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Abstract

Background: Alternative treatments for visceral leishmaniasis (VL) are required in East Africa. Paromomycin sulphate (PM)
has been shown to be efficacious for VL treatment in India.

Method's: A multi-centre randomized-controlled trial (RCT) to compare efficacy and safety of PM (20 mg/kg/day for 21 days)
and PM plus sodium stibogluconate (SSG) combination (PM, 15 mg/kg/day and SSG, 20 mg/kg/day for 17 days) with SSG
(20 mg/kg/day for 30 days) for treatment of VL in East Africa. Patients aged 4-60 years with parasitologically confirmed VL
were enrolled, excluding patients with contraindications. Primary and secondary efficacy outcomes were parasite clearance
at 6-months follow-up and end of treatment, respectively. Safety was assessed mainly using adverse event (AE) data.

Findings: The PM versus SSG comparison enrolled 205 patients per arm with primary efficacy data available for 198 and 200
patients respectively. The SSG & PM versus SSG comparison enrolled 381 and 386 patients per arm respectively, with
primary efficacy data available for 359 patients per arm. In Intention-to-Treat complete-case analyses, the efficacy of PM was
significantly lower than SSG (84.3% versus 94.1%, difference =9.7%, 95% confidence interval, Cl: 3.6 to 15.7%, p = 0.002). The
efficacy of SSG & PM was comparable to SSG (91.4% versus 93.9%, difference =2.5%, 95% Cl: —1.3 to 6.3%, p =0.198). End of
treatment efficacy results were very similar. There were no apparent differences in the safety profile of the three treatment
regimens.

Conclusion: The 17 day SSG & PM combination treatment had a good safety profile and was similar in efficacy to the
standard 30 day SSG treatment, suggesting suitability for VL treatment in East Africa.
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Author Summary

Visceral leishmaniasis (VL) is a parasitic disease with about
500,000 new cases each year and is fatal if untreated. The
current standard therapy involves long courses, has
toxicity and there is evidence of increasing resistance.
New and better treatment options are urgently needed.
Recently, the antibiotic paromomycin (PM) was tested and
registered in India to treat this disease, but the same dose
of PM monotherapy evaluated and registered in India was
not efficacious in Sudan. This article reports the results of a
clinical trial to test the effectiveness of injectable PM either
alone (in a higher dose) or in combination with sodium
stibogluconate (SSG) against the standard SSG monother-
apy treatment in four East African countries—Sudan,
Kenya, Ethiopia and Uganda. The study showed that the
combination of SSG &PM was as efficacious and safe as the
standard SSG treatment, with the advantages of being
cheaper and requiring only 17 days rather than 30 days of
treatment. In March 2010, a WHO Expert Committee
recommended the use of the SSG & PM combination as a
first line treatment for VL in East Africa.

Introduction

The parasitic disease visceral leishmaniasis (VL) has an
incidence of 500,000 new cases annually occurring primarily in
India, Bangladesh, Nepal, Sudan, and Brazil and is fatal if
untreated [1]. However, it is also an important disease in several
other East African countries, with an incidence rate of 30,000
cases per year and a mortality rate of 4,000 deaths per year [2,3].

VL treatment options in East Africa are primarily limited to the
antimonial sodium stibogluconate (SSG), which is efficacious, but
requires 4 weeks of hospitalization for daily intra-muscular
injections and has been associated with serious adverse events
such as cardiotoxicity; a concern in areas of HIV co-infection
[3,4,5]. In India, leishmania parasites have developed resistance to
SSG, with up to 65% of the population in the hyper endemic
region of Bihar being unresponsive [6,7]. SSG unresponsiveness is
emerging in East Africa and treatment with a combination of SSG
& PM may limit the spread of the emerging resistant strains of
leishmania parasites [8].

The efficacy of paromomycin sulphate (PM) monotherapy for
the treatment of VL has been demonstrated in India, where it is
now registered for the treatment of VL [9] and the safety and
efficacy of the combination of SSG and PM has been demon-
strated in trials in India and a small Kenyan study [10,11]. A large
case series of 4,263 VL patients carried out by Médecins sans
Frontiéres — Holland (MSF) in South Sudan showed that treating
patients with a combination of SSG & PM for 17 days yielded
better results than treating them with SSG alone: the initial cure
rate was 97% for SSG & PM for 17 days versus 92% for SSG
alone for 30 days [12].

For registration of PM and evaluation of the SSG & PM
combination therapy throughout East Africa, efficacy and safety
data were required from a Phase III trial. A multi-centre phase 111
trial has been conducted in six clinical trials sites in 4 East Africa
countries (Ethiopia, Kenya, Sudan and Uganda). The trial started
in 2004 with three arms; SSG monotherapy (20 mg/kg/day for 30
days: reference arm), PM monotherapy (15 mg/kg/day for 21
days) and SSG & PM combination (SSG: 20 mg/kg/day, PM:
15 mg/kg/day both given for 17 days).

The aim was to compare safety and efficacy of PM monother-
apy and SSG & PM combination therapy with standard SSG
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Paromomycin vs. SSG vs. SSG & PM for VL in East Africa

treatment. An interim analysis showed that the PM monotherapy
had an efficacy of <50% parasite clearance 6 months after the end
of treatment in Sudan [13]. This arm was discontinued while a
separate dose-finding trial of alternative PM regimens was
conducted in Sudan [14]. The original Phase III trial was then
restarted with a higher PM monotherapy dose (20 mg/kg/day for
21 days), while the other two arms remained unchanged.

The objectives remained the same; to compare the efficacy and
safety of PM monotherapy and SSG & PM combination therapy
to SSG. The results of this trial are reported here.

Methods

Ethics statement

The trial was conducted in accordance with the Declaration of
Helsinki (2002 version) relating to the conduct of research on
human subjects and followed the International Committee on
Harmonization guidelines for the conduct of clinical trials. All trial
site personnel received training in Good Clinical Practice (GCP).

