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Abstract

Combination antifungal therapy has been an area of research and clinical
interest since systemic antifungals became available decades ago. In vitro and
clinical data were generated for some of the more common invasive fungal
infections, especially candidiasis, but until very recently few clinical studies were
performed. The first invasive fungal infection to be examined in clinical trials
with adequate statistical power was cryptococcal meningitis and several of these
trials stand out as classical studies in the clinical evaluation of combination
antifungal therapy. More recently, since the availability of the newer antifungal
agents, including the echinocandins and extended-spectrum triazoles, there has
been a growing interest in examining combination antifungal therapy for invasive
fungal disease, especially invasive aspergillosis.

This is by no means a comprehensive review of all existing experimental data.
Instead, the focus is on the clinical data that have been generated to date and on
providing insights into potential future clinical directions. For instance, recent
clinical data for cryptococcosis confirm that amphotericin B plus flucytosine is
the most active combination for patients with cryptococcal meningitis. A recently
completed clinical trial in candidaemia suggests a trend towards improved out-
comes among patients receiving amphotericin B plus fluconazole versus
fluconazole alone. In aspergillosis, several experimental models suggest benefit of
a variety of antifungal combinations, but have not been confirmed in prospective
clinical trials. Ultimately, the goal is to provide the reader with a comprehensive
but useful review to this complicated and often confusing therapeutic dilemma.

Combination antimicrobial therapy has long been
used as a successful treatment paradigm for various
infectious diseases!?! and the use of combination
antifungal therapy has been described for at least 2
decades.’! Most clinical experience with combina-
tion antifungal therapy has been gained from the
treatment of cryptococcosis.*% Early studies of
combination therapy were designed after it was dis-
covered that rapid development of resistance oc-
curred with use of flucytosine monotherapy for

cryptococcal pneumonia.l”# The use of amphoter-
icin B plus flucytosine for the treatment of
cryptococcosis has resulted in higher rates of cure or
improvement and more rapid cerebrospinal fluid
(CSF) sterilisation when compared with amphoter-
icin B alone.*® Because of an increased incidence
of invasive fungal infections due to Candida and
Aspergillus spp. over the past several decades, and
the associated high morbidity and mortality despite
advances in patient care, clinicians are searching for
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better therapeutic options. Fortunately, there has
been a recent increase in the number of systemic
antifungal agents commercially available, including
the echinocandin class with an antifungal effect at a
different site of action than other available antifun-
gal agents. The use of combination antifungal ther-
apy in the hope of achieving synergy and reduced
antifungal resistance to combat invasive mycoses is
an exciting yet unproven possibility; however, effi-
cacy, toxicities and economics must be thoroughly
evaluated.

This review discusses the rationale for combina-
tion therapy and the clinical potential of combina-
tion antifungal therapy, with a focus on cryptococ-
cosis, candidaemia and aspergillosis. Although the
underlying immune system is of extreme impor-
tance in the ability of patients to recover from inva-
sive fungal infections, this review does not focus on
combination immunotherapy. This is by no means a
comprehensive review of all existing experimental
data. Instead, the focus is on the clinical data that
have been generated to date and providing insights
into potential future clinical directions. To obtain
data regarding combination antifungal therapy, we
undertook a MEDLINE search of English-language
articles, using keywords including ‘combination an-
tifungal therapy’, ‘synergy’ and ‘antifungal’. In ad-
dition, reference lists of identified articles and ab-
stracts from recent international meetings were re-
viewed.

1. Pharmacological Principles of
Combination Antifungal Therapy

Ideally, the overall goal of combination antifun-
gal therapy is to achieve increased clinical efficacy
and to avoid toxicity to the patient. There are several
advantages and reasons to consider combination
therapy: (i) potential increased potency and extent of
fungal killing (synergy); (ii) broader spectrum of
activity, targeting potentially resistant pathogens;
(iii) to prevent the emergence of resistance; and (iv)
combination therapy may allow for reduced dosages
of individual antifungal drugs that may minimise
toxicities. This review focuses on combination ther-
apy in order to increase potency and fungal killing.
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The interactions of antifungals in combination
therapy in vitro and in animal models are best de-
scribed by the terms synergy, antagonism, additivity
and indifference.”!!! Synergy is defined as im-
provement in activity by a magnitude greater than
the expected sum of individual activities of individ-
ual agents. What must be avoided is antagonism,
when the antifungal activity of the combination of
agents is less than that of the least active antifungal
when given alone. An additive effect is seen when
an improvement in efficacy is no greater than the
sum activity of individual drugs. Indifference refers
to combinations that do not exhibit greater antifun-
gal activity than the single most active antifungal
agent used alone. For clinical studies, the terms
synergy, additivity, antagonism and indifference are
not commonly used and are poorly defined. The
clinical importance is whether two antifungal drugs
(when compared with one) will result in improved
or worsened outcomes. It is important to note that
the definitions of synergy, additivity, antagonism
and indifference have been a topic of debate by
investigators.['?! Clearly, while ‘synergy’ or ‘antag-
onism’ seem to be quite intuitive, the terms ‘indif-
ferent’ and ‘additive’ are more nebulous and re-
present a neutral result. For the purposes of this
review we have used these terms, but the inherent
definition limitations must be considered when eval-
uating in vitro and animal data.[?!

In addition to the advantages and reasons to
consider combination antifungal therapy listed pre-
viously, there are several important strategies of
combination antifungal therapy to discuss, each of
which depends on a complex interaction between
the antifungal agent, the host and the pathogen.
Pharmacokinetics generally refers to the disposition
of drugs in the body, including absorption, distribu-
tion and elimination. These properties can be ex-
ploited with combination therapy. For example, a
combination of an antifungal and another drug (not
an antifungal) that decreases the metabolism of the
antifungal would allow increased antifungal drug
concentrations and potentially increased efficacy.
This concept is illustrated with the administration of
protease inhibitors (i.e. nelfinavir, ritonavir) and
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Fig. 1. Diagram of the fungal cell showing sites of action of antifungal drugs.

fluconazole. Protease inhibitors decrease hepatic
metabolism of fluconazole, resulting in increased
fluconazole concentrations.™!31 More frequently,
combinations of azoles and drugs that are
metabolised through the cytochrome P450 (CYP)
system (i.e. rifamycins) are antagonistic because of
induction of azole metabolism leading to decreased
azole concentrations. This pharmacokinetic combi-
nation therapy strategy, although important and
sometimes clinically useful, is not discussed further.

