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Abstract This review compares the pharmacology, spectrum of antifungal activity,

pharmacokinetic and pharmacodynamic properties, safety and clinical effi-
cacy of the three licensed echinocandins: caspofungin, micafungin and
anidulafungin. Echinocandins inhibit the synthesis of 1,3-B-D-glucan, an es-
sential component of the fungal cell wall, and represent a valuable treatment
option for fungal infections.

The echinocandins exhibit potent in vitro and in vivo fungicidal activity
against Candida species, including azole-resistant pathogens. For all agents,
strains with drug minimum inhibitory concentrations (MICs) of <2 pg/mL are
considered susceptible; the MIC at which 90% of isolates tested were inhibited
(MICy) values are typically <2 pg/mL but 100-fold higher MICy, values are
seen with Candida parapsilosis (1-2 ng/mL) and Candida guilliermondii
(1-4 pg/mL). Activity is comparable between the three agents, although lim-
ited data indicate that anidulafungin may have low MICs against C. para-
psilosis and Candida glabrata strains that demonstrate elevated MICs to
caspofungin and micafungin. All three drugs have good fungistatic activity
against Aspergillus spp., although minimal effective concentrations of mica-
fungin and anidulfungin are 2- to 10-fold lower than those for caspofungin.
Synergistic/additive in vitro effects of echinocandins when combined with a
polyene or azole have been observed.

Clinical resistance to the echinocandins is rare despite case reports of
caspofungin resistance in several Candida spp. Resistance has been attributed
to mutations in the FKS/ gene within two hot spot regions, leading to amino
acid substitutions, mostly at position 645 (serine), yet not all FKS/ mutants
have caspofungin MICs of >2 ng/mL. Of the three echinocandins, the in vitro
‘paradoxical effect’ (increased growth at supra-MIC drug concentrations) is
observed least often with anidulafungin.

All echinocandins have low oral bioavailability, and distribute well into
tissues, but poorly into the CNS and eye. Anidulafungin is unique in that it
undergoes elimination by chemical degradation in bile rather than via hepatic
metabolism, has a lower maximum concentration and smaller steady state
under the concentration-time curve but longer half-life than caspofungin or
micafungin. In children, dosing should be based on body surface area. Daily
doses of caspofungin (but not micafungin and anidulafungin) should be de-
creased (from 50 to 35 mg) in moderate liver insufficiency. All echinocandins
display concentration-dependent fungicidal (for Candida) or fungistatic (for
Aspergillus) activity. The postantifungal effect is 0.9-20 hours against Candida
and <0.5 hours against Aspergillus. The echinocandins are well tolerated with
few serious drug-drug interactions since they are not appreciable substrates,
inhibitors or inducers of the cytochrome P450 or P-glycoprotein systems. In
parallel with the greater clinical experience with caspofungin, this agent has a
slightly higher potential for adverse effects/drug-drug interactions, with the least
potential observed for anidulafungin. Caspofungin (but not micafungin or
anidulafungin) dosing should be increased if coadministered with rifampicin
and there are modest interactions of caspofungin with calcineurin inhibitors.
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All three agents are approved for the treatment of oesophageal candidia-
sis, candidaemia and other select forms of invasive candidiasis. Only mica-
fungin is licensed for antifungal prophylaxis in stem cell transplantation,
whereas caspofungin is approved for empirical therapy of febrile neutro-
penia. Caspofungin has been evaluated in the salvage and primary therapy of
invasive aspergillosis. Combination regimens incorporating an echinocandin
showing promise in the treatment of aspergillosis. However, echinocandins

remain expensive to use.

The incidence of systemic fungal infections con-
tinues to increase and new pathogens are emer-
ging "3 Epidemiological changes in the patterns
of invasive fungal infections (IFIs) reflect not
only the increasing population at risk but the
emergence of antifungal-resistant fungal species.
For example, there has been a worldwide shift in
the species of Candida causing bloodstream in-
fection away from Candida albicans;!'-* this has
implications for therapy since certain non-albi-
cans Candida species, notably Candida krusei and
Candida glabrata, are resistant or less susceptible
to azole antifungal agents.[!]

For many years, amphotericin B was the only
systemic antifungal agent for the treatment of IFTs.
The advent of the triazoles and lipid amphoteri-
cin B formulations in the 1990s provided alterna-
tive therapeutic options. However, renal toxicity
remains a major drawback of amphotericin B
formulations, whilst drug interactions, hepato-
toxicity and limitations to use in renal failure are
primary concerns with newer-generation azoles.””!
In the last 5 years, a unique class of drug, the
echinocandins, has been added to the antifungal
armamentarium. The earliest lead compound (for
anidulafungin) was identified in 1974, but it was
not until 1989 that MK-0991 (caspofungin) was
reported.l'% Caspofungin was approved in January
2001 by the US FDA for the treatment of IFIs
in adults (July 2008 for use in children >3 months
of age). Two more echinocandins, micafungin
(approved March 2005) and anidulafungin (ap-
proved February 2006) have since been licensed
for clinical use.l''"13 Caspofungin and anidula-
fungin are available worldwide, whilst micafungin
is marketed in the EU, US, Japan and parts of
Asia. The early promise of the echinocandins as
effective anti-Candida and anti- Aspergillus agents

© 2011 Adis Data Information BV. All rights reserved.

has been supported by large clinical efficacy
trials; these agents have had significant impact on
the treatment of invasive candidiasis (IC) and
invasive aspergillosis (IA).[!415]

All the echinocandins have a similar spectrum
of antifungal activity but have significant struc-
tural differences (figure 1), which may account
for variations in their pharmacokinetics and drug
interactions.l'!"13] This article summarizes the
pharmacology, pharmacokinetics, antifungal spec-
trum of activity, safety and clinical efficacy of the
echinocandins in relation to their current ther-
apeutic indications, highlighting the implications
of similarities and differences between individual
agents. Of particular clinical relevance is the ex-
ploration of maximal dosing limitations and
drug-resistance mechanisms, and pursuit of an
echinocandin-specific niche in combination ther-
apy for treating invasive mould infections. De-
tailed descriptions of one or more specific aspects
of the echinocandins can be found in recent
publications.l'’> We undertook an electronic
search of, and critically evaluated, information
on the pharmacology, pharmacokinetics, medi-
cinal chemistry, in vitro and in vivo susceptibility,
and clinical efficacy (from clinical trials, retrospec-
tive reviews and case series reports) of the echino-
candins. Publications were accessed via PubMed
(1990-July 2010) using the MEDLINE and
EMBASE databases, using keywords that includ-
ed ‘echinocandins’, ‘caspofungin’, ‘micafungin’,
‘anidulafungin’, ‘fungal infections’, ‘invasive
candidiasis’, ‘oesophageal candidiasis’, ‘Candida’,
‘invasive aspergillosis’, ‘Aspergillus’, ‘antifungal
drugs’, ‘antifungal treatment’, ‘antifungal mecha-
nism of action’, ‘antifungal susceptibility’, ‘clinical
trials’, ‘pharmacokinetics’, ‘pharmacodynamics’,
‘antifungal resistance’ and ‘economic analysis’.

Drugs 2011; 71 (1)
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1. Pharmacology
1.1 Chemistry

The echinocandins are large (molecular weight
~1200 kDa) semisynthetic lipopeptides chemically
modified from natural products of fungi: caspo-
fungin (Cancidas®, Merck and Co., Whitehouse
Station, NJ, USA) from pneumocandin B of
Glarea lozoyensis, anidulafungin (Eraxis®, Pfizer,
New York, NY, USA) from echinocandin B, from
Aspergillus nidulans and micafungin (Mycamine®,
Astellas Pharmaceuticals, Deerfield, 1L, USA)
from the hexapeptide FR901370 from Coleopho-
ma empedri.''-13:191 Chemical structures of the
three licensed echinocandins are shown in figure
1. The position and conformation of the N-linked
acyl lipid side chains of these cyclic hexapeptides
are critical to their antifungal activity.?! Caspo-
fungin has a fatty acid, micafungin a complex
aromatic, and anidulafungin an alkoxytriphenyl
side chain (figure 1). It is thought this side chain
intercalates with the phospholipid bilayer of the
fungal cell membrane. Caspofungin (acetate) is
soluble in water and methanol, and micafungin
(sodium) is soluble in water, whereas anidulafungin
is soluble in neither water nor methanol.l'!-13]

1.2 Mechanism of Action

The echinocandins are noncompetitive inhibi-
tors of 1,3-B-D-glucan synthase (and, to a lesser
extent, 1,6-B-D-glucan synthase), an enzyme com-
plex within the fungal cell wall comprised of at
least two subunits: Fkslp (encoded by the genes
FKSI1, FKS2 and FKS3) and Rholp. FKS/ tran-
scription is linked to cell wall remodelling in fungi
and FKS?2 transcription is calcineurin dependent.
Rholp is a key regulatory protein, driving or ar-
resting the synthesis of 1,3-B-D-glucan.?”l Speci-
fically, the echinocandins target the FKSI gene
product with Fkslp being the active site of the
enzyme,?%27] although the precise echinocandin-
binding site remains unresolved. Fkslp inhibition
is concentration dependent. Since 1,3-B-D-glucan
is an integral component of the fungal cell wall,
changes in its characteristics compromise osmotic
stability resulting in cell lysis.[>>*1 Human cells do
not contain 1,3-B-D-glucan.[]

© 2011 Adis Data Information BV. All rights reserved.

