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ABSTRACT

BACKGROUND
Visceral leishmaniasis (kala-azar) affects large, rural, resource-poor populations in
South Asia, Africa, and Brazil. Safe, effective, and affordable new therapies are needed.
We conducted a randomized, controlled, phase 3 open-label study comparing paro-
momycin, an aminoglycoside, with amphotericin B, the present standard of care in
Bihar, India.

METHODS
In four treatment centers for visceral leishmaniasis, 667 patients between 5 and 55
years of age who were negative for the human immunodeficiency virus and had para-
sitologically confirmed visceral leishmaniasis were randomly assigned in a 3:1 ratio
to receive paromomycin (502 patients) at a dose of 11 mg per kilogram of body weight
intramuscularly daily for 21 days or amphotericin B (165 patients) at a dose of 1 mg per
kilogram intravenously every other day for 30 days. Final cure was assessed 6 months
after the end of treatment; safety assessments included daily clinical evaluations and
weekly laboratory and audiometric evaluations. Noninferiority testing was used to com-
pare 6-month cure rates, with a chosen margin of noninferiority of 10 percentage
points.

RESULTS

Paromomycin was shown to be noninferior to amphotericin B (final cure rate, 94.6%
vs. 98.8%; difference, 4.2 percentage points; upper bound of the 97.5% confidence
interval, 6.9; P<0.001). Mortality rates in the two groups were less than 1%. Adverse
events, which were more common among patients receiving paromomycin than among
those receiving amphotericin B (6% vs. 2%, P=0.02), included transient elevation of
aspartate aminotransferase levels (>3 times the upper limit of the normal range);
transient reversible ototoxicity (2% vs. 0, P=0.20); and injection-site pain (55% vs. 0,
P<0.001); and in patients receiving amphotericin B, as compared with those receiving
paromomycin, nephrotoxicity (4% vs. 0, P<0.001), fevers (57% vs. 3%), rigors (24%
vs. 0, P<0.001), and vomiting (10% vs. <1%, P<0.001).

CONCLUSIONS
Paromomycin was shown to be noninferior to amphotericin B for the treatment of
visceral leishmaniasis in India. (ClinicalTrials.gov number, NCT00216346.)
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ISCERAL LEISHMANIASIS (KALA-AZAR) IS

primarily a fatal vectorborne parasitic dis-

ease characterized by fever, hepatospleno-
megaly, and pancytopenia. Most of the approxi-
mately 500,000 cases of visceral leishmaniasis
reported worldwide affect the rural poor in India,
Nepal, Bangladesh, Sudan, and Brazil.* Treatment
options for visceral leishmaniasis are limited. So-
dium stibogluconate, a historically effective and
affordable pentavalent antimonial compound, is
associated with fatal toxic effects,?* and in some
regions its use has led to the development of re-
sistant strains of Leishmania donovani,> with the re-
sult that fewer than 50% of treated patients are
cured.?¢® In regions where antimony resistance is
prevalent, intravenous amphotericin B (desoxycho-
late) (Fungizone, Sarabhai Piramel Pharmaceuti-
cals) is used, but it is expensive and may require
weeks of hospitalization with intensive clinical
and laboratory monitoring. Liposomal formula-
tions of amphotericin B (AmBisome, Gilead Sci-
ences), which require a shorter treatment course
(5 days) and have fewer side effects, remain unaf-
fordable at nearly 30 times the cost of conventional
formulations.>'® Miltefosine (Impavido, Aeterna
Zentaris), the first effective oral therapy for visceral
leishmaniasis,** is expensive,'? is potentially tera-
togenic, and has significant gastrointestinal side
effects.1 Safe, effective, and affordable treatments
for visceral leishmaniasis in regions where the dis-
ease is endemic are urgently needed, particularly in
formulations that are compatible with rural set-
tings.

Because humans are the reservoir for visceral
leishmaniasis in the Indian subcontinent, the in-
fection could be eliminated with widespread treat-
ment of patients and rigorous vector control® (al-
though elimination may not be possible in regions
where zoonotic visceral leishmaniasis is prevalent,
such as Brazil). Paromomycin, an aminoglyco-
side antibiotic, has been shown to have a dose—
response efficacy in the treatment of visceral
leishmaniasis when administered intramuscularly
at a dose of 12, 16, or 20 mg of sulfate per kilo-
gram of body weight daily for 21 days.!3-* We
present the results of a phase 3, multicenter, non-
inferiority clinical trial comparing the safety and
efficacy of paromomycin and of amphotericin B
for the treatment of visceral leishmaniasis in Bi-
har, India.

