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Invasive aspergillosis: adjunctive combination therapy
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Abstract: Invasive aspergillosis remains a serious opportunistic fungal infection particularly in patients with a reduced
immune defense such as those with hematological malignancies or transplant recipients. The mortality of invasive
infections due to Aspergillus spp. is still high. The main reasons for this are the difficulty in diagnosing of these infections
and the limited efficacy of antifungal agents. There is no optimal therapy for invasive aspergillosis, and therefore many
clinicians have attempted to utilize a combination approach to improve outcomes. The current antifungal classes of drugs
targeting the cell wall and cell membrane may need adjunctive agents focused on separate cellular pathways that can be
used in combination therapy to maximize the efficacy, a valuable alternative to the monotherapy. The endeavor of this
article is to review the literature on combination therapy by using adjunctive agents against Aspergillus spp and assess its

eventual usability in the treatment of invasive aspergillosis.
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INTRODUCTION

The number of invasive fungal disease has dramatically
increased over the past few decades corresponding to the
rising number of immunocompromised patients. The clinical
consequences of antifungal resistance & poor host functions
are evident in treatment failures as well as in the changing
prevalence of fungi. The aspergillosis related mortality in
acute myeloid leukemia is 30-40 % [1] & number of patients
with aspergillosis in the US ranges from 0.5% (after
autologous hematopoietic stem cell transplantation) to 3.9%
(after transplantation from an unrelated donor). In these
patients after diagnosis of aspergillosis within three months
mortality was 53.8% in autologous transplant recipients and
84.6% in those with unrelated donor transplants [2]
According to the most recent data from the US, annual
mortality rate from invasive aspergillosis (IA) was 25% [3].
This shows that there is improvement but the risk of fungal
infection after transplantion is multifactorial. Literature
describing antifungals used to prevent IA after transplant is
scarce [4].

This shows that our current antifungal armamentarium is
not adequate. Moreover, the development of antifungal drugs
has lagged far behind that of antibacterial agents. Fungi are
eukaryotes and despite the presence of a cell wall, fungi are
more similar to mammalian cells on cellular level than to
bacteria. Additionally, fungi replicate more slowly than
bacteria and are often difficult to quantify, particularly for
moulds, which complicates efficacy assessments. Currently
drugs used for systemic therapy of invasive mycoses have
three main targets: the polyenes and azoles target the cell
membrane, the antimetabolite 5-fluorocytosine interferes
with DNA and RNA synthesis and echinocandins affect the
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cell wall. In January 2001, the echinocandins (Caspofungin)
became the first semisynthetic antifungal natural product to
be approved since polyene was approved forty years earlier,
and in 2005 micafungin (Mycamine, Astellas) became
second and in 2006  Anidulafungin (VER-002,
V-echinocandin, LY303366, Vicuron Pharmaceuticals)
became third FDA approved echinocandin. The other class
azole (except Voriconazole (2002) & Posaconazole (2006),
allylamine & antimetabolite were present prior to 2001.

The new antifungal class echinocandin and some other
drugs (adjunctive agents — exhibit inhibitory effect on
pathogen except fungi) can increase the permutations of
combination therapies for IA. Combination therapies for IA
seem plausible to optimize the therapy. There are several
foreseeable advantages of combination therapy like widened
spectrum, potency of drug therapy, lowering the dose of
toxic drugs, synergy and reduced risk of antifungal
resistance. Utilizing the agents with different mechanism of
action is hallmark in current medical therapies, but of course
one has to be cautious as they may be antagonistic or
clinically indifferent with additive side effects. It cannot be
simply assumed that the use of two or more effective drugs
with different mechanisms of action will produce an
improved outcome, but the current antifungal approach is
clearly not optimal as patients continue to die from IA.

Fractional inhibitory concentration (FIC) index (FICI) is
most frequently used to define in-vitro drug interaction-
synergy (SYN), antagonism, indifference (IND). SYN is a
phenomenon in which two different compounds are
combined to enhance their individual activity where as if
combination results to a worsening effect is called as
antagonistic and the effect which is less than synergistic but
not antagonistic termed as indifference the Loewe additivity
[5]. FICI= 1 (IND can be declared), FICI < 0.5 (SYN can be
declared) and FICI > 4 (Antagonism) [6]. Some times
researcher used Abbott formula [IR= Interaction ratio,
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IR= 0.5-1.5 (Additive can be declared), IR>1.5 (synergism
can be declared), IR<1.5 (antagonism can be declared)] [7]
and isobolographic analysis to define drug interaction.

Isobolographic Analysis

Isobolographic analysis has previously been applied
for the pharmacodynamic study of several classes of
non-antimicrobial agents, including antineoplastic,
cardiovascular, antiepileptic, analgesic, and anti-inflammatory
compounds. Recently, it has been applied in studying
pharmacodynamic interactions between azoles and polyenes.
It may be a more sensitive method to determine in-vitro
pharmacodynamic interactions between antifungal and non-
antifungal agents. This analysis is based on the Loewe
additivity (no-interaction) theory; for details see [8].

While the FICI and its variants have long been employed
to depict the characteristics of antimicrobial drug
combinations, these approaches have had a number of
limitations that have been well described by others [9].
Applying these ideas to in vivo and clinical investigations of
combination antifungal therapy is especially difficult, and no
standards for interpretation of these data have been
recommended to date. Analysis and comparison of results
across in vivo and clinical studies require careful
consideration of the nature of pathogen, host, host immune
status, study design and study endpoints, for details see [10].
The drugs target on separate cellular pathways may increase
the efficacy of “classic drugs”. The in-vitro investigations
comprise the bulk of literature on this topic. Therefore, this
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review mainly summarizes in-vitro study of adjunctive
combination therapy against IA along with a brief account of
clinical data.

ADJUNCTIVE AGENTS: COMBINATION THERAPY

The term “adjunctive agents” is taken to include a variety
of compounds that are employed in the management of
pathological conditions of non fungal infectious etiology but
have been shown to exhibit broad-spectrum antifungal
activity. Since fungi are eukaryotic cells consequently they
share many pathways with human cells and thus increasing
the probability of antifungal activity of adjunctive agents.
These adjunctive agents include calcineurin inhibitor, Hsp90
inhibtor, chelating compounds, antiarrythmic drugs,
antibacterial drugs, immune therapies [Colony stimulating
factors (CSF), INF y monoclonal antibody (Mab)] & other
compounds. The potential of these agents for treatment of
fungal infections had investigated intermittently alone or in
combination with “classic antifungal drugs”. At this juncture
a list of adjunctive agents which show antifungal activity
alone and in combination against Aspergillus spp. is given in
Table 1.

