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Abstract

Background India, Bangladesh and Nepal share nearly 60% of the global burden of the 500,000 annual
cases of visceral leishmaniasis (VL, kala-azar). In 2005, the three countries and the World Health
Organization (WHO) signed an agreement to eliminate VL as a public health problem from this region by
2015.

Objectives To conduct a review of clinical trials of the treatment of VL in India, Bangladesh and Nepal, in
order to contribute to the evidence base for the treatment options to be used in the VL elimination
programme.

Methods We searched PubMed and trial registry databases and contacted clinical investigators to identify
published and unpublished comparative, non-comparative and dose-finding trials of amphotericin
deoxycholate or liposomal (AmBisome®), miltefosine, paromomycin, sodium stibogluconate and
paromomycin + sodium stibogluconate for the treatment of VL in the three countries. Efficacy evaluation
was based on final cure at six months of follow up or longer. We reviewed reported serious adverse effects
or adverse effects and laboratory changes. The methodological quality of studies was assessed. Six-month
success rates were recalculated with 95% confidence intervals (95%Cl) on both an intention-to-treat (ITT)
and a per-protocol (PP) basis. Relative risks (RR, fixed effect) with 95%CI for failure were calculated for
comparative studies.

Main results Twenty-three (23) clinical trials enrolling 5,730 patients met the inclusion criteria: 11
comparative, four non-comparative, eight dose-finding. Both plain and liposomal amphotericin B
(AmBisome®) were effective in these trials. Miltefosine is as effective as amphotericin B and is the only drug
that has been tested in a Phase 4 study; in these conditions, effectiveness was lower than efficacy.
Paromomycin is effective both alone and combined with sodium stibogluconate, and was shown not to be
different from amphotericin B using a non-inferiority trial design. Sodium stibogluconate is lost to parasite
resistance in Bihar; recent data from other areas were not available. The major adverse events were
cardiotoxicity with sodium stibogluconate; ototoxicity and nephrotoxicity for paromomycin; vomiting and
diarrhoea for miltefosine; nephrotoxicity, vomiting and diarrhoea for amphotericin B deoxycholate and
infusion-related fever and chills with AmBisome.

Conclusions AmBisome, miltefosine and paromomycin are effective options for treatment of VL in the
Indian subcontinent. Other factors, such as costs, and practicalities of care and delivery need to be
considered for policy decisions. The majority of available evidence was from Bihar, India with very limited
evidence from Bangladesh and Nepal, except on sodium stibogluconate. More studies are needed in these
countries to test the efficacy, safety and effectiveness of the various treatment options.
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Introduction

Visceral leishmaniasis (VL, kala-azar or “black
fever”) is a fatal systemic disease if untreated. VL is
caused by various species of the protozoan parasite
Leishmania and is responsible for approximately
59,000 deaths per annum and approximately 2.4
million disability adjusted life years (DALYs) lost
(1,2,3). Of the annual incidence of 500,000 cases,
approximately 300,000 (60%) occur in India,
Bangladesh and Nepal. (2,3). The actual incidence
of VL in the Indian subcontinent is considered to be
at least eight to ten times higher than the reported
case numbers (2,5). Approximately 150 million
people living in some 94 districts of the India,
Bangladesh and Nepal at risk of contracting VL (3).
See also Figures 1-3.

In the Indian subcontinent, VL is anthroponotic (i.e.
carried by humans and transferred to other
animals). While this feature, along with the recent

development of new diagnostics and therapeutics,
creates an opportunity to control and eliminate the
disease, it is also conducive to the spread of
resistance as, when resistant strains occur in these
conditions, they can be re-circulated rapidly (3).

The theoretical basis for VL elimination in the
Indian subcontinent is: (i) human beings are the
only reservoir; (ii) there is only one vector species,
which can be controlled; and (iii) the geographical
distribution is limited and quite well defined. The
ministers of health of Bangladesh, India and Nepal
signed a memorandum of understanding (MOU) in
Geneva in 2005 for joint efforts to eliminate VL
from the Indian subcontinent by the year 2015 (3,7).
The target is to reduce the annual incidence of VL
in the endemic regions to less than one per 10,000
population, at the district level or sub-district level
by 2015 (7).

Figure 1. Kala-azar-endemic regions of Bangladesh. Source: WHO/SEARO.
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Figure 2. Kala-azar-endemic regions of India. Source WHO/SEARO.
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Figure 3. Kala-azar-endemic regions of Nepal.

Successful elimination of VL, will reduce poverty
and promote equity, and advance the socio-
economic development of the region (3). VL
elimination also has relevance to the Millennium
Development Goals: prioritized intensification of
control of neglected tropical diseases will
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contribute directly to the reduction of the
communicable disease burden (Goal 6, Target 8)
and indirectly to efforts to reduce poverty and
hunger (Goal 1). Current treatment modalities
include amphotericin B, AmBisome and other lipid
formulations, miltefosine, paromomycin, and
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sodium stibogluconate. Parasites have become
resistant to antimonials in Bihar, India and possibly
neighbouring parts of Nepal, but there appears to
still be sensitivity in other parts of Bangladesh,
India and Nepal. (5,9-11).

Objectives

To document, analyse and review the safety and
efficacy profiles of drugs used for the treatment
and control of VL in the Indian subcontinent,
namely, amphotericin B deoxycholate, liposomal
amphotericin B (AmBisome), miltefosine,
paromomycin, sodium  stibogluconate  and
paromomycin + sodium stibogluconate.

A previous systematic review of clinical trials of
treatments of VL in India (4) covered research
conducted during the period 1980-2004. The
present review aims to update the previous review
by including information on the clinical trials
conducted in Bangladesh and Nepal, in order to
produce reliable summaries of safe and effective
regimens to support policy or research decisions
specifically in the context of the elimination
programme.

Methods

Inclusion and exclusion criteria

Criteria for inclusion in this review were
established in advance as: trials of any design;
involving the use of any of the named drugs
(amphotericin B, AmBisome, paromomycin,
miltefosine, sodium stibogluconate and
paromomycin + sodium stibogluconate); for the
treatment of leishmaniasis in any patient group;
conducted in India, Bangladesh and Nepal in the
period 1990 to 2008; and reporting six-month cure
rate as an outcome.

Trials for other VL drugs - such as pentamidine,
sitamaquine, amphotericin B colloidal dispersion
(ABCD), amphotericin B Lipid Complex (ABLC),
and liposomal amphotericin B other than
AmBisome - were excluded from this review, as
these are now considered to be obsolete and have
no relevance to the elimination programme.

Pentamidine has been abandoned in India due to
declining efficacy and unacceptable toxicity
(irreversible insulin dependent diabetes and death).
More studies are needed to evaluate sitamaquine,
as it seems to have clinical efficacy that warrants
further development. AmBisome is the best
tolerated among all lipid formulations of
Amphotericin B (50).
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Non-comparative trials are uncontrolled trials
where all patients receive treatment with the same
drug, with no control group. Such trials are not
included in most systematic reviews but we
decided that it was important in this review to
consider all data available on drugs relevant to the
VL elimination programme.

Our criteria for ‘cure’ were clinical cure (when
fever subsides, general condition of the patient
improves and spleen regresses) and/or
parasitological cure (absence of parasites in spleen
or bone marrow aspirate).

Data on adverse effects were also included where
available.

Search strategies

We searched PubMed and the clinical trial
registries of WHO and the US National Institutes of
Health  (www.clinicaltrials.gov)  using  the
keywords: “clinical trials”, “visceral leishmaniasis”,
“kala azar”, “India”, “Bangladesh”, “Nepal”. In
addition the targeted study drugs were included:
“AmBisome”, “amphotericin B deoxycholate”,
“miltefosine”, “paromomycin”, “and sodium
stibogluconate”. The last online search was done on
21st May 2008. We also contacted investigators,
who were asked if they were aware of trials which
might have been missed or were yet to be
published.

No language restrictions were imposed in the
search but it should be noted that English is the
official language for research and clinical trials in
the Indian subcontinent.

Quality assessment

We assessed for quality all studies identified as
meeting the inclusion criteria. For controlled trials,
the methods used for randomization were
considered. Other aspects of the trials which we
considered might affect the reliability of the results
were also noted These included non-specification
of randomization methods (13,1519 & 27), high
proportion of trial participants lost to follow-up
(27), and non-specification of allocation (17,20).

Data extraction and synthesis

Extracted data were cross checked for accuracy and
entered into Excel spreadsheets. Six-month success
rates were (cure rates at six-month follow up)
calculated with 95% confidence intervals out of the
enrolled patients (intent-to-treat, ITT) and the
evaluable patients (per protocol, PP) populations.
The calculations were based on ITT analysis.
Therefore the denominator was the total patients
enrolled, irrespective of whether they were
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identified
thru search

| 104 | reasons:
added from contacts excluded not a clinical trial 27
| 1 |« 7 > 82 | » other VL drugs 18
included other reasons 30
studies 23 ongoing/not reported 7
patients 5730
v v v v v v
patients enrolled SB AmphB AB MF PM PM+SB
comparative 285 568 68 363 681 100
dose-finding 281 1485 205 159 0 0
non-comparative 120 0 203 1212 0 0
total 686 2053 476 1734 681 100

Figure 4. Study and patient attrition

followed up or evaluated. PP only included the
number of evaluable patients in the denominator.
Results were presented in both tabular and
graphical form.

For comparative studies, data were entered in
RevMan (Cochrane Information Management
System, http://www.cc-ims.net/RevMan) and
relative risks (fixed effect) with 95%CI for failure
were calculated. Heterogeneity (chi>-, I?) and
overall effect (Z test) were measured.

Results

We identified a total of 105 publications of which
104 were published online. One study was
identified on the advice of the investigators whom
we contacted.

We excluded 82 publications: 27 which were not
clinical trials; 18 which were clinical trials of drugs
not  included (sitamaquine,  pentamidine,
amphotericin B lipid complex, amphotericin B
colloidal dispersion, atovaquone, ketoconazole,
fluconazole, roxithromycin, verapamil, INH,
rifampicin, ethambutol, etc.); seven clinical trials
which were either ongoing or recently completed
and not published; and another 30 publications for
other reasons (diagnostic and interventional trials).
All the included studies were in English; all the VL
studies found in other languages concerned other
parts of the world.

We extracted data from the remaining 23 clinical
trials. Of these, 11 were comparative, four non-
comparative, and eight were dose-finding studies,
The selection process is shown as a flowchart in
Figure 4.
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Quality assessment of included studies
Methods of allocation were not applicable to the
four non-comparative trials included in this review
(23-26), as these were uncontrolled studies where
all patients received the same treatment.