The relevant ethics committees from each country approved the
study and the details are listed in the attached supporting text
document. Patients and their legal guardians (if they were minors)
provided signed informed consent prior to being randomized to
the different treatment arms. GCP-trained monitors recruited
from all four participating countries regularly monitored the trial
at all sites.

Design
An open label, parallel-arm multi-centre individually random-
ized controlled trial.

Participants

Patients were enrolled from six clinical trials sites: Médecins
Sans Frontieres (MSF) Holland treatment centre, Um el Kher,
Gedaref State, Sudan; Ministry of Health Hospital Kassab,
Gedaref State, Sudan; Gondar University Hospital, Amhara
State, Northern Ethiopia; Arba Minch Hospital, SNNPR state,
Southern Ethiopia; Centre for Clinical Research, Kenya Medical
Research Institute (KEMRI), Nairobi, Kenya; and Amudat
Hospital, Nakapiripirit Region, Uganda.

Inclusion and exclusion criteria have been described previously
[13]. Briefly, patients aged 4-60 years with parasitologically
confirmed VL were included, but patients with very severe VL or
those with contraindications were excluded (Figures 1 and 2).

Interventions

The three arms were SSG monotherapy (20 mg/kg/day for 30
days: reference arm), PM monotherapy (20 mg/kg/day for 21
days) and SSG & PM combination (SSG: 20 mg/kg/day, PM:
15 mg/kg/day both administered for 17 days).

Administration of PM (Gland Pharma, India) was intramuscular
(IM). SSG (Albert David, India) was administered IM, or
mtravenous (IV) in Kenya. Patients requiring rescue medication
were given liposomal amphotericin B, (manufactured as Ambi-
some®, Gilead, USA) according to national dosage guidelines of
the participating countries. Patients were hospitalized for treat-
ment and weekly monitoring of clinical and biological parameters.
Follow-up visits were conducted 3 months and 6 months post end
of treatment (Figures 1 and 2).

Outcome Measures

The primary efficacy endpoint was definitive cure, defined as
parasite clearance from splenic, bone marrow or lymph node
tissue aspirates 6 months after the end of treatment. Any patient

June 2012 | Volume 6 | Issue 6 | e1674



Paromomycin vs. SSG vs. SSG & PM for VL in East Africa

VL parasite negative n = 953

Refused consentn=17
Age<dor >60n=123
VL treatment within 6 monthsn =1

Concomitant condition n = 17

Pregnant or lactatingn = 48

Abnormal biological safety parametern =215
Malnutritionn = 18

Nomadicn=12

Clinical hearing loss n =18
Not documented n = 333

Screened

n=2862
135 patients randomized to the PM 15
mg/kg not included *
181 patients randomized to the SSG
arm and 381 patients randomized to
the Combination arm analyzed in the

Randomised second part of the study (Fig 1B)
n=410

l

SSG
n =205

-Diedn=1

- Treatmenl stopped &
rescue given due to:
SAEn=2

Lack of response n = 1

End of Treatment

n=201
Rescued n=7
LTFUn=35
End of Trial:
n=189

ITT Complete-case n =200
(10 rescued, 1 VL death)

Incorrect treatment given n =1 |——

PP Complete-case n =199

PM
n=205
-Diedn=1
- Treatment stopped & —
rescue given due to SAEn =4
- Consent withdrawn n =2
End of Treatment
n=198
Rescued n=25 |
LTFUn=35
End of Trial:
n=168

ITT Complete-case n = 198
(29 rescued, 1 VL death)

Less than 21 days treatment n =1 —

‘ PP Complete-case n= 197 |

Figure 1. CONSORT Patient Flowchart - SSG vs. PM. SSG, sodium stibogluconate; PM, paromomycin sulphate; SAE, serious adverse event; LTFU,
loss to follow-up; ITT, intention-to-treat; PP, per protocol. Patients included in the SSG (20 mg/kg/day for 30 days) vs. PM (20 mg/kg/day for 21 days)

arms; @ data from these patients were previously reported [14].
doi:10.1371/journal.pntd.0001674.g001

who died from VL, received rescue medication during the trial, or
had parasites detected at the 6-month assessment was considered a
treatment failure. The secondary efficacy endpoint was parasite
clearance from tissue aspirates at the end of treatment (SSG: day 31,
PM: day 22, SSG & PM: dayl8). Treatment failure at the end of
treatment was defined as death or receipt of rescue medication during
initial hospitalization or presence of parasites at end of treatment
necessitating rescue treatment. The presence of parasites at the end of
the treatment, subsequently cleared without need for rescue
treatment was considered a treatment success for primary outcome
(definitive cure at 6 months follow-up), but a treatment failure for
secondary outcome (cure at end of treatment). Slow responders were
defined as patients with detectable parasites at end of treatment and
parasite clearance at 6 months follow-up, without need for rescue
treatment at any time. Parasitology was performed and reported
according to an approved World Health Organization (WHO)
method [1]. The numbers of parasites in slide fields were counted
under oil emersion at 100X magnification and counts recorded.

Other Data Collection

Safety was evaluated based on the occurrence of adverse events
(AE), laboratory parameters (haematology and biochemistry),
electrocardiogram (ECG) readings, and audiometry. AEs were
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classified according to the Medical Dictionary for Regulatory
Activities (MedDRA) version 10 [15]. A treatment emergent AE
(TEAE) was defined as an AE with onset between the first day of
treatment and 30 days after end of treatment.

ECGs were performed at all sites using a portable self-reporting
ECG machine (Cardiofax, Model ECG 9620, Nihon Kohden)
with patients resting supine on their beds. Trial physicians
reviewed tracings and reported any abnormality.

Post-kala-azar dermal Leishmaniasis (PKDL) was recorded
actively as an adverse event during patient follow-up or reported
directly by the patients in between follow-up dates.

