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Chirurgia,2 Università Politecnica delle Marche, Ancona, Italy

Received 11 June 2004/Accepted 18 June 2004

A sequential therapy of caspofungin (CAS) and fluconazole (FLC) administration for treatment of Candida
albicans infection was investigated. Treatment with CAS followed by FLC was as effective as CAS treatment
given alone for the same duration. Our data suggest that switching from CAS to FLC is a potentially explorable
therapeutic option for treatment of systemic candidiasis.

Candida albicans remains the most common agent of sys-
temic fungal infections (12).

Both fluconazole (FLC), a triazole derivative, and caspofun-
gin (CAS), a novel echinocandin that inhibits fungal cell wall
biosynthesis (4), are effective against Candida spp. (3, 5, 9, 11,
14).

Due to its unique mode of action, CAS in combination with
other agents has been used in experiments lately (1, 2, 6–8, 10).
Recently, Graybill et al. showed that the addition of CAS to
FLC did not improve the outcome of murine candidiasis (6).
However, CAS and FLC are expected to be used in different
sequences in the course of systemic candidiasis. One possibility
is to use CAS first followed by FLC. Therefore, in this study we
investigated the effects of sequential therapy with CAS and
FLC for treatment of C. albicans infections.

All experiments were performed with C. albicans # 2 (CA
2), which was obtained from the blood of a patient who had
never been treated with any antifungal drug. C. albicans ATCC
90029 was used as a quality control in antifungal susceptibility
testing assays (13).

FLC susceptibility testing was performed either by the Na-
tional Committee for Clinical Laboratory Standards (NCCLS)
M27-A microdilution method (13) or by the Etest method. The
NCCLS method was also adapted for testing CAS (11, 13).
FLC susceptibility studies were performed either on yeast cells
exposed to CAS at concentrations of 0.2 and 0.4 �g/ml or on
unexposed yeast cells. Exposure to CAS was performed as
follows. Yeast cells were grown overnight in yeast extract-
peptone-dextrose (Difco Laboratories, Detroit, Mich.) and
washed twice with sterile saline, and approximately 108 CFU/
ml were suspended in 5 ml of RPMI 1640 (Sigma) containing
CAS. After 4 h of incubation at 35°C, the cells were washed
twice, suspended in 5 ml of fresh RPMI 1640 without drug, and
incubated at 35°C for a further 45 min. Then, the yeast cells
were counted and diluted to obtain suitable inocula (0.5 � 103

to 2.5 � 103 CFU/ml for broth dilution and 1 � 106 CFU/ml

for Etest) for FLC susceptibility testing. A 0.1-ml yeast inoc-
ulum was added to each well of the microdilution trays. The
final concentrations of both antifungal agents ranged from
0.008 to 4.0 �g/ml. The trays were incubated at 35°C, and MICs
were read after 48 h. The FLC MIC was defined as the low-
est concentration that produced a prominent decrease in tur-
bidity (approximately 50%), while the CAS MIC was defined
as 90% inhibition of growth relative to that seen with the
drug-free control well.

Immunocompetent CD1 male mice (Charles River, Calco,
Italy) weighing 25 g were infected intravenously with 7.0 � 104

CFU/mouse of CA 2 in a 0.2-ml volume. Both drugs were ad-
ministered intraperitoneally in a 0.2-ml volume. CAS (Merck
Sharp & Dohme Ltd., Hoddesdon, United Kingdom) was ad-
ministered at doses ranging from 0.1 to 0.8 mg/kg of body
weight/day, while FLC (Diflucan; Pfizer Italiana S.p.A., Borgo
San Michele, Latina, Italy) was administered at doses ranging
from 1 to 8 mg/kg/day. Therapy was given once a day for 3 to
7 consecutive days. On days 4 and 8 postinfection, the mice
were sacrificed, the kidneys were aseptically removed and ho-
mogenized, and diluted or undiluted aliquots were grown in
cultures on Sabouraud dextrose agar for colony count deter-
mination. The following treatment groups were considered:
placebo treatment (P; sterile saline solution) from day 1 to day
3 postinfection (group 1); CAS from day 1 to day 3 (CAS)
(group 2); FLC from day 1 to day 3 (FLC) (group 3); P from
day 1 to day 7 (group 4); CAS from day 1 to day 3 followed by
P from day 4 to day 7 (CAS/P) (group 5); P from day 1 to day
3 followed by FLC from day 4 to day 7 (P/FLC) (group 6); CAS
from day 1 to day 7 (group 7); FLC from day 1 to day 7 (group
8); and CAS from day 1 to day 3 followed by FLC from day 4
to day 7 (CAS/FLC) (group 9). Groups 1 to 3 were sacrificed
on day 4 postinfection. Groups 4 to 9 were sacrificed on day 8
postinfection. There were 10 animals in each group. Animal
experiments were conducted with the approval of University of
Ancona Ethics Committee. The Mann-Whitney U test was
used to compare tissue burden counts. Due to multiple com-
parisons, a P value of �0.006 was considered statistically sig-
nificant.

FLC MICs for C. albicans ATCC 90029 were within the
expected range (Table 1). CA 2 was susceptible to FLC, as
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shown by both testing methods (Table 1). The NCCLS meth-
odology was also adapted for testing CAS and showed that
both strains were susceptible to this drug (MIC � 0.008 �g/ml,
data not shown). When cells of CA 2 were exposed to CAS at
concentrations of 0.2 and 0.4 �g/ml and then tested for FLC
susceptibility, FLC MICs were seen that were similar (within 1

double dilution) or identical to those seen with untreated cells
(Table 1).