Calcineurin Inhibitor

Calcineurin plays an important role in fungal
morphogenesis and virulence, as it is involved in regulation
of cell wall biosynthesis, translocation of transcription
factors, cell cycle progression, hyphae elongation, cation
homeostasis and plays an essential role in the regulation of
the intracellular Ca®" concentration. It is highly conserved

Table 1.  Antifungal Activity of Adjunctive agents against Aspergillus spp.
Drug/Effect in Combination
Drugs MIC (ug ml™) References
Drug Effect
AMD 16 1TZ SYN, ADD [20]
NIF 15 1TZ SYN, ADD [20]
Sulfa drugs 64-256 - [22]
Rifampicin >1000 AmpB SYN [24]
Glycopeptides - Echinocandin SYN [25]
FK506 (TcS) 1.56 CAS, VCZ SYN, IND [15]
CsA 6.25 CAS, VCZ SYN, IND [15]
Defrasirox 25 Liposomal AmpB SYN [28]
Deferiprone 1.29+0.2 mM FLZ , AmpB SYN [29]
Lactoferrin 105+9nM Amphotericin B SYN [29]
EDTA - LAmpB SYN (murine model) [33]
Ibuprofen >1000 1TZ, VCZ, AmpB IND [34]
Gs- CSF - POS SYN [59]
MAD A9 400 - (murine model) [62]
Statin, FLV 2 AmpB ADD [7]
Statin ATO 64 AmpB ADD [7]
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Ca’" - calmodulin activated (Serine/ threonine) protein
phosphatase that is important in mediating cell stress
responses. It is a heterodimer composed of a catalytic A and
regulatory B subunit. The activation of phosphatase function
of catalytic subunit requires an association between the two
subunits. Following mobilization of internal calcium stores
or an influx of Ca™" from outside of the cell, the catalytic
subunit bound by Ca®’ - calmodulin, freeing the active site
from occlusion by a now displaced autoinhibitory domain
[11]. The calcineurin signaling pathway is well established
in Saccharomyces cerevisiae but in A.fumigatus is not fully
understood (Fig. 1).

Cyclosporine A (CsA) (Fig. 2B) and tacrolimus
(TcS, FK506) (Fig. 2A) were originally developed for their
antifungal  activity  but later found to  have
immunosuppressive activity, the amino acids MeBmt ((4R)-
4-[(E)-2-butenyl]-4,N-dimethyl-L threonine), Abu
(2-Aminobutyric acid), Ser, and MeVal are essential for the
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immunosuppression. These immunosuppressants have
revolutionized modern transplantation but their role as
potential antifungals is, only beginning to understand. The
target of these drugs is calcineurin. The activity of both these
calcineurin  inhibitors  requires cis-trans  isomerase
immunophilins; CsA binds to cyclophilin A and TcS binds to
FKBP [12]. In order to decrease the immunosuppressive
activity of these compounds, many investigators produced
CsA and TcS analogues that exhibited antifungal activity
without the immunosuppressive action. In a model of
invasive aspergillosis, survival was significantly prolonged
using TcS or sirolimus compared to CsA. Histological
examination revealed widely disseminated Aspergillus
hyphae in the brains of CsA-treated mice, whereas the brains
of TcS treated mice showed an almost total absence of
hyphae. A previous in-vitro disk diffusion study showed that
TcS and sirolimus possessed activity against A. fumigatus
[13]. The in-vitro combination study of an antifungal and
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Fig. (1). A, Calcineurin signaling pathway in A. fumigatus. Catalytic subunit (CnaA/CalA) bind to regulating subunit (CnbA*) and to
calmodulin (CamA*)-Ca®" complex which then dephosphorylates Zinc finger transcription factor. *Components not yet described so
arbitrary gene descriptions given to them; B, Role of Hsp90 inhibitor — Left side shows Hsp90 stabilizes the calcineurin helpful for fungal
cell to survive under stress, Right side shows compromising of Hsp90 function attenuates calcineurin function.
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immunosuppressant used with Aspergillus spp. utilized disk
diffusion assays and found that 1 pg of caspofugin (CAS)
combined with 1 pg of L-685,818 yielded enhanced activity
against 8 of 11 clinical A. fumigatus isolates [14]. Recently
Steinbach etal., studied the in-vitro interaction between
antifungal and immunosuppressant drugs and describe the
synergistic and additive effect between the drugs; CAS alone
fungistatic but with FK506 showed fungicidal activity [15].

Hsp 90 Inhibitor

Hsp90 is a molecular chaperone that is induced by stress
in eukaryotes and regulates the folding, transport of client
proteins and influence evolution by releasing previously
silent genetic variation in response to environmental change.
The molecular chaperon Hsp90 facilitates the emergence and
maintenance of fungal drug resistance. The key mediator
Hsp90-dependent azole resistance is calcineurin [11], an
Hsp90 client protein. Hsp90 binds the catalytic subunit of
calcineurin and keeps it poised for activation. Calcineurin
activation is required for tolerance of a myriad of
environmental stresses, including the membrane stress
exerted by azoles [16]. By chaperoning calcineurin, Hsp90
regulates membrane stress responses that are crucial for cells
to survive in presence of azoles (Fig. 2). Hsp90 inhibitors
analogues of geldanamycin (GdA) (Fig. 2C) enhance the
efficacy of echinocandin CAS and also enhance the efficacy
of voriconazole (VCZ) against A.fumigatus. In a wax moth
larvae model, combination therapy with GdA + CAS
improved survival of the otherwise lethal infection treated
with either monotherapy [17]. Hsp90 inhibitors are in
currently in phase II clinical trials as anticancer agents and
calcineurin inhibitors are widely wused deployed as
immunosuppressant. Hsp90 and calcineurin are highly
conserved regulators of cell signaling in eukaryotes,
identifying fungus — specific components of this cellular
circuitry with a global impact on drug resistance and
virulence would provide novel therapeutic targets.

Antiarrhythmic Drugs

Calcium and its binding protein calmodulin are known to
modulate the proliferation, differentiation and metabolism of
a variety of cell types. Calcium channel antagonists
influence the calmodulin system. The concentration of free
intracellular calcium can be increased in eukaryotic cells by
opening the voltage-dependent calcium channels (VDCC),
allowing extracellular Ca®" to enter the cell. Several
chemically distinct classes of organic compounds share the
ability to inhibit calcium influx by blocking the calcium
channels. These channels are present in yeasts and moulds
and therefore are a potential target for new antifungal
compounds. Antiarrythmic drugs were reported to cause
disruption of calcium homeostasis which has been involved
in the antifungal activity. It was hypothesized that the
electrophysiological and pharmacokinetic properties of these
drugs are closely related to the size and branching of the
ester group, lipophilic character of the molecule or
substituents. In calcium channel blockers, however, the
dominant effect is seen to be of steric factors. The steric
roles may be essential in drug-receptor interactions, which
seem to involve both hydrophobic, and to a lesser extent,
electronic interactions [18].
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The antiarrythmic drugs Amiodarone (AMD) (Fig. 2D)
and Nifedipine (NIF) (Fig. 2E) alone or in combination with
Itraconazole (ITZ) were tested against different strains of
Aspergillus  fumigatus. These drugs in combination
potentiate the activity of ITZ data shown in Table 1 [19, 20].
Intracellular free calcium ions are thought to be an important
second messenger for many neutrophil functions, including
phagocytosis, so calcium blockers that have antifungal action
may also block the killing activity of human monocytes,
thereby limiting the potential use for treating invasive fungal
infection.