Audiometric testing was performed at all trial sites except Um el
Kher using Voyager 522 Portable Diagnostic Audiometer
(Madsen, Taastrup, Denmark). In recruitment period 1, investi-
gators reported audiometric data as normal, clinically insignificant
or clinically significant [13]. In period 2, hearing levels were
recorded in detail for each ear at six frequencies. The following
definitions were used to measure abnormalities; 1) disabling hearing
impairment (DHI): an average hearing level, over frequencies 500,
1000, 2000, 4000 Hz, of =31 dB in both ears for those <15 years
and =41 dB for those aged =15 years; 2) audiometric shifi: a change
in hearing level from baseline of =25 dB at =1 threshold
frequency or =20 dB at =2 adjacent threshold frequencies.
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Screened
n=2862

Randomised
n=767

SSG
n =386

Died, no rescue n =2
Died, post rescue n= 1
Treatment stopped,
norescuc* n=1
Treatment stopped &
rescue given due to:
-SAE n=4

- lack of response n = 1

End of Treatment

n= 377
Death (non VL)®n=1
Rescued n=13 —
LTFUn=25
End of Trial:
n= 338

ITT Complete-case n = 359
(18 rescued, 3 VL death)

Incorrect treatment given
Received PM instead n =1 I
Less than 30 days treatment n=2

PP Complete-case n = 357 ©

SSG & PM combination
n =381

Died, no rescue n =1
Treatment stopped &
rescue given due to:
-SAEn=7

Consent withdrawnn =1

End of Treatment

n= 372
Death (non VL) *n=1
Rescued n=17 —
LTFU n=20
End of Trial:
n= 334

ITT Complete-case n = 359
(24 rescued, 1 VL death)

Incorrect treatment given:

Less than 17 days treatment n=3

Expired medication given n=5

Haemoglobin <5mg/dl n=4

(including one patient who also received expired medication)
White blood cell count <1x10*/mm?* n=1

PP Complete-case n = 347

Figure 2. CONSORT Patient Flowchart - SSG vs. SSG&PM. SSG, sodium stibogluconate; PM, paromomycin sulphate; SAE, serious adverse
event; LTFU, loss to follow-up; ITT, intention-to-treat; PP, per protocol. Patients included in the SSG (SSG at 20 mg/kg/day for 30 days) vs. SSG & PM
combination (SSG at 20 mg/kg/day & PM at 15 mg/kg/day for 17 days) arms; # patient was diagnosed with tuberculosis and was removed from the
study before the end of treatment; ® patient died from non-VL causes; € patient with deviation also had a missing outcome value and was already

excluded from the ITT analysis.
doi:10.1371/journal.pntd.0001674.9g002

All patients were offered counselling and HIV testing in
accordance to national guidelines at screening.

Sample Size Determination

The trial was designed to have 90% power (B=0.1) to detect, at
the 5% significance level (o = 0.05), an absolute difference in efficacy
of 15% between PM and SSG and 10% between SSG & PM and
SSG regimens [16]. An 85% efficacy was assumed in the reference
arm and adjusting for 10% HIV co-infection and 10% loss to follow-
up at 6 months post end of treatment, it was estimated that 404 and
195 patients per arm were required for the respective comparisons.

Being HIV-positive was not an exclusion criteria but the original
protocol stated that there was to be a sufficient number of patients for
a subgroup analysis excluding HIV patients (if deemed necessary).

Randomization

As described at the end of the Introduction, recruitment and
randomisation was carried out during two periods. In the first
period, patients were randomised to SSG or SSG & PM
combination arms, as part of a randomisation into three arms.
Data from the third arm, a lower dosage regimen of PM found to be
ineffective are not included here. In the second period, randomisa-
tion continued into one of three arms; SSG, SSG & PM arms as per
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period 1 and a PM monotherapy arm at a higher dosage regimen
than previously (see Introduction and Interventions sections.)

In recruitment period 2 (using the higher 20 mg/kg dose of PM),
randomization into 3 arms was continued until the desired sample
size was reached for the PM versus SSG comparison. Randomi-
zation was then continued into one of two arms (SSG or SSG & PM)
until reaching the sample size for the SSG versus SSG & PM
comparison. Um el Kher site participated in period 1 only and
Amudat site in period 2 only (during the two-arm randomization).

A computer-generated randomization list was produced with
stratification by centre and block sizes of 15 until recruitment in
the PM arm was completed, and block sizes of 10 thereafter.
Allocation was concealed using opaque, sequentially numbered
sealed envelopes. The randomization list and envelopes were
prepared and stored securely at the LEAP Data Centre, based at
the trial co-ordination centre in Nairobi.

Blinding of patients and investigators was not possible due to the
different treatment durations and additional placebo injections
were considered inappropriate.

Statistical Methods
Data were double-entered and validated in Epi-Info. Bespoke
query generation programs were developed using Stata software,
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Table 1. Baseline Data.
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SSG PM SSG & PM
N=386 N =205 N=381
Centre Ethiopia: Gondar, n (%) 60 (15.5) 15 (7.3) 60 (15.8)
Ethiopia: Arba Minch, n (%) 45 (11.7) 15 (7.3) 45 (11.8)
Kenya: KEMRI, n (%) 71 (18.4) 35(17.1) 70 (18.4)
Sudan: Um el Kher, n (%) 30(7.8) - 30 (7.9)
Sudan: Kassab, n (%) 167 (43.3) 140 (68.3) 165 (43.2)
Uganda: Amudat, n (%) 13 (3.4) - 11 (2.9)
Age Mean (SD) 15.3 (9.3) 15.3 (9.9) 16.1 (9.4)
Age 4-17 years?, n (%) 259 (67.1) 143 (69.8) 246 (64.6)
Age =18 years?, n (%) 127 (32.9) 62 (30.2) 135 (35.4)
Sex Female, n (%) 105 (27.2) 80 (39.4) 108 (28.4)
Male, n (%) 281 (72.8) 125 (61.0) 273 (71.6)
Anthropometry® Weight (Kg) 33.5 (14.5) 33.1 (15.5) 342 (14.7)
Height (m) 1.4 (0.2) 1.4 (0.2) 1.5(0.2)
Vital Signs® Body temperature (°C) 38.1 (1.1) 384 (1.0) 38.2 (1.1)
Heart Rate (beats/min) 108.2 (16.1) 111.7 (14.4) 107.3 (15.9)
Systolic BP (mm Hg) 96.3 (11.2) 96.1 (10.4) 97.3 (11.1)
Diastolic BP (mm Hg) 61.5 (8.4) 59.8 (7.9) 61.6 (8.1)
Organ Size® Spleen Size (cm) 8.1 (5.0) 7.7 (5.0) 8.0 (4.8)
Liver Size (cm) 3.0 (2.6) 2.8 (2.7) 3.0 (2.6)
Nutritional Status® Severely underweight, n (%) 61 (15.8) 60 (29.3) 105 (27.5)
Underweight, n (%) 167 (43.3) 62 (30.2) 140 (36.8)
Normal, n (%) 156 (40.4) 78 (38.6) 134 (35.2)
Obese/overweight, n (%) 2(0.5) 4 (2.0 2 (0.5)
HIV Status® HIV-positive, n (%) 5(1.3) 0 (0) 9 (2.4)

