
REVIEW

Department of Respiration1, General Hospital of Chinese People’s Liberation Army; Department of Respiration2,
Affiliated Hospital of Academy of Military Medical Sciences; Department of Clinical Pharmacology3, General Hospital of
Chinese People’s Liberation Army; Respiratory Department of Cadre Ward4, Navy General Hospital of Chinese
People’s Liberation Army, Beijing, China

Caspofungin for prophylaxis and treatment of fungal infections in
adolescents and adults: a meta-analysis of randomized controlled trials

Xin Yuan
1,2

, Rui Wang
3
, Chang-qing Bai

2
, Xiu-jie Song

4
, You-ning Liu

1

Received November 6, 2011, accepted December 5, 2011

You-ning Liu, Department of Respiration, General Hospital of Chinese People’s Liberation Army, 28 Fuxing Road,
Beijing, China
liuyn301vip@163.com

Pharmazie 67: 267–273 (2012) doi: 10.1691/ph.2012.1793

Background and objective: Caspofungin, a novel echinocandin compound, has been approved for the
treatment of esophageal and suspected invasive candidiasis and as salvage therapy for invasive aspergillo-
sis. The aim of this study was to assess the efficacy and safety of caspofungin for the prophylaxis and
treatment of fungal infections, compared with other medications. Methods: PubMed, Embase, and the
Cochrane Library were searched to identify relevant randomized controlled trials (RCTs) of caspofungin.
Nine RCTs were included in this meta-analysis, performed using Review Manager Version 5.0. Analyses
of favorable response, microbiological response, mortality rate, survival rate, relapse rate, and adverse
events were performed to evaluate caspofungin. Results: Caspofungin produced similar effects in favorable
response rate [relative risk (RR) = 1.07, 95% confidence interval (CI) 0.98–1.17], microbiological response
rate (RR = 1.02, 95%CI 0.90–1.15), mortality rate (RR = 0.98, 95%CI 0.78–1.24), survival rate after 7-day
follow-up (RR = 1.00, 95%CI 0.91–1.10), and relapse rate (RR = 1.18, 95%CI 0.81–1.73) compared with
other antifungal agents in the prophylaxis and treatment of patients with fungal infections, particularly those
caused by Candida. There were significant differences in clinical and laboratory adverse events between
caspofungin and other antifungal agents in favor of caspofungin (RR = 0.66, 95% CI 0.49–0.89) (RR = 0.66,
95% CI 0.57–0.75). Conclusion: This meta-analysis shows that caspofungin can be used as effectively as
other antifungal agents for prophylaxis and treatment of fungal infections, mainly for Candida, and that it
is associated with fewer adverse effects than comparable agents.

1. Introduction

Over the past few decades, the prevalence of fungal infections
has gradually increased (Bassetti et al. 2006). Many factors pre-
dispose patients to fungal infections. Recent medical advances
have greatly improved the clinical outcome of major surgery,
organ transplants, and cancer, with an associated increase in the
prevalence and risk of fungal infections due to the immuno-
suppressive nature of these modern treatments (Richardson
2005). The increasing incidence of human immunodeficiency
virus (HIV) infection, immunosuppressive diseases and can-
cer, widespread use of steroids, and indwelling central venous
catheters are also significant risk factors for fungal infections
(Falagas et al. 2007).
Morbidity and mortality of patients with invasive fungal infec-
tions remain high (Tortorano et al. 2004). The attributable
mortality of candidemia may be as high as 47% (Wenzel 1995;
Gudlaugsson et al. 2003), and this rate may be 50–90% for
invasive aspergillosis. Therefore, antifungal infections remain
a significant problem. Older antifungal agents are limited by
their poor efficacy, significant toxicity and drug resistance.
During recent years, a number of new antifungal agents have

