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The echinocandins show comparable effi cacy in the treat-
ment of candidemia and invasive candidiasis. Caspofungin 
and micafungin appear to be similarly effi cacious in salvage 
therapy in aspergillosis; anidulafungin has excellent in vitro 
activity against Aspergillus species but as yet there are no 
suffi cient clinical data for anidulafungin in this disease state. 
Each drug has minor advantages and disadvantages com-
pared to the others of the same classe; however, there are 
large differences in the approved indications for the different 
drugs. The formulary selection process should consider the 
direct and indirect costs of the single agents; the character-
istics of the patient population at risk for invasive mycosis, 
such as frequent use of interacting drugs and the burden of 
monitoring plasma drug levels of drugs; and the implications 
of using products for indications which have not been still ap-
proved (off-label indications).

Key words: antifungal drugs, echinocandins, caspofungin, 
anidulafungin, micafungin, indications, clinical studies

The echinocandins are a class of drugs that have made an 
enormous impact on the treatment of fungal infections. Less 
expensive than lipid formulations of amphotericin B, they 
have less toxicity than amphotericin products and fewer drug 
interactions than azoles. Effi cacy for yeast/Candida species 
is comparable to amphotericin-based products, and they 
have activity against many mold species. Caspofungin was 
the fi rst echinocandin approved by the FDA, coming on the 
market in 2001. Since then, two more products have been 
approved: micafungin (2005) and anidulafungin (2006). The 
development of competition in the echinocandin market has 
prompted a class review of these drugs in order to determine 
the choice with the most favorable balance of economics, 
safety and effi cacy. The indications, dosing and costs are 
summarized in Table 1.

Pharmacological issues: an introduction
The echinocandins are large, semisynthetic, injectable li-
popeptides derived from fungal fermentation products6,15,30. 
Their molecular weights range from 1,140 to 1,292 daltons. 
The echinocandins inhibit the growth of fungi by interfering 
with the synthesis of the fungal cell wall component 1,3- -D-
glucan, a large polysaccharide that provides rigidity to the cell 
wall. The pharmacokinetic properties of the echinocandins 
are quite similar, and are summarized in Table 2.

Antimycotic activity
All three of the currently available echinocandins have in vitro 
activity against a variety of species of Candida, Aspergillus 
and other opportunistic fungi. The relationship between in 
vitro activity and clinical effi cacy against fungal isolates is un-
clear; interpretive criteria have not yet been defi ned8. Tables 3 
and 4 summarize the in vitro activity of the available echinoc-
andins, according to consolidated literature evidences. 
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Caspofungin Anidulafungin Micafungin
FDA-approved indications
- empiric febrile neutropenia
- candidemia
- candidal abscess
-  esophageal candidiasis
- Candida peritonitis
- invasive aspergillosis
- Candida prophylaxis

+
+
+
+
+

+ (2nd line)
-

-
-
-
-
+
-
-

+ (in HSCT)

-
+
+
+
+
-
-

Dosing (labeled) 50 mg 100 mg 100 mg
Loading dose 70 mg no 200 mg
Infusion time 60 minutes 60 minutes 1.1 mg/minute
Pediatric use - - -

Geriatric use AUC increased by 28% no differences mild clearance reduction

Racial differences - - -
Renal insuffi ciency no adjustment no adjustment no adjustment
Hepatic insuffi ciency reduce dose, if moderate no adjustment no adjustment
Pregnancy category C category C category C
Breast feeding unknown-caution unknown-caution unknown-caution

Drug-drug interactions

tacrolimus
cyclosporine

rifampin
phenytoin

carbamazepin
examethasone

efavirenz
nevirapine

sirolimus
nifedipine

-

Price (ex-factory)
50 mg – USD 411.84
70 mg – USD 411.84

50 mg – USD 116.88
100 mg – USD 187.00

50 mg – USD 112.50

Table 1. Main features of echinocandin drugs

Caspofungin Anidulafungin Micafungin

Protein binding (%) 97 84 99.8

Cmax

9.5-12 mcg/mL
(70 mg dosing)

2 mcg/mL
(50 mg dosing)

7.8 mcg/mL
(200 mg dosing)

5 mcg/mL
(50 mg/dosing)

7.8 mcg/mL
(200 mg dosing)

AUC 98 mcg h/mL

110 mcg h/mL
(200-100 mg dosing)