kg/day plus PM at 15 mg/kg/day for 17 days);

These are presented as mean (SD).

doi:10.1371/journal.pntd.0001674.t001

version 11 [17]. All statistical analyses were performed using Stata.
Baseline data were summarized using mean and standard
deviation (SD) or proportions where appropriate. Nutritional
status was classified as normal, underweight, or severely under-
weight according to WHO Child Growth Standards in those <19
years and body mass index (BMI) in those =20 years [18].

Analysis Populations

For the SSG vs. PM comparison, patient data from randomisa-
tion during period 2 are included in this comparison. For the SSG
us SSG & PM comparison, patient data from randomisation into
these arms in periods 1 and 2 are included in this comparison.

Efficacy data were analysed according to Intention-to-Treat
(ITT) and Per-Protocol (PP). The PP population excluded those
with pre-specified major protocol deviations (i.e. consent with-
drawal after taking a dose of study medication, receipt of under
70% or over 130% of the expected treatment dosage, or receipt of
alternative treatment to that of random allocation). Missing
efficacy data were handled in two ways for each analysis
population; complete-case analysis, where patients with missing
data were excluded and worst-case analysis, where missing
outcomes were considered treatment failures.

@ www.plosntds.org

SSG = sodium stibogluconate (20 mg/kg/day for 30 days); PM = paromomycin sulphate (20 mg/kg/day for 21 days); SSG & PM Combination treatment (SSG at 20 mg/
Patients 4-17 years old were classified as children and patients 18-60 years old were classified as adults.

Classification based on World Health Organization child growth standards in patients =19 years or using body mass index in those =20 years.
9340 out of 386, 203 out of 205, and 335 out of 381 patients were tested for HIV in the SSG, PM and SSG & PM arms respectively.

Efficacy is measured as the percentage of patients cured per
arm. The treatment effect is the difference in efficacy between
each test treatment (PM or SSG & PM) and the reference (SSG).
Unadjusted treatment effects were calculated with exact binomial
95% confidence intervals (CI). Adjusted treatment effects were
obtained using generalized linear models with a binomial
distribution and identity link function. To assess possible effects
of centre, age group (<18 years and =18 years) and recruitment
period on efficacy after accounting for treatment allocation,
regression models including treatment but with and without the
covariate of interest were compared using the likelihood ratio test
(LRT).

Treatment emergent adverse event (TEAE) rates were calcu-
lated as the number of TEAE, divided by the person-days at risk
for each arm, and comparisons made using rate ratios. The
treatment emergent period was defined as between day 1 of
treatment and 30 days after the pre-defined treatment period,
inclusive, therefore person-time at risk was as follows; SSG arm:
60 days, PM: 51 days, SSG & PM: 47 days. An adverse drug
reaction was defined where an investigator recorded a probable,
possible or unlikely relationship between the AE and study drug
for VL.
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Table 2. Paromomycin (PM) monotherapy versus Sodium Stibogluconate (SSG): Efficacy Data.

Number of patients analyzed®

Number (%) cured

Treatment effect® (95% Cl), p-value®

Six months follow-up:

ITT: Complete Case Analysis®

SSG: N=200 188 (94.0)
PM: N=198 167 (84.3)
PP: Complete Case Analysis®

SSG: N=199 188 (94.5)
PM: N=197 166 (84.3)
ITT: Worst Case Analysis®

SSG: N=205 188 (91.7)
PM: N=205 167 (81.5)
PP: Worst Case Analysis®

SSG: N =204 188 (92.2)
PM: N =204 166 (81.4)
End of Treatment:

ITT: Complete Case Analysis®

SSG: N=205 197 (96.1)
PM: N=203 175 (86.2)

9.7 (3.6-15.7), p=0.002

10.2 (4.2-16.2), p=0.001

10.2 (3.7-16.8), p=0.002

10.8 (4.3-17.3), p=0.001

9.9 (4.4-15.3), p<<0.001

Cl =confidence interval, ITT = Intention-to-Treat, PP = Per-Protocol.
7205 patients were originally recruited to the PM arm, 386 to the SSG arm.

in one centre.

“Worst-case analysis: missing outcomes assumed to be treatment failures.
doi:10.1371/journal.pntd.0001674.t002

Results

Patient Population

The study was initiated in November 2004 and was
completed in January 2010. A total of 2862 patients were
screened for entry into the trial. Of these, 1755 were excluded
(Figures 1 and 2), mainly due to negative parasitology. For the
PM monotherapy versus SSG comparison, 205 patients per arm
were recruited during period 2 (Figure 1). The total sample size
for the SSG versus SSG & PM comparison was 386 patients in
the SSG arm and 381 for SSG & PM (Figure 2): 135 patients
per arm from period 1; 251 and 246 per arm respectively, from
period 2.

Treatment arms were balanced for both comparisons with
respect to demographic characteristics, vital signs, and physical
measurements (combined arm data shown in Table 1). There were
more male than female patients and more than 65% of patients
were under the age of 18 years. All biological data except for
nutritional status were balanced between arms at baseline; more
patients in the PM and SSG & PM arms were classified as severely
underweight but, overall combined percentages of underweight and
severely underweight were balanced by arm. Overall, for all
recruited patients, the HIV co-infection frequency was 1.4% (95%
CIL: 0.8-2.4%).