Pharmacodynamics generally refers to the rela-
tionship between serum concentrations and the
pharmacological and toxicological effects of the
drug, and is important when discussing combination
therapy.['>!¥1 Two antifungals that exert an effect on
different sites of the fungal cell may have increased
efficacy as a result of one agent affecting local
concentrations of the other drug. An example of this
is the combination of a polyene (amphotericin B)
and flucytosine, where amphotericin B may allow
increased cellular uptake of flucytosine resulting in
increased flucytosine concentrations.['>131 An analo-
gous situation is the interaction of amphotericin B
and rifampicin (rifampin), an agent without intrinsic
antifungal activity.['>!617] In contrast, azoles, by
their action on ergosterol synthesis, may deplete the
cytoplasmic membrane of ergosterol and reduce
binding sites for amphotericin B, ultimately causing
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antagonism.!%!%11 Although we assume with combi-
nation therapy that two drugs should be adminis-
tered at the same time, it is important to remember
that peak tissue concentrations and optimal killing
may vary between two antifungal drugs of different
classes, depending on the antimicrobial activity pat-
tern. For example, amphotericin B and echino-
candins exhibit concentration-dependent killing,!'¥
whereas azoles and flucytosine have a time-depen-
dent pattern of killing.!'¥

2. Antifungal Drugs

To understand the theoretical basis for combina-
tion antifungal therapy, a review of the site and
mechanism of antifungal drugs is helpful (figure 1).
The main sites of action of antifungal drugs (directly
or indirectly) are the: (i) cytoplasmic membrane
(azole, polyenes); (ii) cell wall (echinocandins, nik-
komycins); and (iii) DNA and protein synthesis
machinery (flucytosine, sordarins). Using a combi-
nation of drugs that act at different sites theoretically
may result in synergistic killing of fungal pathogens.
Potentially significant combinations that may allow
for synergistic effects include: (i) a cytoplasmic
membrane agent (amphotericin B or azole) plus an
agent that acts on DNA or protein synthesis (flu-
cytosine) in the hope that the cytoplasmic agent
would increase the penetration or uptake of the
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second drug (this mechanism may explain the syner-
gism of antifungals and other antibacterials such as
rifampicin or quinolones);!'>132% (ii) a combination
of agents that inhibit a step in a particular biochemi-
cal pathway, such as terbinafine and an azole;!1%13:21]
and (iii) a cell wall-active agent (echinocandin) plus
a cytoplasmic membrane agent (azole or amphoter-
icin B), in the hope that two sites of action would
lead to improved and more rapid killing.['>22]

Equally important to consider are mechanisms
for potential antagonism, particularly regarding the
interaction of azoles and amphotericin B. Azoles
result in depletion of ergosterol in the cytoplasmic
membrane. Therefore, in combination with
amphotericin B, fewer binding sites for amphoter-
icin B are available and subsequently result in de-
creased binding and antifungal effect of amphoter-
icin B.[%1819 However, on the basis of in vitro and in
vivo models, not all azoles are similar in their antag-
onistic properties with amphotericin B. An explana-
tion for this variability resides in the lipophilic
properties of azoles. Lipophilic azoles such as
itraconazole and ketoconazole, by accumulation on
the cell membrane, are purported to block the inter-
action of amphotericin B with sterol components on
the fungal cell membrane.l*>** Fluconazole, be-
cause it is more hydrophilic, does not accumulate in
the membrane and interact with amphotericin B,
resulting in reduced antagonism or neutral effect.
Indeed, no clinical or mycological antagonism be-
tween the combination of fluconazole and
amphotericin B were observed in a recent clinical
trial of candidaemia.’®! An additional method of
antagonism, more related to sequential than combi-
nation therapy, is important to note. Recent labora-
tory studies have shown that pre-exposure to an
azole compound causes changes in the membrane
ergosterol component, to which amphotericin B may

then bind less easily, and result in antago-
nism.[12.18.26.27]

Amphotericin B desoxycholate, lipid prepara-
tions of amphotericin B, flucytosine, ketoconazole,
fluconazole, itraconazole, voriconazole, terbinafine
and caspofungin are among the drugs currently
available for the therapy of systemic fungal dis-

© 2005 Adis Data Information BV. All rights reserved.

eases. These drugs, in addition to investigational
azoles, echinocandins, nikkomycin Z and sordarins,
have been studied as combination therapy in vitro
and in animal models. The drugs, listed by site or
mechanism of action (figure 1), are reviewed briefly
in sections 2.1 to 2.3.

2.1 Cytoplasmic Membrane

The polyene antifungals have been in clinical use
since the 1950s. Amphotericin B, the most frequent-
ly used polyene, has a lipophilic structure and binds
avidly to ergosterol, the principal sterol in fungal
cytoplasmic membranes.?$?°! This results in a dis-
ruption of membrane integrity with subsequent leak-
age of intracellular contents and eventual cell
death.?83% This fungicidal agent has typically been
the ‘gold standard’ of antifungal therapy.

The azole antifungals were developed in the
1970s and since then have been utilised as effective
and less toxic alternatives to amphotericin B for the
treatment of fungal infections. The azole antifungals
inhibit CYP-dependent 14-o-demethylase, thereby
interrupting the conversion of lanosterol to ergoster-
ol, the major component of the fungal cell mem-
brane.3%3! This results in increased membrane per-
meability with leakage of intracellular contents and,
ultimately, cell death. The most commonly used
systemic azoles include the triazoles fluconazole,
itraconazole and voriconazole. Posaconazole is an
extended-spectrum triazole in advanced clinical de-
velopment.

Terbinafine is a synthetic allylamine derivative
that exerts its antifungal effect by inhibiting
squalene epoxidase, an enzyme involved in the syn-
thesis of membrane ergosterol. Terbinafine has been
primarily used in the US as therapy for superficial
dermatophyte infections, but results from in vitro
experiments in combination with polyenes and
azoles against Candida and Aspergillus spp. support
further evaluation in animal models.?!-32-34]

2.2 Cell Wall-Active Agents

The echinocandin class of antifungals was dis-
covered in the 1970s as naturally occurring metabo-
lites of fungal fermentation.?3! Echinocandins are
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semisynthetic lipopeptide antifungals that act on the
fungal cell wall by inhibiting 1,3-B-D-glucan.®!
Glucans are essential components of the cell wall in
many pathogenic fungi but are not present in mam-
malian cells. Depletion of 1,3-B-D-glucan synthesis
at the plasma membrane leads to depletion of cell
wall glucan, osmotic instability and lysis of the
fungal cell wall.’”! Caspofungin is the only echino-
candin commercially available in the US; however,
others in advanced development include micafungin
and anidulafungin.

The nikkomycins are a class of drugs that are
structurally similar to a precursor for chitin, a com-
ponent of the fungal cell wall. Nikkomycins act as
competitive inhibitors of fungal chitin synthase en-
zymes, and lead to cell wall defects and osmotic
swelling of the fungal cell.B® In vitro studies of
nikkomycin Z combined with echinocandins or tri-
azoles have demonstrated synergy against Candida,
Cryptococcus and Aspergillus spp.; these observa-
tions warrant evaluation in animal models.3%4%!