The proportion of the fungal cell wall com-
prising glucan varies widely between fungal spe-
cies and is typically predictive of echinocandin
activity. For example, 1,3-B-D-glucan is more
predominant in the cell walls of Candida and
Aspergillus species (especially C. albicans and
Aspergillus fumigatus), whilst zygomycetes lack
this component. However, the cell wall of Cryp-
tococcus neoformans contains 1,3-B-D-glucan yet
the echinocandins demonstrate little activity
against this pathogen (see section 2). This suggests
that there are likely to be additional (or alternate)
components of their mechanism of action.l*’]

1.3 Formulations

Echinocandin preparations are for intra-
venous use only and it is unlikely that oral for-
mulations will become available. Caspofungin is
presented as a lyophilized white powder and ex-
cipients include sucrose, mannitol, acetic acid
and sodium hydroxide. Once reconstituted, this
formulation (pH 6.6) is incompatible with dex-
trose.l''-2%1 The drug is given by intravenous in-
fusion over 1 hour and can be stored at 4°C for
up to 24 hours post reconstitution. Micafungin is
also prepared as a powder ready for reconstitu-
tion. Once reconstituted, the solution has a pH
of 5-6, and is stable at room temperature for
48 hours if shielded from light. Micafungin can be
infused with other solutions.['?l To reconstitute
anidulafungin, the previous recommendation of
reconstitution in 20% alcohol has been replaced by
reconstitution in water for injection. Subsequently,
the drug should be diluted with only 0.9% sodium
chloride, or 5% glucose, for infusion.['3] With re-
gard to the previous recommendation, although
reconstitution in 20% alcohol may have been
problematic for patients susceptible to disulfiram
reactions (see section 5),I'3 adults in phase I and II
trials did not experience disulfiram-like reactions
with coadministration of anidulafungin and metro-
nidazole.3% The recommended dosages in adults
and children for caspofungin, micafungin and
anidulafungin vary with indications and are dis-
cussed in section 7. In children, the recommended
daily dose for caspofungin is 70 mg/m? followed
by 50 mg/m? thereafter for all indications.[!!-22

Drugs 2011; 71 (1)
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2. Spectrum of Activity

2.1 In Vitro Minimum Inhibitory Concentration
Breakpoints

As a drug class, the echinocandins not only
demonstrate potent broad-spectrum in vitro ac-
tivity against Candida and Aspergillus species but
are also active against Pneumocystis jirovecii, al-
though they have not been pursued for this last
indication.['7:19:311 Comparison of minimum in-
hibitory concentrations (MICs) between studies
must be interpreted in the context that data cor-
relating in vitro susceptibility with in vivo out-
comes are not robust and require validation in
clinical trials. Results of MIC studies are further
confounded by the use of multiple methodologies
with different technical variables such as growth
forms (yeast or mycelium forms) and method of
endpoint determinations. The minimum effective
concentration (MEC), or lowest drug concentra-
tion that results in the formation of blunt atten-
uated hyphal structures as viewed microscopically,
has been proposed as a more meaningful morpho-
logical endpoint but is yet to be adopted as the
standard in susceptibility testing.

Currently, there are two reference methods for
broth microdilution antifungal susceptibility
testing of echinocandins against Candida spp.:
the Clinical and Laboratory Standards Institute
(CLSI) method®? and the European Committee
on Antimicrobial Susceptibility Testing (EUCAST)
method.[33-34 Both use a 24-hour duration of in-
cubation and a prominent inhibition (50% rela-
tive to growth control) MIC endpoint criterion,!
but differ in the physical platform employed
(round vs flat-bottomed microdilution wells), in-
oculum density, glucose content of medium and
method of endpoint MIC reading (visual vs spec-
trophotometric). Head-to-head comparisons of
the two methods involving caspofungin have
yielded similar MICs with essential agreements
(12 dilutions) of 93-98%.133-3¢]

Although EUCAST has not proposed clinical
breakpoints (CBPs) for the echinocandins and
Candida, the CLSI has established a consensus in-
terpretative MIC CBP for susceptibility of <2 ug/mL
for the three echinocandins and all species of

© 2011 Adis Data Information BV. All rights reserved.

Candida. Factors taken into account in establish-
ing this breakpoint included (i) the fact that clinical
resistance is rare (see section 2.4); (ii) mechanisms
of resistance; (iii) the population distribution
of MICs; (iv) parameters associated with success
in pharmacodynamic models; and (v) results of
clinical efficacy studies.?>37-3% No CBP has been
established for ‘resistance’. However, it is note-
worthy that MICs of Candida strains containing
FKS1 and/or FKS2 mutations that are known to
confer echinocandin resistance (see section 2.4)
may not be above this CBP. Furthermore, kinetic
studies of the glucan synthase complex indicate
that a lower MIC cutoff (0.25-0.5 pg/mL) may be
more sensitive for detection of strains with FKS
mutations and that ‘susceptibility’ breakpoints of
<2 ug/mL may be too high for anidulafungin and
micafungin.[?74% Studies defining the MIC dis-
tribution of wild-type Candida strains to establish
epidemiological cutoff values (ECVs) for suscep-
tibility for each echinocandin using the CLSI
method showed that ECVs were 8- to 64-fold
lower than the CBP for all species except Candida
parapsilosis and Candida guilliermondii.’®) Most
recently, Pfaller et al.*!l reported a high level of
agreement between CLSI, EUCAST and E-test
(AB Biodisk, Solna, Sweden) methods and of
their ability to distinguish wild-type from FKS
mutant strains of Candida using caspofungin,
anidulafungin and micafungin; these results are
consistent with those of another study.[*

2.2 Comparison of Activity of Echinocandins

2.2.1 Candida spp.

All three echinocandins are fungicidal in vitro
and in vivo against a broad range of Candida spp.,
including species that are intrinsically (or poten-
tially) resistant to azoles (C. krusei, C. glabrata) or
amphotericin B (Candida lusitaniae), and emerging
species (e.g. Candida famata, Candida rugosa).'>-**
Comparative MIC data for caspofungin, mica-
fungin and anidulafungin from two contempo-
rary surveillance studies analysing >5346 global
Candida isolates (collected in 2001-6) are sum-
marized for the more common Candida species
(as well as Aspergillus spp.)*>*! in table 1. In
general, MIC required to inhibit growth of 90%

Drugs 2011; 71 (1)
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Table 1. Echinocandin activity against common Candida and Apergillus species!?3:24.42-45]

Organism Caspofungin Micafungin Anidulafungin
Candida species MICso, MICgo MIC5, MICgq MIC5q, MICg, (range)
C. albicans 0.03, 0.06 0.015, 0.03 0.03, 0.06 (0.03-0.25)
C. glabrata 0.03, 0.06 0.015, 0.015 0.06, 0.12 (0.03-1)
C. tropicalis 0.03, 0.06 0.03, 0.06 0.03, 0.06 (0.06-2)
C. krusei 0.12,0.25 0.06, 0.12 0.06, 0.06 (0.12-1)
C. parapsilosis 0.25, 1 1,2 2,2(0.12t0>2)

C. guilliermondii 0.5,1 0.5,1 1,2 (1-4)

C. lustitaniae 0.25,0.5 0.06, 0.12 0.5, 0.5 (0.125-2)

C. dubliniensis - 0.5 -, 0.03 -, 0.06

Aspergillus species MEC,,® (range) MEC,,® (range) MEC,,® (range)

A. fumigatus 0.12 (0.007-1) 0.03 (0.007-0.25) 0.03 (0.007-0.12)

A. flavus 0.06 (0.007-1) 0.015 (0007-1) 0.015 (0.007-0.25)
A. terreus 0.03 (0.007-2) 0.015 (0.007-0.25) 0.015 (0.007-0.5)

a MECqy, values and MECq, range values were from Pfaller et al.[*5! and Antachopoulos et al.[*4]

MEC =minimum effective concentration; MICs,=minimum inhibitory concentration at which the growth of 50% of the isolates tested were
inhibited; MICg=minimum inhibitory concentration at which 90% of isolates tested were inhibited; — indicates not available.

of organisms (MICyy) values for the echino-
candins are <2pug/mL. Consistent with earlier
studies, 100-fold higher MIC required to inhibit
growth of 50% of organisms (MICs,) and MICy,,
results were noted for C. parapsilosis and C.
guilliermondi;[?342-43-46] caspofungin and anidu-
lafungin (but not micafungin) MICs for C. lusi-
taniae were also higher than those for, for ex-
ample, C. albicans. The relatively higher MICs
(although still within the ‘susceptible’ MIC range
for caspofunginl®?) for C. parapsilosis are a par-
ticular concern since this species is the second
or third most common cause of candidaemia and
is a prominent fungal pathogen in paediatric
patients.[447-43]

In general, in vitro activity against Candida
spp. is comparable amongst the three echino-
candins (table I). Furthermore, when compared
in the presence of serum (human serum decreases
the potency of all echinocandins), MIC differ-
ences are minimized, suggesting that in vivo ac-
tivity will be similar between echinocandins.*%->0]
Nonetheless, minor variations in MICs have been
observed between the three drugs.l>>#?#3 In one
review,P!l anidulafungin was found to display the
lowest MIC values against Candida, followed by
micafungin and caspofungin. In another study,
the inhibitory activity of micafungin was 5- to

© 2011 Adis Data Information BV. All rights reserved.

10-fold greater than that of caspofungin against
C. albicans, C. glabrata, Candida tropicalis and
Candida dubliniensis.®?) Minor differences in
minimum fungicidal concentrations (MFCs) be-
tween agents have also been noted.?) MFCs of
micafungin against C. glabrata range from 0.01
to 0.3 ug/mL compared with 0.12-2 pg/mL for
anidulafungin and 0.5-8 pg/mL for capsofungin.
MFCs of echinocandins against C. parapsilosis
and C. guilliermondii are 4-8 pg/mL.53!

There are limited data suggesting that anidu-
lafungin displays low MICs against strains of
C. parapsilosis with elevated MICs to caspofungin
and micafungin. Scanning electron microscopy
has revealed that non-caspofungin-susceptible
strains of C. parapsilosis undergo morphological
distortion at comparatively lower concentra-
tions of anidulafungin (1 pg/mL) than caspo-
fungin (16 ng/mL),>¥ although this phenotype of
C. parapsilosis has not been observed to occur
outside of this report. However, the apparent
greater potency of anidulafungin against such
‘caspofungin-resistant’ Candida isolates is likely
to be of doubtful clinical significance. C. glabrata
isolates with caspofungin MICs of 8-64 pg/mL
have also been reported to display low MICs to
anidulafungin (2—4 pg/mL).153 Of interest, Candida
orthopsilosis and Candida metapsilosis isolates have

Drugs 2011; 71 (1)
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been reported to have significantly lower echino-
candin MICs than C. parapsilosis.>]

In experimental models of infection, all three
echinocandins have reduced fungal colony counts
and improved survival against a range of Candida
species, although earlier studies suggested that
caspofungin was less effective in reducing fungal
burden in neutropenic mice with C. glabrata and
C. krusei infection.?%23-24 In mice with C. krusei
infection, administration of anidulafungin im-
proved survival and reduced organism burden
when compared with placebo, fluconazole and
amphotericin B.’”] However, studies correlating
in vitro MIC results with outcome have produced
conflicting results. In one study, patients with
Candida isolates of MICs of >2 pg/mL had su-
perior outcomes compared with those displaying
MICs of <1 ug/mL;1%® however, only a small
number (n=3) of isolates displayed MICs of
>2 ug/mL. In a mouse kidney infection model,
C. parapsilosis strains with the highest MICs re-
sponded in vivo to the lowest dose of antifungal
drugs, whilst isolates with the lowest MICs re-
quired the highest dose for a similar response.l”]

Aspergillus spp.

