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Features and properties of anidulafungin (LY303366,Abstract
VER002)

▲ Anidulafungin is a novel antifungal agent which, Indication
like other echinocandins, inhibits β-(1,3)-D-glucan

Oesophageal candidiasis (focus of this profile) and invasivesynthase and disrupts fungal cell-wall synthesis. It candidiasis
has marked antifungal activity against a broad spec-

Mechanism of actiontrum of Candida spp. and Aspergillus spp., includ-
Interferes with fungal cell-wall synthesis by inhibitinging amphotericin B- and triazole-resistant strains.
β-(1,3)-D-glucan synthase

▲ In clinical trials, anidulafungin has primarily been
Dosage and administration (based on clinical trial dosages)evaluated in patients with oesophageal and invasive
Oesophageal candidiasis: 50 mg/day, after a loading dose ofcandidiasis. Preliminary data are emerging for other
100mgindications such as invasive aspergillosis.
Invasive candidiasis: 100 mg/day, after a loading dose of▲ In a large, multicentre, double-blind, double-dum-
200mgmy, randomised trial in patients with oesophageal
Route of administration Intravenous infusioncandidiasis, intravenous anidulafungin 50 mg/day

was as effective as oral fluconazole 100 mg/day Frequency of administration Once daily
regarding end-of-treatment rates of endoscopic cure Mean pharmacokinetic parameters (steady-state values
and clinical and microbiological success. Duration after administration of 50 mg/day to patients with

oesophageal candidiasis)of treatment was approximately 2–3 weeks, and
patients in both groups received a loading dose of Peak plasma concentration 3.5 mg/L
study drug (twice the daily maintenance dose) on Area under the plasma 53 mg • h/L
day 1. concentration-time curve

▲ Anidulafungin is generally well tolerated. Across Volume of distribution 33.4L
the dosage range 50–100 mg/day, adverse events Elimination half-life 25.6h
appear not to be dose- or infusion-related. In the

Clearance 0.93 L/hlargest clinical trial to date, the most common treat-
Adverse events (based on the largest clinical trial)ment-related adverse events were phlebitis/throm-

bophlebitis, headache, nausea, vomiting and pyrex- Most common Phlebitis/thrombophlebitis,
treatment-emergent headache, nausea, vomitingia.

and pyrexia
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Anidulafungin

A major increase in the incidence of systemic emerging in many regions.[4] In addition, considera-
fungal infections, especially those due to Candida ble potential exists for drug interactions between
(including non-albicans) spp. and Aspergillus spp., triazole antifungal agents, which are metabolised
has occurred during the past 20 years.[1-3] Reasons extensively by the hepatic cytochrome P450 (CYP)
for this increase include the growing number of system, and other compounds.[3,8]

patients receiving broad-spectrum antibiotics, Systemic antifungal agents such as amphotericin
chemotherapy, or undergoing organ or haemato- B and triazoles have traditionally targeted ergosterol
poietic stem cell transplantation and subsequent im- in fungal cell membranes.[9] Echinocandins such as
munosuppression.[2-4] In addition, the rising number anidulafungin, caspofungin and micafungin are a
of AIDS patients is at particular risk from fungal new class of antifungal compounds with a unique
infections, including oesophageal candidiasis.[2,5] mechanism of action and a broad spectrum of activi-

ty, including activity against fluconazole-resistantOesophageal candidiasis occurs in approximately
Candida spp.[6,10] They inhibit the synthesis of β-10–20% of patients with AIDS or immu-
(1,3)-D-glucan in fungal cell walls, thus causingnodeficiency from other causes (e.g. underlying dis-
changes to fungal cell-wall structure;[3,9] host cellsease, chemotherapy, radiation therapy), and relapse
are unaffected since they do not contain β-(1,3)-D-occurs in about 60% of patients within 3–6 months
glucan.[3,10] However, echinocandin antifungalsof the initial infection if the underlying immu-
have poor oral bioavailability and their use is limitednodeficiency is not corrected.[5,6] Triazole antifun-
to the intravenous route.[10] In oesophagealgals (e.g. fluconazole, itraconazole) have gradually
candidiasis, their use is generally reserved for pa-replaced the use of amphotericin B for oesophageal
tients refractory to or intolerant of other antifungalcandidiasis. These first-line agents generally
agents such as the triazoles.[3,6]achieve a rapid clinical response with minimal ad-

