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Caspofungin is an antifungal agent of the novel echinocandin class. We investigated its efficacy, safety, and
tolerability as therapy for oropharyngeal and/or esophageal candidiasis in a phase II dose-ranging study.
Patients were randomized in a double-blind manner to receive either caspofungin acetate (35, 50, or 70 mg) or
amphotericin B (0.5 mg/kg of body weight) intravenously once daily for 7 to 14 days. A favorable response
required both complete resolution of symptoms and quantifiable improvement of mucosal lesions 3 to 4 days
after discontinuation of study drug. Efficacy was assessed using a modified intent-to-treat analysis. No
hypothesis testing of efficacy was planned or performed. Of 140 enrolled patients, 63% had esophageal
involvement and 98% were infected with the human immunodeficiency virus (HIV) (median CD4 count,
30/mm3). A modestly higher proportion of patients in each of the caspofungin groups (74 to 91%) achieved
favorable responses compared to amphotericin B recipients (63%), but there was considerable overlap in the
95% confidence intervals surrounding these point estimates. Similar trends were found in the subgroups with
esophageal involvement, a history of fluconazole failure, and CD4 counts of <50/mm3. A smaller proportion of
patients receiving any dose of caspofungin experienced drug-related adverse events compared to patients given
standard doses of conventional amphotericin B (P < 0.01). Caspofungin provided a generally well-tolerated
parenteral therapeutic option for HIV-infected patients with oropharyngeal and/or esophageal candidiasis in
this study.

Mucosal candidiasis, although not life-threatening, causes
significant morbidity in patients infected with the human im-
munodeficiency virus (HIV) (16). The development of drug
resistance in the causative strain or the selection of intrinsically
more resistant species may complicate therapy of recurrent
candidal infections (19, 20, 28, 34, 36, 40, 43). This study
describes the use of a new echinocandin, caspofungin (Canci-
das; formerly MK-0991), as treatment for oropharyngeal and
esophageal candidiasis in an immunocompromised patient
population.

Oral fluconazole is widely regarded as the treatment of
choice for mucosal candidiasis under most circumstances (36).
Amphotericin B deoxycholate has been the standard recourse
for patients infected with Candida sp. unresponsive to azole
therapy (5, 10, 24, 36). The use of conventional amphotericin B
preparations is complicated by its significant toxicity. Newer
lipid formulations of amphotericin have reduced, but not elim-
inated, some of these adverse effects (15).

Caspofungin possesses activity in vitro (6, 17, 23, 30, 31, 42)
and in vivo (1, 2, 11, 13) against a variety of fungal pathogens,
including Candida and Aspergillus species. Echinocandins non-
competitively inhibit 1,3-�-D-glucan synthesis, interfering with
the normal formation of the fungal cell wall (3). Since glucans

are not present in mammalian cells, it is hoped that echino-
candins will have a relatively high therapeutic index. Cross-
resistance with conventional antifungal compounds is not an-
ticipated because of their unique mechanism of action.

(Preliminary results from this study were presented in No-
vember 1998 at the Infectious Disease Society of America
meeting in Denver, Colo.)

