ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Sept. 2000, p. 2310-2318
0066-4804/00/$04.00+0

Vol. 44, No. 9

Copyright © 2000, American Society for Microbiology. All Rights Reserved.

Efficacy of the Echinocandin Caspofungin against Disseminated

Aspergillosis and Candidiasis in Cyclophosphamide-Induced
Immunosuppressed Mice

GEORGE K. ABRUZZO,"* CHARLES J. GILL,' AMY M. FLATTERY,' LI KONG,' CLAIRE LEIGHTON,’

JEFFREY G. SMITH,? V. BILL PIKOUNIS,> KEN BARTIZAL,* axo HUGH ROSEN'

Infectious Diseases," Virus and Cell Biology,” Biometrics Research,® and Animal Health,*
Merck Research Laboratories, Rahway, New Jersey 07065-0900

Received 12 November 1999/Returned for modification 30 March 2000/Accepted 12 June 2000

The in vivo efficacy of the echinocandin antifungal caspofungin acetate (caspofungin; MK-0991) was eval-
uated in models of disseminated aspergillosis and candidiasis in mice with cyclophosphamide (CY)-induced
immunosuppression. Caspofungin is a 1,3-B-p-glucan synthesis inhibitor efficacious against a number of
clinically relevant fungi including Aspergillus and Candida species. Models of CY-induced transient or chronic
leukopenia were used with once daily administration of therapy initiated 24 h after microbial challenge.
Caspofungin was effective in treating disseminated aspergillosis in mice that were transiently leukopenic
(significant prolongation of survival at doses of =0.125 mg/kg of body weight and a 50% protective dose [PD,]
of 0.245 mg/kg/day at 28 days after challenge) or chronically leukopenic (50 to 100% survival at doses of =0.5
mg/kg and PD.,s ranging from 0.173 to 0.400 mg/kg/day). Caspofungin was effective in the treatment and
sterilization of Candida infections in mice with transient leukopenia with a 99% effective dose based on
reduction in log,, CFU of Candida albicans/gram of kidneys of 0.119 mg/kg and 80 to 100% of the caspofungin-
treated mice having sterile kidneys at caspofungin doses from 0.25 to 2.0 mg/kg. In Candida-infected mice with
chronic leukopenia, caspofungin was effective at all dose levels tested (0.25 to 1.0 mg/kg), with the log,, CFU
of C. albicans/gram of kidneys of caspofungin-treated mice being significantly lower (>99% reduction) than
that of sham-treated mice from day 4 to day 28 after challenge. Also, 70 to 100% of the caspofungin-treated,
chronic leukopenic mice had sterile kidneys at caspofungin doses of 0.5 to 1.0 mg/kg from day 8 to 28 after
challenge. Sterilization of Candida infections by caspofungin in the absence of host leukocytes provides
compelling in vivo evidence for fungicidal activity against C. albicans. Further human clinical trials with
caspofungin against serious fungal infections are in progress.

Caspofungin acetate (caspofungin), formerly reported as
MK-0991 and L-743872, is a potent, parenteral agent currently
undergoing clinical development by Merck & Co., Rahway,
N.J., with efficacy against a number of clinically important
fungi (Aspergillus and Candida species), including many species
and strains resistant to other antifungal agents (1, 4, 6, 8-10,
17, 18, 22; E. M. Bernard et al., Abstr. 36th Intersci. Conf.
Antimicrob. Agents Chemother., abstr. F39, 1996; P. Connolly
et al., Abstr. 37th Intersci. Conf. Antimicrob. Agents Che-
mother., abstr. F81, 1997; A. M. Flattery et al., Abstr. 36th
Intersci. Conf. Antimicrob. Agents Chemother., abstr. F40,
1996; A. M. Flattery et al., Abstr. 38th Intersci. Conf. Antimi-
crob. Agents Chemother., abstr. J61, 1998; L. K. Najvar et al.,
Abstr. 36th Intersci. Conf. Antimicrob. Agents Chemother.,
abstr. F43, 1996; C. A. Sable et al., Program Addendum 37th
Intersci. Conf. Antimicrob. Agents Chemother., abstr. LB-33,
1997). Caspofungin is a member of the echinocandin class of
antibiotics and is a water-soluble, semisynthetic derivative of
the pneumocandin Bo, which in turn is a fermentation product
derived from the fungus Glarea lozoyensis (5). The mechanism
of action of caspofungin is inhibition of 1,3-B-b-glucan synthe-
sis, which is critical in the formation of structural cell wall
components in certain pathogenic fungi and Preumocystis ca-
rinii cysts (3, 4, 12, 13, 19; F. A. Bouffard, J. F. Dropinski, J. M.
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Balkovec, R. M. Black, M. L. Hammond, K. H. Nollstadt, and
S. Dreikorn, Abstr. 36th Intersci. Conf. Antimicrob. Agents
Chemotbher., abstr. F27, 1996).

