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Abstract
Background: Treatment of post‑kala‑azar dermal leishmaniasis cases is of paramount importance for 
kala‑azar elimination; however, limited treatment regimens are available as of now.
Aim: To compare the effectiveness of liposomal amphotericin B vs miltefosine in post‑kala‑azar dermal 
leishmaniasis patients.
Methodology: This was a randomized, open‑label, parallel‑group study. A total of 100 patients of post 
kala azar dermal leishmaniasis, aged between 5 and 65 years were recruited, 50 patients in each group 
A (liposomal amphotericin B) and B (miltefosine). Patients were randomized to receive either liposomal 
amphotericin B (30 mg/kg), six doses each 5 mg/kg, biweekly for 3 weeks or miltefosine 2.5 mg/kg or 100 
mg/day for 12 weeks. All the patients were followed at 3rd, 6th and 12th months after the end of the treatment.
Results: In the liposomal amphotericin B group, two patients were lost to follow‑up, whereas four 
patients were lost to follow‑up in the miltefosine group. The initial cure rate by “intention to treat analysis” 
was 98% and 100% in liposomal amphotericin B and miltefosine group, respectively. The final cure rate 
by “per protocol analysis” was 74.5% and 86.9% in liposomal amphotericin B and miltefosine, respectively. 
Twelve patients (25.5%) in the liposomal amphotericin B group and six patients (13%) in the miltefosine 
group relapsed. None of the patients in either group developed any serious adverse events.
Limitations: Quantitative polymerase chain reaction was not performed at all the follow‑up visits and 
sample sizes.
Conclusion: Efficacy of miltefosine was found to be better than liposomal amphotericin B, hence, the 
use of miltefosine as first‑line therapy for post‑kala‑azar dermal leishmaniasis needs to be continued. 
However, liposomal amphotericin B could be considered as one of the treatment options for the elimination 
of kala‑azar from the Indian subcontinent.
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Introduction
Post‑kala‑azar dermal leishmaniasis is a skin disorder, 
commonly occurring in poor people living in a rural area. 
It occurs in 5–10% of treated visceral leishmaniasis cases 
within 6 months to 2 years of receiving treatment.1 Female 
sandfly Phlebotomus argentipes is the responsible vector 
for transmission of this disease. Other than skin rashes 
post‑kala‑azar dermal leishmaniasis patients are apparently 
healthy1. Macular, papular, nodular lesions or mixture of 
these are the common clinical presentations of the disease. 
It may occurs all on over the body but is most commonly 
seen on the face. Earlier it was reported to occur among 
patients receiving treatment with sodium antimony gluconate 
for their visceral leishmaniasis episode. But a recent study 
has documented its occurrence with all the available 
antileishmanial drugs such as miltefosine, paromomycin, 
liposomal amphotericin B and even with combination therapy 
of miltefosine‑paromomycin.2‑5

Miltefosine is the only leishmanicidal drug used orally for 
the treatment of post‑kala‑azar dermal leishmaniasis. It 
is recommended as first‑line therapy for the treatment of 
post‑kala‑azar dermal leishmaniasis in India. It is used in 
children in the dose of 2.5 mg/kg/day and for adults 100 mg/day 
for a period of 12  weeks.6 As with other antileishmanial 
therapy it also has several limitations. It is associated with 
gastrointestinal side effects and poor treatment adherence. 
Besides, it is also contraindicated in pregnant and lactating 
women.6 Amphotericin B is another therapeutic option and 
can be used in patients in whom are have contraindicated 
with miltefosine cannot be used. It is used at a dose of 1 mg/
kg for 60–80 infusions.7 It is also found to be effective at a 
low dose of 0.5 mg/kg and 0.75 mg/kg.8,9 Like miltefosine, it 
also has some limitations. Nausea, vomiting, fever, rigors and 
nephrotoxicity are some of the commonly occurring adverse 
drug reactions associated with this therapy.7

Methodology
Study design and sample size
This was a prospective, open‑label, randomized, 
parallel‑group study. Due to the limited availability of 
resources, actual sample size calculation was not attempted.

Patients of both genders, aged between 5 and 65  years 
were enrolled in the study. Baseline evaluations of all the 
participants were done which included complete hemogram, 
liver function test  (alanine aminotransaminase/aspartate 
aminotransaminase, bilirubin), kidney function test  (serum 
urea and creatinine) and serum electrolytes  (sodium 
and potassium). Patients, seropositive for human 
immunodeficiency virus, hepatitis B and C, tuberculosis, 
suffering from any malignancy and any other infectious 
diseases were excluded from the study. Pregnant or lactating 
women were also excluded. Patients were randomized 
based on sequentially numbered sealed envelopes prepared 
from a computer‑generated randomization sequence. 