MATERIALS AND METHODS

Study population and design. We conducted a randomized, double-blind,
four-arm study of three different doses of caspofungin and standard dose am-
photericin B therapy for patients with symptomatic oropharyngeal and/or esoph-
ageal candidiasis. The protocol was approved by the institutional review boards
of the 18 participating centers. Informed consent was obtained from all enrolled
patients. Patients between 18 and 65 years of age were eligible for enrollment if
they had a diagnosis of oropharyngeal and/or esophageal candidiasis docu-
mented by visualization of Candida pseudohyphae in appropriate specimens.
Women of child-bearing potential were eligible only if they had a negative serum
pregnancy test, were not breast-feeding, and agreed to use adequate contracep-
tion throughout the study period. Exclusion criteria included a history of allergy
or serious adverse reaction to glucan synthesis inhibitors or amphotericin B,
previous failure of amphotericin B therapy for oropharyngeal and/or esophageal
candidiasis, ongoing treatment with rifampin or ritonavir, and any underlying
condition deemed likely to confound interpretation of the results or pose undue
risk to the patient. Abnormal laboratory values that disqualified patients from
participating in this study were hematocrit of �27%; absolute neutrophil count
of �1,000/�l; platelet count of �75,000/�l; creatinine clearance of �50 ml/min;
prothrombin time greater than the upper limit of normal (ULN); and/or total
levels of bilirubin in serum of three or more times the ULN, levels of aspartate
or alanine aminotransferase of five or more times the ULN, or levels of alkaline
phosphatase in serum of three or more times the ULN. Patients were randomly
allocated to receive caspofungin acetate (35, 50, or 70 mg or a matching placebo),
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followed by amphotericin B (0.5 mg/kg of body weight or a matching placebo)
intravenously once daily and stratified according to presentation with either
oropharyngeal infection alone or esophageal disease with or without oropharyn-
geal involvement. Patients were further stratified as to whether their infections
had previously been refractory (substratum I) or responsive (substratum II) to
fluconazole therapy. Patients never previously exposed to fluconazole were pre-
sumed to have fluconazole-responsive infections. Each patient received 1 active
drug and a placebo. Caspofungin or matching placebo was infused over 1 h,
followed by infusion of amphotericin B or matching placebo given over 2 h.
Premedication, typically consisting of acetaminophen and/or diphenhydramine,
was administered to patients who had experienced infusion-associated chills,
fever, or tachypnea when receiving an initial test dose of study drug or during
subsequent doses. Patients with isolated oropharyngeal candidiasis were treated
for a minimum of 7 days, while patients with esophageal involvement were
treated for a minimum of 10 days. The maximum duration of treatment was 14
days.

Evaluation of drug efficacy. The primary measure of efficacy was prespecified
as the combined response of referable symptoms and visible lesions assessed 3 to
4 days after discontinuation of study drug. Esophageal lesions were graded
endoscopically as follows: grade 0, normal mucosa; grade 1/2, scattered individ-
ual plaques �2 mm in size; grade 1, scattered plaques �2 mm in size covering
�50% of the mucosa; grade 2, plaques �2 mm in size covering �50% of the
mucosa; grade 3, confluent plaques circumferentially covering �50% of the
mucosa; and grade 4, circumferential plaques with narrowing despite insufflation
(4). Oropharyngeal lesions were assessed by routine physical examination as
follows: grade 0, no lesions present; grade 1, scattered, nonconfluent lesions, with
the majority �2 mm in size; grade 2, multiple lesions �2 mm in size; and grade
3, extensive, nearly confluent lesions. Clinical responses were rated as favorable
only if the patient was asymptomatic at the primary endpoint. The response of
esophageal lesions was assessed by repeat endoscopy. Favorable responses were
defined for patients with baseline grades of �2 as an endpoint grade of �1/2; if
the baseline grade was 1/2 or 1, an endpoint grade of 0 was required for a
favorable response. The response of oropharyngeal lesions was regarded as
favorable only if the endpoint grade was 0. The combined response represented
the primary endpoint and was recorded as favorable if and only if both compo-
nents were favorable. When data were missing, the combined response was
considered unfavorable in the modified intention-to-treat (MITT) analysis and
excluded from the evaluable-patients analysis (see below). The esophageal out-
come was the determinant of response in patients with both esophageal and
oropharyngeal disease. For those patients who had a favorable response at the
primary endpoint, relapse was defined as the recurrence of symptoms or signs of
Candida infection during the month after discontinuation of therapy. Microbi-
ological eradication was assessed as a secondary measure of efficacy based upon
the results of cultures 3 to 4 days after discontinuation of therapy. When cultures
were not performed but the patient had no evidence of residual infection,
eradication was presumed.

Assessment of drug safety and tolerability. Patients were monitored for clin-
ical adverse experiences on a daily basis during the study and at follow-up
assessments after discontinuation of therapy. Periodic monitoring of laboratory
tests was also performed throughout the study period. Adverse events were rated
by the investigator as to their severity and the likelihood of their relationship to
the study medication. The local tolerability of infusions was assessed daily as
follows: well tolerated (no evidence of irritation); moderately well tolerated
(mild to moderate erythema or discomfort); and poorly tolerated (prominent
erythema, pain, swelling, or thrombophlebitis).

