis, 
fed F iing||, In fections*

Therapy Received, •" *“v  -;vT
1

Patient/ 
Age, y/Sex

-&> ' 
Underlying Disease

Prior Hepatic/Renal 
Impairment Neutropenia

Adverse Effects 
From AmJBisolne

5*.

Fungal Pathogen ^  "
1/27/F Single Ipgftransplant 

with A/a/Cy/Pred
Renal 2° to Cy n None Aspergillus species

2/39/F AML . Renal 2° to AMBd Y d iffic u lt to attribute Aspergillus species
3/67/M NHfe;, G&lonic cancer N None Aspergillus fumigatus
4f3G/F HeagHuing transplant 

with Aza/Cy/Pred
Mild None A fumigatus

5/62/M ftlrfL ptlT»Pred Y None A fumigatus
6/48/M Heart transplant Renal N None Aspergillus species

7/23/F HeartMung transplant 
iwtfs Ala/fcy/Pred

Renal N None Aspergillus species

8/4/M Acute leukemia Y (recovered 
with GM-CSF).

Rigors Aspergillus species

9/33/M AML Renal Y None Aspergillus species
10/46/M Cardiac transplant with . 

Aza/Cy/Pred
N Mild rise in creatinine 

level
A fumigatus ..

11/9/M . Renal (on peritoneal 
dialysis)

N . t None - Aspergillus specics

12/61/M : Liver transplant Renal N None Aspergillus species
13/16/F AML Y None Aspergillus fiavus
14/40/F CML after BMT . Renal N None Aspergillus species
15/46/M NHL after BMT Hepatic and renal Y , None Aspergillus species
16/16/M Acute leukemia Renal Y- Hypokalemia Aspergillus species

17/74/F AML Y Mild renal impairment A fumigatus

18/43/M HIV Hepatic Y None Candida species

19 /.../F Ulcerative colitis after Renal 2n to AMBd N None Candida albicans

, m r ,/M

m 2rnfm
L * 2 4 / ? . f
. ,25/28/IVI 

^  26/66/M
.̂ .27̂ 4fWl'

?*■ .. 
29/40/M 
30/45/F

abdominal surgery 
HIV

Hodgkin’s iymphoma 
CMJ, a fte r BMT ; - *
AML̂ ■&
CM Rafter BMT with Gy

:
Mespftielioma 
Diabetes melfitus 
Mong.

AML after. BMT 
HIV

Renal ‘
Renal 2° to AMBd
Renat
Renal

Renal 5

Renal

Y
-

Y'(had G-CSF)
Y 
N 
N 
N .
N

None

None
N.0fie-
Difficult To attribute
None
None
None
None
None

None
None (creatinine 

improved on 
AmBisome)

C albicans

Candida species 
Candida species 
Candida species 
Candida species 
Candida species 
Candida species 
Mucor species 
Conidioboius coronatus

A phycomycete 
Cryptococcus neoformans

* AmBisome is a trade name for amphotericin B (AMB). Aza indicates azathioprine; Cy, cyciosporine; Pred, prednisone; BAL, bronchoaiveoiar lavage; AML, 
acute myeiobiastic leukemia; AMBd, amphotericin B deoxychoiate; NHL, non-Hodgkin’s lymphoma; CXR, roentgenogram; GM-CSF, granulocyte (macrophage) 
colony-stimulating factor; CML, chronic myeloid leukemia; BMT, bone marrow transplantation; HIV, human immunodeficiency virus; 5FC, 5-fluorocytosine; 
G-CSF, granulocyte colony-stimulating factor; and CSF, cerebrospinal fluid. 

t  Patient underwent surgical removal o f an aspergilloma from one lung, while the shadow on the opposite lung was cleared with AmBisome.
^Showed improvement o f facial swelling/erythema during brief treatment before death.
§Showed evidence o f microabscesses in liver, spleen, kidneys, and lungs during postmortem examination.

amphotericin B deoxychoiate.1810 In one patient (pa
tient 6) in our study who developed renal impairment 
while receiving amphotericin B deoxycholale and re
ceived a relatively short course of AmBisome (500 mg 
over a 4-day period) followed by a prolonged course of 
itraconazole, a response was noted both clinically and 
roentgenographically. The use of this sequential combi
nation is a realistic approach to therapy in patients who 
need prolonged therapy.