Antibacterial Drugs

Antibacterial drugs such us sulpadrugs, rifampicin (Rif),
glycopeptides and ciprofloxacin were studied alone or in
combination with polyenes or azoles. Sulpha drugs have
been used for antimicrobial chemotherapy since their
discovery in 1932; require a basic amino group that should
be free to conjugate with sulfamyl group. Introducing an
electron withdrawing on the ring increased the antimicrobial
activity remarkably [21]. These drugs play their role by
interfering the folic acid synthesis. The sulfa drugs
sulfamonomethoxine & dimethoxine, sulfadiazine,
sulfisoxazole, sulfaphenazole were tested alone against
Aspergillus spp. showed activity from 64-256pg/ml but there
was no data available about their use in combination [22].

Ciprofloxacin has no intrinsic antifungal activity but it
may interact with antifungal agents as it inhibits DNA gyrase
(topoisomerase II), abundant in fungi. It was first patented in
1983 by Bayer A.G. The link between the carboxylic acid
group and the keto group is generally considered necessary
for binding of these drugs to DNA gyrase. The conventional
fractional inhibitory concentration index analysis was unable
to detect interactions between ciprofloxacin and antifungal
agents. However, isobolographic analysis revealed
significant ~ pharmacodynamic  interactions  between
antifungal agents (AmpB, VCZ, CAS) and ciprofloxacin
against A. fumigatus strains [8].

Rifampicin is a macrocyclic antibiotic produced by
Streptomyces mediterranei. A large number of Rif
derivatives have been investigated for antimicrobial activity.
The modifications that alter the conformation of the ansa
bridge reduce activity. Other structural features of the
antibiotic that is particularly critical for activity include the
napthol ring with oxygen atom and unsubstituted hydroxyls.
Most Rif modifications that retain activity involve
substitutions at C3 the napthol ring, which have only
modulatory effects on in-vitro activity [23]. Single drug does
not produce any effect on fungal growth but in combination
with AmpB synergistic interaction was observed against
yeasts and dimorphic fungi Aspergillus spp. in-vitro [24].

A novel combination therapy has been disclosed in a
patent [25]. The invention describes the administration of an
echinocandin in combination with a glycopeptide for
invasive mycoses. Glycopeptides are antibacterial drugs,
with vancomycin and teicoplanin being the main clinically
used agents. The author details reveal surprising fact that the
efficacy of an echinocandin can be significantly improved
when coadministered with a glycopeptide having a
substituent comprising at least about 8 carbon atoms
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(FIC against Aspergillus spp. ranging from 0.16 to
0.31pg/ml). One has to cautious about the side effects of
glycopeptides such as the emergence of vancomycin-
resistant strains of enterococci (VRE) while dealing with
them.

OTHER COMPOUNDS
Statin

They are inhibitors of HMG-CoA reductase to lower the
cholesterol level. The in-vitro interactions between polyene
antifungal drugs and different statins were evaluated using a
standard chequerboard broth microdilution method. The
statin PRA (Provastatin) (Fig. 3A), FLV (fluvastatin)
(Fig. 3B) and ATO (Atorvastatin) (Fig. 3C) were combined
with Amp B against Aspergillus spp. Most of the detected
interactions were additive. These interactions were observed
by using Abbott formula [7], data shown in Table 1.

Chelating Compounds

Chelating agents have been shown to have antifungal
activity in-vitro [26]; they are involved in chelation of
cations like iron - required for growth of fungus and calcium
- activation of calcineurin which is required for
morphogenesis or fungus virulence and thereby potentiate
the activity of the ampB-based antifungal regimen.
Laboratory studies also demonstrate that iron acquisition is
essential for the growth and virulence of Aspergillus. Most
recently it has been reported that an increased bone marrow
iron level was an independent risk factor for developing IPA

HO COONa
OH

HO

Provastatin  (A)

ONa
/ OH

)

Atorvastatin  (C)

g
LY

Ruhil et al.

(Invasive Pulmonary Aspergillosis) in high-risk patients.
Therefore, chelating host iron with an appropriate agent
might improve the outcome of IPA [27].

Deferasirox (Fig. 3D) is the first orally available iron
chelator approved by the FDA, with an indication for the
treatment of transfusion related iron overload. It has been
found that deferasirox is highly active against Aspergillus,
has a significant efficacy alone as well as in combination
therapy with lipid polyenes for the treatment of IPA [28].
Antifungal effects of other iron chelators (lactoferrin,
deferoxamine and deferiprone) were tested alone and in
combination with antifungal drugs against Aspergillus
fumigatus B5233 conidia. Lactoferrin and deferiprone
inhibited whereas deferoxamine enhanced fungal growth.
Antifungal synergy against conidia was observed for
combinations of KTZ with deferiprone, lactoferrin with
AmpB, and fluconazole (FLZ) with deferiprone [29]. The
other chelator, such as EDTA is a well known chelator
which has shown to have antifungal activity in-vitro [26]. As
much literature has written on its synergistic or potentiating
action with common preservatives, antibiotics and cationic
surfactants [30-32]. Recently EDTA has found to act as an
adjunct antifungal agent for IPA in a rodent model with
combination of ABLC [33].

Ibuprofen

Ibuprofen (IBU) a propionic acid derivative is a non-
steroidal anti-inflammatory drug widely used in clinical
practice. The analgesic, anti-inflammatory, and antipyretic
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Fig. (3). Structure of Other Compounds used in Combination A, B, C Stain; D, Chelating Compound (Deferasirox).
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action of IBU is believed to be the result of its ability to
block the cycle-oxygenase (COX) enzyme system, thus
inhibiting the synthesis of prostaglandins from the precursor,
arachidonic acid. It exhibited weak fungal activity alone and
in combination with ITZ and VCZ [34].

DRUG INTERACTION

Metabolic drug interactions between drugs represent a
major concern for the pharmaceutical industry, for regulatory
agencies and clinically for health care professionals and their
patients. Therefore, drug interactions between antifungal and
adjunctive agents are of interest to be taken in to account.

Azole drugs are well known for their numerous drug-
drug interactions which are revealed by several studies [35].
They serve as inhibitors of several CYP 450 isoenzymes
(Fig. 4) (plays a dominant role in the biotransformation of a
vast number of structurally diverse drugs) to a varied extent
[36], which may contribute to significant drug interactions
(Table 2). The nuclear receptor, pregnane X receptor (PXR;
NR112) is key transcriptional regulator of drug-metabolizing
enzymes, including CYP3A4. In its active form, PXR is in
complex with heterodimerization partner retinoid X receptor
alpha (RXRa; NR2B1) [42] and with several coactivators,
such as steroid receptor co-activator 1 (SRC-1) and
hepatocyte nuclear factor 4 alpha (HNF4a) [43]. It has been
found that KTZ disrupted the interaction between PXR and
SRC-1 [44] & the interaction of PXR with HNF4a might be
involved in KTZ-mediated inhibition of CYP3A4 gene
expression [45]. The additive and antagonistic interactions of
azoles with rifampicin on PXR transcriptional activity and
CYP3A4 expression was reported [46]. It was observed that
KTZ suppressed rifampicin-mediated CYP3A4
transactivation and SRC-1 recruitment to PXR, which is in

Mini-Reviews in Medicinal Chemistry, 2012, Vol. 12, No. 12 1267

accordance with data from other authors [44]. In addition,
KTZ diminished interaction of rifampicin with PXR ligand
binding domain.