51 mcg h/mL
(50 mg dosing)

66 mcg h/mL
(50 mg dosing)

Metabolism Extent poorly known Extent poorly unknown; primarily non-enzymatic in nature Extent poorly known
Renal excretion (%) 41 (1.4 unchanged) <1 <15
Fecal excretion ((%) 35 30 71
Clearance 10-12 mL/minute 15.8 mL/minute 10-11 mL Kg/hour
Elimination half-time of parent compound 
(hours)

9-11 40 11-15

Effect on kidney insuffi ciency - - -
Effect on liver insuffi ciency Increased AUC Negligible Reduced AUC

Table 2. General pharmacokinetic characteristics of echinocandins (8, 18, 30)

Fungi (no. of tested strains) Caspofungin
MIC (mcg/mL)

Anidulafungin
MIC (mcg/mL)

Micafungin
MIC (mcg/mL) References

Candida albicans (6,221) 0.007->8 >0.005-2 <0.004->8 1, 2, 4, 5, 19, 21, 23, 26, 28, 30, 37 
F-R* C. albicans (88) 0,007-4 - 0.007-0.25 22, 29, 30
Candida glabrata (1,675) 0.007->8 0.015-2 0.008->8 1, 2, 4, 5, 19, 21, 23, 26, 28, 30, 37
F-R* C. glabrata (231) 0.03-1 0.007-0.25 0.007-0.06 22, 29, 30
Candida krusei (344) 0.03-2 0-015-2 0.06-2 1, 2, 4, 5, 19, 21, 23, 26, 28, 30
F-R* C. krusei (344) 0.015-2 0.007-2 0.007-0.25 22, 29, 30
Candida parapsilosis (1,699) 0.03->8 0.015-4 0.03->8 1, 2, 4, 5, 19, 21, 23, 26, 28, 30, 37
Candida tropicalis (1,225) 0.01->8 0.007-2 0.016-8 1, 2, 4, 5, 19, 21, 23, 26, 28, 30, 37
*F-R= fl uconazole-resistant yeast strain

Table 3. In vitro activity of the different echinocandin molecules against the different species of Candida yeasts.
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Caspofungin vs. Candida
The in vitro activity of caspofungin against Candida species 
has been well documented. In six studies using 7,109 clinical 
isolates of various species of Candida, caspofungin inhibited 
the overwhelming majority of isolates at concentrations ≤2 
mcg/mL19,20,27,28,36,37. This held true even for fl uconazole-re-
sistant isolates. Candida parapsilosis isolates tended to have 
higher MICs than other species, but most were inhibited at or 
below 2 mcg/mL, and one study reported an MIC90 of >8 for 
75 isolates of Candida guilliermondii28. Two studies reported 
overall MICs for all isolates in aggregate; for 751 isolates the 
MICs were 0.25-0.5 mcg/mL7,8.

Micafungin vs. Candida
Three studies evaluated the in vitro activity of micafungin 
against 551 clinical Candida isolates22,23,35. In one study of 
315 fl uconazole-resistant isolates, the overall MIC90 was 
0.06 mcg/mL; C. glabrata isolates were the most sensitive to 
micafungin, with an overall MIC90 of 0.015 mcg/mL for 110 
isolates22. A second study also found excellent activity against 
all species of Candida, although MICs for C. parapsilosis were 
among the highest, ranging from 0.5 to 2 mcg/mL23.The third 
study found micafungin to be the least active when compared 
to several azole antifungals, amphotericin B and fl ucytosine, 
with an overall MIC90 for 164 isolates greater than 8 mcg/mL, 
but this fi nding was primarily due to the high MIC90s of the 16 
isolates of C. parapsilosis19.

Anidulafungin vs. Candida
The in vitro activity of anidulafungin against 3,251 clinical iso-
lates of Candida species was evaluated in four studies1,5,30,37. 
Isolates of C. albicans and C. glabrata were highly suscep-
tible to anidulafungin in all the four studies, with MIC90s of 
less than 2 mcg/mL. Higher MICs values were observed with 
isolates of C. parapsilosis in most of the studies, ranging from 
2-8 mcg/mL. MICs for C. tropicalis, Candida dubliniensis, 
Candida famata and C. guilliermondii were also found to be 
higher in some studies1,30.