Statistical analysis. This trial was designed as a dose-ranging estimation study
and was not explicitly powered to test whether treatment groups differed signif-
icantly with respect to efficacy. Accordingly, hypothesis testing of the relative
efficacy of the various treatment regimens was not performed. For each measure
of efficacy, data were expressed as an observed proportion with its 95% confi-
dence interval. The primary analysis of efficacy was based on combined clinical
and endoscopic response rate in the MITT population 3 to 4 days after discon-
tinuation of study drug. The MITT population consisted of randomized patients
who received at least one dose of study drug. The evaluable-patient population
consisted of patients who received at least 5 days of study medication, did not
take concomitant antifungal drugs from baseline through the 3- to 4-day-post-
therapy visit, completed their follow-up evaluation, and had no serious protocol
violations. For the safety analysis, pairwise comparisons of the frequency of
clinical and laboratory adverse events between any of the caspofungin groups and
the amphotericin B group were analyzed using Fisher’s exact test without cor-
rection for multiplicity.

RESULTS

Patient characteristics on entry. The majority of the 140
enrolled patients were male (79%) and of Hispanic or mestizo
origin (69%). Ages ranged from 18 to 65 years. The demo-
graphic characteristics for the four treatment groups were sim-
ilar. Disease characteristics were also balanced across treat-
ment groups with respect to stratum, substratum, and baseline
endoscopic or oropharyngeal grades (Table 1). Only three pa-
tients in the entire study were HIV seronegative. Candida
species were recovered from 126 patients (90%). The majority
of infections (100 of 126 patients; 79%) were caused by Can-
dida albicans alone. Candida guilliermondii and Candida tropi-
calis were solitary pathogens in two patients. The remaining 24
cases were mixed infections, usually involving C. albicans and
another species. Two patients, both assigned to the caspofun-
gin 70-mg group, were excluded from the MITT analysis be-
cause of either the absence of symptoms or microbiological
documentation.

Efficacy. A modestly higher proportion of patients treated
with caspofungin than amphotericin B achieved a favorable
combined response in the MITT analysis (Fig. 1). Similar
trends were observed in the subgroups of patients with esoph-
ageal and oropharyngeal involvement. In patients with �50
CD4 cells/mm3, favorable responses occurred more often with
the higher two doses of caspofungin (18 of 20 patients [90%]
and 22 of 27 patients [82%] for 50 and 70 mg, respectively)
than the 35-mg dose (13 of 20 patients [65%]) or amphotericin
(12 of 21 patients [57%]) (Fig. 2). In each case, the 95%
confidence intervals around the point estimates of efficacy for
the various treatment arms overlapped; therefore, our data do
not suggest therapeutic superiority for any of the drug regi-
mens tested.

In total, more patients with exclusively oropharyngeal dis-
ease (85%) than with esophageal involvement (73%) had fa-
vorable combined responses. The time to symptom resolution
did not differ among treatment groups. Symptoms abated more
quickly on the average in patients with exclusively oropharyn-
geal disease (median time, 2 to 3 days) than in patients with
esophageal involvement (median time, 3 to 4 days). Across all
treatment regimens, patients with a history of fluconazole-
refractory infection responded less often (38% for substratum
I) than patients with presumptively fluconazole-susceptible in-
fection (85% for substratum II), but there were relatively few
patients (n � 21) in substratum I.

Patients were assessed by endoscopic or oropharyngeal ex-
amination for reduction in the size and extent of mucosal
lesions, as illustrated for two patients given caspofungin in
Fig. 3. In the MITT analysis, the proportion of esophageal pa-
tients with a favorable endoscopic response at the 3- to 4-day
follow-up evaluation was numerically greater in the caspofun-
gin groups (67, 90, and 77% for the 35-, 50-, and 70-mg dose
levels, respectively) than in the amphotericin B group (61%).
Comparable differences between caspofungin and amphoteri-
cin B were also observed in patients whose infections were
confined to the oropharynx (84, 93, and 92% versus 67%).
Microbiological eradication was seen in a larger proportion of
patients treated with caspofungin (at all doses) compared with
amphotericin B. Caspofungin cleared C. albicans in more than
75% of patients in each dosing group, compared to 55% for the
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amphotericin B patients. However, this study was not large
enough to formally compare the relative efficacy in different
subgroups, and no conclusions can be drawn from our data in
this regard. Overall, there was no significant difference in the
clearance of C. albicans (74%) versus non-C. albicans (81%)
species. Relapse rates in the month following discontinuation
of study drug were as high as 37% and were similar among
treatment groups.