entered the market, including the echinocandins, voriconazole,
and posaconazole. Several trials have studied these medica-
tions and showed positive outcomes. Of these new medications,
the echinocandins are particularly appealing, because of their
lower toxicity, reduced drug resistance, and strong efficacy. The
echinocandins are recommended as a first-line treatment choice
for invasive candidemia and suspected candidiasis, and also as
salvage therapy for aspergillosis, according to the Infectious
Diseases Society of America (IDSA) guidelines (Pappas et al.
2009; Walsh et al. 2008). Caspofungin, the first antifungal agent
of the novel echinocandin class, was approved in 2002. It has
mostly been studied in randomized clinical trials (RCTs), but
there have been no comprehensive meta-analyses of caspofun-
gin compared with other antifungal agents for fungal infections,
aside from the systemic review by Falagas in 2007 (Falagas et al.
2007) who included 6 trials from 2001 to 2005. Over the past 3
years, more randomized clinical trials (RCTs) on caspofungin
have been conducted, providing evaluable data on the efficacy
and safety of caspofungin. We obtained the available data from
RCTs to perform an overall meta-analysis to evaluate the effi-
cacy and safety of caspofungin in the prophylaxis and treatment
of fungal infections, particularly those caused by Candida.
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2. Methods

2.1. Data sources

Two reviewers (XY and XJS) searched PubMed, Embase, and
the Cochrane Central Register of Controlled Trials (Cochrane
Library Issue 4, 2009) from inception to February 2011. The
search strategy was as follows: “caspofungin”, “cancidas”,
“MK-0991”, “randomized controlled trials”, “clinical trial”,
“double-blind trial”, “antifungal agents”, as well as combina-
tions of these terms. Searches were limited to RCTs. References
of all identified studies were inspected for more trials.

2.2. Study selection

A study was included in this meta-analysis if: it was a RCT; it
included patients with proven or probable fungal infections or
those at high risk of fungal infections; it compared the efficacy
and safety of caspofungin with other antifungal agents; and pre-
sented the specific data on favorable response, microbiological
response, adverse effects, survival rate, relapse and mortality.
Trials with blinded and non-blinded design were included. Tri-
als only reporting dose-comparison or dosage form evaluation,
experimental trials, trials focusing on pharmacokinetic or phar-
macodynamic variables, and trials in pediatric patients were
excluded from this meta-analysis. Trials involving caspofungin
combination therapy were also excluded.

2.3. Data extraction

The same two reviewers independently extracted data from eli-
gible trials. In case of any disagreement between the reviewers,
a third reviewer extracted the data and a consensus was reached.
The authors of trials were contacted for missing data when nec-
essary. The data were extracted using a prespecified review form.
The following data were extracted from each study: year of pub-
lication, number of enrolled patients and the modified intention-
to-treat (MITT) patient population, clinical condition, compara-
tor, mode and dosage of the administered treatment, favorable
response after the end of treatment, microbiological response,
adverse events, mortality, relapse and survival rates, trial design,
treatment duration, and quality scores. The ITT patient pop-
ulation was defined as the patients who met the prespecified
criteria for evaluation and had received the study treatment for
at least 1 day. The quality of trials was assessed according to the
Jadad scoring system (Jadad et al. 1996). Trials are generally
considered of good quality if they have a quality score above 1.

2.4. Definition

Several definitions were used in the studied RCTs. Empir-
ical therapy was that given to patients who had received
chemotherapy for cancer or had undergone hematopoietic stem-
cell transplantation or who had an absolute neutrophilic count
below 500 per cubic millimeter for at least 96 h, had a fever
(temperature above 38.0 ◦C), had received potential antibacterial
therapy for at least 96 h, and did not have a documented invasive
fungal infection. Treatment was considered to be prophylaxis
when used to prevent high-risk patients without proven or prob-
able fungal infections from developing such infections. Invasive
candidiasis was defined as one or more positive Candida cultures
from the blood or another sterile site before antifungal treatment.
The diagnosis of oropharyngeal and esophageal candidiases
referred to having endoscopically and microbiologically doc-
umented mucosal candidiasis. A favorable response for prophy-
laxis was defined as the completion of prophylaxis without the
development of a documented invasive fungal infection during
the period of prophylaxis. A favorable response for invasive can-