In one dose-finding study (Chowdhury SB
1993),(27), the method of randomization was not
specified. This study was open-labelled and there
was no concealment of treatment allocation. Two
other dose-finding studies (28,33) patient allocation
was done in sequential groups. One dose-finding
study by Karki et al. (29) was open-label with no
concealment of allocation. Two studies (Sundar
AmphB, 15d vs alt day 2007 and Thakur AmBi, 3
regimens 1996) (32,34) were open-label, having
computer generated randomization and no
concealment of treatment. One study (Sundar
AmBi single vs daily 2001) (30) was open-label, had
computer generated randomization with treatment
concealment. Another study (Sundar AmBi, 3
regimens 2002) (31) was double blinded, with
computer generated randomization and treatment
concealment.

For three randomized, open-label comparative
studies (Mishra AmphB vs SB 1994, Sundar AmphB
vs Par2007, and Thakur AmphB vs SB 1993),
(13,15,19) the method of randomization was not
specified. For two randomized open-label studies
(Thakur AmBi vs AmphB 2001) and Thakur
AmphB vs SB 2004 (17,20) the allocation was not
specified, but the authors reported having matched
patients by age and sex. Two randomized open-
label studies (Jha PM vs SB 1998 and Thakur
PM+SB vs SB 2000) (12,22) had computer generated
non-concealed allocation. Another two randomized
open-label studies (Sundar AmphB, Conv vs lipid
2004 and Thakur PM vs SB 2000) (16, 22) had




computer generated concealed allocation. One
open-label comparative study (Sundar AmphB vs
Milt 2002) (18) with non-concealed allocation was
randomized using blocks in the ratio 3:1. Another
open-label comparative study (Singh AmphB vs
Milt 2006) (14) having non-concealed allocation was
randomized using slips. After quality assessment it
was found that some studies provided more

Table 1. Studies included

reliable evidence than the others, but none of the
studies were excluded on quality grounds.

Included studies
Tables 1 and 2 detail studies included and their
characteristics respectively.

DF: dose finding, NC: non-comparative, CP: comparative, IV Inf: intravenous infusion, PO: per oral, IV: intravenous, IM:
intramuscular, AB: AmBisome, AMB: amphotericin B, MF: miltefosine, PM: paromomycin, SB: stibogluconate

References Study | Drug | Route | Dosage and schedule Country Year(s)
of study

Sundar AmBi,3 regimens 2002 DF AB IV inf 0.75 mg/kg/ d x 5d India 2002
Thakur AmBi,3 regimens 1996 DF AB IV inf 2mg/kgond 1,2,3,4 & 10 India 1996
Sundar AmBi non comp 2003 NC AB IV inf 7.5mg/kg single infusion India 2003
Sundar AmBi single vs daily 2001 | DF AB IV inf 5mglkg single infusion India 2001
Sundar AmBi,3 regimens 2002 DF AB IV inf 1.5 mglkg/d x5 d India 2002
Sundar AmBi single vs daily 2001 | DF AB IV inf 1 mg/kg/dx 5d India 2001
Sundar AmphB,Conv vs lipid 2004 | CP AB IV inf 2 mg/kg/dx 5d India 2001
Sundar AmBi,3 regimens 2002 DF AB IV inf 3.0 mg/kg/dx 5d India 2002
Thakur AmBi vs AmphB 2001 CP AB IV inf 15 mg/kg,single dose India 2000
Thakur AmBi,3 regimens 1996 DF AB IV inf 2mgl/kgond 1,5 & 10 India 1996
Thakur AmBi,3 regimens 1996 DF AB IV inf 2mg/kgond 1,2,3,4,5,6,&10 India 1996
Singh AmphB vs Milt 2006 CP AMB | IVinf 1 mg/kg ,cum d 15mglkg India 2003-2005
Singh AmphB vs Milt 2006 CP AMB | IVinf 1 mg/kg ,cum d 15mglkg India 2003-2005
Sundar AmphB,15d vs alt day | DF AMB | IVinf 0.75 mg/kg,15 inf,alt d India 2003-2006
2007
Sundar AmphB,15d vs alt day | DF AMB | IVinf 1 mglkg,15 inf,alt d India 2003-2006
2007
Sundar AmphB,15d vs alt day | DF AMB | IVinf 0.75 mg/kg , inf od x15d India 2003-2006
2007
Sundar AmphB,Conv vs lipid 2004 | CP AMB | IVinf 1 mgl/kg ,altd x30 d India 2001
Sundar AmphB,15d vs alt day | DF AMB | IVinf 1 mglkg, inf od x15d India 2003-2006
2007
Sundar AmphB vs Milt 2002 CP AMB | IVinf 1mg/kg,15 inf,alt d India 1999-2000
Sundar AmphB vs Par2007 CP AMB | IVinf 1 mglkg ,alt d x 30d India 2003-2005
Mishra AmphB vs SB 1994 CP AMB | IVinf 05 mg/kg inf,14 doses,alt d India 1994
Thakur AmBi vs AmphB 2001 CP AMB | IVinf 1 mg/kg/d x 20d India 2000
Thakur AmphB vs SB 1993 CP AMB | IVinf 1 mg/kg,wt 0.5mgl/kg,alt dtill | India 1993

