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Abstract: Infections caused by Aspergillus species are an emerging cause of morbidity and mortality in a variety of
immunocompromised patients, despite profound environmental protection and the widespread prophylactic use of agents
with anti-Aspergillus activity. At the present time, no firm conclusions can be drawn on the use of chemoprophylaxis,
mainly due to the lack of reliable, randomized trials. Therefore, universal prophylaxis should be discouraged and
prevention should be targeted towards well-defined high-risk patients, although only as part of a properly designed
clinical trial. The crude mortality rate of invasive aspergillosis remains unacceptably high and results at least partly from
difficulties in obtaining a reliable diagnosis at an early stage of the disease. The concept of empirical antifungal therapy
has been introduced in an effort to overcome these diagnostic obstacles, especially since the early implementation of
antifungal therapy appears to be the crucial prerequisite to improve the detrimental outcome of established disease.
However, the concept has not been sufficiently validated and is not devoid of significant risks and disadvantages. The
implementation of sensitive and predictive new diagnostic tools, such as galactomannan detection, high-resolution
pulmonary CT-scanning and detection of aspergillar DNA, may allow a more targeted pre-emptive approach, directed
towards the high-risk patients and based upon a battery of clinical, radiological and microbiological clues, though without
histopathological proof. The high mortality rate results also from shortcomings of the currently available therapeutic
arsenal. Amphotericin B, flucytosine and itraconazole are associated with low success rates and are hampered by serious
infusion- or drug-related toxicity, by hazardous drug-drug interactions, by pharmacokinetic problems and by the
development of resistance. In recent years, several companies have launched new compounds into preclinical and clinical
trials. Some of these agents target the fungal cell wall in stead of the cell membrane. They exert their action through
inhibition of the synthesis of critical compounds of that fungal cell wall, not present in mammalian cells (e.g. inhibitors of
b-(1,3)-D-glucan synthesis). This article will focus on new therapeutic approaches (risk-adapted or targeted strategy) and

upcoming antifungal agents with anti-Aspergillus activity, in particular voriconazole and caspofungin acetate.

INTRODUCTION

Since the mid-1980’s, fungal pathogens have begun to
rival their bacterial counterparts in many different medical
settings. Species of the Aspergillus family account for a
substantial number of these fungal infections and in
particular Aspergillus fumigatus has emerged worldwide as a
frequent cause of nosocomial infection in virtually every
major medical center. Population-based active laboratory
surveillance in the San Francisco Bay area has revealed a
6.5-fold increase in the incidence of aspergillosis since 1970
[1]. An even more substantial rise - 14-fold from the early
1980°s - has been documented in recent autopsy-based
surveys in Europe; the incidence of documented invasive
aspergillosis in unselected autopsies equaled 4 % [2,3]. The
lower surveillance figure from the USA may reflect a
reliance on culture, which is - compared to autopsy -
diagnostically suboptimal.

The spectrum of disease caused by Aspergillus spp. is
rather heterogeneous. Some manifestations are charac-
terized by chronic growth of Aspergillus in preformed and
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poorly drained spaces and are non-invasive. Patients with
pre-existing atopic tendencies may develop hypersensitivity
reactions to inhaled conidia. As a rule invasive infections are
associated with compromised patient populations, although
they have been reported anecdotally in ‘normal’ hosts.
Pathologically they show clear invasion of the underlying
tissue, eventually leading to bloodstream dissemination or
contiguous spread to adjacent structures. The following
overview is limited to invasive aspergillosis and will focus
on therapeutic strategies and new anti-Aspergillus drugs.

This dramatic change in Aspergillus epidemiology is not
only explained by the rapid expansion of populations at risk
(Table 1), but also by the growing awareness of aspergillosis
among clinicians, the availability of non-invasive diagnostic
tools and better microbiological laboratory techniques, the
implementation of new diagnostic criteria, and the
widespread use of limited-spectrum triazoles for
prophylactic purposes.

For a number of reasons, one can expect that fungal
infections in general, and aspergillosis in particular, will
further increase over the coming decades:

The number of solid organ transplantations increases by

1.5 % annually, including high-risk procedures such as
liver- and lung transplantation.

© 2002 Bentham Science Publishers Ltd.
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Table 1. Patients at Risk of Invasive Aspergillosis

Maertens et al.

Risk assessment

Patients at risk

HIGH

Allogeneic bone marrow transplant

Allogeneic periperhal blood stem cell (PBSC) transplant
Acute leukemia

Chronic granulomatous disease

INTERMEDIATE

Liver transplant

Lung transplant

Heart & heart-lung transplant

Syngeneic bone marrow or PBSC transplant
Autologous bone marrow transplant
Prolonged neutropenia

Severe combined immunodeficiency

LOW

Acquired immunodeficiency syndrome
Renal transplant

Autologous PBSC transplant

Solid tumor, including myeloma
Autoimmune disorder

Intravenous drug use

Burns

Diabetes

Neonates

Corticosteroids

Hematopoietic stem cell transplantation - either
autologous or allogeneic - is now a common procedure
for the treatment of a vast number of malignancies and
immunological disorders.

Non-myeloablative, so-called mini-transplants are being
pioneered for a wide range of cancers; the main
objective is to induce a degree of graft-versus-
malignancy effect, which may further increase the risk
of invasive aspergillosis.

Cord blood transplants will be done more frequently, but
may be complicated by longer periods of
granulocytopenia.

A range of immunosuppressive monoclonal antibodies is
due to be licensed soon and may shift the spectrum of
patients at risk towards non-classical populations (e.g.
rheumatoid arthritis, Crohn’s disease, etc.).

The use of purine analogues is not any longer confined
to the treatment of low-grade lymphoid malignancies;
agents such as fludarabine are now also used in
cytotoxic  regimens for acute leukemia and
myelodysplastic syndromes.

The increased use of high-dose corticosteroids in
autoimmune disorders and chronic lung diseases has
created a new population at risk.

AIDS-patients, especially those who fail antiretroviral
therapy still develop aspergillosis.

Clearly, not all patients that belong to a specific group
carry the same risk of developing invasive aspergillosis.
Susceptible populations are very heterogeneous and unique
clinical features tend to enhance the risk. In solid organ
transplant recipients for instance, a large number of these
independent risk factors had been identified in the past;
fortunately, that number has recently declined due to
significant improvements in surgical techniques and
expertise (e.g. less blood loss, shorter operation time), better
supportive care measures (e.g. prevention of CMV-disease)
and use of less immunosuppressive regimens (e.g. declined
use of OKT3, lower requirements of corticosteroids) (Table
2) [4]. Also, older patients with acute leukemia or relapses
treated with high dose cytarabine (or fludarabine) are at
greater risk as compared with younger patients with the same
disease.