Caspofungin vs. Other Fungi
The in vitro activity of caspofungin against 700 isolates of 
Aspergillus species was evaluated in three studies6,11,12. The 

great majority of isolates were highly susceptible to caspofun-
gin, although in one study, the range of MICs for 13 isolates of 
Aspergillus fumigatus was 0.5->16 mcg/mL, with a mean MIC 
of 2.15 mcg/mL11. The largest study included isolates from 
environmental sources as well as clinical sources; caspo-
fungin was potently active with an MIC90 of less than 0.007 
for all isolates regardless of the source12. Espinel-Ingroff et 
al. also evaluated the in vitro activity of caspofungin against 
other opportunistic fungi11. Caspofungin proved moderately 
active against Cladophiliophora bantiana, Bipolaris species, 
Scedosporidium prolifi fi fi  cans, Blastomyces dermatitidis and 
Histoplasma capsulatum, with MICs ranging from 2-8 mcg/
mL. On the other hand, aspofungin tested inactive against 
Fusarium species, Rhizopus arrhizus, Cryptococcus neofor-
mans and Trichosporon beigelii.

Micafungin vs. Other Fungi
The in vitro activity of micafungin against 596 environmental 
and clinical isolates of A. fumigatus was compared to that of 
fi ve other antifungal agents21. Micafungin exhibited a very low 
MIC90 (<0.007 mcg/mL) for all isolates regardless of whether 
the organism was obtained from a clinical or environmental 
site. The in vitro activity of micafungin against 16 species 
of molds was evaluated by Nakai et al.25. Micafungin was 
highly active against all the six species of Aspergillus and 
had intermediate activity against Cladosporium trichoides, 
two Exophiala species and Fonsecaea pedrosoi. Micafungin 
was inactive against Absidia corymbifera, Cunninghamella 
elegans, two Rhizopus species, Fusarium solani and Pseu-
dallescheria boydii.

Anidulafungin vs. Other Fungi
The in vitro antifungal activity of anidulafungin against As-
pergillus spp. was initially compared to those of four other an-
tifungal agents6. Anidulafungin was highly active against all 
68 strains, with MICs of 0.03 mcg/mL for all strains tested. 
Later, Zhanel et al. evaluated the in vitro activity of anidulafun-
gin against 64 clinical isolates of Cryptococcus neoformans, 
Blastomyces dermatitidis and Aspergillus species37. Anidu-
lafungin potently inhibited all the fi ve tested Aspergillus spp.  
It was ineffective against C. neoformans and B. dermatitidis.

Fungi (no. of tested strains) Caspofungin
MIC (mcg/mL)

Anidulafungin
MIC (mcg/mL)

Micafungin
MIC (mcg/mL) References

Aspergillus fl avus (36) <0,03-05 <0.03-012 0.016 6, 11, 18
Aspergillus fumigatus (644) <0.007->16 <0.007-0.06 0.016 5, 6, 11, 12, 25, 37 
Aspergillus nidulans (1) N.D. N.D. 0.008 25
Aspergillus niger (14) <0.03-0.25 0.01 0.008 25, 36, 37
Aspergillis terreus (2) 0.5 <0.03 0.016 11, 25
Aspergillus versicolor (2) N.D. 0.005 N.D. 37
Blastomyces dermatitidis (34) N.D. 2-64 N.D. 11, 37
Cryptococcus neoformans (25) >16 >10.2 N.D. 11, 37
Fusarium spp. (13) 16->16 16->16 >64 11, 25
Histoplasma capsulatum (5) 0.5-4 2-4 N.D. 11
Pseudoallescheria boydii (7) 0.5-4 2-4 >64 11, 25
Rhizopus spp. (7) >16 >16 >64 11, 25
Scedosporium prolifi cans (2) 4-8 4 N.D. 11

Table 4. In vitro activity of the different echinocandin molecules against fungi other than Candida spp.
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Available clinical trials

