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Abstract

A Caspofunginisthefirstin anew classof antifun-
gal agents, the glucan synthesis inhibitors, that
interfere with fungal cell wall synthesis.

A Caspofungin exhibited in vitro and in vivo effi-
cacy against a wide range of fungi and yeasts
including Aspergillus and Candida species.

A A complete or partia response to caspofungin
therapy was seen in 40.7% of immuno-
compromised adults with invasive aspergillosis
who did not respond to, or did not tolerate, other
antifungal agents in a noncomparative multi-
centre study.

A Caspofungin was effective in patients with oro-
pharyngeal or oesophagea candidiasis, accord-
ing to the preliminary results of 2 randomised
double-blind trials.

A Caspofungin was generdly wdl tolerated in a
multicentre noncomparative tria involving pa
tients with invasive aspergillosis. One or more
drug-related clinical adverse effects were experi-
enced by 13.8% of caspofungin recipients (the
most common were fever, nausea, vomiting and
complicationsassociated withtheveinintowhich
caspofungin was infused). The tolerability of
caspofungin appeared to be better than that of
amphotericin B and similar to that of fluconazole
in double-blind, randomised trids involving pa
tients with mucosal candidiasis.

Features and properties of caspofungin

(MK-0991; L-743,872)

Approved Indications

Treatment of invasive aspergillosis in patients who are refractory
to, or do not tolerate, conventional antifungal agents

Mechanism of action

Interferes with fungal cell wall synthesis by inhibiting the synthesis
of -(1,3)-D-glucan

Dosage and administration

Recommended dosage 70mg loading dose followed by

50 mg/day maintenance dose
Intravenous infusion
Once daily

Route of administration
Frequency of administration

Pharmacokinetic profile (after a single 70mg dose)
Plasma concentration at 1 hour 10.45 mg/L

Plasma concentration at 1.19 mg/L
24 hours

Area under the plasma
concentration-time curve
Plasma protein binding
Systemic plasma clearance
Excretion

104.79 mg/L « h

=96%

0.72 L/h

Hepatic metabolism is the
primary route of excretion

Elimination half-life 9-11h

Adverse events

The most common adverse effects associated with caspofungin
therapy were fever, nausea, vomiting and complications related to
the vein into which the drug was infused.
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The incidence of invasive fungal infections has
been steadlily increasing over the past 2 decades.[!
In part, this is because of the increasing numbers
of patients whose immune systems are compro-
mised secondary to factors such as intensive anti-
neoplastic therapy, immunosuppressive therapy
and AIDS. Aspergillus and Candida speciesarethe
most common causes of invasive fungal infection
in immunocompromised patients.[2 Caspofungin
isthefirst in anew class of antifungal agents, the
glucan synthesis inhibitors, and has been devel-
oped for use in fungal infections such as invasive
aspergillosis and Candida infections.

1. Pharmacodynamic Profile

Mechanism of Action

« The glucose homopolymer (3-(1,3)-D-glucan is
an essential component of the cell wall of many
fungi.l3 Caspofungin is a semisynthetic echino-
candin that inhibits the synthesis of B-(1,3)-D-
glucan, thus interfering with fungal cell wall syn-
thesis. This process of fungal cell wall synthesis
has no counterpart in mammals.

0 Adis International Limited. All rights reserved.

In Vitro Studies

Caspofungin has abroad spectrum of antifungal
activity in vitro. However, standardised methods
for the susceptibility testing of glucan synthesisin-
hibitors such as caspofungin have not been estab-
lished and the results of susceptibility testing do
not necessarily correlate with clinical outcome.[!
» Caspofungin showed in vitro activity against
Aspergillus fumigatus, A. flavus, A. terreus and A.
niger in astudy that used Aspergillusisolatesfrom
patients involved in clinical trials.!3! The study
used aNational Committeefor Clinical Laboratory
Standards (NCCLS) broth microdilution assay.
Theinvitro activity of caspofungin against Asper-
gillus species has al'so been demonstrated in other
studies using NCCL S broth microdilution assays.[6-l

* No antagonism between caspofungin and ampho-
tericin B was seen against A. fumigatus, A. flavus,
A. niger and A. terreusin vitro, although some syn-
ergistic and additive activity was observed.!