In recent years, the increased number of immunosuppressed
patients has increased the incidence of serious, life-threatening
fungal infections (2, 23, 24). Despite the introduction of more-
effective, less-toxic triazole agents and new formulations of
amphotericin B (AmB), the incidence of fungal infections re-
sistant to many currently available antifungal agents is still a
serious concern, and the need for new antimycotics with novel
modes of action continues (13, 21). This report describes the in
vivo efficacy of caspofungin in models of disseminated aspergil-
losis and candidiasis in mice with cyclophosphamide (CY)-
induced immunosuppression.

MATERIALS AND METHODS

Drugs. Caspofungin was synthesized by the Department of Medicinal Chem-
istry at Merck Research Laboratories, Rahway, N.J.; formulated; and serially
diluted in sterile distilled water. AmB, purchased as Fungizone (Bristol-Myers
Squibb, Princeton, N.J.), was reconstituted according to the manufacturer’s in-
structions and further diluted in sterile distilled water. Fluconazole (FCZ) (Di-
flucan for Injection; Pfizer, Groton, Conn.) was used as supplied (2 mg/ml) for
the high dose and serially diluted in sterile distilled water for the lower doses.

Animals. Outbred, conventionally reared, female ICR mice (average weight 23
to 25 g; Harlan, Indianapolis, Ind.), were used. Mice were housed in sterile
microisolator cages with sterile bedding, feed, and water.

All procedures were performed in accordance with the highest standards for
the humane handling, care, and treatment of research animals and were ap-
proved by the Merck Institutional Animal Care and Use Committee. Procedures
for the care and use of research animals at Merck meet or exceed all applicable
local, national, and international laws and regulations.
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Immunosuppression. ICR mice were immunosuppressed with a 6-mg/mouse
dose of CY (Cytoxan; Mead Johnson, Princeton, N.J.) administered by intra-
peritoneal (i.p.) injection for transient suppression or orally by gavage for
chronic suppression, 3 days prior to infection (day —3). For the transient-
suppression aspergillosis study, immunosuppression was maintained by four ad-
ditional doses of CY (2 mg/mouse, i.p.) on days 1, 4, 7, and 10 after infection. For
the transient-suppression candidiasis studies, immunosuppression was main-
tained by two additional doses of CY (2 mg/mouse, i.p.) on days 1 and 4 after
infection. For all of the chronic suppression studies, immunosuppression was
maintained by nine additional doses of CY (2 mg/mouse, orally) on days 1, 4, 7,
10, 14, 16, 19, 22, and 25 after infection. Immunosuppression was monitored in
representative ICR mice by differential white blood cell counts at time points
following treatment with CY. Two control groups received CY treatments as
described above to determine possible mortality due to immunosuppression
alone. One group was noninfected and nontreated. The second group was sham-
infected with sterile physiological saline and sham-treated with sterile distilled
water on the same therapy schedule as the test groups.

Organisms and culture conditions. Aspergillus fumigatus MF5668 (ATCC
13073), originally isolated from a human pulmonary lesion, was cultured on
Sabouraud dextrose agar (SDA) (BBL, Cockeysville, Md.) slants at 35°C for 3 to
5 days. Conidia were washed from the surface of several (two to three) agar
slants into sterile saline with 0.01% Tween 20 (Fisher Scientific, Fair Lawn, N.J.),
and the conidial concentration was determined by counting with a hemacytom-
eter. The viable count was confirmed by serially diluting the conidial suspension
10-fold and plating the inoculum on SDA plates.