verse events following oral administration,[5,6] Anidulafungin is a semisynthetic, lipopeptide an-
whereas amphotericin B requires intravenous ad- tifungal agent derived from echinocandin B0, a fer-
ministration and is associated with substantial rates mentation product of the fungus Aspergillus nidu-
of infusion-related adverse events and nephrotoxici- lans.[7,11] Through specific, noncompetitive inhibi-
ty, even with newer lipid formulations of the com- tion of the enzyme complex β-(1,3)-D-glucan
pound.[7] However, increasing resistance to triazole synthase, and subsequent interference with fungal
antifungals, especially resistance of Candida spp. to cell-wall synthesis, anidulafungin causes osmotic
fluconazole, is becoming a major concern,[3,6,8] as is instability and the death of fungal cells.[3,6] Anidu-
cross-resistance between triazole antifungals that is lafungin has been most extensively evaluated in
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patients with oesophageal candidiasis (the focus of and 0.12 mg/L, amphotericin B 0.5 and 0.5 mg/L,
this profile) and invasive candidiasis. Promising caspofungin 1.0 and 2.0 mg/L, fluconazole 16 and
data are also emerging on the use of anidulafungin in 32 mg/L, itraconazole 0.5 and 1.0 mg/L and vor-
invasive aspergillosis,[12] although this potential in- iconazole 0.25 and 0.5 mg/L.
dication is beyond the scope of this article. ● Minimum fungicidal concentrations of anidu-

lafungin against Candida spp. were similar to, or did
1. Pharmacodynamic Profile not differ more than 2-fold from, corresponding

MIC90 values.[22] Furthermore, in time-kill assays at
concentrations greater than MIC values, a concen-In Vitro Activity
tration-dependent postantifungal effect of >12 hours

The in vitro antifungal properties of anidu- was documented for anidulafungin against C. albi-
lafungin have been widely studied, despite the ab- cans.[26]

sence of a clinically relevant susceptibility testing
● The addition of 50–80% human serum to RPMI

method;[4,10] that is, susceptibility breakpoints for
1640 culture medium led to a 4- to 8-fold increase in

echinocandins, including anidulafungin, have not
MIC values for anidulafungin against Candida spp.

yet been established.[9,13] Nevertheless, the in vitro
in two in vitro studies.[27,28]

antifungal activity of anidulafungin has generally
● The in vitro growth of Candida spp. resistant tobeen assessed using National Committee for

fluconazole and itraconazole was inhibited byClinical Laboratory Standards (NCCLS) broth-dilu-
anidulafungin concentrations of ≤0.5 mg/L in twotion methods,[13,14] although other methods (e.g. disc
trials.[17,19] Moreover, in a Spanish study includingdiffusion testing, E-test) warrant further investiga-
148 isolates of Candida spp. with reduced suscepti-tion.[7,15]

bility to fluconazole, anidulafungin had markedly
● Anidulafungin has potent and rapid fungicidal

greater in vitro antifungal activity than bothactivity, as indicated by flow cytometry,[16] against
amphotericin B and itraconazole; MIC90 values aremost Candida spp., including strains resistant to
shown in figure 1. Overall, 49 isolates had an MICtriazoles.[17-19] Against numerous clinical isolates of
≥1 mg/L for itraconazole.[23]

Candida spp., anidulafungin demonstrated marked
● Anidulafungin inhibited the in vitro growth ofactivity against C. albicans (minimum inhibitory

Aspergillus spp., including A. flavus, A. fumigatus,concentration range for 90% of strains [MIC90]
A. terreus and A. niger, with an MIC90 range of0.03–0.5 mg/L), C. glabrata (0.13–0.5 mg/L),
≤0.03–0.06 mg/L.[29,30] Neutrophils and anidu-C. krusei (0.13–0.5 mg/L) and C. tropicalis (0.13–2
lafungin had additive antifungal activity againstmg/L),[17,19-22] but tended to have less activity in
A. fumigatus in one in vitro model.[31] Anidu-vitro against C. parapsilosis (MIC90 >2–4 mg/
lafungin is generally less active against filamentousL)[17,19-22] and C. guilliermondii (MIC 0.06–>32 mg/
fungi other than Aspergillus spp. (MIC 1 to >16 mg/L).[20,21,23,24]