At present, invasive aspergillosis is the leading cause of
infection-related mortality in many immunocompromised
hosts. Mortality with documented disease may exceed 90 %,
depending on underlying risk factors and clinical
presentation, and has not changed significantly over the past
decades, despite the introduction of itraconazole and the lipid
formulations of amphotericin B (Table 3) [5-7].

PREVENTION OF INVASIVE ASPERGILLOSIS

Given the unacceptably high associated morbidity and
mortality, the difficulty of establishing an accurate and early
diagnosis, and the inadequacy of therapeutic tools, emphasis
has been placed on prevention. However, Aspergillus spores
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Table 2. Risk Factors of Invasive Aspergillosis in Transplant Recipients
Transplant Risk factors

Liver Poor allograft function
Renal failure, especially requiring dialysis
(HHV-6 and thrombocytopenia?)

Lung Cytomegalovirus disease
Single lung transplant recipient

Heart Cytomegalovirus disease?

Kidney Graft failure requiring reinstitution of hemodialysis

Intensified immunosuppressive therapy

Bone marrow/PBSC

Age > 40 years old

Graft failure (secondary neutropenia)
Graft-versus-host disease grade I1-1V and steroids
Non-CML

Previous episode of invasive aspergillosis

No use of LAF?

HHV-6: Human Herpesvirus Type 6; CML: chronic myelogenous leukemia; LAF: laminar air flow

Table 3. Invasive Aspergillosis Case Fatality Rate
Author Denning Paterson and Singh Lin
Time period studied Up to 1995 1987-1997 1995-1999
Bone marrow transplant 90 % 92 % 86.7 %
AIDS/HIV 81 % - 85.7 %
Liver 93 % 87 % 67.6 %
Kidney 70 % 75 % 62.5 %
Lung 7% 55 % 43.6 %
Heart 50 % 78 % 43.6 %
Pancreas - 100 % -
Leukemia/Lymphoma 77 % - 49.3%

are ubiquitous; they commonly inhabit soil and water and
may be readily found in very large numbers in hay, grain and
decaying organic matter. Reservoirs in hospitals and other
institutions include unfiltered air, ventilation systems,
contaminated dust during construction work, carpeting, food,
ornamental plants and water and water supply systems. It is
generally believed that aspergillosis occurs as a consequence
of the exogenous acquisition of spores; they are small
enough (2.5-3.0 um) to reach the alveoli upon inhalation and
hardy enough to survive for prolonged periods in fomites. It
remains unclear what the size of the infectious inoculum
needs to be, although this probably depends upon the
immunological status of the host [8].

The most common route of transmission is the airborne
route and - less frequently — through damaged mucocu-

taneous surfaces (e.g. following surgery, contaminated
equipment). Outbreaks of invasive aspergillosis as a result of
hospital demolition or reconstruction activity have been
described in several well-documented studies [9-15]. More
recently, Derouin et al. found a significant relation between
environmental contamination and incidence of invasive
nosocomial aspergillosis in a non-epidemic situation during a
4-year period prospective study in French BMT-units [16].
This underlines the need for continued environmental
surveillance and protection. It has been clearly established
that the risk of invasive disease decreases steadily with
HEPA-filtration with 10-12 air exchanges per hour [17,18].
A positively pressured air supply in the room against outdoor
air may - although not unequivocally demonstrated - further
increase that efficiency. Ultraviolet-filtered air-sterilizing
portable or fixed devices are available but no study has
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reported that such systems decrease the incidence of invasive
infection. In order to ensure an adequate prevention, it is
necessary to sample air and surfaces at pre-determined
intervals. However, the optimal sample, the method of
sampling, the rate of sampling as well as the standard of
sampling remain open for debate. Nevertheless, it seems
unwise to discard a positive sample in the airflow of a
laminar flow room without immediately applying the
necessary preventive measures (e.g. moving the patient to
another room, controlling filters, controlling the compliance
to the protocols of use of such rooms) [19]. Although strict
numerical guidelines are not available, Morris has recently
proposed threshold levels for Aspergillus spores [20].

Despite the use of such sophisticated facilities, a number
of in-hospital patients still acquire Aspergillus spores, either
through contamination of food or by the waterborne route.
From a handful of recent studies, it has recently become
clear that water and water-related surfaces, such as hospital
water supply structures, are reservoirs of opportunistic
filamentous fungi, including Aspergillus spp. Significant
higher numbers of spores have been recovered from patients’
bathrooms, suggesting that aerosolization occurs during
showering and that showering could be a potential source of
patient exposure [21]. The same precautions apply to the
drinking of tap water. Patient to patient spread has not been
reported.

Primary antifungal chemoprophylaxis (PAC) against
Aspergillus spp., aiming at reduction of exposure and
suppression of colonization, remains a controversial and
complex issue. Supportive evidence for the widespread
prophylactic use of compounds with anti-Aspergillus activity
[aerosolized amphotericin B (AmB), low-dose conventional
AmB, lipid-based formulations of AmB, itraconazole
capsules and itraconazole cyclodextrin oral solution] is
lacking, mainly because of methodological shortcomings of
many - virtually all - existing reports [22-36]. Most data have
been derived form observational studies or from trials that
used historical controls. Such approaches, even when
properly matched, become frequently biased by critical
environmental changes, such as seasonal variations in the
exposure to Aspergillus conidia or the ‘epidemic’ occurrence
of cases. In addition, only a handful of studies is adequately
randomized and uses consecutive patients over a well-
defined period of time. Unfortunately, even then, drawing
firm conclusions remains problematic due to the non-blinded
nature of most of these studies and the risk of statistical type
Il errors due to small numbers of proven and probable cases.

As mentioned before, the risk of developing invasive
aspergillosis varies with different immunocompromised
populations and different treatment regimens. However, the
highest risk groups, such as allogeneic bone marrow
transplant recipients with graft-versus-host disease, are
frequently underscored or even excluded from prophylactic
trials. There is also a striking paucity of information in non-
hematology patients. Sometimes, conclusions are debatable
due to significant variations in baseline characteristics. As
such, the outcome of a prophylactic regimen may be affected
mainly by the population under study (low number of high-
risk cases) or by imbalances in treatment characteristics or
prognostic factors, independent of the strategy under testing.
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A reduction of the incidence of invasive aspergillosis and
a decrease of its crude mortality rate remain the main
objectives of primary prophylaxis. However, these endpoints
are rarely reported, partly because of inadequacies in
diagnosis. Surrogate endpoints of efficacy have therefore
been proposed, such as the impact on persistent fever, the
incidence of probable and possible invasive fungal
infections, the impact on empirical use of AmB or the overall
survival rate. Unfortunately, variable, even imprecise criteria
have been employed to define these endpoints.