The role of Glucocorticoid receptor (GR) in the
regulation of drug-metabolizing cytochromes P450 is very
complex, comprising several mechanisms. Apart from
regulating the regulatory proteins (PXR, CAR, RXRs etc.),
GR is involved in direct (cis) and indirect (trans)
transcriptional regulation of P450s [47]. For instance,
functional GR response elements were identified in
promoters of human CYP2C8 [48], CYP2C19 [49] genes.
Trans-regulation of human CYP2AG6 [50] and CYP3A4 [51]
by GR, was demonstrated, involving HNF4a in the process.
Therefore, antagonism of GR by KTZ and miconazole
results in down-regulation of cytochromes P450.

It has already been shown that tacrolimus bioavailability
almost doubles when co administrated with KTZ [52].
Antifungal agents are known to inhibit cytochrome P450
3A4/5 (CYP3A4/5) enzymes. CYP3A4/5 is also involved in
the metabolism of cyclosporine, tacrolimus, and sirolimus.
Preliminary observations indicate that voriconazole at a dose
of 200 mg twice a day increases the trough concentrations of
cyclosporine in blood of transplant patients. It has been
found that voriconazole inhibit the metabolism of tacrolimus
by 50% at 10.4 +4.3 pg/ml [53].

The antiarrythmic drugs are (AMD and verapamil)
inhibitors and substrate for CYP344, CYP2C9 (involves in
metabolism of drugs) and P-glycoprotein (involves in
excretion of drugs) [54]. Therefore theoretically it might
seems that combination of non- antifungal drugs with
“classic” antifungal agents might improve outcome but very
little is documented about drug—drug interactions, only
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Fig. (4). Role of Azole in drug-drug interaction through inhibition of metabolizing enzyme & receptor, (1)-KTZ & Miconazole are inhibitors
of GR; (2) — KTZ disrupts interaction between HNFa & PXR, Srcl & PXR; (3) — ITZ promotes interaction between Srcl & PXR; (4) — KTZ
binds to PXr in ligands binding domain; (5) — KTZ, ITZ FLZ inhibit catalytic activity of CYP3A4; (6) — KTZ, FLZ, Miconazole,

Oxiconazole inhibit/potentates PXR — mediated interaction of CYP3A4.
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Table2. Selected Drug-Drug Interactions with Azole agents
Drugs Fluconazole (FLZ) Itraconazole (ITZ) Voriconazole (VCZ) Posaconazole References
.. . . CSA level increased in
Low-dose FLZ has minimal CSA AUC levels increased CSA levels increased 70%. K
Rk K . . cardiac transplant
CsA effect; higher dosing 50-80%. Monitor and Monitor and reduce CSA . . N [37]
i CSA reduce CSA dose by 50%. | dose by 50% recipients.Consider 30%
increases .
Y Y dose reduction of CSA
Large increase in sirolimus
Siroli levels seen by day 3 after Single dose sirolimus in Single VCZ dose leads to 7- | Not documented. Increase 37.38]
irolimus s
initiation of FLZ; consider patients on KTZ increased . fold increase in sirolimus in sirolimus levels likely.
50-75% sirolimus
. FK506 level increased with . Single dose study: 358%
X FLZ doses increase FK506 . FK506 AUC triples; reduce . . .
Tacrolimus ) ) ITZ. FK506 increased 88% . increase AUC; consider 39,40
(FK506) Cons@er 50% dosef when both drugs IV: reduce tacrolhmus dose to 1/3 and dose reduction and monitor [39, 40]
reduction of tacrolimus. . monitor levels
tacrolimus 50% . levels
Not d ted. I d
'(f) dIO?umlen el flerease Increased nifedipine levels Not documented. Increased
NIF ntiedipine evels likely. Monitor for nifedipine levels likely. Not documented [37]
theoretically possible. . . :
. . hypotension Monitor for hypotension
Monitor for hypotension
Statin Conc. Increase Conc. Increase Conc Increase Conc. Increase [41]

interactions of azoles with non-antifungal are very much
talked about as these are one of the most frequently used
drugs in human pharmacotherapy.

ADJUNCTIVE
THERAPIES

COMBINATION IMMUNE

Antifungal therapy is often ineffective in setting of
immune suppression but intends to enhance immune
function. Hence, immunotherapy is a rational approach in
treating fungal infections. The immunomodulators (CSFs,
INF v) and MAD (adjunctive agents) can be used alone and
in combination with “Classic antifungal drugs”.

Colony-Stimulating Factors

CSFs regulate leukocyte maturation from bone marrow
progenitor cells. Three types of recombinant human CSFs
are available: granulocyte CSF (G-CSF), granulocyte
macrophage CSF (GM-CSF), and macrophage CSF
(M-CSF); for reviews, see [55]. Immunocompromised
patients receive therapy with immunomodulator granulocyte
colony stimulating factor (G-CSF) to boost host defence
against inhaled Aspergillus spp. It has been suggested that G-
CSF not only augments neutrophil activity but also improves
the effects of antifungal drugs [56]. So far aerosolized GM-
CSF has shown to be safe and well tolerated by patients in
studies of metastatic sarcomas of the lungs and in pulmonary
alveolar proteinosis. The intranasal granulocyte-macrophage
colony-stimulating factor given to immunosuppressed mice
infected with pulmonary aspergillosis resulted in reduction
of fungal growth. It can be a novel therapeutic approach for
the prevention pulmonary fungal infections [57].

Triazoles, including POS (Posaconazole), inhibit
lanosterol 14-o demethylase. The net result is a depletion of

ergosterol and the accumulation of methylated precursors in
the fungal membrane. These changes in membrane
composition may result in increased sensitivity to oxygen-
dependent immune mechanisms such as neutrophil attack.
The combination of POS and G-CSF offers the possibility of
direct inhibition of fungal growth, triazole-induced
susceptibility to  neutrophil-mediated  killing, and
enhancement of innate immunity by G-CSF. In vivo studies
using G-CSF-triazole combination therapy have reported
either a beneficial response or no significant difference [58]
in the survival of infected mice. Recently the combination of
G-CSF with POS has been studied and it has been found that
it does not substantially affect the antifungal efficacy of POS
in a murine model of invasive aspergillosis, with differences
observed in ranges similar to those of previous studies that
reported a lack of effect of G-CSF on triazole efficacy. They
also studied the route of infection may play major role in
susceptibility and response to therapy, an intranasal route of
infection with 4. fumigatus ND208. An interesting
difference was found in the clearance of A. fumigatus ND208
infection after intranasal or inhalation administration. This
finding may suggest possible differences in mechanisms and
efficiency of pathogen clearance following different routes
of infection. It is conceivable that the infectivity and
dissemination of Aspergillus may differ in the lungs
depending on whether the infective dose is administered in
solution or by aerosol, and as a result, the host response may
also be affected. Generally aerosolized infections result in
diffuse bronchopneumonia with even distribution and
replication primarily in lung tissue, whereas intranasal
administration often results in upper respiratory tract
infection. Thus, diffuse Aspergillus infection resulting from
aerosol administration may contribute to the increased
mortality and lung burden observed [59].
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IFN-y

IFN-y is a potent activator of macrophage function that
can enhance the antifungal activity of murine macrophages
against a number of fungal pathogens both in-vitro and in
vivo. The efficacy of IFN-y against human fungal infections
has not been extensively studied. However, there is sketchy
evidence suggesting that IFN-y can be useful adjunctive
therapy for the treatment of certain unusual fungal
infections. Synergy of IFN-y with antifungal agents against
A. fumigatus and Candida spp. has been demonstrated in-
vitro [60].