To investigate this interaction in vivo, CD1 mice were in-
fected intravenously with CA 2 and treated with several ther-
apeutic regimens, including a scheme of sequential therapy.
Figure 1A shows the results with respect to tissue burden for
mice treated with CAS and FLC at doses of 0.1 and 1 mg/kg/
day, respectively. On day 4 postinfection neither CAS or FLC
was effective at reducing the fungal burden for the controls.
Similarly, no differences in results between untreated controls
and animals treated with any antifungal regimen on day 8
postinfection were noted.

Figure 1B shows the results with respect to tissue burden for
mice treated with CAS and FLC at doses of 0.4 and 4 mg/kg/
day, respectively. On day 4 postinfection, both CAS (P �
0.0052) and FLC (P � 0.0015) were effective at reducing the
fungal burden for the controls. On day 8, both CAS- and
FLC-treated mice (P � 0.0001) showed a significant CFU
reduction in comparison with untreated controls. Sequential
therapy with CAS/FLC significantly reduced kidney counts be-

FIG. 1. Tissue burden of kidneys of CD1 mice infected intravenously with 7.0 � 104 CFU of C. albicans # 2/mouse and treated with P (sterile
saline solution) from day 1 to day 3 postinfection (P), CAS from day 1 to day 3 (CAS), or FLC from day 1 to day 3 (FLC) and sacrificed on day
4 postinfection or treated with P from day 1 to day 7 (P), CAS from day 1 to day 3 followed by P from day 4 to day 7 (CAS/P), P from day 1 to
day 3 followed by FLC from day 4 to day 7 (P/FLC), CAS from day 1 to day 7 (CAS), FLC from day 1 to day 7 (FLC), or CAS from day 1 to day
3 followed by FLC from day 4 to day 7 (CAS/FLC) and sacrificed on day 8 postinfection. CAS and FLC were given at concentrations of 0.1 and
1 mg/kg of body weight/day, respectively (A), at 0.4 and 4 mg/kg/day, respectively (B), at 0.8 and 8 mg/kg/day, respectively (C), and at 0.4 and 8
mg/kg/day, respectively (D). The bars represent the medians. There were 10 mice in each group.

TABLE 1. Fluconazole susceptibilities of Candida albicans
strains used in this study

Straina

Fluconazole MICs (median [range], �g/ml)
determined by:

Broth dilution Etest

ATCC 90029 0.125 (0.06–0.25) 0.125 (0.125–0.25)
CA 2 0.125 (0.125–0.25) 0.125 (0.125)
CA 2-CAS 0.2 0.125 (0.06–0.125) 0.125 (0.125)
CA 2-CAS 0.4 0.125 (0.06–0.25) 0.125 (0.125)

a CA 2, parent strain; CA 2-CAS 0.2 and CA 2-CAS 0.4 indicate yeast cells
from CA 2 incubated for 4 h with caspofungin at concentrations of 0.2 and 0.4
�g/ml, respectively. Each strain was tested five times by both methods.
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low those of controls (P � 0.0001) and those seen with CAS/P
(P � 0.001), P/FLC (P � 0.0001), and FLC (P � 0.0003)
treatment. The efficacy of CAS/FLC was equal to that of CAS
given for 7 days, but it was superior to that of CAS given for 3
days (P � 0.001).

Counts for kidneys of mice treated with CAS at 0.8 mg/kg/
day and FLC at 8 mg/kg/day were significantly reduced com-
pared to those of the untreated controls on day 4 (P � 0.0001)
(Fig. 1C). On day 8 postinfection, all regimens were effective at
reducing the fungal burden in controls (P � 0.0001). Sequen-
tial therapy significantly reduced kidney counts below those
seen with CAS/P, P/FLC, and FLC treatment (P � 0.0001).
Again, sequential therapy was equal in efficacy to CAS given
for 7 days but was superior to CAS given for 3 days (P �
0.0001).

The results with respect to tissue burden for mice treated
with CAS and FLC at doses of 0.4 and 8 mg/kg/day, respec-
tively, are shown in Fig. 1D. On day 8 postinfection, all regi-
mens were seen to be effective at reducing the kidney counts
with respect to control results (P � 0.0001). Sequential therapy
proved to be more effective than any other regimen, including
CAS or FLC given for 7 days (P � 0.0007 or 0.0015, respec-
tively) and CAS given for 3 days (P � 0.0001).

Our in vitro data indicate that exposure to CAS does not
alter the initial susceptibility to FLC for C. albicans. Moreover,
our in vivo data showed that the sequential therapy with CAS/
FLC (CAS for 3 days and FLC for the following 4 days) is at
least as effective as CAS given for 7 days. To our knowledge,
this is the first study in which the efficacy of FLC against C.
albicans was investigated after a short exposure to an echino-
candin compound.

Overall, our data seem to indicate that induction therapy
with CAS followed by maintenance therapy with FLC might be
a suitable strategy in managing Candida infections. An impor-
tant point of this approach is the possibility of switching from
intravenous to oral therapy, with both patient and cost advan-
tages.

It must be noted, however, that these observations were
made using only one C. albicans strain and one scheme (i.e.,
fixed drug concentrations and fixed durations) of sequential
therapy. Therefore, before the benefit of sequential CAS and
FLC therapy for candidemia is accepted, several strains of C.
albicans, including strains with various FLC susceptibility pat-
terns, as well as multiple dose regimens should be investigated.
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