Although salutary effects of PAC have been documented
in bone marrow transplant recipients and leukemia patients
(in  randomized clinical trials and meta-analytical
assessments), these benefits were seen for yeast infections.
To date, no preventive modality other than environmental
protection has proven efficacy against Aspergillus species.
Moreover, the widespread and prolonged use of broad-
spectrum azoles or low-dose AmB will inevitably select for
natively resistant organisms and may induce resistance,
resulting in significant ecological shifts.

When designing future prophylactic strategies, one
should not underestimate the importance of local ecology
and institutional trends in the incidence of invasive fungal
infections. Programs may be directed more against Candida
species (e.g. pancreas transplant) than Aspergillus species
(e.g. lung transplant) or vice-versa. Routine prophylaxis is
certainly unwarranted and should be discouraged.
Prophylaxis should be used - if at all - selectively, targeted
towards high-risk patients based on a precise definition of
risk factors, even the precise timing of high-risk episodes
and only as part of a clinical trial with an adequate sample
size and sufficient statistical power to detect differences
between both study arms. Candidates for targeted
prophylaxis are high-risk hematology patients, liver trans-
plant recipients with poor allograft function or requiring
dialysis, and lung transplant recipients with cytomegalovirus
disease. Recently, a significant reduction in invasive fungal
infections (0% vs. 32%) was reported by using lipid
formulations of AmB prophylactically in liver transplant
recipients requiring dialysis [37].

THE CHALLENGE OF EARLY DIAGNOSIS

The precise diagnosis of invasive aspergillosis is seldom
straightforward, not only in patients who receive
cytoreductive or marrow-ablative therapy and solid organ
transplant recipients, but also in patients outside these
classical risk groups (e.g. chronic obstructive lung disease).
A high index of clinical suspicion, based on knowledge of
risk factors and local epidemiology, is of the utmost
importance. The clinical presentation is non-specific and
suggestive signs and symptoms of angio-invasion are
frequently absent in the early stages of disease. In addition,
attempts to make an accurate diagnosis may be thwarted by
blunted host defense mechanisms and by the high incidence
of coexistent clinical processes, such as concomitant
infections or rejection.

Unlike bacterial infections, culture from blood - or
cerebrospinal fluid and other sterile body fluids - are rarely
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positive for Aspergillus species, even in patients with
endocarditis and disseminated disease. Given the ubiquitous
nature of the spores, recovering Aspergillus from cultures of
the respiratory tract does not discriminate between genuine
infection, colonization or contamination. The positive
predictive value of a positive culture depends largely on the
immunosuppressed status of the patient and ranges from as
low as 20-30 % to as high as 80-90 %; sensitivity and
negative predictive value is low for all immunocompromised
groups [38-42].

A number of clinical findings may trigger a diagnosis of
invasive aspergillosis, such as neutropenic fever not
responding to broad-spectrum antibiotics, the development
of new pulmonary infiltrates on chest X-ray and the presence
of clinical signs suggestive of invasive mycosis (e.g.
pleuritic chest pain, hemoptysis, etc.). Unfortunately, most of
these triggers have low predictive value. Therefore, the only
way to reach a precise and early diagnosis is to make intense
efforts to collect specimens for culture and histopathological
examination (by biopsy or needle aspiration). However, this
gold standard approach involves aggressive procedures
(open lung biopsy, brain biopsy, etc.) that are often
precluded by cytopenia or by the critical condition of the
patient. Hence, definitive diagnosis is infrequently made
before fungal proliferation becomes overwhelming and
therapy may no longer be successful.

Fortunately, at least three diagnostic advances have been
made in recent years, although mainly in hematology
patients:

1. Culture-independent serological assays have focused on
the detection of circulating exo-antigens, in particular
galactomannan, a major cell wall constituent released
during growth. The recently developed and commercially
available  sandwich  ELISA-technique  (Platelia®
Aspergillus, BioRad) could lower the detection limit of
galactomannan to 1.0 ng/ml [43,44]. Recent studies have
shown excellent sensitivity (> 90%) and specificity (85-
95%) [45-48]. Moreover, galactomannan could be
detected in the serum at an early stage of disease, often
before clinical clues or radiological features suggestive of
invasive aspergillosis became apparent [49]. The
detection of anti-Aspergillus antibodies has no place in
the diagnosis of aspergillosis in neutropenic patients and
hematopoietic stem cell transplant recipients because
these populations are not capable of mounting an
adequate antibody response.

2. The second major advance is the early use of computed
tomographic scanning (CT) of the chest. Typical,
virtually diagnostic signs for angioinvasive mycosis
include single or multiple small nodules with “halo’ sign,
a pleural-based angular or triangular lesion or a pleural-
based lesion with a pneumothorax. The presence of a
mass-like nodule or infiltrate with surrounding ‘halo’ of
ground-glass attenuation corresponds to a central fungal
lesion surrounded by a rim of coagulation necrosis and
hemorrhage [50-55]. This sign is highly indicative of
invasive pulmonary aspergillosis in neutropenic patients
and occurs early (first week) in the course. Following
neutrophil recovery, these infiltrates may cavitate
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revealing the ‘air crescent’ sign (late sign) [56]. These
cavitated lesions represent infarcted lung tissue and may
also occur in other conditions associated with lung
infarction.

3. The use of PCR to detect Aspergillus DNA (or even
panfungal DNA) has been reported by several groups.
However, the ubiquitous nature of fungal conidia has
resulted in a high number of false-positive test results in
patients and in control groups. A recently published
prospective study in allogeneic bone marrow transplant
recipients reported a sensitivity of 100 % and a
specificity of 65 %. Once again, if a patient repeatedly
tests negative, then the risk of invasive aspergillosis
appears very low [57].

ASSESSING CURRENTLY AVAILABLE ANTI-
ASPERGILLUS AGENTS

The antifungal armamentarium that is currently available
for the treatment of invasive aspergillosis is limited in
number: the polyene macrolide, amphotericin B and its lipid-
based formulations; the triazole, itraconazole; the fluorinated
pyrimidine, flucytosine; and the allylamine, terbinafine.
Clearly, the development of new antifungal agents has
lagged behind antibacterial research; this slow progress can
be explained by at least two findings. First, the occurrence of
fungal infections was long-time believed to be too low to
warrant aggressive research. Second, the ‘apparent’ lack of a
highly selective fungal target, not present in other eukaryotic
cells, has longtime precluded the development of new
agents. With the exception of 5-fluorocytosine, all available
agents act by interfering with the structural or functional
integrity of the fungal plasma membrane, either by physical
disruption or by blocking the biosynthesis of membrane
sterols (Fig. 1). This strategy remains far from ideal since the
non-selective nature of the therapeutic target results in
concomitant cross-inhibition (or toxicity) in mammalian
cells.