Although fungistatic against Aspergillus spp.,
the echinocandins exhibit excellent in vitro and
in vivo activity against many species — A. fumigatus,
Aspergillus flavus, Aspergillus niger and Asper-
gillus terreus (table I) — at lower concentrations
than amphotericin B and itraconazole, where
they result in injury to the hyphal tips.[44.43:60-61]
Unlike with Candida spp., MICs are difficult to
determine and the MEC may be a better measure
of susceptibility of Aspergillus. 1,3-B-D-glucan
is incorporated at the apical growing tips of
Aspergillus hyphae and is the location where
echinocandins exert their effect,[®? leading to char-
acteristic swollen, stubby hyphae and clumping
when visualized on microscopy; the MEC is the
lowest drug concentration resulting in these
changes.['8:31.69] The vast majority (>99%) of iso-
lates have been inhibited by <0.06 pg/mL of all
three drugs.[*’! Antachopoulos et al.** compared
MEC:s and inhibition of metabolic activity for the
echinocandins using germinated and nongerminated
Aspregillus conidia; anidulafungin exhibited the

© 2011 Adis Data Information BV. All rights reserved.

lowest MECs and caspofungin the highest for
non-germinated conidia. However, with germi-
nated conidia, for each drug and each species
tested, metabolic inhibition measures did not
differ significantly. Another study®l of 526 iso-
lates confirmed that the inhibitory activities of all
three agents were comparable, although MECs of
micafungin and anidulafungin were 2- to 10-fold
lower than for caspofungin (table I).

As single agents, the echinocandins are effec-
tive in reducing fungal burden and/or prolonging
survival in animals with disseminated aspergillo-
5is.123-03.641 There are also data indicating syner-
gistic or additive effects against Aspergillus spp.
of combination therapy of an echinocandin with
a polyene or azole. Micafungin and itraconazole
were synergistic in vitro against ~50% strains of
various Aspergillus spp.1°! Studies in rabbits sug-
gest synergism between anidulafungin and vori-
conazole in invasive pulmonary aspergillosis
(IPA).[°1 Addition of amphotericin B to the com-
bination of voriconazole and caspofungin further
enhanced synergy against 4. terreus.[]

Other Fungi

The echinocandins have little useful activity
against the Zygomycetes, Fusarium spp., Scedo-
sporium polificans, Cryptococcus spp. and Tricho-
sporon spp.,?%2% and have variable activity against
dematiaceous fungi and Penicillium spp.2%%%! Al-
though they are active against the mycelial forms
of dimorphic fungi, MICs are high for the yeast
forms and this precludes their use for the treatment
of infections caused by these fungi.?*28:601 Synergy
between caspofungin and amphotericin B lipid
complex has been demonstrated in mouse models
of disseminated Rhizopus oryzae infection where
combined use of both agents resulted in sig-
nificantly improved survival compared with either
therapy alone;!'” in vitro synergy was also seen
when caspofungin was combined with terbinafine
for Fusarium spp.1% In vitro susceptibility data for
synergy are sparse for the other two echinocandins.

2.3 Activity Against Candida-Generated
Biofilms

A novel aspect of the antifungal activity of the
echinocandins is their effect on Candida-generated
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biofilms within which sessile Candida cells be-
come embedded. Biofilms are often refractory to
treatment with antifungal drugs, presumably due
to altered efflux pump mechanisms and dimin-
ished sterol synthesis.’%71 In vitro models of
biofilm infection!’? have shown that both cas-
pofungin and micafungin are effective in killing
(299%) preformed C. albicans- and C. parapsilosis-
related biofilms at concentrations achievable
in vivo and at a magnitude similar to that for
amphotericin B. Choi et al.l”3] reported that the
caspofungin MIC required to inhibit growth of
80% of organisms for sessile cells of C. albicans
and C. glabrata were 0.5 and 1pg/mL, respec-
tively (corresponding micafungin results, 0.5 and
0.25 pg/mL), but neither drug was effective against
C. tropicalis and C. parapsilosis. Caspofungin also
prevents adherence of C. albicans to epithelial
cells, thereby inhibiting the early phase of biofilm
development,’ but when used in combination
with amphotericin B or fluconazole, no synergistic
effects were seen. Whether in vitro models of bio-
film infection are applicable in the clinical setting
merits further investigation. Animal studies in-
dicate that the use of caspofungin line locks re-
duces the incidence of disseminated disease in
mice with central venous catheters infected with
Candida biofilms; anidulafungin also appears ef-
fective against biofilms.[”>-7¢

2.4 Echinocandin Resistance

Despite the occurrence of spontaneous resis-
tance to echinocandins of Candida spp. in vitro,
clinical resistance remains rare. Contemporary
surveillance studies of large numbers of clinical
isolates have revealed no evidence of emerg-
ing caspofungin, or other echinocandin, resis-
tance.[#243:46.77.78] Nonetheless, elevated MIC values
with occasional treatment failures have been re-
ported for strains of Candida (see section 2.4.1).
Clinical failure has been restricted to case reports
of resistance to caspofungin where serial isolates
from the same patient receiving extended courses
of therapy have demonstrated step-like increases
in MIC, or in small numbers of patients with
breakthrough infection whilst receiving echino-
candin therapy. Clinical resistance has been de-
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scribed for C. albicans, C. glabrata, C. parapsilosis,
C. tropicalis, C. krusei and C. dubliniensis,’°-34 yet
an uncertain correlation exists between clinical fail-
ure and elevated MICs.

2.4.1 Fks1p Amino Acid Substitutions in Candida

Echinocandin resistance in Candida spp. has
been attributed to mutations in the FKS/ gene
subunit (to a lesser extent in FKS2) resulting in
amino acid substitutions in conserved regions of
Fks1p.[85-88 The mechanistic evidence for altered
echinocandin sensitivity has been recently dis-
cussed by Perlinf® but is not well understood.
Earlier genetic studies using Saccharomyces cer-
evisiae as a model pathogen identified two ‘hot
spot’ regions within Fksl that conferred reduced
susceptibility to caspofungin — ‘hot spot’ 1 (HS1)
and ‘hot spot’ 2 (HS2).[801 Resistance mutations
in HS1 fall within an 89 amino acid domain that
is predicted to lie on the cytoplasmic aspect of the
plasma membrane. It is unclear whether this re-
gion comprises part of the binding domain for
echinocandin drugs or affects drug action indirectly.
The most compelling evidence for Fksl mod-
ification as the principal mechanism of resistance
is the observation that these ‘hot spot’ mutations
significantly decrease the drug sensitivity of glu-
can synthase, with all FKS mutants having al-
tered glucan synthase enzyme kinetics.[8% FKS/
mutations have also been identified in micafungin-
resistant laboratory C. albicans strains following
exposure to micafungin.®!

Clinical C. albicans isolates with high MIC
values for caspofungin, including those from pa-
tients who have failed therapy with the drug, have
shown a wide range of amino acid substitutions
within HS1 of Fkslp. These strains remain un-
common.%811 Most substitutions have been
found at position 645 (serine) — in particular,
S645F (serine to phenylalanine), S645P (serine to
proline) and S645Y (serine to tyrosine) muta-
tions.[®8 Although strains containing these mu-
tations generally have reduced echinocandin
susceptibility in animal models, not all FKS/ mu-
tant C. albicans strains have caspofungin MICs
of >2 pg/mL.[80-88]

In C. krusei, HS1 mutations, as well as an
additional mutation in HS2 (Argl352Ser) that
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conferred resistance, have also been identified.[®8]
Furthermore, amino acid polymorphisms within
the Fks1 HS1/HS2 regions appear to account for
intrinsic reduced susceptibility of C. parapsilosis
and C. guilliermondii to echinocandins.®®! In
C. parapsilosis, a gene polymorphism that results
in substitution of alanine for proline at Pro649
may be of particular relevance. C. orthopsilosis
and C. metapsilosis strains may also harbour the
P649A polymorphism and may also contain the
11359V polymorphism within HS2 that results in
reduced susceptibility.[86-881

An intriguing question is whether resistance to
one echinocandin confers cross-resistance to
others or to the entire class. Amongst Candida
spp., it appears that cross-resistance generally
occurs since the presence of FKSI mutations re-
sults in resistance; however, the fold-change re-
lative to the susceptible wild-type strain appears
to be greater for micafungin (MICs 1-16 pg/mL)
and caspofungin (MICs 4 to >16 ug/mL) than for
anidulafungin (MICs 0.5-2ug/mL).18% Pfeiffer
et al.®lsequenced the ‘hot spot’ regions of the FKS
gene of 17 Candida isolates recovered from 12 pa-
tients with breakthrough IC whilst receiving mi-
cafungin. ‘Hot spot’ mutations were found in five
C. glabrata and two C. tropicalis isolates; of these,
five (all C. glabrata) demonstrated micafungin
MICs of >2 pg/mL but all seven had caspofungin
MICs of >2 ug/mL. Five C. parapsilosis isolates
(micafungin MIC >2 pg/mL) had wild-type FKS
sequences and were susceptible to caspofungin
(MICs 0.5-1 ug/mL). It is possible, although not
proven, that the naturally occurring polymor-
phism within the C. parapsilosis FKS1 gene (see
previous paragraph) may also be responsible for
elevated micafungin MICs (>2 pg/mL) and clin-
ical breakthrough.®”]

Notably, when tested for susceptibility in the
presence of serum, the MIC of all FKS/ mutant
strains was >2pug/mL for all three echino-
candins.[*"l The clinical significance of this obser-
vation is not yet known. The possibility that
anidulafungin may have superior activity against
C. parapsilosis has also been raised (see section 3).
In one study, a number of caspofungin- and
micafungin-resistant C. parapsilosis isolates (MIC
64 ug/mL) from patients in a burn unit exhibited
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MICs of 1-2 pg/mL to anidulafungin.® In an-
other report, resistance occurred to caspofungin
and micafungin but not to anidulafungin.®3]
Broad resistance extending to amphotericin B
and the azoles has occurred but is rare.

Reduced susceptibility in Candida spp. has
been associated with increased chitin production,
and overexpression of the RERI (regulator of
echinocandin resistance) and the CDR2 efflux
pump genes.[80-8%91 Paderu et al.®!! have shown
that a high-affinity facilitated diffusion transporter
mediates caspofungin entry into C. albicans; dis-
ruption of this system represents a potential mech-
anism of resistance.

2.4.2 Aspergillus spp. and Non-Candida Yeasts

Resistance mechanisms have been elucidated
for A. fumigatus. At least one strain with a target-
site mutation conferring low-level resistance has
been identified whilst another, considered re-
sistant, demonstrated a ‘paradoxical’ effect (see
section 2.5).[21 Resistant Aspergillus species have
been observed only in the laboratory.!

