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Abstract

Background: Leishmaniasis is a parasitic infection that may lead to a variety of

manifestations. In Iran, cutaneous leishmaniasis (CL) has a high prevalence.
There are many treatment modalities for CL. The use of oral terbinafine in the
treatment of CL has recently been considered. The aim of this study was to
Keywords:
compare combination of oral terbinafine plus cryotherapy versus systemic meLeishmaniasis,
glumine antimoniate plus cryotherapy in CL.
Oral terbinafine,
Methods: Patients with proven direct smear for CL were divided randomly in 2
Systemic glucantime,
groups of 40 cases. For the first group systemic glucantime prescribed (IM, 15
Cryotherapy,
mg/kg/day) for 3 weeks. For the second group oral terbinafine as two folds of
Iran
usual dose in the treatment of fungal diseases prescribed [125 mg/day for body
weight (BW) <20 kg, 250 mg/day for BW 20-40 kg, 500 mg/day for BW>40
*Correspondence Email:
kg] for 4 weeks. Both groups received cryotherapy every 2 weeks for 4 weeks.
ms_mostafavi@yahoo.com The patients were followed monthly for 3 months after the treatment.
Results: Partial (HR= 0.55, CI 95%= 0.3-1.1) and complete (HR= 0.53, CI
95%= 0.3-0.98) clinical improvement in terbinafine group was much slower
than glucantime group, although at the end of treatment protocols no significant difference between groups were statistically observed (P=0.27).
Conclusion: Considering more convenient suitable route of administration and
approximately comparable results, it seems that terbinafine can be used as an
alternative treatment, especially in the case of allergy or resistance to systemic
glucantime.
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Introduction

O

ne of the most important public
health problems is leishmaniasis,
which is due to a range of diseases
from self-limited cutaneous lesions to the fatal
visceral one. Leishmaniasis is a vector born
disease that is transmitted by sand fly. A parasite named Leishmanina causes the disease that
has many types, which are endemic for special
regions like L.amzonesis, L.donovani, and
L.mexicana in the Latin America. L.tropica the
cause of anthroponotic cutaneous leishmaniasis, ACL is particularly prevalent from (CL)
patients in Kerman province, southeastern
Iran (1-3).
Systemic pentavalent antimoniates have
been used as the first line therapy of leishmaniasis for more than eighty years. Although, the
drugs are effective (about 30%) (4), but their
adverse effects such as fatal cardiotoxicity,
myalgia, pancreatitis, and elevated serum amylase, lipase and liver enzyme levels etc. limit
their usage. Besides, their painful injections are
another limitation of the drug, especially in
children. Hence, presenting new methods to
cure this neglected disease is considered in
many investigations.
One of the new modified treatments for CL
is miltefosine.). It is an anti-neoplastic agent
and a membrane active phospholipid derivative (5,6).The phosphocholine analogue
demonstrated in vivo and in vitro activity
against different species of Leishmania (5).
The discovery of using some antifungal
agents as a leishmanicidal has been assessed.
In 1990s, several studies focused on the effect
of antifungal agents such as clotrimazole, ketoconazole and terbinafine on various types of
Leishmania. A suppressive effect on Leishmania
promastigotes and amastigotes growth has
been appeared in vitro. Moreover, large multivesicular bodies have been found in the parasites by using the allylamine terbinafine and
azole, ketoconazole(7).
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Terbinafine inhibits the enzyme squalene
epoxidase, which converts squalene-to-squalene epoxide, and this reduction in squalene
epoxide leads to a decrease in ergosterol formation (8). Ergosterol is an essential component of Leishmania cell wall membranes. Furthermore, excess squalene damages cellular
membranes and may cause the release of lytic
enzymes from vacuoles. These actions may be
responsible for the leishmanicidal effect of
terbinafine in vitro (8).
Except of hepatitis, neutropenia, pancytopenia, Stevens-Johnson syndrome, loss of taste,
erythema multiforme and toxic epidermal
necrolysis, there were not any serious side effects for terbinafine (9).
The aim of this study was to evaluate the efficacy of oral terbinafine plus cryotherapy versus systemic glucantime plus cryotherapy in
the treatment of CL due to L. tropica.

Material and Methods
Study population

A randomize clinical trial was performed at
Afzalipour Hospital, Kerman University of
Medical Sciences, Iran, in 2011-12. The study
was registered on the Australian New Zealand
Clinical Trials Registry (No. ACTRN12609000114246).