Amphotericin B (Fig. 2) is generally considered to be
the gold standard antifungal for the treatment of invasive
aspergillosis (with the exception of A. flavus) on account of
its broad-spectrum fungicidal action. The mode of action is
complex and not yet fully understood. Basically, AmB binds
to membrane sterols, resulting in disorganization and
increased permeability, leakage of cytoplasmatic content,
and ultimately cell death. Infusion-related toxicity and in
particular nephrotoxicity, which is often dose limiting, are
the major clinical drawbacks. Surprisingly, after almost 40
years of use, key issues such as optimal dose and duration of
therapy and best method of administration remain
unanswered. Clearly, new lipid-based delivery systems that
preferentially accumulate in organs of the reticuloendothelial
system [liposomal AmB (Ambisome®), AmB lipid complex
(ABLC, Abelcet®), AmB colloidal dispersion (ABCD,
Amphocil®, Amphotec®], and new modes of administration
have resulted in an overall improvement of the otherwise
narrow therapeutic index. It must, however, be mentioned
that each lipid formulation confers markedly distinct
biochemical, pharmacokinetic and pharmacodynamic
properties. More importantly, neither ABLD nor ABCD
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Fig. (1). Interference with the ergosterol biosynthesis pathway.

shows a reduced incidence of acute infusion-related side
effects compared to the parent compound, and, although
these agents are less nephrotoxic and possibly slightly
superior to conventional AmB in open-label emergency
studies (efficacy data generated in head-to-head comparative
trials are scarce), their exorbitant price undermines the
routine use at many institutions [58]. In many industrialized
countries, these formulations are only licensed for patients
who have been intolerant to AmB or whose infections are
refractory to AmB. This has prompted researchers to look for
alternative modes of administration, such as an oral AmB-
cochleate formulation, a lipid nanosphere-encapsulated
preparation, AmB-arabinogalactan conjugates, or simply
‘heating’” of AmB. The use of homemade solutions of
conventional AmB in total parenteral nutrition (fat emulsion)

OH

Fig. (2). Amphotericin B.
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is not recommended because of lack of stability and risk of
precipitation [59]. A small randomized study comparing
rapid infusion of AmB versus continuous infusion
demonstrated  that  continuous  infusions  reduce
nephrotoxicity as well as infusion-related side effects [60].

Itraconazole (Fig. 3) prevents the synthesis of
ergosterol, the major sterol component of fungal plasma
membranes, through inhibition of the fungal cytochrome
P450-dependent enzyme lanosterol  14-a-demethylase
(P450pM). The resulting depletion of ergosterol and the
accumulation of 14-a-methylated sterols interfere with the
“bulk” functions of ergosterol in fungal membranes and alter
both the fluidity of the membrane and the activity of several

membrane-bound  enzymes  (e.g.  chitin  synthase).
CH;
0
0—OH H,N
OH
OH
COOH
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Fig. (3). Itraconazole.

Unfortunately, the net effect is fungistatic rather than
fungicidal and may impair the efficacy of these drugs as
first-line therapy of rapidly evolving aspergillosis (e.g.
neutropenia, BMT, liver transplant).

Itraconazole is generally well tolerated; side effects are
usually mild and trivial including nausea, vomiting,
abdominal pain, diarrhea or cephalea. Skin reactions and
asymptomatic elevations of plasma aminotransferases are a
well-known class-effect but occur in less than 5% of
patients. However, cross-inhibition of P450-dependent
enzymes involved in mammalian biosynthesis has been
responsible for some toxicity, although significantly lower
and less severe than with ketoconazole. The improved
toxicity profile of the triazoles compared to the imidazoles
(especially endocrine-related side effects and hepatotoxicity)
can be explained by their greater affinity for fungal rather
than mammalian P450-enzymes.

However, the enthusiasm for itraconazole tends to decline
because of various compound-related shortcomings:

Their primary mode of action is based on a transient
impairment of sterol biosynthesis, a process that limits
growth without being fungicidal. However, high-risk
patients with invasive aspergillosis cannot count on their
immune system to clear these maimed but not killed
fungal cells [61].

Several class-related drug-drug interactions may result
in hazardous and unpredictable toxicity, especially in
patients receiving chemotherapy (vincristine), transplant
recipients (cyclosporin A, tacrolimus) or AIDS patients
(indinavir, ritonavir) [62].

Critical drawbacks in pharmacokinetics play a major
role. The erratic absorption of itraconazole capsules
discourages clinicians from using it for patients who are
suffering from therapy-induced mucositis or who are
receiving  antacids.  Although  the  enhanced
bioavailability of the recently introduced cyclodextrin
oral solution may improve these inter-individual
variations in absorption, as demonstrated in healthy
individuals and after bone marrow transplantation, the
need to monitor serum levels to ensure adequate
concentrations  will remain in selected patient
populations that are treated orally [63,64]. Most series
target a trough threshold plasma concentration of 250-ng

/~\
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ml™®; other investigators rather postulate a total
concentration (including active metabolites) of 1000 ng
ml* at steady state. However, the optimal plasma
concentration has not yet been defined and may vary
according to the targeted fungal population. To achieve
these ‘therapeutic’ levels, a loading dose of 600-mg day’
! for 4 days, followed by 400 mg daily, is strongly
recommended.

Aspergillus strains (in vitro) resistant to azoles, although
rare, have been reported.

Itraconazole capsules have been successfully used as
monotherapy in the treatment of invasive pulmonary
aspergillosis, with favorable clinical responses in more than
40% of patients, even in those who previously failed
amphotericin B [65]. A sufficiently powered comparison
between itraconazole and amphotericin B has never been
performed. Also the intravenous formulation has been
investigated for the treatment of invasive aspergillosis. Using
the same regimen as for empirical therapy followed by 12
weeks of treatment with itraconazole capsules, 48 % of 31
treated patients responded favorably [66]. Importantly, this
study has found no evidence of reduced efficacy in patients
who have previously received amphotericin B.