METHODS

STUDY DESIGN

This study was an open-label, prospective, random-
ized trial comparing paromomycin with ampho-
tericin B (Sarabhai Piramal Pharmaceuticals) (here-
after referred to as amphotericin) in which the
primary end point was safety and the secondary
end point was efficacy. The study was conducted
between June 2003 and November 2004 in Bihar,
India; all patients provided written informed con-
sent. The protocol was approved by the indepen-
dent ethics committee at each of the four partici-
pating centers, the Drug Controller General of
India, and the Steering Committee on Research In-
volving Human Subjects of the World Health Orga-
nization. AmBisome was donated by Gilead Sci-
ences for use as rescue medication in the study, but
the company had no role in the design of the study,
the accrual or analysis of the data, or the prepara-
tion of the manuscript.

STUDY MEDICATIONS

Paromomycin solution, 375 mg per milliliter (500
mg per milliliter as paromomycin sulfate) (Phar-
mamed Parenterals), was administered by deep glu-
teal intramuscular injection at a dose of 11 mg per
kilogram (15 mg per kilogram as the sulfate) daily
for 21 days. Amphotericin was diluted in water and
5% dextrose and, after an initial dose (to test for
an allergic response), was infused intravenously for
6 hours at a dose of 1 mg per kilogram every other
day for 30 days (a total of 15 infusions). Liposomal
amphotericin, infused intravenously at a dose of
3 mg per kilogram daily for 5 days, was used as
rescue medication in patients in whom the study
treatment failed or relapse occurred.

STUDY PATIENTS

Eligible subjects were between 5 and 55 years of age
and had clinically suspected visceral leishmaniasis.
Inclusion criteria were parasitologically positive
splenic or bone marrow smear; negative serologic
testing for the human immunodeficiency virus
(HIV); hemoglobin level of at least 5.0 g per deci-
liter; white blood count greater than or equal to
1x10° per liter; platelet count greater than or equal
to 50x10° per liter; levels of aspartate aminotrans-
ferase, alanine aminotransferase, and alkaline
phosphatase less than or equal to three times the
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upper limit of the normal range; prothrombin time
less than or equal to 5 seconds greater than that
among control subjects; and serum creatinine and
potassium levels within the normal limits. Exclu-
sion criteria were treatment for visceral leishmani-
asis during the 2 weeks before enrollment, a hear-
ing loss of 75 dB in frequencies 1 through 8 kHz,
a history of vestibular or auditory dysfunction, prior
treatment with amphotericin without response, al-
lergy or hypersensitivity to aminoglycosides, sig-
nificant proteinuria (>2+ on strip testing), signifi-
cant coexisting diseases possibly affecting the
response to the study treatment response, and preg-
nancy or lactation.

STUDY PROCEDURES
Enrolled patients were randomly assigned to treat-
ment with paromomycin or amphotericin in a 3:1
ratio in permuted blocks of four. A fraction of the
patients in the paromomycin group were also ran-
domly assigned to a substudy in which pharmaco-
kinetic sampling was performed. All patients were
hospitalized for the duration of the study treat-
ment; vital signs were assessed daily and adverse
events were reported according to the Common
Toxicity Criteria (CTC) of the National Cancer In-
stitute.'> Patients were monitored for hematologic
variables, serum chemistry, body weight, and the
size of the spleen and liver every week during treat-
ment, at the end of treatment, and at 6 months af-
ter the treatment ended. Audiometric testing was
performed every week during treatment in all pa-
tients and repeated every 2 weeks and then month-
ly for up to 6 months after treatment ended in pa-
tients with ototoxicity. A sparse sampling design
was used for the collection of pharmacokinetic
samples. Splenic or bone marrow aspiration was
performed at the end of treatment, at the 4-week
follow-up in patients with few residual parasites at
end of treatment, and in those who had a relapse
of visceral leishmaniasis, during the 6-month fol-
low-up period. Patients who were not cured or who
had a parasitologically confirmed relapse received
rescue medication.