The 1,3-B-D-glucan synthase enzyme in C.
neoformans is sensitive to the echinocandins yet
these agents have no useful in vitro or in vivo ac-
tivity against this fungus. The mechanism of re-
sistance in non-Aspergillus moulds with high
(>16 pg/mL) MICs is also unknown but is likely
not due to target insensitivity. Glucan synthase
activity from a number of moulds has been
shown to be strongly inhibited by caspofungin
in vitro.?>-%1 It has been suggested that melaniza-
tion reduces the susceptibilities of C. neoformans
and Histoplasma spp. to caspofungin.®3

2.5 ‘Paradoxical Effect” or Drug Resistance?

The ‘paradoxical’ or ‘Eagle-like’ effect refers
to significantly increased growth in vitro of echi-
nocandin-susceptible organisms at supra-MICs.P4
However, increasing the concentration even further
results in cessation of growth. This phenomenon
has been observed in Candida and Aspergillus spp.
in vitro; it appears to be species-related and varies
with the echinocandin. The effect has been noted
most often for capsofungin, and is not related to
FKSI mutations or upregulation of echinocandin
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sensitivity of the glucan synthase complex in the
presence of drug.[®’! Early studies suggested that
when C. albicans is exposed to high caspofungin
concentrations, genes encoding chitin are rapidly
but transiently induced to compensate for de-
creased synthesis of B-1,3-glucan.®®! It has also
been postulated that stress response pathways
such as the cell wall integrity and calcineurin
pathways play a critical role.’¢-°81 Chamilos et al.®!
noted species differences in paradoxical growth at
high caspofungin concentrations (prevalence 90%,
60%, 40% and 10% in C. parapasilosis, C. albicans,
C. tropicalis and C. krusei, respectively). For mica-
fungin, the paradoxical effect was observed in
C. tropicalis (prevalence 70%) and C. krusei (60%),
whilst for anidulafungin, the effect was seen only
in C. albicans (prevalence 40%) and C. tropicalis
(20%). No strains of C. glabrata exhibited para-
doxical growth with any of the three drugs.®!
Results of in vivo animal studies are contra-
dictory. Some studies demonstrated the same
‘Eagle-like’ effect in rabbits and mice with IPA
accompanied by a paradoxical increase in other
markers of invasive disease and fungal bur-
den,P499-1001 yet other mouse models have not.[101]
Addition of mouse serum eliminated the para-
doxical effect. The clinical relevance of this in vitro
effect is uncertain. Supra-therapeutic blood con-
centrations have been observed in pharmaco-
kinetic studies in healthy volunteers and can be
expected to occur in patients if larger doses of
echinocandins are used in the future.

3. Pharmacokinetics

3.1 General Properties

As a class, the echinocandins have low oral
bioavailability (<0.2% for caspofungin) and high
protein binding (>99%) [table I1].[11-13.19:102] They
distribute well into tissues including lung, liver
and spleen, but with minimal penetration into the
CNS and eye due to their high protein binding
and large molecular weights.[?92324 Consequently,
they are not recommended for meningeal or eye
infections; failure of caspofungin in treatment of
Candida endophthalmitis has been reported (see
section 7). Urinary concentrations of parent drug
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are low (table II), yet one study documented a
favourable response to caspofungin in 11 of 12
patients with fungal urinary tract infection.['%3]
Echinocandins are not dialyzable and do not re-
quire dose adjustment in renal insufficiency.

All three agents exhibit linear pharmacokinet-
ics after intravenous administration. Following
initial distribution, echinocandins are taken up
by red blood cells (shown for micafungin) and
degraded slowly, primarily in the liver (but also in
the adrenal glands and spleen) by hydrolysis and
N-acetylation (shown for caspofungin and mica-
fungin) to inactive metabolites.['!-13-20] However,
two minor micafungin metabolites exhibit anti-
fungal activity. Degradation products are excreted
over many days primarily via bile. Biliary caspo-
fungin concentrations are reportedly ~30% that of
serum.l'1 All echinocandins are poor substrates
for, or do not inhibit, cytochrome P450 (CYP) en-
zymes; neither are they substrates for the intes-
tinal or tissue P-glycoprotein transport systems.[!”]
In vitro, caspofungin is taken up via the OATP-1B1
transporter, which also transports drugs such as
rifampicin (rifampin) and ciclosporin.['% Although
not known, it is unlikely that micafungin and
anidulafungin also utilize this pathway since they
interact less with ciclosporin?*19% (see section 5).

There are interesting pharmacokinetic dis-
parities between the three agents. Anidulafungin
is unique in being eliminated almost exclusively
by slow chemical degradation in bile rather than
via hepatic metabolism; compared with caspo-
fungin and micafungin, it has a lower maximum
concentration (C,,,,) but much longer half-life,
and larger volume of distribution and faster
clearance (table I1).['3:19-291 Tissue concentrations
are ~10-fold that of plasma.l'3] Steady-state con-
centrations of anidulafungin are achieved after
a loading dose and one subsequent dose after
4 days of treatment for micafungin, whilst for
caspofungin they are not achieved for more than
2 weeks after starting therapy.[''-13! The steady-
state area under the concentration-time curve
(AUC) of anidulafungin is much less than those
of the other two agents at nearly equivalent
doses.[?"l High protein binding (table II) could
limit the amount of drug available for activity,
yet other antifungal drugs that are highly protein
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Table Il. Comparison of major properties and key pharmacokinetic parameters of echinocandins in adults7-20:511

Variable Caspofungin Micafungin Anidulafungin
Cinax (Mg/L) [50 mg single dose]  7.64 4.95 2.07-3.5
Bioavailability (%) <10 <10 2-7

ty, (h) 9-11 11-17 24-26

Vd (L/kg) 0.14 0.22-0.24 0.5

AUC (mgeh/L) 87.9-114.8 111.3 44.4-53
Protein binding (%) 96-97 99.8 >99

Metabolism

Cly

Fraction excreted unchanged in
urine (%)

Elimination

CSF penetration (% plasma)

Dose adjustment in renal
insufficiency

Dose adjustment in geriatric
patients

Dose adjustment in hepatic
insufficiency

Slow peptide hydrolysis,
N-acetylation and spontaneous
degradation to inactive product

0.15
1.4

35% faeces, 41% urine, 1.4% as
unchanged drug

Low
No dose adjustment needed

No dose adjustment needed
Child-Pugh 5-6: none

Child-Pugh 7-9: significant
increase in AUC; reduce

Catechol-O-methyltransferase
pathway

0.185
0.7

40% faeces, <15% urine

Low
No dose adjustment needed

No dose adjustment needed

Child-Pugh 7-9: C,., not altered,
AUC significantly decreased
compared with healthy subjects

Not metabolized
Slow chemical degradation to
inactive metabolites

0.26

<1

Primarily faeces (<10% as intact
drug), 1% urine

<0.1%
No dose adjustment needed

No dose adjustment needed

No dose adjustment needed in
patients with mild, moderate or
severe hepatic dysfunction

maintenance dose to 35 mg/day
Child-Pugh >9: no data

a Data are from multiple sources and are not always comparable.

AUC =area under the plasma concentration-time curve; Cly=total clearance; C,,x=maximum concentration; CSF =cerebrospinal fluid;

t,, = elimination half-life; Vd =volume of distribution.

bound such as amphotericin B and itraconazole
are effective in treating fungal infections.

The relationship between echinocandin blood
(or tissue) concentrations and treatment outcomes
is currently undefined. High-performance liquid
chromatography, with or without mass spectro-
metry methods, have been used to quantify echi-
nocandins in blood and other clinical specimens
such as bronchoalveolar lavage fluid.l'°%191 How-
ever, clinical studies are required to determine if
therapeutic drug monitoring may increase the
efficacy of these agents.

3.2 Maximum Tolerated Dose

Maximum tolerated doses have not been est-
ablished for anidulafungin and micafungin. Doses
as high as 8 mg/kg of micafungin and 130 mg of
anidulafungin daily have been administered to
small numbers of patients without ill effects.?"l In
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monkeys, hepatic necrosis occurred at doses of
5 and 8 mg/kg/day of caspofungin but not with
2 mg/kg/day.'] Detailed pharmacokinetic studies
in overweight/obese patients are needed to deter-
mine optimal dosing. One study!'%® in surgical
intensive care unit (ICU) patients showed that
trough caspofungin concentrations were signif-
icantly higher in patients weighing <75 kg. A pop-
ulation pharmacokinetic analysis of micafungin
also found increased serum clearance of drug in
patients weighing >66.3 kg,[1%! with a daily dose
of 150 mg necessary to achieve the same 24-hour
AUC as that attained by 100 mg daily doses in
lower-weight patients.

3.3 Pharmacokinetics in Special Populations

3.3.1 Hepatic Insufficiency

The AUC of caspofungin is significantly increased
in patients with moderate (Child-Pugh 7-9) hepatic
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insufficiency (table II);l''1 in contrast, that of
micafungin is decreased.['>!191 This is likely due
to an increased volume of distribution and lower
protein binding in these populations. Anidula-
fungin concentrations are not increased in sub-
jects with mild (Child-Pugh 5-6), moderate or
severe (Child-Pugh >9) hepatic insufficiency.[!3]
It is recommended that the maintenance dose
of caspofungin (but not micafungin or anidula-
fungin) be decreased from 50 to 35mg daily in
patients with moderate liver failure. Due to the
limited clinical experience in patients with severe
liver failure at the time of writing, there are no
recommendations for dose adjustments of cas-
pofungin and micafungin.

3.3.2 Paediatrics

The pharmacokinetics of echinocandins in
children share many similarities with those in
adults (table II). There has been much interest
with regard to dosing of the echinocandins in
children. In a cohort of 39 neutropenic children
up to 17 years of age,[''! weight-based dosing of
caspofungin resulted in significantly lower plas-
ma concentrations than those achieved in adults
receiving typical doses. However, dosing based on
body surface area (50 mg/m?/day) resulted in steady-
state AUCs similar to those in adults receiving
50 mg/day, with similar results in older infants
and toddlers.[''? Recently, serum concentrations
from 12 neonates 1-11 weeks of age were evaluat-
ed on days 1 and 4 after doses of 25mg/m?/day;
reduced daily doses of 25 mg/m?/day were needed
in infants <3 months of age.[''3 Pharmacokinet-
ics for micafungin in 9- to 17-year-old patients
with febrile neutropenia are similar to those in
adults. In a multicentre phase I sequential group
dose-escalation (0.5-4 mg/kg) study, a 1.3- to 1.5-
fold increase in clearance of micafungin was
noted in patients 2—8 years of age compared with
older children; hence, a dosage of 1.4 times that
of the adult dose may be required in children
younger than 8 years old.''3l Another study
showed that in premature infants (mean gesta-
tional age 26.4 weeks) micafungin had a shorter
half-life and more rapid plasma clearance than in
older children and adults, suggesting that higher
milligram/kilogram doses are needed.l''*] Hope

© 2011 Adis Data Information BV. All rights reserved.

and colleagues!!!>119 developed a micafungin
dosing model in paediatric patients from popu-
lation-based data, providing more support that
patients of lower weight require higher milligram/
kilogram doses to achieve desired drug con-
centrations!!'3 and that doses of 0.75-15mg/kg
can be used with safety.l''®] Importantly, a dos-
age of micafungin 10 mg/kg achieved near max-
imal rates of decline in fungal burden within the
CNS of infants with haematogenous Candida
meningoencephalitis.l''®) Additional studies are
needed to establish dosing recommendations
across the paediatric age continuum.

