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Abstract

Echinocandins are the newer addition to antifungal agents effective for Amphotericin B-resistant or fluconazole- and
itraconazole-resistant Candida glabrata species. Echinocandins have fungicidal activity against multiple Candida species,
including C. albicans, C. dubliniensis, C. glabrata, and C. krusei and fungistatic activity against Aspergillus species. These
drugs inhibit the synthesis of the enzyme 1,3-f glucan synthase which is necessary for the synthesis of an essential
component of the cell wall of several fungi. Because of Echinocandins poor oral bioavailability, these drugs can only be
administered intravenously. Echinocandins that currently are available include Caspofungin, Micafungin, and
Anidulafungin. All three drugs are approved for the treatment of oesophageal candidiasis, candidaemia and other select
forms of invasive candidiasis. Only micafungin is used to prevent Candida fungal infections in stem cell transplant
patients, whereas caspofungin is approved for empirical therapy of febrile neutropenia. Caspofungin has a slightly higher
potential for adverse effects/drug-drug interactions among these enchiniocandins and least observed for Anidulafungin.
Due to the limited toxicity and a favorable drug-drug interactions profile make Echinocandins treatment as a viable

alternative to conventional treatment.
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Introduction candidemia, but in the recent years, there has been an
increased isolation of non-albicans species of Candida.

Despite recent advances in the antifungal Most prominent have
armamentarium, candidemia and other forms of Invasive  been Candidaglabrata and Candidaparapsilosis, ~ followed

Candidiasis (IC) remain potentially fatal infections that
result in significant morbidity, particularly in immune
compromised and critically ill patients [1]. The spectrum
of disease caused by the Candida ranges from non-life-
threatening muco-cutaneous infections to life-threatening
invasive Candidiasis/Candidemia.Candidemia is the most
common manifestations of invasive candidiasis.
Candidaalbicansis one of the most common causes of
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by Candida tropicalis and Candida krusei. This is important
because some Candida glabrataisolates and all C.
kruseiisolates are resistant to fluconazole [2].

The most common antifungal agents used currently for
the treatment of candidemia are fluconazole and the
echinocandins. Formulations of amphotericin B are given
less often due to the risk of toxicity [3]. As the incidence of
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fungal infections caused by fluconazole-resistant non-
Candida-albicans species is increasing, echinocandins have
become an important group in the treatment of these types
of infections because of lack of cross-resistance to azoles
[4]. Their limited toxicity and a favorable drug-drug
interactions profile make them a viable alternative to
conventional treatment.

Echinocandin antifungal was first discovered in the
1970s, and one of the first echinocandins of the
pneumocandin type Echinocandin B, discovered in 1974.
Echinocandin B could not be used clinically due to risk of
high degree of hemolysis [5]. A similar kind of antifungal
activity was found in the semisynthetic pneumocandin
analogs of echinocandins later on, but with low toxicity.
The first approved of these newer echinocandins was
caspofungin; later micafungin and anidulafungin were also
approved.

Caspofungin has been approved by both the U.S Food
and Drug Administration (FDA) and the European Union
(EMEA) in 2001. Caspofungin is indicated in adults and
pediatric patients (3 months and older) for empirical
therapy, for presumed fungal infections in febrile
neutropenic patients and in the treatment of some specific
Candida infections such as intra-abdominal abscesses,
peritonitis and pleural space infections, esophageal
candidiasis and in the treatment of invasive aspergillosis in
patients who are refractory to orintolerant of other
therapies (e.g., amphotericin B, lipid formulations of
amphotericin B, itraconazole) [6,7].

Micafungin gained final approval from the U.S. FDA on
March 16, 2005, and in the European Union on April 25,
2008. Micafungin is indicated for the treatment of
candidemia, acute disseminated candidiasis, Candida
peritonitis, abscesses and esophageal candidiasis. Since
January 23, 2008, micafungin has been approved for
the prophylaxisof ~ Candida infections in patients
undergoing hematopoietic stem cell transplantation [8].

Pfizer received approval for Anidulafungin by the FDA
on February 21, 2006. It was previously known as
LY303366. Preliminary evidence indicates it has a similar
safety  profile to caspofungin.Anidulafunginis  was
approved for candidemia and other forms of Candida
infections  (intra-abdominal abscess, and Candida
peritonitis) and esophageal candidiasis [8,9].

