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M A J O R A R T I C L E
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Background. The standard caspofungin treatment regimen (50 mg/day after a 70-mg dose on day 1) is effective
and well tolerated for the treatment of invasive candidiasis, but experience with higher doses of caspofungin is
limited. We evaluated the safety and efficacy of caspofungin at 3 times the standard dosing regimen.

Methods. Patients with proven invasive candidiasis were randomized to receive a standard or high-dose (150
mg/day) caspofungin treatment regimen. Safety was assessed in all patients as treated. Efficacy was assessed as a
secondary objective in a full-analysis-set population. A favorable overall response was defined as symptom resolution
and microbiological clearance at the end of caspofungin therapy.

Results. A total of 204 patients were included in the safety analysis (104 received the standard regimen, and
100 received the high-dose regimen), and 197 were included in the efficacy analysis (102 and 95 in the standard
and high-dose treatment groups, respectively). Patient demographic characteristics, neutropenia status (6.7% and
8.0% had neutropenia, respectively), and Acute Physiology and Chronic Health Evaluation II scores (mean, 16.5
and 17, respectively) were similar between treatment groups. Significant drug-related adverse events occurred in
1.9% of patients receiving the standard regimen and 3.0% of patients receiving the high-dose regimen (difference,
1.1%; 95% confidence interval, �4.1% to 6.8%). The most-common drug-related adverse events in the standard
and high-dose treatment groups were phlebitis (3.8% and 2.0%, respectively), increased alkaline phosphatase level
(6.9% and 2.0%, respectively), and increased aspartate transaminase level (4.0% and 2.0%, respectively). Overall,
71.6% of patients who received the standard regimen and 77.9% of patients who received the high-dose regimen
had favorable overall responses (difference, 6.3%; 95% confidence interval, �5.9% to 18.4%; not statistically
significant). Mortality at 8 weeks after therapy was similar between groups.

Conclusions. Both caspofungin dosing regimens were effective and well tolerated in patients with invasive
candidiasis. No safety concerns were found for caspofungin at a dosage of 150 mg/day.

The incidence and clinical importance of serious Can-

dida infections have increased dramatically during the
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past 20 years [1, 2]. Candida species currently represent

the fourth-most common organisms in nosocomial

bloodstream infections and the sixth-most common

nosocomial pathogens overall [1]. Mortality among pa-

tients with invasive candidiasis is 3 times higher than

that among control individuals, with an attributable

mortality of ∼30% [3, 4].

Caspofungin is a parenteral echinocandin antifungal

This study was registered at Clinicaltrials.gov (NCT00250432).
a Members of the study group are listed at the end of the text.
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agent that has fungicidal activity against Candida species [5].

Prior studies have demonstrated that caspofungin at a dosage

of 50 mg/day (after a 70-mg loading dose on day 1 of treatment)

is as effective as amphotericin B deoxycholate for the treatment

of invasive candidiasis [6]. Although doses as high as 2 times

the standard dose have been administered to humans [5], the

efficacy and safety of caspofungin at higher doses have not been

fully characterized. Therefore, we compared the standard cas-

pofungin regimen with a higher-dose caspofungin regimen (150

mg/day) in patients with invasive candidiasis.

METHODS

This was a multicenter, randomized, double-blind study con-

ducted from January 2006 through January 2008 at 38 sites in

North and South America, Europe, and Asia to evaluate the

safety, tolerability, and efficacy of caspofungin at a dosage of

50 mg/day (after a 70-mg loading dose on day 1 of treatment),

compared with caspofungin at a dosage of 150 mg/day, in the

first-line treatment of adults with invasive candidiasis. The pro-

tocol was approved by the institutional review board or ethics

review committee at each site, and written informed consent

was obtained from each patient before any study procedures

were performed. An independent data and safety monitoring

board monitored the accumulating safety data of the study.

Patient selection. Adult patients (age, �18 years) were el-

igible for inclusion if they had both clinical and microbiological

evidence of invasive candidiasis at a sterile site, in accordance

with the criteria for proven invasive candidiasis described by

the Mycosis Study Group and the European Organization for

the Research and Treatment of Cancer [7]. Additional selection

criteria were as described elsewhere [6].

Study design. Patients were randomly assigned in a 1:1

ratio to receive caspofungin at a dosage of 50 mg/day after a

70-mg dose on day 1 of treatment (hereafter, referred to as the

“70/50-mg treatment group”) or caspofungin at a dosage of

150 mg/day without a loading dose (hereafter, referred to as

the “150-mg treatment group”) according to a computer-gen-

erated allocation schedule. Caspofungin was administered over

∼2 h as a single daily dose. The duration of antifungal therapy

followed the treatment guidelines set forth by the Infectious

Diseases Society of America [8]. Patients were to be treated for

�14 days after both improvement in clinical and radiographical

signs of disease and the eradication of Candida species from

culture samples obtained from the invasive site of infection.

After �10 days of caspofungin therapy, patients either contin-

ued to receive caspofungin therapy or were switched to receive

oral fluconazole therapy at doses �400 mg/day. Fluconazole

therapy could only be given if 48 h had elapsed since the last

positive culture, there was a significant decrease in the signs

and symptoms of infection, the patient was not neutropenic,

and the Candida species was found to be susceptible to flu-

conazole (minimum inhibitory concentration, �8 mg/mL). Pa-

tients with infection caused by Candida krusei or Candida gla-

brata continued to receive caspofungin therapy. Clinical signs

and symptoms were assessed daily while patients received cas-

pofungin therapy, twice weekly while they received oral anti-

fungal therapy, and at 2 and 8 weeks after completion of all

antifungal therapy. Follow-up procedures were as described

elsewhere [6].