didiasis was defined as a prespecified complete or partial resolu-
tion of symptoms and signs attributable to the Candida infection
and complete eradication of Candida from follow-up cultures,
and a favorable response for oropharyngeal and esophageal
candidiases was defined by either total clearing of esophageal
lesions or a reduction in endoscopy score by more than or the
equivalent of 2 grade levels. In this meta-analysis, a favorable
response was evaluated at the end of antifungal therapy. Adverse
events were all unintended clinical and laboratory changes,
including worsening of preexisting conditions, which were tem-
porally associated with the study drug. Survival rate was the pro-
portion of patients who survived during the observation period
after therapy. Relapse was defined as recurrence of invasive
candidiasis or resumption of antifungal therapy for suspected
invasive candidiasis in patients with a favorable response at the
end of the intravenous study therapy during the follow-up period.

2.5. Data analysis and statistical methods

Statistical analysis was performed with Review Manager
Version 5.0 (Cochrane Collaboration, Oxford, UK). The het-
erogeneity of trial results was assessed by the chi-square test of
heterogeneity (P < 0.10 was taken to indicate significant het-
erogeneity). Publication bias was assessed by a funnel plot
analysis. A fixed- effect model (FEM) was used by applying
the Mantel-Haenszel method for pooling relative ratios (RRs)
and 95% confidence intervals (CIs) for all outcomes throughout
the meta-analysis unless statistically significant heterogeneity
was found, in which case a random-effects model (REM) was
used by applying the DerSimonian and Laird method.

3. Results

3.1. Study selection process

Our literature search identified 131 potentially relevant abstracts
of full text articles. According to the prespecified criteria, 9
randomized trials (Wang et al. 2007; Walsh et al. 2004; Mat-
tiuzzi et al. 2006; Mora-Duarte et al. 2002; Pappas et al. 2007;
Colombo et al. 2003; Arathoon et al. 2002; Villanueva et al.
2002, 2001) involving 2901 patients were selected for this meta-
analysis. Figure 1 shows the detailed screening and selection
process.

3.2. Study characteristics

The main characteristics of the included trials (type of study
design, characteristics of included population, drug regimen,
the number of enrolled patients, Jadad score) are presented in
the Table. In 6 of these trials, Candida was the only isolated
pathogen. Eight of the nine trials were of good quality accord-
ing to the Jadad scoring system and one was not (Wang et al.
2007). Three of these 9 trials were given + 3 points, 2 trials were
given + 4 points, 2 trials were given + 5 points, 1 trial was given
+ 2 points, and 1 trial was given only + 1 point. Three of the 9
trials were performed in patients at high risk for fungal infec-
tions; 3 trials were performed in patients with proven invasive
candidiasis and 3 trials in patients with oropharyngeal and/or
esophageal candidiasis. Among the 9 trials, 7 were a double-
blind design and 2 were open-label design. The 6 comparators
used in these studies were amphotericin B (deoxycholate in 4
and liposomal in 2 RCTs), 1 was fluconazole, 1 was itracona-
zole, and another was micafungin. There were 3 trials with 3–4
arms, all of which included a 50-mg caspofungin arm. The com-
mon dosage of caspofungin is 50 mg daily after 70 mg the first
day, so we selected the 50-mg arm compared to 1 control group.
The funnel plot was examined to estimate publication bias and
a symmetric inverse funnel.
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Fig. 1: Flow diagram of the randomized controlled trials (RCTs) reviewed

3.3. Clinical efficacy

Nine RCTs reported clinical favorable response rate in the MITT
population. Overall, the clinical favorable response rate in the
caspofungin group [693 (55.3%) of 1253 MITT patients] was
similar to that in the control group [670 (53.6%) of 1251 MITT
patients], and no significant difference was found (RR = 1.07,
95% CI 0.98–1.17) (Fig. 2). A similar result was confirmed in
the sensitivity analysis by excluding the 2 open-label trials (2252
patients, RR = 1.09, 95% CI 0.98–1.21). There was no signifi-
cant difference in survival rate after 7-day follow-up (2 trials,
1155 MITT patients, RR = 1.00, 95% CI 0.91–1.10) (Fig. 3)
between caspofungin [545 (92.7%) of 588 patients] and controls
[509 (89.8%) of 567 patients].