Candida albicans MY1055 (Merck Culture Collection) was cultured on SDA
plates at 35°C for 24 h. Yeast cells were washed from the surfaces of one to two
agar plates into sterile saline, and the cell concentrations were determined by
counting with a hemacytometer. The viable count was confirmed by serially
diluting the yeast suspension 10-fold and plating each inoculum on SDA plates.

In vitro susceptibility. A. fumigatus MF5668 was tested for susceptibility to
caspofungin and AmB by the broth microdilution method as described in NC-
CLS document M38-P (15) utilizing the recommended buffered RPMI-1640
medium, an inoculum of 1.0 X 10* to 5.0 X 10* conidia/ml, and an incubation
temperature of 35°C. The MIC of caspofungin was defined as the lowest con-
centration of the antifungal agent inhibiting 80% visible growth at 24 h, while the
MIC of AmB was defined as the lowest concentration of the drug inhibiting
100% of the visible growth at 48 h.

C. albicans MY1055 was tested for susceptibility to caspofungin, AmB, and
FCZ by the broth microdilution method as described in NCCLS document
M27-A (16) utilizing the recommended buffered RPMI-1640 medium, an inoc-
ulum of 0.5 X 10° to 2.5 X 10> CFU/ml, and an incubation temperature of 35°C
for 48 h. The MIC of caspofungin and AmB was defined as the lowest concen-
tration of the antifungal agent inhibiting 100% visible growth, while the MIC of
FCZ was defined as the lowest concentration of the drug inhibiting 80% of the
visible growth.

Aspergillosis survival studies. For both the transient and chronic models, a
disseminated Aspergillus infection was induced in immunosuppressed ICR mice
by the intravenous (i.v.) inoculation of 0.2 ml of an A. fumigatus MF5668 spore
suspension (1.4 X 10* to 2.4 X 10* conidia/mouse) into their lateral tail vein.
Therapy was delayed until 24 h after challenge.

In the transient-suppression model, caspofungin and AmB were tested at
twofold-increasing doses from 0.03 to 1.0 mg/kg of body weight administered i.p.,
once daily (q.d.), for a total of 14 days. There were 10 mice per therapy group.

In the chronic-suppression model, caspofungin and AmB were tested at doses
of 0.25, 0.5, and 1.0 mg/kg i.p., q.d., for 7 days. In the first two chronic-suppres-
sion studies there were 10 mice per group, and in the third study there were 50
mice per group.

In both models, the infected, sham-treated control mice received sterile dis-
tilled water and morbidity and mortality were recorded daily for 28 days.

Candidiasis studies. In all the Candida studies, a disseminated infection was
induced in immunosuppressed ICR mice by the i.v. inoculation of 0.2 ml of a
yeast cell suspension (2.0 X 10* to 1.22 X 10° cells/mouse) of C. albicans MY 1055
into the lateral tail vein. These infectious doses for C. albicans MY1055 were
used in order to attain maximum tissue colonization with minimum mortality for
the course of the therapy period (7 days). Efficacy was based on reduction of
CFU of C. albicans per gram of kidneys at day 8 after challenge for the transient-
suppression model and at selected time points after challenge in the chronic-
suppression model (target organ kidney assays). For both suppression models,
efficacy was also determined based on survival at day 21 after infection.

In both transient- and chronic-suppression studies, paired kidneys from five
mice were collected (as described below) at 24 h after infection and prior to
therapy to determine CFU of Candida per gram of kidneys at the time therapy
was initiated. Antifungal therapy was not initiated until 24 h after challenge, and
mice were treated i.p., q.d., for a total of 7 days. The infected, sham-treated
control animals received sterile distilled water administered i.p., q.d., for a total
of 7 days.