Caspofungin in Candida infections
Caspofungin was compared to amphotericin B deoxycholate 
for invasive candidiasis in a double-blind, randomized trial in 
adult patients24. Eligible patients were adults with at least one 
positive culture for Candida from blood or another sterile site 
plus at least one sign of infection. Stepdown therapy with oral 
fl uconazole was permitted, if clinically warranted, after 10 
days of IV therapy with the study drug. Patients were strati-
fi ed according to APACHE score and randomized to receive 
either caspofungin as a 70-mg loading dose followed by 50 
mg per day or amphotericin B at a dose of 0.6 to 0.7 mg/kg/
day for non-neutropenic patients and 0.7 to 1 mg/kg/day for 
neutropenic patients. The primary effi cacy measure was over-
all response to therapy, with a favorable response defi ned as 
resolution of all symptoms and signs of the infection as well 
as microbiological eradication. Caspofungin would be con-
sidered non-inferior to amphotericin B if there was less than 
20% difference between the two study groups once APACHE 
scores and neutropenia were accounted for. The rates of fa-
vorable response at the end of IV therapy did not differ sig-
nifi cantly between the two groups (73.4% for caspofungin vs. 
61.75 for amphotericin B; p=0.09). Among the 186 patients 
who met prespecifi ed criteria for evaluation (inclusion in MITT 
analysis, no concomitant antifungal therapy, no protocol vio-
lations that could interfere with effi cacy assessment, appro-
priate evaluation at the end of therapy and receipt of study 
drugs for fi ve days or more), the respective response rates 
were 80.7% and64.9% (p=0.03); the criteria for non-inferiority 
were met. There were signifi cantly more patients in the am-
photericin group who had adverse events due to study drug 
(33 patients in the caspofungin MITT group; 28.9% vs. 73 
patients in the amphotericin group; 58.4%; p=0.002). Signifi  
cantly more patients in the amphotericin group withdrew from 
the study due to adverse events (23.2% vs. 2.6%; p=0.003). 
The authors concluded that caspofungin was as effective as 
amphotericin B for the treatment of invasive candidiasis and 
was less toxic than amphotericin B. Caspofungin was com-
pared to amphotericin B deoxycholate for the treatment of 
endoscopically-confi rmed esophageal candidiasisin a rand-
omized, double-blind trial35. There were 128 patients enrolled 
in the study; they were randomized to receive caspofungin 
50 mg/day, caspofungin 70 mg/day, or amphotericin B deoxy-
cholate 0.5 mg/kg/day. A favorable response was defi ned as 
the resolution of symptoms plus either clearing of esophageal 
lesions or an improvement of two or more grade levels. The 
response rates at the end of therapy were high for all three 
treatments (85% for caspofungin 50 mg, 96% for caspofun-
gin 70 mg, and 72% for amphotericin B). While the response 
rates were higher for the caspofungin groups, the study was 
not designed to show superiority, so no conclusions about 
the relative effi cacy can be drawn. Response rates were 
similar regardless of the endoscopic grade of the lesions at 
enrollment.There was a signifi cant diff erence in the propor-
tion of patients who experienced adverse eff ects related to 
study drug (61% for caspofungin 50 mg, 68% for caspofungin 