Several factors argue against the monotherapeutic use of
flucytosine (Fig. 4), such as the narrow spectrum of activity,
the rapid acquisition of secondary resistance, the risk of
myelosuppression, the need for therapeutic monitoring and
the hazardous interactions with potentially nephrotoxic
drugs.
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1
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Fig. (4). 5-Fluorocytosine.

Terbinafine (Fig. 5) is a fungicidal agent that inhibits
ergosterol synthesis at the level of squalene epoxidase. At
present, the use of terbinafine is almost exclusively confined
to the treatment of dermatomycosis, onychomycosis and
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vulvovaginal candidiasis, although the in vitro activity
encompasses a wide range of clinically important fungi,
including Aspergillus spp. Since the drug is well tolerated,
shows little interaction with other drugs, and displays
excellent oral bioavailability, it warrants to be studied for the
treatment of invasive aspergillosis, either alone or in
combination. However, the efficacy of terbinafine in animal
models of invasive aspergillosis has been disappointing.
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s CH

N & 3
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99

Fig. (5). Terbinafine (SF 86-327).

Given these shortcomings, the characteristics of an ideal
‘silver bullet’ compound can easily be deduced: the agent
should be available in oral and intravenous dosage form,
have a broad-spectrum of activity, cover both yeast and
filamentous fungi, demonstrate fungicidal activity in vitro,
display a good pharmacokinetic profile with minimal drug-
drug interactions, be stable to resistance, have good tissue
penetration (including central nervous system) and be cost-
effective.

THE CONCEPT OF ‘EMPIRICAL’ ANTIFUNGAL
THERAPY

Clinicians have introduced the concept of empirical
antifungal therapy, especially since the early implementation
of antifungal therapy appears to be a crucial prerequisite to
improve the detrimental outcome of invasive aspergillosis.
Indeed, withholding therapy while awaiting laboratory or
clinical confirmation will result in a high failure rate. By
consequence, in neutropenic patients, therapy is often started
only on the basis of ‘fever not responding to adequate
antibacterial therapy’. Despite the fact that it is now a
generally accepted practice, this strategy has never been
properly validated. To date, two randomized studies have
been published. In the first study by Pizzo, the addition of
low dose AmB (0.4 mg/kg) to an antibiotic regimen was
successful at preventing systemic fungal infections in
neutropenic patients with persisting fever lasting more than 7
days. Only 1/18 patients receiving both the antibiotic and the
antifungal developed a fungal infection compared to 5/16
patients receiving only antibiotic therapy [67]. In the second
study by the EORTC, AmB (0.6 mg/kg) in combination with
broad-spectrum antibiotics prevented subsequent fungal
infection in neutropenic patients (n=68) with fever lasting
more than 4 days. The benefit of empirical therapy was
primarily observed in specific subgroups of patients, such as
those who did not receive any fungal prophylaxis, those who
were severely granulocytopenic, patients older than 15 years
of age, and those with a clinically documented infection [68].
It is important to note that these studies only involved small
numbers of patients (inadequately powered). Moreover,
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much controversy still surrounds the optimal timing
(considerable divergence between European and US centers),
dosage and duration of therapy. In many European countries,
conventional AmB is still being used as the gold standard.

The concept has been further tested in studies using lipid
formulations of AmB, both liposomal AmB (Ambisome®)
as well as amphotericin B lipid complex (Abelcet®). These
studies have demonstrated that liposomal AmB has at least
similar efficacy (equivalent composite success rate) but
greatly improved tolerability over conventional AmB. There
were significant reductions (p<0.05) in the frequency of
infusion-related  fever, chills and rigors, and
cardiorespiratory events, and a highly significant reduction
(p<0.001) in the development of nephrotoxicity with
Ambisome® versus AmB. In addition, the Walsh-study
showed a decrease in proven breakthrough fungal infections
compared with conventional AmB [69,70]. Furthermore,
Ambisome® (3 and 5 mg/kg) has been shown to be more
effective and significantly less toxic than Abelcet® (5-
ma/kg) [71].

The role of itraconazole in an empirical setting has
recently been assessed in an open randomized trial.
Intravenous (400 mg/day for two days followed by 200
mg/day for 5-12 days), followed by itraconazole oral
solution (400 mg/day for 14 days) was compared with AmB
(0.7-1.0 mg/kg/day for up to 28 days) in 384 neutropenic
patients with hematological malignancies. The results
showed that itraconazole was as effective as AmB in
persistent fever of unknown origin, with 48 % of patients
responding to itraconazole versus 38 % to AmB (p=0.083).
Itraconazole was also associated with significantly fewer
severe adverse events and fewer patients were withdrawn
prematurely from therapy due to adverse drug reactions. A
randomized trial comparing intravenous itraconazole with
liposomal AmB for empirical therapy is needed, although the
liposomal formulation appears to be less cost effective than
intravenous itraconazole [72].

However, despite the possible advantages of early
empirical therapy, the concept can easily be challenged:
since not all neutropenic patients have the same risk, starting
therapy because of persistent fever alone will inevitably
result in overtreatment, induction or selection of resistance,
increased toxicity and higher medical costs. A more targeted
therapy (pre-emptive), directed towards the high-risk patients
and based upon a battery of clinical, radiological and
microbiological data that suspect the presence of invasive
aspergillosis - though without histopathological proof - is
preferred. However, the feasibility of such a targeted therapy
will depend upon the availability of rapid diagnostic tests.

THE CONCEPT OF ‘PRE-EMPTIVE’ ANTIFUNGAL
THERAPY

The detection of Aspergillus species in respiratory
samples from liver transplant recipients and bone marrow
transplant recipients with GvHD almost always indicate
invasive disease. Even in the absence of histopathological
proof, these high-risk cases should be treated pre-emptively.
The recent availability of rapid and accurate diagnostic tests
will allow further refinement of pre-emptive therapies. The
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galactomannan sandwich-ELISA and/or PCR detection of
fungal DNA, especially in combination with high resolution
CT-scanning appears sufficiently sensitive and predictive for
invasive pulmonary aspergillosis to start specific treatment.
As evidenced in a French study, a simple CT-scan-based
approach can already substantially improve the early
diagnosis of invasive aspergillosis and may have a
favourable impact on survival in febrile neutropenic patients
[73]. Although provocative, we believe that if such a strategy
should prove to be sufficiently robust to withhold therapy in
persistently febrile neutropenic patients, then the concept of
empirical therapy should be abandoned and replaced by
targeted pre-emptive therapy. Studies comparing pre-
emptive treatment (e.g. PCR-based) versus empirical therapy
are in progress; the impact on resolution of invasive fungal
infection-related mortality needs to be demonstrated in
prospective studies.