Safety and efficacy evaluation. Patients were monitored

daily for adverse events while they received caspofungin therapy

and for 14 days thereafter. The primary safety measure was the

proportion of patients who developed a significant drug-related

adverse event, which was defined as a drug-related adverse event

that was serious or that led to discontinuation of caspofungin

treatment. Adverse events are common in patients with invasive

Candida infection, because these patients have serious under-

lying medical conditions and receive multiple concomitant

medications. Therefore, drug-related adverse events, rather

than all adverse events, were chosen for the primary safety

evaluation, to allow for a more accurate assessment of the cas-

pofungin safety profile.

The main efficacy parameter was the overall (clinical and

microbiological) response. A favorable overall response re-

quired resolution of all symptoms and signs of Candida infec-

tion and culture-confirmed Candida eradication (or presump-

tive eradication for nonblood sites of infection). Evaluations

were performed on day 10 of caspofungin therapy, at the end

of caspofungin therapy, and at the end of all antifungal therapy

(accounting for the potential switch to oral fluconazole treat-

ment). The main assessment of efficacy was predefined as the

end of caspofungin therapy. Patients who had a favorable over-

all response at both the end of caspofungin therapy and the

end of all antifungal therapy were counted as having a relapse

if there was recurrence of cultures positive for Candida species

or if the patient received systemic antifungal therapy for a

proven or suspected Candida infection during the follow-up

period.

Statistical methods. The primary hypothesis was that the

high-dose regimen would be noninferior to the standard reg-

imen with respect to the development of significant drug-re-

lated adverse events; noninferiority was defined such that the

upper limit of the 2-sided 95% confidence interval (CI) for the

treatment-group difference in the percentage of patients with

significant drug-related adverse events must be !15%. With a

planned sample size of 100 patients per treatment group and

under the assumption of a 3.5% incidence for each group, the

study was planned to have 99% power to detect noninferiority.

An all-patients-as-treated approach was used for the safety

analysis.

Efficacy was predefined as a secondary objective, because the

study was not sufficiently powered to confirm noninferiority
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Table 1. Patient characteristics at baseline.

Characteristic

Caspofungin
70/50-mg group

( )n p 104

Caspofungin
150-mg group

( )n p 100

Sex
Male 54 (51.9) 60 (60.0)
Female 50 (48.1) 40 (40.0)

Race
White 70 (67.3) 65 (65.0)
Black 11 (10.6) 12 (12.0)
Asian 17 (16.3) 16 (16.0)
Other 6 (5.8) 7 (7.0)

Age, years
Mean � SD 56.0 � 18.0 57.8 � 16.8
Median (range) 57.5 (16–90) 61.0 (20–87)

APACHE II score at study entrya

�20 77 (74.0) 72 (72.0)
120 26 (25.0) 27 (27.0)
Mean � SD 16.5 � 8.2 17.0 � 7.6
Median (range) 16.0 (3–38) 16.0 (2–39)

Neutropenia status at study entry
ANC �500 cells/mL 97 (93.3) 92 (92.0)
ANC !500 cells/mL 7 (6.7) 8 (8.0)

Risk factorb

Active malignancy 27 (26.0) 33 (33.0)
Broad-spectrum antibiotic therapy 76 (73.1) 86 (86.0)
Diabetes mellitus 31 (29.8) 28 (28.0)
Immunosuppression 29 (27.9) 29 (29.0)
Major surgery 49 (47.1) 43 (43.0)
Total parenteral nutrition 37 (35.6) 41 (41.0)
Transplant recipient 6 (5.8) 4 (4.0)
Trauma 7 (6.7) 5 (5.0)
Other 11 (10.6) 11 (11.0)

Site of infection
Abscess … 3 (3.0)
Blood 91 (87.5) 81 (81.0)
Peritoneal fluid 4 (3.8) 5 (5.0)
Acute disseminated/multiple sitesc 6 (5.8) 7 (7.0)
Otherd 3 (2.9) 4 (4.0)

Prior antifungal therapy
No 48 (46.2) 51 (51.0)
Yes 56 (53.8) 49 (49.0)

NOTE. Data are no. (%) of patients, unless otherwise specified. ANC, absolute neu-
trophil count; APACHE, Acute Physiology and Chronic Health Evaluation; caspofungin 70/
50-mg group, group who received caspofungin at a dosage of 50 mg/day after a 70-mg
loading dose on day 1 of treatment; caspofungin 150-mg group, group who received
caspofungin at a dosage of 150 mg/day.

a One patient in each treatment group did not have APACHE II scores measured at
study entry.

b Some patients are in 11 risk category.
c Multiple sites include candidemia in all 13 patients, along with Candida endophthalmi-

tis (2 patients in the caspofungin 70/50-mg group and 5 patients in the caspofungin 150-
mg group), Candida peritonitis (3 and 2 patients, respectively), or Candida empyema (1
patient in the caspofungin 70/50-mg group).

d Other includes 2 patients with suspected Candida pneumonia (1 in each treatment
group), 2 patients with non-Candida fungemia (both in the caspofungin 150-mg group), 1
patient with Candida empyema (caspofungin 70/50-mg group), 1 patient with Candida
pyelonephritis (caspofungin 150-mg group) and 1 patient with chronic disseminated can-
didiasis (caspofungin 70/50-mg group).
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Table 2. Candida species isolates at baseline.