Compliance

In the population analysed for the SSG versus PM comparison
(n=205 per arm), one patient in each arm did not receive the
correct treatment allocation (Figure 1). Two patients in the PM
arm withdrew consent after 4 and 6 days of treatment. For the
SSG versus SSG & PM analysis population, three (0.8%) patients

@ www.plosntds.org

PTreatment effect: difference in efficacy between SSG and PM, percent scale with exact binomial 95% Cl. Adjustment for centre was not possible due to only one failure

“p-value from likelihood ratio test comparing binomial regression models with and without treatment.
dComplete-case analysis: patients with missing outcome data excluded from analysis.

in the SSG arm and eight (2.0%) in the SSG & PM arm received a
partial or incorrect dose (Figure 2). One SSG & PM patient
withdrew consent after 6 days on treatment. Patients who had
their 6-month follow-up at or before 4.5 months after the end of
treatment were considered lost to follow-up since these visits were
too early to assess definitive cure. For the SSG versus PM
comparisons, outcome data for one (0.5%) patient in the SSG arm
and two (1.0%) in the PM arm were considered missing. For the
SSG versus SSG & PM comparison, outcome data for 13 (6.5%)
SSG patients and nine (2.5% )SSG & PM patients were treated as
missing data based on early follow-up. Data for patients whose
primary endpoint assessment was later than 6 months were
included in the analysis.

Efficacy: PM versus SSG

Efficacy in the SSG (reference) arm was 94% at 6 months after
the end of treatment and 84% in the PM arm, according to the
ITT complete-case population. All pre-specified primary endpoint
analyses (IT'T' complete-case and worst-case, PP complete-case
and worst-case) suggest that the efficacy of PM monotherapy was
significantly lower than SSG - up to 17% less efficacious (Table 2).
There were negligible differences in estimates of treatment effect
and corresponding 95% ClIs in these four pre-specified analyses.
After adjustment for arm, efficacy did not differ between adults
(=18 years) and children (p>0.4 for both I'TT and PP complete-
case analyses).

There were 8 (4.0%) slow responders of the 198 I'T'T complete-
case PM patient population at 6 months after the end of treatment
and none in the SSG arm. Secondary endpoint treatment effects
measured at the end of treatment were again very similar to 6
months primary endpoint data (Table 2).
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Table 3. Sodium Stibogluconate (SSG) & Paromomycin (PM) versus SSG: Efficacy Data.

Number of patients analyzeda Number (%)cured

Treatment effect®
(95% Cl), p-value®

Centre p-value® Age p-value®  Period p-value®

Six months follow-up:

ITT: Complete Case Analysis®

SSG: N=359 337 (93.9) 2.5 (—1.3-6.3) 0.337 0.122 0.112
SSG & PM: N=359 328 (91.4) p=0.198

PP: Complete Case Analysis® ,

SSG: N=357 336 (94.1) 2.8 (—1.1-6.6) 0.286 0.080 0.064
SSG & PM: N=347 317 (91.4) p=0.157

ITT: Worst Case Analysis’

SSG: N=386 337 (87.3) 1.2 (—3.6-6.0) <0.001 0.008 <0.001
SSG & PM: N=381 328 (86.1) p=0.620

PP: Worst Case Analysis’

SSG: N=383 336 (87.7) 1.8 (—3.0-6.7) <0.001 0.007 <0.001
SSG & PM: N=369 317 (85.9) p=0.460

End of Treatment:

ITT: Complete Case Analysis® - - -

SSG: N=385 366 (95.1) 1.9 (—1.4-5.3)

SSG & PM: N =378 352 (93.1) p=0.254

Cl =confidence interval, ITT = Intention-to-Treat, PP = Per-Protocol.

Worst-case analysis: missing outcomes assumed to be treatment failures.
doi:10.1371/journal.pntd.0001674.t003

Efficacy: SSG & PM versus SSG

In I'TT complete-case primary endpoint analyses, the efficacy of
SSG was 94% and for SSG & PM, 91% (Table 3). No difference in
efficacy was noted between treatments. After adjusting for arm, no
additional differences in efficacy were found between centres, age
groups or recruitment periods (p=>0.1, Table 3).

Worst-case analyses in the I'T'T" and PP populations did suggest
some additional variation by centre, age group and period after
accounting for arm; due to some imbalance in losses to follow-up
by age group and centre. However, treatment effects and
corresponding 95% CIs were very similar in all four pre-specified
primary endpoint analyses (Table 3).

In the SSG arm, 3 (0.8%) of 359 ITT complete-case analysis
patients were slow responders, compared to 7 (1.9%) of the 359
SSG & PM patients. End of treatment secondary endpoint efficacy
data were in agreement with primary endpoint data (Table 3).

Safety

The proportion of patients with SAE and non-serious TEAEs
was similar in comparisons of both test treatment regimens to SSG
(Table 4). Approximately 3% of patients in each arm in each
comparison experienced an SAE deemed to be an adverse drug
reaction (Table 4). One death occurred during the treatment period
in each arm in the SSG versus PM comparison. In the SSG & PM
versus SSG comparison, there were 3 deaths during initial
hospitalization and a death of unknown cause during follow-up in
the SSG arm. In the SSG & PM arm, there was a treatment period
death and an unrelated death during follow-up (Tables 4 and 5). Of
the 5 cases of renal impairment, 3 led to death, whilst 2 resolved

@ www.plosntds.org

?381patients were originally recruited to the SSG&PM arm, 386 to the SSG arm.

PTreatment effect: difference in efficacy between SSG and SSG & PM combination treatment, percent scale with exact binomial 95% ClI.