Monoclonal Antibody

The pathogenicity and virulence biological functions
reside in the fungal cell wall mediates the host-fungus
interplay [61]. This includes triggering and modulation of
host immune responses. The identification and
characterization of cell wall immunodominant proteins
eliciting potent immune responses during aspergillosis could
have important repercussions for developing novel
diagnostic and therapeutic techniques for aspergillosis. Due
to these reasons much effort has been focused on the
discovery of useful inhibitors of cell wall glucan, chitin, and
mannoprotein biosynthesis. In the absence of a wide-
spectrum, safe and potent antifungal agent, a new strategy
for antifungal therapy is directed towards the development of
MADbs. The efficacy of any particular MAb depends on
several variables such as the characteristics of the targeted
antigen, its function and its cell surface density as well as
characteristics of the MAb, including specificity, avidity and
isotype. MAbs have served as useful research tools and has
dramatically improved the specificity of immune procedures.
Some of applications of MAbs are immunochemical
characterization and purification of bacterial, fungal, or viral
antigens; localization of viral and fungal glycoproteins and
development of antibody and antigen detection assays. MAb
A9, which is IgG1 generated against cell wall glycoprotein
of A. fumigatus, showed promising results in-vitro as well as
in vivo. MAb A9 uniformly opsonized the cell surface and
was found to be protective in an experimental murine model
of invasive aspergillosis [62].

This is a brief of adjunctive therapies which have studied
alone and in combination with standard antifungal drugs
against A.fumigatus to maximize the efficacy of antifungal
therapy. Apart from above mentioned therapies there is a
new approach strived to fight against fungal infection i.e
Radioimmunotherapy (RIT).

RADIOIMMUNOTHERAPY

The utilization of radiolabelled monoclonal antibodies
for treatment of infectious disease is reported [63]. RIT is
well established as a treatment modality for cancer but there
is limited information about its use against infectious
disease. RIT depends on antibody-antigen interactions and
utilizes  antibodies  radiolabelled  with  therapeutic
radioisotopes to deliver lethal doses of radiation to target
cells. The radiolabeled peptides are promising nuclear
imaging agents because of their pharmacokinetic properties,
rapid binding and relatively low immunogenicity in early
diagnosis of fungal infection in IPA. The '''In-labeled c
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(CGGRLGPFC)-NH2 can selectively accumulate in infected
lungs; therefore it may facilitate diagnostic imaging of
A fumigatus infection. It could be labeled with '''In through
the DTPA (Diethylenetriamene pentaacetate) chelator with
high radiolabeling efficiency and high stability. Usin% an
established murine model of IPA [64] found that 'In-
DTPA-c (CGGRLGPFC)-NH2 was selectively localized to
lungs infected with A.fumigatus. The uptake of the
radiotracer in the lungs of the infected mice was more than
twice that in the lungs of the healthy mice. ¢
(CGGRLGPFC)-NH2 was found to reliably bind to surface
of A. fumigatus hyphae, binding may not have been specific
to the A. fumigatus, since it also binds to hyphae of other
Aspergillus species.

BRIEF REVIEW OF
COMBINATION THERAPY

CLINICAL DATA:

The clinical data till date with adjunctive agent is not
adequate. The range of data from synergy to antagonism
actually parallel the wide range of unproven treatment
practices used by clinicians today searching for the best care
for their patients. Only a few studies are available like
Denning and Stevens previously reviewed a total of 2,121
cases in 497 articles concerning clinical aspects of IA from
1966 to 1990 and revealed 89 clinical cases of combination
therapy in 54 articles: AmpB + /rifampin (26 cases) and
AmpB +/5-FC (63 cases). The largest analysis of
combination therapy for IA show three combination
regimens comprised the majority of reported clinical
experience, as many (49%) involved AmpB+/5-FC
(Fluorocytosine), while AmpB+/ITZ (17%) and AmpB + Rif
(11%) were less common [65, 66]. However, after including
the lipid formulations of AmpB, i.e. AmpB Lipid Complex
(ABLC), AmpB Colloidal Dispersion (ABCD), or
Liposomal AmpB (LAmpB), the frequency of those three
combinations increased from 77% to 89% of the total
number of combinations analyzed. In this study also only
one adjunctive agent is included i.e Rif. Same way clinical
experience with use of the CSFs to treat fungal infections is
limited, although there is growing anecdotal evidence that
they may alter the course of established fungal infection,
when used as adjuncts to antifungal therapy. A number of
reports suggest that G-CSF may be useful as adjunctive
therapy for certain fungal infections in combination with
AmpB; these include reports of 5 children with aspergillosis
[67], patients with fungemia in the setting of hematologic
malignancy [68]. A study of 29 patients with deep-seated
fungal infections following chemotherapy or bone marrow
transplantation reported that combined therapy with Amp B
and G-CSF was associated with an improved response rate
and greater cost-effectiveness [69]. Recently adjuvant
therapy with INF- y was added to the antifungal treatment in
3 neutropenic patients of pulmonary aspergillosis (one HIV
and 2 Non HIV patients), there has been increase in the
production of type —I cytokine & IL-4 which help in the
clearance of Aspergillus infection [70].

The current Infectious Disease Society of America
guidelines for treating IA [71] State that combination therapy
does have a potential role in therapy but the data is obviously
unclear.
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CONCLUSION AND FUTURE DIRECTIONS

Adjunctive Combination therapy is an attractive concept
for treating invasive mycoses but optimal regimens remains
unclear. There is much in-vitro data present but as we move
forward using of this systemic investigation there is a need
for more animal studies that take pharmacodynamics into
account. We must consider the potential risks, benefits of
these approaches and design these studies with utmost care.
Future attention towards issues like dose response, dose
selection, and drug- drug interaction is mandatory.
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ABBERIVATIONS

FIC = Fractional inhibitory concentration
FICI = Fractional inhibitory concentration index
MIC = Minimum Inhibitory Concentration
AMD = Amiodarone

NIF = Nifedipine

AmpB = Amphotericin B

Rif = Rifampicin

LAmpB = Liposomal Amphotericin B

ABLC = Amphotericin B lipid Complex
ITZ = Itraconazole

vCzZ = Voriconazole

KTz = Ketoconazole

FLZ = Fluconazole

CAS = Caspofungin

CsA = CyclosporineA

TcS = Tacrolimus

GdA = Geldanamycin A

IA = Invasive Aspergillosis

IPA = Invasive Pulmonary Aspergillosis
MAb = Monoclonal antibody

GS-CSF = Granulocyte Colony Stimulating Factor
SYN = Synergy

ADD = Additive

IND = Indifference

RIT = Radioimmunotherapy

Ruhil et al.