20mglkg
Thakur AmphB vs SB 2004 CP AMB | IVinf 1 mg AMB/kg/d x20d India 2004
Bhattacharya Phase 4 Milt 2007 NC MF PO 2.5 mg/kg /day for 28 d India 2006
Sundar Milt 2003 DF MF PO 2.5 mglkgld x14 d India 1999-2000
Sundar Milt 2003 DF MF PO 1.5 mg/kg/d x 28 d India 1999-2000
Singh AmphB vs Milt 2006 CP MF PO 2.5 mg/kg/dx 28 d India 2006
Jha Milt 1999 DF MF PO 50 mg/d x1wk+ 100mg/d x3 w India 1999
Jha Milt 1999 DF MF PO 50 mg/dx6w India 1999
Bhattacharya Milt 2004 NC MF PO 2.5 mg/kg /dx 28d India 2001-2002
Sundar AmphB vs Milt 2002 CP MF PO 2.5 mg/kg/dx28 d India 1999-2000
Singh AmphB vs Milt 2006 CP MF PO 2.5 mg/kg/d x28 d India 2006
Jha Milt 1999 DF MF PO 100 mg/dx 1w + 150mg/d x 3w | India 1999
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Jha Milt 1999 DF MF PO 100 mg/d x 4 w India 1999
Jha PM vs SB 1998 CP PM M 12mg/kg x 21 d India 1993-1995
Thakur PM vs SB 2000 CP PM M 16mg/kg x 21 d India 1996
Thakur PM vs SB 2000 CP PM M 20 mg/kg x 21d India 1996
Thakur PM vs SB 2000 CP PM M 12mg/kg x 21d India 1996
Jha PM vs SB 1998 CP PM M 16mg/kg x 21d India 1993-1995
Sundar AmphB vs Par2007 CP PM M 11 mg/kg x 21d India 2003-2004
Jha PM vs SB 1998 CP PM M 20 mg/kg x 21 d India 1993-1995
Thakur PM+SB vs SB 2000 CP PM+ | IM PM12mg/kg + SB20 mg/kg/d | India 1996
SB x21d
Thakur PM+SB vs SB 2000 CP PM+ | IM PM18mgl/kg + SB 20 mg/kg/d x | India 1996
SB 21d
Chowdhury SB 1993 DF SB v 10 mg/kg/d x 20d single bd Bangladesh 1988-1990
Chowdhury SB 1993 DF SB v 10 mg/kg/d x 10 d single bd Bangladesh 1988-1990
Chowdhury SB 1993 DF SB v 20 mg/kg/d x10 d single od Bangladesh 1988-1990
Chowdhury SB 1993 CP SB v 20 mg/kg/d x20 d single daily ds | Bangladesh 1988-1990
Thakur AmphB vs SB 2004 CP SB M 20 mg SAG/kg/d x4 w India 2004
Thakur PM+SB vs SB 2000 CP SB M 20 mg/kg /d x 30 d India 1996
Mishra AmphB vs SB 1994 CP SB M 20 mg/kg in 2 div ds/d x40d India 1994
Jha PM vs SB 1998 CP SB M 20 mg/kg/d x30 d. India 1993-1995
Thakur PM vs SB 2000 CP SB M 20 mg/kg x28 d India 1996
Thakur AmphB vs SB 1993 CP SB M 20 mg/kg/d x 30 d India 1993
Karki SB 1998 DF SB M 20 mg/kg/d x 20 d Nepal 1998
Rijal SB 2003 NC SB M 20 mg/kg/d x 30 d Nepal 1999-2001
Karki SB 1998 DF SB M 20 mg/kg/d x30 d Nepal 1998
Table 2. Characteristics of included studies
Study ID Sdy | N N Methods Interventions Type of participants Outcomes:
Typ | arms | pts efficacy
Bhattacharya | NC | 1 80 not applicable MF: INCLUDE: M&F; 2-11y; +ve primary
Milt 2004 2.5 mglkg /day x 28 splenic aspirate. failure +
(23) days EXCLUDE: severe disease. relapse at 6
months
follow-up
Bhattacharya | NC | 1 1132 | not applicable MF: INCLUDE: M&F; 2-65y; +ve primary
Phase 4 Milt 2.5 mglkg /day x 28 splenic aspirate. failure +
2007 (24) days EXCLUDE: pregnancy, relapse at 6
lactation, HIV+, efusal to use months
contraception during study and | follow-up
2 months after.
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Chowdhury DF 227 | randomised: SB: INCLUDE: M&F; 13-60y; primary
SB 1993 (27) method not 10 mg/kg/day for 20 EXCLUDE: TB, pneumonia, failure +
specified, days single twice jaundice, renal or cardiac relapse at 6
concealment: none, | daily, disease, prior antileishmanial months
open-label 10 mg/kg/day for 10 Rx, Hb below 30g/l. follow-up
days single twice
daily,
20 mg/kg/day for 10
days single daily
dose,
20 mg/kg/day for 20
days single daily
dose,
Jha Milt 1999 | DF 120 | sequential groups MF: M&F; 12-50y; >2+ splenic primary
(28) 50mg/d x 6w, aspirate. EXCLUDE: failure +
50mg/d x 1w + pregnancy, HIV, severe relapse at 6
100mg/d x 3wk, disease months
100mg/d x 4w, follow-up
100mg x 1wk +
150mgd x 3wk
Jha PM vs CP 120 | randomised: PM: INCLUDE: M&F; 6-50y; + final cure at
SB 1998 (12) computer 20 mg/kg x 21 days, splenic, bone marrow aspirate. | 6 months
generated, 12mg/kg x 21 days, EXCLUDE: pregnancy, follow-up
concealment: none, | 20 mg/kg x 21 days, lactation, severe disease,
open-label SB: allergy to aminoglycosides,
20 mg/kg/day x 30 prior antilesihmanial Rx, refusal
days. to come for all follow-ups,
critically ill with leishmaniasis.
Karki SB DF 54 randomised SB: EXCLUDE: pregnancy, cardiac | final cure at
1998 (29) concealment: none, | 20 mg/kg/day x 20 and liver diseases, RF, Earlier | 6 months
open-label days Rx with pentamidine, follow-up
20 mg/kg/day x 30 amphotercin B, SAG
days
Mishra CP 80 randomised: AmpB: INCLUDE: + bone marrow final cure at
AmphB vs method not 05 mg/kg infused in aspirate. EXCLUDE: patients 12 months
SB 1994 specified, 5% dextrose, 14 with cardiac, renal, pulmonary | follow-up.
(13) concealment: none, | doses, alternate days | or hepatic complications.
open-label SB:
20 mg/kg in 2 divided
doses daily x 40 days
Rijal SB NC 120 | not applicable SB 20 mg/kg/d x 30 d | INCLUDE: parasitologically primary
2003 (25) (40 d if + parasitology) | proven cases with no prior failure +
treatment with SB. relapse at 6
EXCLUDE: patients not from months
neighbouring 3 districts of follow-up
treatment centre.
Singh CP 125 | randomised: slips, AmpB: INCLUDE: children 1-14y,+ primary
AmphB vs concealment: none, | 1 mg/kg, cumulative splenic aspirate. EXCLUDE: | failure +
Milt 2006 open-label dose 15mg/kg, coexisting malaria or HIV, relapse at 6
(14) MF: Bleeding disorders, incomplete | months
2.5 mglkg/day x 28 course of SB follow-up
days
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Sundar AmBi | NC 203 | notapplicable AB: 7.5mglkg single INCLUDE: M&F all final cure at
non comp infusion ages,+splenic, bone marrow 6 months
2003 (26) aspirate. EXCLUDE: follow-up
pregnancy, lactation, HIV+,
concomittant antileishmanial
Rx.
Sundar AmBi | DF 91 randomised: AB: INCLUDE: M&F all ages, final cure at
single vs computer 5 mg/kg as single +splenic aspirate. EXCLUDE: 6 months
daily generated, infusion, pregnancy, lactation,HIV+TB, | followup
2001(30) concealment: yes, 1 mglkg for 5 days bacterial pneumonia ,Hb less
open-label than 40g/l.
Sundar DF 84 randomised: AB: INCLUDE: M&F all ages apparent
AmBi,3 computer 3.0 mg/kg per day for | +splenic, bone marrow cure+final
regimens generated, 5 days (cumulative aspirate. EXCLUDE: HIV+, cure at 6
2002 (31) concealment: yes, dose, 15.0 mg/kg), pregnancy, lactation, IV drug months
double-blinded 1.5 mg/kg per day for | abusers. follow-up
5 days (cumulative
dose, 7.5 mg/kg),
0.75 mg/kg per day for
5 days (cumulative
dose, 3.75 mg/kg)
Sundar CP 398 | randomised: block | MF: INCLUDE: M&F; 12yrs and primary
AmphB vs (3:1 ratio), 2.5 mglkg/day x 28 older. EXCLUDE: major illness, | failure +
Milt 2002 concealment: none, | days; previous AmpB Rx, pregnancy, | relapse at
(18) open-label AmpB: lactation, refusal to use 6months
1mg/kg, 15 infusions, | contraception during study and | follow-up
alternate days 2 months after.
Sundar CP 666 | randomised: not AmphB: INCLUDE: M&F 5-55y +splenic, | final cure at
AmphB vs specified, 1 mg/kg, alternate bone marrow aspirate. 6 months
Par2007 (15) concealment: none, | days x30d EXCLUDE: pregnancy, follow-up
open-label PM: lactation, HIV+,VL Rx during 2
11 mg/kg for 21 days | wks before enrolment,
hypersensitivity to
aminoglycosides, prior Rx with
AmphB without response,
severe disease.
Sundar DF 1485 | randomised: AmphB: INCLUDE: M&F 2-65y,+ splenic | primary
AmphB,15d computer 0.75 mg/kg,15 aspirate. EXCLUDE: failure +
vs alt day generated, infusions,alternate pregnancy, lactation, HIV+,TB relapse at
2007 (32) concealment: none, | days, ,bacterial pneumonia, Hb less 6months
open-label 1 mglkg,15 than 3.5g/dl. follow-up
infusions,alternate
days,
0.75 mg/kg ,15
infusions, daily,
1 mglkg,15 infusions,
daily
Sundar CP 102 | randomised: AmpB: INCLUDE: M&F,+splenic final cure at
AmphB,Conv computer 1 mg/kg, alternate aspirate. EXCLUDE: 6 months
vs lipid 2004 generated, days x 30d, pregnancy, lactation, HIV + TB, | follow-up
(16) concealment: yes, AB: bacterial pneumonia.
open-label 2mg/kgld x5 d

(ABLC not included in
this analysis)
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Sundar Milt DF 39 sequential groups MF: INCLUDE :M&F 2-11y,+splenic | relapse at
2003 (33) 2.5mglkglday x 28 d, | aspirate. EXCLUDE: 6months
1.5 mglkg/day x 28 d | HIV+,concomittant renal, follow-up
hepatic, malignant, retinal &
infectious disease.
Thakur AmBi | CP 34 randomised: not AB: INCLUDE: M&F 12-60,+splenic | final cure at
vs AmphB specified (matched | 15 mg/kg, single dose | aspirate. EXCLUDE: 6 months
2001 (17) by age, sex), AmpB: pregnancy,lactation,HIV+,TB, follow-up
concealment: none, | 1mg/kg/d x 20d renal, hepatic, cardiac
open-label diseases, unable to follow
protocol in all study phases.
Thakur DF 30 randomised: AB: INCLUDE: M&F, +splenic,bone | final cure at
AmBi,3 computer 2mg/kg days 1-6 & 10 | marrow aspirate. EXCLUDE: 12 months
regimens generated, (total 14mglkg) HIV+TB, severe disease, follow-up
1996 (34) concealment: none, | 2mg/kg days 1-4 & 10 | AmphB Rx in last 12 months,
open-label (total 10mglkg) allergic to AmphB
2mgl/kg days 1,5 & 10
(total 6mg/kg)
Thakur CP 150 | randomised,method | AmpB: INCLUDE: M&F,+ splenic, bone | final cure at
AmphB vs not specified. 1 mg/kg,starting with marrow aspirate. 6 months
SB 1993 (19) 0.05mglkg,alternate EXCLUDE:TB,pneumonia, follow-up
days,till 20mg/kg is renal, hepatic, cardiac
given diseases,unable to come for
SB: monthly follow-up, prior VL Rx.
20 mg/kg daily for 30
days
Thakur CP 150 | allocation not SB: INCLUDE: M&F,+ splenic, bone | clinical
AmphB vs specified (matched | 20 mg/kg/d x 4 wks, marrow aspirate. EXCLUDE: cure+
SB 2004 (20) by age, sex), AmpB: TB, pneumonia, HIV+, relapse at
concealment: none, | 1 mg/kg/d x 20 days diabetes, jaundice, renal, 6months
open-label hepatic, cardiac diseases. follow-up
Thakur PM CP 120 | randomised: PM: INCLUDE: M&F; 6-50y;+ final cure at
vs SB 2000 computer 16mg/kg/d x 21, splenic, bone marrow aspirate. | 6 months
(21) generated, 20 mg/kg/d x 21d, EXCLUDE: pregnancy, follow-up
concealment: yes, 12mg/kg/d x 21d, lactation, severe disease,
open-label SB: allergy to aminoglycosides,
20 mg/kg/d x 30d prior antilesihmanial Rx, refusal
to come for all follow-ups,
critically ill with leishmaniasis.
Thakur CP 150 | randomised: PM12mg/kg + SB20 INCLUDE: M&F; 6-50y;+ final cure at
PM+SB vs computer mg/kg daily x 21d, splenic, bone marrow aspirate. | 6 months
SB 2000 (22) generated, PM18mg/kg + SB20 | EXCLUDE: pregnancy, follow-up
concealment: none, | mg/kg daily x 21 d, lactation, severe disease,
open-label SB: 20 mg/kg daily x | allergy to aminoglycosides,

30d

prior antilesihmanial Rx, refusal
to come for all follow-ups,
critically ill with leishmaniasis.
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Table 3 summarises information on the patients enrolled in the included studies, overall and by treatment.
Table 4 shows patients enrolled, in total and by treatment, contributing to the intent-to-treat and per-protocol
datasets. Breakdowns of patients studied are also shown in Figures 5 and 6.

Table 3. Patients enrolled in different types of trials overall and by treatment

comparative = dose finding | hon comparative Grand Total

Drug N % N % N % N %
Paromomycin + sodium stibogluconate = 100 1.7% 0.0% 00% 100 1.7%
AmBisome 68 12% 205 3.6% 203 35% 476 83%
Paromomycin 681 11.9% 0.0% 00% 681 11.9%
Sodium stibogluconate 285 50% 281 4.9% 1200 21% 686 12.0%
Mittefosine 363 63% 159 28% 1212 212% 1734 303%
AmphoB 568 9.9% 1485 25.9% 0.0% 2053 35.8%
Grand Total 2065 36.0% 2130 37.2% 15835 26.8% 5730 100.0%

Table 4. Patients enrolled total and by treatment contributing to the intent-to-treat and per-protocol datasets

enrolled (ITT) evaluable (PP)

N % N % %ITT
AmBisome 476 8.3% 474 88% 996%
AmphoB 2053 35.8% 2012 374%  98.0%
Mittefosine 1734 30.3% 1660 29.0% 90.0%
Paromomycin 681 11.9% 676 126% 99.3%
Paromomycin + sodium stibogluconate 100 1.7% 100 1.9% 100.0%
Sodium stibogluconate 686 12.0% 568 104% 813%
Total 5730 100.0% 5380 1000%  93.9%
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Patients studied by treatment

Sodium stibogluconate, 686, AmBisome, 476, 8%
12%

Paromomycin + sodium
stibogluconate, 100, 2%

Paromomycin, 681, 12%

AmphoB, 2053, 36%

Miltefosine, 1734, 30%

Figure 5. Patients studied by treatment

Breakdown of patients enrolled by drug and type of study

Miltefosine _ 1212 |
Sodium stibogluconate
Bcomparative
E B dose finding
Onon comparative
AmBisome 203
Paromomycin + sodium
stibogluconate
0 500 1000 1500 2000 2500

Figure 6. Breakdown of patients enrolled by drug and type of study.
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Crude efficacy and safety outcomes

Efficacy outcomes (six-month success rates in comparative and non-comparative trials) are shown in Table 5

and 6, and safety outcomes in Table 7.