70 mg, and 93% for amphotericin; p<0.01 for each caspo-
fungin group compared to amphotericin). The authors con-
cluded that caspofungin was eff ective and well-tolerated in 
the treatment of esophageal candidiasis; the study was not 
designed to show non-inferiority. Villanueva et al. compared 
caspofungin to fl uconazole for the treatment of esophageal 
candidiasis in a double-blind, randomized study36. One hun-
dred seventy-seven adult patients with endoscopically-and 
microbiologically-confi rmed candidal esophagitis were rand-
omized to receive caspofungin 50 mg IV daily or fl uconazole 
200 mg IV daily. The primary effi cacy endpoint was clinical 
plus endoscopic response. The combined clinical plus en-
doscopic response rates among the modifi ed intent-to-treat 
population were 81% for the caspofungin group and 80% for 
the fl uconazole group. There were no signifi cant differences 
between the groups in the rates of endoscopic response, 
clinical response or microbiological response. Relapse rates 
at the two-week and four-week follow-up visits did not dif-
fer signifi  cantly between the two treatment groups. Adverse 
events occurred in over 30% of the patients in each group, 
but only one event, a cellulitis in a fl uconazole-treated patient, 
was considered serious. There were no statistically signifi cant 
differences between the groups in the incidence of individual 
adverse effects. The authors concluded that caspofungin was 
not inferior to fl uconazole for the treatment of esophageal 
candidiasis, and that both drugs were well-tolerated. Kart-
sonis et al. evaluated the safety and effi  cacy of caspofungin 
in an open-label, compassionate-use study in adult patients 
with esophageal/pharyngeal or invasive candidiasis who had 
failed therapy with an IV formulation of amphotericin B due to 
either inability to tolerate the drug or to refractory infection14. 
The 37 patients enrolled received a 70-mg loading dose fol-
lowed by 50 mg daily. The primary effi cacy measure was a 
favorable response, defi ned for mucosal infections as resolu-
tion or signifi cant improvement in symptoms; a normal follow-
up oropharyngeal examination was also required in patients 
with oropharyngeal candidiasis. For invasive infections, a fa-
vorable response included resolution or signifi cant improve-
ment of signs and symptoms and radiographic studies and 
negative results of follow-up cultures. Among patients with 
mucosal infections there was a favorable response rate of 
86%; the rate among patients with invasive infections was 
87%. The favorable response rates were high (93% and 
83%, respectively) among the 29 patients who had failed 
previous antifungal therapy. The response rates were simi-
lar regardless of the pathogen identifi ed. The mean duration 
of therapy was 31.4 days and was similar for patients with 
mucosal and systemic infections. Six patients died during 
the study, although none of the deaths was attributed to the 
use of caspofungin or to the Candida infection. One patient 
experienced an adverse event attributed to caspofungin; a 
decreased platelet count was observed in a patient who was 
already thrombocytopenic due to an underlying HIV disease. 
The authors concluded that caspofungin is safe and effective 
in treating diffi cult Candida infections.
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Micafungin in Candida infections
DeWet et al. compared micafungin to fl uconazole in a rand-
omized, double-blind, dose-ranging study in adult patients with 
endoscopically-confi rmed esophageal candidiasis9. There 
were 251 patients randomized to receive either fl uconazole 
200 mg IV daily or micafungin 50 mg, 100 mg or 150 mg IV 
daily. The primary endpoint of the study was endoscopically-
confi rmed cure, defi ned as a mucosal condition of zero (no 
evidence of lesions) on a 0-3 scale. The mean durations of 
therapy in the micafungin 50 mg, 100 mg and 150 mg groups 
were 16.3, 13.4 and 14.0 days, respectively, while in the fl u-
conazole group it was 14.0 days. The cure rates among mi-
cafungin-treated patients were dose-related at 68.6%, 77.4% 
and 89.8% for the 50 mg, 100 mg and 150 mg doses and 
86.7% for the fl uconazole group in the ITT population. The 
two higher doses of micafungin had signifi cantly higher cure 
rates than the 50 mg dose in the per-protocol population, and 
the 150 mg dose was signifi cantly better than the 50 mg dose 
in the ITT population. Fluconazole also had a signifi cantly 
higher cure rate than the 50 mg dose of micafungin, but the 
two higher doses of micafungin did not differ from fl uconazole. 
For the analysis of secondary endpoint response rates, the 
authors combined the 100 mg and 150 mg doses of micafun-
gin and compared the combined group to fl uconazole, fi nding 
no signifi cant diff erence between the combined group and 
fl uconazole. Nine patients who received micafungin relapsed 
(one from the 50 mg group, fi ve from the 100 mg group, and 
two from the 150 mg group); no patient from the fl uconazole 
group experienced a relapse. Adverse events were common 
for patients receiving either drug, but these were generally 
mild or moderate and did not differ signifi cantly in nature be-
tween the groups. The authors concluded that micafungin at 
100 mg or 150 mg per day was comparable to fl uconazole 
in the treatment of esophageal candidiasis in patients with 
HIV infection. A second study in 523 patients with esophageal 
candidiasis compared the effi cacy and safety of micafungin 
150 mg daily to that of fl  uconazole10. Patients at least 16 
years old with symptomatic esophageal candidiasis that was 
confi rmed by endoscopy were eligible for enrollment. Patients 
were randomized to receive either micafungin 150 mg IV daily 
or fl uconazole 200 mg IV daily. The primary effi  cacyendpoint 
was a mucosal condition of zero on a 0-3 scale. The mean 
duration of therapy for both groups was 14 days. The rates of 
endoscopically-confi rmed cures (mucosal condition of zero) 
were 87.7% for micafungin and 88.0% for fl uconazole. The 
clinical success rates, which included patients with cures 
and with two-point improvements in mucosal condition, were 
94.2% and 94.6%, respectively. Relapse rates did not differ 
signifi cantly between the groups. Adverse event rates were 
similar and there was little difference between the groups in 
the type and frequency of events. The authors concluded that 
micafungin 150 mg daily was not inferior to fl uconazole 200 
mg daily for the treatment of esophageal candidiasis. Os-
trosky-Zeichner et al. evaluated the use of micafungin in 126 
adult and pediatric patients with candidemia, including cases 
refractory to at least fi ve days of therapy with an alternate 