In the transient-suppression study, mice were treated with caspofungin at
twofold-increasing doses from 0.06 to 2.0 mg/kg. AmB was tested at twofold-
increasing doses from 0.06 to 1.0 mg/kg. At 8 days after infection (24 h after the
last dose), paired kidneys from euthanatized mice (five per group) were removed
using aseptic techniques, weighed, and placed in sterile Whirl-Pak bags (Fisher
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Scientific, Springfield, N.J.) containing 5 ml of sterile saline. Kidneys were ho-
mogenized in the bags and serially diluted in saline, and aliquots were plated on
SDA. Plates were incubated at 35°C, and CFU of C. albicans were enumerated
after 30 to 48 h. Means of the CFU per gram of tissue from drug-treated groups
were compared to the means from sham-treated controls. Percent sterilization
was indicated by the number of mice with no detectable yeast, with the limit of
detection, because of the dilution scheme, being 50 yeast cells per pair of kidneys.
For data from individual mice where no detectable yeast cells were recovered
from the tissues, 49 CFU per pair of kidneys was used so that the counts would
be one less than the limit of detection. Mice assigned to the survival study (10
mice per group) were monitored daily, and mortality was recorded for 21 days
after infection. At day 21 after challenge, the 50% protective dose (PDs) and
PDy, were determined (as described below).

In the chronic-suppression studies, mice were treated with either caspofungin,
AmB, or FCZ. Caspofungin and AmB were tested at titrated doses of 0.25, 0.50,
or 1.0 mg/kg. FCZ was tested at titrated doses of 20.0, 40.0 or 80.0 mg/kg. At 4,
8, 14, 21, and 28 days after infection, the CFU of C. albicans per gram of paired
kidneys was enumerated (five mice per group per experiment) as described
above. Mice assigned to the survival study (10 mice per group per study) were
monitored daily, and mortality was recorded for 28 days after infection. PDsgs
and PDygs were determined (as described below) at day 28 after challenge.

Statistical analyses. In the disseminated aspergillosis models, the PDs,s and
PDy,s based on survival were estimated by a robust probit method (14, 20) from
survival rates calculated by the Kaplan-Meier technique (11) at day 28 after
challenge.

In the disseminated candidiasis models, means of log,, CFU of yeast per gram
of kidneys from the treated groups were compared to those of the sham-treated
control using Student’s ¢ test (two tailed, unpaired) on Microsoft Excel. Com-
parisons were deemed significant at the a = 0.05 level. Means of percent
reduction in CFU of Candida per gram of kidney for treated groups at the
selected time point following challenge relative to control were computed. A
linear trend was typically evident when dose and CFU were both expressed on a
log,, scale. Inverse regression (7) was subsequently used to estimate 90% effec-
tive doses (EDgys) and EDggs, defined as the doses (milligrams per kilogram)
that reduced the number of CFU per organ by 90 and 99%, respectively. The
PDs,s and PDggs based on survival were estimated by a robust probit method
(14, 20) from survival rates calculated by the Kaplan-Meier technique (11).

RESULTS

In vitro susceptibility. The MICs of caspofungin and AmB
for A. fumigatus MF5668 were 0.125 and 0.5 pg/ml, respec-
tively. The MICs of caspofungin, AmB, and FCZ for C. albi-
cans MY1055 were 0.5, 0.5, and 1.0 pg/ml, respectively.

Efficacy in the transient-immunosuppression model of dis-
seminated aspergillosis. The efficacy of delayed therapy (24 h
after infection) with caspofungin or AmB (i.p., q.d., for 14
days) was determined for a disseminated A. fumigatus MF5668
infection (i.v. challenge with 1.6 X 10* CFU/mouse) in mice
with CY-induced immunosuppression maintained for the en-
tire therapy period. The mean total leukocyte counts of CY-
treated mice remained below 2,400 cells/ul from the time of
infection until day 10 after infection and then began to rise,
reaching 4,300 and 10,700 cells/pl by days 14 and 17 (7 days
after the last CY dose), respectively.

The percent survival over time for mice treated with caspo-
fungin and AmB is shown in Fig. 1A and B, respectively.
Caspofungin at concentrations of =0.125 mg/kg/dose signifi-
cantly prolonged the survival of infected mice compared to
that of infected sham-treated animals. Treatment with caspo-
fungin at 0.5 and 1.0 mg/kg/dose resulted in 70 and 90% sur-
vival, respectively. AmB at concentrations of =0.25 and 0.63
mg/kg/dose significantly prolonged survival. However, the
group receiving 1.0-mg/kg dose of AmB showed a sharp drop
in survival compared to the group receiving the 0.5-mg/kg
dose. Treatment with AmB at 0.5 and 1.0 mg/kg/dose resulted
in 90 and 50% survival, respectively.