REFERENCES

[1] L. Pagano, M. Caira, A. Candoni, M. Offidani, B. Martino, G.
Specchia, D. Pastore, M. Stanzania, C. Cattaneo, R. Fanci, C.
Caramatti, F. Rossini, M. Luppi, L. Potenza, F. Ferrara, M. E.
Mitra, R. M. Fadda, R. Invernizzi, T. Aloisi, M. Picardi, A. Bonini,
A. Vacca, A. Chierichini, L. Melillo, C. de. Waure, L. Fianchi, M.
Riva, G. Leone, F. Aversa, A. Nosari. Invasive aspergillosis in
patients with acute myeloid leukemia: a SEIFEM-2008 registry
study. Haematology, 2010, 95 (4), 644-650.

[2] J. Morgan, K. A. Wannemuehler, K. A. Marr, S. Hadley, D. P.
Kontoyiannis, T. J. Walsh, S. K. Fridkin, P. G. Pappas, D. W.
warnock. Incidence of invasive aspergillosis following
hemaopoietic stem cell and solid organ transplantation: interim
results of a prospective multicentre surveillance program. Med
Mycol., 2005, 43(Suppl 1), 49-58.

[3] D. Kontoyiannis, K. Marr, B. Park etal. Prospective survelliance
for invasive fungal infection in hematopoietic stem cell transplant
recipients, 2001-2006: overview of the transplant-associted
infection survelliance network (TRANSENT) database. Clin.
Infect. Dis. 2010, 50, 1091-1100.

[4] E. Marino, J. C. Gallagher. Infectious diseases: prophylactic
antifungal agents wused after lung transplantation. Ann.
Pharmacother., 2010, 44, 546-556.

[5] M. Abele-Horn, A. Kopp, U. Sternberg efal. A randomized study
comparing fluconazole with amphotericin B/5-flucytosine for the
treatment of systemic Candida infections in intensive care patients.
Infection, 1996, 24, 426-432.

[6] G. M. Eliopoulos, R. C. Moellering. Antimicrobial combinations;
In: Antibiotics in laboratory medicine V. Lorian, 3" Ed. The
Williams & Wilkins Co.: Baltimore, Md. 1991, 432-492.

[7] I. Nyilasi, S. Kocsubé, L. Galgoczy, T. Papp, M. Pesti, C.Vagvolgyi.
Effect of different statins on the antifungal activity of polyene
antimycotics. Acta Biologica Szegediensis, 2010; 54 (1), 33-36.

[8] T. Stergiopoulou, J. Meletiadis, T. Sein P. Papaioannidou, I.
Tsiouris, E. Roilides, T.J. Walsh. Isobolographic analysis of
pharmacodynamic interactions between antifungal agents and
ciprofloxacin against Candida albicans and Aspergillus fumigatus.
Antimicrob Agents Chemother, 2008, 52(6), 2196-2024.

[9] R. E. Lewis, D. P. Kontoyiannis. 2001. Rationale for combination
antifungal therapy. Pharmacotherapy, 2001, 21,149-164.

[10] J. H. Rex, T. J. Walsh, M. Nettleman, E. J. Anaissie, J. E. Bennett, E. J.
Bow, A. J. Carillo-Munoz, P. Chavanet, G. A. Cloud, D. W. Denning,
B. E. de Pauw, J. E. Edwards, Jr., J. W. Hiemenz, C. A. Kauffman, G.
Lopez- Berestein, P. Martino, J. D. Sobel, D. A. Stevens, R. Sylvester,
J. Tollemar, C. Viscoli, M. A. Viviani, and T. Wu. Need for alternative
trial designs and evaluation strategies for therapeutic studies of invasive
mycoses. Clin. Infect. Dis., 2001, 33,95-106.

[11] D. Sanglard, F. Ischer, O. Marchetti, J. Entenza, J. Bille.
Calcineurin A of candida albicians: involvement in antifungal
tolerance, cell morphogenesis and virulence. Mol Microbiol., 2003,
48,959-976.

[12] M. Cristina cruz, M. Del poeta, P. Wang, R.wenger, G. Zenke, V.
F. J. Quesniaux, N. Rao movva, J. R. Perfect, M. E. Cardenas, and
J. Heitman. Immunosuppressive and nonimmunosuppressive
cyclosporine analogs are toxic to the opportunistic fungal pathogen
Cryptococcus neoformans via cyclophilin-dependent inhibition of
calcineurin. Antimicrob Agents Chemother., 2000, 44 (1), 143-149.

[13] K. P. High. The antimicrobial activities of cyclosporine, FK506,
and rapamycin. Transplantation, 1994, 57, 1689-1700.

[14] D. P. Kontoyiannis, R. E. Lewis, N. Osherov, N. D. Albert, G. S.
May. Combination of caspofungin with inhibitors of the calcineurin
pathway attenuates growth in vitro in Aspergillus species. J.
Antimicrob. Chemother., 2003, 51, 13-316.

[15] W. J. Steinbach, W. A. Schell, J. R. Blankenship, C. Onyewu. /n
vitro Interactions between antifungals and immunosuppressants
against Aspergillus fumigatus. Antimicrob Agents Chemotherm
2004, 1664-1669.

[16] L. E. Cowen, S. Lindquist. Hsp90 potentiates the rapid evolution of
new traits: drug resistance in diverse fungi. Science, 2005, 309,
2185-2189.

[17] L. E. Cowen, S. D. Singh, J. R. K. C. Collins. Harnessing Hsp90
function as a powerful broadly effective therapeutic strategy for
fungal infectiou disease. Proc. Natl. Acad. Sci. USA, 2009, 106,
2818-2823.

[18] S. P. Gupta. Quantitative structure-activity relationships of
antianginal drugs. Prog. Drug Res., 2001, 56, 121-154.



Invasive aspergillosis: adjunctive therapy

[19]

[22]

(23]

[35]

[36]

[37]

[38]

[39]

T. E. Morey, C. N. Seubert, M. J. Raatikainen, A. E. Martynyuk, P.
Druzgala, P. Miller, M. D. Gonzales, D. M. Dennis. Structure-
activity relationships and electrophysiological effects of short-
acting amiodarone homologs in guinea pig isolated heart. J
Pharmacol Exp Ther., 2001, 297(1), 260-266.

J. Afeltra, R. G. Vitale, J. W. Mouton, P. E. Verweij. Potent
synergistic in  Vitro interaction between nonantimicrobial
membrane-active compounds and itraconazole against clinical
isolates of Aspergillus fumigatus resistant to itraconazole.
Antimicrob. Agents Chemother., 2004, 48, 1335-1343.

J. M. Blaney, C. Hansch, C. Silipo, A. Vittoria. Structure-activity
relationships of dihydrofolated reductase inhibitors. Chem. Rev.
1984, 84 (4), 333-407.

A. Hanafy, J. Uno, H. Mitani, Y. Kang, Y. Mikami. /n vitro antifungal
activities of sulfa drugs against clinical isolates of Aspergillus and
Cryptococcus species. Jpn. J Med Mycol., 2007, 48, 47-50.