2.3 DNA or Protein Synthesis

Flucytosine is an orally administered antifungal
agent whose mechanism is based on antimetabolite
properties. It is available as an intravenous formula-
tion in some countries. After uptake by fungi, flu-
cytosine is converted by intracellular deamination to
fluorouracil, and then converted to 5-fluorouridine
triphosphate (FUTP). FUTP is incorporated into
fungal RNA and inhibits protein synthesis.*!l A
second mechanism of action occurs when
fluorouracil is converted to fluorodeoxyuridine
monophosphate, which interferes with DNA synthe-
sis by inhibiting thymidylate synthetase.[*'*?] Resis-
tance to flucytosine occurs rapidly when it is used as
a single agent, and it is used principally in combina-
tion with amphotericin B for the treatment of
cryptococcal meningitis and disseminated or inva-
sive forms of candidiasis.[”8]

The sordarins are a class of drugs that act by
inhibiting protein synthesis in pathogenic fungi by
acting on elongation factor 2.3 Several sordarin
compounds have been found to be synergistic or
additive with amphotericin B or azoles against
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Candida, Aspergillus or Scedosporium spp.,[**! but
these compounds remain in preclinical develop-
ment.

3. Combination Therapy: Testing
for Synergy

Finding the ideal testing conditions to determine
synergy or antagonism, whether in vitro or in vivo
animal models, is a formidable task.['?] The results
of in vitro laboratory experiments are often highly
dependent on methodology. Combination antifungal
susceptibility testing is commonly performed using
the ‘checkerboard” method because of its relative
ease.l'Y This method uses the calculation of the
fractional inhibitory concentration index to evaluate
combinations. It also assumes that there is accuracy
of in vitro minimum inhibitory concentrations and
also that there is biological relevance. What is often
overlooked in synergy testing is the importance of
time of antifungal administration and individual
pharmacokinetics of antifungal drugs. Typically,
two drugs are tested simultaneously, even though
drugs may require different times to become fungi-
cidal or fungistatic.['*!'*) (More information can be
found in previous extensive reviews.'%1241) Addi-
tional methods for synergy testing include time-kill
studies, E-test and the response surface
model.>-1%13431 Depending on the test method em-
ployed, authors may observe very disparate results
due to differences in species or strains of fungi,
different media, non-standardised incubation times
and temperatures, or use of different measures of
fungal growth.[*¢! Moreover, different methods may
have differing reproducibility. A recent study of
three methods concluded that the ‘checkerboard’
methodology may not be as reliable at detecting
antagonism among Candida isolates when com-
pared with the time-kill methodology.*” In addi-
tion, time-kill methodologies are able to provide
more detailed descriptions of antifungal activity
over time.”) The lack of a standardised method has
made multicentre studies difficult because of
problems with interlaboratory reproducibility. An
important goal for future combination antifungal
therapy research should be to develop a reproducible
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model by which results are predictive of clinical
outcomes.

Animal models have been helpful in elucidating
appropriate combination antibacterial therapy and
are preferred for initial evaluation of antifungal
compounds.['%131 Moreover, animal models lack
some of the common methodological problems en-
countered with in vitro testing. Animal models also
allow for a determination of toxicity and pharma-
cokinetics.l'3401 Studies of antifungal combination
therapy are typically carried out with rabbits, mice
or rats, and manipulation of the species to achieve
immunosuppression is standardised and easily per-
formed. Other than methodological problems,
animal models often do not simulate human infec-
tions and may not be powered to determine subtle
differences in outcome measures.['3 It is important
to note that results of in vitro and in vivo combina-
tion studies have not been predictive of clinical
outcomes. Indeed, susceptibility testing for one an-
tifungal drug and demonstration of correlation to
outcome is extremely problematic. With these im-
portant limitations in mind, selected in vitro, in vivo
and clinical data of combination therapy are sum-
marised for Candida, Cryptococcus and Aspergillus
spp. in sections 4 to 6. This summary highlights
areas where combination therapy is of potential and
warrants further study.

4. Candidiasis

4.1 In Vitro Studies

In vitro studies of combination antifungal therapy
for candidiasis have demonstrated variable results
depending on the specific isolate and experimental
conditions.*’-3%  Generally, the combination of
amphotericin B plus flucytosine has demonstrated at
least an additive effect, and it is suggested that these
findings have been most dramatic in the setting of
flucytosine-resistant strains. Furthermore, it is sug-
gested that the combination of flucytosine and
amphotericin B reduces the emergence of flu-
cytosine resistance.®'1 Combinations of an azole and
flucytosine have demonstrated less encouraging re-
sults, frequently resulting in either indifference or
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antagonism.[*’48521 Some of the more consistent ob-
servations among in vitro studies of antifungal com-
binations for Candida spp. have been with
amphotericin B and azole combinations.[’333 Most
of the in vitro studies with combinations of
amphotericin B and fluconazole, itraconazole or the
early azoles (e.g. ketoconazole and miconazole)
have demonstrated antagonism. Moreover, prior ex-
posure to an azole may result in reduction of
amphotericin B activity in these in vitro studies
through depletion or alteration of the sterol tar-
get.273657 Other in vitro data examining other com-
binations, especially terbinafine and an azole, have
generally demonstrated either synergy or indiffer-
ence; antagonism has been rarely reported in these
circumstances.?!38 Results from combinations of
echinocandins with azoles or polyenes have general-
ly been disappointing.[3%-601

4.2 In Vivo Studies

Murine and rabbit models of combination ther-
apy with amphotericin B and flucytosine have gen-
erally resulted in positive results demonstrated by
improved survival or tissue sterilisation,!%!1 con-
sistent with in vitro findings. Animal models of
combinations with amphotericin B and azoles have
not always been consistent with in vitro data. For
example, whereas in vitro studies of combinations
with amphotericin B and azoles generally suggested
antagonism, Sugar and colleagues/®? demonstrated
no evidence of clinical or mycological antagonism
in their murine model of invasive candidiasis using
the combination of fluconazole and amphotericin B.
Indeed, in this model of immunocompetent and im-
munocompromised mice, these authors demonstrat-
ed that the combination was at least as effective as
amphotericin B and more effective than fluconazole
alone.®”l The encouraging findings that were
demonstrated in this model led to the development
of a combination therapy clinical trial described in
detail in section 4.3.1251 However, other models have
yielded conflicting data, suggesting worse outcomes
and/or ‘clinical’ antagonism.[63:64]

In vivo studies of combination therapy with an
echinocandin and another antifungal agent have
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generally yielded favourable results. In a recent
study of caspofungin and fluconazole in a murine
model, renal tissue burden was reduced in mice
receiving combination therapy compared with those
receiving fluconazole alone, but there was no differ-
ence when compared with those receiving cas-
pofungin alone.® A summary of in vitro and
animal model combination therapy studies for
Candida spp. can be seen in table 1.