Safety and tolerability. The incidence of drug-related clini-
cal adverse experiences was significantly less (P � 0.01) in each
of the caspofungin arms than in the amphotericin B group
(Table 2). Significantly fewer caspofungin recipients developed
drug-related fever, chills, nausea, or vomiting. Patients receiv-
ing amphotericin required premedication for infusion-related
side effects more frequently than patients receiving caspofun-
gin at any dose (69% versus �1%). The incidence of local
reactions ranged from 6 to 14% across treatment arms, but all

patients except one amphotericin recipient were judged to
have tolerated the study drug at least moderately well. No
patient in the caspofungin groups had a serious drug-related
clinical adverse experience, in contrast to three patients (9%)
receiving amphotericin B. Two patients in the caspofungin
35-mg dose group and one patient in the amphotericin B group
discontinued treatment because of drug-related clinical ad-
verse experiences.

Drug-related laboratory abnormalities were also more com-
mon in patients taking amphotericin B than in patients receiv-
ing caspofungin (Table 3), the differences reaching statistical
significance for comparisons between the caspofungin 50-mg
(P � 0.05) and 70-mg (P � 00.01) dose groups versus the
amphotericin recipients. The most common drug-related lab-
oratory abnormalities in patients receiving caspofungin were
elevations in serum levels of alanine aminotransferase, aspar-
tate aminotransferase, and alkaline phosphatase, which were

TABLE 1. Baseline patient characteristics by treatment group

Characteristic

Value for patients exhibiting characteristica

Total patients
(n � 140)Caspofungin acetate,

35 mg (n � 34)
Caspofungin acetate,

50 mg (n � 34)
Caspofungin acetate,

70 mg (n � 37)
Amphotericin B,

0.5 mg/kg (n � 35)

Stratumb

Esophageal (� oropharyngeal) 21 (61.8) 20 (58.8) 24 (64.9) 23 (65.7) 88 (62.9)
Oropharyngeal (exclusively) 13 (38.2) 14 (41.2) 13 (35.1) 12 (34.3) 52 (37.1)

Substratumc

Unresponsive to fluconazole 6 (17.6) 3 (8.8) 7 (18.9) 5 (14.3) 21 (15.0)
Responsive to fluconazoled 28 (82.4) 31 (91.2) 30 (81.1) 30 (85.7) 119 (85.0)

Stratum-substratume

1 2 (5.9) 1 (2.9) 2 (5.4) 1 (2.9) 6 (4.3)
2 11 (32.4) 13 (38.2) 11 (29.7) 11 (31.4) 46 (32.9)
3 4 (11.8) 2 (5.9) 5 (13.5) 4 (11.4) 15 (10.7)
4 17 (50.0) 18 (52.9) 19 (51.4) 19 (54.3) 73 (52.1)

HIV infection
Positive 32 (94.1) 33 (97.1) 37 (100.0) 35 (100.0) 137 (97.9)
Negative 2 (5.9) 1 (2.9) 0 (0.0) 0 (0.0) 3 (2.1)

Baseline esophageal grade
1/2 1 (2.9) 2 (5.9) 2 (5.4) 3 (8.6) 8 (5.7)
1 4 (11.8) 0 (0.0) 2 (5.4) 1 (2.9) 7 (5.0)
2 3 (8.8) 5 (14.7) 7 (18.9) 3 (8.6) 18 (12.9)
3 10 (29.4) 11 (32.4) 9 (24.3) 12 (34.3) 42 (30.0)
4 2 (5.9) 2 (5.9) 4 (10.8) 4 (11.4) 12 (8.6)