Candida species isolated

Isolates, %

Caspofungin
70/50-mg group

Caspofungin
150-mg group

C. albicans 41.5 41.9
C. parapsilosis 19.1 22.6
C. tropicalis 19.1 17.2
C. glabrata 9.6 9.7
C. guilliermondii 3.2 1.1
C. krusei 0 2.2
C. lusitaniae 1.1 1.1
C. rugosa 0 1.1
Multiple speciesa 6.4 3.2

NOTE. Caspofungin 70/50-mg group, group who received caspo-
fungin at a dosage of 50 mg/day after a 70-mg loading dose on day 1
of treatment; caspofungin 150-mg group, group who received caspo-
fungin at a dosage of 150 mg/day.

a In the caspofungin 70/50-mg group, there were 3 patients with C.
albicans and C. glabrata, 1 patient with C. albicans and C. tropicalis, 1
patient with C. albicans and C. parapsilosis, and 1 patient with C. fatama
and C. intermedia. In the caspofungin 150-mg group, there were 2 pa-
tients with C. albicans and C. tropicalis, and 1 patient with C. albicans
and C. glabrata.

Table 3. Safety outcomes.

Outcome

Caspofungin
70/50-mg group

( )n p 104

Caspofungin
150-mg group

( )n p 100
Observed difference,a %
(95% confidence interval)

Drug-related adverse eventsb

Significantc 2 (1.9) [0.2–6.8] 3 (3.0) [0.6–8.5] 1.1 (�4.1 to 6.8)

Serious 0 (0.0) [0.0–3.5] 3 (3.0) [0.6–8.5] 3.0 (�0.6 to 8.5)

Leading to discontinuation of caspofungin therapy 2 (1.9) [0.2–6.8] 2 (2.0) [0.2–7.0] 0.1 (�5.0 to 5.3)

All 20 (19.2) [12.2–28.1] 19 (19.0) [11.8–28.1] �0.2 (�11.1 to 10.8)

Most common

Phlebitis 4 (3.8) 2 (2.0) …

Alkaline phosphatase increased 7/101 (6.9) 2/98 (2.0) …

AST increased 4/101 (4.0) 2/99 (2.0) …

ALT increased 2/101 (2.0) 2/99 (2.0) …

Adverse events irrespective of investigator-deter-
mined causality

Clinical 83 (79.8) 80 (80.0) …

Serious clinical 46 (44.2) 44 (44.0) …

Laboratory 29 (28.4) 35 (35.4) …

Serious laboratory 1 (1.0) 1 (1.0) …

NOTE. Data are no. (%) of patients with �1 of specified event [95% confidence interval for the percentage of patients] or no. of
patients with �1 of specified event/no. of patients with the laboratory test result recorded during caspofungin therapy (%), unless
otherwise specified. ALT, alanine aminotransferase; AST, aspartate aminotransferase; caspofungin 70/50-mg group, group who received
caspofungin at a dosage of 50 mg/day after a 70-mg loading dose on day 1 of treatment; caspofungin 150-mg group, group who received
caspofungin at a dosage of 150 mg/day.

a Caspofungin 150-mg group minus caspofungin 70/50-mg group. Calculated for drug-related adverse event categories only; there were
no statistically significant differences between treatment groups.

b Clinical or laboratory adverse events determined by the investigator to be possibly, probably, or definitely related to the study therapy.
c Drug-related adverse events that were serious or that led to discontinuation of caspofungin therapy.

or superiority between treatment groups. No formal hypothesis

testing for efficacy was performed. Efficacy was evaluated in a

full-analysis-set population, which included patients with a

documented diagnosis of invasive candidiasis who received �1

dose of caspofungin.

RESULTS

Baseline characteristics. A total of 104 patients in the 70/50-

mg treatment group and 100 patients in the 150-mg treatment

group were included in the all-patients-as-treated population.

The 2 treatment groups were similar at study entry with regard

to age, race, sex, risk factors, Acute Physiology and Chronic

Health Evaluation (APACHE) II scores, and neutropenia status

(table 1). In total, 87.5% of patients in the 70/50-mg treatment

group and 81.0% in the 150-mg treatment group had candi-

demia. The number of patients with other sites of infection

was similar between treatment groups. Approximately 50% of

patients in both treatment groups received prior antifungal

therapy, the duration of which was limited to 1 day in most

cases. Fluconazole was the most commonly administered an-

tifungal agent in the prestudy period. The most common in-

fecting Candida pathogen in both treatment groups was Can-

dida albicans (table 2).

Treatment duration. The mean duration of caspofungin

therapy was almost identical for the 2 treatment groups (14.5

days [range, 1–49 days] for the 70/50-mg treatment group and

14.2 days [range, 1–51 days] for the 150-mg treatment group).

A switch to oral fluconazole therapy after �10 days of cas-

pofungin therapy occurred for 33 (16.2%) of the 204 patients:

15 (14.4%) of 104 patients in the 70/50-mg treatment group

and 18 (18.0%) of 100 patients in the 150-mg treatment group.
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Table 4. Efficacy outcomes.