4.3 Clinical Studies of Invasive Candidiasis

The first clinical application of combination ther-
apy was for invasive candidiasis, and involved the
use of parenteral amphotericin B and flucytosine
administered orally. This combination has been used
in various clinical settings for decades, and has
included difficult clinical settings such as candidal
endocarditis, meningitis and other life-threatening
deeply invasive infections, but its use was based
largely on anecdotal reports of successful ther-
apy.[%%%71 No randomised clinical trial was formally
conducted until recently, when the combination of
amphotericin B plus flucytosine was compared with
fluconazole in a randomised study of non-neu-
tropenic patients with invasive candidiasis in inten-
sive care units.[®! In this randomised study, the
combination was more effective than fluconazole in
successfully treating peritonitis and sterilising tis-
sues. The remaining reports of efficacy for this
combination have been limited to small series and
case reports among patients with prosthetic joint

Table I. Selected antifungal drug interactions for Candida spp.2

Combination In vitro In vivo
Amphotericin B + flucytosinel#7-51.54 S, Add, | S, Add
Amphotericin B + itraconazolel®s! Ant 1, Ant

Amphotericin B + fluconazolel#748:5557.62631 Add, |, Ant |, Ant

Amphotericin B + terbinafinel?] S, Add ND
Amphotericin B + echinocandinl®°] S, Add, | |
Amphotericin B + rifampicinl'6:61] S |
Fluconazole + echinocandin(®s! | ND
Flucytosine + fluconazole®® S, |, Ant S, Add, |

a Findings listed are a summary from the referenced studies.
Different results for a particular combination may result from
different methodologies or definitions.

Add = additive; Ant = antagonistic; | = indifferent; ND = insufficient

data available; S = synergistic.
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infections, native valve endocarditis, and candidal

meningitis among HIV and non-HIV infected pa-
tients.[06:67.69]

In a recently published study, the combination of
conventional amphotericin B and high-dose
fluconazole (800mg daily) was compared with high-
dose fluconazole (800mg daily) alone for the treat-
ment of non-neutropenic patients with candi-
daemia.’! This study, involving 219 evaluable pa-
tients, is one of the largest published randomised
and double-blind studies of candidaemia performed
to date, and was designed not only to determine the
efficacy of an amphotericin B and fluconazole com-
bination compared with fluconazole alone, but also
to determine if high-dose fluconazole offered a bet-
ter therapeutic option than standard therapy with
fluconazole 400mg daily when compared with his-
torical controls. Patients with neutropenia and
Candida krusei infections were excluded from this
study, but it was open to most other non-neutropenic
patients. The two study regimens were as follows:
amphotericin B 0.6-0.7 mg/kg together with
fluconazole 800mg administered daily for the first
5-7 days, followed by fluconazole 800 mg/day, ver-
sus fluconazole 800mg alone administered daily.
Both regimens were administered for 14 days be-
yond the last positive culture and/or resolution of
signs and symptoms attributable to candidaemia.
The study was double-blinded and patients on
fluconazole monotherapy received a placebo
amphotericin B solution.?!

Results of this study demonstrated a 69% versus
56% successful outcome in favour of combination
therapy with amphotericin B plus fluconazole
(p=0.043) over monotherapy; however, success
rates utilising a Kaplan-Meier time-to-failure analy-
sis were not significantly different (p = 0.08). An
important observation in the study was that only 6%
versus 17% of patients receiving combination ther-
apy versus fluconazole monotherapy, respectively,
remained candidaemic on therapy (p =0.02). An
important confounding factor of this study was that
the Acute Physiology and Chronic Health Evalua-
tion (APACHE II) scores were significantly differ-
ent for the two groups (16.8 and 15.0 for monothera-
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py and combination therapy, respectively;
p =0.039). There were no differences in catheter
management or duration of therapy (16.7 vs 15.0
days for monotherapy and combination, respective-
ly; p = 0.123) to account for these differences.
Finally, there were no significant differences or
trends in outcome according to Candida spp., and
mortality within 90 days of study initiation was
approximately 40% in each group.®! In the final
analysis there was no significant difference in suc-
cessful outcome between the two study arms, al-
though there was clearly a trend in favour of combi-
nation therapy with amphotericin B and fluconazole.

Other important observations from the study re-
late to the fact that there was no clinical or mycolog-
ical evidence of antagonism among patients treated
with combination amphotericin B and fluconazole,
regardless of whether they had previously received
fluconazole. Moreover, the rate of persistently posi-
tive blood cultures in the combination (6%) was
lowest among any randomised candidaemia study,
indicating a potential benefit of combination therapy
early in the course of treatment.>!

Refractory oral pharyngeal candidiasis in pa-
tients with AIDS has received some attention as an
area of potential study with combination antifungal
therapy but there are few published data in this
patient population. In one report, fluconazole and
terbinafine were coadministered to an HIV-infected
patient with persistent fluconazole-resistant oro-
pharyngeal candidiasis, leading to a successful out-
come.l’]

The recently revised Infectious Diseases Society
of America guidelines for the treatment of candidia-
sis advocate the coadministration of amphotericin B
and flucytosine among patients in selected situa-
tions, including those with serious and deep-seated
candidal infections involving the CNS, endovascu-
lar infections and serious intra-abdominal
candidiasis.[’" As noted earlier, the clinical data
supporting this approach is limited to a few anecdo-
tal reports and is supported by in vitro and animal
data. Combination therapy with amphotericin B and
higher-dose fluconazole is provided as an option for
the therapy of uncomplicated candidaemia on the
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basis of the recently published randomised tri-
al.’»>7!1 There are no clinical trials and little clinical
experience involving the use of an echinocandin in
combination with either amphotericin B or an azole
for treatment of invasive candidiasis.

5. Cryptococcosis

5.1 In Vitfro Studies

In vitro studies have examined several antifungal
combinations against Cryptococcus neoformans,
with most of the data suggesting either indifference
or additive effects with various experimental combi-
nations. Antagonism has only rarely been demon-
strated in these studies. The ‘classic’ combination of
amphotericin B and flucytosine has yielded incon-
sistent results in the experimental setting; in many of
these studies, synergy has not been demonstrat-
ed 1484972741 Most recent studies examining flu-
cytosine and azole combinations have demonstrated
either synergy or indifference./*®”>771 Amphotericin
B and azole combinations, with and without flu-
cytosine, have generally revealed either indifferent
or synergistic results in in vitro studies of activity
versus C. neoformans.*#78-301 Compared with in vi-
tro studies of the amphotericin B and azole combi-
nation for Candida spp., these results have been
much more favourable. Some studies have demon-
strated that prior exposure to azoles may lead to
diminished activity of amphotericin B against C. ne-
oformans isolates in vitro.”8! Echinocandins have
been studied in combination with other antifungal
agents and have demonstrated some positive inter-
actions, 1821 but because of their poor in vitro activi-
ty against C. neoformans as single agents the echi-
nocandins have not been studied extensively in ex-
perimental settings.

5.2 In Vivo Studies

Animal models of cryptococcosis are well de-
scribed, and the mouse and rabbit models of
cryptococcal meningitis are the two of the most well
established animal models for the pathogenesis and
treatment of cryptococcal meningitis. Most of these
studies have utilised improved survival and more
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rapid clearance of brain tissue and spinal fluid as
indicators of efficacy.[7>83-861 Studies with combina-
tions of amphotericin B and flucytosine in these
models have generally demonstrated trends towards
better outcomes with combination therapy than with
amphotericin B alone.[>83-361 Flucytosine and azole
combinations also appear to have beneficial effects
on survival, fungal tissue burden and body weight in
murine models of cryptococcal meningitis.[7>87-901
Most recently, Larsen and colleagues!®!! demonstrat-
ed significantly improved survival and reduction in
fungal tissue burden among mice receiving combi-
nation therapy with amphotericin B and fluconazole
compared with amphotericin B, fluconazole or flu-
cytosine alone. Other investigators have demon-
strated less encouraging outcomes when examining
amphotericin B and azole combinations.®®! A sum-
mary of in vitro and animal model combination
therapy studies for Cryptococcus spp. can be seen in
table II.