AmBisome (up to 5 mg/kg per day) was well- 
tolerated in our study, even in one patient who had

previously had a severe drug reaction following 
amphotericin B deoxychoiate therapy. Adverse effects 
attributable to AmBisome were reported in six patients 
(10%). Of these patients, one (2%) had rigors, three 
(5%) had a rise in creatinine level (two were concur
rently receiving cyciosporine and one also had preex
istent renal impairment), and two (3%) developed 
hypokalemia requiring potassium supplementation. 
Renal function was noted to improve in one patient 
(who had renal impairment secondary to prior use of 
amphotericin B deoxychoiate) after he was switched
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I "

•!
Body Sites 

(Site of Positive Cultures)
Prior Systemic 

Antifungal Therapy
Duration, d/  Cumulative Dose of AmBisome 

Given, mg (Dosage, mg/kg/per Day) Outcome
Lungs, nasal sinuses (BAL, 

. sputum)
Itraconazole 10/2500 (5.0) Clinical and mycologic 

resolution
Lungs^BAU nasal culture) AMBd 4/595 (1.5-2.5) Death
Lungs (BAL) 14/2700 (3-0-5.0) No change
Lungs (BAL, sputum) 22/2200 (2) Clinical, roentgenographic, and 

mycologic resolution
Lungs (sputum) Itraconazole 20 (1.5-3.0) Mycologic eradication

j Lungs (sputum) AMBd 4/5G0 (1.5) (followed by long-term treatment with 
itraconazole)

Lung mass reduced by 50% on 
CXR in a few days

... Lungs (BAL, bronchial biopsy) 10/1500 Clinical mycologic resolution

Lungs, chest wall ulcer (biopsy) 28/1400 (3.0) Clinically improved

! Lungs (open lung biopsy) AMBd 11/1500 (2) Clinical response
! Lungs (BAL) 15 (2  for 2 d , then 3 for 13 d) Full recovery

! Lungs, peritoneunr(autopsy 
specimens)

7/1050 (3) Death

Lungs (sputum) Fluconazole 9/1242 (3) Death
Nasal sinuses (antral washing) 18/2550 (3) Significant clinical improvement
Lungs (sputum) AMBd 5/1375 Death
Lungs (BAL) AMBd Death
Lungs, pericardium (thoracotomy 

specimens)
AMBd 30/4500 (3) Lung opacity cleared on CXRj

Nasal sinuses (postnasal swab) AMBd 3/280 (1} DiedJ of rapid leukemic relapse 
and cerebral hemorrhage

Mouth, esophagus Fluconazole, AMB 
lozenge, nystatin

15/750 (1) Swallowing improved

j
Tricuspid valve (blood, autopsy 

specimens)
AMBd, flucytosine 

(5FC)
Death

11 Oropharynx Fluconazole, AMSd 
(severe reaction)

* . i l l ' S ^ Partial remission

j Blood 5/650 Death
Multiple viscera (autopsy finding) AMBd 21/2100(1} Death§
Blood Itraconazole 7/1400 (1.5) Deathi Oropharynx and blood 30 (up to 100 m g /d ) ..................... Resolution of pyrexia
Liver (biopsy) AMBd (11 d) Several months (1-3) Clinical resolution
Mouth, esophagus Nystatin 6/660 (2) Swallowing improved
Nasal sinuses, orbit, brain 28 (1 ) Mycologic eradication

j Nasal sinuses, brain (had radical 
maxiliectomy)

Clinical response

I Lungs AMBd 3/540 (2,5) Death
]

1
CSF Fluconazole, AMBd, 

5FC (concurrent)
7/1050 (3) In remission

over to AmBisome therapy. No cardiac, hematologic, 
or hepatic toxic effects were reported.

In conclusion, we have shown that AmBisome is both 
effective (with a response rate up to 80%) and well' 
tolerated in the treatment of invasive fungal infections 
in immunocompromised patients. When used as sal
vage therapy in patients who had prior treatment with 
amphotericin B deoxycholate, the response rate was be
tween 40% and 50% (for Aspergillus and Candida infec
tions). Response rates were lower among BMT recipi
ents, and thus immune-stimulating factors in combination

« l e  2. Difference in Treatment Outcome 
According to D uration  of Therapy With AmBisome*

Duration 
of Treatment, ti

Fungal Pathogens (Mycologically Proven)
i
Candida Aspergillus

I
Others

^ 5 1/2 1/4 0/1
6-14 1/3 3/7 2/2
>14 3/4 6/6 1/1

*  Values are number o f patients with a favorable response to 
treatment/total number o f cases.
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therapy may be beneficial in this group of patients. Fi
nally, clinical studies are required to compare AmBi- 
some with azoles (eg, ketoconazole, fluconazole, itra
conazole, etc) and other amphotericin B preparations 
before definitive conclusions concerning relative re
sponse rates can be reached.
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