“p-value from likelihood ratio test comparing binomial regression models with and without treatment.

dp-value from likelihood ratio test comparing binomial regression models with and without factor of interest, after adjustment for treatment allocation.
€Complete-case analysis: patients with missing outcome data excluded from analysis.

after some time. Patients were withdrawn from treatment in all
cases. Important cardiac events occurred in two patients: one in the
SSG-PM arm and one in the SSG arm. In the former, a long QT
interval appeared on Day 7, leading to treatment withdrawal. The
long QT interval resolved 3 days later. In the second case, the
patient died due to cardiotoxicity on Day 11 of treatment.

Rates and rate ratios, adjusted for centre, in both comparisons
show no difference in safety based on analysis of TEAEs; adjusted
rate ratio between the SSG and PM arm: 1.13, (95% CI: 0.93 to
1.38, p=0.225) and between the SSG and Combination arms:
1.01, (95% CI: 0.88 to 1.17, p=10.993). All of the non-fatal SAEs
in the SSG and Combination arms resolved by the 6-month
follow-up and all except one (pulmonary tuberculosis) in the PM
arm resolved by the 6-month follow-up.

Treatment emergent adverse drug reactions (I'EADRs) occur-
ring in =10% of patients in the PM arm were injection site pain
(13.2%), increase in aspartate aminotransferase (10.7%), and
epistaxis (13.2%). In the subset of SSG patients analysed in the
SSG versus PM comparison, TEADRs occurring in =10% of
patients were aspartate aminotransferase increases (10.2%) and
epistaxis (11.2%). For the population in the SSG versus
Combination arms, no TEADR occurred in =10% of patients
in the larger group of SSG patients. In the Combination arm, the
most common TEADRs were injection site pain (17.3%) and
increases in aspartate aminotransferase (10.5%).

Two patients in the Combination arm and one in the SSG arm
had abnormal ECG findings that were considered clinically
significant at end of treatment. These were, respectively, QT-wave
inversion in V1-V4, arrhythmia and QT interval prolongation,
which had normalized by 6 months follow-up.
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Table 4. Serious and non-serious adverse events occurring
during the study.

SSG PM? SSG & PM?
N=386 N =205 N =381
N (%) of patients with at
least one AE
At any time 271 (70.2) 126 (61.5) 251 (65.9)
TEAEs® 237 (61.4) 107 (52.2) 207 (54.3)
N (%) of patients with
an SAEC
Total 17 (4.4) 8 (3.9) 16 (4.2)
TEAEs® 14 (3.6) 7 (34) 16 (4.2)
Adverse drug reactions® 10 (2.6) 6 (2.9) 13 (3.4)
Deathse 4 (1.0) 1 (0.5) 2 (0.5)
Total number of all TEAEs 445 192 348
recorded
Total person-days at risk® 23160 10363 17866
TEAE Rate 0.019 0.019 0.019

SSG =sodium stibogluconate; PM = paromomycin sulphate; SSG &

PM = combination treatment;

AE, adverse event; SAE, serious adverse event; TEAE, treatment emergent
adverse event;

*There were two consent withdrawals in the PM arm (after 4 and 6 days on
treatment) and 1 withdrawal in the SSG & PM arm (after 6 days on treatment) -
data were therefore collected only up to the day of withdrawal for these
patients.

bTreatment emergent adverse event is defined as onset being between day 1 of
treatment and 30 days post end of treatment, inclusive.

“No patient experienced more than one SAE.

dAdverse drug reaction is defined as any adverse event the investigator
recorded as having a probable, possible or unlikely relationship to the study
drug.

€Cause of deaths were as follows: SSG: unknown (1), Acute Renal Failure (2),
cardiotoxicity (1); PM: VL; SSG & PM: Pericarditis tuberculosis (1), malaria (1).
fPerson—days at risk is defined as the treatment period per study drug regimen
plus an additional 30 days post end of treatment.
doi:10.1371/journal.pntd.0001674.t004

In the SSG vs. PM comparison, 26 (12.7%) out of 205 patients
developed PKDL in the SSG arm and 18 (8.9%) out of 203
patients randomised to PM. In the SSG vs SSG & PM comparison,
48 (12.4%) out of 386 patients in the SSG group and 23 (6.1%) out
of 380 patients in the SSG-PM group developed PKDL. Two
patients were given SSG for PKDL during their three months
follow-up visit. DHI was reported in one patient in the PM and
one patient in the Combination arm at the end of treatment, both
of which resolved by the 6-month follow-up. None of the patients
in the SSG arm had DHI. Thirty-six patients had audiometric
shift at end of treatment (11 patients in the SSG arm, nine in the
PM arm, and 16 in the SSG & PM arm). Audiometric shifts had
still not resolved at the 6-month follow-up in three of the SSG,
four of the PM and eight of the Combination patients.

Discussion

This phase III GCP-compliant RC'T investigated the safety and
efficacy of PM both as monotherapy (20 mg/kg/day for 21 days)
and as short course treatment in combination with SSG (PM at
15 mg/kg/day and SSG at 20 mg/kg/day for 17 days) for VL
treatment in four East African countries, with the ultimate goal of
determining if the SSG & PM combination treatment has
acceptable safety and efficacy profiles to support its introduction
in the region.
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Study Limitations

Definitive cure at six months follow-up in patients treated with
SSG or SSG & PM was comparable with greater than 90%
efficacy, despite PM monotherapy having significantly lower
efficacy (84% cured) compared to SSG. Efficacy of the 20 mg/
kg/day PM monotherapy at the 33% higher dose used in this
study was better than that of the 15 mg/kg/day dose used earlier
[13] (6-month cure rate of 84% vs. 64%), and is consistent with the
dose-finding study conducted by the authors in Sudan [14].
However, the efficacy at this higher dose was still lower than that
of SSG alone. By contrast, studies performed in India had shown
that the eflicacy of PM was consistently >90% at 15 and 20 mg/
kg day for 21 days [19,20], with PM showing better efficacy than
SSG (20 mg/kg/day for 30 days) in the Jha et al. study [19] and
non-inferior efficacy compared with amphotericin (1 mg/kg/day
every 2 days for 30 days) in the Sundar et al. study [20].
Pharmacological differences in the East African and Indian
populations that may explain these results were explored and will
be reported separately. Geographical variation in efficacy of PM
seen for the lower daily dose (15 mg/kg) was not apparent in this
study with the higher daily dosage (20 mg/kg), though it must be
noted that sufficient numbers of patients were not enrolled at all
sites to perform a by-site analysis.