Table 5. Efficacy in comparative trials

Study

SinghMF (haive)06
SihghMF (SBfail)06
SundarMF02
Total (95% CI)

Test for heterogeneity:

Test for overall effect:

SundarPMO07
Total (95% CI)

Test for heterogeneity:

Test for overall effect:

Sundar AB0O4
Thakur ABO1
Total (95% CI)

Test for heterogeneity:

Test for overall effect:

MishraSB94
Thakur SBS3
Thankur SB04
Total (95% CI)

Test for heterogeneity:

Test for overall effect:

total patients

faillenrolled
Amphotericin B
2/23
3/38
1/33

8/160

Chiz=1.09,df =2 (P =0.58), 1= 0%

Z=057 (P=057)

Paromomycin

2/165
2165
not applicable
Z=205 (P=0.04)

2/51

017

2/ 68
not applicable
Z=0.46 (P=065)

Stibogluconate

0/40
0/75
0/60
/175

Chi2=0.15,df =2 (P=0.93), I2= 0%

Z =463 (P <0.00001)

568
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faillenrolled

Weight %

869

22.59
68.72

100

100
100

100

100

23.31

2782
48 87
100

1675

RR (fixed)
95%ClI

174 [017,17.78]
116 [0.25, 5.40]
053 [0.16,1.78]

0.78 [0.33, 1.84]

0.22 [0.05, 0.94]
0.22[0.05, 0.94]

067012, 3.82]
Not estimable
067012 332]

0.03 [0.00, 0.52]
0.03 [0.00, 0.44]
0.02 [0.00, 0.25]
0.020.00, 0.11]
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Table 6. Efficacy results: six-month cure rates
AmBi: AmBisome, AmphB: amphotericin B, Milt: miltefosine, Par: parmomycin, SB: sodium stibogluconate.
N enrd: number enrolled, N evble: number evaluable, N cd: number cured, 95 UCI ITT: 95% upper confidence
interval (intent to treat), 95 LCI ITT: 95% lower confidence interval (intent to treat), CR ITT: cure rate (intent to treat),
95 UCI PP: 95% upper confidence interval (per protocol), 95 LCI PP: 95% upper confidence interval (per protocol),

CR PP: cure rate (per protocol)

References N enrd |N evble [N cd [95UCIITT |95LCIITT | CRITT [95UCIPP [95LCIPP |CR PP
Sundar AmBi,3 regimens 2002 28 28] 25 100.0% 77.8% 89.3% 100.0% 77.8%| 89.3%
Thakur AmBi,3 regimens 1996 10 9 9 100.0% 71.4% 90.0% 100.0% 100.0% | 100.0%
Sundar AmBi non comp 2003 203 203| 183 94.2% 86.0% 90.1% 94.2% 86.0%| 90.1%
Sundar AmBi single vs daily 2001 46 46 42 99.4% 83.2% 91.3% 99.4% 83.2%| 91.3%
Sundar AmBi,3 regimens 2002 28 28| 26 100.0% 83.3% 92.9% 100.0% 83.3%| 92.9%
Sundar AmBi single vs daily 2001 45 451 42 100.0% 86.0% 93.3% 100.0% 86.0%| 93.3%
Sundar AmphB,Conv vs lipid 2004 51 50 49 100.0% 90.8% 96.1% 100.0% 941%| 98.0%
Sundar AmBi,3 regimens 2002 28 28| 27 100.0% 89.6% 96.4% 100.0% 89.6%| 96.4%
Thakur AmBi vs AmphB 2001 17 17 17 100.0% 100.0% | 100.0% 100.0% 100.0% | 100.0%
Thakur AmBi,3 regimens 1996 10 10 10 100.0% 100.0% | 100.0% 100.0% 100.0% | 100.0%
Thakur AmBi,3 regimens 1996 10 10 10 100.0% 100.0% | 100.0% 100.0% 100.0% | 100.0%
Singh AmphB vs Milt 2006 23 21 21 100.0% 79.8% 91.3% 100.0% 100.0% | 100.0%
Singh AmphB vs Milt 2006 38 35| 35 100.0% 83.5% 92.1% 100.0% 100.0% | 100.0%
Sundar AmphB,15d vs alt day 2007 244 234| 225 95.6% 88.9% 92.2% 98.6% 93.7%| 96.2%
Sundar AmphB,15d vs alt day 2007 245 241| 234 98.1% 92.9% 95.5% 99.2% 95.0%| 97.1%
Sundar AmphB,15d vs alt day 2007 496 487 | 476 97.7% 94.2% 96.0% 99.1% 96.4%| 97.7%
Sundar AmphB,Conv vs lipid 2004 51 51 49 100.0% 90.8% 96.1% 100.0% 90.8%| 96.1%
Sundar AmphB,15d vs alt day 2007 500 491| 483 98.2% 95.0% 96.6% 99.5% 97.3%| 98.4%
Sundar AmphB vs Milt 2002 99 9| 96 100.0% 93.6% 97.0% 100.0% 100.0% | 100.0%
Sundar AmphB vs Par2007 165 164| 163 100.0% 97.1% 98.8% 100.0% 98.2%| 99.4%
Mishra AmphB vs SB 1994 40 401 40 100.0% 100.0% | 100.0% 100.0% 100.0% | 100.0%
Thakur AmBi vs AmphB 2001 17 17 17 100.0% 100.0% | 100.0% 100.0% 100.0% | 100.0%
Thakur AmphB vs SB 1993 75 75| 75 100.0% 100.0% | 100.0% 100.0% 100.0% | 100.0%
Thakur AmphB vs SB 2004 60 60| 60 100.0% 100.0% | 100.0% 100.0% 100.0% | 100.0%
Bhattacharya Phase 4 Milt 2007 1132 971 927 84.1% 79.6% 81.9% 96.8% 94.2%| 95.5%
Sundar Milt 2003 18 17 15 100.0% 66.1% 83.3% 100.0% 729%| 88.2%
Sundar Milt 2003 21 21 19 100.0% 77.9% 90.5% 100.0% 77.9%| 90.5%
Singh AmphB vs Milt 2006 44 421 41 100.0% 85.7% 93.2% 100.0% 93.0%| 97.6%
Jha Milt 1999 30 30| 28 100.0% 84.4% 93.3% 100.0% 84.4%| 93.3%
Jha Milt 1999 30 30| 28 100.0% 84.4% 93.3% 100.0% 84.4%| 93.3%
Bhattacharya Milt 2004 80 791 75 99.1% 88.4% 93.8% 99.8% 90.1%| 94.9%
Sundar AmphB vs Milt 2002 299 291| 282 96.9% 91.7% 94.3% 98.9% 949% | 96.9%
Singh AmphB vs Milt 2006 20 19 19 100.0% 85.4% 95.0% 100.0% 100.0% | 100.0%
Jha Milt 1999 30 30| 29 100.0% 90.2% 96.7% 100.0% 90.2%| 96.7%
Jha Milt 1999 30 30 29 100.0% 90.2% 96.7% 100.0% 90.2%| 96.7%
Jha PM vs SB 1998 30 30| 23 91.8% 61.5% 76.7% 91.8% 61.5%| 76.7%
Thakur PM vs SB 2000 30 271 24 94.3% 65.7% 80.0% 100.0% 77.0%| 88.9%
Thakur PM vs SB 2000 30 29| 25 96.7% 70.0% 83.3% 98.8% 73.7%| 86.2%
Thakur PM vs SB 2000 30 30| 27 100.0% 79.3% 90.0% 100.0% 79.3%| 90.0%
Jha PM vs SB 1998 30 29| 28 100.0% 84.4% 93.3% 100.0% 89.9%| 96.6%
Sundar AmphB vs Par2007 501 501| 474 96.6% 92.6% 94.6% 96.6% 92.6%| 94.6%
Jha PM vs SB 1998 30 30| 29 100.0% 90.2% 96.7% 100.0% 90.2%| 96.7%
Thakur PM+SB vs SB 2000 52 52| 48 99.6% 85.1% 92.3% 99.6% 85.1%| 92.3%
Thakur PM+SB vs SB 2000 48 481 45 100.0% 86.9% 93.8% 100.0% 86.9%| 93.8%
Chowdhury SB 1993 59 25 17 40.4% 17.3% 28.8% 86.3% 49.7%| 68.0%
Chowdhury SB 1993 55 241 20 49.1% 23.7% 36.4% 98.2% 68.4%| 83.3%
Chowdhury SB 1993 60 271 23 50.6% 26.0% 38.3% 98.6% 71.8%| 85.2%
Chowdhury SB 1993 53 29 21 52.8% 26.5% 39.6% 88.7% 56.1%| 72.4%
Thakur AmphB vs SB 2004 60 60| 28 59.3% 34.0% 46.7% 59.3% 34.0% | 46.7%
Thakur PM+SB vs SB 2000 50 49| 26 65.8% 38.2% 52.0% 67.0% 39.1% | 53.1%
Mishra AmphB vs SB 1994 40 40 25 77.5% 47.5% 62.5% 77.5% 475%| 62.5%
Jha PM vs SB 1998 30 30 19 80.6% 46.1% 63.3% 80.6% 461%| 63.3%
Thakur PM vs SB 2000 30 29| 20 83.5% 49.8% 66.7% 85.8% 52.1% ] 69.0%
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Karki SB 1998 27 27 21 935%| ©621%| 778%| 93.5%| 621%| 77.8%
Rijal SB 2003 120 116] 99 893%| T757%| 82.5%| 918%| 789%]| 853%
Karki SB 1998 27 271 25| 100.0%| 82.7%| 926%| 1000%| 82.7%]| 926%