A sample size of 40 participants per treatment group was planned, a probability of a
type I error at alpha =0.05 and beta=0.1 to
determine a 20% difference between topical
terbinafine compared with control group.
A total of 80 participants with proven direct
smear for CL were enrolled in this trial. Skin
scraping was taken from the margin of active
lesion, smeared on a glass slide, methanol
fixed, Giemsa stained and microscopically
checked for amastigote stage.
Inclusion criteria were as follows: They
should not have received any other leishmanicidal treatment during last three months. The
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duration of their lesions should be less than
six months. The participants between 2-60
years and without serious medical illness were
included.
The participants with cardiac, hepatic, renal
and other systemic diseases were excluded.
Pregnant and nursing women and those who
had hypersensitivity to trial drugs were
dropped out. All participants were aware of
the trial plans and all participants or their parents for those fewer than 18 years of old obtained informed consent.
Demographic data including age, sex, and
the number, location, type and the size of lesions, the presence of indurations and ulcer,
and the duration of lesions were recorded for
each patient.
Review board and Ethics Committee of
Kerman University of Medical Sciences approved the study, under number K-90/507.

Randomization

The randomization sequence was obtained
by the use of a randomization table. A simple
block randomization list with a block size of 4
was accumulated by a team member who was
not involved in the enlistment and follow-up
of the patients. The randomization allocation
concealment was carried out by sending the
randomization numbers in envelopes to a dermatologist who was responsible for giving the
assigned treatment after each patient was enrolled. This study was an assessor blind trial in
which the outcome assessor was unaware of
the drugs used by the patients.

Interventions and follow-up

Group A was treated with 125 mg/kg Ibd
(for less than 20 kg body weight), 250 mg/kg
Ibd (20-40 kg body weight), 500 mg/kg Ibd
(for more than 40 kg body weight) oral
terbinafine (lamisil® manufactured in Novartis
in Switzerland country with IRC number:
122803330) for 4 weeks and accompanied
with cryotherapy for every 2 weeks.
The other group (B) was treated with 15
mg/kg/day IM systemic Meglumine antimoni3

ate (glucantime® manufactured in Haupt
Pharma in France country with IRC number:
1228027161) for 3 weeks and using cryotherapy the same as group A.
Cryotherapy involved the application of liquid nitrogen via a cotton swab for 10–25 seconds until the lesion and 1–2 mm of surrounding normal tissue appeared frozen in
both groups.
Different modalities of treatment were not
given to the same patient in different lesions
(i.e. each patient received oral terbinafine plus
cryotherapy, or combined cryotherapy and
systemic glucantime).
Laboratory testing including complete blood
count (CBC), urea, creatinine, LFT(alkaline
phosphatase, alanine aminotransferase, aspartate aminotransferase, bilirubin total) were
performed for all participants at base line, in
the middle, and at the end of the treatment
course.
The improving rate determined by measuring indurations at baseline, in the middle (day
10th for glucantime group and day14th for
terbinafine group), and at the end of the study
(day 21st for glucantime group and day 28th for
terbinafine group). The size of indurations of
the lesions was measured in two perpendicular
directions based on Sokal method by an independent observer who was not aware of the
treatment options. To confirm the complete
improvement direct smear was done clinically
improved for all lesions. Clinical response was
determined based on the following criteria:
1) Complete improvement (decrease in induration size > 75%),
2) Partial improvement (decrease in induration size between 25% and 75%),
3) No improvement (decrease in induration
size < 25%).
A masked dermatologist reported the overall
treatment responses.
All participants were followed for 3 months
after completing the project, they were examined every month to assess the recurrence of
the lesions at the site of the previous lesions
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or around them and increasing the size of the
lesions after primary partial improvement.
We decided to crossover the patients who did
not respond to terbinafine to glucantime group.
While, they did not respond to glucantime,
other common remedies were used for them.

Statistical analysis

Having compared demographic and baseline
data of subjects in two groups, the data file
was converted to the long format in a way that
each record showed the data subject in one
session. Then, the size of each lesion was
computed based on its dimensions. In our
analysis, no response to treatment was defined
if the size of a lesion decreased less than 25%,
partial treatment if decreased between 25%
and 75%, and complete treatment if decreased
75% (complete re-epithelialization), compared
to its baseline area. Survival curves were calculated using the Kaplan–Meier method, and
hazard ratios were estimated using the Cox
proportional hazards model.
In order to compare subjects’ response to
treatments in each group, we used the Cox
regression model. Two types of models were
constructed: 1) the event of interest was complete treatment; 2) the event of interest was

partial treatment. Since the shape and location
of lesions, before treatment was significantly
different between the two groups, in Cox regression models, they were adjusted for, after
computing the crude Hazard Ratio (HR).
Similarly, the confounding effect of sex, the
duration, and the size of lesions before treatment were evaluated by this approach. These
analyses were done using Stata (version 11).