5.3 Clinical Studies of Cryptococcosis

The treatment of cryptococcal meningitis is per-
haps the most well studied indication for combina-
tion antifungal therapy in the arena of clinical my-
cology.[®?! The first large-scale study of the combi-
nation of amphotericin B plus flucytosine was
performed among patients with cryptococcal menin-
gitis in the pre-AIDS era.[*l The design of this study
reflected the prevailing concern at the time about
poor clinical outcomes and significant amphotericin
B-associated nephrotoxicity. Thus, the addition of
flucytosine to a therapeutic regimen containing
amphotericin B was a manoeuvre to limit toxicity as

Table Il. Selected antifungal drug interactions for Cryptococcus
spp.?

Combination In vitro In vivo
Amphotericin B + flucytosingl#8:49.72-74838486] g | S, |
Amphotericin B + itraconazole!*8.78-80.83] | S, |
Amphotericin B + fluconazole!*8.78-80.83] S, | Al
Flucytosine + fluconazolel*6:7577.:83] S,Add, | S, I

a Findings listed are a summary from the referenced studies.
Different results for a particular combination may result from
different methodologies or definitions.

Add = additive; | = indifferent; S = synergistic.
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well as to determine if combination therapy offered
superior efficacy. At the time of its publication this
was the largest randomised antifungal trial ever per-
formed, enrolling 51 patients over a 4-year period.
The regimens included amphotericin B 0.4 mg/kg/
day for 70 days versus amphotericin B 0.3 mg/kg
plus flucytosine 150 mg/kg, both administered daily
for 6 weeks.[*! This landmark study demonstrated
improvement in outcome for combination therapy
compared with monotherapy with amphotericin B
(p < 0.05). Combination therapy was also associated
with fewer relapses, more rapid sterilisation of the
spinal fluid and significantly less nephrotoxicity. On
the basis of this study, combination regimen with
amphotericin B plus flucytosine for 6 weeks became
the ‘gold standard’ for the treatment of cryptococcal
meningitis in non-HIV infected patients for the next
2 decades.!¥

A follow-up to the Bennett study published sev-
eral years later compared a standard regimen of
amphotericin B plus flucytosine for 6 weeks com-
pared with a ‘short course’ of this combination for 4
weeks.! Efficacy and toxicity of antifungal therapy
were compared among 91 patients in this randomis-
ed, open-label trial. Patients were eligible for
randomisation into the study if they had successfully
completed an initial 4-week course of therapy.
Transplant recipients were excluded from the study
because of excessive early relapses among this
group. Among those patients who met criteria for
randomisation, 85% of those treated with the stan-
dard regimen versus 75% of those receiving short-
course therapy had a successful outcome, a differ-
ence that was not statistically significant. Relapses
were higher with short-course therapy (27% vs
16%) and significant amphotericin B-associated
toxicity was no different (44% vs 43%). This study
demonstrated that, among carefully selected pa-
tients, combination therapy with amphotericin B
plus flucytosine for 4 weeks was an acceptable
alternative to a conventional 6-week course of ther-
apy.[S]

With the development of the AIDS pandemic,
subsequent studies of cryptococcal meningitis ex-
amined variations of standard therapy compared

Drugs 2005; 65 (11)



1470

Baddley & Pappas

with monotherapy with fluconazole. The first trial in
the AIDS era compared combination therapy with
amphotericin B and flucytosine with fluconazole as
monotherapy in 20 patients with cryptococcal men-
ingitis, including 6 who received combination ther-
apy and 14 who received fluconazole.®® In this
small open-label trial, combination therapy led to
more rapid sterilisation of CSF (15.6 vs 40.6 days)
and led to more successful outcomes (100% vs 43%,
p =0.04) compared with fluconazole monotherapy.
Furthermore, four patients receiving fluconazole
monotherapy versus no patients receiving combina-
tion therapy died. Small numbers of patients and
inconsistent management of increased intracranial
pressure were limiting factors in this study.®

In a subsequent study, Saag and colleagues®*!
conducted a randomised, open-label study among
194 evaluable HIV-positive patients with acute
cryptococcal meningitis, including 131 receiving
fluconazole 400 mg/day alone compared with
amphotericin B 0.4-0.5 mg/kg/day for 10 weeks.
Among amphotericin B recipients, flucytosine was
administered at the discretion of the investigator. In
this study, the majority of amphotericin B recipients
received flucytosine, and there were no significant
differences in overall mortality and treatment suc-
cess between treatment groups. The median length
of time to the first negative CSF culture was 42 days
in the amphotericin B group and 64 days in the
fluconazole group (p = 0.25). The authors conclud-
ed that fluconazole was an effective alternative to
amphotericin B, with or without flucytosine, as pri-
mary therapy for cryptococcal meningitis among
patients with AIDS despite the slower rate of CSF
culture conversion in the fluconazole group.[**! Cli-
nicians expressed concern over these conclusions
and few utilised fluconazole as primary therapy in
this setting.

In a follow-up to the Saag et al.l®¥ study, another
large randomised trial was conducted. In this trial,
induction therapy with amphotericin B was com-
pared with amphotericin B plus flucytosine, both
regimens administered for the first 2 weeks of ther-
apy, followed by therapy with an azole (either
fluconazole or itraconazole)./! In this double-blind
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study, 381 patients with AIDS and acute cryptococ-
cal meningitis were randomised. In the primary
analysis, 60% of 202 patients receiving combination
therapy versus 51% of the 179 patients receiving
monotherapy with amphotericin B were CSF cul-
ture-negative at 2 weeks (p =0.06). Clinical out-
come did not differ between the two groups. In the
second phase of the study patients were randomised
to receive either fluconazole or itraconazole to com-
plete a course of 10 weeks total antifungal therapy.
There were no differences in outcome at completion
of study and overall mortality during the study peri-
od in both arms was <10%.[% These results demon-
strated that combination therapy with amphotericin
B and flucytosine was associated with a trend to-
wards more rapid sterilisation of CSF at 2 weeks. In
a post hoc analysis among patients who were
randomised to azole therapy and followed for sever-
al months, it was further noted that relapses occurred
much more commonly among patients who received
itraconazole when compared with fluconazole recip-
ients (p <001).1%! Moreover, relapses were more
common among the patients who received initial
therapy with amphotericin B alone compared with
combination therapy with amphotericin B and flu-
cytosine (p < 0.05).09%1

The use of fluconazole combined with flu-
cytosine as an all-oral regimen for the treatment of
cryptococcal meningitis was first espoused by Lar-
sen and colleagues.®® In an open-label pilot study,
32 patients received fluconazole 400mg combined
with flucytosine 150 mg/kg, both orally adminis-
tered daily for 10 weeks. At the completion of the
study, 63% of patients had demonstrated clinical
success. The median time to CSF culture negativity
was 23 days. Both the overall success and the con-
version to CSF culture negativity were superior to
published experience of monotherapy with either
fluconazole or amphotericin B in this patient popu-
lation.?®! A subsequent randomised study in Uganda
comparing combination therapy with fluconazole
and flucytosine with monotherapy with fluconazole
200mg, both administered daily, demonstrated a
trend towards a more favourable outcome at 6
months for combination (32% survival) versus
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monotherapy (12% survival at 6 months, p = 0.22).
In this study the daily dose of fluconazole (200mg)
was lower than what is routinely administered./”)
Finally, there are anecdotal reports of cryptococ-
cosis successfully treated with an all-oral regimen of
fluconazole and flucytosine.”®! In aggregate, these
data suggest that the combination of fluconazole and
flucytosine has beneficial clinical and mycological
effects.