However, the high mortality rate of invasive aspergillosis
results not only from diagnostic inadequacies, but partly also
from therapeutic shortcomings.

‘PROMISING” NEW ANTIFUNGAL AGENTS

Pfizer developed voriconazole (Fig. 6), a second-
generation triazole, through modifications of the structure of
fluconazole (Fig. 7), resulting in increased inhibition of the
14-a-lanosterol demethylase enzyme in the ergosterol
biosynthesis pathway. Voriconazole displays wide-spectrum
in vitro activity against fungi from most clinically important
pathogenic groups. Moreover, voriconazole has been shown
in vitro to demonstrate fungicidal activity against Aspergillus
spp [74-76]. It is available for oral and intravenous
administration. After oral administration peak serum levels
are obtained in 2 hours post-dose with a bioavailability of
greater than 80 %. Multiple dosing in the presence of food
reduces systemic exposure by 22 % compared with the

Fig. (6). Voriconazole.

Fig. (7). Fluconazole.
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fasting state. VVoriconazole exhibits non-linear PK. Multiple
dosing results in a mean accumulation of three-fold and a
maximum accumulation of five-fold that is not predictable
from the single dose PK. The drug has a mean terminal
phase half-life of about 6-9 hours. Steady state plasma
concentrations are achieved within 6 days (3 mg/kg bid IV or
200 mg bid PO). Using a loading dose of 6 mg/kg bid on the
first day results in steady state concentrations at day three.
Voriconazole is widely distributed throughout body fluids
(Vd ~ 2L/kg), including the cerebrospinal fluid, with levels
demonstrated to be 50 % of serum values. Voriconazole is
metabolized primarily hepatic by cytochrome P-450
isozymes CYP2C9, CYP3A4, and CYP2C19; these
isozymes exhibit significant genetic polymorphism. Less
than 2% of the drug is excreted unchanged in urine [77-79]
(Table 4).

The promising in vitro activity has been confirmed in
immunosuppressed animal models [80-82]. Data from phase
Il clinical trials indicate that voriconazole is a promising
agent for the treatment of oropharyngeal candidiasis in HIV-
infected patients [83], esophageal candidiasis [84], and acute
and chronic invasive aspergillosis [85]. Recently, Denning
and colleagues conducted an open-labeled study in patients
with invasive aspergillosis; more than half of the 102
evaluable patients were refractory to standard therapies. In
that study, overall favorable responses (compete and partial)
were found in 47/102 evaluable patients, including some
cases of disseminated and cerebral aspergillosis [86]. Current
phase Il trials are comparing the efficacy of voriconazole
against AmB for acute invasive aspergillosis and for rare and
refractory mycoses (open-labeled). An empirical study in
neutropenic patients, comparing voriconazole to liposomal
AmB, has recently been completed. Although voriconazole
was comparable to liposomal AmB in therapeutic success,
the drug appeared clinically superior in reducing
breakthrough fungal infections, infusion-related toxicity, and
nephrotoxicity [87].

However, voriconzole is still not the ‘silver bullet’ agent.
Fluconazole-resistant C. albicans isolates demonstrate
significantly higher MICs for voriconazole than fluconazole-
susceptible isolates and isolates that are highly resistant to
both fluconazole and itraconazole also show apparent cross-
resistance to voriconazole. Furthermore, voriconazole is not
devoid of the classical azole drug interactions and class-
related side effects, including the occurrence of dose-related,
reversible visual disturbances. Also, additional work
regarding safety, metabolism and exposure is still awaited.

A number of other second-generation triazoles are in
advanced preclinical development (ravuconazole;
BMS207147) (Fig. 8) or have recently been launched into
clinical trials, including posaconazole (SCH56592) (Fig. 9).
Posaconazole is a structural analogue of itraconazole (the
tetrahydrofuran skeleton in itraconazole has been replaced by
1,3-dioxolone in posaconazole) but is at least 10-fold more
potent than itraconazole. All these products have broad-
spectrum in vitro activity against clinically important fungal
pathogens [88,89]. However, since these drugs are all
structurally related and they all operate through the same
mechanism of action, cross-resistance may become a serious
problem. For Candida species, cross-resistance between
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Table 4. Characteristics of Antifungal Agents Currently Available for the Treatment of Invasive Aspergillosis
Amphotericin B Flucytosine Itraconazole Voriconazole Caspofungin
Oral bioavailability (%) <5 >80 55 >80 <1
influence of food N.a. none - N N.a.
influence of - pH N.a. none - none N.a.
Tmax (hr) N.a. 1-2 1.5-4.0 1-2 -
Crax (Hg/ml) 1.2-2.4 80 1 21 -
Protein binding (%) >90 <5 > 95 60 > 96
Vq (liters/kg) 4.0 0.6-0.7 10.7 2 -
Principal route of unclear renal hepatic hepatic -
elimination
Elimination half-life < 15 days 3-6 hr 21-64 hr 6-9 hr 9-11 hr
Cl (ml/min.kg) 3 3.80 ~3 11
Unchanged drug in 3 90 <1 <5 <2
urine (%)
Relative CSF levels 0- 4* 65-90 <10 50 -
(%)
Important drug- nephrotoxic agents nephrotoxic +++ +++ no data on cyclosporin
interactions agents/cytosine- A
arabinoside
Toxicity
Nephrotoxicity +++ - - - -
Hepatotoxicity - + + + -
Other infusion-related myelosuppression - visual disturbances phlebitis?
Dose reduction renal yes yes no - no
failure
Dialyzable no yes no - no

* Higher in children; N.a.: not applicable
11: Voriconazole 200 mg bid orally.

posaconazole and other triazoles has been observed via any
of the known resistance mechanisms. With respect to
Aspergillus species, posaconazole exhibits higher MICs for
itraconazole-resistant isolates compared with those for
sensitive strains; however, this phenomenon was not seen in
‘in vivo’ models.
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Fig. (8). BMS-207147.

Nystatin (Fig. 10), a polyene antibiotic derived from
Streptomyces noursei, has been used widely as topical
antifungal drug. The drug is structurally closely related to
AmB and possesses a broad-spectrum antifungal activity in
vitro, covering also Aspergillus spp. Like AmB, nystatin
binds to ergosterol in fungal membranes, resulting in an
altered permeability. Earlier attempts to administer nystatin
as a parenteral drug have resulted in formidable dose-
limiting toxicity (thrombophlebitis, fever, chills, nausea).
Recently, this polyene has been embedded in liposomes
(Nyotran®; Aronex Pharmaceuticals Inc.) to enhance
bioavailability at target sites and to reduce drug-related
toxicity. Although positive results with regard to invasive
aspergillosis have been reported at the last ICAAC-meeting,
more data from phase I1/111 studies are needed.