Results
Of eighty patients entered to the study, half
were in the terbinafine group (18 males and 18
females; the sex of four patients was unknown) and the other half of participants were
in the glucantime group (16 males and 18 females; the sex of six patients was unknown). No major clinical or laboratory parameter adverse effect was observed in the both groups
after treatment.
Participants’ mean age was 18.52 ± 17.3
years and the majority were female (n= 36,
51.43%). There was no significant difference
between both groups regarding baseline data
(Table 1).

Table 1: Comparing main characteristics of subjects classified by their received treatments
Variable

Terbinafine
(n=40†)
16.3 ± 14.8
3.97 ± 0.3
1.85 ± 1.31
4.15 ± 5.97

Glucantim
(n=40†)
20.74 ± 19.4
3.81 ± 0.3
1.93 ± 1.16
5.21 ± 10.65

P-value

Mean±SD of age (yr)
0.26
Mean±SD of duration of lesions (month)
0.70
Mean±SD of number of lesions
0.78
Mean±SD of the initial lesion size (mm2)
0.46
Sex n(%)
Male
18 (52.9)
16 (47.1)
0.061
Female
18 (50)
18 (50 )
Response to treatment*
No response
15
12
Partial
10
7
0.394
Complete
15
21
† As total sample size in each group was less than 100, crude numbers without percent are reported.
* Patients who had more than one lesion were completely treated if they had one or more lesions that
showed symptoms of complete response to treatment; patients were partially treated if they had no symptom
of complete treatment but showed symptoms of partial treatment in one or more lesions. Those who did not
show evidence of partial or complete treatment at all were considered as cases with no response to treatment
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Fig. 1: Median of initial lesion size in glucantime and terbinafine groups / * since each patient could have
more than one lesion, lesion codes are more than 80 (the total number of subjects)

Most participants had one lesion (terbinafine:
n=25, 62.5% vs. glucantime: n=19, 47.5%;
P=0.420), the most frequent location of the
lesions was on patients’ face (terbinafine: n=99,
45.8% vs. glucantime: n=93, 50%; P=0.035).
The lesions were most frequently in the shape
of nodules (terbinafine: n=123, 55.4% vs. glucantime: n=78, 37.5%; P<0.0001). Figure 1
shows box plot of initial lesion size in glucantime and terbinafine groups.
Having used Cox regression model, we found
that the trend of partial treatment in terbinafine
group was slower than glucantime group, but
this was not statistically significant (HR= 0.55,
CI 95%= 0.3-1.1; panel 1, left hand). Adjustment for the duration, location, size, and the
number of the lesions did not change the pattern. After adjustment for lesion shape (papule),
partial treatment in terbinafine group was significantly much slower than glucantime group
(HR= 0.48, CI 95%= 0.24-0.98) (Table 2).
The trend of complete treatment in terbinafine
group was significantly slower than glucantime

group (HR= 0.53, CI 95%= 0.3-0.98; panel 1,
right hand). Adjustment for the duration, location, shape, and the number of the lesions did
not change the pattern. In terbinafine versus
glucantime group, complete treatment was faster
in females rather than males; therefore, after adjustment for sex, complete treatment in terbinafine group became significantly much slower
than glucantime group (HR= 0.36, CI 95%=
0.19-0.69). In contrast, the larger lesions
achieved the complete treatment slower; therefore, adjustment for ulcer size accelerated the
speed of complete treatment in terbinafine versus glucantime group up to 15%, but it did not
change the direction of the pattern at all. After
adjustment for both confounders (sex and ulcer
size), the HR did not differ from the crude one
but it was not statistically significant anymore
(Table 2).
A Kaplan-Meier analysis indicated that the
difference in complete and partial treatment
between the treatment groups was not significant (Fig. 2).