Clinical examination of skin lesions and positive immuno 
chromatographic rK39 strip test was used for screening of 
post‑kala‑azar dermal leishmaniasis cases. All the potential 
patients were further processed through microscopical 
observation of parasites through a slit‑skin smear after Giemsa 
staining and by quantitative polymerase chain reaction study. 
Gradation of the parasitic burden in skin smear microscopy 
was done as per the World Health Organization criteria.10 
Only quantitative polymerase chain reaction positive cases 
were included in the study. The diagnosis was confirmed by 
measuring the parasitic burden by using quantitative real‑time 
polymerase chain reaction using SYBR green technology.11 
A parasitic load of 15/µg of DNA  (cycle threshold value 
33) was considered to be a positive case for post‑kala‑azar 
dermal leishmaniasis. The amplification curve for standard 
in quantitative polymerase chain reaction studies is presented 
in Figure 1. The quantitative polymerase chain reaction was 
performed at diagnosis and 12‑month follow‑up.

A total of 126  patients were screened for eligibility and 
seven patients did not agree to take part in the study. Another 
19  patients were excluded for not fulfilling the eligibility 
criteria. Thus, a total of 100  patients were enrolled in the 
study, 50  patients in each of the groups A and B. Patients 
were randomized to receive liposomal amphotericin B for a 
total dose of 30 mg/kg, administered in six doses of 5 mg/kg, 
biweekly for 3 weeks  (group A) or miltefosine in the dose 
of 2.5 mg/kg or 100 mg/day for 12 weeks (group B). All the 
patients in group A were admitted for the entire duration of 
treatment (3 weeks), whereas patients in group B were given 
miltefosine for 28  days and discharged from the hospital. 
They were advised to return after 28 days. This was repeated 
in each subsequent course. All patients (both groups A & B) 
were requested to come for follow‑up visits at 3, 6 and 12 
months after the end of treatment.

Study setting
This study was done at the Rajendra Memorial Research 
Institute of Medical Sciences, Indian Council of Medical 
Research, Patna, India from March 2017 to October 2018. 
This study was approved by the ethical committee of 
Rajendra Memorial Research Institute of Medical Sciences, 
Patna. The study was performed in compliance with the 
protocol. Written informed consent was obtained from all the 
participants. Consent was also obtained from legal guardians 
in the case of minor patients. Informed consent was presented 
in the Hindi language.

Efficacy
Efficacy was measured by the initial and final cure. The 
initial cure was defined as the disappearance of nodular 
and papular lesions and/or no appearance of new macular 
lesions together with grade 0 parasitemia score in skin tissue 
after treatment. The final cure was defined as complete 
disappearance of all papular/nodular lesions, complete 
or almost complete resolution of macular lesions, no 
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reappearance of new lesions and grade 0 parasitemia scores 
or insignificant parasitic burden in the skin at 12‑month 
follow‑up. Therapeutic failure was considered when there 
was no improvement of dermal lesions after treatment as 
well as positive parasitemia scores in skin biopsy, whereas 
the appearance of a new lesion in skin together with positive 
parasitemia score within 12 months of follow‑up was 
considered as relapse.

Safety
Patients in group A were kept under close supervision for 
the identification of any adverse events on a daily basis. All 
the biochemical and hematological investigations which 
included complete hemogram, liver function test  (alanine 
aminotransaminase/aspartate aminotransaminase, bilirubin), 
kidney function test  (serum urea and creatinine) and serum 
electrolytes (sodium and potassium) were done once at every 
week till treatment completion in case of group A. Whereas, 
in group B these tests were performed once at every 4 weeks. 
These investigations were also repeated at 3, 6 and 12 months 
follow‑up visits.

Rescue therapy
Amphotericin B in the dose of 1 mg/kg bodyweight for 60–
80 infusions in 5% dextrose on alternate days at a 15‑day 
interval was the rescue treatment in cases of relapse or 
treatment failure.

Statistical Analysis
Data were analyzed using SPSS software  (version  16). 
Descriptive statistics were used to describe continuous 
variables under the study. Intention‑to‑treat and per protocol 
analyses with 95% confidence interval were used for 
estimation of initial and final cure rate. A Chi‑square test was 
used for categorical variables. A probability value of < 0.05 
was considered statistically significant.

This study was registered with the Clinical Trials 
Registry‑ India (CTRI), number CTRI/2018/05/014015.

