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Abstract

Background

Although high dose of antimony is the mainstay for treatment of American cutaneous leish-
maniasis (ACL), ongoing major concerns remain over its toxicity. Whether or not low dose
antimony regimens provide non-inferior effectiveness and lower toxicity has long been a
question of dispute.

Methods

A single-blind, non-inferiority, randomized controlled trial was conducted comparing high
dose with low dose of antimony in subjects with ACL treated at a referral center in Rio de
Janeiro, an endemic area of Leishmania (Viannia) braziliensis transmission. The primary
outcome was clinical cure at 360 days of follow-up in the modified-intention-to-treat (mITT)
and per-protocol (PP) populations. Non-inferiority margin was 15%. Secondary objectives
included occurrence of epithelialization, adverse events and drug discontinuations. This
study was registered in ClinicalTrials.gov: NCT01301924.

Results

Overall, 72 patients were randomly assigned to one of the two treatment arms during Octo-
ber 2008 to July 2014. InmITT, clinical cure was observed in 77.8% of subjects in the low
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dose antimony group and 94.4% in the high dose antimony group after one series of treat-
ment (risk difference 16.7%; 90% Cl, 3.7-29.7). The results were confirmed in PP analysis,
with 77.8% of subjects with clinical cure in the low dose antimony group and 97.1% in the
high dose antimony group (risk difference 19.4%; 90% Cl, 7.1-31.7). The upper limit of the
confidence interval exceeded the 15% threshold and was also above zero supporting the
hypothesis that low dose is inferior to high dose of antimony after one series of treatment.
Nevertheless, more major adverse events, a greater number of adverse events and major
adverse events per subject, and more drug discontinuations were observed in the high dose
antimony group (all p<0.05). Interestingly, of all the subjects who were originally allocated to
the low dose antimony group and were followed up after clinical failure, 85.7% achieved
cure after a further treatment with local therapy or low dose of antimony.

Conclusions

Compared with high dose, low dose of antimony was inferior at the pre-specified margin
after one series of treatment of ACL, but was associated with a significantly lower toxicity.
While high dose of antimony should remain the standard treatment for ACL, low dose anti-
mony treatment might be preferred when toxicity is a primary concern.

Introduction

Leishmaniasis is a complex of vector-borne diseases caused by more than 20 species of the pro-
tozoan genus Leishmania, which are transmitted by a variety of female sandfly species [1-3]. It
is considered one of the most neglected diseases in the world given its direct link to poverty
and the glaring imbalance between its enormous healthcare burden and the limited resources
invested in research and new drug development [4, 5]. An estimated 12 million people in 88
countries are infected with Leishmania worldwide and an additional 350 million are at risk of
infection; one to two million new cases occur each year, while many more probably remain
unreported [4, 5].

Cutaneous leishmaniasis (CL) is the most common form of the disease; it usually presents
with a range of skin lesions, mainly painless ulcers, on exposed parts of the body, that may
rarely leave lifelong scars, serious disability or spread to mucosal tissues [1, 3]. Approximately
75% of global cases of CL are confined to ten countries: Afghanistan, Algeria, Brazil, Colombia,
Costa Rica, Ethiopia, the Islamic Republic of Iran, Peru, Sudan and the Syrian Arab Republic
[6]. While Old World Leishmaniasis is mostly considered benign and self-limited [2, 3], in the
New World it causes American tegumentary leishmaniasis (ATL), a syndrome named by
Rabello in 1923 [7, 8], that comprises both CL and a variety of other manifestations, which
include diffuse, disseminated and mucosal forms. In Brazil, about 20.000 cases of ATL are
reported each year [9] with the predominant causative species being Leishmania braziliensis
[1].

Antimony compounds have been used as the mainstay in the treatment of cutaneous leish-
maniasis [1, 3, 10] since therapy with tartar emetic was first described by Gaspar Vianna in
1912 [11]. High dose of pentavalent antimony represents the current standard treatment for
cutaneous leishmaniasis [3, 10, 12]. Specifically, World Health Organization (WHO) recom-
mends pentavalent antimony (Sb>") at a standard dose of 20 mg Sb>*/kg/day (high dose)
administered by intramuscular or intravenous injection for 20 days with no ceiling dose [10].
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The Brazilian Ministry of Health makes a similar recommendation, with a maximum daily
dose of 1,215 mg Sb>* [12]. Unfortunately, however, pentavalent antimony is not devoid of
potentially serious side effects [3, 13]. It carries significant toxicity and morbidity [3, 13], and
should be avoided in a subgroup of patients, which includes young children, elderly persons,
pregnant women and those with hepatic, renal, or cardiovascular diseases [10, 12, 14].