Baseline oropharyngeal grade
1 6 (17.6) 6 (17.6) 2 (5.4) 4 (11.4) 18 (12.9)
2 3 (8.8) 8 (23.5) 7 (18.9) 4 (11.4) 22 (15.7)
3 4 (11.8) 0 (0.0) 4 (10.8) 4 (11.4) 12 (8.6)

CD4 count f

No. of patients 31 32 36 34 133
Mean 109.2 72.6 51.9 59.4 72.2
SD 198.1 99.8 102.4 65.9 124.9
Median 48.0 34.0 21.5 29.0 30.0
Range 2–879 0–405 0–561 0–260 0–879

a Results are presented as number (percent) unless otherwise indicated.
b Primary site of infection.
c Prior response to fluconazole.
d Includes patients not previously exposed to fluconazole or other azole antifungal agents.
e Stratum-substratum categories: 1, oropharyngeal candidiasis alone and unresponsive to fluconazole; 2, oropharyngeal candidiasis alone and responsive to or not

previously exposed to fluconazole; 3, esophageal candidiasis (with or without oropharyngeal candidiasis) and unresponsive to fluconazole; 4, esophageal candidiasis
(with or without oropharyngeal candidiasis) and responsive or not previously exposed to fluconazole.

f CD4 count tabulations include only those patients with HIV infection. Mean, standard deviation, median, and range are given as number of cells per cubic
millimeter.
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typically less than five times the ULN and resolved despite
continued treatment. None of the patients receiving caspofun-
gin and nine patients (26%) given amphotericin B developed
drug-related increases in serum creatinine levels (P � 0.01 for
pairwise comparisons between each of the caspofungin groups
and the amphotericin B group). Drug-related hypokalemia was
reported in 1 patient (3%) given caspofungin, 35 mg; 1 patient
(3%) given caspofungin, 50 mg; 4 patients (11%) given caspo-
fungin, 70 mg; and 13 patients (37%) given amphotericin B
(P � 0.01 for comparison of caspofungin [35- and 50-mg doses]
and amphotericin B and P � 0.05 for comparison of caspofun-
gin [70-mg dose] and amphotericin B). The only serious drug-
related laboratory abnormality occurred in the amphotericin B
group. No patient stopped therapy because of drug-related
laboratory adverse experiences.

DISCUSSION

Oropharyngeal and esophageal candidiases still account for
significant suffering and disability among patients with ad-
vanced HIV infection (16). These infections are characterized
by their propensity to recur (20). Over time, especially with
repeated courses of fluconazole therapy in patients with CD4
lymphocyte counts below 50/mm3 (19, 28, 34, 43), favorable
treatment responses become less likely (14, 18, 22, 24, 29, 33,
35, 38). Approaches to recalcitrant infections have included
escalating the dose of fluconazole (36, 37, 38), using intrave-
nous instead of oral administration (36), switching to another
member of the azole class (7, 32, 39), adding topical antifungal
agents (7, 9, 21, 26, 27, 39, 41, 42), changing to conventional or
lipid preparations of amphotericin B (36), or trying investiga-

FIG. 1. Combined favorable response rates in the caspofungin and amphotericin groups. Patients presenting with either esophageal or
oropharyngeal candidiasis were treated with caspofungin (35, 50, and 70 mg) or amphotericin (0.5 mg/kg) daily for 7 to 14 days. Patients were
evaluated 3 to 4 days after discontinuation of therapy. Numbers within the columns represent the total number of patients in each group included
in the MITT analysis. Error bars represent the 95% confidence intervals.

FIG. 2. Combined favorable response rates to caspofungin and amphotericin therapy by baseline CD4 lymphocyte count. CD4 cell counts were
measured at screening. Numbers within the columns represent the total number of patients in each group. Error bars represent the 95% confidence
intervals. The confidence interval was not calculated for the caspofungin 70-mg dose group having �50 CD4 cells/mm3 because the sample size
was only seven patients.

454 ARATHOON ET AL. ANTIMICROB. AGENTS CHEMOTHER.



tional drugs (17, 25, 31, 42; S. P. Bachman, S. Perea, W. R.
Kirkpatrick, T. F. Patterson, and J. L. Lopez-Ribot, Abstr. 40th
Intersci. Conf. Antimicrob. Agents Chemother., p. 352, 2000).
In this context, the echinocandins provide a new class of anti-
fungal agents that uniquely inhibit the synthesis of cell wall
glucans critical to the integrity of many yeasts and molds (3).
Cross-resistance with conventional antifungal agents is un-
likely, because echinocandins work through an unrelated
mechanism (12).