L), and is inactive against Fusarium spp. (≥16 mg/● The overall in vitro activity of anidulafungin was
L).[32]

greater than that of other antifungal agents
● Anidulafungin appears to have variable activity(amphotericin B, caspofungin, fluconazole,

against dimorphic fungi such as Blastomycesitraconazole and voriconazole) against a large panel
dermatitidis and Histoplasma capsulatum; however,of yeast isolates obtained from patients with superfi-
it is largely inactive against Cryptococcus neofor-cial and deep infections in five centres in Europe.[25]

mans.[32,33]Candida spp. included C. albicans (505 isolates),
C. glabrata (89), C. krusei (53), C. parapsilosis ● In vitro studies have indicated synergistic an-
(41), C. tropicalis (65) and others (23). MIC90 re- tifungal activity for anidulafungin and nikkomycin
sults tested by an NCCLS method and read after 24 Z against A. fumigatus and Coccidioides immitis
and 48 hours were as follows: anidulafungin 0.06 (mycelial phase),[34] and for anidulafungin plus

© 2004 Adis Data Information BV. All rights reserved. Drugs 2004; 64 (19)
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● In a model of oropharyngeal and oesophageal
candidiasis in immunocompromised rabbits, intra-
venous anidulafungin 1–5 mg/kg/day significantly
and dose-dependently cleared fluconazole-resistant
strains of C. albicans from the tongue, oropharynx,
oesophagus, stomach and duodenum.[40]

● Anidulafungin was also markedly effective in
rabbit models of disseminated and invasive pulmo-
nary aspergillosis[41,42] and murine models of dis-
seminated/invasive aspergillosis,[4,38,43,44] and in
normal and immunocompromised animals with
Pneumocystis carinii (P. jiroveci) pneumonia.[4,38]

2. Pharmacokinetic Profile

The pharmacokinetic profile of anidulafungin
has been evaluated in healthy volunteers,[45,46] pa-
tients with candidiasis or aspergillosis,[47,48] and pa-
tients with hepatic or renal impairment.[49-52] Vari-
ous drug interaction studies have also assessed the
pharmacokinetics of anidulafungin in healthy volun-
teers[53,54] and patients with serious fungal infec-
tions.[55,56]
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Fig. 1. In vitro activity of anidulafungin against clinical isolates of
Candida spp. with reduced susceptibility to fluconazole (MIC ≥16
mg/L).[23] In vitro activity was determined using a broth microdilution
assay (based on the National Committee for Clinical Laboratory
Standards) for 156 isolates of Candida spp. obtained from 51 Span-
ish hospitals during a 5-year period; MIC values for C. parapsilosis
(five isolates) and C. guilliermondii (three isolates) are not shown.
MIC90 = minimum inhibitory concentration for 90% of strains.

 Absorption and Distributionitraconazole or voriconazole against Aspergillus
spp.[35] Synergistic to indifferent effects were docu-

● Pharmacokinetic data were modelled from phase
mented for a combination of anidulafungin with II/III clinical trials of intravenous anidulafungin in a
amphotericin B against Aspergillus and Fusarium total of 225 patients, 96% of whom had
spp.[36] In another in vitro study, antifungal effects candidiasis.[57] Calculations revealed the following
were generally additive or indifferent against estimates for mean steady-state pharmacokinetic pa-
Candida spp. when anidulafungin was combined rameters for a 50 mg/day anidulafungin regimen in a
with amphotericin B, flucytosine, fluconazole or typical male patient weighing 60kg: peak plasma
itraconazole.[37]

concentration (Cmax) 3.5 mg/L, area under the plas-
ma concentration-time cure (AUC) 53 mg • h/L and

 In Animal Studies volume of distribution (Vd) 33.4L.[47,57]