On this account, a few observational studies have suggested that alternative antimonial
treatment regimens such as low dose (5 mg Sb>*/kg/day), intermittent and intralesional thera-
pies are safer, more cost-efficient and could be as effective as the standard high dose therapy
for treating CL [15-24]. Other studies have shown that alternative antimonial regimens could
be used in the aforementioned subgroup of patients with CL who, otherwise, would not get
any treatment due to the high toxicity of the drugs [21].

Unsurprisingly, clinical trials to evaluate and optimize antimonial regimens are urgently
warranted [25, 26], but have been almost non-existent to date. In our literature review, we
identified only one small published trial [16] and another larger unpublished trial [26] that
addressed the issue.

We designed this trial with the premise that treatment with a lower dose of antimony will
avoid significant toxicity, provide less adverse events, but will nonetheless have non-inferior
efficacy to the standard high dose antimony treatment.

Methods
Design overview

We compared 30 days of meglumine antimoniate, a pentavalent antimony compound, at a
dose of 5 mg Sb>*/kg/day (low dose) with 20 days of meglumine antimoniate at a dose of 20
mg Sb*/kg/day (high dose) up to a maximum of 1,215 mg Sb>*/day, in a phase III, random-
ized, controlled, single blind, non-inferiority trial, in subjects that acquired American cutane-
ous leishmaniasis (ACL) in Rio de Janeiro State, Brazil, an almost exclusive endemic area of
Leishmania (Viannia) braziliensis transmission. The same lot of meglumine antimoniate (Glu-
cantime™, Sanofi-Aventis, Suzano, Brazil), number 604898, was used in all of the subjects, pro-
vided by the Brazilian Ministry of Health.

Participants

Fig 1 shows the flow chart for study participants. Subjects were consecutively recruited at the
Evandro Chagas National Institute of Infectious Diseases (INI), Oswaldo Cruz Foundation
(Fiocruz), on a voluntary basis. Eligible subjects were at least 13 years or older and had parasi-
tological diagnosis of cutaneous leishmaniasis by at least one of the following methods: direct
examination (scraping or imprint), histopathology, culture, immunohistochemistry or poly-
merase chain reaction (PCR). Reasons to exclude subjects comprised: prior treatment with
meglumine antimoniate, concomitant mucosal leishmaniasis, lack of exposure in an endemic
area of Rio de Janeiro State, women in reproductive age not using contraceptives, pregnancy,
immunosuppressive therapy, ongoing treatment for tuberculosis or leprosy, presence of severe
or worse changes in baseline clinical evaluation, presence of moderate or worse changes in
baseline laboratory evaluation, presence of moderate or worse changes in baseline electrocar-
diographic evaluation or baseline corrected QT interval (cQT) >460 ms.

Ethics statement

We obtained informed written consent from each subject before enrollment. Subjects under
the age of 18 or who lacked capacity to consent took part in research only if written consent
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91 Subjects assessed for eligibility

[ Enrollment ]

19 Excluded
+ 16 Not meeting inclusion criteria
7 Severe comorbidity/condition
4 Abnormal laboratory results
3 Imported leishmaniasis
2 Mucocutaneous leishmaniasis
+ 3 Declined to participate

\ 4
72 Randomized

!

Allocation J l

—

36 Allocated to receive high dose antimony
+ 36 Received allocated intervention

36 Allocated to receive low dose antimony
+ 36 Received allocated intervention

36 Included in the intention-to-treat analysis

35 Included in the per-protocol analysis

( Follow-Up ]
0 Discontinued study or lost to follow-up 0 Discontinued study or lost to follow-up
1 Died 0 Died