* In vitro studies have shown caspofungin to
have activity against azole-sensitive and -resistant
Candida specied10-19 and amphotericin-resistant
Candida species.?! Caspofungin has also demon-
strated in vitro activity against several filamentous
fungi besi des Aspergillug 421 and several dimorphic
fungi [ Caspofungin has demonstrated limited in
vitro activity against Cryptococcus neofor mans.[14.19

Animal Studies

In Aspergillosis

 Inasurvival model involving complement com-
ponent 5-deficient mice with disseminated asper-
gillosis, the 50% effective dose was 0.06 mg/kg
with once daily intraperitoneal administration of
caspofungin.[?2 At day 28 after intravenous chal-
lenge with A. fumigatus, the survival rate was
>78% with administration of caspofungin at dos-
ages of =0.16 mg/kg/day, initiated 30 minutes after
challenge and continued for 5 days, while all in-
fected control mice had died.

» Micewith transient cyclophosphamide-induced
immunosuppression and disseminated aspergil-
losis received once daily intraperitoneal caspo-

Drugs 2001; 61 (8)



Caspofungin: New Drug Profile

1123

fungin or amphotericin B 0.03 to 1 mg/kg for 14
days, starting 24 hours after infection with A.
fumigatus.[23] Survival rates at 28 dayswere 70, 90,
90 and 50% in recipients of caspofungin 0.5and 1
mg/kg/day and amphotericin B 0.5 and 1 mg/kg/
day, respectively. Survival was significantly (p <
0.05) prolonged in recipients of caspofungin at
dosages of >0.125 mg/kg/day (=40%), compared
with infected control mice, all of which died. Mice
with chronic cyclophosphamide-induced immuno-
suppression and disseminated aspergillosis re-
ceived once daily treatment with intraperitoneal
caspofungin or amphotericin B 0.25to 1 mg/kg for
7 days, starting 24 hours after infection.!23 Among
mice treated with >0.5 mg/kg/day of caspofungin
or amphotericin B, 28-day survival rates ranged
from 50 to 100% and from 40 to 90%, respectively.

» Both prophylaxis and treatment with intraperi-
toneal caspofungin were effective in a rodent
model of pulmonary aspergillosis. In the prophy-
laxis trial, rats received single doses of caspo-
fungin 0.5, 2 or 8 mg/kg, amphotericin B 4 mg/kg
or saline, 2 hours prior to tracheal inoculation with
A. fumigatus.[?!l Seven days after infection, sur-
vival rates were 60, 90, 100, 100 and 40% in the
corresponding treatment groups. In the treatment
trial, survival rates at 7 days after infection among
rats that received 7 days treatment with intra-
peritoneal caspofungin 0.5, 2 or 8 mg/kg once daily,
amphotericin B 4 mg/kg once daily or saline were
80, 100, 100, 100 and 30%, respectively.[24

Other Pathogens

» Caspofungin has shown efficacy inarange of mu-
rine models of fungal infection including dissemin-
ated candidiasis in immunocompetent, immuno-
suppressed and neutropenic hosts (including Can-
dida krusei and C. glabrata infection[23),[22.23.26-29]
histoplasmosisi3%:31 and Pneumocystis carinii.l32
In contrast, the drug did not protect immunode-
ficient mice against lethal challenge with C. neo-
formans.[22]

0 Adis International Limited. All rights reserved.

2. Pharmacokinetic Profile

Absorption and Distribution

e The plasma caspofungin concentration in-
creased proportionally with the dose in healthy
men (n = 12) who received single intravenous in-
fusions of 5 to 100mg.[33 Moderate accumulation
[25 to 50% increase in the area under the plasma
concentration-time curve (AUCq4,)] of caspofun-
gin was seen with multiple dosing in healthy men
who received intravenous caspofungin 15 to 70 mg/
day for 2 weeksand in 10 healthy men who received
intravenous caspofungin 70 mg/day for 3 weeks.[3!
The studies were published as abstracts.

» Caspofungin is highly protein bound in human
serum (approximately 96%).134 Following in-
traperitoneal administration of a single dose of
[3H]-1abelled caspofungin 1 mg/kg to mice, thetis-
sue-to-plasma ratio for AUCyq4p, was 16, 2.9 and 2
for the liver, kidney and large intestine, respec-
tively.[34 The exposure of the small intestine, lung
and spleen to caspofungin was similar to that of
plasma, while the exposure of the heart, thigh and
brain was lower than that of plasma.

