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T
he final article in this symposium
addresses therapeutic options, focusing
on the two most common invasive fun-
gal infections (IFI), namely invasive

aspergillosis (IA) and candidiasis. Antifungals
form the mainstay of treatment while surgery and
immune augmentation are important adjuncts.

ANTIFUNGAL TREATMENTS
Amphotericin B
Sodium-deoxycholate colloid suspension of the
polyene macrolide amphotericin B (conventional
amphotericin B or CAB) induces lethal fungal
cell membrane changes, forming transmembrane
pores, and causing lipid peroxidation and proton

ATPase inhibition while inflicting similar collat-
eral damage on the host cell membrane. The lat-
ter results in substantial host toxicity, such as
anaemia. Cytokine-mediated chills/rigors and
glomerulo-tubular-mediated nephrotoxicity are
extremely common (mainly in adults), particu-
larly with rapid infusions (Figure 1a,b). This
leads to significant underdosing and inappropri-
ate use of immunosuppressant corticosteroids to
limit these toxic events, which compromises
therapeutic outcome (Gallis et al, 1990).

Crude overall response rates for IA in the
immunocompromised host (ICH) are around
30% with eventual survival even lower: tradi-
tionally around 10% in bone marrow transplant
patients (Denning and Stevens, 1990).

Lipidization of CAB has produced three com-
mercial compounds (Figure 2) to counter the
problems of toxicity (de Marie, 1996). They have
a degree of reduced toxicity and provide the
potential for successfully completing a course of
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Figure 1. a. High proportion of patients experiencing rigors and

chills with conventional amphotericin B; (b) reduced with slow

infusions. From Ellis et al (1992).
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Figure 2. Pictorial representations of the lipid amphotericin B (AB) formulations.
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CAB and for administering higher doses. Less
than 10% of patients have renal or systemic toxic
events with liposomal AB compared to 80% with
CAB. It is not surprising that their very different
compositions, shapes, diameters, kinetics and
bioavailabilities translate into variable degrees of
toxicity and possibly efficacy. Liposomal AB and
AB lipid complex are less toxic than AB col-
loidal dispersion. A recent study indicated that
liposomal AB is superior to AB lipid complex in
terms of toxicity (Wingard et al, 1999).

Animal data, case reports and open label retro-
spective studies (including salvage) suggest that
the lipid AB products have improved efficacy over
CAB as defined by observed responses in patients
who had deteriorated on CAB, or improved sur-
vivorship compared to historical controls (Ellis,
2000). Three prospective randomized studies com-
pared liposomal AB with CAB and found signifi-
cantly improved response rates for liposomal AB
in patients with neutropenic fever (Prentice et al,
1997), IFI (Leenders et al, 1998) and in the pre-
vention of IFI (Walsh et al, 1999). Further infor-
mation to support this contention is needed.

An unresolved issue is dosage. This subject has
been reviewed in depth recently (Ellis, 2000).
Scientific evidence currently does not support the

use of ‘high’ doses of CAB or liposomal AB in
achieving higher clinical response rates, despite
better mycological eradication (Allende et al,
1994) (Figure 3). The only prospective random-
ized study that compared 1 vs 4 mg/kg/day of a
liposomal AB preparation in IA showed equiva-
lence of outcome (Ellis et al, 1998) (Figure 4).
Further work is needed in this area — perhaps a
maximum tolerated dose well above that currently
used is needed. These compounds are expensive,
but beneficial cost-efficacy outcomes from their
use have nevertheless been demonstrated.

With the present vogue for use of liposomal
AB, outcome for patients with IA appears to be
better than it was previously (Ellis et al, 1998).
Practice points:
■ Patients with ARNF (culture negative neu-

tropenic unresponsive to broad spectrum
antibiotics) should be treated early and empir-
ically with AB to prevent overt IFI

■ Current Infectious Diseases Society of America
guidelines suggest initiating treatment on day
7–10 (Hughes et al, 1997). However, this delay
could adversely affect outcome. Many physi-
cians choose to start treatment on day 3. An
ongoing European Organisation for the
Research and Treatment of Cancer (EORTC)
study is comparing outcome when starting lipo-
somal AB treatment on day 3 vs day 6

■ Dosage of CAB should be 0.8–1 mg/kg/day,
if tolerated (Denning and Stevens, 1990)

■ Liposomal AB is licensed for this at a dosage
of 1–3 mg

■ AB is administered until recovery from neu-
tropenia, clinical/radiological response has
occurred and a cumulative dose of at least 2 g
has been given (Denning and Stevens, 1990)

■ All patients with ARNF should undergo eval-
uation for overt IFI (see article on Clinical
and laboratory diagnosis)

■ In patients with presumptive/probable IA a
dose of liposomal AB 1–5 mg is given (AB
lipid complex 5 mg/kg), sometimes escalated
further if disease is progressive on treatment.
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Figure 5. Disseminated fusariosis in patient with acute myeloid

leukaemia.