In the only study of anidulafungin, its admin-
istration in 24 neutropenic children aged 2—17 years
showed that concentrations and exposures follow-
ing maintenance doses of 0.75 and 1.5 mg/kg/day
were similar to those observed in adults follow-
ing maintenance doses of 50 and 100 mg/day,
respectively.!!3-117]

3.3.3 Pregnancy and Lactation

The echinocandins are categorized as Preg-
nancy Category C.I''"13] Anidulafungin and cas-
pofungin cross the placenta in rats and have been
detected in fetal plasma, but there are no system-
atic pharmacokinetic studies in pregnant women.
The agents are found in the milk of lactating rats
receiving the drug but it is not known whether
they are excreted in human milk. The echino-
candins should be used in pregnant and lactating
women only if the clinical benefit justifies the risk.

Dosage adjustments are not required on the
basis of race and sex as drug pharmacokinetics
are similar among Caucasians, Hispanics, Blacks
and Asians.['1"13] Elderly patients metabolize cas-
pofungin slightly more slowly than younger
adults but dose adjustment of drug is not required
(table 11).12%

4. Pharmacodynamics

Despite excellent in vitro activity against Candida
and Aspergillus spp., and favourable pharmaco-
kinetics, treatment outcomes in patients with IFIs
treated with echinocandins remain less than opti-
mal.l'415:211 As such, the need to optimize anti-
fungal dosing and administration by exploiting
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Table lll. Pharmacodynamic parameters for echinocandins

Echinocandin Outcome/endpoint predictor® References
in vitro in vivo animal

Caspofungin

Candida spp. Concentration-dependent, fungicidal AUC/MIC 55,119,120

Aspergillus spp. Concentration-dependent, fungistatic Ciax’MEC range 10-20 100,121

Micafungin

Candida spp. Concentration-dependent, fungicidal AUC/MIC near 20 98,122-125

Aspergillus spp. Concentration-dependent, fungistatic Cnax MEC 44,126-128

Anidulafungin

Candida spp. Concentration-dependent, fungicidal Crax’MIC, AUC/MIC 124,129,130

Asperqgillus spp. No data at time of writing None noted 130,131

a The outcome/endpoint predictor for caspofungin, anidulafungin and micafungin in clinical studies of candidiasis and aspergillosis remain

unknown at the time of writing.

AUC=area under the plasma concentration-time curve; Cpax=maximum concentration; MEC=minimum effective concentration;

MIC =minimum inhibitory concentration.

their pharmacodynamic properties is imperative.
The pertinent aspects of echinocandin pharmaco-
dynamics are detailed in a recent review.!! 181 Both
in vitro and animal models have been useful in
elucidating the pharmacodynamic parameters of
echinocandins (table III).

For Candida spp., all three drugs display
concentration-dependent fungicidal killing over
a broad concentration range in vivo (table I1I),
with efficacy that is best correlated with C,,/
MIC or AUC/MIC ratios, as demonstrated in
mice with systemic candidiasis.[>>-60-119-127.132]
Using standard drug doses, serum concentrations
of >1 pg/mL are typically attained,['33! leading to
consensus for the CLSI CBP of <2 ug/mLB? to
designate an isolate as ‘susceptible’. The echino-
candins also exhibit prolonged postantifungal
effects (PAFE) against Candida spp.15>119-127.129]
The PAFE for caspofungin against C. albicans
was noted to be >12 hours when concentrations
exceeded the MIC.!3% The PAFE for micafungin
against Candida spp. ranged from 0.9 to >20.1
hours depending upon the concentration tes-
ted;['?Y concentrations 4 times the MIC produced
the longest PAFE. For anidulafungin, PAFEs of
>12 hours have also been observed.['?”] Given the
PAFE, extended dosing intervals (currently once
daily) could be an option.''8] Caspofungin con-
centrations in tissues remain high even after serum
concentrations have declined and antifungal ef-
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ficacy persists after serum concentrations fall
below the MIC.I'32 In one study, equivalent
killing was observed in Candida isolates exposed
to caspofungin for only 1 hour (followed by drug
washout) compared with those exposed for
24 hours.['3"1 Anidulafungin also achieves high
tissue concentrations.[!3

There are relatively few data on the pharma-
codynamics of echinocandins and Aspergillus spp.
The efficacy of their fungistatic concentration-
dependent activity is best correlated with C,,,/
MEC ratios.[100-118.1331 A mych shorter PAFE
(20.5 hours) for both caspofungin and micafungin
relative to that seen with caspofungin against
Candida spp. is observed with 4. fumigatus.['3* In
a recent Monte-Carlo simulation study, different
doses of micafungin were evaluated in 48 plasma
samples (ten patients) to determine the optimal
effective concentration against Aspergillus spp.,
in this case >0.05ug/mL. To reach this target,
micafungin doses of at least 100 mg twice daily
or 250 mg once daily were required to achieve a
favourable outcome.['**] However, plasma con-
centrations may not be the best marker of drug
activity since they may not correlate with concen-
trations at the site of infection, which are espe-
cially important in IA. A recent study evaluated
micafungin concentrations in plasma as well as in
the alveolar macrophages and epithelial lining
fluid. Markedly higher concentrations were mea-
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sured in plasma than in epithelial lining fluid
and alveolar macrophages. However, at 24 hours,
the concentrations in alveolar macrophages were
higher than plasma or ELF.[107]

Published in vivo studies of pharmacodynamic
properties of echinocandins against Aspergillus
spp. are also relatively sparse but suggest that
the ‘paradoxical effect’ occurs (see section 2.5).
Two murine models of IPA have documented
concentration-dependent activity in neutropenic
mice administered caspofungin'® and correla-
tion of the C,,,/MEC with reduction in fungal
burden in the lungs. In one study, an increase
in fungal growth was noted as caspofungin con-
centrations increased.l'># Studies in neutropenic
mice and rabbits treated with micafungin have
similarly demonstrated a dose-dependent re-
sponse in survival but have shown conflicting
results regarding fungal burden and dosage esca-
lation.['23-125.1281 Dose-dependent hyphal injury
was noted with most damage occurring in the
20mg/kg/day group, consistent with previous
observations.!13¢

The pharmacodynamic properties of the echi-
nocandins against pathogens other than Candida
and Aspergillus spp. are uncertain. Limited data
are available regarding dose escalation of the
drugs in R. oryzae and Fusarium infections.['!®]
Caspofungin has been shown to reduce R. oryzae

Table IV. Drug interactions with the echinocandinsl!-13:138-142]

burden in the brain and improve survival in mice
at low, but not at high, doses.[!37]

5. Drug Interactions

There are few serious drug-drug interactions
with the echinocandins as a result of their unique
antifungal mechanism of action and the fact that
they are not appreciable substrates, inhibitors or
inducers of the CYP or P-glycoprotein systems.
Overall, caspofungin appears to have the most,
whilst anidulafungin has the least, drug interac-
tions. Micafungin is a substrate and a weak inhibi-
tor of CYP3A in vitro; however, hydroxylation by
CYP3A is not a major pathway for its metabo-
lism in vivo.'>%1 The more important known in-
teractions are shown in table IV.

Slight increases in caspofungin clearance have
been seen when combined with powerful inducers
or inhibitors of hepatic metabolism, notably ri-
fampicin, but also phenytoin, efavirenz, carba-
mazepine and dexamethasone. The manufacturer
recommends increasing the dose of caspofungin
to 70 mg/day in adult patients and 70 mg/m? (but
not exceeding 70 mg daily) in children with con-
comitant use of rifampicin and to consider a sim-
ilar dose increase when used with phenytoin,
efavirenz, carbamazepine or dexamethasone.!'!-138]
The interaction of caspofungin with rifampicin

Drug Caspofungin

Micafungin

Anidulafungin

Poor substrate for CYP
Not an inhibitor of CYP
Not a substrate/inhibitor of
P-glycoprotein

CYP/P-glycoprotein
interactions

Substrate for CYP3A4
Weak inhibitor CYP3A4
Not a substrate/inhibitor of
P-glycoprotein

Not a substrate, inducer or
inhibitor of CYP

Tacrolimus AUC, peak and 12-hour concentrations of ~ No significant effect on tacrolimus No significant effect on
tacrolimus are decreased by ~20% tacrolimus
Sirolimus No data Increases AUC of sirolimus by 12% No data
Ciclosporin 35% increase in the AUC of caspofungin  Decreases clearance of ciclosporin by 16% 22% increase in AUC of
anidulafungin; dose
adjustment not required
Rifampicin Decreases steady-state plasma No significant effect on micafungin No significant effect on
caspofungin concentrations anidulafungin
Voriconazole No data No significant effect on micafungin No significant effect on
anidulafungin
Nefidipine No data Increases the AUC and C,,, of nifedipine No data

by 18% and 43%, respectively

AUC =area under the plasma concentration-time curve; C,ax=maximum concentration; CYP =cytochrome P450.
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results in additional exposure to both compounds
since rifampicin is an inhibitor, and ultimately
also an inducer (following multiple doses), of
OATP-1B1.2%138 Dyring the first day of rifam-
picin coadministration, a transient 61% increase
in the AUC of caspofungin occurs; however, after
14 days, a 14-31% reduction in trough caspo-
fungin concentrations is observed.!'”] Concurrent
use of rifampicin or other substrate/inhibitors of
CYP, including voriconazole with anidulafungin
or micafungin, does not affect serum concentra-
tions of these agents.[12:13:23.24]