In the present study, concurrent resolution of symptoms and
improvement of mucosal lesions occurred more often in pa-
tients receiving any of the three doses of caspofungin than in
the amphotericin B group. However, this dose-ranging trial
was not designed to show therapeutic noninferiority of either
drug. In patients with CD4 counts below 50 cells/mm3, the
higher doses (50 and 70 mg) of caspofungin produced a nu-

merically greater proportion of favorable responses than either
amphotericin B or the lower dose (35 mg) of caspofungin. A
dose of 50 mg/day appeared as effective as 70 mg/day. There
was no apparent dose-related toxicity over this dosing range of
caspofungin. On this basis, a caspofungin dose of 50 mg/day
was chosen for future studies.

There was a lower response rate for both caspofungin and
amphotericin in the small number of patients previously failing
fluconazole therapy than in patients without such a history.
Since both drugs have mechanisms of action unrelated to that
of the azoles, fluconazole resistance per se was probably not
the main determinant of outcome in this substratum. Failure to
respond to fluconazole in the past more likely represented a
nonspecific marker for increased immunosuppression and
other host factors (8, 12).

Caspofungin therapy was generally well tolerated. The inci-

FIG. 3. Resolution of esophageal plaques caused by infection with C. albicans in two patients treated with caspofungin. Favorable endoscopic
responses are illustrated for two representative patients with high-grade esophagitis 3 to 4 days after the conclusion of caspofungin therapy.

TABLE 2. Summary of adverse experiences

Treatment group

No. (%) of patients experiencing adverse event

Clinical Laboratory

Drug
relateda

Serious and
drug relateda

Therapy stopped due to
a serious drug-relateda

clinical adverse event

Died from
any cause

Drug
relateda

Serious and
drug relateda

Therapy stopped due to
a serious drug-relateda

laboratory adverse event

Caspofungin acetate, 35 mg (n � 34) 17 (50)b 0 (0) 0 (0) 3 (9) 16 (48) 0 (0) 0 (0)
Caspofungin acetate, 50 mg (n � 34) 12 (35)b 0 (0) 0 (0) 1 (3) 15 (44)c 0 (0) 0 (0)
Caspofungin acetate, 70 mg (n � 37) 17 (46)b 0 (0) 0 (0) 3 (8) 13 (35)b 0 (0) 0 (0)
Amphotericin B, 0.5 mg/kg (n � 35) 34 (97) 3 (9) 1 (3) 5 (14) 25 (71) 1 (3) 0 (0)
All patients (n � 140)d 80 (57) 3 (2) 1 (1) 12 (9) 69 (50) 1 (1) 0 (0)

a Determined by the investigator to be possibly, probably, or definitely drug related.
b P � 0.01 versus amphotericin B.
c P � 0.05 versus amphotericin B.
d Only 33 of the 34 patients in the caspofungin, 35 mg, group had follow-up laboratory results and were included in the tabulation of laboratory adverse events.
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dence of drug-related clinical and laboratory adverse events
was significantly less in all of the caspofungin groups relative to
the amphotericin B recipients. The types of adverse events
most commonly associated with the administration of caspo-
fungin were fever, headache, nausea, phlebitis, rash, and ele-
vations in hepatic enzyme levels, which rarely led to discontin-
uation of therapy. Premedication was required more often
before amphotericin B than caspofungin infusions. Unlike am-
photericin B therapy, treatment with caspofungin was only
rarely associated with drug-induced deterioration of renal
function. Short-term trials cannot fully address the potential
impact of the differences in nephrotoxicity between these two
drugs.

In HIV-infected patients with esophageal and/or oropharyn-
geal candidiasis, caspofungin appeared to possess an efficacy at
least comparable to that of a standard dose of amphotericin B.
Our results further suggest that caspofungin may provide a
better-tolerated alternative option to conventional amphoter-
icin for patients who require parenteral therapy, such as those
with azole-refractory Candida infections.
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