Outcome

Caspofungin
70/50-mg group

( )n p 102

Caspofungin
150-mg group

( )n p 95
Observed difference,a %
(95% confidence interval)

At end of caspofungin therapy

Favorable overall response 73/102 (71.6) [61.8–80.1] 74/95 (77.9) [68.2–85.8] 6.3 (�5.9 to 18.4)

Favorable clinical response 73/102 (71.6) [61.8–80.1] 76/95 (80.0) [70.5–87.5] 8.4 (�3.7 to 20.3)

Favorable microbiological response 84/102 (82.4) [73.6–89.2] 84/95 (88.4) [80.2–94.1] 6.1 (�4.0 to 16.2)

At day 10 of caspofungin therapyb: favorable overall response 68/81 (84.0) [74.1–91.2] 69/73 (94.5) [86.6–98.5] 10.6 (0.7 to 20.9)

At end of all antifungal therapy: favorable overall response 72/102 (70.6) [60.7–79.2] 74/95 (77.9) [68.2–85.8] 7.3 (�5.0 to 19.4)

Relapse assessments

Relapse at 2 weeks after therapy 5/61 (8.2) [2.7–18.1] 1/58 (1.7) [0.0–9.2] �6.5 (�16.4 to 1.9)

Relapse at 8 weeks after therapy 7/61 (11.5) [4.7–22.2] 1/58 (1.7) [0.0–9.2] �9.8 (�20.4 to �0.9)

NOTE. Data are no. of patients with a favorable response/no. of patients in the subgroup (%) [95% confidence interval], unless otherwise specified.
There were no statistically significant differences between the treatment groups except for the day 10 analysis. Caspofungin 70/50-mg group, group
who received caspofungin at a dosage of 50 mg/day after a 70-mg loading dose on day 1 of treatment; caspofungin 150-mg group, group who
received caspofungin at a dosage of 150 mg/day.

a Caspofungin 150-mg group minus caspofungin 70/50-mg group.
b The efficacy analysis on day 10 of caspofungin therapy was calculated only for those patients who received at least 10 days of caspofungin

therapy. If all the patients who were excluded from the day 10 analysis are counted as having unfavorable responses, then the overall responses on
day 10 of therapy would be similar between the treatment groups: 68 (66.7%) of 102 patients in the caspofungin 70/50-mg group and and 69 (72.6%)
of 95 patients in the caspofungin 150-mg group.

The median duration of oral fluconazole therapy was similar

for the 70/50-mg and 150-mg treatment groups (6.0 and 5.5

days, respectively).

Safety and tolerability. Significant drug-related adverse

events were reported for 2 patients (1.9%) in the 70/50-mg

treatment group and 3 patients (3.0%) in the 150-mg treatment

group (table 3). The observed difference between the treatment

groups was 1.1%, with a 95% CI of �4.1 to 6.8, which fulfilled

the predefined criterion for noninferiority. The incidences of

drug-related clinical adverse events (13.5% vs. 14.0%), serious

drug-related clinical adverse events (0% vs. 3.0%), and dis-

continuations of caspofungin therapy because of drug-related

clinical adverse events (1.9% vs. 2.0%) were similar between

the 70/50-mg and 150-mg treatment groups, respectively. Only

1 specific drug-related clinical adverse event (injection-site

phlebitis) was reported in 12 patients in either treatment group

(3.8% and 2.0% of patients in the 70/50-mg and 150-mg treat-

ment groups, respectively). Among 201 patients with postbase-

line laboratory test results, drug-related laboratory adverse

events occurred in 7.8% of the 70/50-mg treatment group and

7.1% of the 150-mg treatment group. The most-common drug-

related laboratory adverse events in both treatment groups were

increased aspartate aminotransferase, alanine aminotransferase,

and alkaline phosphatase levels (table 3). None of the drug-

related laboratory events were serious or led to discontinuation

of caspofungin treatment. The overall rates of clinical and lab-

oratory adverse events, regardless of causality, were also similar

between the treatment groups (table 3).

Efficacy. Overall, 197 of the 204 patients included in the

all-patients-as-treated population were also included in the full-

analysis-set population (102 in the 70/50-mg treatment group

and 95 in the 150-mg treatment group). At the end of cas-

pofungin therapy, 71.6% of patients in the 70/50-mg treatment

group and 77.9% of patients in the 150-mg treatment group

had a favorable overall response (table 4). A favorable clinical

response occurred for 71.6% of the 70/50-mg treatment group

and 80.0% of patients in the 150-mg treatment group. A fa-

vorable microbiological response occurred for 82.4% of patients

in the 70/50-mg treatment group and 88.4% of patients in the

150-mg treatment group. For each response category, there

were no statistically significant differences between the treat-

ment groups.