Metabolism and Elimination

» Caspofungin was slowly metabolised by hy-
drolysis and N-acetylation in healthy adults who
received a single 1-hour intravenous infusion of
[3H]-labelled caspofungin 70mg.[3% Caspofungin
also undergoes spontaneous chemical degrada-
tion.[38l The B-phase elimination half-life of
caspofungin was 9to 10 hoursin healthy men after
single intravenous infusions of 5 to 100mg.[33 An
additional phase with alonger half-life was seen at
higher doses. Thetotal plasma clearance of caspo-
fungin was 0.72 L/h.[38]

e 27 days after intravenous administration of
radiolabelled caspofungin, 35% of the dose had
been excreted in faeces and 41% of the dose had
been excreted in urine.[38 However, =1.4% of the
dosewasexcreted in the urine unchanged, suggest-
ing that the primary route of excretion is hepatic
metabolism.

Drugs 2001; 61 (8)
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Special Patient Populations

» The results of a study in healthy elderly volun-
teers aged >65 years, presented as a poster, indi-
cated that the caspofungin dosage should not need
to be adjusted in elderly patients, despite modestly
increased plasma concentrations (11.32 and 1.57
mg/L, respectively, 1 and 24 hours after a single
70mg dose) compared with healthy volunteers
aged <45 years (10.45 and 1.19 mg/L, respec-
tively).[37

 The caspofungin dosage does not need to be ad-

justed in patients with renal insufficiency or mild
hepatic insufficiency, although dosage reductionis
recommended in patientswith moderate hepaticin-
sufficiency.[38 The use of caspofungin in patients
with severe hepatic insufficiency has not been
studied.

3. Therapeutic Trials

There arelimited clinical dataregarding the use
of caspofungin in patientswith invasive fungal in-
fections. Thissection discussestheresultsof 1 non-
comparative study which examined the use of
caspofungin in invasive aspergillosis (data pre-
sented in a poster)!38! and 2 randomised, double-
blind, comparative studieswhich examined the use
of caspofungin in mucosal candidiasis (data pre-
sented as abstracts).[3940
< A multicentre noncomparative study involved
56 immunocompromised patients who met the di-
agnostic criteriafor definite or probabl e pulmonary
invasive aspergillosis or definite extrapulmonary
invasive aspergillosis.[38 46 patients were refrac-
tory to other antifungal agents (including ampho-
tericin B, lipid formulations of amphotericin B,
itraconazole or investigational azoles) and 10 pa-
tients did not tolerate other antifungal agents. 12
patients had neutropeniaat baseline (absolute neu-
trophil count of <500 cells/ul); the site of Asper-
gillus infection and the underlying conditions of
patients are shown in figures 1 and 2, respectively.
54 patientsreceived at least 1 dose of caspofungin;
treatment comprised an intravenous loading dose
of caspofungin 70mg followed by once daily in-

0 Adis International Limited. All rights reserved.

travenous caspofungin 50mg for up to 162 days
(mean 31.1 days).

» Response was assessed by an independent ex-
pert panel; a compl ete response (defined as resol u-
tion of all attributable symptoms, signs and radio-
graphic or bronchoscopic abnormalities) or a par-
tial response (defined as a clinically meaningful
improvement in attributable symptoms, signs and
radiographic or bronchoscopic abnormalities) oc-
curred in 22 of the 54 patients (40.7%).138 A fa-
vourabl e response (defined as acomplete or partial
response) was seen in 34.1 and 70% of patients
who wererefractory to, or did not tolerate, previous
antifungal therapy, respectively, and in 18.2 and
46.5% of patients who did, and did not, have neu-
tropenia at baseline, respectively. The proportions
of patientsachieving afavourableresponse accord-

41.1%

1.8%

30.4% 8.9%

Pulmonary (definite)
Pulmonary (probable)
Disseminated

Sinus

Central nervous system

ooooOm

Fig. 1. Site of infection in patients with invasive aspergillosis.
This multicentre noncomparative study involved 56 immuno-
compromised patients meeting the diagnostic criteria for inva-
sive aspergillosis who were treated with caspofungin.*”]