Secondary endpoints were performed at different times for each
of the treatments (day 18 for the combination, day 22 for PM and
day 31 for SSG), assumed comparable by design but potentially
leading to bias in clinical and parasitological evaluations.
Similarly, lack of blinding also may have led to bias in reporting,
especially once lack of PM efficacy at the 15 mg/kg dose was
suspected. As numerous sites and countries were involved,
differentiation of reporting, particularly of adverse events was
possible. Nonetheless, using a standard primary endpoint at 6
months and an objective measurement of efficacy based on
parasitology, high rates of follow up were achieved. This is
reflected in the relatively robust and comparable findings of the
ITT, per protocol, complete case and worst case analyses.

The trial was powered to evaluate efficacy at the primary
endpoint of 6 months follow-up and had limited power to detect
differences in safety outcomes. However, almost identical rates of
TEAEs and proportions of patients with adverse drug reactions
were observed in patients treated with each regimen in the trial.
The study was not powered to perform a subgroup analysis in
HIV-positive patients assuming a 10% co-infection rate and HIV
positive patients were not excluded. HIV co-infection was lower
than expected, which may be due to the relatively small number of
patients enrolled in Northern Ethiopia, where up to 35% co-
infection had previously been reported [21]. In this study, 3 out of
5 and 5 out of 9 HIV co-infected patients had parasite clearance at
6 months after treatment with SSG and SSG & PM respectively. It
was not possible to conclude on the difference in toxicity of either
treatment among HIV co-infected patients.

Almost all of the SAEs that emerged in the three arms during
treatment had resolved by the 6-month follow-up. There was no
evidence of any new or important safety events, in either the PM
or Combination arm. Although slightly more audiometric shifts
remained at the 6-month follow in the PM and SSG & PM arms
compared with the SSG arm, the trial was not powered to test for
differences. With a larger sample size, percentages of patients
with shifts remaining may have been balanced. Although not
statistically significant, three deaths in the SSG arm were
considered to be treatment-related (cardiotoxicity and renal
disorders), whereas there were no treatment-related deaths in the
Combination arm.
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Preferred Term according to MedDRA.
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Table 5. All Serious Adverse Events (non-related events and related adverse drug reactions) by System Organ Class (bold) and

System organ class and preferred MedDRA term ssG

PMP SSG & PM?

N=386

N=205 N=381

SADR NR SADR NR SADR

Cardiac disorders

© o

Cardiotoxicity
Gastrointestinal disorders

Pancreatitis acute

O O -

Pancreatitis

Peritoneal haemorrhage 1

Y

General disorders and administrative site conditions

Death?

-

Hepatobiliary disorders
Hepatic function abnormal®
Immune system disorders

Anaphylactic shock

- N N O ©

Infections and Infestations
Abdominal sepsis®

Malaria“

o O o

Hepatitis A

-

Herpes Zoster

Otitis Media

Pericarditis tuberculosis

Pneumonia

Pulmonary tuberculosis

Visceral leishmaniasis

Investigations

Alanine amino transferase increased (ALT only)
Blood alkaline phosphatase increased (ALP only)
Blood amylase increased

Electrocardiogram QT prolonged

Hepatic enzymes increased (bilirubin, ALT/AST/ALP)
Transaminases increased (ALT/AST)

Nervous system disorders

Febrile convulsion

Renal and urinary disorders

Renal impairment

- © 0 ©O 0 © ©O © ©o ©O ©o © © © © ©o o

Reproductive system and breast disorders

—

Priapism
Respiratory, thoracic and mediastinal disorders 1

Epistaxis 1

N © © © © © o ©
©O W ©O 0 © 0 © O © © o o o ©o
© © © o

© O N ©O O ©O 0 © 06 © © © o o ©o

©O O O O N © O © ©0 © O © ©o o o o ©o

o o =
o O O o o
RN
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o
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S 0 © 0 © 0 © O © o o o o o o o
= - =

S 0 © 0 © 0 © 0O © OO o o o o o o o

© O © O N N © O W W =

0o
0
0o
0

?Death due to an unknown cause.
PRaised bilirubin/jaundice.

doi:10.1371/journal.pntd.0001674.t005

Conclusion

These results, together with those of a retrospective comparison
of a 17 day regimen of SSG & PM versus 30 days of SSG alone
carried out among 4,263 primary VL patients in South Sudan [12]
support the use of a shorter course Combination therapy for VL in
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MedDRA, Medical Dictionary of Regulatory Activities; SSG, sodium stibogluconate (20 mg/kg/day for 30 days); PM paromomycin sulphate (20 mg/kg/day for 21 days);
SSG & PM (SSG 20 mg/kg/day & PM at 15 mg/kg/day for 17 days); NR, non-related Serious Adverse Events; SADR, Serious Adverse Drug Reaction.

“Abdominal sepsis and malaria were considered as unlikely related to the drug by the investigators.
42 PM patients withdrew consent after 4 and 6 days on treatment and 1 SSG & PM patient after 6 days on treatment, no SAE reported prior to withdrawal.

East Africa, which would be consistent with the long-term goal of
reducing reliance on SSG monotherapy.

The reduced duration of treatment with the Combination
compared with SSG (17 versus 30 days) will also reduce burden on
hospitals and patients and other associated costs. The cost of drugs
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alone compares favourably for the Combination in comparison to
SSG (44US$ versus 55.8 US$ respectively for a patient weighing
35 kg) [1]. Finally, the potential risk of development of parasite
resistance to the treatment could be reduced.

In conclusion, our results show that SSG & PM combination
treatment has comparable efficacy and safety profiles to
conventional SSG monotherapy in a Phase III setting, and
support its introduction for treatment of primary VL in East
Africa.