[ Analysis 1

36 Included in the intention-to-treat analysis

36 Included in the per-protocol analysis

Fig 1. Flowchart of participants through each stage of the study “Low versus high dose of antimony for American cutaneous leishmaniasis.”
https://doi.org/10.1371/journal.pone.0178592.9001

was given on their behalf by a legally authorised representative and written assent was obtained
from participants. This consent procedure was approved by the ethics committee. The study
was performed according to the ethical principles outlined in the Declaration of Helsinki and
the guidelines from Brazilian National Health Council resolution 196/96 and 251/97 on
research involving human subjects. Ethical approval was granted by the ethics committee at
the Evandro Chagas National Institute of Infectious Diseases under number 0055.0.009.000—
07 on October 17, 2007.
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Trial registration

The study was registered in ClinicalTrials.gov, number NCT01301924, after patient recruit-
ment began. Clinical trial registration was delayed because the investigators did not have a trial
registration policy in place at the time of this study. The authors confirm that all ongoing and
related trials for this drug/intervention are registered.

Randomization and masking

Randomization was performed by a statistician with no clinical involvement in the trial using
a random allocation sequence generated by Epi Info, version 6.04d, in blocks of size 12. Eligi-
ble subjects were randomly allocated to receive one of the following regimens in a 1:1 ratio: 20
mg Sb>*/kg/day for 20 days (high dose), or 5 mg Sb>*/kg/day for 30 days (low dose). The allo-
cation sequence was concealed in sequentially numbered, opaque and sealed envelopes until
interventions were assigned. Envelopes were kept by an independent pharmacist in a safe
deposit box at the pharmacy of INI. To ensure allocation concealment, after the written
informed consents were obtained from eligible subjects, treatment was assigned by a second
independent pharmacist at the pharmacy of INI.

Subjects were evaluated by clinicians and dermatologists in different rooms. While treat-
ment assignment obviously could not be masked to subjects due to the intramuscular injec-
tions, they were instructed before each visit not to discuss any aspects of the treatment with the
examiners. Clinicians involved in subjects’ enrollment and adverse events management were
masked to lesion assessment and group assignment. Dermatologists who assessed the lesions
were masked to group assignment, clinical data and adverse events. None of the investigators,
apart from the independent pharmacist, was aware of treatment allocation. None of the inves-
tigators, apart from the trial statistician, had access to the randomization sequence. All clinical,
dermatological, electrocardiographic (ECG) and laboratory assessments were performed
masked with respect to the treatment allocation, which was not revealed until the database had
been closed at the end of the trial. The treatment allocation and masking process was reviewed
and checked by a Data Monitoring Committee. To test for adequate masking, clinicians and
dermatologists were asked to guess group assignment at the end of the study. A second trial
statistician responsible solely for undertaking the analyses was masked to the randomization
sequence and to the treatment allocation until all analyses had been done.

Procedures

Subjects underwent a detailed interview and health examination at enrollment, filled in a form
containing clinical, socio-demographic information and assessment measures. Clinical assess-
ment with enquiry about adverse events was done by a clinician every ten days during treat-
ment, and every month thereafter for two months. Samples for routine laboratory tests were
taken at baseline and at each clinical assessment. Clinical, ECG and laboratory adverse events
were graded using a toxicity grading scale adapted from the Division of AIDS Table for Grad-
ing of Severity of Adult and Pediatric Adverse Events [27]. Although the antimony ampoules
were administered in local healthcare centers, compliance was ascertained by a pharmacist
through interviewing, counting of the remaining ampoules and local nurse signature’s verifica-
tion in the study medication card. Satisfactory compliance was defined as completion of pre-
scribed treatment or as missing less than 10% of treatment within the specified duration.
Lesions, ulcers and scars were assessed and measured by dermatologists every ten days for two
months, then every month for three months, then every three months until the end of one
year, then every six months until the end of two years, and then once a year. Standardized pho-
tographs were taken at baseline and at each evaluation and were also used by dermatologists to
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follow lesions over time. Subjects were further assessed to rule out mucosal lesions, through
videofiberoptic nasolaryngoscopy, performed by an Ear, Nose and Throat (ENT) specialist in
the first medical visit, then every two months until the end of one year, then every six months
until the end of two years, then once a year. Approaches used to prevent missing data and
drop outs included: a tracking system containing standard subject and supplementary infor-
mation (telephone numbers, e-mail and physical addresses of relatives, neighbors, friends or
primary care workers), “default reminders” (telephone calls, telephone messages or letters a
day after a missed visit) and transport reimbursement. We also performed quality control of
forms and routine verification of missing data.