Results
Study subjects comprised 19 men and 31 women in group 
A, whereas group B consisted of 37 men and 13 women. 
Mean (±SD) age of the participants in groups A and B were 

23.4  (± 12.8) years and 28.9  (±18.7) years, respectively. 
Eighty nine patients  (89%) had a past history of visceral 
leishmaniasis and eleven patients  (11%) did not report a 
history of having been treated for visceral leishmaniasis. 
Forty three patients had been treated with sodium antimony 
gluconate, ten with miltefosine, nine with liposomal 
amphotericin B and five with amphotericin B for their past 
illness of visceral leishmaniasis. Remaining 22 patients were 
not aware of their treatment history. Seventy patients had 
monomorphic lesions  (either macular, papular or nodular) 
and 30 had a mixture of macular, papular and nodular lesions. 
The details of clinicoepidemiological profiles of both groups 
are depicted in Table 1.

Efficacy
Two patients from the liposomal amphotericin B group did 
not turn up for follow‑up visits, whereas in the miltefosine 
group, four patients were lost to follow‑up. In the liposomal 
amphotericin B group, upon completion of treatment, all the 
papular and nodular lesions disappeared; however, macular 
lesions persisted as it takes longer time for repigmentation. 
The same was also observed in the miltefosine group. All 
the papular and nodular lesions disappeared on completion 
of treatment and macular lesions took the longest time to 
disappear. At the 3‑month follow‑up, all the papular and 
nodular lesions healed completely and macular lesions 
were faded and decreased in number and no new lesions 
reappeared in both the groups. At the 6‑month follow‑up, 
macular lesions had almost disappeared in both the groups 
except that one patient in group A developed new lesions. 
However, the quantitative polymerase chain reaction of this 
patient was found to be negative.

At the time of diagnosis, all the patients were highly 
parasitemic (median parasitic score of Group A and B were 
6312 parasites/µg of DNA and 6088 parasites/µg of DNA, 
respectively). At the 12‑month follow‑up, all the patients in 
group B had negligible parasites except in six relapsed cases. 
The mean parasitic scores of these 6 cases were 17 parasites/
µg of DNA. Similarly, apart from 12 relapsed cases  (mean 
parasitic score was 19 parasites/µg of DNA) all the patients 
in group A had negligible parasites. Relapsed cases in both 
groups had reappearance of lesions. The standard curve for 
the quantitative polymerase chain reaction and patients’ flow 
diagram are presented in Figures 1 and 2, respectively.

An initial cure was achieved in 49 patients in the liposomal 
amphotericin B group and all 50 patients in the miltefosine 
group. The initial cure rate by intention to treat analysis was 
98% and 100% in liposomal amphotericin B and miltefosine 
group, respectively. The final cure rate by per‑protocol 
analysis was 74.5%  (95% confidence interval 59.4–85.6%) 
and 86.9%  (95% confidence interval 73.05–94.6%) in 
liposomal amphotericin B and miltefosine group, respectively. 
A representative example of a cure in both the regimens is 
presented in Figures 3 and 4. Twelve patients (25.5%) in the Figure 1: Standard curve for quantitative polymerase chain reaction
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liposomal amphotericin B group and six patients  (13%) in 
the miltefosine group relapsed. The treatment response of 
two different groups is presented in Table 2. All the relapsed 
cases were treated with amphotericin B in a dose of 1mg/kg 
alternate days for 60–80 infusions.

Safety
A total of 41 (82%) patients in group A and 28 (56%) in group 
B experienced adverse events. Vomiting was the predominant 
adverse effect occurring in 18  patients in the miltefosine 
group, whereas only nine patients experienced the same in the 
liposomal amphotericin B group. Elevated hepatic enzymes 
were observed in 9 patients in group A and 11 patients in group 
B. Increased serum creatinine was observed in nine patients 
and seven patients in group A and group B, respectively. 
Hypokalemia, which was one of the limiting factors with 
the usage of liposomal amphotericin B, was found in six 
patients; however, these patients were asymptomatic. Low 
back pain was experienced by three patients in the liposomal 
amphotericin B group. All the adverse effects were either 
common terminology criteria grade I or II and did not require 
any major intervention or dose modification. Other adverse 
effects experienced by both the groups were anorexia, pain in 
abdomen/back, headache, gastritis, etc. None of the patients 
experienced any serious adverse events. The details of the 
occurrence of adverse effects during the entire study duration 
are presented in Table 3.