In a recently published study, Brouwer and col-
leagues® demonstrated the benefit of combination
antifungal therapies for AIDS-associated cryptococ-
cal meningitis. In this open-label study the authors
administered amphotericin B alone, amphotericin B
plus flucytosine, amphotericin B plus fluconazole,
or triple combination therapy with amphotericin B,
flucytosine and fluconazole to 64 Thai patients with
HIV. There were 16 patients in each treatment arm
and quantitative CSF cultures were obtained four
times during the first 2 weeks of treatment. The
study clearly demonstrated mycological benefit with
any combination compared with amphotericin B
alone as measured by quantitative cultures and the
rate of CSF culture negativity. The combination of
amphotericin B plus flucytosine rendered CSF cul-
tures negative earlier than amphotericin B alone
(p =0.0006), but the other combinations also ren-
dered CSF cultures negative earlier than amphoter-
icin B alone (p < 0.05). Toxicity was not a major
confounding issue in this study. The authors noted
that the small numbers of patients in the study made
it impossible to determine the clinical significance
of these findings, but this study clearly demonstrates
an ability to perform quantitative CSF fungal cul-
tures in humans cryptococcal meninigitis as a mea-
sure of mycological success.*”

An innovative approach to therapy for cryptococ-
cal meningitis involves the use of adjunctive immu-
notherapy combined with conventional antifungal
therapy. In the only randomised study to date, in-
terferon (IFN)-y or placebo was administered three
times weekly along with conventional antifungal
therapy for the first 10 weeks for acute cryptococcal
meningitis among patients with AIDS.!'% Conven-
tional therapy in this study involved the use of
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amphotericin B 0.7 mg/kg/day for 2 weeks, with or
without flucytosine, followed by fluconazole
400 mg/day for 8 weeks. Seventy patients were
available for efficacy analysis. These results demon-
strated an important but nonsignificant trend to-
wards more rapid sterilisation of CSF at 2 weeks
among IFNy recipients compared with placebo
(38% vs 18%) and more rapid decline in CSF
cryptococcal antigen. There was no obvious survival
benefit among those receiving adjunctive IFNy com-
pared with placebo, but there was in important trend
in combined clinical and mycological success
among IFNY recipients compared with placebo re-
cipients.[10]

In summary, there are strong data among labora-
tory and clinical studies supporting the use of com-
bination amphotericin B plus flucytosine for initial
therapy of patients with acute cryptococcal meningi-
tis. Unfortunately, the use of flucytosine in clinical
practice is sporadic because of its limited availabili-
ty, potential toxicity and the need to monitor levels
with extended use. Other forms of cryptococcosis
(e.g. pneumonia) have been proven difficult to study
and subsequently there are no randomised trials
among patients with non-CNS cryptococcosis.
There are also promising clinical data involving the
use of amphotericin B combined with fluconazole,
and for fluconazole combined with flucytosine. A
study is currently underway in the US and Thailand
examining the potential benefit of amphotericin B
combined with fluconazole for the initial treatment
of patients with acute CNS cryptococcosis. Finally,
the use of adjunctive therapy with IFNy, although
not formally approved for use in cryptococcosis,
may be appropriate among selected patients with
refractory disease.

6. Aspergillosis

6.1 In Vitro Studies

Because of the increasing incidence of invasive
aspergillosis and the high associated mortality, there
is a need for better therapeutic approaches for the
treatment of invasive aspergillosis. An important
advance in the antifungal armamentarium is the
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recent availability of voriconazole and caspofungin,
both of which have proven efficacy in invasive
aspergillosis.['91:192] These and similar agents in de-
velopment have stimulated interest in combination
antifungal therapy for aspergillosis.

Generally, combinations of amphotericin B with
flucytosine against Aspergillus spp. have shown ac-
tivity ranging from synergy to indifference, and
findings are similar among different species of As-
pergillus P+103-1051 Ag discussed in section 2, the
effect of amphotericin B on the fungal cell mem-
brane may result in enhanced penetration of flu-
cytosine.[') Amphotericin B in combination with
rifampicin commonly results in a synergistic ef-
fect.'”1041 Combination of amphotericin B with
azoles (fluconazole, itraconazole, voriconazole)
against Aspergillus spp. frequently shows indiffer-
ence or antagonism;221031041961 however, synergis-
tic activity has been reported.’* Amphotericin B in
combination with echinocandins has ranged from
indifference to synergy.['97-191 Combinations of the
echinocandins with triazoles range from synergistic
activity to indifference and, importantly, no antago-
nism has been reported.?>!'%!11 Other combina-
tions such as terbinafine with amphotericin B* and
nikkomycin Z with azoles or echinocandins??4%
have shown promise in preliminary studies, but
these data are limited.

6.2 In Vivo Studies

Animal models generally confirm results predict-
ed by in vitro combination tests for Aspergillus spp.
The combination of amphotericin B and flucytosine
or rifampicin in mouse or rat models has resulted in
synergy to indifference, but no antagonism has been
described.[®5-112.1131 Antagonism is seen for the com-
bination of amphotericin B plus itraconazole.[6:36]
Pre-treatment with azoles prior to amphotericin B
administration has resulted in decreased fungal ac-
tivity against Aspergillus spp. in a murine
model.[1%:114 No antagonism was seen with ampho-
tericin B plus fluconazole,!''¥ an observation also
described in animal models of candidiasis."”! As
was previously discussed in section 2, this may
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result from differences in cytoplasmic membrane
accumulation of the azoles.[?324!