More patients in the 70/50-mg treatment group than in the

150-mg treatment group had cultures persistently positive for

Candida species associated with an unfavorable overall response

(11.8% vs. 3.2%, respectively), but this difference was not sta-

tistically significant. The 70/50-mg and 150-mg treatment

groups were similar with regard to the percentage of patients

with persistently positive signs and/or symptoms of Candida

infection (4.9% vs. 5.3%, respectively), treatment discontinu-

ations because of drug-related adverse events (1.0% vs. 2.1%,

respectively), evidence of new Candida lesions at distant sites

(1.0% vs. 0%, respectively), and indeterminate assessments

(9.8% vs. 11.6%, respectively). In both treatment groups, most

cases with persistently positive cultures were due to C. albicans

(5 and 2 cases in the 70/50-mg and 150-mg treatment groups,

respectively) and Candida parapsilosis (5 cases and 1 case, re-

spectively). Failure at the end of caspofungin therapy was not

correlated with increasing minimum inhibitory concentration

to caspofungin for the follow-up isolates.

Trends similar to those seen at the end of caspofungin ther-

apy were noted on day 10 of treatment and at the end of all
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Table 5. Overall response rates, by specific underlying
factors.

Factor

Caspofungin
70/50-mg group

( )n p 102

Caspofungin
150-mg group

( )n p 95

Single site of Candida infection

Blood (candidemia) 67/91 (73.6) 62/79 (78.5)

Abscess … 3/3 (100)

Peritoneal fluid 3/4 (75.0) 5/5 (100)

Pleural fluid 1/1 (100) …

Chronic disseminated
(hepatosplenic)

0/1 (0) …

Urine (pyelonephritis) … 1/1 (100)

Multiple sites of Candida infection

Blood and eye
(endophthalmitis)

0/2 (0) 3/5 (60.0)

Blood and peritoneal fluid 2/2 (100) 0/2 (0)

Blood and pleural fluid 0/1 (0) …

APACHE II score at entry

�20 56/76 (73.7) 54/68 (79.4)

120 16/25 (64.0) 19/26 (73.1)

Neutropenia status at entry

Nonneutropenic 71/96 (74.0) 70/88 (79.5)

Neutropenic 2/6 (33.3) 4/7 (57.1)

Baseline Candida species isolate

C. albicans 27/39 (69.2) 32/39 (82.1)

C. glabrata 8/9 (88.9) 7/9 (77.8)

C. guilliermondii 2/3 (66.7) 1/1 (100)

C. krusei … 1/2 (50.0)

C. lusitaniae 1/1 (100) 1/1 (100)

C. parapsilosis 11/18 (61.1) 17/21 (81.0)

C. rugosa … 1/1 (100)

C. tropicalis 13/18 (72.2) 9/16 (56.3)

Non–C. albicans 35/49 (71.4) 37/51 (72.5)

Mixed infectiona 5/6 (83.3) 3/3 (100)

NOTE. Data are no. of patients with a favorable response/no. of pa-
tients in the subgroup (%). APACHE, Acute Physiology and Chronic Health
Evaluation; caspofungin 70/50-mg group, group whoreceivedcaspofungin
at a dosage of 50 mg/day after a 70-mg loading dose on day 1 of treatment;
caspofungin 150-mg group, group who received caspofungin at a dosage
of 150 mg/day.

a In the caspofungin 70/50-mg group, favorable responses were seen
in 2 of 3 patients with C. albicans and C. glabrata infection, 1 patient with
C. albicans and C. tropicalis infection, 1 patient with C. albicans and C.
parapsilosis infection, and 1 patient with C. famata and C. intermedia
infection. In the caspofungin 150-mg group, favorable responses were
seen in 2 patients with C. albicans and C. tropicalis infection and 1 patient
with C. albicans and C. glabrata infection.

Table 6. Overall response rates by retention or removal of a cen-
tral venous catheter or peripheral-inserted central catheter (CVC)
in patients with candidemia.

Statusa

Caspofungin
70/50-mg group

( )n p 96

Caspofungin
150-mg group

( )n p 86

No CVC in place 29/40 (72.5) 29/39 (74.4)

CVC in place

CVC removed or changed prestudy 22/29 (75.9) 17/23 (73.9)

CVC removed prestudy 17/23 (73.9) 15/19 (78.9)

CVC changed prestudy 5/6 (83.3) 2/4 (50.0)

CVC not removed or changed prestudy 18/27 (66.7) 19/24 (79.2)

NOTE. Data are no. of patients with a favorable response/no. of patients in
the subgroup (%). Caspofungin 70/50-mg group, group whoreceivedcaspofungin
at a dosage of 50 mg/day after a 70-mg loading dose on day 1 of treatment;
caspofungin 150-mg group, group who received caspofungin at a dosage of 150
mg/day.

a “Removed” signifies that CVC was completely removed. “Changed” indi-
cates that the CVC was changed over a wire but was maintained in the same
location.

antifungal therapy (table 4). Notably, the rates of favorable

overall response at the end of all antifungal therapy were very

similar to those observed at the end of caspofungin therapy.

Of the 119 patients who had a favorable overall response at

the end of caspofungin therapy and were followed up long

enough to assess for relapse, 5 (8.2%) of 61 patients in the 70/

50-mg treatment group and 1 (1.7%) of 58 patients in the 150-

mg treatment group had a relapse at 2 weeks after therapy. By

8 weeks after therapy, relapse had occurred for 7 (11.5%) of

61 patients in the 70/50-mg treatment group and in 1 (1.7%)

of 58 patients in the 150-mg treatment group. All relapses in

this study were microbiological relapses, and most were also

considered to be clinical relapses. Five patients (4 in the 70/

50-mg treatment group and 1 in the 150-mg treatment group)

had Candida species identified at the time of relapse that were

different from those identified at initial presentation, which

suggests the development of new infections.