Table 2: Comparing the crude and adjusted partial and complete response to treatments
Crude
Partial treatment
Complete treatment

5

0.55 (0.3-1.1)
0.53 (0.27-0.99)

Hazard Ratio (95% confidence interval)
Adjusted for the
Lesion Shape (Papule)
0.48 (0.24-0.98)
Sex
Ulcer size
Sex and Ulcer size
0.35 (0.19-0.69)
0.68 (0.37-1.28)
0.55 (0.29-1.06)
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Fig. 2: Development of Partial (Fig. a) and Complete (Fig. b) response to treatment in glucantime and
terbinafine groups

Discussion
There are many modalities to treat CL including physical, topical, systemic, immunotherapy etc. with different efficacies (10,11).
Miltefosine is an efficient drug for treatment
of CL in Iran. Although feasibility of miltefosine versus glucantime is applicable, it is expensive compared to glucantime (12). The use
of antifungal, to improve the CL lesions has
been recently considered, as they are safer
than the pentavalent antimoniates. The mechanism of action of antifungal drugs is inhibition of synthesis of ergosterol, which is found
in large amounts in cell wall of Leishmania.
One of the antifungals used in the treatment
of CL patients is terbinafine. Terbinafine belongs to the allylamine group of antifungal
drugs. The mechanism of action of terbinafine
is based on the cell-wall of Leishmania destruction, which is rich in ergosterol(13).
Vanniersantons et al. demonstrated that antifungal, ketoconazole and terbinafine compound could be effective on Leishmania, in
vitro (7). In an in vivo experimental study, 60
mice were exposed to L. major. They compared two groups (control and terbinafine
groups) and terbinafine group was meaning-
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fully treated (14). Our findings have supported
their results.
Based on the literature there has not been
any clinical trial conducted in the world about
oral terbinafine on CL lesions until
2013.There has been only one pilot study on
the efficacy of oral terbinafine to treat CL due
to L.tropica in Saudi Arabia. In this study, they
randomly enrolled 27 patients for a pilot study
using terbinafine with a dose range of 250-500
mg/day for four weeks. They found that
complete and partial response were 28.5% and
43%, respectively (15). Comparing to our findings, complete response in this trial is much
more than the pilot study and also this is true
about partial treatment, but the difference is
more comparable in complete response that
might be related to the sample size, as this trial
had more participants than the pilot one. Another reason might be accompanying the
treatment with cryotherapy, which was not
performed in the pilot study. In another study,
systemic terbinafine has been used in an HIVpositive patient suffering from New World CL
(250mg/day for 2 weeks), as well (16).
We performed the first assessor blind-randomize-clinical trial to compare the efficacy of
combination therapy of oral terbinafine and
cryotherapy versus systemic glucantime and
cryotherapy in CL patients. Our findings con6
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firmed that consuming oral terbinafine in the
dose of 125-500 mg/day ( depending on patient’s body weight) for four weeks was as effective as systemic glucantime in the dose of
15 mg/Kg for three weeks in matter of healing of the acute Old World dry type CL,
caused by L. tropica. Hence, we suggest oral
terbinafine as a second-line therapy, in patients who have hypersensitivity or resistance
to systemic glucantime. As it is non-invasive
treatment and painless it would be appropriate
option especially for children.
On the other hand adverse effects of glucantime such as pain(16), burning sensation(17,18) lymphangitis (19), secondary infection(20), nausea, urticaria, necrosis, sporotrichoid lesions (20), vomiting, dizziness,
dyspnea and anaphylactic shock(19-21), limits
its use especially in children(22). Some studies
have showed that terbinafine is a relatively
safe drug (15, 23). A post marketing surveillance study regarding terbinafine side effects,
finally conclude that terbinafine is a safe drug
with limited side effects (24).
The main limitation is a lack of placebo arm
to address the self-healing observed with time
that is mainly due to the ethical limitations.
In addition, we found that oral terbinafine in
the treatment of CL is less cost effective than
antimoniate drugs. We suggest using oral
terbinafine especially in children in endemic
areas (25, 26). The other limitation is that we
did not confirm the results using methods
such as PCR.
Large sample size, randomization, parasitological and biochemical tests were the
strengths of this study.
The clinical implications of our study are
that using oral terbinafine indicated similar
healing but slower than glucantime for lesions
due to L. tropica. Oral terbinafine is non-invasive and safe. In contrast to glucantime,
terbinafine is costly, slow in action. In our
study no adverse effect in both groups were
observed but according to the other studies
using glucantime caused many adverse effect
(topically or systemically)(22).
7

Investigation in different endemic areas can
play a role for assessment the efficacy of
terbinafine in other species of Leishmania.

Conclusion
The use of oral terbinafine may have approximately the same efficacy as glucantime.
Hence, it seems that in case of hypersensitivity
and/or resistance to pentavalent antimoniate,
we may be able to use oral terbinafine. On the
other hand the administration of pentavalent
antimoniate could be associated with several
side effects, although they are still the first-line
drugs in the antileishmanial armamentarium.
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