systemic antifungal27. Micafungin was dosed at 50 mg/day IV 
for C. albicans infections and 100 mg/day for non-albicans or 
germ tube-negative infections in patients weighing 40 kg or 
more; the dose could be increased in 50 mg increments as 
deemed necessary by the investigator. For patients weighing 
less than 40 kg, the dose was 1-2 mg/kg with the possibility of 
increasing the dose by 1 mg/kg increments. Micafungin was 
the sole therapy in patients with new infections; patients who 
had failed therapy could receive micafungin alone or in com-
bination with their current therapy. Th e primary endpoint of 
the study was complete or partial response as determined by 
the investigators at the end of therapy. Among the 72 patients 
with new infections, 63 (87.5%) were treatment successes, 
with 55 (76.4%) complete responses; eight patients (11.1%) 
had partial responses. Seven patients (9.7%) had stable or 
progressive disease. Two patients were not evaluable. Among 
the patients who had failed other therapy or prophylaxis, there 
were 54 (77.8%) who had a complete response, two (3.7%) 
who had a partial response and 10 (18.4%) who had stable or 
progressive disease. In this group of patients, the results were 
similar regardless of whether the patients were treated with 
micafungin alone or received micafungin in addition to their 
previous therapy. Overall response rates were greater than 
80% for patients with infections due to C. albicans, C. glabrata, 
C. parapsilosis, and C. tropicalis. The response rate was lower 
(63.6%) with C. krusei infections. The highest response rates 
(≥90%) were seen in patients receiving 75-150 mg/day. The 
overall response rate among adult the patients was 84.9%, 
while in children, including 11 neonates, it was 75.0%. Ad-
verse eff ects were generally mild and occurred in only 7.4% 
of patients, a rate far lower than that observed in other clini-
cal trials for micafungin. The most common adverse event, 
occurring in three (2%) patients, was thrombocytopenia. The 
authors concluded that micafungin is safe and eff ective for 
use as a fi rst-line agent and as salvage therapy in Candida 
bloodstream infections caused by a variety of species. In a 
randomized, double-blind, non-inferiority study presented in 
abstract form at the 46th ICAAC, micafungin 100 mg/day and 
150 mg/day were found to be non-inferior to caspofungin as 
a 70 mg loading dose followed by 50 mg/day in the treatment 
of invasive candidiasis3. Patients received at least 10 days of 
study drug, after which they could be converted over to oral 
therapy. The overall success rates in the intent-to-treat popu-
lation were 73.9% for micafungin 100 mg/day, 70.3% for mi-
cafungin 150 mg/day and 71.4% for caspofungin. There was 
no advantage in dosing micafungin at 150 mg/day over 100 
mg/day. There were no differences in safety among the three 
treatment arms.