The echinocandins drugs are now preferred first-line
therapy for patients with invasive candidiasis, and it has
been reported that more than 60% of candidemia patients
receive an echinocandin during therapy [10-12]. Given the
clinical importance of echinocandins, this review focuses
on mechanism, pharmacodynamics in vitro activity of
different Echinocandins available in the market.

Chemistry of Echinocandins

Echinocandins are large lipopeptide molecules
synthetically modified from the fermentations broths of
various fungi. They are amphiphilic cyclic hexapeptides
with N-linked acyl lipid side-chain and a molecular weight
of about 1200 [10] (Table 1).

Caspofungin Micafungin Anidulafungin
Molecular
formula Cs2HgsN10 O15-2C2H402 Cs6H70N9NaO,3S. CsgH73N-017
Solubility freely soluble in water gnd methanol, and slightly freely soluble in water |freely soluble in water
soluble in ethanol
Caspofungin Micafungin Anidulafungin
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Table 1: Chemistry of echinocandin.
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Pharmacology/Pharmacodynamics

Echinocandins are noncompetitive inhibitors of 1,3-3-D-
glucan synthase, an enzyme needed for the formation of
1,3-B-D-glucan [13]. Glucan synthase is not found in
mammalian cells, making it an ideal target for antifungal
agents. Glucan is essential for fungal cell wall structure and
growth, maintaining cell shape and rigidity, and resistance
to osmotic pressure. Varying amounts of chitin, glucans,
mannoproteins, and other cell wall constituents are
present in different fungal species, making some species
more susceptible to the echinocandins than others. 1,3-f-
D-glucan is a major cell wall component of Candida and
Aspergillus species, rendering them more vulnerable to
agents found in this drug class.

In vitro activity of Echinocandins

Micafungin shows in vitro activity against Aspergillus
species & Candida species including Candida albicans,
Glabrata, Kkrusei, parapsilosis, and tropicalis while
caspofungin exhibits in vitro activity against Aspergillus
species including Aspergillus fumigatus, flavus, and terreus
and Candida species including Candida albicans, Glabrata,
guilliermondii, krusei, parapsilosis, and tropicalis.
Anidulafungin exhibits in vitro activity against Candida
species including Candida albicans, glabrata, parapsilosis,
tropicalis, famata, rugosa, stellatoidea; Aspergillus species
(A. fumigatus) and Other molds (Bipolaris spicifera,
Exophiala jeanselme; Fonsecaea pedrosoi, Madurella spp.,
Penicillium marneffei, Phialophora Verrucosa,
Pseudallescheria boydii and Wangiella dermatitidis) [14].

At clinically relevant concentrations, Micafungin,
caspofungin and anidulafungin are not active against
Zygomycetes, Cryptococcus neoformans, Fusarium spp., or
Trichosporon spp. It is important to note that the
echinocandins are concentration-dependent agents,
meaning that the rate and extent of antifungal activity are
related to the concentration of the agent (i.e., increased
concentration leads to increased kill). This characteristic is
different from the azoles, which display time-dependent
activity or increased antifungal activity with increased
exposure to the drug [14].

Dosage and Administration

Anidulafungin and Micafungin are freely soluble in
water. Caspofungin is freely soluble in water and
methanol, and slightly soluble in ethanol. Because of their
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inconsistent oral absorption, echinocandins are available
only for intravenous use.

The dosage of Caspofungin acetate for candidemia and
other candida infections, invasive aspergillosis, and febrile
neutropenia is a single 70-mg iv. loading dose
administered on day 1, followed by 50 mg daily thereafter.
For esophageal candidiasis, the dosage of caspofungin
acetate is 50 mg daily. A loading dose has not been studied
for this indication [8]. Recommended dosing of
caspofungin in Pediatric Patients [3 months to 17 years of
age] for all indications, is a single 70mg/m?loading dose
should be administered on Day 1, followed by 50 mg/m?
once daily thereafter. Regardless of the patient's calculated
dose, the maximum loading dose and the daily
maintenance dose should not exceed 70 mg, Dosing in
pediatric patients should be based on the patient’s body
surface area (BSA) [7].

The dosage of micafungin sodium for the prophylaxis of
candida infections is 50 mg iv. daily. Treatment of
esophageal candidiasis requires a dosage of 150 mg i.v.
daily. A micafungin sodium dosage of 100 mg i.v. daily was
used in a large trial of candidemia treatment and
demonstrated no difference in overall treatment success
between micafungin sodium 100 mg iv. daily and
liposomal amphotericin B 3 mg/kg daily. Of note, 85% of
steady-state concentration is achieved after three daily
doses; therefore, no loading dose is required for
micafungin.