Drugs 2001; 61 (8)
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39.3%

28.6%

Haematological malignancies
Allogeneic BMT/PSCT
Organ transplant

Solid tumour

Corticosteroids

Other/None*

ooooom

Fig. 2. Underlying disease in patients with invasive aspergil-
losis. This multicentre noncomparative study involved 56
immunocompromised patients meeting the diagnostic criteria
for invasive aspergillosis who were treated with caspo-
fungin.B”1 BMT = bone marrow transplantation; PSCT =
peripheral stem cell transplantation; * Other/None includes
1 methotrexate recipient, 1 patient with an underlying myco-
bacterial lung infection, 1 patient with skull trauma and 2
patients in whom no underlying condition was present.

ing to the underlying disease and the site of infec-
tion are shown in figure 3.

» Thepreliminary results of amulticentre double-
blind study indicated that caspofungin is effective
in oesophageal candidiasis.*¥! 128 patients with
endoscopically proven oesophageal candidiasis
were randomised to receive intravenous caspo-
fungin 50 or 70 mg/day, or intravenous amphoter-
icin B 0.5 mg/kg/day, for 14 days. 78 and 82% of
caspofungin and amphotericin B recipients, re-
spectively, had HIV infection. A clinical response

0 Adis International Limited. All rights reserved.

(defined as aresolution of symptoms and a signif-
icant reduction in endoscopic lesions 14 days after
completing therapy) was seen in 38 of the 46
caspofungin 50 mg/day recipients (82.6%), 25 of
the 28 caspofungin 70 mg/day recipients (89.3%)
and 36 of the 54 amphotericin B recipients
(66.7%).

 Caspofungin was effective in oropharyngeal and
oesophageal candidiasis, according to the prelim-
inary results of amulticentre, randomised, double-
blind study involving 95 evaluable patients who
received caspofungin 35, 50 or 70 mg/day, or am-
photericin B 0.5 mg/kg/day.[*0 Nearly all of the
patientshad HIV infection. The minimum duration
of treatment was 7 and 10 days for patients with
oropharyngeal and oesophageal candidiasis, re-
spectively. Among patients with oropharyngeal
candidiasis, treatment was deemed effective (as-
sessed 3 to 4 days after the end of therapy and
defined as complete resolution of symptoms and a
reduction in diseasegradeto O or 1/2) in 78, 91 and
100% of caspofungin 35, 50 and 70 mg/day recip-
ients, respectively, and in 83% of amphotericin B
recipients. Among patients with oesophageal can-
didiasis, treatment was effective in 79, 93, 78 and
69% of patients in the corresponding treatment
groups.

4. Tolerability

 Caspofungin was generally well tolerated in a
multicentre noncomparative trial involving adults
with invasive aspergillosiswho received aloading
dose of intravenous caspofungin 70mg followed
by once daily intravenous caspofungin 50mg for 1
to 162 days.[38 One or more drug-related clinical
adverse effects were experienced by 13.8% of pa-
tients (the most common were fever, nausea, vom-
iting and complications associated with the vein
into which caspofungin was infused). Laboratory
abnormalities related to caspofungin therapy that
occurred in >1 patient included increased protein-
uria (n = 3) and eosinophilia (n = 2). Pulmonary
infiltrates and hypercalcaemia were the 2 serious
drug-related adverse effectsreported. Systemic re-
actionsassociated with theinfusion of caspofungin

Drugs 2001; 61 (8)
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Haematological
malignancy (n = 20)

Allogeneic
BMT/PSCT (n = 16)

Organ transplant
(n=7)

Underlying
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Solid tumour
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Other*
(n=9)

Pulmonary
(n = 40)
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Site of (n=10)

]
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Fig. 3. Percentage of patients achieving a favourable response (defined as a complete or partial response) according to their
underlying disease and site of infection at baseline. This multicentre noncomparative study involved 54 immunocompromised
patients with invasive aspergillosis who received at least 1 dose of caspofungin.B’JBMT = bone marrow transplantation; PSCT =
peripheral stem cell transplantation; CNS = central nervous system; * Other includes 4 corticosteroid recipients, 1 patient who
received methotrexate, 1 patient with an underlying mycobacterial lung infection, 1 patient with skull trauma and 2 patients in whom

no underlying condition was present.

occurred in 17% of patients, although the majority
of these reactions were of mild severity.