Supporting Information

Checklist S1
DOC)

Protocol S1
(PDF)

References

1. Control of the Leishmaniases: Report of a meeting of the WHO expert
committee on the control of Leishmaniases, Geneva, 22-26 March 2010.
Switzerland: World Health Organization.

2. World Health Organization (2007) Fifth Consultative Meeting on Leishmania/
HIV Coinfection, Addis Ababa, Ethiopia, 20-22 March2007. Switzerland:
World Health Organization.

3. Reithinger R, Brooker S, Kolaczinski JH (2007) Visceral leishmaniasis in eastern
Africa—current status. Trans R Soc Trop Med Hyg 101: 1169-1170.

4. Rijal S, Chappuis F, Singh R, Boelaert M, Loutan L, et al. (2003) Sodium
stibogluconate cardiotoxicity and safety of generics. Trans R Soc Trop Med Hyg
97: 597-598.

5. Ritmeijer K, Dejenie A, Assefa Y, Hundie TB, Mesure J, et al. (2006) A
comparison of miltefosine and sodium stibogluconate for treatment of visceral
leishmaniasis in an Ethiopian population with high prevalence of HIV infection.
Clin Infect Dis 43: 357-364.

6. Sundar S (2001) Drug resistance in Indian visceral leishmaniasis. Trop Med Int
Health 6: 849-854.

7. Croft SL, Sundar S, Fairlamb AH (2006) Drug resistance in leishmaniasis. Clin
Microbiol Rev 19: 111-126.

8. Hamad SH, Khalil EAG, Musa AM, Younis BM, Elfaki MEE, El-Hassan AM
(2010) Leishmania donovani: Genetic diversity of isolates from Sudan characterized
by PCR-based RAPD. Experimental parasitology 2010; 125(4):389-93.

9. Sundar S, Jha TK, Thakur CP, Sinha PK, Bhattacharya SK (2007) Injectable
paromomycin for Visceral leishmaniasis in India. N Engl J Med 356: 2571
2581.

. Chunge CN, Owate J, Pamba HO, Donno L (1990) Treatment of visceral
leishmaniasis in Kenya by aminosidine alone or combined with sodium
stibogluconate. Trans R Soc Trop Med Hyg 84: 221-225.

11. Thakur CP, Kanyok TP, Pandey AK, Sinha GP, Zaniewski AE, et al. (2000) A

prospective randomized, comparative, open-label trial of the safety and efficacy
of paromomycin (aminosidine) plus sodium stibogluconate versus sodium

@ www.plosntds.org

10

Paromomycin vs. SSG vs. SSG & PM for VL in East Africa

Acknowledgments

This paper is dedicated to John Kinuthia who until his death was an
integral part of the team conducting this trial. The authors would like to
thank Makda Fisseha and Hana Bilak for medical writing and editing
services; all members of the field teams, including nurses and laboratory
technicians in all study sites, clinical monitors and Data Safety Monitoring
Board for their contribution to the study. We would also like to thank the
Ministries of Health of Uganda, Kenya, Ethiopia and Gedaref State,
Sudan for their support, Professor Peter Smith for statistical advice and
input throughout the Phase III trial and Clemens Masesa for his input on
data management. The manuscript is published with permission from the
participating LEAP members and from the Director, KEMRI.

Author Contributions

Conceived and designed the experiments: AM EK AH MB JR YM EM SE
MW. Performed the experiments: AM EK AH JO MB BM AAA OA AF
AEH MM JR JM G. Mucee SN VM G. Mutuma LA HL DM GK SY G.
Mengistu ZH WH TW HT SN PS RK SE MW. Analyzed the data: RO
TE JK RO RK SE. Contributed reagents/materials/analysis tools: MB
RK SE MW. Wrote the paper: AM AH MB TE RO SE MW.

stibogluconate alone for the treatment of visceral leishmaniasis. Trans R Soc
Trop Med Hyg 94: 429-431.

. Melaku Y, Collin S.M., Keus K, Gatluak F, Ritmeijer K, et al. (2007) Treatment
of kala-azar in Southern Sudan using a 17 dasy regimen of Sodium
Stibogluconate combined with Paromomycin: A retrospective comparison with
30-day Sodium Stibogluconate monotherapy. Am J Trop Med Hyg 77(1), 2007,
89-94.

. Hailu A, Musa A, Wasunna M, Balasegaram M, Yifru S, et al. (2010)
Geographical variation in the response of visceral leishmaniasis to paromomycin
in East Africa: a multicentre, open-label, randomized trial. PLoS Negl Trop Dis
4: €709.

. Musa AM, Younis B, Fadlalla A, Royce C, Balasegaram M, et al. (2010)
Paromomycin for the treatment of visceral leishmaniasis in Sudan: a
randomized, open-label, dose-finding study. PLoS Negl Trop Dis 4: €855

15. Brown EG, Wood L, Wood S (1999) The medical dictionary for regulatory
activities (MedDRA). Drug Saf 20(2):109-17.

. Kirkwood BR, Stern J (2003) Essential Medical Statistics: Blackwell Science Ltd.

. StataCorp LP College Station Texas 77845 USA: 1996 [http://www.stata.com]

. de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J (2007)
Development of a WHO growth reference for school-aged children and
adolescents. Bulletin of the World Health Organization 85:660-7. WHO Child
growth data and macros. Available: http://www.who.int/growthref/en/

. Jha TK, Olliaro P, Thakur CP, Kanyok TP, Singhania BL, et al. (1998)
Randomised controlled trial of aminosidine (paromomycin) v sodium stiboglu-
conate for treating visceral leishmaniasis in North Bihar, India. BMJ 316: 1200~
1205.

. Sundar S, Olliaro PL (2007) Miltefosine in the treatment of leishmaniasis:
Clinical evidence for informed clinical risk management. Ther Clin Risk Manag
3: 733-740.

. Alvar J, Aparicio P, Aseffa A, Den Boer M, Canavate C, et al. (2008) The
relationship between leishmaniasis and AIDS: the second 10 years. Clin
Microbiol Rev 21: 334-359.

June 2012 | Volume 6 | Issue 6 | e1674