Figure 4. Equivalence of dose of liposomal amphotericin B on

survival of patients with invasive aspergillosis. From Ellis et al

(1998). EORTC = European Organisation for the Research and

Treatment of Cancer; ITT = Intention to treat.
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Figure 3. Disassociation of survival from fungal culture. From

Allende et al (1994). ABCD = amphotericin B colloidal

dispersion; CAB = conventional amphotericin B.
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Since the optimal dose is unknown, one
approach is to administer 5 mg/kg/day and
titrate downwards as response occurs

■ For patients with candidiasis, a lower dose of
0.5–1 mg is used

■ Some other fungal infections, e.g. fusariosis
(Figure 5), are resistant mycologically and
clinically to AB preparations

■ All patients with ‘isolated’ candidaemia with-
out a focal source should be treated to prevent
late serious complications, e.g. ophthalmitis

■ Intravenous line-associated candidaemia
should be managed with antifungals and line
removal to be certain of cure.

Azoles
These interfere with cell membrane ergosterol
synthesis via inhibition of P450 dependent 14a
demethylation of lanosterol. The triazoles are
less toxic than ketoconazole. Limitations in their
clinical applications include narrow spectrum
(fluconazole), variable bioavailability (itracona-
zole), drug interactions, e.g. with cyclosporin
(itraconazole), and emergence of resistance, e.g.
of C. albicans or selection of inherently resistant
organisms (fluconazole) (Sheehan et al, 1999). 

Fluconazole is an alternative effective treat-
ment for systemic candidiasis in non-neu-
tropenic patients, hepatosplenic candidiasis,
oropharyngeal candidiasis and for ARNF where
IA is unlikely (Sheehan et al, 1999).

Itraconazole has a broader spectrum including
Candida, Aspergillus, zygomycosis, histoplasmo-
sis and blastomycosis, but is currently used in
less ill patients who are tolerant of oral medica-
tions, following an initial response to CAB, for
secondary prophylaxis of IA or as alternative/
adjunctive therapy for progressive disease on
CAB. It is more toxic than fluconazole, with
hypokalaemia, oedema, nausea, abdominal pain
and liver dysfunction being reported.

The addition of a glucose ring stabilizes itra-
conazole (itraconazole in cyclodextrin), and has
improved the drug, optimizing bioavailability by
30%. Serum level monitoring of itraconazole is no
longer required with this formulation. It should be
used cautiously in patients with diminished renal
function as cyclodextrin is excreted renally. An
intravenous preparation is also available and offers
further pharmacokinetic advantages including
rapid steady state achievement and improved lev-
els. These new formulations have proved success-
ful as first-line therapy for IA (Caillot et al, 1999).
New azoles: Voriconazole (Sheehan et al, 1999),
ravuconazole (Pfaller et al, 1999) and
posaconazole (Pfaller et al, 1999) are in clinical
trials. Voriconazole has enhanced and more

specific inhibition of fungal 14a lanosterol
demethylase. It is active against some fluconazole-
resistant Candida spp., particularly C. krusei. Its
activity against filamentous fungi including
Aspergillus offers an alternative therapy to CAB.
There are toxicity issues, e.g. renal and retinal
problems, which need addressing. Posaconazole
appears safe, has a broad spectrum including
activity against Fusarium (usually highly resistant)
and its once-daily dosing offers great promise.

Nucleoside analogues
5-fluorocytosine (5FC) is deaminated to 5 fluo-
rouracil within fungi, and converted to deoxynu-
cleoside which stops DNA synthesis via inhibition
of thymidylate synthase. Resistance develops
when 5FC is used alone. In combination with
amphotericin B or fluconazole it is effective in dis-
seminated candidiasis and cryptococcal meningi-
tis. Mucositis and myelosuppressive toxicities are
formidable if serum level monitoring is not used.

New antifungal targets 
Unravelling cellular and molecular profiles of
fungi in conjunction with computer-aided drug
modelling are providing exciting new possibili-
ties for antifungal drug developments (Figure 6).
For example the candins (Onishi et al, 2000) tar-
get cell wall 1,3-β-D glucan synthase, an
enzyme unique to fungi. Capsofungin is active
against Candida, including strains resistant to
other antifungals, and a selected spectrum of fil-
amentous fungi (but not Fusarium). Several oth-
ers are in the process of development. Over 15
other potential targets for antifungals have been
identified. These include cell wall chitin syn-
thase (nikkomycin antibiotics), cell wall manno-
proteins (calcium dependent benanomicin/
pradimicins), plasma membrane ergosterol (oxi-
dosqualene cyclase inhibitors), elongation fac-
tors (sordarins), proton ATPase (folimycin) and
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Figure 6. Antifungal targets.



signal transduction/cell cycle kinases/phos-
phatases (Georgopapadakou and Walsh, 1996).

SURGICAL MANAGEMENT
This has been reviewed in detail (Denning and
Stevens, 1990; Ellis, 1999). Excision of well-
defined fungal masses is associated with supe-
rior outcome over medical therapy alone for:
■ Fungal endocarditis (valve replacement

together with antifungal therapies giving a
better survival than medical therapy alone;
Figure 7)

■ Endophthalmitis, bone and joint disease 
■ Early bleeding from mycotic lung sequestrum

(primary aspergilloma)
■ Invasive fungal sinusitis.