● A similar modelling study suggested that intrave-
● Anidulafungin has been evaluated in several nous anidulafungin 50 mg/day produced a steady-

animal models of fungal infection. Indeed, anidu- state AUC of approximately 50 mg • h/L, which ex-
lafungin showed marked antifungal activity in mod- ceeded the anidulafungin exposure required for a
els of superficial and disseminated candidiasis in >95% probability of successful clinical outcome
mice,[4,38] and in a model of disseminated (i.e. resolution of clinical signs or symptoms, or an
candidiasis in persistently neutropenic rabbits.[39] In endoscopic response) in patients with oesophageal
the latter trial, intravenous anidulafungin 0.5 and 1 candidiasis.[48] Furthermore, plasma anidulafungin
mg/kg/day significantly and dose-dependently concentrations were >1 mg/L for the entire dosage
cleared C. albicans from the brain, kidneys, liver, interval, and interpatient variability in anidulafungin
lungs, spleen and vena cava.[39] pharmacokinetics was low.[48]

© 2004 Adis Data Information BV. All rights reserved. Drugs 2004; 64 (19)
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 Metabolism and Elimination six healthy volunteers.[52] The clinical significance
of these changes is unclear, and the mechanisms for

● Anidulafungin is not metabolised, but undergoes the changes in pharmacokinetic parameters ob-
slow chemical degradation to inactive moieties served in this single-dose study are being further
(ring-opened products or smaller linear peptides) explored.[52]

that lack the cyclic structure necessary for activi-
ty.[46]

 Drug Interactions
● A study in healthy volunteers indicated that al-

● In 12 healthy volunteers, a regimen comprising amost all of a single radiolabelled dose of anidu-
loading dose of intravenous anidulafungin 200mg,lafungin ≈90mg was recovered in the faeces: <10%
followed by 100 mg/day for 7 days, was adminis-as intact anidulafungin, and >90% as small, tertiary
tered with or without concomitant ciclosporindegradation products; renal excretion of anidu-
(cyclosporine), which increased anidulafungin Cmaxlafungin or its degradants was negligible.[46]

and AUC values by 4% and 21%, respectively.[53]
● In the latter trial[46] and another single-dose

The clinical relevance of these changes appears tostudy,[45] values for anidulafungin clearance and
be minimal, although two individuals had mild,elimination half-life (t1/2) were documented as 0.87
reversible elevations of serum transaminase levels,L/h and 27.7–45.6 hours, respectively. Correspond-
the relationship of which to the anidulafungin-ing estimated mean steady-state values after admin-
ciclosporin interaction was unclear.[53]

istration of intravenous anidulafungin 50 mg/day to
● Although the effect of anidulafungin onpatients with oesophageal candidiasis were 0.93 L/h

ciclosporin pharmacokinetics was not assessed inand 25.6 hours.[47,57] Intersubject variability for
the above study in healthy volunteers,[53] in vitroanidulafungin clearance and t1/2 was estimated to be
data from another study indicate that anidulafungin,approximately 28% and 29% in a population
in concentrations up to 30 mg/L, had no effect on thepharmacokinetic model.[57]

metabolism of radiolabelled ciclosporin by pooled
human hepatic microsomal fractions.[58]

 Special Patient Populations
● Steady-state anidulafungin pharmacokinetics

● Administration of a single intravenous dose of were not significantly affected by concomitant ad-
anidulafungin 50mg to 18 patients with mild, mod- ministration of the triazole antifungal agent vor-
erate or severe renal impairment, and to eight pa- iconazole in 17 healthy volunteers.[54] Anidu-
tients with end-stage renal failure undergoing lafungin Cmax (7.87 mg/L) and AUC (120 mg • h/L)
haemodialysis, revealed no significant differences in values after intravenous administration of anidu-
anidulafungin pharmacokinetics relative to healthy lafungin 200mg on day 1, then 100 mg/day on days
control subjects.[50] Anidulafungin was not detected 2–4 were essentially unchanged (7.89 mg/L and 117
in dialysate.[50] mg • h/L) by concurrent oral administration of vor-

iconazole 400mg every 12 hours on day 1, then● Anidulafungin pharmacokinetics after adminis-
200mg every 12 hours on days 2–4. In addition,tration of single intravenous 50mg doses were not
anidulafungin did not affect the pharmacokinetics ofmarkedly different in six patients with Child-Pugh
voriconazole.[54]mild hepatic impairment, relative to six with moder-

ate impairment,[49] or relative to individuals without ● The pharmacokinetic parameters of anidu-
hepatic impairment.[45,47,57] Interestingly, in five pa- lafungin in patients with invasive aspergillosis do
tients with severe (Child-Pugh class C) hepatic im- not appear to be significantly affected by concurrent
pairment, anidulafungin Cmax and AUC values were administration of liposomal amphotericin B.[55] The
approximately 45% and 39% lower, whereas values study used a population pharmacokinetic model de-
for clearance and steady-state Vd were approxi- veloped from plasma anidulafungin samples collect-
mately 2-fold greater, than corresponding values in ed from 225 patients in four clinical trials, which