3.4. Microbiological response

Four of the 9 relevant RCTs provided microbiological treat-
ment outcomes. Candida was the isolated pathogen in the 4
RCTs, mainly Candida albicans. In the total microbiologically
evaluable population, 346 (81.6%) of the 424 patients in the

caspofungin group and 366 (80.6%) of the 454 patients in the
control group achieved eradication or presumed eradication of
the baseline pathogens. The overall microbiological treatment
success rates in the caspofungin group were not significantly dif-
ferent from those in the control group (878 patients, RR = 1.02,
95% CI 0.90–1.15) (Fig. 4).

3.5. Relapse rate

Three RCTs presented data on relapse rate. There was no sig-
nificant difference in relapse rate between the caspofungin and
control groups (571 patients, RR = 1.18, 95% CI 0.81–1.73)
(Fig. 5).

3.6. Mortality rate

Three RCTs showed data on mortality in clinically assessed
patients. All-cause mortality in the caspofungin group was
97/413 (23.5%), and in the control group was 103/411
(25.1%), with no significant difference between the two groups
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Favours control group Favours caspofungin group

Fig. 2: Meta-analysis of favorable response comparing caspofungin with controls for the prophylaxis and treatment of fungal infections. The size of each square denotes the
proportion of information given by each trial. CI = confidence interval
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556

32
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Fig. 3: Meta-analysis of survival rate after 7-day follow-up comparing caspofungin with controls for the prophylaxis and treatment of fungal infections. The size of each square
denotes the proportion of information given by each trial. CI = confidence interval

(RR = 0.98, 95% CI 0.78–1.24) (Fig. 6). Moreover, the mortal-
ity attributable to fungal infections did not differ significantly
between the 2 groups (RR = 0.82, 95% CI 0.34–1.96).

3.7. Adverse outcomes

The most commonly reported clinical adverse events of caspo-
fungin were fever, chill, rash, and headache. Commonly reported
laboratory adverse effects of caspofungin were an increase in
alanine aminotransferase and aspartate aminotransferase and
total bilirubin, and a decrease in potassium and magnesium.
In this meta-analysis, 6 RCTs reported overall clinical and lab-
oratory adverse events.
In the total evaluable safety population, 372 (44.2%) of 841
patients in the caspofungin group and 513 (60.1%) of 853
patients in the control group experienced clinical adverse events,
and there was a significant difference between these 2 groups
(RR = 0.66, 95% CI 0.49–0.89) (Fig. 7). There were 221 (26.4%)
of 838 patients in the caspofungin group and 348 (40.8%)
of 852 patients in the control group who experienced labora-
tory adverse events, with a significant difference between the 2
groups (RR = 0.66, 95% CI 0.57–0.75) (Fig. 8).

4. Discussion

This meta-analysis revealed that caspofungin was associated
with similar effects in terms of favorable response rate, micro-