Outcome measures

The primary outcome was clinical cure at 360 days of follow-up in the modified intention-to-
treat (mITT) and per-protocol (PP) populations, defined as: epithelialization within 120 days,
scarring within 360 days, absence of clinical worsening, absence of relapse and no appearance
of mucosal lesion.

Fig 2 illustrates a model of different phases of the wound healing process in ACL, from a
typical leishmanial ulcer to a healed scar, and was included for reference. Epithelialization was
defined as complete wound closure without any erosion. Scarring was assessed at each visit
and it was defined as the presence of the following criteria: complete healing of all lesions char-
acterized by complete epithelialization and absence of crusts, infiltration, desquamation, or
erythema. Clinical worsening was defined as deterioration of presenting signs or appearance
of satellite lesions. Relapse was defined as the reappearance of inflammatory signs in the scar
or development of new cutaneous lesions in other locations after scarring was established.
Appearance of mucosal lesion was defined as the observation of any mucosal lesion and subse-
quent confirmation of mucosal leishmaniasis by at least one of the following laboratory meth-
ods obtained through lesion biopsy: Leishmania parasite detection using PCR, parasite
isolation by culture, or identification of amastigotes by routine histopathological exam,

Crusts

Fig 2. Different stages of the wound healing process in American cutaneous leishmaniasis.

https://doi.org/10.1371/journal.pone.0178592.9002

PLOS ONE | https://doi.org/10.1371/journal.pone.0178592 May 30, 2017 6/20


https://doi.org/10.1371/journal.pone.0178592.g002
https://doi.org/10.1371/journal.pone.0178592

@° PLOS | ONE

Low versus high dose of antimony for American cutaneous leishmaniasis

imprint or immunohistochemical analysis. Early failure was defined as failure caused by lack
of response, appearance of mucosal lesions or clinical worsening within 120 days of follow-up.
Failure was defined as inability to achieve clinical cure. Time to failure was defined as the inter-
val between treatment initiation to the first occurrence of failure.

Secondary outcomes were the occurrence of epithelialization, adverse events (AE), major
adverse events and drug discontinuations. Major adverse events were defined as presence of
severe or worse changes in clinical evaluation, presence of moderate or worse changes in labo-
ratory evaluation, presence of moderate or worse changes in electrocardiographic evaluation
or corrected QT interval (cQT) >460 ms.

Subjects received alternative therapies according to clinician’s preferences and standard
local practices if they had not achieved clinical cure or were unable to tolerate the allocated
treatment.

The mITT analysis included all patients who received at least one dose of meglumine anti-
moniate. Missing data in mITT analysis were handled using the last-observation-carried-for-
ward method pre-specified by the protocol. We compared this imputation method to
complete case analysis and the expectation-maximization algorithm to test the robustness of
our findings. The PP analysis was defined on a by-visit basis and included those mITT patients
who met the entry criteria, received more than 90% of study medication and had an observed
outcome for that visit time in regard to clinical response.

Statistical analysis

Our hypotheses for sample size calculations were based on historical data [3, 15, 28-30] and
findings of a previous study performed in Rio de Janeiro State, Brazil [15]. We assumed that
the treatment efficacy of standard high dose antimony would be 95%, the efficacy difference of
standard high dose versus low dose treatment would not exceed 15% and the hypothetical fail-
ure rate on placebo would be 90%. The largest clinically acceptable margin (M1) was assumed
to be 85.5%, which represents the difference in clinical cure rate between standard high dose
antimony and placebo (S1 Appendix). A non-inferiority margin (M2) of 15% was determined
on clinical judgement, based on a panel discussion by clinical investigators and the study stat-
istician, as well as on statistical analysis using historical data [3, 15, 28-30] and a multistep
method consistent with U.S. Food and Drug Administration draft guideline recommendations
[31] (S1 Appendix). This non-inferiority margin would be sufficient to preserve 82.5% of M1
and ensure that the conclusion of non-inferiority was consistent with the analysis. An assay
sensitivity analysis was accordingly performed to study different possible scenarios of M1, by
decreasing the effectiveness of standard high dose antimony treatment from 95% to 80% and
increasing the failure rate on placebo from 75% to 95% (S1 Appendix). To calculate the sample
size, we have used estimates from the largest clinically acceptable margin derived from histori-
cal data [3, 15, 28-30]. Sample size calculations were inflated to allow for the possibility of up
to a 10% withdrawal rate from the study. With these assumptions, a statistical power (1 -B) of
80%, and o level of 5% (one-sided test), a total of 72 patients would be required to determine
non-inferiority.