© 2004 Adis Data Information BV. All rights reserved. Drugs 2004; 64 (19)
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included seven patients with invasive aspergillosis had AIDS, were enrolled in a randomised, double-
treated with intravenous anidulafungin 100 mg/day blind, multicentre study of intravenous anidu-
and liposomal amphotericin B 3–5 mg/kg/day. lafungin 50 mg/day (after a loading dose of 100mg

on day 1) compared with oral fluconazole 100 mg/● Population pharmacokinetic analyses using the
day (after a loading dose of 200mg on day 1), eachmodel described above showed little effect of dis-
administered for 2–3 weeks.[61]ease (e.g. oesophageal and invasive candidiasis, in-

vasive aspergillosis),[55] or concomitant use of sub- ● End-of-treatment assessments in 504 evaluable
strates, inducers and inhibitors of CYP,[56] on the patients revealed endoscopic cure in 242 of 249
pharmacokinetics of anidulafungin. anidulafungin-treated patients (97.2%) versus 252
● There was no evidence of toxicity with concomi- of 255 fluconazole recipients (98.8%; figure 2). The

tant administration of anidulafungin (25 mg/day in- between-group difference was –1.6% (95% CI –4.1,
travenously for 10 days) plus cortisone acetate (sin- 0.8), within the a priori criteria to establish equiva-
gle 125 mg/kg subcutaneous dose) in a well de- lence.[61] Similarly, no major differences were noted
signed, controlled study involving two strains of between the two groups regarding clinical and mi-
inbred mice (DBA/2 [n = 30] and BALB/c [n = crobiological success rates.[61,64]

30]).[59] Mice were randomised into three groups
● The above study[61] demonstrated that anidu-treated with either anidulafungin, cortisone or both

lafungin and fluconazole were equally effective indrugs combined. No mortality, morbidity or toxicity
terms of endoscopic cure at the end of treatment, butwas observed in any of the groups of mice. A
anidulafungin was less effective than fluconazole atprevious study in mice (infected with A. fumigatus
a follow-up visit 2 weeks after treatment completionin most instances) suggested a possible increase in
(cure rate 64.4% vs 89.5%; 95% CI –32.5 tomortality when cortisone (or certain other glucocor-
–17.8%, p < 0.001).[61] However, the latter findingticoids) was administered prior to anidulafungin.[60]

was thought to be of little clinical relevance, sinceHowever, cortisone and anidulafungin doses were
relapse rates were considerable in both groups, andvery high and an appropriate control group (i.e.

high-dose corticosteroid in the absence of either
infection or anidulafungin therapy) was not includ-
ed. In addition, concomitant administration of corti-
costeroids and anidulafungin was not associated
with increased toxicity in a rabbit model of aspergil-
losis.[41,42]

3. Therapeutic Efficacy

The clinical efficacy of anidulafungin in oe-
sophageal candidiasis has been evaluated in a large,
phase III, randomised, double-blind, double-dummy
study comparing intravenous anidulafungin with
oral fluconazole,[61] and an open-label, phase II,
dose-ranging trial.[62] Data are also available from a
phase II, randomised, dose-finding study evaluating
anidulafungin in patients with invasive
candidiasis.[63]

A total of 601 immunocompromised patients
with endoscopically and microbiologically con-
firmed oesophageal candidiasis, and most of whom
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Fig. 2. Efficacy of intravenous anidulafungin compared with that of
oral fluconazole in immunocompromised patients with oesophageal
candidiasis in a large-scale, randomised, double-blind, multicentre
study.[61] Intravenous anidulafungin therapy comprised 50 mg/day
(after a loading dose of 100mg), whereas the oral fluconazole regi-
men was 100 mg/day (after a loading dose of 200mg), each admin-
istered for 2–3 weeks. At the end of treatment, 504 patients were
clinically evaluable for endoscopic cure; the evaluation revealed
that anidulafungin and fluconazole were equally effective.
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standard clinical practice dictates that patients with 4. Tolerability
treatment-responsive oesophageal candidiasis