Discussion
All the treatment options available for post‑kala‑azar dermal 
leishmaniasis are of longer duration, expensive and associated 
with several side effects and contraindications. Therefore, it 
is the need of the hour to find a safe, short course, affordable 
and cost‑effective therapeutic regimen for post‑kala‑azar 
dermal leishmaniasis, especially when we are on the verge 
of kala‑azar elimination. It has also been emphasized in 
many published literature to find out a that a short course, 
safe and affordable therapeutic option for the treatment of 
post‑kala‑azar dermal leishmaniasis is urgently the need of 
the hour. Liposomal amphotericin B has been recommended 
as a first‑line therapeutic option for the elimination of 
kala‑azar from the Indian subcontinent due to its good safety 
and efficacy profile. In Ethiopia, liposomal amphotericin B 
has been tried in different doses ranging from less than 24 mg/
kg to 35 mg/kg (total dose) in the treatment of severe visceral 
leishmaniasis cases.12 The initial cure rate was found to be 
96.7% at with a high dose (24‑35 mg/kg total dose) versus 
80.2% using a low dose (<24 mg/kg total dose). These results 
indicate that a higher dose produces a better therapeutic 
outcome. Hypokalemia and infusion‑related reactions were 
the common adverse events occurring in both groups.12 In a 
recent study, under the Médecins Sans Frontières program 
in Bangladesh large number of post‑kala‑azar dermal 
leishmaniasis cases  (approximately 1400) were treated on 
an ambulatory basis with liposomal amphotericin B with a 
total dose of 30 mg/kg body weight.13 Subsequently, another 

study from the same region was tried conducted by reducing 
the to a total dose to 15 mg/kg in post‑kala‑azar dermal 
leishmaniasis patients.13 In both studies, treatment outcome 
was satisfactory and none of the patients experienced any 
serious adverse events. In both the above mentioned studies, 
diagnosis and the therapeutic outcome were based on clinical 
evaluation and no parasitological assessment was done. 
Besides, laboratory investigations for safety evaluations 
were not performed. In this study, we aimed to assess the 
comparative efficacy and safety of liposomal amphotericin 
B for a total dose of 30 mg/kg given in six doses of 5 mg/kg 
biweekly regimen over 3 weeks vs miltefosine at a dose 2.5 
mg/kg or 100 mg/day for 12 weeks in post‑kala‑azar dermal 
leishmaniasis patients.

Liposomal amphotericin B is a liposomal preparation of 
conventional amphotericin B. It was formulated to minimize 
some major drawbacks such as nephrotoxicity, associated 
with the conventional preparation. It acts by binding with 
the cell membrane component, ergosterol, resulting in an 
alteration of cell membrane permeability followed by cell 
death. Due to the excellent safety and efficacy profile of 

Table 1: Demographics and clinical characteristics of the 
study participants

Variables Group A Liposomal 
amphotericin B 

(n=50), n (%)

Group B 
Miltefosine 

(n=50), n (%)
Mean age (±SD) 23.4 (±12.8) 28.9 (±18.7)
Gender

Male 19 (38) 37 (64.9)
Female 31 (62) 13 (22.8)

History of VL
Yes 46 (92) 43 (86)
No 4 (8) 7 (14)

Past treatment for VL
SAG 20 (43.5) 23 (53.5)
Miltefosine 6 (13) 4 (9.3)
Liposomal 
amphotericin B

4 (8.7) 5 (11.63

Amphotericin B 4 (8.7) 1 (2.3)
Unknown 12 (26.1) 10 (23.3)

Type of lesions
Monomorphic 34 (68) 36 (72)
Polymorphic 16 (32) 14 (28)

VL: visceral leishmaniasis; SAG: sodium antimony gluconate; n: total number 
of patients; SD: standard deviation

Table 2: Response to treatment with two different groups

Response Group A (n=50), 
n (%)

Group B (n=50), 
n (%)

P

Initial cure 49/50 (98) 50/50 (100) -*
Final cure 35/47 (74.5) 40/46 (86.9) 0.00
Relapse rate 12/47 (25.5) 6/46 (13.0) 0.00
*Statistical comparison could not be performed due to lack of even frequency 
distribution



Pandey, et al.� Efficacy and safety of amBisome versus miltefosine in post‑kala‑azar dermal leishmaniasis