THE FUNGAL CELL WALL: AN ATTRACTIVE NEW
OPPORTUNITY FOR ANTIFUNGAL THERAPY

One way of circumventing the shortcomings of the
current armamentarium is to look for compounds with an
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Fig. (9). SCH 56592.
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Fig. (10). Nystatin A1.

entirely different mode of action. Ideally, a highly selective
therapeutic target should be identified that is essential to the
fungus but absent or sufficiently different in mammalian
cells in order to avoid cross-inhibition. Although fungi share
many biochemical targets with other eukaryotic cells, the
fungal cell wall appears to be a unique, but vital structure.
Human cells have no comparable wall; it is therefore
unlikely that human cells carry analogue enzymatic
machinery, as that needed to synthesize fungal cell wall [90-
92]. Since the discovery of penicillin, researchers have
undertaken tremendous efforts to discover equivalent agents
to interfere with fungal cell wall synthesis. Clearly, this is an
area of antifungal research where considerable progress has
been achieved in the past decade and where high future
expectations lie.

The fungal cell wall is a rigid but dynamic structure
consisting basically of three major macromolecular
components: a complex network of chitinous and glucan
microfibrils to prevent osmotic distension of the fungal cell
and a high proportion of embedded or interstitial
mannoproteins that play a key role in the wall’s porosity,
antigenicity and fungal virulence. Analysis of the cell wall of
Candida albicans revealed a multilayered arrangement of
these polycarbohydrates [93-95].

Glucans, the most abundant elements in the cell wall of
many fungi, are mixtures of b-(1,3)- and b-(1,6)-linked
glucose polymers. b-(1,3)-D-glucan is a glucose homo-
polymer that forms a rope-like fibril of three helically
entwined coiling chains of b-(1,3)-linked residues, with
occasional b-(1,6)-linked side chains. Further aggregation of
these chains provides rigidity and appears necessary to
conserve the integrity of the cell wall and its mannoproteins.

Although these b-linkages are abundant in Candida spp.,
Aspergillus spp., and the cyst form of Pneumocystis carinii,
a-linkages predominated in Cryptococcus neoformans. b-
(1,3)-D-glucan synthase, the enzyme that catalyses this
polymerisation, is a membrane-bound complex that depends
at least on two functional subunits for its activity: a large
(210-kDa) integral membrane catalytic subunit encoded by
FKS1, that incorporates glucose from UDP-glucose into
glucan fibrils before pushing them through a pore in the
plasma membrane, and a small (27-kDa) soluble regulatory
unit encoded by ROH1, which has intrinsic GTPase activity
and associates with and activates the catalytic unit. In
addition, the regulation of GTPase activity is linked to the
cell cyclus through a phosphorylation-dephosphorylation
relay system (Fig. 11).

Chitin, a linear polymer build up of unbranched b-(1,4)-
linked N-acetylglucosamine (GlcNac) residues is a second
crucial polysaccharide of the fungal cell wall, although the
content and distribution of chitin depends largely on the
fungal species and its morphology. In the yeast form of
Candida albicans, for example, chitin represents < 1% of the
cell wall content, the majority found in the region of bud
scars, whereas chitin accounts for > 10% in the mycelial
form, found throughout the wall. Dimorphic fungi also have
a high proportion of cell wall chitin. Chitin is synthesised on
the cytoplasmatic surface of the cell membrane and extruded
to the cell surface. Similarly to glucan synthesis, this
polymerisation is catalysed by a family of membrane-
associated enzymes, known as chitin synthase I, I, and Il
and encoded by CHS1, CHS2, and CHS3 (CSD2),
respectively. Distinctive functions of these enzymes have
been revealed via gene knockout experiments in S.
cerevisiae; while CHS1 encodes a non-essential repair
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Fig. (12). Pneumocandin (L-743-872) (MK-0991).

defined. Animal studies have confirmed activity in mice with
disseminated candidiasis, oropharyngeal and gastrointestinal
candidiasis and disseminated/pulmonary aspergillosis, both
in survival and target organ assay models [99].

In single rising dose studies (dose range 5-100 mg) in
healthy volunteers, plasma concentrations of caspofungin
increased proportionally with the dose. Beta-phase T, was
consistently 9-11 hours across all dose levels and clearance
was very slowly with an average plasma clearance of 11
ml/min. The pharmacokinetics (PK) of multiple dosing was
investigated in two Phase | studies: a serial-panel study of
daily infusions of 13, 35, and 70-mg (x 14 days) and a
single-panel study of daily 70-mg infusions (x 21 days).
These  studies revealed moderate  dose-dependent
accumulation with daily dosing. For the 70-mg daily dosing
regimen, mean trough concentrations were above the in vitro
MICs for clinically important fungi, such as Candida and
Aspergillus species. Thus, the PK in humans support a
loading dose of 70 mg, followed by 50 mg daily to provide
high serum levels without the risk of increased toxicity from
trough accumulation over time. Based on in vitro drug
interaction studies in rats, it is evident that caspofungin is not
a substrate for nor an inhibitor of the cytochrome P-450
enzyme system and that no significant interactions are to be
expected in vivo. In plasma, caspofungin is highly protein
bound (> 96 %). The oral bioavailability of caspofungin is
poor, both in animals and humans (< 1%) (data presented at
the European Congress of Clinical Microbiology and
Infectious Diseases, Istanbul, Turkey, 2001).

Caspofungin levels in patients are similar to, but more
variable and range higher than, in healthy subjects. There are
no clinically meaningful alterations in PK with age, gender,
and race. Caspofungin PK is not significantly altered in
patients with mild or moderate renal insufficiency whereas
dialysis does not affect PK in end-stage subjects. However,
significant increases in drug levels have been observed in
patients with moderate hepatic insufficiency (no data on
severe hepatic disease); dose reduction is recommended.
There are no clinically significant PK interactions with
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amphotericin B, itraconazole, or mycophenolate. Tacrolimus
serum levels decrease by ~ 20 % when coadministrated with
caspofungin. Transient increases in ALT (2- to 3-fold
normal) have been seen in subjects receiving cyclosporin A
and caspofungin; therefore, until further information is
available on this interaction, their concomitant use is not
recommended.