There are modest interactions with the calci-
neurin inhibitors (table IV) — raised plasma cas-
pofungin concentrations result (35% increase in
AUQ) in association with elevated transaminase
levels!' ! but not with significant adverse effects.
Since both ciclosporin and caspofungin are sub-
strates of the OATP-1B1 transporter,!'®¥ it offers
a plausible although unproven explanation for
their interaction with caspofungin. Coadmin-
istration of ciclosporin and anidulafungin has
revealed a 22%, albeit not clinically significant,
increase in the AUC of anidulafungin after 4 days
of concomitant therapy.l'4l Micafungin decreases
clearance of ciclosporin by 16%; in one study, 5 of
28 (18%) subjects experienced a significant change
(>25%) in clearance, and hence monitoring of
ciclosporin concentrations is recommended.!'41]
Caspofungin reduces the AUC (by ~20%), peak
concentrations and 12-hour concentrations of
tacrolimus, necessitating close monitoring of blood
tacrolimus concentrations in those receiving con-
comitant caspofungin and tacrolimus therapy.!'!]
Anidulafungin and micafungin do not signif-
icantly affect the AUC of tacrolimus in volun-
teers (table 1V).[20:139,142]

Patients at risk for disulfiram reactions who
received anidulafungin under the previous rec-
ommendations of dissolution of drug in 20% al-
cohol, should be monitored carefully.['3-3% This
is no longer a concern with the current rec-
ommendation of reconstituting the drug in water.
Micafungin may increase the blood concentrations
of drugs metabolized by the CYP3A4 system, in-
cluding sirolimus and nifedipine (by 18%), entailing
the need for monitoring for increased nifedipine ef-
fects and possible dose adjustment of these drugs.!'?
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6. Safety Profile

Echinocandins are contraindicated for use in
patients with known hypersensitivity to this drug
class. All agents include a warning of possible
hepatic dysfunction including hepatic failure,!!-13!
yet they are very safe when compared with other
classes of antifungals. All three drugs are safe to
use in children as well in adults.['!1:113.114] The
few adverse events that have been noted generally
have not been serious. More events, including
infusion reactions and hepatotoxicity, have been
noted for caspofungin, but this is likely to be related
to the longer time that this agent has been in use.l'”)

Thrombophlebitis at the infusion site can be
prevented by the use of a central catheter for
infusion.[''” Infusion reactions (<2% infusions)
include flushing, urticaria, bronchospasm, facial
swelling and pruritis,[3%!431441 but can be pre-
vented by slowing the infusion and giving di-
phenhydramine. It appears from clinical trials
(see section 7) that caspofungin has a higher pro-
pensity to cause histamine-induced reactions than
the other echinocandins.'”! For anidulafungin,
histamine-release symptoms are rare if the infu-
sion rate does not exceed the maximum rate of
1.1 mg/min.'31 It may be that certain structural
alterations in the cyclic hexapeptide core of the
echinocandins influences their ability to cause
histamine release. Compounds with a high prox-
imal positive charge density have demonstrated
high histamine-releasing potential in mouse mod-
els,[1*3 but this theory has not been tested with the
echinocandins. Fever, rash, nausea and headache
are uncommon for all three agents.[39-143.144.146,147]
The most common adverse reactions in patients
receiving the echinocandins in clinical trials are
summarized in table V. The prescribing in-
formation for micafungin'? contains additional
cautionary notes with regard to possible haema-
tological effects (e.g. acute intravascular haemo-
lysis) and renal effects (elevations in serum crea-
tinine levels and acute renal failure).

The extent to which the echinocandins cause
liver toxicity is not clear. In early studies, liver
enzymes were increased in volunteers receiving
caspofungin in combination with ciclosporin.
Subsequent retrospective analyses have failed to
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Table V. The more common adverse reactions reported in clinical trials (expressed as a percentage of all adverse reactions)!'*-13!

Adverse reaction Caspofungin (%)

Micafungin (%) Anidulafungin (%)

21.2
14.9

Pyrexia
Diarrhoea

Increased liver enzymes ALT (14.9); AST (12.5);

alkaline phosphatase (12.1)

11.8
Infusion-related reactions 2

Hypokalaemia
Metabolism and nutrition disorders Not documented
Headache Not documented

Neutropenia Not documented

0.7
3.1 [nausea (1)]

Not documented

2.1 [gastrointestinal
disorders (57.2)]

Rare ALT (2.3); y-glutamyl
transferase (1.3)

1.8 3.1

45.6 Not documented

42.7 Not documented

Not documented 1.3

Not documented 1.0

show an increase in hepatoxicity with this combi-
nation.!'"¥8149 Clinical trials with all three agents
have revealed increases in liver enzymes, but in
most cases they were as frequent in the compara-
tor polyene or azole arm.[3-143141 Whilst it is
prudent to assess liver enzymes throughout the
course of echinocandin therapy, concerns about
hepatoxicity should not preclude their use.

7. Clinical Indications and Efficacy

The three echinocandins differ in the indications
for which they are licensed, based on the clinical
trial data available for each drug. Caspofungin is
FDA approved for the empirical treatment of fever
and neutropenia, for candidaemia and selected
other forms of IC, oesophageal candidiasis and for
IA refractory to other treatments or where there
is intolerance to other agents. Micafungin and
anidulafungin are licensed for the treatment of
candidaemia, IC and oesophageal candidiasis,
with micafungin additionally indicated for the
prophylaxis of Candida infections in stem cell
transplantation (SCT). These indications and the
doses of the relevant echinocandin used in each
indication are shown in table VI. Of note, a
loading dose is not required for micafungin. The
clinical evidence supporting these indications is
discussed in the following subsections.

7.1 Antifungal Prophyloxis

The use of echinocandins in antifungal pro-
phylaxis has been studied in the setting of SCT,
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liver transplantation and following surgery. Ad-
ditional studies are needed to determine their role
in the prophylaxis of IFIs in other high-risk pop-
ulations.

There has been one large double-blind ran-
domized controlled trial (RCT) comparing mica-
fungin 50 mg/day and fluconazole 400 mg/day as
prophylaxis in neutropenic adults and children
following autologous and allogeneic SCT.!!47]
Prophylaxis was continued until resolution of neu-
tropenia and subjects were followed for 4 weeks
thereafter. Success was defined as the absence of
suspected, probable or proven IFL;['* micafungin
was found to be superior (success rate 80% vs
73.5% for fluconazole prophylaxis; p=0.03). This
difference was due largely to the difference in the
number of patients with suspected IFI as defined
by initiation of empirical antifungal therapy.
There was no difference in mortality between the
two groups. A smaller RCT of 104 SCT recipients
also compared micafungin (150 mg/day) with flu-
conazole (400 mg/day) for prophylaxis; however,
no difference in the prevention of IFIs was detect-
ed.l'>2 In a retrospective analysis of SCT recipients
receiving caspofungin prophylaxis (35-50 mg/day;
median duration 73 days), breakthrough IFI oc-
curred in 7.3% of patients; the majority of these
were due to moulds, diagnosed at a median of
65 days after starting prophylaxis.['>3 These find-
ings suggest that both micafungin and caspofungin
are valuable options for antifungal prophylaxis
in SCT recipients; however, candidiasis treatment
guidelines only recommend micafungin for this
indication.!'4]
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Table VI. US FDA-approved indications, dosing and costs of the echinocandins

Indication Daily dose
caspofungin micafungin anidulafungin
Empirical treatment in febrile neutropenia 70 mg loading dose then 50 mg daily NA NA
Candidaemia 70 mg loading dose then 50 mg daily No loading dose, 200 mg loading dose
100 mg daily then 100 mg daily
Other Candida infections® 70 mg loading dose then 50 mg daily No loading dose, 200 mg loading dose
100 mg daily then 100 mg daily
Invasive aspergillosis in patients refractory 70 mg loading dose then 50 mg daily NA NA

of or intolerant to other therapies
Oesophageal candidiasis

No loading dose, 50 mg daily

No loading dose, 100 mg loading dose

150 mg daily then 50 mg daily
Prophylaxis against Candida in SCT NA 50 mg daily NA
Paediatric patients aged >3 months 70 mg/m? (maximum daily dose 70mg) NA NA

then 50 mg/m? (maximum daily dose

70 mg)

Cost (3US)° 421.06 (70 mg vial)
405.25 (50 mg vial)
(
(

Cost (Australian dollars)® 724.63 (70 mg vial)

631.17 (50 mg vial)

Infusion time Over 1h

112.20 (50mgvial)  108.00 (50 mg vial)

224.40 (100 mg vial) 216.00 (100 mg vial)

889 (50 mg vial) 347.50 (50 mg vial)
695.00 (100 mg vial)

Over 1h Not to exceed 1.1 mg/min

(90 min for 100 mg dose)

a Caspofungin is approved for intra-abdominal abscesses, peritonitis and pleural space infections; micafungin is approved for acute
disseminated candidiasis, abscesses and peritonitis; anidulafungin is approved for intra-abdominal abscesses and peritonitis.

b Cost represents average wholesale price obtained using the Red Book.!'50!

¢ Australian market prices.
NA =not FDA approved; SCT =stem cell transplantation.

Mattiuzzi et al.l'3¥ compared the efficacy

of itraconazole 200 mg/day with caspofungin
50 mg/day for prophylaxis in 192 patients under-
going induction chemotherapy for acute myeloid
leukaemia/myelodysplasia. The proportions of
patients developing an IFI or persistent fever, or
pulmonary infiltrates, were similar in both study
arms. Caspofungin has also been evaluated in
a small number of patients in the setting of
‘secondary antifungal prophylaxis’ during SCT.
Two of 18 patients with IFIs in one study devel-
oped progressive disease while receiving the agent
after transplantation.[!>3]

Liver transplant recipients at particularly
high risk for IFI include those who require re-
transplantation due to graft dysfunction, renal
replacement therapy within 30 days of first trans-
plantation, and those with prior fulminant he-
patitis, increased transfusion requirements and
positive surveillance cultures for Candida;1'>® this
population is estimated to have a 20% incidence
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of IFI without prophylaxis. A prospective open-
label study evaluated the efficacy of caspofungin
50 mg/day (given for at least 21 days) in such
high-risk recipients.’®! The drug was started a
median of 5 days after transplantation. Of 71 pa-
tients, 2.8% developed an IFI 19—41 days after
cessation of caspofungin. Caspofungin was well
tolerated. Finally, a noncomparative study of anti-
fungal prophylaxis using caspofungin 50 mg/day
in surgical patients at high risk (estimated risk
30-40%) for intra-abdominal IC, e.g. those with
recurrent gastrointestinal perforation, has been
undertaken.['3”] Caspofungin was continued until
resolution of the surgical condition. One break-
through infection occurred in each of 19 patients.