Its role is less clearly defined for:
■ Prevention of bleeding in well-circumscribed

mycotic lung sequestrum
■ Cases refractory to medical treatment
■ Prevention of future relapses in patients ini-

tially surviving IA who undergo further
immunosuppressive treatment of their under-
lying disease.

ADJUNCTIVE TREATMENTS
White cell transfusion
Recovery from IFI in neutropenic patients is
linked to neutrophil recovery. Efficacy of white
cell transfusions has only been seen for bacterial
infections in cancer patients. Improvement in
donor harvest technology to increase cell yield,
quality, reduce apoptosis and infection is prompt-
ing reassessment (Chanock and Gorlin, 1996).

Cytokines
Since recombinant haematopoietic growth factors
reduce neutropenia duration and improve neu-
trophil, macrophage and monocyte functions they
could play a role in reducing frequency and sever-
ity of IFI. There is scant literature on this. Gamma
interferon also enhances fungal hyphal damage
and significantly reduces IFI in patients with
chronic granulomatous disease. Recently the addi-
tion of growth factors to antifungal therapy signif-
icantly reduced death from IFI in leukaemia
patients (Table 1) (Rowe, 1998) which indicates
their use should be further explored. Gamma inter-
feron and granulocyte monocyte colony-stimulat-
ing factor (GMCSF) have been used successfully
to treat hepatosplenic candidiasis in patients with
acute leukaemia (Poynton et al, 1998).

In a recent case of invasive cranial aspergillo-
sis in an apparent normocompetent patient, a
response was only seen when gamma interferon
and GMCSF were used in addition to high-dose
liposomal AB (Figure 8a,b). The indications for
their use are not clearly defined. However, it is
suggested that they are used in persistently neu-
tropenic patients with an established IFI.

Cytokines offer exciting therapeutic possibili-
ties, e.g. in an animal model of IA 70% of mice
were cured when treated with soluble inter-
leukin-4 receptor therapy, associated with a pro-
nounced TH2 to TH1 shift (Cenciu et al, 1997).

Hyperbaric oxygen
This enhances white cell-mediated fungal killing,
optimizes tissue oxygenation, reduces oedema
and acidosis, and promotes tissue survival. There
is some benefit in zygomycosis and possibly other
fungal infections. Where the facility is available
selected cases might benefit (Figure 9a,b).
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Figure 8. Sagittal SE T1 magnetic resonance imaging post gadolinium showing (a) extensive

Aspergillus disease of paranasal sinuses, and through cribriform plate to frontobasal brain, (b)

same view 7 months later after antifungal and immunomodulatory treatment.
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Figure 7. Improved survival of antifungal and surgical therapy

compared to antifungal therapy alone in fungal endocarditis

(Ellis, 2000).

Total no (%) of patients dying

Organism GMCSF (n=52) Placebo (n=47)

Aspergillus 1/4 (25) 5/7 (71)

Candida 0/3 3/4 (75)

Other 0/1 1/1 (100)

Total 1/8 (13) 9/12 (75) (P=0.02)

From Rowe (1998). GMCSF = granulocyte monocyte colony-stimulating factor

TABLE 1.
Impact of growth factors on mortality from invasive fungal

infection
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KEY POINTS
■ Conventional amphotericin B has a low therapeutic index leading to

incomplete treatments.

■ Lipidization improves its therapeutic index, by reducing the toxic
denominator and possibly by directly improving efficacy.

■ The optimal dose of amphotericin B is unknown, and is a major concern
particularly when using the expensive lipid formulations.

■ Several new antifungals are being developed including voriconazole, the
candins and others consequent to new information on fungal structure.

■ Interest has been regained in the use of white cell transfusions in
neutropenic patients.

■ Various cytokines are showing promise in clinical trials.

Intensive care
Surprisingly there is virtually no information
assessing the contribution of this aspect of
patient management. One review before the gen-
eral use of growth factor treatment and newer
antifungals portrayed a grim outcome. The sur-
vival rate for patients with IA in respiratory fail-
ure was only 8% (Janssen et al, 1996).
Evaluation of the indications, outcome and role
of intensive care in these patients is needed.

CONCLUSIONS
The increasing numbers of patients with IFI is a
great impetus to therapeutic development. The
current escalation of interest in this area, not just
with modifications of existing antifungals but
with innovative approaches, is exciting. Detailed
knowledge of fungal cell structure, identification
of virulence, adhesion and other factors and
genome sequencing opens the possibility for
new candidate targets and interventions includ-
ing vaccine development and extracellular sig-
nalling manipulation. Nevertheless some
fundamental problems remain including
approaches to empirical therapy, optimal doses
and duration of drugs, cost issues and combina-
tion regimens. International groups such as the
EORTC and mycoses study group are important
in facilitating communication between interested
individuals and providing structure for investi-
gating these complex areas.
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Figure 9. Patient with acute myeloid leukaemia (a) showing extensive skin necrosis, infiltration

and oedema from Aspergillus, (b) after hyperbaric oxygen treatment. Note resolution of diffuse

infiltration and oedema and circumscription of lesion.
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