Efficacy by underlying factors. The rates of favorable over-

all response for the different sites of Candida infection were

generally similar between the treatment groups (table 5).

Among patients with candidemia, 73.6% of those in the 70/

50-mg treatment group and 78.5% of those in the 150-mg

treatment group had a favorable overall response. In both treat-

ment groups, patients with Candida peritonitis also responded

favorably. Favorable responses were seen for all sites of Candida

infection except chronic disseminated candidiasis (i.e., the 1

patient with hepatosplenic involvement had an indeterminate

efficacy evaluation at the end of caspofungin therapy). Ap-

proximately 40% of the patients in both treatment groups with

multiple sites of Candida infection had a favorable overall re-

sponse at the end of caspofungin therapy. In addition, 3 of the

5 patients in the 150-mg treatment group who had candidemia

and candidal endophthalmitis had a favorable overall response

at the end of caspofungin therapy, whereas neither of the 2

patients in the 70/50-mg treatment group with candidemia and

candidal endophthalmitis had a favorable response.

In patients with candidemia, the impact of central venous

catheter (CVC) management and the time to negative results

of blood cultures were also assessed. Overall, there were no

differences between the treatment groups on the basis of CVC

management during the prestudy period (table 6). Many pa-

tients with candidemia had a CVC in place within 14 days

before enrollment, but 103 of the 182 patients (56 in the 70/
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Figure 1. Kaplan-Meier analysis of the time to clearance of blood cultures in patients with candidemia. The log-rank x2 statistic was not significant
( ), thereby suggesting no difference between treatment groups with respect to time to achievement of a negative blood culture among all patientsP p .47
with candidemia. The 2 treatment regimens were caspofungin at a dosage of 50 mg/day after a 70-mg dose on day 1 and caspofungin at a dosage of
150 mg/day.

50-mg treatment group and 47 in the 150-mg treatment group)

had a CVC in place on the day that the first blood culture

specimen positive for Candida species was obtained. Success

rates in both treatment groups for patients with a CVC in place

(71.4% and 76.6% in the 70/50-mg and 150-mg treatment

groups, respectively) were comparable to the results in patients

with no CVC in place at the time that the first positive culture

specimen was obtained (72.5% and 74.4%, respectively). For

patients with a CVC in place before the study, efficacy results

did not vary significantly in either treatment group on the basis

of whether they had their CVCs removed or changed during

the prestudy period. In addition, there was no marked differ-

ence between the treatment groups in the time to achievement

of a negative blood culture. A Kaplan-Meier analysis of the

proportion of patients with a positive blood culture during the

period of study therapy (figure 1) demonstrated that the log-

rank x2 statistic was not significant ( ), suggesting noP p .47

difference between treatment groups with respect to time to

achievement of a negative blood culture.

Rates of favorable overall response were generally comparable

between treatment groups for each category of APACHE II

scores and for nonneutropenic patients (table 5). In each treat-

ment group, the proportion of patients with a favorable overall

response was numerically lower in the subgroup with APACHE

II scores 120 and in neutropenic patients; however, the number

of neutropenic patients in each treatment group was small.

Favorable responses were noted for infections with all Candida

species (table 5), although the direction of the response was

inconsistent from one pathogen to another. For patients in-

fected with C. albicans or C. parapsilosis, rates of favorable

overall response were numerically higher in the 150-mg treat-

ment group; for patients infected with Candida tropicalis or C.

glabrata, rates of favorable overall response were numerically

higher in the 70/50-mg treatment group. These differences be-

tween treatment groups were not statistically significant. Over-

all, the response across infections with all non–C. albicans spe-

cies was similar between the 70/50-mg and 150-mg treatment

groups (35 [71.4%] of 49 patients vs. 37 [72.5%] of 51 patients,

respectively).

Mortality. Deaths while receiving study therapy or during

the 8 weeks after therapy were evenly distributed between the

treatment groups: 33.7% of patients in the 70/50-mg treatment

group and 38.0% of patients in the 150-mg treatment group.

Within the first 10 days of caspofungin therapy, death occurred

for 11.5% of patients in the 70/50-mg treatment group and

17.0% of patients in the 150-mg treatment group. Most of the

deaths represented complications of the patients’ underlying

medical conditions. None were considered by the investigator

to be related to caspofungin therapy.

DISCUSSION

We used a randomized, double-blind study design to charac-

terize the safety and efficacy of caspofungin at a dosage 3 times

higher (150 mg/day) than the currently licensed standard dos-

age (50 mg/day after 70-mg on day 1 of treatment). The di-

agnostic criteria, efficacy time points, and end points used in

this study mirrored those used in the pivotal study of caspo-

fungin versus amphotericin B for treatment of invasive can-

didiasis [6]. The maximum tolerated dose of caspofungin re-

mains unknown. In a phase I study, single doses of up to 210

mg were well tolerated in healthy subjects [9]. Furthermore,
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caspofungin at a dosage of 100 mg/day was well tolerated in

patients with invasive aspergillosis [10] or invasive candidiasis

[11], with no reports of serious drug-related adverse events or

discontinuations of study therapy because of drug-related ad-

verse events. Similar safety results have been reported for mar-

keted caspofungin at a dosage of 100 mg/day [12]. Because

multiple-dose data for dosages 1100 mg/day were not available,

we chose to consider an even higher dose (i.e., 150 mg/day)

for evaluation in the current study involving patients with an

appropriate clinical risk-to-benefit ratio.