The PDsys (the 95% confidence interval is given parenthet-
ically) based on survival at day 28 (14 days after the last dose)
of caspofungin and AmB were 0.245 (0.157, 0.412) and 0.264
(0.167, ») mg/kg, respectively.
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FIG. 1. Efficacy in the transient-suppression model of disseminated aspergillosis. ICR mice were immunosuppressed with a 6-mg/mouse dose of CY administered
i.p. 3 days prior to infection with 1.6 X 10* CFU of 4. fumigatus MF5668 (i.v.) per mouse. Immunosuppression was maintained by additional doses of CY (2 mg/mouse,
i.p.) on days 1, 4, 7, and 10 after infection. Therapy was initiated 24 h after infection, and mice (10/group) were treated i.p., q.d., for 14 days. (A) Caspofungin; (B) AmB.
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FIG. 2. Efficacy of delayed therapy against disseminated C. albicans MY1055 infection in CY-treated, transient-suppression model in ICR mice. Mice were
challenged i.v. with C. albicans MY1055 at 2.0 X 10* CFU/mouse. Mice (10/group) received first treatment 24 h after challenge (delayed therapy) and were treated
i.p., q.d., for 7 days. Mice were immunosuppressed with a 6-mg/mouse dose of CY on day —3. Immunosuppression was maintained by additional doses of CY on days

1 and 4 after challenge. (A) Caspofungin; (B) AmB.

determined 8 days after challenge (1 day after discontinuation
of therapy). Efficacy was also based on survival for 21 days after
challenge (14 days after discontinuation of therapy).
Caspofungin was effective at doses from 0.125 to 2.0 mg/kg,
since the log,, CFU of C. albicans per gram of kidneys of
caspofungin-dosed mice were significantly lower than those of
vehicle-treated mice. The percent of mice with sterile kidneys