Table 7. Safety outcomes

MF: Miltefosine, SB: Sodium stibogluconate, PM: Paromomycin, CTC Gr: Common toxicity criteria grade, SAE: Serious
adverse event, AE: Adverse event, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, BUN: Blood urea

nitrogen.
Study ID Interventions Outcomes: safety
Bhattacharya Milt 2004 | MF: MF:
(23) 2.5 mglkg /d x 28 days Vomiting: 21(26%) CTC Gr 3-4: 2(2.6%).
Diarrhoea: 20(25%) CTC Gr 3: 3(1.3%).
AST elevation: 44(55%) CTC Gr3: 1(1%).
No AE to discontinue therapy.
Bhattacharya Phase 4 MF: MF:
Milt 2007 (24) 2.5mglkg/dx28d 3 deaths during Rx phase.1 after acute diarrhea,1 after abdominal pain
& swelling,1 in a car accident. Vomiting:90, CTC Gr 3-4: Diarrhoea:69
,CTC Gr: 3-4:10.
Hospitalised: 13(1%); 1 with pneumonia & RF,1 each for oral bleeding,
anasarca, elevated liver enzymes, macular skin rash, epistaxis &
haemoptysis, nausea & vomiting; 2 undefined events; reason
unrecorded for 1. Creatinine elevations; CTC Gr 3: 7.
Chowdhury SB 1993 SB: SB: 5
(27) 10 mg/kg/d x 20 d single bd, | Deaths.1 in group A of unexplained shock.3 in group C,1 from severe
10 mg/kg/d x 10 d single bd, | bleeding,1 from splenic infraction & 1 sudden death on last day of
20 mg/kg/d x 10 d od, injection.1 in group D from severe bleeding. Fever: 28; Bleeding
20 mg/kg/d x 20 d single od manisfestation: 22; splenic infraction: 4;
Arthralgia:8;octerus:2;rash:8;anorexia:2;rigor:1;suffocation:4;pain in calf
muscle:1;vomiting: 1. SAE & drug withdrawal in C(6.4%) & D(12.8%)
Jha Milt 1999 (28) MF: MF: 2
50mg/d x 6w, Drug discontinuation.1 due to elevated AST, 1 due to elevated

50mg/d x 1w + 100mg/d x
3wk,

100mg/d x 4w,

100mg x 1wk + 150mgd x
3wk

creatinine.62% had Gl SE viz vomiting & diarrhoea.

Jha PM vs SB 1998
(12)

PM:

20 mg/kg x 21 d,
12mg/kg x 21 d,
20 mg/kg x 21 d,

PM 12mg/kg/day: vomiting: 1.

PM 20mg/kg/day: ototoxicity Gr2-3: 1. Gr1: 1

SB 20mg/kg/day: myocarditis (drug related):2; epilepsy( dug unrelated):
1. No Rx discontinuation in any case.

SB:
20 mg/kg/d x 30 d.
Karki SB 1998 (29) SB: SB:
20 mg/kg/dx 20 d Arthralgia: 5; cellulitis & abcess: 2; pain at inj site: 31. No
20 mg/kg/d x 30 d cardiovascular, respiratory or other SE reported.
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Mishra AmphB vs SB
1994 (13)

AmpB:

0+5 mg/kg ,14 doses, alt d
SB:

20 mg/kg in 2 div dose x 40 d

AmpB & SB:
No SAE were reported. Fever & chills were common with AmpB
infusion. Managed with paracetamol.

Rijal SB 2003 (25)

SB 20 mg/kg/d x 30 d (40 d if
+ parasitology)

SB: 4
Deaths (3.3%) during Rx.Cardiotoxicity:2;Septic shock:1,Suicide:1. 2
had cardiotoxicity & shifted to AmpB. Thus 3.3% incidence of
cardiotoxicity

Singh AmphB vs Milt
2006 14)

AmpB:

1 mg/kg, cumulative dose
15mg/kg,

MF:

2.5mglkgld x 28 d

MF: 2.5mg/kg/day (Group1& 2) Vomiting: 23; Diarrhoea: 26, Anorexia:
7; Elevations of ALT :39; AST :31; BUN:8. Rashes :2
AmpB:1mg/kg/day (Group 3& 4): Anorexia: 8; Elevations of :ALT :32;
AST :34; BUN: 43. Rashes: 8.

Sundar AmBi non comp
2003 (26)

AB: 7.5mg/kg single infusion

AB:
infusion related fever & rigor(9.8%),chills(3%),vomiting (3.5%) &
backache(1.5%).None required any medication.

Sundar AmBi single vs AB: AB: 5 mgl/kg as single infusion:  fever: 3; chills: 1;fever &
daily 2001 (30) 5 mg/kg as single infusion, chills:18;vomiting:2
1mglkg x5d AB:1 mg/kg for 5 days: fever: 4; chills:1; fever&chills:18;vomiting:2;back
pain: 2.
Sundar AmBi,3 AB: AB:
regimens 2002 (31) 3.0 mg/kgldx 5d infusion related rigors:46 episodes(37 patients).91% were of mild
1.5 mg/kg/d x 5 d intensity.Fever:49 episodes (25 patients),34 mild,11 moderate.
0.75mg/kg /d x5 d Lumbosacral pain:8; 2 severe. Vomiting:7(1 episode)
No SAR, hepatotoxicity or bone marrow toxicity.
Sundar AmphB vs Milt MF: MF: 6 SAEs.
2002 (18) 2.5mg/kg/d x 28 d; Convulsion due to cranial cyst(2),abrrupt anemia due to bleeding
AmpB: hemorroids(1),P.vivax malaria(1),Gram -ve meningitis (1) resulting in

1mg/kg, 15 infusions, alt d

death.SJ syndrome(1),attributed to MF. 4 discontinued Rx.
Diarrhoea:(1) arthritis & skin rash(1), increased
bilirubin(1),AST,thrombocytopenia(1) Other AEs
:Vomiting:113(38%);CTC Gr2:34 (11%) Diarrhea:61(20%),CTC
Gr.4:1;Rigors:1.(<1%) High AST :177(58%);High ALT:155(51%)
AmpB: Vomiting:
20(20%);CTC Gr2:4(4%) Diarrhea:6(6%),CTC G r.4:0; Rigors:90(90%)
High AST :47(47%);High ALT:29(29%)

Sundar AmphB vs
Par2007 (15)

AmphB:

1mglkg, altdx30d
PM:

11 mg/kg for 21 days

PM:Deaths:2;1 before admin of PM,2 others were unrelated to PM.1
due to alcoholism ,other due o septicemia. Pain at inj
site:276(55%);fever:13(3%),Vomiting:3(1%),Nephrotoxicity:4(1%);
Ototoxicity:7(1%), High AST:40(8%); High ALT:14(3%)
AmpB:Deaths:1,due to gastroenteritis &
diarrhea;Fever:94(57%),Vomiting:16(10%),Nephrotoxicity:42(25%);Hig
h AST:3(2%); High ALT:1(1%).12 patients discontinued Rx.
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Sundar AmphB,15d vs AmphB: AmphB:0.75 mg/kg,15 infusions ,alternate days: Removed from
alt day 2007 (32) 0.75 mg/kg,15 inf,alt d, study:3;Vomiting/diarrhea:1;hepatotoxicity: 1;Infusion reaction:1;High
1 mg/kg,15 inf,alt d creatinine:8
0.75 mg/kg ,15 inf d, AmpB:1 mg/kg,15 infusions, alternate days: Removed from
1 mglkg,15 infalt d study:2;Vomiting/diarrhea:1;severe thrombocytopenia:1High
creatinine:11
AmpB: 0.75 mg/kg ,15 infusions, daily: Removed from
study:4;Vomiting/diarrhea:3,hepatotoxicity: 1;High creatinine:29
AmpB:1 mg/kg,15 infusions, daily: Removed from
study:4;Vomiting/diarrhea:2,nephrotoxicity:1; hypothermia:1;High
creatinine:37
Sundar AmphB,Conv vs | AmpB: AmpB: 1 mglkg, alternate days x 30d:Fever& rigors:50(98%);
lipid 2004 (16) 1 mg/kg, alt d x 30d, AB:2 mg/kg/d x 5 d: Fever& rigors:15(29%)
AB:
2mglkgld x5 d
Sundar Milt 2003 (33) MF: MF: 2.5 mg/kg/day x 28 d: Vomiting:7(33.3%);Diarrhea, Anorexia,
2.5mg/kgld x 28 d, Nausea, high ALT: 1 each(4.8%)

1.5 mg/kg/d x 28 d

MF: 1.5 mg/kg/day x 28 d:
Vomiting:7(38.9%);Diarrhroea:3(16.7%)

Thakur AmBi vs AmphB | AB: AB: Shivering:3(17%);nausea:1(6%)

2001 (17) 15 mg/kg, single dose AmpB: Shivering:11(65%);nausea:9(53%),chill:3 (17%); high
AmpB: creatinine:4(23%);anorexia:12(70%)
1mg/kg/d x 20d

Thakur AmBi,3 regimens | AB: AB: rigor:3,1 died of an unrelated illness after 2 months of clinical &

1996 (34)

2mgl/kg days 1-6 & 10
2mgl/kg days 1-4 & 10
2mg/kg days 1,5 & 10

parasitological cure.

Thakur AmphB vs SB AmpB: AmpB: shivering, rigor & fever: 75 (100%),thrombophelbitis:
1993 (19) 1mg/kg,stng wt 0.05mg/kg,alt | 2(3),anorexia: 16 (21%); neuritic pain:2 (3%), high
d.till 20mg/kg is given BUN:13(17%),hypokalemia:14(19%), SB: pain at inj site:75(100%),
SB: anorexia:12(16%), metallic taste:8(11%), neuritic pain:3(4)
20 mg/kg daily for 30 days
Thakur AmphB vs SB SB: SB:
2004 (20) 20 mg/kg/d x 4 wks, Cardiotoxicity: 9(15%); death (cardiotoxicity): 2(3.3%); anorexia:6
AmpB: (10%);High:Creatinine:1(1.7%);ALT:4.(6.7%),AST:5(8.3%)
1 mg/kg/d x 20 d AmpB: rigor&fever: 22(36.6); anorexia: 9(15%). High: Creatinine:1
(1.7%);ALT:1(1.7%)
Thakur PM vs SB 2000 | PM: PM 12mg/kg/day: Vomiting:1.
(21) 16mg/kg/d x 21d, PM 20mg/kg/day: Ototoxicity Gr2-3:1. Gr1:1
20 mg/kg/d x 21d, SB 20mg/kg/day: myocarditis (drug related):2; epilepsy (drug
12mg/kg/d x 21d, unrelated):1.No Rx discontinuation in any case.
SB:
20 mg/kg/d x 30d
Thakur PM+SB vs SB PM12mg/kg + SB20 mg/kg/d | SB: Myocarditis:1(2%) PM: only 19 of 100 patients had full audiometric
2000 (22) x 21d, PM18mg/kg + SB 20 assessment, so ototoxicity analysis is impossible.

mg/kg/d x 21 d,
SB: 20 mg/kg/d x 30d
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Comparisons are presented using Forest plots (Figure 7) and L’Abbé plots for success rates with bubble
proportional to the sample size (enrolled patients) (Figure 8).