7.2 Empirical Therapy in Febrile Neutropenia

Only caspofungin has been studied in a large-
scale double-blind RCT for febrile neutropenia
(table VI).['381 This noninferiority study of over
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1000 patients found caspofungin to be better
tolerated but equally as effective as liposomal
amphotericin B (3 mg/kg/day) in patients with
persistent neutropenic fever. Kubiak et al.[l>]
evaluated the safety and efficacy of caspofungin
50 mg/day or micafungin 100 mg/day in two con-
secutive cohorts receiving empirical therapy for
febrile neutropenia: 323 patients received two or
more consecutive doses of echinocandin. Adverse
events requiring discontinuation of the echino-
candin were infrequent (1-2%) in both groups and
efficacy was similar with regard to death, break-
through IFI and successful treatment of baseline
IFI. Although not a randomized study, both drugs
performed similarly in this group of patients.

7.3 Oesophageal Candidiasis

All three echinocandins are effective for the
treatment of oropharyngeal and oesophageal
candidiasis (table VI). To date, three RCTs have
compared their efficacy (i.e. caspofungin, mica-
fungin or anidulafungin) to that of fluconazole for
oesophageal candidiasis;[!°*192 the clinical re-
sponses to the study echinocandin and fluconazole
were similar. However, in the studies involving
caspofungin and anidulafungin, the relapse rate
was higher in the echinocandin arm at 2—4 weeks
of follow-up.[16%-1921 A randomized double-blind
study comparing caspofungin at three different
doses (35, 50 or 75mg daily) to amphotericin B
(0.5mg/kg daily) in mostly HIV-infected pa-
tients!'®3] demonstrated similar favourable re-
sponse rates for both arms. In an open-label study
of anidulafungin, Vazquez et al.'*¥ evaluated the

response of azole-refractory mucosal candidiasis
in 19 HIV-infected individuals treated with a
200 mg loading dose followed by 100 mg/day for
14-21 days. Clinical success was achieved in 95%,
and endoscopic success in 92%, of patients, al-
though clinical success had reduced to 47% at
follow-up.!164

7.4 Invasive Candidiasis

There are five key clinical trials of the treat-
ment of candidaemia and other forms of IC with
the echinocandins; all were double-blind RCTs
(table VH).[39’143’144’165’166] Three RCTsl39-143.144]
compared the efficacy of caspofungin, anidula-
fungin or micafungin with either amphotericin B,
fluconazole or liposomal amphotericin B. In all
cases, equivalent global favourable response, as
defined by clinical resolution of candidiasis and
microbiological eradication of infection, was de-
monstrated between the two study arms. In the
studies involving anidulafungin and caspo-
funginB%1431  (comparator agents fluconazole
800 mg initially and then 400 mg daily, and am-
photericin B deoxycholate 0.6—1 mg/kg daily, re-
spectively; table VII), there was a suggestion of
better outcomes in the echinocandin group but
this was not significant based on analysis of the
respective primary endpoints. The global re-
sponse at the end of treatment using anidula-
fungin was 75.6% compared with 60.2% with
fluconazole (p>0.05),5% whilst the efficacy was
73.4% for caspofungin (vs 61.7% for amphoteri-
cin B; p=0.22).11431 Where an amphotericin B-
based formulation was the comparator agent,

Table VII. Key clinical studies of echinocandins in candidaemia and invasive candidiasis

Agent and dosing Comparator

Favourable Reference

outcome

No. of patients
evaluated

Caspofungin 70 mg then 50 mg
daily
Caspofungin 70 mg then 50 mg
daily

Caspofungin 150 mg daily

Micafungin 100 mg daily

Amphotericin B deoxycholate 0.6-1 mg/kg daily 224

Micafungin 150 mg daily; caspofungin 70mg then 595

73.4% vs 61.7% 143

197 71.6% vs 77.9% 165

76.4% vs 71.4% 166

50 mg daily 76.4% vs 72.3%
Micafungin 100 mg daily Liposomal amphotericin B 3 mg/kg daily 392 89.6% vs 89.5% 144
Anidulafungin 200 mg then Fluconazole 800 mg then 400 mg daily 245 75.6% vs 60.2% 39

100 mg daily
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there was significantly less drug toxicity in the
echinocandin arm.[143.144]

Two further studies have compared the effi-
cacy of an echinocandin with higher doses of the
same agent and/or higher doses of another echi-
nocandin in IC.[163.166] Betts et al.['®] compared
the efficacy of two doses of caspofungin — either
an initial dose of 70 mg followed by 50 mg daily,
or 150mg daily without a loading dose — and
found similar response rates of 71.6% and 77.9%,
respectively. More adverse events were encoun-
tered with the higher dose of caspofungin, al-
though this was not significantly different. In
a three-armed study comparing micafungin
100 mg/day with micafungin 150 mg/day and with
caspofungin, response rates were similar across
all three arms.[16]

Several case reports have highlighted the suc-
cessful use of caspofungin, with or without other
antifungals, for uncommon or ‘off-label’ in-
dications such as Candida endocarditis including
that caused by non-albicans Candida spp. (re-
viewed by Eschenauer et al.l'”!). These scenarios
present an encouraging picture for the use of
caspofungin, even as monotherapy, for therapy
of fungal endocarditis. However, the echino-
candins are not recommended for treatment of
fungal brain abscesses or meningitis because of
poor CNS penetration, although rare successes
have been reported.!'*!°) There are conflicting
data concerning the use of caspofungin in the
treatment of Candida endophthalmitis; however,
on balance, echinocandins are not recommended
in the primary treatment of Candida eye infec-
tions because the drugs do not penetrate appre-
ciably into vitreous fluid.l'¥!

7.5 Invasive Aspergillosis

There are few data for the initial treatment of
IA with echinocandins. Only caspofungin has
been studied in this setting. Dignan et al.['®7]
examined an early treatment approach in high-
risk SCT patients with possible IAI!%®] based on
computed tomography scan findings suggestive
of TA. Of 17 patients treated with caspofungin
(75mg loading dose then 50 mg daily), one de-
veloped a fatal Aspergillus infection. The efficacy
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of caspofungin in the primary therapy of proven
or probable IAI'® in patients with haematologi-
cal malignancies has also been evaluated.l'®! Of
evaluable patients, 75% had cancer not in remis-
sion and 85% were neutropenic, a group with
poor prognostic features. The response rate was
33% at the end of treatment. In another study
(n=24 patients), Herbrecht et al.'7% reported an
efficacy of 33% at 12 weeks for caspofungin given
as first-line therapy for proven/probable IA in
allogeneic SCT recipients.

Both caspofungin and micafungin have been
studied as salvage therapy for IA. Maertens
et al.l'’ll prospectively evaluated caspofungin in
83 patients, most of whom were refractory to
other therapies. An overall favourable response
to caspofungin was noted in 45% of patients;
response was 50% in those with IPA and 23%
in patients with disseminated infection. Subse-
quently, these results have been compared with
those from an historical cohort of 214 patients
who received salvage therapies with amphotericin
B formulations and/or itraconazole;!'’?! caspo-
fungin was noted to be at least, and probably
more, as effective as either amphotericin B for-
mulations or itraconazole but the conclusions are
limited by the retrospective nature of the com-
parison group. Smaller retrospective analyses of
treatment responses to caspofungin in patients
with TA in compassionate access schemes have
shown response rates of 44-48%.'73174 A pro-
spective observational registry collected data
about outcomes of caspofungin treatment for IA
from 11 European countries.!!””) Both data on
initial treatment and salvage treatment were
captured, with salvage therapy given in 82.4% of
103 patients; 82.5% of all patients received cas-
pofungin monotherapy. Overall, a favourable
response was seen in 56.4% of patients.

With regards to micafungin, a single open-
label noncomparative study!'7? was conducted to
assess its safety and efficacy when used alone, and
in combination with another antifungal agent in
the primary or salvage therapy of IA. Favourable
responses were achieved in 6 of 12 (50%) patients
who received micafungin monotherapy as pri-
mary treatment and in 9 of 22 (40.9%) who re-
ceived it as salvage therapy. Seventeen patients
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received primary therapy with micafungin in
combination with another agent, with a favour-
able response in five (29.4%); the response rate
was 34.5% (60 of 174 patients) in instances of
salvage therapy.l'7® It should be noted that this
study was conducted before the caspofungin sal-
vage studies and without the benefit of harnessing
Aspergillus galactomannan tests to support cases
of ‘probable TA’, suggesting that patients may
have had more advanced disease than those in the
caspofungin study of Maertens et al.l'’!l In ad-
dition, the initial dose of micafungin employed
was lower (75 mg/day, although this could be in-
creased after day 5).

7.6 Combination Antifungal Therapy

The unique mechanism of the echinocandins
has generated much interest in its use in combi-
nation antifungal regimens, particularly for TA.
The clinical evidence in support (or not) of com-
bination therapy employing various antifungal
agents for different IFIs has been recently re-
viewed,['””] yet there are no RCTs examining the
efficacy of combination antifungal therapy. The
first RCT of combined voriconazole and anidu-
lafungin, in comparison with voriconazole alone,
in high-risk haematology patients is currently
underway.['78 Clinical studies addressing com-
bination antifungal therapies are difficult to in-
terpret and have provided conflicting results as to
the value of using drugs in combination. Data
from small case series have largely used historical
controls as comparisons or observational cohorts
with few subjects having proven or probable IFTs,
and have employed different methodologies.[!7"]
Data are mostly limited to patients with haema-
tological cancers and SCT recipients.

One small open-label pilot study compared li-
posomal amphotericin B (3 mg/kg/day) combined
with caspofungin (50 mg/day) with liposomal
amphotericin B monotherapy (10 mg/kg/day) in
haematological patients with proven or probable
IA 1801 Of 30 patients, at the end of treatment
there were significantly more complete or partial
responses in the combination arm: 67% versus
27% (p=0.028). Survival was better in patients
receiving combination therapy but this was not
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significant. In another noncomparative study,
caspofungin in combination with one other
mould active antifungal agent (investigator-
chosen) was used for salvage therapy in 53 adults
with proven or probable IA I8! Patients received
combination therapy for at least 28 days. Com-
plete or partial response at the end of treatment
and at day 84 after initiation of therapy was 55%
and 49%, respectively. Agents used in combina-
tion with caspofungin were voriconazole, a poly-
ene or itraconazole. Two other small retrospective
studies of caspofungin-liposomal amphotericin
B combination therapy in haematological pa-
tients reported similar favourable response rates
(60-65%) at the end of therapy,!'8>1831 whilst an-
other study reported improved survival from IA
compared with historical controls when caspo-
fungin and voriconazole were used as salvage in
SCT recipients, although survival was no different
at 1 year of follow-up.!'34

Micafungin has also been used in combination
with other antifungal agents as salvage therapy in
194 patients with proven IA between 1998 and
2002, many of whom were SCT recipients.['7°]
The response rate was 34.5% but many of these
patients likely had advanced disease compared
with patients in more recent studies and the initial
dose of micafungin employed was low at 75 mg.
A response rate of 24% has also been reported
in a subset of 90 SCT patients with TA who
received combination micafungin-liposomal am-
photericin B therapy in mostly refractory infec-
tion, although the same caveats about advanced
infection and a low initial dose of micafungin
apply.l'®1 One cohort of solid organ transplant
patients who prospectively received combination
caspofungin and voriconazole treatment were
compared with a historical control group receiv-
ing liposomal amphotericin B. Successful outcomes
were seen in 70% of patients receiving combination
therapy (vs 51% on liposomal amphotericin B),
albeit without survival difference.!'3¢!