 Drug-related laboratory adverse effects occurred
with generally similar frequency in caspofungin
and fluconazole recipients in a pooled analysis of
data from 3 double-blind, randomised studies in-
volving patients with mucosal Candida infections.
The analysis included recipients of intravenous
caspofungin 50mg (n = 164), caspofungin 70mg
(n = 65), amphotericin B 0.5 mg/kg (n = 89) and
fluconazole 200mg (n = 93).14 Elevated creatinine
levelsoccurred in 0, 1.5, 28.1 and 2.2% of patients
in the corresponding treatment groups, elevated
ALT levels occurred in 10.5, 10.8, 22.7 and 12%
and elevated AST levelsoccurred in 13, 10.8, 22.7
and 13%; in caspofungin recipients most of thein-
creasesin hepatic enzymelevelswere of atransient

0 Adis International Limited. All rights reserved.

nature and did not limit therapy. No serious drug-
related adverse effects occurred in caspofungin re-
cipients. In total, 6 of the 263 caspofungin recipi-
ents (including 34 patients who received caspo-
fungin 35 mg/day) discontinued therapy because of
drug-related adverse effects.

* No serious adverse effects were associated with

caspofungin in a multicentre, randomised, double-
blind study involving 128 patients with oesopha-
geal candidiasis.[*¥ One serious adverse effect was
seen in amphotericin B recipients. Creatinine lev-
els of >176.8 umol/L (>2 mg/dl) developed in 8
amphotericin B recipientsand 1 caspofungin recip-
ient. Three of the 74 caspofungin recipients (4.1%)
discontinued therapy because of drug-related ad-
verse effects compared with 12 of the 54 ampho-
tericin B recipients (22.2%).

Drugs 2001; 61 (8)



Caspofungin: New Drug Profile

1127

Potential Drug Interactions

» Thepharmacokineticsof therecommended dos-

age of caspofungin (70mg on day 1 followed by 50
mg/day) were not significantly altered by co-
administration of oral itraconazole 200 mg/day for
14 days and, similarly, the pharmacokinetics of
itraconazole were not significantly altered by co-
administration of caspofungin.[*2 Studies con-
ducted in healthy volunteers indicated that the
pharmacokinetics of caspofungin were not altered
by the coadministration of amphotericin B, myco-
phenolate mofetil or tacrolimus and, similarly, the
pharmacokinetics of amphotericin B and theactive
metabolites of mycophenolate mofetil werenot al-
tered by coadministration of caspofungin.[38!

» Plasma concentrations and the AUC of tacro-
limus were modestly reduced by about 20% with
coadministration of caspofungin, and tacrolimus
concentrations should be monitored in patients re-
ceiving both drugs.[3

 Cyclosporin increased the AUC of caspofungin
by about 35% although plasma concentrations of
cyclosporin were not atered by coadministration
of caspofungin.38 Elevated transaminase levels
were seen in a study involving healthy volunteers
who received caspofungin and cyclosporin.[3
Transiently elevated ALT levels were seen on day
11 in 3 of the 4 volunteers who received caspo-
fungin 70 mg/day on days 1 to 10 plus 2 doses of
cyclosporin 3 mg/kg administered 12 hours apart
onday 10; ALT levelswere 2 to 3 times the upper
limit of normal. In the same study, small increases
in ALT levels were seen on day 2 in 2 of the 8
volunteers who received caspofungin 35 mg/day
for 3 days plus 2 doses of cyclosporin 3 mg/kg
administered 12 hours apart on day 1; ALT levels
were slightly above the upper limit of normal. In
both panels, AST levels were also elevated, but to
alesser extent than ALT levels. The concomitant
use of caspofungin and cyclosporiniscurrently not
recommended.

0 Adis International Limited. All rights reserved.

5. Caspofungin: Current Status

Caspofungin isaglucan synthesisinhibitor that
has been launched in the US for the treatment of
patients with invasive aspergillosis who have not
responded to, or do not tolerate, conventional an-
tifungal therapy. Studies are currently underway
for the empirical treatment of febrile neutropenia,
invasive candidiasis and paediatric usage.
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