Figure 7. Funnel plots of six-month ITT failure rates in trials comparing amphotericin B to Miltefosine, showing
relative risk and 95% confidence intervals.

Review: VL

Comparison: 01 Amphotericin B vs other treatments

Outcome: 01 Miltefosine

Study Amphotericine B Miltefosine RR (fixed) Weight RR (fixed)

or sub-category n/N n/N 95% ClI % 95% ClI
SundarMF02 3/99 17/299 ——— 68.72 0.53 [0.16, 1.78]
SinghMF(SBfail)06 3/38 3/44 = 22.59 1.16 [0.25, 5.40]
SinghMF(naive)06 2/23 1/20 & > 8.69 1.74 [0.17, 17.78]
Total (95% Cl) 160 363 - 100.00 0.78 [0.33, 1.84]

Total events: 8 (Amphotericine B), 21 (Miltefosine)
Test for heterogeneity: Chi? = 1.09, df =2 (P = 0.58), I? = 0%
Test for overall effect: Z = 0.57 (P = 0.57)

0.1 0.2 05 1 2 5 10

Favours treatment ~ Favours control

Review: VL

Comparison: 01 Amphotericin B vs other treatments

Outcome: 02 Paromomycin

Study Amphotericin B Paromomycin RR (fixed) Weight RR (fixed)
or sub-category n/N n/N 95% ClI % 95% CI
SundarPM07 2/165 27/501 —B— 100.00 0.22 [0.05, 0.94]
Total (95% Cl) 165 501 i 100.00 0.22 [0.05, 0.94]

Total events: 2 (Amphotericin B), 27 (Paromomycin)
Test for heterogeneity: not applicable
Test for overall effect: Z =2.05 (P = 0.04)

01 02 05 1 2 5 10
Favours treatment ~ Favours control

Review: VL

Comparison: 01 Amphotericin B vs other treatments

Outcome: 04 Sodium Stibogluconate

Study Amphotericin B Sodium Stibogluconat RR (fixed) Weight RR (fixed)
or sub-category n/N n/N 95% ClI % 95% CI
ThakurSB93 0/75 18/75 +—a— 27.82 0.03 [0.00, 0.44]
MishraSB94 0/40 15/40 +—— 23.31 0.03 [0.00, 0.52]
ThankurSB04 0/60 32/60 .| 48.87 0.02 [0.00, 0.25]
Total (95% Cl) 175 175 e 100.00 0.02 [0.00, 0.11]

Total events: 0 (Amphotericin B), 65 (Sodium Stibogluconat)
Test for heterogeneity: Chi? = 0.15, df =2 (P = 0.93), I = 0%
Test for overall effect: Z = 4.63 (P < 0.00001)

0.01 0.1 1 10 100

Favours treatment ~ Favours control
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Comparative trials of Amphotericin B deoxycholate (6-month ITT cure rates)
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Figure 8. L’Abbé plot.

Sodium stibogluconate

We identified nine clinical trials (13 study arms) of
which two were dose-finding, six comparative and
one non-comparative. Sodium stibogluconate is the
only drug for which trials have been done in
Bangladesh and Nepal. We identified two studies
from Nepal (one non-comparative and one dose-
finding study) (25,29) and one from Bangladesh
(dose-finding study with four arms, Chowdhury SB
1993 (27). A total of 686 (12% of database) patients
received sodium stibogluconate. 558 patients
(10.4% of database) were evaluable and hence
81.3% of patients on sodium stibogluconate were
evaluable based on ITT. Of these, 285 (5%) were in
comparative trials, 281 (4.9%) in dose-finding trials
and 120 (2.1%) were in non-comparative trials.

SB 1993, (27) the only study from Bangladesh had
four arms; the randomization method was
unspecified; the six-month cure rates were 28.8%
and 68% (sample size 59, 10 mg/kg/day for 20
days single twice daily); 39.6 and 72.4% (53
patients, 20 mg/kg/day for 20 days single daily
dose); 36.4% and 83.3% (55 patients, 10 mg/kg/day
for 10 days single twice daily); 38.3% and 85.2% ( 60
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100%

patients, 20 mg/kg/day for 10 days single daily
dose) by ITT and PP respectively.

Karki SB 1998 (29) (dose-finding, two arms) and
Rijal SB 2003 (non-comparative) (25) were the
studies from Nepal. For Karki SB 1998 (29) the cure
rates were 77.8% and 77.8% (27 patients, 20
mg/kg/day for 20 days); 92.6% and 92.6% (27
patients) by ITT and PP respectively. For Rijal SB
2003 (25) the cure rates were 82.5% and 85.3% (120
patients, 20 mg/kg/day for 30 days) by ITT and PP
respectively.

Five comparative trials were from India. Cure rates
were: Mishra AmphB vs SB 1994 (13) = 62.5% and
62.5 % (40 patients) by ITT and PP respectively;
Thakur AmphB vs. SB 1993, (19) = 76.0% (75
patients) by both ITT and PP; Thakur AmphB vs.
SB 2004 (20) = 46.7% (60 patients) by both ITT and
PP; Jha PM vs. SB 1998, (12)= 63.3% and 63.3% (30
patients) by ITT and PP respectively; Thakur PM
vs. SB 2000 (21) = 66.7% and 69% (30 patients) by
ITT and PP respectively; Thakur PM+SB vs. SB
2000 (22) = 52% and 53.1% by ITT and PP
respectively (Table 3 and Figure 9.)
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ITT vs PP 6-month cure rates with Sodium Stibogluconate
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Figure 9. Cure rates after six months with sodium stibogluconate.

Safety: Myocarditis and cardiotoxicity —were
reported in five trials. Thakur AmphB vs SB 2004
had nine cases of cardiotoxicity (15%), two of these
were fatal (3.3%). Rijal SB 2003 reported four cases
of cardiotoxicity (3.3%), two of these fatal (1.7%)
and the other two required shifting to amphotericin
B.  Myocarditis not needing  treatment
discontinuation was reported in two patients each
by Jha PM vs SB 1998 and Thakur PM vs SB 2000
(6.7% in both studies) and one (2%) by Thakur
PM+SB vs SB 2000. Overall, 18 patients (2.6%) had
myocarditis or cardiotoxicity of 686 patients who
had sodium stibogluconate, and four died (0.6%,
with a fatality rate of 22%). Other adverse events
were bleeding (24 cases, 3.4%, including two deaths
from severe bleeding, all from Chowdhury SB
1993), splenic infraction (one death, 0.15%, from
Chowdhury SB 1993), one death (0.15%) due to
unexplained shock, one sudden death (0.15%) on
the last day on injection, arthralgia (15 cases from
two studies, 2.2%), anorexia (32 cases from four
studies, 4.7%), icterus (two cases, 0.3%), rash (eight
cases, 1.2%), vomiting (one case, 0.15%), elevation
of AST (5 cases, 0.75%), ALT (four cases, 0.6%) and
creatinine (one case, 0.15%), rigors (23 cases from
two studies, 3.35%), suffocation (four cases, 0.6%),
cellulites, thrombophlebitis, fever (22 cases, 3.3%),
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metallic taste (eight cases, 1.2%), neuritic pain
(three cases, 0.45%).

In summary, of the 686 patients enrolled in nine
trials of sodium stibogluconate, three (407 patients)
reported nine deaths (as described above). Hence
the estimated total mortality ranges from 1.3 to
2.2%.

Paromomycin

We identified three trials with seven arms (all trials
were comparative) enrolling a total of 681 patients
(11.9% of database) in paromomycin arms, of
whom 676 (12.6% of database) were evaluable.
Thus 99.3% of patients on paromomycin were
evaluable based on PP. The arms 12mg/kg for 21
days, 16mg/kg for 21 days and 20mg/kg for 21
days (all 3 of Jha PM vs SB 1998 (12)) had six
months ITT cure rates of 76.7%, 80% and 83.3%
respectively. In the case of the three arms of
12mg/kg for 21 days, 16mg/kg for 21 days and
20mg/kg for 21 days (of Thakur PM vs SB 2000
(21)) the six-month ITT cure rates were 90% 93.3%
and 96.7% respectively. The six-month ITT cure
rate for 11mg/kg for 21 days (Sundar AmphB vs
Par2007 (15)) was 94.6% (Table 3 and Figure 10).

20



Efficacy of Paromomycin regimens (6-month ITT success rate, 95%Cls)
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Figure 10. Efficacy of paromomycin regimens.( 6 month ITT success rate ,95%Cls).

Safety: Adverse events included ototoxicity (11
cases from three studies, 1.6%), nephrotoxicity
(four cases, 0.6%), elevated AST (40 cases, 5.9%)
and ALT (14 cases, 2%), vomiting (five cases from
three studies, 0.75%), pain at injection site (276
cases, 40%) and fever (13 cases, 1.9%) (See Table 5.)

Paromomycin + sodium stibogluconate

We identified one trial (comparative) where two
arms were paromomycin-sodium stibogluconate
combinations (Thakur PM+SB vs SB 2000-(22)).
There were 100 patients enrolled (1.7% of the
database). All of them were evaluable (100% by
ITT) and it constituted 1.9% of the total 5380
evaluable patients. The arms PM12mg/kg + SB20
mg/kg daily for 21 days and PM18mg/kg + SB20
mg/kg daily for 21 days had 6 months ITT cure
rates of 92.3% and 93.8% respectively. (PP Cure
rates 92.3% and 93.8% respectively.) (Table 3 and
Figure 7.)

Safety: One case of myocarditis was reported (1%).
Ototoxicity could not be evaluated as only 19 of 100
patients had audiometric assessment. (See Table 5.)
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Miltefosine

Six trials were identified for miltefosine with 11
treatment arms (two comparative, two dose-finding
and two non-comparative trials) enrolling 1734
patients (30.3% of the data base), of whom 1560
were available for evaluation by PP (29% of the
database). Miltefosine trials comprised the second
largest drug group with respect to number of
patients after amphotericin B (35.8%).Three of these
were paediatric trials.