● In the largest controlled efficacy study conductedshould receive follow-up therapy to prevent re-
to date in patients with oesophageal candidiasis, 601

lapse.[65]
patients, most of whom had AIDS, were treated with

● The efficacy of two intravenous dosage regimens intravenous anidulafungin or oral fluconazole in a
of anidulafungin was compared in a randomised, randomised, double-blind, double-dummy fash-

ion.[61] The most frequently reported drug-relatedopen-label, dose-ranging study in 29 patients with
adverse events in the anidulafungin and fluconazoleoesophageal candidiasis (reported as an abstract).[62]

treatment groups were phlebitis/thrombophlebitisEndoscopic improvement (grade 0 or a 1-grade im-
(1.3% vs 1.3%), headache (1.3% vs 1%), nauseaprovement) was achieved in 11 of 13 patients (85%)
(1% vs 1%), vomiting (0.7% vs 1%), pyrexia (0.7%who received the higher dosage regimen of 70mg on
vs 1%) and dyspepsia (0.3% vs 1%). Neutropenia

day 1, then 35 mg/day, compared with 13 of 16
and leucopenia were reported in 1% and 0.7% of

patients (81%) who received the lower dosage regi- anidulafungin recipients compared with 0% and
men of 50mg on day 1, then 25 mg/day. Clinical 1.3% of patients treated with fluconazole.
scores (based on resolution of dysphagia and ret-

● Overall, treatment-related adverse events were
rosternal pain) were 81.8% and 68.8% for the documented in 9.3% of anidulafungin recipients and
higher- and lower-dose groups, respectively. Pa- 12.0% of fluconazole-treated patients.[61] No patient
tients in both groups received therapy for 2–3 experienced hypotension, wheezing or anaphylaxis,
weeks. Statistical analysis was not reported, al- and the only infusion-related event was a subjective

sensation of flushing, reported by one individualthough both regimens were deemed to be efficacious
who received anidulafungin. Treatment-related seri-in treating oesophageal candidiasis.[62]

ous adverse events were rare and occurred in only
● Encouraging results were reported with anidu-

two patients from each group. Neither treatment had
lafungin in patients with invasive candidiasis (most a clinically relevant effect on the QT interval. Minor
with candidaemia) in a phase II, randomised, dose- laboratory abnormalities were reported in both
finding study.[63] The primary endpoint was global groups at a similar frequency.
response (i.e. clinical and microbiological re- ● In a separate analysis of hepatobiliary parameters
sponses) in evaluable (per protocol) patients at the in the large, phase III study in patients with
follow-up visit 2 weeks after the end of therapy. oesophageal candidiasis, no apparent differences be-
Among 68 evaluable patients who were treated with tween treatment groups were noted for clinically

significant increases in alanine aminotransferaseintravenous anidulafungin 50, 75 or 100 mg/day
(ALT), aspartate aminotransferase, alkaline phos-(after a loading dose of twice the daily maintenance
phatase and bilirubin levels.[66] Clinically significantdose on day 1), global response rates were 72%,
changes in ALT levels were reported in 0.8% of85% and 83% at the 2-week follow-up visit. Corre-
anidulafungin recipients and 3.3% of fluconazolesponding global response rates among 83 evaluable
recipients after 14 days of therapy; broadly similar

patients at the end of therapy were 84%, 90% and
results were observed for the other parameters.[66]

89%. Tolerability data, which are reported in section
● No, or only a few, treatment-related serious ad-

4, were analysed for the intent-to-treat population of verse events were noted in phase II, dose-ranging
120 patients. There were 33 fatalities in the study, studies of anidulafungin in patients with oe-
although none related to drug therapy. The study sophageal candidiasis[62] or invasive candidiasis.[63]

authors suggested that phase III studies of the In the latter study, only three serious adverse events
100 mg/day dosage of anidulafungin are warranted were reported (one instance of non-neutropenic fe-
for this indication.[63] ver, and two of seizure), and no systemic infusion-
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related adverse events were noted.[63] There were authorisation application for the drug in the same
also no anaphylactic reactions or haemolytic epi- indication by the European Medicines Evaluation
sodes. Agency.[69] In addition, anidulafungin is currently

undergoing clinical investigation for the treatment● In the dose-ranging study in 120 patients with
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