The study was designed and powered as a non-inferiority trial on the primary endpoint at
day 360. The analyses for the primary and secondary endpoints were on a mITT basis, supple-
mented by PP analysis of the primary endpoint. The hypothesis is presented as follows: HO: P
(high)-P(low) > A versus H1: P(high)-P(low) < A; where P(high) is the cure rate observed in
the high dose group, P(low) is the cure rate observed in the low dose group and A defines the
margin of non-inferiority. Non-inferiority of low dose compared with high dose of antimony
would be claimed if the upper limit of the one-sided 95% confidence interval (CI) for the risk

PLOS ONE | https://doi.org/10.1371/journal.pone.0178592 May 30, 2017 7/20


https://doi.org/10.1371/journal.pone.0178592

@° PLOS | ONE

Low versus high dose of antimony for American cutaneous leishmaniasis

difference between treatments did not exceed the pre-specified margin of 15%, equivalent to a
one-sided test with an alpha value of 0.05. Categorical data was compared using the Pearson’s
chi-squared test or Fisher’s exact test, as appropriate. Normal distribution of the data was
tested using Shapiro-Francia W’ and Kolmogorov-Smirnov tests. Normal distribution was
considered if p-values were above 0.05. Continuous data with normal distribution was com-
pared with the Student’s t test; whereas the Mann-Whitney, the Kruskal Wallis or the Wil-
coxon signed-rank tests were applied to variables with non-normal distribution, as
appropriate. A pre-specified subgroup interaction analysis by age, gender and race was per-
formed to evaluate potential effect modifiers between modalities and outcomes. For subjects
experiencing clinical failure, subsequent treatments were recorded and compared. Statistical
significance of the observed differences was considered at a probability of type 1 error less than
0.05. In order to find the upper limit of the one-sided 95% CI, two-sided confidence intervals
were calculated at the 90% level for the primary analysis since the one-sided 95% CI and the
two-sided 90% CI share the same upper limit [32]. All the other confidence intervals were two-
sided computed at the 95% level, all p-values reported were two-sided. All statistical analysis
was performed using SPSS version 19.0 (IBM Corp, Armonk, NY, USA) and Stata version 12.0
(Stata Corp, College Station, TX, USA).

Role of the funding source

The authors have declared that no competing interests exist. No commercial entity had any
role in the study. This study is supported in part with grants approved by the Brazilian
National Council for Scientific and Technological Development (CNPq), Carlos Chagas Filho
Foundation for Research Support of Rio de Janeiro State (FAPER]) and the Brazilian Ministry
of Health. The Brazilian Ministry of Health provided the meglumine antimoniate ampoules.
The funders had no role in the study design, data collection and analysis, decision to publish
or preparation of the manuscript. All authors made the decision to submit the report for publi-
cation and guarantee the veracity and completeness of the data and their analyses.

Results
Study subjects

Between October 2008 and July 2014, 91 subjects were screened for the study; of whom, 72
with parasitologically confirmed diagnosis of ACL were enrolled, 36 were randomly allocated
to the high dose group and 36 were allocated to the low dose group (Fig 1). Date range for par-
ticipant follow-up was from October 2008 to May 2016. Leishmania parasites were isolated
and identified through species characterization by multilocus enzyme electrophoresis (MLEE),
performed according to a previously described procedure [33], from 75.0% of subjects (54/72)
from biopsy samples obtained at the baseline visit. All the samples analyzed by MLEE in this
study (54/54) were identified as Leishmania (Viannia) braziliensis. Table 1 shows the baseline
and clinical characteristics of the mITT population. Baseline demographic and clinical charac-
teristics were well balanced between the groups, and no statistically significant difference was
found in regard to age, gender, race, place of geographical residence or underlying disease.
There were a few statistically nonsignificant but noteworthy imbalances: the high dose group
had a lower median age, a greater percentage of subjects with diabetes and lesions located in
lower limbs. No serious protocol violation was observed in the study. Follow-up occurred at
an average of 3.78 years (95% CI, 3.36 to 4.19) and was similar in both groups. One death
occurred in the high dose group and no subject was lost to follow-up; mITT and PP popula-
tions were identical.
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Table 1. Baseline demographic and clinical characteristics of the modified intention-to-treat

population.