The recommended dose of Anidulafungin for
Candidemia and Other Candida Infections (Intra-
Abdominal Abscess, And Peritonitis) is a single 200 mg
loading dose on Day 1, followed by 100 mg daily dose
thereafter. Duration of treatment should be based on the
patient’s clinical response. In general, antifungal therapy
should continue for at least 14 days after the last positive
culture.

The recommended dose of Anidulafungin for
Esophageal Candidiasis is a single 100 mg loading dose on
Day 1, followed by 50 mg daily dose thereafter. Patients
should be treated for a minimum of 14 days and for at least
7 days following resolution of symptoms. Duration of
treatment should be based on the patient’s clinical
response. Because of the risk of relapse of esophageal
candidiasis in patients with HIV infections, suppressive
antifungal therapy may be considered after a course of
treatment (Table 2).
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Echinocandins | Special population Dose considerations
Pat.l ents W%th renal No dosage adjustment is required
insufficiency
AUC of Caspofungin is significantly increased in patients with hepatic insufficiency
Hepatic insufficiency| and hence, it is suggested that dose of Caspofungin be decreased from 50mg to
35mg daily in patients with moderate hepatic insufficiency
Weight-based dosing in children resulted in lower plasma concentrations as
. Paediatrics compared to adults whereas dosing based on body surface area (mg/m2/day)
Caspofungin resulted in steady plasma state concentration same as adults receiving 50mg dose
Caspofungin was found in the milk of lactating drug treated rats and hence, should
Nursing mothers be exercised with caution when echinocandins are administered to a nursing
woman
Pregnancy Categorized as Pregnancy Category C and should be used only if the potential
benefit justifies the risk to the fetus
Geriatric use No dosage adjustments are required
Pat.l ents W%th renal No dosage adjustments is required
insufficiency
H . . In patients receiving micafungin, dosage adjustments are not recommended for
epatic insufficiency . . . .
patients with moderate hepatic dysfunction.
According to dose-escalation study in paediatric patients, increase in the
Paediatrics clearance of micafungin was noted in patients 2-8 years of age. Hence,
Micafungin recommended that a dosage of 1.5 times that of the adult dosage be utilized in this
population
Micafungin was found in the milk of lactating drug treated rats and hence, should
Nursing mothers be exercised with caution when echinocandins are administered to a nursing
woman
Pregnancy Categorized as Pregnancy Category C and should be used only if the potential
benefit justifies the risk to the fetus
Pat.l ents W?th renal No dosage adjustment is required
insufficiency
. _ Dosage adjustments are not suggested for patients with mild, moderate, or severe
Hepatic insufficiency . . L . :
hepatic dysfunction who are receiving anidulafungin
Concentrations and exposures following administration of maintenance doses of
Paediatrics 0.75 mg/kg/day and 1.5 mg/kg/day were similar to those observed in adults
following maintenance doses of 50 mg/day and 100 mg/day, respectively.
Anidulafungin Anidulafungin was found in the milk of lactating drug treated rats and hence,
Nursing mothers should be exercised with caution when echinocandins are administered to a
nursing woman
Pregnancy Categorized as Pregnancy Category C and should be used only if the potential
benefit justifies the risk to the fetus
Geriatric use Range of clearance is similar in elderly and nonelderly subjects.

Table 2: Dose consideration of echinocandins in special populations [7-9].

Safety and Efficacy

In general, all the three echinocandins are well-
tolerated. While there appear to be a few differences
between these agents, caspofungin has been on the market
for much longer than both micafungin and anidulafungin.
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Caspofungin and Micafungin are considered to be safe in
pediatric patients [15-18]. The safety and effectiveness of
anidulafungin in pediatric patients has not been yet
established [9]. Echinocandins are contraindicated in
patients with known hypersensitivity to the agents or any
of its components. They have an approving safety profile
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compared to other antifungals. Infusion related reactions
may occur after use of all three echinocandins (< 5%), but
the drug is not necessary to be withdrawn as they respond
well to antihistamines [19]. Also, thrombophlebitis may
occur (< 3%; primarily seen in HIV infected patients with
peripheral lines). Caspofungin has a somewhat shown a
higher frequency of liver-related laboratory abnormalities
(1-15%) when compared to the other two drugs. Nausea,
vomiting, diarrhea and other mild gastrointestinal
symptoms are possible. As micafungin lacks antagonism, it
makes it preferable to combine it with other antifungals.
Micafungin is well tolerated and also there is no associated