Several important in vivo studies evaluating new-
er azole and echinocandin combinations have been
performed.'118] Petraitis and colleagues! ! tested
the combination of ravuconazole (a newer triazole in
development) and micafungin in a neutropenic
rabbit model of pulmonary aspergillosis due to As-
pergillus fumigatus. Combination therapy was supe-
rior to single-drug therapy in all outcome measures,
including residual fungal burden, survival, total lung
weight, pulmonary infarct score and galactomannan
antigenaemia. Kirkpatrick and colleagues!''”! also
studied an azole-echinocandin combination using
caspofungin and voriconazole in a neutropenic guin-
ea pig model of invasive aspergillosis. This combi-
nation significantly reduced colony counts of lung,
kidney, liver and brain tissue when compared with
control or either drug alone; however, reduction in
mortality with the combination was no different than
with voriconazole alone.l''"! Sabatelli"'®! studied
the combination of posaconazole with caspofungin
in various dosages in vitro and for the treatment of
infections with A. fumigatus and A. flavus in immu-
nocompetent mice. In vitro activity with the combi-
nations ranged from synergy to indifference but no
antagonism was observed. In vivo data showed in-
creased survival with combination therapy when
compared with either drug alone.[''¥ Importantly,
no antagonism was demonstrated in any of these
studies.

Other studies have evaluated amphotericin B and
echinocandin combinations with favourable re-
sults.['1-1211 One recent study examined the combi-
nation of amphotericin B plus caspofungin in a
neutropenic murine model of chronic disseminated
infection with A. fumigatus.''®! Using real-time
polymerase chain reaction to demonstrate A. fumi-
gatus kidney burden, the combination therapy re-
sulted in reduced kidney burden to levels less than or
equal to that seen with either agent alone. There was
an overall trend towards an additive effect and there
was no antagonism.!''! In another murine model,
Nakajima and colleagues!'?’! tested the combination
of micafungin plus amphotericin B compared with
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either agent alone. They demonstrated increased
survival, reduction in lung fungal burden and im-
proved histopathological findings with combination
therapy. In an additional study, Petraitis and col-
leagues!'?!! studied the combination of micafungin
and amphotericin B in a neutropenic rat model of
invasive aspergillosis and found neither synergy nor
antagonism with the combination. These in vivo
studies demonstrate that combinations of an extend-
ed-spectrum triazole plus an echinocandin, or
amphotericin B plus an echinocandin, may have
clinical potential and warrant clinical investigation.
A summary of in vitro and animal model combina-
tion therapy studies for Aspergillus spp. is demon-
strated in table III.

6.3 Clinical Studies of Aspergillosis

Treatment of invasive aspergillosis is challeng-
ing and the disease is associated with high mortali-
ty.[122123] Patients with invasive aspergillosis treated
with amphotericin B, the traditional ‘gold standard’,
often have response rates much less than 40%!!??)
and treatment is commonly associated with signifi-
cant adverse events. The recent trial of voriconazole
for the treatment of primary invasive aspergillosis
demonstrated significantly better response rates
(53%) when compared with amphotericin B (32%)
after 12 weeks of therapy;"'°! survival was also
significantly improved. Data from the salvage study

Table lll. Selected antifungal drug interactions for Aspergillus spp.2

Combination In vitro  In vivo
Amphotericin B + flucytosinel5486:103-105112113) 5 Add, | S, Add, |
Amphotericin B + itraconazolel#6.86:103,104.106]  Ant Ant
Amphotericin B + fluconazolgl103.104.106,115] 1, Ant |
Amphotericin B + terbinafinel3334 Add, | |

Amphotericin B + echinocandin(107-109.119-1211 5 Add, | S, Add, |

Amphotericin B + rifampicin(3486:104.112] S, | Add
ExS triazole + echinocandin(110.111.116-118] S, Add S, Add
Amphotericin B + ExS triazole?? | ND
Itraconazole + nikkomycin ZI%9 S ND

a Findings listed are a summary from the referenced studies.
Different results for a particular combination may result from
different methodologies or definitions.

Add = additive; Ant = antagonistic; ExS triazole = extended-

spectrum azole (posaconazole, voriconazole or ravuconazole); | =

indifferent; ND = insufficient data available; S = synergistic.

© 2005 Adis Data Information BV. All rights reserved.

with caspofungin demonstrating a response rate of
43% among 66 patients with invasive aspergillosis
are also encouraging.!'9?l These results utilising
newer agents with a novel mechanism of action have
heightened the interest in combination therapy for
aspergillosis. Unfortunately, there are limited data
from clinical trials on the use of combination anti-
fungal therapy for aspergillosis.!'>*1281 The majority
of information on combination therapy for the treat-
ment of aspergillosis is derived from retrospective
case series and reviews, which do not allow for
appropriate critical analyses.3%123%1291 A recent re-
view by Steinbach and colleagues®* evaluated 6281
patients with aspergillosis from 1966 to 2001. Pa-
tients were included if they had invasive aspergillo-
sis, systemic antifungal use of 214 days and well
defined antifungal therapy. This review described
249 patients treated with combination therapy.?4
Combinations most commonly used were amphoter-
icin B plus flucytosine (49%), amphotericin B plus
itraconazole (16%) and amphotericin B plus
rifampicin (11%); however, a total of 27 different
combinations were reported amongst these pa-
tients.#

The combination of amphotericin B plus flu-
cytosine has been used to treat invasive aspergillosis
since the 1970s, with scattered reports of suc-
cess.[30131 Denning and Stevens!'?*! reviewed 63
patients, all of whom received at least 14 days of
antifungal therapy with amphotericin B plus flu-
cytosine. Approximately two-thirds (68%) of these
patients responded but an analysis of patients receiv-
ing <14 days of therapy demonstrated very poor
outcomes.!'3?! In a subsequent study, Steinbach and
colleagues™¥ reviewed an additional 60 patients
who received amphotericin B plus flucytosine from
1990 to 2001, all of whom received at least 14 days
of therapy."** The combined analysis of 123 patients
demonstrated overall improvement in 84 (68%) and
death in 36 (29%) patients.[**! The only prospective,
randomised trial of combination therapy for inva-
sive aspergillosis to date compared amphotericin B
plus flucytosine (nine patients) with amphotericin B
alone (nine patients).['?*] The study was terminated
early because of poor response in both arms. There
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was no significant difference in outcome in this
small trial but the trial was not adequately powered
to detect a difference.

Rifampicin has no intrinsic antifungal therapy
when used alone, but the combination of amphoter-
icin B plus rifampicin has shown synergy in vitro
against A. fumigatus and A. flavus.['"1%4 Results of
animal models have been less convincing but have
ranged from synergistic activity to indiffer-
ence.[1121 This combination in patients has been
used relatively little over the past decade, probably
because of issues with drug interactions due to in-
duction of the CYP enzyme system. In a recent
review, among 27 patients who received amphoter-
icin B plus rifampicin for at least 14 days, improve-
ment was seen in 18 (67%) of 24 patients, with 9
(33.3%) deaths;P4 however, a meaningful conclu-
sion cannot be determined because no clinical com-
parison exists against other single or combination
regimens.