The first evidence of efficacy and safety was derived
from a randomized, double blind, multi-center trial
comparing caspofungin (Cas) versus AmB in the treatment
of Candida esophagitis in adults. Non-neutropenic, mainly
HIV-infected patients with endoscopically documented
Candida esophagitis were randomized to receive Cas 50
mg/day (N=46), Cas 70 mg/day (N=28), or AmB 0.5 mg/kg
(N=54), each administered once daily for 14 days. A
favorable response was defined by resolution of all
symptoms plus a significant reduction in endoscopic lesions
at 14 days post-therapy. The response rate was 85,1% in the
combined Cas group versus 66,7% in the AmB group,
demonstrating that Cas was at least as effective as AmB.
More importantly, Cas was well tolerated without any
serious drug-related adverse effect. More patients on AmB
(22,2%) than on Cas (4,1%) discontinued from the study
because of drug-related adverse events, in particular
nephrotoxicity (14,8% vs. 1,4%, respectively) [100].

Recently, FDA has approved caspofungin for patients
who are unresponsive to or cannot tolerate standard therapies
for the invasive form of aspergillosis. Their approval
decision was based on the results of a multi-center, open-
label, non-comparative study that was designed to evaluate
the safety, tolerability and efficacy in adult patients with
invasive aspergillosis refractory to or intolerant of standard
treatment. Of 63 patients, 53 (84.1%) were refractory to at
least 7 days of standard therapy, including multiple agents.
In the primary efficacy analysis, including all patients who
received at least one dose of Cas, the independent expert
panel determined that overall 41.3 % of patients had a
favorable response. A 50 % favorable response rate was seen
in those patients who received more than 7 days of therapy
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with Cas. The favorable response rates for patients who were
either unresponsive or intolerant of prior therapies were
35.8% and 70%, respectively. Favorable outcomes were seen
in all high-risk groups [101]. Compared to a well-balanced
historical control (HC) population, the favorable response
rate at the end of therapy with Cas was 41% and 16% with
standard therapy. The unadjusted odds ratio (OR) for a
favorable response (Cas/HC) was 3.6 (95% CI 1.8, 7.0). In a
logistic  regression analysis adjusting for potential
imbalances in disseminated aspergillosis, neutropenia, bone
marrow transplantation, and corticosteroid use between
patients enrolled in Cas and the HC, the OR was 3.9 (95% ClI
1.9, 8.2) [102]. A phase IlI trial comparing the efficacy of
Cas against liposomal AmB in the empirical setting is still
ongoing.

The drug was generally well tolerated, even in patients
with a wide spectrum of diseases and many concomitant
medications, and even with prolonged therapy (up to 162
days). Very few serious drug-related adverse experiences or
discontinuations due to drug-related adverse events have
been seen, with the exception of one case of anaphylaxis. A
summary of the safety profile is given in Table 5 [103].

Although this agent looks very promising, by virtue of its
novel mode of action, the lack of an oral compound (a
characteristic of all echinocandins to date) precludes
prolonged suppression therapy and hampers outpatient
treatment in less severely compromised patients. In addition,
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a number of issues still remain unanswered, including
important drug-interactions (e.g. cyclosporin A), treatment of
cerebral lesions, activity in urinary tract infections, etc.
Finally, high-level in vitro resistance has yet been identified
in laboratory-derived S. cerevisiae and C. albicans mutants.
Cloning and sequencing studies have shown that the mutant
allele (originally called Echinocandin Target Gene or etgl)
was identical to FKS1, resulting in an altered catalytic
subunit of b-(1,3)-D-glucan synthase. Fortunately, no other
mechanisms of resistance to the lipopeptides have yet been
detected (such as activation of MDR-like genes, selection of
bypass pathways, or prevention of the entry of the drug).
This may explain the apparent lack of cross-resistance with
other antifungal agents when testing these C. albicans
mutants in vitro and in animal models.

FK463 (Fig. 13) is a water-soluble echinocandin-like
lipopeptide with a sulfate ester moiety in the cyclic
hexapeptide nucleus. The drug has potent activity against
Aspergillus spp., but is not fungicidal against these
organisms. The preclinical and clinical data available to date
strongly support the development of FK463 for treatment of
superficial and invasive Candida infections in
immunocompetent, corticosteroid-immunosuppressed, and
neutropenic patients. The role of FK463 as single agent for
treatment of invasive Aspergillus infections has not yet been
carefully investigated.

Table 5. Clinical and Laboratory Adverse Experiences (%) in Phase I/ll Controlled Candida Studies and Phase Il Aspergillus
Salvage Study with Caspofungin
Candida esophagitis Oropharyngeal and esophageal Candidiasis Salvage
Aspergillus study
Cancidas 50 Fluconazole Cancidas 50 mg Cancidas 70 Amphotericin Cancidas 70 mg
mg 200 mg mg B followed by 50 mg
0.5 mg/kg

Fever 3.6 11 21.3 26.2 69.7 2.9

Phlebitis 23.8 17.2 12.5 15.4 225 2.9
Headache 6.0 11 11.3 7.7 19.1
Diarrhea 3.6 2.2 13 31 11.2

Nausea 6.0 6.5 2.5 3.1 21.3 2.9

Vomiting 1.2 3.2 13 3.1 13.5 2.9
Chills <3 <3 2.5 15 75.3
ALT - 12 10.5 10.8 22.7
AST - 13 13.0 10.8 22.7
Alkaline phos - 12 10.4 7.7 19.3
Hematocrit — 54 11.0 15 326
WBC count — 8.7 6.1 4.6 7.9
Creatinine - 2.2 0 15 28.1
Potassium — 43 3.7 10.8 315
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Fig. (13). FK463.

Based on their broad and fungicidal anti-Candida activity
and the prolongation of survival in neutropenic animals with
pulmonary and disseminated aspergillosis, these compounds
may be useful for empirical or pre-emptive antifungal
therapy in febrile neutropenic patients. Given the limitations
of currently used drugs in anti-Aspergillus therapy, many
researchers, both from academic centers and pharmaceutical
companies, are looking for new formulations, new
generations of compounds and new targets for antifungal
chemotherapy (e.g. inhibition of chitin synthesis, etc.) [104].
The recent discovery of highly selective, apparently non-
toxic cell wall inhibitors looks very promising. Combining
two or more antifungal agents - as in antibacterial or
antineoplastic therapy - may now become an appropriate
way of tackling these difficult-to-cure infections. The
combination of active substances with different targets may
result in synergistic or additive effects, as has been
demonstrated for the combined AmB plus flucytosine
treatment of cryptococcal ~meningitis.  Furthermore,
promising data are accumulating from the use of gamma
interferon, a number of interleukins, hematopoietic growth
factors (GM-CSF), transfusion of primed donor
granulocytes, and adjunctive surgical interventions.
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