ranged between 80 and 100% at caspofungin doses from 0.25
to 2.0 mg/kg. Although AmB gave significant reductions in
CFU per gram of kidneys at all doses tested (0.06 to 1.0
mg/kg), there was only 20% renal sterilization at the 1.0-mg/kg
dose and no sterilization at lower doses (Table 2). The EDgys
and EDy,s, based on reduction in CFU of C. albicans per gram
kidneys, for caspofungin were 0.049 and 0.119 mg/kg, respec-
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shown parenthetically) value based on survival at 21 days after g Bsggci eSS Nee wnes o o
challenge was 0.113 (0.075, 0.164) mg/kg for caspofungin and 3 g2 2 282 :
0.222 (0.109, 0.513) mg/kg for AmB. S 2% T2E s %
Efficacy in the chronic-immunosuppression model of dis- T 2298278 v A 2
. g . = 19085589 QYo Qoo Wwoo s}
seminated candidiasis. The efficacy of delayed therapy (24 h 2 gL52s8 | F oY RBRe ££% <
after infection) with caspofungin, AmB, and FCZ (i.p., q.d., for § g g3 :&: 5 R o e PO T Ae =
7 days) was determined in separate studies of disseminated C. g g2 & Fes|e 222 2 25 ooy 2
albicans MY1055 infection with CY-induced immunosuppres- ;i; SE55EG |2 X~ obS Fox|E G
sion maintained for the entire experimental period (28 days g & o; g3 fg_ T 2l 2o 2o oy
after challenge). Mice were challenged i.v. with C. albicans E 0% g § a ] ;‘ I8 &K 888 g
MY1055 at 5.6 X 10* CFU/mouse (study 1) and 1.22 X 10° S o8zpas D83 BB B2Z 5
CFU/mouse (study 2). At 24 h after challenge and just prior to Y Eg 8802 hadh S 2
the initiation of therapy, the mean C. albicans count (10 mice) o 8EE g3 a =8
was 7.6 X 10* CFU/g of kidney. Efficacy was also based on F ZgEsza Z
. . . N S5 532 % 9 WL WM NN
survival for 28 days after challenge (21 days after discontinu- U 2g8%3c |2 Drlh oo —ew =
ation of therapy). 8 £3ogES R JIWS IW5W SSS c| &
. . = SRENS-RE
Caspofungin was effective at all doses tested (0.25 to 1.0 S SEFTEE|L HuM o onEr oEER =
mg/kg), with the log,;, CFU of C. albicans per gram of kidneys & ¢ 522 8.; R kk 253 52x|(oQE
of caspofungin-treated mice being significantly lower (>99% REs EQ El2 RSB 233 ©20 %; s g
reduction) than that of sham-treated mice from day 4 to day 28 é 3E382 %@% %%% % 8% z|
after challenge. At caspofungin doses of 0.5 and 1.0 mg/kg, the BLEFLR S oo g@ ¥ S,
percent of mice with sterile kidneys ranged between 70 and g3 g B X S I8 e v S §
100% from day 8 to 28 after challenge. AmB gave significant 3§ i ) T T T SEG
reductions in CFU per gram kidney at all doses tested (0.25 to 23 § i 2 & 5
1.0 mg/kg) from day 8 to 28, except on day 21 at 0.25 mg/kg 2eslg g 2|2
(Table 3). At AmB doses of 0.5 and 1.0 mg/kg, the renal E20588 | o mmf £ PR E A
N J . e ~B 2 < $ AR [ BN N No O o —.
sterilization ranged from 20 to 80% of the mice sampled after E308 SEIR Ry *8q 233 5| B
day 8 (Table 3). FCZ significantly reduced the CFU of C. S e BEE | M HHE HHE =8
albicans per gram of kidneys compared to those for the sham- 2 B8gE& |~ Z22 222 222 g g
treated mice at days 4 and 8 (1 day posttherapy) after chal- = RE =P |2 Z2x e 2931285
lenge. However, by day 14 after challenge, the recovery of C. = FosE|S S35 =28 3353 |%|E| R
albicans from kidneys began to rise and reached a no-effect E 3goc J59% g8 Bgs g
level by 21 days after challenge, except for the 20-mg/kg dose s s & S2,8 Lib Ll 5| 8
on day 21 (Table 3). T 3% E TTT SeS oo 2|8
. . . = ~ =4
Percent survival over time for caspofungin, AmB, and FCZ g g ; S| &
is shown in Fig. 3A and B and 4, respectively. When day 28 g7 5 =3
survival data were compared, caspofungin’s efficacy was com- 28 2 Do Do 2| <
parable to that of AmB, and both were superior to FCZ. %g:g Z ;gg on 3 'j; S 3 % §~.
Percents survival at day 28 after challenge of mice treated with SN A= 1 A < | €
. =3 @ o) 8
caspofungin at doses of 0.25, 0.5, and 1.0 mg/kg were 85, 95, SEBE|v voo r~mo —oo E|la
and 80%, respectively. Percents survival at day 28 after chal- EERIR 282 B3B8 2233|8|=z]e
. . 2 C 5| A ~mm o~ ~—— | S FE
lenge of mice treated with AmB at doses of 0.25, 0.50, and 1.0 g (E; e |S BE22 =ZWZ 2=z |m|f ¢
mg/kg were 75, 80, and 100%, respectively. Percents survival at §CER FZZ SEE Boo gl &
day 28 with FCZ at doses of 20.0, 40.0, and 80.0 mg/kg were 10, 852 888 oo g8 g8
30, and 50%, respectively. 2% T 222 2838 % | 2
22 dg ~ 2
ge = 2
= o A =4
DISCUSSION o2 & s
=3 5 o
: . L 53 % g
Caspofungin, a new echinocandin in clinical development at £ 2o oo REY O PRY %
Merck & Co. has been shown to have highly potent and re- 3 7|3 S92 %55 SS% g
producible in vitro activity on a wide variety of Candida spe- S E M HH I
e : : PP : : BEZ S92 ZPN b —oo
cies, including strains that have intrinsic or acquired resistance CE TlE 2y wuzm= wusz|d
to other currently available antifungal agents (4, 17, 18, 22). g 2l =5 o2s =oolo
Caspofungin has clear in vitro activity against Aspergillus spe- s g § ~ %2 e =
cies and against other filamentous and dimorphic fungi, al- g o SZZ 888 88g
though there are considerable species and strain variations (4, g5 2 = = SEIS S88%¢
6, 8; Connolly et al., 37th ICAAC). Preclinical evaluation in 28 & e
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FIG. 3. Efficacy of delayed therapy against disseminated C. albicans MY1055 infection in CY-treated, chronically immunosuppressed ICR mice. Mice were
challenged i.v. with C. albicans MY1055 at 5.6 X 10* CFU/mouse (study 1) and 1.22 X 10° CFU/mouse (Study 2). Mice received first treatment 24 h after challenge
(delayed therapy) and were treated i.p., q.d., for 7 days. Survival data were pooled from both studies (20 mice total). Mice were immunosuppressed throughout the