With the introduction of the itraconazole in 1992,
an alternative therapy for aspergillosis became
available.!'??l Because of its different mechanism of
action (inhibition of ergosterol synthesis), combina-
tion therapy with amphotericin B and itraconazole
was examined. Concern for antagonism notwith-
standing, combination therapy with amphotericin B
plus itraconazole has been reported in several case
series.[123125:129.1321 [ 4 recent multicentre review of
the treatment and outcomes of invasive aspergillosis
among 595 patients,!'”’! the combination of
amphotericin B and itraconazole was used in 19
(3.2%) patients, but outcomes among this group
were not specified. The only study to suggest benefit
for this combination was a 3-year retrospective com-
parative series reported by Popp and colleagues,!'>!
which included 11 patients who received amphoter-
icin B plus itraconazole compared with 10 patients
who received amphotericin B alone. Improvement
was seen in 89% of patients who received combina-
tion therapy and 50% of patients who received
monotherapy. In addition, survival among patients
who received combination therapy was improved.
Importantly, no clinical antagonism was evident.
However, these data must be interpreted with cau-
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tion as the small number of patients does not allow
for meaningful conclusions.['>S In contrast, in a 4-
year retrospective review of 67 patients with defini-
tive invasive aspergillosis at the MD Anderson Can-
cer Center (Houston, TX, USA), Hachem and col-
leagues!'33! found that combination of amphotericin
B formulations plus oral itraconazole resulted in no
improved outcomes compared with amphotericin B
monotherapy. In this study, the failure rate was
approximately 85%. In the review of cases by Stein-
bach and colleagues,® 41 patients received
amphotericin B plus itraconazole. Of these patients,
improvement was seen in 20 (49%) and <50% sur-
vived. Because of potential for antagonism and lack
of clinical data supporting synergy, the combination
of amphotericin B and itraconazole has become less
attractive to further investigation.

There are only a small number of clinical reports
of combination therapy with extended-spectrum tri-
azoles and echinocandins for invasive aspergillo-
sis.[126-128134] The combination of amphotericin B
preparations with echinocandins has been studied in
several small series.[126:127:1341  AJiff and col-
leagues!!?%! treated 30 patients with amphotericin B-
refractory fungal infections with the combination of
amphotericin B (1 mg/kg/day or liposomal ampho-
tericin B 3-5 mg/kg/day) plus caspofungin (70mg
on day 1, followed by 50 mg/day), including 26
(87%) with acute leukaemia.l'?®! The majority of
patients had ‘possible’ fungal infections based on
recent criteria'*¥ and the causative agent in most
cases was Aspergillus spp. There was a favourable
response among 18 (60%) of 30 patients who re-
ceived combination therapy and 66% survived to
time of discharge. The authors concluded that com-
bination antifungal therapy could be safely adminis-
tered to the high-risk patients with haematological
malignancies; however, the lack of a comparative
monotherapy group makes interpretation of results
difficult. O’Connor and colleagues!'3*! retrospec-
tively evaluated a cohort of 36 immunocompromis-
ed patients who received combination therapy with
an amphotericin B formulation plus caspofungin or
micafungin, comparing them with a group who re-
ceived monotherapy with an amphotericin B formu-
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lation for proven or probable invasive aspergillosis.
Patients who received combination therapy exper-
ienced increased survival (32.8% vs 15.4%) but this
difference was not statistically significant
(p=0.43). No severe toxicity was seen in either
group. Kontoyiannis and colleagues!'?” recently de-
scribed 48 patients with haematological malignan-
cies who received combination therapy with li-
posomal amphotericin B (5 mg/kg/day) plus cas-
pofungin (70mg loading dose on day 1 followed by a
50mg daily dose) for invasive aspergillosis.['?7]
Most received combination therapy for disease re-
fractory to amphotericin B but 17 (35%) received
the combination as primary therapy. Patients were
evaluable for outcome if they received at least 7
days of combination therapy. The overall response
rate was 42% and no significant toxic effects were
seen. Response rates were higher among patients
who received primary combination therapy (53%)
compared with salvage therapy (35%), but were not
statistically significant.!'?]

Marr and colleagues!'?® recently reported their
experience with voriconazole plus caspofungin
combination therapy for aspergillosis among pa-
tients who received haematopoietic stem cell trans-
plants. They evaluated patients with proven or prob-
able disease who had failed initial therapy with
amphotericin B formulation and had received either
voriconazole (31 patients) or voriconazole plus cas-
pofungin (16 patients) as salvage therapy.!'*8! Dos-
ages administered were voriconazole 6 mg/kg fol-
lowed by 4 mg/kg twice daily, and caspofungin
70mg on day 1 followed by 50 mg/day. The study
was not randomised and the main outcome measure
studied was survival rate at 3 months after diagnosis.
The survival rate at 3 months after diagnosis was
higher in patients who received combination therapy
(p = 0.048); moreover, the probability of death due
to aspergillosis (after excluding patients who died of
relapsing leukaemia) was lower in patients who
received combination therapy (p = 0.024). The safe-
ty of the two salvage regimens, assessed by labora-
tory parameters of hepatic and renal function, did
not significantly differ between the two groups.!'?8!
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These recent studies using extended-spectrum
triazoles, amphotericin B and echinocandins in vari-
ous combinations for aspergillosis are important in
that antagonistic clinical responses were not ob-
served. Because most of these studies are retrospec-
tive, underlying biases exist and responses with
combination therapy must be interpreted with cau-
tion. Importantly, these studies suggest that combi-
nation therapies are relatively safe, but the impact of
drug interactions and healthcare costs associated
with combination antifungal therapy have not been
fully elucidated. Considering the in vitro, in vivo and
available clinical data for amphotericin B plus echi-
nocandins and triazoles plus echinocandins, there is
potential to examine these important clinical re-
search questions.

7. Conclusions and Future Directions

In the last several years there are few areas in
anti-infective therapeutics that have engendered as
much interest as combination antifungal therapy.
The availability of newer agents with unique anti-
fungal spectra and mechanisms of action has created
enormous research opportunities coupled with sig-
nificant challenges. Most current interest is focused
on invasive aspergillosis and other emerging fungi
such as zygomycosis, scedosporiosis and fusariosis.
These infections have in common that they have
substantial associated morbidity and mortality, oc-
cur largely among immunocompromised hosts and
are relatively resistant to existing antifungal therapy.
The successful study of these emerging disorders
will depend on sound fundamental in vitro and in
vivo data, but also on innovative approaches to the
clinical evaluation of therapy. Large, well powered
clinical trials are very unlikely among these less
common fungal infections. The study of combina-
tion therapy for invasive aspergillosis is possible,
but will require a collaborative international effort
and substantial support from both pharmaceutical
companies and governmental agencies.

Presently, there are plans to conduct a major
international trial of combination therapy with an
extended-spectrum triazole and an echinocandin for
treatment of invasive aspergillosis. This study
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would be conducted by the National Institutes of
Health-sponsored Bacteriology and Mycology
Study Group (BAMSG), but details of this study are
unavailable at this time. Another combination study
that is being conducted by the BAMSG involves the
combination of amphotericin B and higher-dose
fluconazole for the initial therapy of cryptococcal
meningitis among patients with AIDS. This study is
important in that flucytosine is unavailable in most
of the world, it is difficult to administer and monitor,
and fluconazole is almost universally available
throughout most of the developing world. The study
is being conducted in the US and Thailand. Because
of the availability of the echinocandins, there is
much less interest in developing combination ther-
apy for invasive candidiasis.
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