END POINTS

Safety

The safety end points were reported adverse events,
protocol-defined nephrotoxicity (defined as an in-
crease in serum creatinine that was either double
the baseline levels and more than 2.0 mg per deci-
liter [177 pmol per liter], or more than 2.5 mg per

deciliter'®1?) and ototoxicity (defined as a con-
firmed shift from baseline in audiometric thresh-
olds by either 25+ dB at one or more of the tested
frequencies [1 to 12 kHz], or 20+ dB at two or more
adjacent frequencies), laboratory evaluations, and
vital signs. Patients with potential ototoxicity were
reviewed by an audiometry expert who was un-
aware of the treatment assignments.

Efficacy

Parasite density was graded on a log scale by pa-
thologists who were also unaware of the treatment
assignments. Final cure was defined as an initial
cure (clinical improvement with no parasites at the
end of treatment or parasite density of 1 at the end
of treatment with no parasites on repeated smear
1 month after the end of treatment) and no relapse
during follow-up. Relapse was defined as suspect-
ed visceral leishmaniasis after an initial cure, fol-
lowed by a positive result on analysis of a specimen
obtained by splenic or bone marrow aspiration.
Treatment failure was defined as lack of an initial
cure or occurrence of relapse. For pharmacokinetic
sampling, plasma paromomycin levels were mea-
sured with the use of an assay validated by liquid
chromatography—tandem mass spectrometry.

STATISTICAL ANALYSIS
Statistical analyses were performed with the use
of SAS software, version 8.2, unless otherwise
noted. Statistical tests included Student’s t-test,
Fisher’s exact test, the chi-square test or the Coch-
ran—Mantel-Haenszel test, and general linear
equations, generalized estimation equations, or
linear mixed-effect models. All tests were two-
sided. Efficacy calculations were performed with
the use of StatXact, version 7.0 (Cytel). Assuming a
99% cure rate for amphotericin, 666 patients were
needed in a 3:1 ratio to support a one-sided, non-
inferiority analysis without stratification and with
80% power to detect a type I error rate of 5%. Pri-
mary efficacy was calculated as the proportion of
patients achieving a final cure; an exact confidence
interval for that proportion was computed; the ex-
act, one-sided, upper bound of the 97.5% confi-
dence interval for the difference in success prob-
abilities was compared with the use of 6=0.10
(the chosen margin for noninferiority). All P val-
ues except the value for noninferiority were two-
tailed. Pharmacokinetic analyses were performed
with NONMEM software, version V, level 1.1
(GloboMax).
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Figure 1. Disposition of the Patients.

One patient in the paromomycin group received a full course of amphoteri-
cin. Three patients in the paromomycin group who were not cured at the
end of treatment received rescue medication. Relapse was defined as para-
sitologically confirmed visceral leishmaniasis at any time after an initial
cure; the 22 patients who had a relapse were treated with rescue medica-
tion. The one patient lost to follow-up could not be located for the 6-month
visit. One patient in the amphotericin group discontinued the study drug
after receiving eight doses because pulmonary tuberculosis developed, but
this patient was followed for the full 6 months.
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RESULTS

Of 1114 patients who underwent screening, 667
(60%) were enrolled (Fig. 1). One patient assigned
to paromomycin died before administration of the
study drug. Ninety-six percent of the patients re-
ceived the first dose of a study drug within 1 day
after randomization. One patient assigned to par-
omomycin received a full course of amphotericin.
Of the enrolled patients, 252 (38%) were pediatric
patients, defined as 5 to 14 years of age, and 415
were adult patients, defined as 15 to 55 years of age.

In 10% of the patients, either visceral leishmani-
asis did not respond to previous treatment or re-
lapses of visceral leishmaniasis had occurred (Ta-
ble 1). The two study groups were balanced with
respect to baseline characteristics.

SAFETY

Serious Adverse Events

Seven serious adverse events occurred, including
four deaths (0.6%) and three events (0.4%) requir-
ing discontinuation of the study drug (Table 2).
Of the four deaths, one occurred in a patient be-
fore the administration of paromomycin; a second
death, deemed by the investigator as possibly re-
lated to paromomycin, occurred in a patient with
suspected alcoholism who received only two dos-
es of the drug, after which aspartate aminotrans-
ferase levels increased to more than six times the
upper limit of the normal range; a third death,
deemed by the investigator to be unrelated to par-
omomycin, resulted from septicemia secondary to
a thigh abscess after the patient had received 11
doses of the drug (no obvious connection between
the injection site and the abscess was found); and
a fourth death resulted from gastroenteritis and
diarrhea and was considered to be probably related
to amphotericin. The three nonfatal serious adverse
events included two in patients who had elevated
levels of hepatic enzymes after 8 doses of paromo-
mycin (both patients required rescue medication),
and one patient with bacterial pneumonia was
treated with gatifloxacin after 10 doses of ampho-
tericin.