experimental period (28 days). (A) Caspofungin; (B) AmB.

animal model infections has shown caspofungin to have effi-
cacy against Candida species in both immunocompetent and
immunocompromised animals (1, 10; Flattery et al., 36th and
38th ICAAGC; J. G. Smith, G. K. Abruzzo, C. J. Gill, A. M.
Flattery, L. Kong, H. Rosen, H. Kropp, and K. Bartizal, Abstr.
36th Int. Conf. Antimicrob. Agents Chemother., abstr. F41,
1996). In a multicenter, double-blind study, parenterally ad-

ministered caspofungin at doses of 50 and 70 mg/day was
efficacious and well tolerated in patients (78% human immu-
nodeficiency virus positive) with endoscopically confirmed
Candida esophagitis. Favorable clinical responses (confirmed
by endoscopy) were seen in the majority of patients (~85%) in
the combined caspofungin groups, which was comparable to
the clinical response (~67%) seen in patients on AmB at 0.5
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FIG. 4. Efficacy of delayed therapy with FCZ against disseminated C. albicans MY1055 infection in CY-treated, chronically immunosuppressed ICR mice. Mice
were challenged i.v. with C. albicans MY1055 at 5.6 X 10* CFU/mouse (study 1) and 1.22 X 10° CFU/mouse (study 2). Mice (10/group) received first treatment 24 h
after challenge (delayed therapy) and were treated i.p., q.d., for 7 days. Mice were immunosuppressed throughout the experimental period (28 days).

mg/kg/day (Sable et al., 37th ICAAC). Caspofungin has been
reported to be highly efficacious in animal models of dissemi-
nated aspergillosis in complement component 5-deficient mice
(1), neutropenic mice (Smith et al., 36th ICAAC), and mice
with CY-induced leukopenia (Flattery et al., 38th ICAAC), as
well as in a pulmonary aspergillosis model in immunocompro-
mised rats (Bernard et al., 36th ICAAC). Although caspofun-
gin has measurable in vitro activity against Cryptococcus neo-
formans (MICs ranging from 16 to 32 pg/ml [4]), previous
studies have shown that it is not effective in mouse models of
disseminated cryptococcosis (1).

This report describes the efficacy of caspofungin against
disseminated C. albicans and A. fumigatus infections in mice
with either CY-induced transient or prolonged leukopenia. In
the transient-suppression models, mice were treated with CY
to achieve leukopenia at the time of infection and to maintain
immunosuppression throughout the therapy period. Generally,
total leukocyte counts returned to normal values by 5 to 7 days
after the last dose of CY. In the chronic suppression models,
mice were treated with CY to maintain leukopenia for the
entire experimental period.

The efficacy of caspofungin under all of these conditions,
including those of prolonged CY-induced leukopenia, was
equivalent to that of AmB for both Aspergillus and Candida
infections. The degree of tissue sterilization achieved against
C. albicans reflects the intrinsic activity and fungicidal capacity
of caspofungin even when the host’s cellular immune response
is severely reduced. These preclinical evaluations of caspofun-
gin support its usage for the treatment of fungal infections in
patients who are refractory to or intolerant of other therapies.
It is hoped that caspofungin may help meet a significant med-
ical need in the treatment of disseminated fungal infections in
the immunocompromised patient population, with advantages
of both enhanced antifungal efficacy and tolerability.

10.
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