Indian Journal of Dermatology, Venereology and Leprology | Volume 87 | Issue 1 | January-February 202138

liposomal amphotericin B it has been considered by the World 
Health Organization as the first‑line choice of drug for the 
elimination of kala‑azar from the Indian subcontinent. The 
Government of India plans to eliminate kala‑azar by 2020. 
The main objective of this elimination program includes 
quick diagnosis and vector management with insecticidal 
residual spray as well as treatment of post‑kala‑azar dermal 
leishmaniasis cases. The same therapy has also been adopted 
by the Indian vector‑borne disease control program. This drug 
has been recommended as single‑shot preparation of 10 mg/
kg for visceral leishmaniasis to meet the elimination target 
rapidly. Apart from its effectiveness, liposomal amphotericin 
B also has a higher compliance rate due to single‑dose 
formulation, is suitable for pregnant and lactating women 
and can also be used in children. 14 It requires a shorter period 
of hospitalization and is convenient to use in a rural hospital 
for the treatment of visceral leishmaniasis. 15 Miltefosine, 
being convenient oral formulation and having satisfactory 
treatment outcome, has been placed as a first‑line therapeutic 

regimen for post‑kala‑azar dermal leishmaniasis. Without 
treatment of post‑kala‑azar dermal leishmaniasis cases 
kala‑azar elimination will not be achieved as post‑kala‑azar 
dermal leishmaniasis cases are considered as a reservoir of 
Leishmania parasites.

With regard to the safety profile, the incidence of adverse 
effects in the liposomal amphotericin B group was found to 
be high when compared to the miltefosine group. This could 
be because all the patients in the liposomal amphotericin 
B group remained hospitalized throughout the treatment 
course, whereas patients receiving miltefosine were treated 
on an ambulatory basis. Vomiting was found to be the most 
commonly occurring adverse effects experienced by the 
patient in the miltefosine group, whereas, the incidence of 
vomiting in the liposomal amphotericin B group was found 
to be less. Gastrointestinal side effects are well‑known side 
effects associated with miltefosine therapy. However, none 
of the patients in either group was withdrawn from the 

Figure 2: Patients’ flow diagram
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study due to adverse effects. All the adverse effects were 
common terminology criteria grade I or grade II. None of the 
patients experienced grade III or grade IV adverse effects. 
Nephrotoxicity, which is the most common side effect 
associated with amphotericin B, was experienced by nine 

patients in the liposomal amphotericin B group, whereas 
seven patients experienced the same in the miltefosine group. 
The serum creatinine level of all these patients in either 
group was between 1.2 and 2.5. The nephrotoxicity was 
managed by withholding the treatment until serum creatinine 

Figure 3a: PKDL patient before treatment with liposomal amphotericin B Figure 3b: After 12 months of treatment with liposomal amphotericin B 

Figure 4b: After 12 months of treatment with miltefosineFigure 4a: Macular lesions in a PKDL patient before treatment with miltefosine
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became normal. Mild hypokalemia was experienced by six 
patients in the liposomal amphotericin B group and only one 
patient in the miltefosine group. The hypokalemic patients 
were asymptomatic and none of the patients developed 
rhabdomyolysis. All the adverse effects were managed within 
the hospital settings. None of the patients developed any 
serious adverse events.

Efficacy of liposomal amphotericin B therapy was found to be 
satisfactory (cure rate 74.5%) but lesser than miltefosine (cure 
rate 86.9%). Our results were similar to that of Moulik et al.16 
Relapse rate for miltefosine therapy in our study was found to 
be 13%. In a study by Ramesh et al., the relapse rate increased 
to 15% (11 relapses) from 4% between 12 and 18 months.17 
In an earlier study by Sundar et al., miltefosine 100 mg/kg 
cure rate was found to be 93% at 12 weeks. 18 Another study 
by Ramesh et al., reported similar results with 26 patients. 

19 Liposomal amphotericin B in the dose of 2.5 mg/kg daily 
for 20 days in Sudanese post‑kala‑azar dermal leishmaniasis 

cases showed the final cure rate to be 83% without any 
adverse events. 20 In a recent study in Bangladesh, with 273 
post‑kala‑azar dermal leishmaniasis patients, treated with 
liposomal amphotericin B {total dose of 15 mg/kg body 
weight}, complete or major improvement of skin lesions was 
observed in an even higher proportion (89.7%) of patients. 11

Limitations
The major limitation of this study was the sample size. 
Quantitative polymerase chain reaction was not performed at 
the completion of treatment and at 3‑ and 6‑month follow‑ups.

Conclusion
Efficacy of miltefosine was found to be superior compared 
to liposomal amphotericin B. Therefore, continued use 
of miltefosine as a first‑line therapy for the treatment of 
post‑kala‑azar dermal leishmaniasis is recommended. 
However, liposomal amphotericin B may be considered as 
one of the options for the treatment of post‑kala‑azar dermal 
leishmaniasis for whom miltefosine is contraindicated. 
Controlled clinical trials with larger sample size are warranted 
to verify the effectiveness of this therapy in post‑kala‑azar 
dermal leishmaniasis. Future studies with the combination 
of liposomal amphotericin B with miltefosine at different 
dosages can be tried to explore the efficacy and safety of this 
combination regimen for a shorter course.
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