dose or duration related toxicities. Hyperbilirubinemia
(3.3%), nausea (2.4%), diarrhea (2.1%), leukopenia, and
eosinophilia have been reported; patients receiving
micafungin have also reported local phlebitis and
thrombophlebitis at the injection site. Also, the drug has no
significant effect on renal function. From the overall
reported adverse event rate of 46%, only 5% were directly
associated with Anidulafungin. The most common adverse
events included hypotension (13%), vomiting (13%),
constipation (11%), nausea (11%) and pyrexia (11%), but
none are dose dependent [20-22] (Table 3).

Echinocandins Drugs Effect
. Fransient increases in liver enzymes ALT and AST when these drugs were co;
Cyclosporine gy . ) . . .
administered. Monitor patients liver enzymes during concomitant therapy.
For patients receiving these drugs standard monitoring of tacrolimus trough
Tacrolimus whole blood concentrations and appropriate tacrolimus dosage adjustments
are recommended.
C funei resulting in raised caspofungin plasma concentrations (35% increase in area
aspofungin Ciclosporin under the curve) but no change in amount of ciclosporin in whole blood. The

mechanism of this interaction is unclear.

Enzyme inducers

When caspofungin is given with the enzyme-inducing drugs rifampin,
efavirenz, nevirapine, phenytoin, dexamethasone, or carbamazepine, the
daily dose of caspofungin should be increased to 70 mg since these agents
may cause a clinically meaningful reduction in caspofungin levels.

Nifedipine

Nifedipine AUC and Cmax were increased by 18% and 42%, respectively
.Patients receiving Nifedipine in combination with Micafungin should be
monitored for Nifedipine toxicity and Nifedipine dosage should be reduced if]
necessary.

Mycophenolate Mofetil,
Cyclosporine, Tacrolimus,

There was no effect of a single dose or multiple doses of Micafungin on
mycophenolate mofetil, cyclosporine, tacrolimus, prednisolone, and

Micafungin Prednisolone, and N

fluconazole fluconazole pharmacokinetics.

Increases the AUC of sirolimus by 21% with no effect on Cmax in the

Sirolimus presence of steady-state. Patients receiving sirolimus in combination with
Micafungin should be monitored for sirolimus toxicity and sirolimus dosage
should be reduced if necessary.
. . : o
Anidulafungin cyclosporin Cyclosporin also increases the AUC of anidulafung (22%). No dosage

adjustment of either drug is warranted when co-administered.

Table 3: Reported Drug interactions of Echinocandins [23-28].
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Conclusion

The echinocandins are superior antifungals due to their
novel mechanism of action, lower incidence of serious
adverse effects, and low potential for drug-drug
interactions. Being antifungal class, they demonstrate
potent activity against Candida species and are also the
treatment choices for infections due to these organisms.
Echinocandins have revealed their potent activity against
infections like invasive candidiasis, esophageal candidiasis
and candidemia. In addition, Micafungin and Caspofungin
are remarkably similar. They have similar microbial
spectrum of activity with only minor changes in
pharmacokinetics, pharmacodynamics, adverse effects and
drug interactions. Echinocandins can also serve as a choice
of treatment when other antifungals prove to be resistant
in the infections. Convenient dosing, an excellent safety
profile, and remarkably few drug interactions make
echinocandins a welcome addition to the expanding
antifungal armamentarium.

As a class, the echinocandins possess many
pharmacokinetic  similarities, including low oral
bioavailability, high protein binding, and relatively low CSF
and urine concentrations of parent drug. Echinocandins
are poorly absorbed when administered orally. On
intravenous administration, they will reach most tissues
and organs with concentrations sufficient to treat the
localized and systemic fungal infections. Anidulafungin,
caspofungin, and micafungin differ most importantly by
the manner they are eliminated from the human body.
Elimination of anidulafungin occurs slowly by chemical
degradation throughout the body whereas micafungin is
primarily eliminated in the liver by hydrolysis, a process
seldom involved in drug interactions. Caspofungin is
eliminated partially through chemical degradation and
partially through the liver by hydrolysis. Very little of these
drugs is eliminated by the kidneys.
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