Overall, caspofungin treatment was generally well tolerated

at both dosages studied. The incidence of significant drug-

related adverse events was low in both treatment groups. The

incidence of serious drug-related adverse events was also low,

and few patients had to discontinue caspofungin therapy be-

cause of a drug-related adverse event. The pattern of specific

drug-related clinical or laboratory adverse events in both treat-

ment groups was similar to that reported previously for cas-

pofungin-treated adults with invasive candidiasis [6, 11]. Over-

all, no new safety concerns were identified in the review of

clinical and laboratory safety data for the higher-than-approved

dose of caspofungin.

This study was not sufficiently powered to confirm either

noninferiority or superiority for efficacy between the treatment

groups. Nevertheless, the proportion of patients with a favor-

able overall response at the end of caspofungin therapy was

similar between treatment groups. In general, the outcome was

consistent across a variety of key prognostic factors, without a

definitive demonstration of an efficacy benefit for one particular

treatment group. Although there were numerical trends favor-

ing the 150-mg treatment group for certain analyses (e.g., anal-

ysis of patients with C. parapsilosis infection), these differences

were not statistically significant and must be viewed accord-

ingly. Furthermore, the mortality rates during caspofungin

therapy and the 8-week follow-up period were similar between

treatment groups.

The rate of favorable overall response for the 70/50-mg treat-

ment group in the current study (72%) was nearly identical to

the response rate for the 70/50-mg treatment group (73%) in

the prior study of caspofungin versus amphotericin B deoxy-

cholate [6]. These results compare favorably to the 62% re-

sponse rate seen for amphotericin B deoxycholate treatment in

the prior study [6] and to the success rates found across all

treatment groups (73%–76%) in a study comparing the stan-

dard caspofungin treatment regimen with micafungin therapy

at dosages of 100 mg/day and 150 mg/day [13]. In other studies

of invasive candidiasis, other antifungal agents have not dem-

onstrated a higher success rate or improvement in survival

relative to that found in the current study for caspofungin at

the standard maintenance dosage of 50-mg/day [14–17]. Over-

all, these results support the recommended standard dosing

regimen for caspofungin.

Although this study was not specifically designed to address

this issue, the “paradoxical” effect of reduced activity with

higher doses of caspofungin was not observed for the 150-mg

dose in the current study. This paradoxical growth effect (also

known as the “Eagle effect”) among several different Candida

species has been described for the echinocandins (including

caspofungin) in several preclinical in vitro studies [18–20]. The

lack of a sufficient clinical correlation of this preclinical finding

on the basis of the results of the current study calls into question

the clinical relevance of this phenomenon for doses up to 150

mg/day. However, the current study cannot rule out the po-

tential for a paradoxical effect to be observed in patients re-

ceiving caspofungin dosages 1150 mg/day.

From a clinical perspective, this study provides important

safety and efficacy data to guide prescribers who are considering

a higher dose of caspofungin as part of a patient’s treatment

plan. Both the 50-mg and 150-mg dosing regimens for cas-

pofungin treatment were effective and well tolerated in adult

patients with invasive candidiasis. The results demonstrate a

large safety margin for caspofungin, thereby allowing physicians

the option of using higher-dose therapy if a demonstrated need

arises.

MEMBERS OF THE CASPOFUNGIN HIGH-DOSE
STUDY GROUP

Principal investigators. Brazil: A. Colombo, M. Nucci, and

F. Queiroz-Telles; Czech Republic: J. Mayer; Ecuador: S. Beltran;

France: R. Herbrecht; Germany: O. Cornely and G. Just-Nue-

bling; India: R. Digumarti and D. Talwar; Italy: P. Viale and G.

Carosi; Latvia: B. Rozentale; Mexico: G. Ruiz-Palacios and J.

Andrade Perez; Norway: J. Ringstad; Panama: N. Sosa; Portugal:

S. Barbosa and R. Moreno; Romania: A. Streinu-Cercel, D.

Tulbure, and I. Grintescu; Taiwan: J.-H. Wang and Y.-C. Chen;

and United States: R. Betts, J. Cecil, M. Morris, R. Bedimo, J.

Young, J. Brown, J. Baddley, M. Gareca, D. Graham, M. Barron,

K. Mullane, J. Reinhardt, R. Jones, and J. Cleary.

Scientific advisory committee (United States). J. Perfect,

S. Filler, J. Baddley, R. Betts, and J. Young.

Acknowledgments

We thank the patients who participated in this study, as well as all
members of the Caspofungin High-Dose Study Group.

Financial support. Merck & Co.
Manuscript preparation. Merck provided assistance with study design,

data acquisition, and statistical analyses; prepared the first draft of the
manuscript; and coordinated revision of the manuscript on the basis of
comments from the coauthors.

Potential conflicts of interest. R.F.B. and J.W.B. have received research
support from Merck, Astellas, and Pfizer. M.N., D.T., M.G., and G.R.-P.
have received research support from Merck. F.Q.-T. has received research
support from Astellas, Merck, Basilea, Janssen, Pfizer, and Schering-Plough.