7.7 Clinical Studies in Children

Caspofungin and micafungin have been stud-
ied in children for the treatment of febrile
neutropenia, antifungal prophylaxis for SCT
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recipients and treatment of IFIs. Details of
published clinical data for therapeutic use are
detailed in a recent review.[?2! To date, there are
no published clinical trials of anidulafungin in
children.

7.7.1 Antifungal Prophylaxis

Micafungin is the only echinocandin that has
been evaluated for fungal prophylaxis in paedia-
tric SCT recipients. In a study by Van Burik
et al.l'47] (see section 7.1), micafungin was as ef-
fective at preventing IFIs, and more protective
than fluconazole against aspergillosis in children
undergoing SCT despite the limited number of
children evaluated (10% of all patients). Other
small studies of micafungin (either open-label
or compared with a fluconazole prodrug) in
children with haematological disease!'87-1381 have
also indicated low rates of IFI and that mica-
fungin was safe to use. One very recent study has
provided data to indicate that alternate day mi-
cafungin prophylaxis may be feasible in children
aged <10 years.[18°]

7.7.2 Febrile Neutropenia

Only caspofungin has been evaluated for
the treatment of paediatric febrile neutropenia.
One RCT compared the efficacy of caspofungin
(50 mg/m?) and liposomal amphotericin B (3 mg/
kg/day) in 82 children aged 2-17 years. Efficacy
and safety were similar for both study arms as was
noted in a similar study in adults.'>®1° In addi-
tion, Koo et al.l'®!l retrospectively reviewed 56
children aged 1-17 years with febrile neutropenia
treated empirically with caspofungin. Of 67 courses
of therapy, successful treatment of baseline fun-
gal infection was reported in 79%, with no break-
through IFIs. Adverse events possibly related to
caspofungin occurred in 13% of courses.

7.7.3 Invasive Candidiasis, Invasive Aspergillosis

and Other Invasive Fungal Infections

It was only recently that the landmark study
leading to the FDA approval of caspofungin for
use in children was published. Zaoutis et al.l'*%
conducted an open-label prospective study of
caspofungin for the treatment of Candida and
Aspergillus infections in patients aged 3 months
to 17 years. Of 48 patients with proven infections,

© 2011 Adis Data Information BV. All rights reserved.

10 had IA, 37 IC and 1 had oesophageal candi-
diasis. Success (defined by complete or partial
response) at end of therapy was seen in 5 (50%)
patients with IA and 31 (81.1%) with candidiasis.
However, patients with candidiasis were more
likely to have been treated for primary infections,
whereas all children with IA had failed to respond
to other antifungals. There were no serious drug
adverse events. While the results of this trial
support caspofungin safety and efficacy in IFIs in
children, it was a nonblinded noncomparative
study with a small patient population.

Prior to this study, published data on the use
of caspofungin in children had largely been lim-
ited to neonatal candidiasis,['°*194 although its
use in managing IC was retrospectively described
within larger paediatric cohort studies.['%] Ex-
perience with salvage caspofungin treatment in
neonatal candidiasis was reported in a prospec-
tive case series of ten children (mean birthweight
1500 g).['%31 Eight children with persistent candi-
daemia cleared their infection after a mean of
4.3 days of caspofungin, one child had relapsed
candidaemia within 4 days of stopping capso-
fungin and one with disseminated infection re-
sponded but died from bacterial sepsis. No adverse
drug events were noted. In another study, 11 of 13
neonates with persistent candidaemia cleared
their infection with caspofungin.['%4

The largest paediatric micafungin trial was an
RCT substudy in 98 children with IC.[!%¢ Pa-
tients received micafungin or liposomal ampho-
tericin B for >14 days. Success (clinical and
mycological response) rates were similar between
the two groups (72.9% and 76.5%, respectively).
The study was not powered to detect differences
among different age cohorts. An open-label multi-
centre triall’®”! evaluated micafungin alone or in
combination for new and refractory candidae-
mia. Of 20 children in the study, 15 (75%) were
treated successfully.

Echinocandins have also been specifically studied
in acute paediatric IA. As discussed in section 7.5,
the largest prospective study was with micafungin
(75 mg daily but allowing dose escalation) alone
or in combination with another antifungal
agent.['701 Of 58 children treated, the success rate
at the end of therapy was 44.8% (26 patients).
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Two smaller studies have evaluated caspofungin
in combination therapy. One reviewed 40 chil-
dren enrolled in a haematology-oncology registry
given (mainly) salvage antifungal combination
therapy for proven/probable IAI'%8! and included
those treated with caspofungin (70 mg/m? on day
1 then 50 mg/m? daily) in combination with an-
other agent, usually liposomal amphotericin B or
voriconazole. Complete or partial responses were
seen in 21 (53%) patients with an overall 8-month
survival of 50%.11°% Limitations of this study in-
clude few patients with primary infections. A
smaller study of immuncompromised children
with refractory IFI treated with caspofungin-
liposomal amphotericin B combination noted
complete responses for five of nine patients.['*°]

8. Costs

The cost of antifungal drugs and, perhaps
more importantly, estimates of the cost benefit of
selected therapeutic regimens (prophylaxis, pre-
emptive, empirical or organism-directed therapy)
in specific settings (e.g. the ICU, haematology
patients) are of increasing importance in clinical
practice. The echinocandins are expensive agents.
At existing prices (table VI), the cost of treatment
is likely to remain an important consideration
for management. Comparative estimates of cost
efficacy between echinocandins, and between
echinocandins and other antifungal drugs, have
been developed using decision-analytic and other
methodologies, but the outcomes are not neces-
sarily generalizable because of the incorporation
of different parameters and including adminis-
trative expenses into the respective models.

In a single head-to-head comparison of mica-
fungin and caspofungin in the treatment of IC in
the UK, there was no significant difference in cost
efficacy between the two.[?°%1 Other studies have
modelled the cost efficacy of an echinocandin
compared with liposomal amphotericin B for
empirical therapy for febrile neutropenia and
suspected IFI201-2031 and have consistently re-
ported a cost benefit in favour of the echino-
candin. In one study, using a model that included
successful fever resolution, cure of baseline in-
fection, absence of breakthrough infection, sur-
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vival and quality-adjusted life-years as endpoint
parameters, the effectiveness of caspofungin (70 mg
on day 1 followed by 50 mg/day) over liposomal
amphotericin B (3 mg/kg daily) was demonstra-
ted.?93] The average total direct cost based on
drug costs in 2005 favoured the use of caspo-
fungin (£9763 vs £11795). However, total costs
depend on the dose of liposomal amphotericin B
used in different clinical settings and of the need
for higher caspofungin doses in patients weighing
>80 kg (70 mg/day). Micafungin was reported to
be more cost effective than fluconazole in an ICU
population with sepsis; in this study, the benefit
was predicated on the emergence of fluconazole-
resistant Candida spp.?*Y) In a pharmaceutical
company-funded study in Korea, micafungin
prophylaxis was associated with the more cost-
effective and better outcomes than fluconazole in
SCT recipients.?%! Confirmation of these find-
ings in independent studies is awaited.

Importantly, published prices are driven by
local market prices, making a generalized eco-
nomic analysis difficult because of disparity in
drug prices between regions (table VI). For ex-
ample, the direct cost of anidulafungin is sub-
stantially greater in Australia than in the US. At
this time, echinocandins appear to be of equiva-
lent efficacy and cost effectiveness.

9. Conclusions

The echinocandins are a valuable addition to
the present-day antifungal armamentarium for
the treatment of IFIs. Although they have a
narrow antifungal spectrum, these agents cover
the two most common IFIs, candidiasis and as-
pergillosis. As a class of antifungal agent, they are
safe, well tolerated, and demonstrate favourable
pharmacokinetic and pharmacodynamic profiles.
Further studies are required to determine dosing
in obese patients and children, and exploration of
the role of intermittent dosing strategies, includ-
ing cost-efficacy analyses, which would make the
echinocandins appealing for outpatient use.

There are differences among the three echino-
candins with respect to half-life, metabolism,
requirements for a loading dose (not needed
with micafungin), time to steady state and drug
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interaction profile. Anidulafungin is the only
agent that does not have known clinically sig-
nificant drug interactions, including with im-
munosuppressive agents. This agent may have
lower MICs against certain Candida strains that
are considered non-susceptible to caspofungin or
micafungin,®¥ and may influence the choice of
agent. However, on balance, the echinocandins
do not appear to demonstrate any differences in
clinical efficacy in the disease entities that have
been studied and it is unlikely that any one agent
would be found to be clearly superior with regard
to clinical outcome.

Other characteristics that distinguish the echino-
candins include FDA-approved indications. Only
micafungin is licensed for antifungal prophylaxis
in SCT, whereas capsofungin is the only agent
approved for TA in patients intolerant of or re-
fractory to other therapies, and in the empirical
treatment of presumed IFI in febrile neutropenic
patients. However, the fact that echinocandins
do not have activity against fungi other than
Candida and Aspergillus spp. should be kept in
mind when selecting empirical antifungal ther-
apy in severely immunocompromised patients.
Currently, their major niche is in the treatment
of serious candidal infections, especially can-
didaemia. One therapeutic strategy that should be
explored is where a patient with IC is initially
treated with an echinocandin and then switched
to an azole, preferably in oral form, after the
patient has had a clinical response and the results
of species and/or antifungal susceptibility data
are available. Although RCT data do not exist
for any of the echinocandins at present, in vitro
and animal infection data for the primary treatment
of TA indicate that all three drugs would be
comparable in this setting. Combination ther-
apy trials incorporating the echinocandins
are urgently needed, especially in the treatment
of TA.

The echinocandins are expensive to use. Clin-
icians’ choice regarding which agent to choose
will likely be driven by pharmacoeconomics ra-
ther than efficacy or toxicity. At present, unless
substantially subsidized, no single echinocandin
agent is likely to have a decisive advantage over
the others.

© 2011 Adis Data Information BV. All rights reserved.
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