S. Nair, A. Goldfarb, S. A. Darst. Structural Mechanism for
Rifampicin Inhibition of Bacterial RNA Polymerase. Cell, 2001,
104,901-912.

C. E. Hughes, C. Harris, J. A. Moody, L. R. Peterson, D. N.
Gerding. In vitro activities of amphotericin B in combination with
four antifungal agents and rifampicin against Aspergillus spp.
Antimicrob Agents Chemother., 1984a, 25, 560-562.

K. Kaniga 2005: US20050026819A1.

A. 1. Sanchez-Fructuoso, J. Blanco, M. Cano. Experimental lead
nephropathy: treatment with calcium disodium
ethylenediaminetetraacetate. Am. J. Kidney Dis., 2002, 40, 59-67.
D. P. Kontoyiannis, G. Chamilos, R. E. Lewis. Increased bone
marrow iron stores is an independent risk factor for invasive
aspergillosis in patients with high-risk hematologic malignancies
and recipients of allogeneic hematopoietic stem cell
transplantation. Cancer, 2007, 110, 1303-1306.

A. S. Ibrahim, T. Gebremariam, S. W. French, J. E. Jr. Edwards, B.
Spellberg. The iron chelator deferasirox enhances liposomal
amphotericin B efficacy in treating murine invasive pulmonary
aspergillosis. J. Antimicrob. Chemother., 2009, DOI: 10.1093
/jac/dkp426

K. A. Zarember, A. R. Cruz, C. Y. Huang, J. I. Gallin. Antifungal
activities of natural and synthetic iron chelators alone and in
combination with azole and polyene antibiotics against Aspergillus
fumigatus. Antimicrob Agents Chemother., 2009, 53(6), 2654-2656.
R. Weiser, J. Wimpenny, A. W. Asscher. Synergistic effect of
edetic-acid/antibiotic combinations in Pseudomonas aeruginosa.
Lancet 1969, 619-620.

M. A. Sheikh, M. S. Parker. The influence of
ethylenediaminetetraacetic acid and phenylethanol upon the
fungistatic action of aminacrine hydrochloride. J. Pharm
Pharmacology, 1972, 24: 118.

J. R. Hart. Chelating agents as preservative potentiators. In:
Cosmetic and Drug Preservation: Principles and Practice Kabara,
J.J., NY: Marcell Dekker, 1984, 323-337.

R. Hachem, P. Bahna, H. Hanna, L. C. Stephens, 1. Raad. EDTA as
an adjunct antifungal agent for invasive pulmonary aspergillosis in
a rodent model. Antimicrob. Agents Chemother., 2006, 50 (5),
1823-1827.

L. Li-juan, C. Wei, X. Hui, W. Zhe, L. Ruo-yu, L. Wei. Antifungal
activity of ibuprofen against Aspergillus spp. and its interaction
with common antifungal drugs. Chinese Medical J., 2010, 123(19),
2701-2705.

K. A. Youdim, R. Lyons, L. Payne, B. C. Jones, K. Saunders. An
automated, high-throughput, 384 well Cytochrome P450 cocktail
IC50 assay using a rapid resolution LC-MS/MS end-point. J.
Pharm. Biomed. Anal. 2008, 48 (1), 92-99.

D. T. Wilson, R. H. Drew, J. R. Perfect. Antifungal therapy for
invasive fungal diseases in allogeneic stem cell transplant
recipients: an update. Mycopathologia, 2009, 168, 313-327.

P. O. Gubbins, J. R. Amsden. Drug-drug interactions of antifungal

agents and implications for patient care. Expert. Opin.
Pharmacother., 2005, 6, 2231-2243.
M. J. Cervelli. Fluconazole-sirolimus drug interaction.

Transplantation, 2002, 74, 1477-1478.

1. Buggia, M. Zecca, E. P. Alessandrino, F. Locatelli, G. Rosti, A.
Bosi et al. Ttraconazole can increase systemic exposure to busulfan
in patients given bone marrow transplantation. GITMO (Gruppo
Italiano Trapianto di Midollo Osseo). Anticancer Res., 1996, 16,
2083-2088.

[40]

[41]

[42]

[43]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[57]

Mini-Reviews in Medicinal Chemistry, 2012, Vol. 12, No. 12 1271

R. Manez, M. Martin, D. Raman, D. Silverman, A. Jain, V. Warty
et al. Fluconazole therapy in transplant recipients receiving FK506.
Transplantation, 1994, 57, 1521-1523.

A.L. Mazzu, K. C. Lasseter, E. C. Shamblen, V. Agarwal, J.
Lettieri, P. Sundaresen. Itraconazole alters the pharmacokinetics of
atorvastatin to a greater extent than either cerivastatin or
pravastatin. Clin. Pharmacol. Ther., 2000, 68, 391-400.

J. M. Pascussi, S. Gerbal-Chaloin, C. Duret, M. Daujat-Chavanieu,
M. J. Vilarem, P. Maurel. The tangle of nuclear receptors that
controls xenobiotic metabolism and transport: crosstalk and
consequences. Annu. Rev. Pharmacol. Toxicol., 2008, 48, 1-32.

R. Jover, M. Moya, M. J. Gomez-Lechon. 2009. Transcriptional
regulation of cytochrome p450 genes by the nuclear receptor
hepatocyte nuclear factor 4- alpha. Curr. Drug Metab., 2009, 10
(5), 508-519.

H. Huang, H. Wang, M. Sinz, M. Zoeckler, J. Staudinger, M. R.
Redinbo, D. G. Teotico, J. Locker, G. V. Kalpana, S. Mani. 2007.
Inhibition of drug metabolism by blocking the activation of nuclear
receptors by ketoconazole. Oncogene, 2007, 26 (2), 258-268.

Y. P. Lim, S. C. Kuo, M. L. Lai, J. D. Huang. Inhibition of
CYP3A4 expression by ketoconazole is mediated by the disruption
of pregnane X receptor, steroid receptor coactivator-1, and
hepatocyte nuclear factor 4alpha interaction. Pharmacogenet.
Genomics., 2009, 19 (1), 11-24.

L. Svecova, R, Vrzal, L. Burysek, E. Anzenbacherova, L. Cerveny,
J. Grim, F. Trejtnar, J. Kunes, M. Pour, F. Staud, P.Anzenbacher,
Z. Dvorak, P. Pavek. 2008. Azole antimycotics differentially affect
rifampicin-induced pregnane X receptor-mediated CYP3A4 gene
expression. Drug Metab. Dispos., 2008, 36 (2), 339-348.

Z. Dvorak, P. Pavek. Regulation of drug-metabolizing cytochrome P450
enzymes by glucocorticoids. Drug Metab. Rev.,2010, 42 (4), 621-635.

S. S. Ferguson, Y. Chen, E. L. LeCluyse, M. Negishi, J. A.
Goldstein. Human CYP2C8 is transcriptionally regulated by the
nuclear receptors constitutive androstane receptor, pregnane X
receptor, glucocorticoid receptor, and hepatic nuclear factor 4alpha.
Mol. Pharmacol., 2005, 68 (3), 747-757.