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/48/12/1676/320303 by guest on 21 August 2022



1684 • CID 2009:48 (15 June) • Betts et al.

R.J.B. has received research support from Merck, Tibotec, Abbott, and
Bristol-Myers Squibb. R.H. has received research support from and has
served as consultant and/or speaker for Pfizer, Merck, Gilead, Astellas,
Schering-Plough, Novartis, and Zeneus. J.-A.H.Y. has received research
support from Merck, Schering-Plough, Astellas, Pfizer, ViroPharma, and
Optimer and has served as a speaker for Schering-Plough. K.M.S., K.A.T.,
A.F.T., and N.A.K. are employees of Merck.

References

1. Jarvis WR. Epidemiology of nosocomial fungal infections, with em-
phasis on Candida species. Clin Infect Dis 1995; 20:1526–30.

2. Fisher-Hoch SP, Hutwagner L. Opportunistic candidiasis: an epidemic
of the 1980s. Clin Infect Dis 1995; 21:897–904.

3. Fraser VJ, Jones M, Dunkel J, Storfer S, Medoff G, Dunagan WC.
Candidemia in a tertiary care hospital: epidemiology, risk factors, and
predictors of mortality. Clin Infect Dis 1992; 15:414–21.

4. Wenzel RP. Nosocomial candidemia: risk factors and attributable mor-
tality. Clin Infect Dis 1995; 20:1531–4.

5. Cancidas (caspofungin acetate). Prescribing information. Whitehouse
Station, NJ: Merck, 2008. Available at: http://www.cancidas.com/cas-
pofungin_acetate/cancidas/hcp/product_information/pi/index.jsp. Ac-
cessed 29 April 2009.

6. Mora-Duarte J, Betts R, Rotstein C, et al. Comparison of caspofungin
and amphotericin B for invasive candidiasis. N Engl J Med 2002; 347:
2020–9.

7. Ascioglu S, Rex JH, de Pauw B, et al. Defining opportunistic invasive
fungal infections in immunocompromised patients with cancer and
hematopoietic stem cell transplants: an international consensus. Clin
Infect Dis 2002; 34:7–14.

8. Rex JH, Walsh TJ, Sobel JD, et al. Practice guidelines for the treatment
of candidiasis. Clin Infect Dis 2000; 30:662–78.

9. Stone J, Migoya E, Li S, et al. Safety and pharmacokinetics of higher
doses of caspofungin [abstract A-1389]. Abstr Intersci Conf Antimicrob
Agents Chemother 2002; 42:19.

10. Kartsonis N, Teppler H, Ngai A, et al. Efficacy and safety of higher
doses of caspofungin [abstract P-027]. Mycoses 2005; 48(Suppl 2):62–3.

11. Cornely OA, Lasso M, Betts R, et al. Caspofungin for treatment of less
common forms of invasive candidiasis. J Antimicrob Chemother
2007; 60:363–9.

12. Safdar A, Rodriguez G, Rolston KV, et al. High-dose caspofungin com-
bination antifungal therapy in patients with hematologic malignancies
and hematopoietic stem cell transplantation. Bone Marrow Transplant
2007; 39:157–64.

13. Pappas PG, Rotstein CMF, Betts RF, et al. Micafungin versus caspo-
fungin for treatment of candidemia and other forms of invasive can-
didiasis. Clin Infect Dis 2007; 45:883–93.

14. Rex JH, Pappas PG, Karchmer AW, et al. A randomized and blinded
multicenter trial of high-dose fluconazole plus placebo versus flucona-
zole plus amphotericin B as therapy for candidemia and its conse-
quences in nonneutropenic subjects. Clin Infect Dis 2003; 36:1221–8.

15. Kullberg BJ, Sobel JD, Ruhnke M, et al. Voriconazole versus a regimen
of amphotericin B followed by fluconazole for candidaemia in non-
neutropenic patients: a randomised non-inferiority trial. Lancet 2005;
366:1435–42.

16. Kuse ER, Chetchotisakd P, da Cunha CA, et al. Micafungin versus
liposomal amphotericin B for candidaemia and invasive candidosis: a
phase III randomised double-blind trial. Lancet 2007; 369:1519–27.

17. Reboli AC, Rotstein C, Pappas PG, et al. Anidulafungin versus flu-
conazole for invasive candidiasis. N Engl J Med 2007; 356:2472–82.

18. Stevens DA, White TC, Perlin DS, Selitrennikoff CP. Studies of the
paradoxical effect of caspofungin at high drug concentrations. Diagn
Microbiol Infect Dis 2005; 51:173–8.

19. Stevens DA, Espiritu M, Parmar R. Paradoxical effect of caspofungin:
reduced activity against Candida albicans at high drug concentrations.
Antimicrob Agents Chemother 2004; 48:3407–11.

20. Stevens DA, Ichinomiya M, Koshi Y, Horiuchi H. Escape of Candida
from caspofungin inhibition at supra-MIC concentrations (“paradox-
ical effect”) accomplished by increased cell wall chitin: evidence for b-
1,6-glucan synthesis inhibition by caspofungin [abstract M-363]. In:
Program and abstracts of the 46th Interscience Conference on Anti-
microbial Agents and Chemotherapy (San Francisco). Washington, DC:
American Society for Microbiology, 2006:402.

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/48/12/1676/320303 by guest on 21 August 2022