Anidulafungin in Candida infections
Krause et al. evaluated the use of anidulafungin in the treat-
ment of esophageal candidiasis in a randomized, dose-rang-
ing study in 123 adult patients17. Patients with positive blood 
or tissue cultures plus at least one sign or symptom of infec-
tion were randomized to receive 50 mg, 75 mg or 100 mg 
of IV anidulafungin once daily. The primary effi cacy endpoint 
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was global response, which included both clinical and micro-
biologic response. The global response rates were similar for 
all three doses (84%, 90% and 89% for the 50-mg, 75-mg 
and 100 mg-doses, respectively) at the end of therapy. The 
microbiological response rates were higher for the 75-mg and 
100-mg doses (93% and 89%, respectively) than for the 50-
mg dose (84%), but no statistical signifi cance was reported 
for this difference. Just fewer than 30% of patients experi-
enced an adverse event that was considered to be related to 
therapy. Most events were of mild or moderate severity. The 
most common of these events was hypokalemia, occurring 
in four patients (10%) in the 50-mg dose group. The authors 
concluded that anidulafungin at 100 mg/day was as eff ec-
tive as other treatment options for esophageal candidiasis, 
and that it was well-tolerated. A randomized, double-blind, 
double-dummy trial compared anidulafungin to fl uconazole 
for the treatment of esophageal candidiasis18. Adult patients 
(n=601) with endoscopically- and microbiologically-confi rmed 
esophageal candidiasis plus at least one sign or symptom of 
infection were randomized to receive either anidulafungin 100 
mg IV on day one, followed by 50 mg/day plus oral placebo 
or fl uconazole 200 mg PO on day one, followed by 100 mg/
day plus IV placebo. The primary effi cacy endpoint was en-
doscopic response at the end of therapy. The response rates 
among the intent-to-treat population were statistically similar 
(86.7% for anidulafungin and 88.0% for fl uconazole). The two 
treatments were similar in the rates of clinical and mycologic 
responses as well. Among the 462 patients who were evalu-
ated endoscopically two weeks after the end of treatment, 
signifi cantly more patients in the fl uconazole group had sus-
tained endoscopic responses compared to the anidulafungin 
group (89.9% vs. 64.5%, respectively; p<0.001). Adverse 
events related to treatment occurred in 9.3% of patients in the 
anidulafungin group and 12.0% of patients in the fl uconazole 
group. Few serious adverse events attributed to study drugs 
were reported. There were three patients in the fl uconazole 
group and two in the anidulafungin group who withdrew due 
to adverse events. Th e authors concluded that the two drugs 
were similarly effective and well-tolerated in treating esopha-
geal candidiasis, but that fl uconazole produced more sus-
tained responses. There were more patients in the fl ucona-
zole group who were taking antiretrovirals drugs, a factor that 
could confound this analysis, but the authors do not indicate 
whether this difference was statistically signifi cant.

Caspofungin in Aspergillus infections
Maertens et al. evaluated caspofungin as salvage therapy for 
invasive aspergillosis (IA) in an open-label, noncomparative 
trial20. Ninety patients with probable or proven IA who had dis-
ease progression or lack of improvement with at least seven 
days of amphotericin B, lipid amphotericin B or itraconazole, 
or who had nephrotoxicity, increased serum transaminases or 
severe infusion reactions with those therapies were enrolled. 
The patients received a 70-mg loading dose IV and a 50-
mg dose daily thereafter. The primary effi cacy endpoint was 
clinical response. Among the modifi ed intent-to-treat popula-

tion, 44.6% of patients had a favorable response to therapy, 
7% had stable disease, and 48% were considered treatment 
failures. Of those patients who had a favorable response, 
the great majority (89.2%) had a partial rather than a com-
plete response. The response rates were signifi cantly higher 
among patients with hematologic malignancies compared to 
those who had undergone HSCT (41.7% vs. 14.3%, respec-
tively; p=0.01). Signifi cantly higher response rates were seen 
among patients enrolled due to intolerance to conventional 
therapy compared to those with refractory infections (75.0% 
vs. 39.4%, respectively; p=0.03). Three of the 31 patients who 
had had a clinical response and were also evaluated at the 
four-week follow-up visit were found to have relapsed, despite 
receiving suppressive therapy with itraconazole. Most of the 
study participants (93.3%) experienced at least one adverse 
eff ect, but only 12.2% of the participants had an untoward ef-
fect that was considered to be related to caspofungin. All but 
one was considered to be mild or moderate in severity. The 
authors concluded that caspofungin was effective and well-
tolerated as salvage therapy in IA. A second study evaluated 
caspofungin as salvage therapy in 48 adult patients with IA 
using the same methods and enrollment criteria as the Mae-
rtens study15. The majority of the enrollees (90%) had IA re-
fractory to conventional therapy. The primary effi cacy endpoint 
was clinical, radiographic and bronchoscopic response. The 
rate of favorable responses to caspofungin was 44.4%; of the 
favorable responses, 55% were partial responses and 45% 
were complete responses. The rate of unfavorable responses 
was 44.4% and for stable disease the rate was 11.1%. Fac-
tors associated with a lower favorable response rate were un-
derlying hematologic disease, extrapulmonary aspergillosis 
and infection refractory to multiple alternate agents, although 
the authors did not report p values for all these fi ndings. Half 
of the patients enrolled in the study died during the study or 
follow-up period, with the majority of those (79%) dying as a 
result of IA. Five patients experienced adverse events associ-
ated with the use of caspofungin. Only one of these events 
(anaphylaxis) was considered serious enough to discontinue 
the study drug. The authors concluded that caspofungin was 
safe and eff ective as salvage therapy for IA.