The two comparative trials were Singh AmphB vs
Milt 2006 (14) (two arms) and Sundar AmphB vs
Milt 2002(18) (1 arm) with 363 patients (6.3% of
database) (the former is discussed under pediatric
trials). The trial Sundar AmphB vs Milt 2002 (18)
had a cure rate of 94.3% and 96.9% by ITT and PP
respectively (sample size 299).

There were 159 patients enrolled in the two dose-
finding studies (2.8% of the database.) Jha Milt 1999
(28) had a total of 120 patients, with 30 patients
each in four arms. The cure rates of the first two
arms were 93.3% by ITT and PP (50 mg/day for
one week, then 100mg/day for 3 weeks (a total
dose of 2450 mg) and 50 mg/ day for six weeks (a
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total dose of 2100 mg) ) and the last two arms had a
cure rate of 96.7% by ITT and PP (100 mg/day for
one week, then 150mg/day for three weeks (total
3850mg) and 100 mg/ day for 4 weeks (tot 2800mg)

Non-comparative trials accounted for the majority
of patients for miltefosine trials (1212 patients,
21.2% of the total database). Of these, 1132 patients
were from the Phase 4 trial, Bhattacharya Phase 4
Milt 2007 (24). The cure rates for this study were
81.9% and 95.5% by ITT and PP respectively.

Paediatric  trials: Three paediatric trials were
identified though this review; one each in the
comparative, non-comparative and dose-finding
categories.

The cure rates (miltefosine arms) for the
comparative trial Singh AmphB vs Milt 2006 (14)
were 93.2% and 97.6% respectively by ITT and PP
for the arm with a sample size of 44 patients (those
who had not received prior anti-leishmanial drug
dose 2.5 mg/kg/day for 28 days). For the second
arm with 20 patients (these patients had earlier
received 30 days course of sodium stibogluconate
at 20 mg7kg7day; dose 2.5 mg/kg/day for 28
days). The cure rates were 95% and 100% by ITT
and PP respectively. The amphotercin B arms had a
cure rate of 91.3% and 100% by ITT and PP
respectively (38 patients) for group 1 (AmB for
previously treated with SAG-1 mg/kg, cumulative
dose 15mg/kg). Group 2 (AmB for previously
untreated with SAG-1 mg/kg, cumulative dose

TropIKA.net http://journal.tropika.net

15mg/kg) had cure rates of 92.1% and 100%,
respectively (23 patients).

The adverse events with miltefosine 2.5mg/kg/day
(Groups 1 & 2) were: vomiting 23 cases; diarrhoea
26, anorexia 7; elevated ALT 39, AST 31, BUN 8;
rash 2 . For amphotericin B (1Img/kg/day (Groups
3 & 4))adverse events were: anorexia eight cases;
elevated ALT 32, AST 34, BUN 43; rash 8.

The non-comparative trial Bhattacharya Milt 2004
(23) with 80 patients had cure rates of 93.8% and
94.9% by ITT and PP respectively. The adverse
events were: vomiting 21 cases(26%) of which 2
were CTC Grade 3-4 2.6%); diarrhoea 20 cases
(25%), of which three were CTC Grade 3 (1.3%),
elevated AST 44 (55%), one CTC Grade 3 (1%). No
AE required discontinuing therapy.

The dose-finding study Sundar Milt 2003 (33) had
two arms of 18 and 21 patients. The first arm had a
cure rate of 83.3% and 88.2% by ITT and PP
respectively (2.5 mg/kg/day for 14 days); the
second arm had a cure rate of 90.5% by ITT and PP
(1.5 mg/kg/day for 28 days). The adverse events
were for miltefosine at 2.5 mg/kg/day x 28 d were:
vomiting 7seven cases (33.3%); diarrhrea, anorexia,
nausea, elevated ALT one case each (4.8%); for
miltefosine at 1.5 mg/kg/day x 28 d: vomiting
seven cases (38.9%) and diarrhoea three (16.7%).

Figures 11 depicts the ITT cure rates and Figure 12,
ITT cure rates vs the PP cure rates of miltefosine.
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Efficacy of Miltefosine regimens (6-month ITT success rate, 95%Cls)
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Figure 11. Efficacy of miltefosine regimens (6-month ITT success rate, 95% Cls)
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Figure 12. L’Abbé plot cure rates after 6 months with miltefosine
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Safety: Adverse events reported with miltefosine
were mainly vomiting (261 cases from five studies,
15%), diarrhoea (180 cases from five studies,
including one death from acute diarrhoea, 10.4%
and 0.06% respectively), one death from abdominal
pain and swelling (0.06%), elevation of AST (253
cases from four studies,14.6%), ALT elevation (195
cases from 3 studies, 11.3%), elevated BUN (eight
cases, 0.45%), high creatinine, pneumonia, renal
failure, Steven Johnson syndrome, rigors (one case
each, 0.06% each) (See Table 5.)

Amphotericin B deoxycholate

Amphotericin B trials contributed the largest share
of patients (2053 patients, 35.8% of the database)
(Figure 5, Tables 1 and 2.) Of these 25.9% (1485)
were from a dose-finding study Sundar AmphB,
15d vs alt day 2007 (32) with four arms. We
identified eight comparative trials with nine arms
and 568 patients (9.9% of the total database). Of the
2053 patients on amphotericin B (35.8%), 2012 were
evaluable (37.4% of the evaluable patients, the
largest study). No non-comparative study was
identified for amphotericin B.

The cure rates by ITT and PP for the dose-finding
study (Sundar AmphB, 15d vs alt day 2007) (32)
were 955% and 97.1% (group A 245 patients
receiving a dose of 1 mg/kg15 infusions on
alternate days), 92.2% and 96.2% (group B, 244
patients, dose of 0.75 mg/kg, 15 infusions, alternate
days), 96.6% and 98.4% (group C 500 patients, dose
of 1 mg/kg,15 infusions, daily), 96% and 97.7%
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(group D, 496 patients, dose of 0.75 mg/kg,15
infusions, daily)

The study Sundar AmphB vs Milt 2002 (18) had 99
patients on amphotericin B (Img/kg, 15 infusions,
alternate days) and the cure rates were 97% and
100% by ITT and PP respectively. The amphotericin
B arm of the study Sundar AmphB vs Par2007 (15)
had 165 patients (1 mg/kg, alternate days for 30
days) and cure rates were 98.8% and 99.4% by ITT
and PP respectively. Cure rates for Sundar AmphB,
conv vs lipid 2004(16) were 96.1% by both ITT and
PP (51 patients, 1 mg/kg on alternate days for 30
days). The trial Thakur AmBi vs AmphB 2001 (17)
had cure rates of 100% by both ITT and PP (17
patients) (1 mg/kg daily for 20 days).

The cure rates for Mishra AmphB vs SB 1994 (13)
were 100% by both ITT and PP (40 patients
receiving 0*5 mg/kg infused in 5% dextrose, 14
doses, alternate days) Cure rates for Thakur
AmphB vs SB 1993(19) were 100% by both ITT and
PP (75 patients on 1 mg/kg, starting with
0.5mg/kg, alternate days to reach 20mg/kg). The
trial Thakur AmphB vs SB 2004 (20) had cure rates
of 100% by both ITT and PP (60 patients, 1 mg
AMB/kg daily for 20 days). The cure rates for eight
trials and the nine arms of amphotericin B
comparative trials are given in Figure 10. The cure
rates of amphotericin B when compared to other
drugs is depicted in Figure 13, and Figure 14 shows
the Funnel plots of six-month ITT failure rates in
trials comparing amphotericin B to other drugs
with relative risk and 95% confidence intervals.
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Efficacy of Amphotericin B deoxycholate regimens (6-month ITT success rate, 95%Cls)
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Figure 13. Efficacy of amphotericin B deoxycholate regimens (6-month ITT success rate, 95%Cls).

Safety: Adverse events were diarrhoea (13
cases from two studies, 0.7%), vomiting (27
cases from two studies, 1.3%), elevated AST
(84 cases from 3 studies, 4.1%), ALT (62 cases
from three studies, 3%), creatinine (85
cases,4.1%) and BUN (43 cases, 2.1%),
hepatotoxicty (two cases from two studies,
0.1%), nephrotoxicity (43 cases from two
studies, 2.1%) and thrombocytopenia (one
case, 0.05%). One case of death due to
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gastroenteritis and diarrhoea occurred in the
study "Sundar AmphB vs Par2007" (0.05%).
Rashes, anorexia, (eight cases each, 0.4%) fever
and chills related to infusion (94 cases, 4.6%)
and hypothermia (1 case, 0.05%) were also
reported. (See Table 5.)

Liposomal amphotericin B

We identified six trials and 11 treatment arms
for liposomal amphotericin B (AmBisome®).
There were two comparative trials (two arms),
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three dose-finding (eight arms) and one non-
comparative. A total of 476 patients were
enrolled (8.3% of the database) and 474
patients were evaluable (8.8% of evaluable
patients). (Tables 1 and 2; Figures 5 and 6.)

The dose-finding trial Sundar AmBi single vs
daily 2001 had cure rates of 91.3% by both ITT
and PP (46 patients) for group 1(5 mg/kg as
single infusion). For group 2 (1 mg/kg for 5
days) the cure rates are 93.3% by both ITT and
PP (45 patients). For Sundar AmBi, 3 regimens
2002 the cure rates are 89.3%, 92.9% and 96.4%
by both ITT and PP for group A (0.75 mg/kg
per day for 5 days (cumulative dose, 3.75
mg/kg) group B (1.5 mg/kg per day for five
days (cumulative dose, 7.5 mg/kg) and group
C (3.0 mg/kg per day for five days
(cumulative dose, 15.0 mg/kg) respectively.
(All three groups had 28 patients each.) In the

case of Thakur AmBi,3 regimens 1996 group
1(2mg/kg on days 1 to 6, and 10 (total dose 14
mg/kg) and group 3 (2mg/kg on days 1, 5 and
10 (total dose 6 mg/kg) (10 patients each) had
cure rates of 100% by both ITT and PP. Group
2 (2mg/kg on days 1,2,3,4and 10 (total dose 10
mg/kg) had a cure rate of 90% and 100% by
ITT and PP respectively. For Sundar AmphB,
Conv vs lipid 2004 (51 patients) (2 mg/kg/day
for five days), the cure rates were 96.1% and
98% by ITT and PP respectively. Cure rates
were 100% by both ITT and PP for Thakur
AmBi vs AmphB 2001 (17 patients) (15 mg/kg,
single dose). The trial Sundar AmBi non-comp
2003( 7.5mg/kg single infusion) had cure rates
of 90.1% by both ITT and PP (203 patients).
(Table 3.) Figure 14 depicts the efficacy of
AmBisome.