biological response, mortality rate, survival rate after 7-day
follow-up, and relapse rate to other antifungal agents in the
prophylaxis and treatment of fungal infections, mostly those
caused by Candida. There were significant differences in clini-
cal and laboratory adverse events between caspofungin and other
antifungal agents, in favor of caspofungin.
Falagas published a systemic review of caspofungin in 2007. Six
trials from 2001 through 2005 were included. This study made
a meta-analysis only on some adverse effects but not on effi-
cacy between caspofungin and comparable antifungal agents. It
indicated that caspofungin appeared to be better tolerated and
is at least as effective as amphotericin B for the treatment of
patients with fungal infections. In our study, we conclude that
caspofungin is associated with fewer adverse events than compa-
rable antifungal agents, with no significant difference in clinical
efficacy.
The first approved indication for caspofungin was salvage ther-
apy for invasive aspergillosis. In the treatment of invasive
aspergillosis, it has been shown that caspofungin can sig-
nificantly prolong survival in mouse models of disseminated
aspergillosis in a manner comparable to amphotericin B (Smith
et al. 1996; Abruzzo et al. 1997; Bartizal et al. 1997; Abruzzo
et al. 2004) and that it appeared to be at least as effective
as standard therapies for patients with invasive aspergillosis
(Hiemenz et al. 2001). In the selection process for this study,
3 trials on caspofungin in invasive aspergillosis were analyzed
(Caillot et al. 2007; Raad et al. 2008; Singh et al. 2006), but
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Fig. 4: Meta-analysis of microbiological treatment success rate comparing caspofungin with controls for the prophylaxis and treatment of fungal infections. The size of each
square denotes the proportion of information given by each trial. CI = confidence interval
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Fig. 5: Meta-analysis of relapse rate comparing caspofungin with controls for the prophylaxis and treatment of fungal infections. The size of each square denotes the proportion
of information given by each trial. CI = confidence interval
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Fig. 6: Meta-analysis of all-cause mortality comparing caspofungin with controls for the prophylaxis and treatment of fungal infections. The size of each square denotes the
proportion of information given by each trial. CI = confidence interval
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Fig. 7: Meta-analysis of clinical adverse events comparing caspofungin with controls for the prophylaxis and treatment of fungal infections. The size of each square denotes the
proportion of information given by each trial. CI = confidence interval

were excluded as the trials involved combination therapy with
caspofungin. These 3 trials showed that caspofungin combina-
tion therapy was more efficient than liposomal amphotericin B
monotherapy for invasive aspergillosis. Until now, there have
been no RCTs of caspofungin as monotherapy or as primary
therapy for the treatment of invasive aspergillosis, which may
be, at least in part, due to the fact that the echinocandins are
fungistatic against Aspergillus spp., but not fungicidal.
Caspofungin is also licensed for the treatment of candidiasis
and empirical antifungal therapy of presumed fungal infections
in patients with febrile neutropenia (Bal 2010). In this study,
most of the fungal pathogens were Candida. The 2004 Infectious
Diseases Society of America treatment guidelines recommend
caspofungin, fluconazole (for patients not previously exposed to
azoles), amphotericin B, or fluconazole–amphotericin B com-

bination therapy for initial treatment of common forms of
invasive candidiasis, all with the same level of evidence and
recommendation. In this study, caspofungin was compared with
amphotericin B in 2 RCTs for patients with invasive candidi-
asis. Our analysis indicated that caspofungin was at least as
effective as amphotericin B for invasive candidiasis. In 3 RCTs
for patients with oropharyngeal and/or esophageal candidiasis,
caspofungin was also shown to be as effective as amphotericin
B and fluconazole.
Several limitations of the relevant trials should be acknowl-
edged. First, the quality of the trials may affect the conclusion
of this meta-analysis. Two of the 9 trials were not blinded, and
1 trial was assessed to be of low quality. Nevertheless, a sen-
sitivity analysis was performed including only trials that were
of high quality or that were double-blinded, resulting in find-
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Fig. 8: Meta-analysis of laboratory adverse events comparing caspofungin with controls for the prophylaxis and treatment of fungal infections. The size of each square denotes
the proportion of information given by each trial. CI = confidence interval
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ings consistent with those of the primary analysis. Second,
the number of studies on relapse rate and survival rate was
small which may have biased the conclusion. Third, there were
differences among the studies regarding the dosage of adminis-
tered antifungal agents, the duration of treatment and the period
of observation. There was some heterogeneity among the tri-
als, and random-effects model was used several times, which
required careful interpretation of the conclusion. Fourth, the
study lacked an assessment of caspofungin for the treatment
of invasive aspergillosis, so the meta-analysis regarding caspo-
fungin treatment does not provide a complete picture.
In conclusion, despite the above limitations, this review rep-
resents the largest meta-analysis of caspofungin for antifungal
therapy to date. Caspofungin was as effective as other antifun-
gal agents in the prophylaxis and treatment of fungal therapy,
mainly for Candida, while it was associated with fewer adverse
drug events than other antifungal medications. However, more
RCTs are needed to confirm the above conclusion.
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