Micafungin in Aspergillus infections
Kohno et al. evaluated micafungin in the treatment of deep-
seated Aspergillus and Candida infections16. Seventy adult 
patients with clinical and mycological evidence of invasive 
mycoses were treated with micafungin at doses ranging from 
12.5 to 50 mg/day. The authors did not indicate how an ini-
tial dose was chosen; the daily dose could be escalated at 
seven-day intervals in aspergillosis and four-day intervals in 
candidiasis. The primary effi cacy endpoint of the study was 
overall response. Study results were presented only for the 
56 patients considered evaluable by the investigators. Four of 
the 14 patients not evaluated were eliminated because they 
received fewer than seven days of therapy, and 10 patients 
did not match the appropriate diagnostic criteria. Of the 56 
evaluable patients, 42 had aspergillosis and 14 had candi-
diasis. Twenty-four (57%) of the patients with aspergillosis 
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responded to therapy; response rates to the 150 mg dose 
were 80% for invasive pulmonary aspergillosis, 0% for dis-
seminated aspergillosis; 75% for chronic necrotizing pulmo-
nary aspergillosis and 67% for pulmonary aspergilloma. The 
corresponding response rates for the 75 mg dose were 33%, 
“not available”, 67%, and 63%. Among the patients with can-
didiasis, all patients who received 50 mg and 75 mg doses 
responded; the two patients with esophageal candidiasis who 
received 25 mg doses did not respond. The investigators did 
not differentiate between complete and partial responses. Ad-
verse events related to micafungin were experienced by 30% 
of patients. The only event that was considered serious was 
neutropenia in a patient who withdrew from the study. The 
authors concluded that micafungin was safe and effective 
in the treatment of deep-seated fungal infections. Micafun-
gin was evaluated in an open-label, non-comparative study 
in 331 patients with invasive aspergillosis who had failed or 
were intolerant to conventional therapy, or who had received 
less than 48 hours of other systemic antifungal therapy (the 
so-called “primary” patients)7. Patients with proven or possi-
ble invasive aspergillosis received micafungin 75 mg IV per 
day, or 1.5 mg/kg/day for patients weighing less than 40 kg. 
Th e dose could be increased in 75 mg/day or 1.5 mg/kg/
day increments in 7-day intervals if cultures were persistently 
positive or if patients did not improve. Patients could continue 
to receive their prior therapy in addition to micafungin or could 
receive micafungin alone. The primary effi cacy endpoint was 
favorable response to therapy based on clinical, radiologic 
and microbiologic evaluations. The rate of favorable (com-
plete or partial) response among the modifi ed intent-to-treat 
population was 35.6%, with another 11.1% of cases attaining 
stabilization of disease. The great majority of patients (85.3%) 
in this population were enrolled as refractory to their previous 
therapy. Among the refractory patients, 40.9% had a favora-
ble response to micafungin as monotherapy (13.6% with a 
complete response and 27.3% with a partial response). The 
response rates for micafungin in combination were judged 
34.5% favorable, 7.5% complete and 27.0% partial. Among 
the primary group, response rates were 50.0% favorable, 0% 
complete and 50% partial for patients receiving micafungin 
alone, and 29.4%, 17.6% and 11.8%, respectively for mi-
cafungin in combination. Lower response rates were seen in 
patients with neutropenia, HSCT and HIV/AIDS. The mean 
daily dose administered to adults was 111.4 ± 50.97 mg. 
Sixty-seven percent of patients required at least one dose 
escalation. Of the 145 patients seen for a six-week follow-up 
visit, 32.4% had a complete or partial response at that time. 
Adverse events considered to be attributable to study drug 
occurred in 31.9% of patients. The most commonly occurring 
effects were bilirubinemia, nausea, liver function test abnor-
malities and diarrhea. Moderate or severe adverse events oc-
curred in 23.9% of patients and 3.1% of patients experienced 
a life-threatening adverse event. The authors concluded that 
micafungin is an effective treatment for invasive aspergillosis 
and is well-tolerated. 
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