Y. Chen, S. S. Ferguson, M. Negishi, J. A. Goldstein. Identification
of constitutive androstane receptor and glucocorticoid receptor
binding sites in the CYP2C19 promoter. Mol. Pharmacol., 2003, 64
(2),316-324.

Onica, T., Nichols, K., Larin, M., A. Maslen, Z. Dvorak, J. M.
Pascussi, M. J. Vilarem, P. Maurel, G. M. Kirby. 2008.
Dexamethasone-mediated up-regulation of human CYP2A6
involves the glucocorticoid receptor and increased binding of
hepatic nuclear factor 4{alpha} to the proximal promoter. Mol.
Pharmacol., 2008, 73 (2), 451-460.

P. Pavek, L. Cerveny, L. Svecova, M. Brysch, A. Libra, R. Vrzal,
P. Nachtigal, F. Staud, J. Ulrichova, Z. Fendrich, Z. Dvorak.
Examination  of  glucocorticoid receptor  alpha-mediated
transcriptional regulation of P-glycoprotein CYP3A4, and CYP2C9
genes in placental trophoblast cell lines. Placenta, 2007, 28 (10),
1004-1011.

L. C. Floren, I. Bekersky, L. Z. Benet, Q. Mekki, D. Dressler, J. W.
Lee, J. P. Roberts, M. F. Hebert. Tacrolimus oral bioavailability
doubles with coadministration of ketoconazole. Clin. Pharmacol.
Ther.,1997, 62, 41-49.

R. Venkataramanan, S. Zang, T. Gayowski, N. Singh. Voriconazole
Inhibition of the Metabolism of Tacrolimus in a Liver Transplant
Recipient and in Human Liver Microsomes. Antimicrob Agents
Chemother., 2002, 46 (9), 3091-3093.

D. M. Roden. Electrophysiology Antiarrythmic drugs :
mechanism to clinical practice. Heart, 2000, 84, 339-346.

J. Nemunitis. A comparative review of colony-stimulating factors.
Drugs, 1997, 54, 709-729.

Y. Yamamoto, K. Uchida, T. W. Klein, H. Friedman, H.
Yamaguchi. Immunomodulators and fungal infections: use of
antifungal drugs in combination with GCSF In: Microbial
infections; H. Friedman Ed.; Plenum Press: NY., 1992, pp.231-241.
G. Quezada, N. V. Koshkina, P. Zweidler-McKay, Z. Zhou, D. P.
Kontoyiannis, E. S. Kleinerman. Intranasal granulocyte-macrophage
colony-stimulating factor reduces the Aspergillus burden in an
immunosuppressed murine model of pulmonary aspergillosis.
Antimicrob. Agents Chemother., 2008, 52(2), 716-718.

B. J. Kullberg, M. G. Netea, J. H. A. J. Curfs, M. Keuter, J. F. G.
M. Meis, J. W.M. Van der Meer. Recombinant murine granulocyte
colony stimulating factor protects against acute disseminated

from



1272 Mini-Reviews in Medicinal Chemistry, 2012, Vol. 12, No. 12

[59]

[60]

[61]

[62]

[63]

[64]

Candida albicans infection in non-neutropenic mice. J. Infect. Dis.,
1998, 177, 175-181.

A. C. Patera, F. Menzel, C. Jackson J. K. Brieland, J. Halpern, R.
Hare, A. Cacciapuoti, D. Loebenberg. Effect of granulocyte
colony-stimulating factor combination therapy on efficacy of
posaconazole (SCHS56592) in an inhalation model of murine
pulmonary aspergillosis. Antimicrob Agents Chemother., 2004, 48
(8),3154-3158.

L. J. Rodriguez-Adrian, M. L. Grazziutti, J. H. Rex, E. J. Anaissie.
The potentialrole of cytokine therapy for fungal infections in
patients with cancer: is recovery from neutropenia all that is
needed? Clin. Infect. Dis., 1998, 26, 1270-1278.

W. L. Chaffin, J. L. Lopez- Ribot, M. Casanova, D. Gozalbo, J. P.
Martnez. Cell wall and secreted proteins of Candida albicians:
identification, function and expression. Microbiol Mol. Bio. Rev.,
1998, 62, 130-180.

A. K. Chaturvedi, A. Kavishwar, G. B. Shiva Keshava, P. K.
Shukla. Monoclonal Immunoglobulin Gl Directed against
Aspergillus  fumigatus cell wall glycoprotein protects against
experimental murine aspergillosis. Clin. Diagn. Lab. Immunol.
2005, 72(9), 1063-1068.

E. Dadachova, A. Nakouzi, R. A. Bryan, A. Casadevall. Ionizing
radiation delivered by specific antibody is therapeutic against a
fungal infection. Proc. Natl. Acad. Sci. USA, 2003, 100(19), 10942-
10947.

Z. Yanga, D. P. Kontoyiannis, X. Wena C. Xiong, R. Zhanga N.D.
Albert, C. Lia. Gamma scintigraphy imaging of murine invasive
pulmonary aspergillosis with a '"'In-labeled cyclic peptide. Nucl.
Med. Biol., 2009, 36, 259-266.

[69]

[70]

(71]

Ruhil et al.

D. W. Denning, D. A. Stevens. Antifungal and surgical treatment
of invasive aspergillosis: review of 2,121 published cases. Rev
Infect Dis 1990, 12, 1147-1200.

S. J. Lin, J. Schranz, S. M. Teutsch. Aspergillosis case-fatality rate:
systemic review of the literature. Clin. Infect. Dis., 2002, 32, 358-366.
H. J. Dornbusch, C. E. Urban, H. Pinter. Treatment of invasive
pulmonary aspergillosis in severely neutropenic children with
malignant disorders using liposomal amphotericin B (AmBisome),
granulocyte colony stimulating factor, and surgery: report of five
cases. Pediatr Hematol Oncol., 1995, 12, 577-586.

N. Niitsu, M. Umeda. Fungemia in patients with hematologic
malignancies: therapeutic effects of concomitant administration of
fluconazole and granulocyte-colony-stimulating factor.
Chemotherapy, 1996, 42,215-219.

T. N. Flynn, S. M. Kelsey, D. L. Hazel, J. F. Guest. Cost
effectiveness of amphotericin B plus G-CSF compared with
amphotericin B monotherapy: treatment of presumed deep-seated
fungal infection in neutropenic patients in the UK.
Pharmacoeconomics, 1999, 16(5 Pt 2), 543-550.

A. Bandera, D. Trabattoni, G. Ferrario. Interferon-c and
granulocyte-macrophage colony stimulating factor therapy in three
patients with pulmonary aspergillosis infection, 2008, 36, 368-373.
T. J. Walsh, E. J. Anaissie, D. W. Denning R. Herbrecht, D. P.
Kontoyiannis, K. A. Marr,V. A. Morrison, B.H Segal, W. J.
Steinbach, D.A. Stevens, J. V. Burik, J. R. Wingard, T. F.
Patterson. Treatment of aspergilosis: clinical practice guideline of
infectious disease society of America. Clin. Infect. Dis., 2008, 46,
327-360.

Received: January 22,2012

Revised: May 05, 2012

Accepted: May 10, 2012