Five patients (1%) in the paromomycin group
had other adverse events requiring drug discon-
tinuation: one patient had reversible ototoxicity
and one had elevated levels of hepatic enzymes,
and both required rescue therapy; three patients
(one with elevated levels of hepatic enzymes, one
with transient reversible ototoxicity, and one with
injection-site pain) received eight or more doses of
paromomycin and did not require rescue therapy.
One patient (0.6%) in the amphotericin group dis-
continued the study drug after receiving eight
doses because pulmonary tuberculosis developed.

Audiometric Testing

Audiometry data were available for a total of 589
patients (442 in the paromomycin group and 147 in
the amphotericin group). After review by an expert
audiologist who was unaware of the treatment as-
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Table 1. Baseline Characteristics of the Patients.*

Paromomycin Group

Amphotericin Group

Characteristic (N=501) (N=165)
Age —yr 22.1+12.3 20.8+11.7
Age category — no. (%)
Pediatric 188 (38) 64 (39)
Adult 313 (63) 101 (61)
Sex — no. (%)
Male 321 (64) 95 (58)
Female 180 (36) 70 (42)
Weight — kg 35.5+11.8 33.6+11.0
Height —cm 146.9+18.5 145.9+16.7
Body-mass index:: 15.9+2.9 15.3+2.8
Pediatric 13.8+2.0 13.1+2.2
Adult 17.2+2.5 16.7+2.2
Visceral leishmaniasis — no. (%)
Newly diagnosed 449 (90) 150 (91)
Previously diagnosed without response to treatment§ 52 (10) 15 (9)
Parasite density9
Median 2 2
Interquartile range 1-3 1-3
Palpable spleen size — cm below costal margin 6.6+3.8 6.8+4.0
Palpable liver size — cm below costal margin 2.1£1.2 2113
Vital signs
Body temperature — °F 99.9+1.3 100.0+1.4
Heart rate — beats/min| 98.1+9.9 98.1+11.3
Respiratory rate — breaths/min|| 21.9+2.6 22.0+2.9
Systolic blood pressure — mm Hg|| 105.4+9.8 104.5+10.8
Laboratory values
White-cell count — x107%/mm? 3.1£1.4 3.2£1.5
Platelet count — x1072/mm? 120.4+60.8 117.1+54.6
Hemoglobin — g/dI 7.8£1.7 7.7£1.6
Serum alanine aminotransferase — U/liter|| 40.5+25.6 41.1+26.2
Serum aspartate aminotransferase — U/liter|| 44.1£22.0 45.1+22.5
Alkaline phosphatase — U/liter|| 216.4x114 228.2+130
Total bilirubin — mg/dl| 0.6+0.2 0.6+0.2
Serum creatinine — mg/dl| 0.8+0.2 0.8+0.2
Blood urea nitrogen — mg/dl|| 11.7+4.2 11.9+3.8
Albumin — g/dI 3.10.5 3.1+0.7

* Plus—minus values are means +SD. To convert the values for bilirubin to micromoles per liter, multiply by 17.1 To con-
vert the values for creatinine to micromoles per liter, multiply by 88.4. To convert the values for urea nitrogen to milli-
moles per liter, multiply by 0.357.

7 The pediatric age group was defined as patients 5 to 14 years of age, and the adult age group was defined as those 15
to 55 years of age.

I Body-mass index is the weight in kilograms divided by the square of the height in meters. The two groups were similar
for all variables other than body-mass index (P=0.02); the difference was not statistically significant after adjustment
for age and study center (P=0.06 for the comparison between the two groups among pediatric patients; P=0.09 for the
comparison between the two groups among adult patients). Values are adjusted for study center.

§ Patients in this category had received prior treatment for visceral leishmaniasis but remained symptomatic or had been
considered cured but had become symptomatic. Among the patients in the paromomycin group who had received pre-
vious treatment, 47 received sodium stibogluconate, 4 received miltefosine, and 1 patient received both these drugs.
Among the patients in the amphotericin group who had received previous treatment, 14 received sodium stibogluco-
nate and 1 received miltefosine.

9 Density ranges from 0 to 6, with higher values indicating greater splenic parasite load.

| The safety substudy included 500 patients in the paromomycin group and 166 in the amphotericin group.
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