Efficacy of AmBisome regimens (6-month ITT success rate, 95%Cls)
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Figure 14. Efficacy of AmBisome regimens (6 month ITT success rate, 95% Cls)
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Safety: The most common adverse event was
infusion-related fever and chills (78 cases, 16.3%).
Other adverse events included rigors (49 cases from
two studies, 10.3%), vomiting (34 cases from 3
studies, 7.15%) and backache (10 cases from 2
studies, 2.1%). (See Table 5.)

Comparative trials: Amphotericin B deoxycholate
was compared to other treatments in eight trials
(nine comparisons: miltefosine=3; paromomycin=1;
AmBisome=2; sodium stibogluconate=3) involving
a total of 1675 patients (Figure 14) There was no
significant difference with miltefosine on either
aggregate data or individual comparisons and with
AmBisome. Amphotericin B was better than
paromomycin (only one study,
RR(95%CI)=0.22(0.05-0.94)). However, the study
was designed as a non-inferiority trial and
paromomycin was within the pre-defined delta to
declare it not inferior to amphotericin B.
Amphotericin B was consistently more effective
than sodium stibogluconate (aggregate RR(95%CI)
0.02(0.00-0.11). There was no  significant
heterogeneity (Table 4). All comparisons display
around the line of equality in the L’Abbé plot
except the three studies against sodium
stibogluconate (Figure 14).

Discussion and conclusion

Our analysis shows amphotericin B deoxycholate is
effective but impractical, as it requires 15 injections
and 30 days in hospital and is associated with both
infusion-related and delayed toxicities.
AmBisome® is safer than plain amphotericin B and
is very effective. Miltefosine is as effective as
amphotericin B and is the only drug that has been
tested in a Phase 4 study; in these conditions,
effectiveness ~ was  lower  than  efficacy.
Paromomycin is effective both alone and combined
with sodium stibogluconate and was shown not to
be different from amphotericin B using a non-
inferiority trial design (the direct comparison used
here may not be appropriate.) Sodium
stibogluconate is clearly lost to parasite resistance
in Bihar but recent data from other areas were not
available. The only study from Bangladesh (27) was
done in 1988-1990 but published in 1993.

Limitations

Limitations of the review

In review only three studies done outside India
could be identified, all on sodium stibogluconate,
none recent, and none on any of the three drugs
(AmBisome®, miltefosine and paromomycin) that
the review found were potentially beneficial for the
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elimination campaign. It is unlikely that any
studies were missed. While the results of this
systematic review are up to date, comprehensive
and informative for the elimination campaign in
India, it has little more to offer for Bangladesh and
Nepal in terms of current status of sodium
stibogluconate responsiveness of Leishmania
isolates and in terms of efficacy and effectiveness of
other leading drugs in those countries. A limitation
with respect to Bangladesh and Nepal is the lack of
studies for drugs other than sodium stibogluconate.

Limitations of the included studies

All studies meeting the inclusion criteria were
included, regardless of quality. Extracting full
information on the quality of studies and methods
was not always easy. Not all studies gave sufficient
information on patient attrition, numbers enrolled,
and those that were evaluable (intent to treat versus
per protocol analysis). Safety was also unevenly
reported. This limitation does unfortunately reduce
the strength of the evidence for the effectiveness of
the treatments evaluated in this review.
Implications for public health, practice and further
research.

Rigorously conducted reviews of data on the
effectiveness of health care interventions are a
valuable tool to assist and inform policy, practice
and research decisions. This is the first systematic
review of clinical studies done in the Indian
subcontinent that includes studies from Nepal and
Bangladesh. This systematic review confirms that
safe and efficacious treatment options are currently
available in India and should be tested and made
available in Nepal and Bangladesh. The findings of
this review indicate that treatment policies should
consider the use of AmBisome, miltefosine and
paromomycin.

Miltefosine is the only oral drug and India was the
first country to approve its use in 2002 (36). The
Phase 4 clinical trial published in June 2007
supports its use in an outpatient setting where VL
is endemic (24). Changing to an ambulatory setting,
from the current inpatient treatment for VL patients
in India, would allow reaching out to more patients
who would otherwise receive no or inappropriate
treatment - a major factor for the success of the
elimination programme.

The oral bioavailability of miltefosine is both a
blessing and a curse, as this facilitates coverage but
can lead to misuse which can be deleterious to the
drug's safety and therapeutic lifespan (42).
Therefore, miltefosine should only be distributed
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under supervision by properly educated
prescribers. Currently, a few days’ supply of
miltefosine can be bought from retail medical shops
without a prescription (4,36). Patients not aware of
the consequences of incomplete treatment,
contraindications and adverse effects, will tend to
buy a few days worth of medication and will
discontinue treatment as soon as the symptoms are
relieved (42), which will inevitably lead to
resistance and toxicity (43).

There is a concern regarding use of miltefosine in
women of child bearing age. In this subcontinent
the correct status of pregnancy is not known to
many women. Ensuring effective contraception
during treatment and afterwards for a reasonable
time period is mandatory. In current socioeconomic
conditions women cannot always decide their time
of conception. A long acting contraceptive such as
IM injections should be practised routinely to avoid
any accidental mishap when other forms of
contraception are not possible (42).

The cost of a full miltefosine course is US$145 for
an adult private patient (4,42). A special discount
(US$64 for a full course treatment) was obtained
through WHO for approximately 20,000 treatments
(36). However, a definitive agreement on pricing
has not been reached.

Paromomycin is an old aminoglycoside which
compares well in terms of efficacy and safety to the
other leading treatments. Its main advantage is the
very competitive price (US$10 for an adult
treatment). On the other hand, the main drawback
is three weeks of daily injections (though costs,
burden to health providers and inconvenience to
patients can be reduced by treating on an
outpatient basis) (4).

More emphasis should be placed on the potential
role of AmBisome® and the necessity of a reduced
or subsidized price. Even after the current
reduction of price, it is still beyond the reach of the
poor in the Indian subcontinent. It is the most
effective and safe drug but needs to affordable.
Liposomal amphotericin B is very effective at 10-
15mg/kg given at multiple doses. The single dose
is appealing for practical and cost reasons but it
will leave around 10% of patients untreated and
may trigger parasite resistance.

There are both theoretical foundations and clinical
evidence in favour of the use of combination
therapies to protect antileishmanial drugs,
especially in areas of anthroponotic transmission,
like the Indian subcontinent where resistance could
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spread quickly (44). Despite the high efficacies of
miltefosine, =~ paromomycin and  liposomal
amphotericin B, there is always the danger of
resistance developing with time, particularly if the
dose adopted is too low or adherence is sub-
optimal.  Therefore, short-course  multidrug
regimens should be developed to ensure
compliance and prolong the useful lifespan of these
drugs. Overall dose and duration of treatment can
be reduced by combining two drugs, which will
result in lower direct and indirect cost to the
patient. If an oral drug is part of the combination,
hospitalization may be limited to the initial few
days, with the patient continuing treatment at
home, and returning to the hospital for check ups
and weekly supplies of medication, using a
tuberculosis-like DOT (directly observed treatment)
strategy. Evidence is available to support the
combination of antileishmanial drugs. (49) High
cure rates can be achieved with a shortened course,
as indicated in the trial of paromomycin with a
failing sodium stibogluconate and a more recent
Phase 2 trial of the sequential treatment with
AmBisome followed by 7-14 days of miltefosine
which produced cure rates of 96% or greater (49).

Drugs are not the only control tool; other policy
measures like active case finding and treatment,
effective vector control, patient education are
paramount to the success of the vsceral
leishmaniasis elimination programme.

There is a clear need to document efficacy and
safety of treatment options outside India. Only two
studies, both on sodium stibogluconate, were done
in Nepal and none in Bangladesh during 1990-2006
(the study from Bangladesh was published in 1993
but done earlier). There is a lack of information on
whether the efficacy of sodium stibogluconate has
decreased in Bangladesh and Nepal as it did in
Bihar, and no information on miltefosine (which is
the recommended treatment choice) and other
drugs like AmBisome and paromomycin.

Once drugs are distributed, monitoring their use,
compliance, safety and tolerability through
pharmacoepidemiology and pharmacovigilance is
essential. The safety profile in practice may be
different from the controlled conditions of clinical
trials, where difficult patients are excluded and
adherence and practices optimized. In addition,
rare events will only be seen after large numbers of
patients are exposed. We need more data on the
effectiveness of drugs when used in a real life
setting.
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Summary boxes

What has been learned from this review?

Approximately 60% of the annual global burden of VL occurs in the Indian subcontinent.
Current treatment modalities include drugs injected intravenously (amphotericin B
deoxycholate or in lipid formulations) or intramuscularly (paromomycin, and sodium
stibogluconate) and an oral drug (miltefosine).

Liposomal amphotericin B (AmBisome®) is safer than basic amphotericin B and is effective
but is also very expensive.

Miltefosine is as effective as amphotericin B and is the only oral drug and the only drug that
has been tested in a Phase 4 study; in these conditions, effectiveness may be lower than
efficacy in trials, when drug intake is supervised.

Paromomycin is effective both alone and combined with sodium and is very cheap but must
be given by injection; it has been shown not to be different from amphotericin B using a non-
inferiority trial design.

Implications for public health practice

This systematic review confirms that safe and efficacious treatment options are currently
available in India and these should be tested and made available in Nepal and Bangladesh.
Treatment policies should consider the use of AmBisome, miltefosine and paromomycin.
Sodium stibogluconate is lost to resistance in Bihar, but there is no recent information from
outside India.

Miltefosine should only be distributed under the supervision of educated prescribers to avoid
misuse and in order to maximize its therapeutic lifespan (limit the risk of resistance and
serious toxicities.)

Prices of drugs need to reduced or subsidized by the government so as to reach as many
patients as possible.

Priority research areas

Clinical research is needed to identify suitable treatment options in Nepal and Bangladesh, as
well to determine resistance to sodium stibogluconate.

Drug combinations need to be tested in order to protect drugs against resistance and prolong
their lifespan of effective use.

Research on the effectiveness of drugs when used in a real life setting, should be conducted,
as conditions in practice are different from the controlled conditions of clinical trials.

Strong, active and continuous pharmacovigilance is needed when new drugs are distributed
to document safety and rational use.

The methodological quality and consistency of clinical trials is paramount.

More emphasis should be given to the systematic collection of clinical and laboratory safety
information.
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