Baseline variables

Demographic factors
Site, n (%)
Metropolitan
Lowland coast
Central region
North region
South region
Male gender, n (%)
Age, years
Age groups, n (%)
13-20 years
21-35 years
36-50 years
>50 years
Race
White
Black
Mulatto
Body weight, kg
Height, cm
Corporal mass index, kg/m?
Level of education
Schooling, years
Type of occupation, n (%)
Sales and service workers
Household workers
Students
Agricultural labourers
Construction labourers

Business and administration
professionals

Science and engineering professionals
Clinical factors
lliness duration before treatment, weeks
Hypertension, n (%)
Diabetes, n (%)
Alcohol drinking, n (%)
Current smoking, n (%)
Intestinal parasites, n (%)
No. of lesions per patient

Feature of the main lesion—ulcerated, n
(%)

Site of the main lesion—lower limbs, n
(%)

Lymph node involvement, n (%)

Mean diameter of the main lesion, mm

Low dose antimony group | High dose antimony group

(n=36)

25 (69.4)
4(11.1)
2(5.6)
4(11.1)
1(2.8)
25 (69.4)
44.0[25.5-51.5]

6(16.7)
8 (22.2)
11 (30.6)
11 (30.6)

15 (41.7)

5(13.9)
16 (44.4)
73.7 (14.9)
169.5 (9.8)
25.8 (5.6)

6.9 (3.8)

12 (33.3)
7 (19.4)
7 (19.4)
4(11.1)
4(11.1)
1(2.8)

1(2.8)

13.0[9.0-20]
11 (30.6)
1(2.8)
13 (36.1)
7(19.4)
4(11.1)
1.0[1-2.5]
34 (94.4)

11 (30.6)

9 (25.0)
33.8 (10.1)

(n=36)

22 (61.1)
5(13.9)
4(11.1)
4(11.1)

1(2.8)
26 (72.2)
38.0 [24.0-55.0]

4(11.1)
13 (36.1)
8 (22.2)
11 (30.6)

16 (44.4)
3(8.3)
17 (47.2)
72.0 (14.8)
166.4 (9.0)
26.0 (5.0)

6.3 (3.8)

13 (36.1)
6(16.7)
4(11.1)
6(16.7)
3(8.3)
3(8.3)

1(2.8)

12.0[10.0-17.0]
13 (36.1)
5(13.9)
13 (36.1)
6(16.7)
6(18.2)
1.0[1.0-1.0]
33(91.7)

18 (50.6)

11 (30.6)
31.6 (17.3)

(Continued)
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Table 2. Primary and secondary outcomes.

Table 1. (Continued)

Baseline variables Low dose antimony group | High dose antimony group
(n =36) (n=36)

Mean diameter of the main ulcer, mm 22.7 (8.1) 19.9(7.8)

Montenegro skin test, mm 14.1 (8.8) 18.2 (8.5)

Montenegro skin test positivity, n/N (%) 29/33 (87.9) 29/30 (96.7)

Positive culture for Leishmania in skin 32 (94.1) 31(91.2)

biopsy, n (%)

ELISA optic density/cut off ratio 2.3[1.6-3.5] 2.3[1.9-3.1]

ELISA positivity, n (%) 29 (80.6) 32 (88.9)

Values are expressed as a number (percentage), mean (standard deviation) or median [25-75" percentiles].

https://doi.org/10.1371/journal.pone.0178592.t001

Outcomes

The cumulative proportion of subjects in whom the primary outcome, clinical cure, occurred
was 77.8% in the low dose group and 94.4% in the high dose group for the mITT analysis after
one series of treatment, with a difference between the groups of 16.7% (90% CI, 3.7 to 29.7).
For the PP analysis, the primary outcome occurred in 77.8% of subjects in the low dose group
and 97.1% in the high dose group, with a difference of 19.4% (90% CI, 7.1 to 31.7) (Table 2).
These confidence intervals sat wholly above zero and did include the prespecified margin of
15%, meaning that the low dose group was consistently inferior to the high dose group after
one series of treatment (Fig 3). Subjects treated in the high dose group had a relative risk of
clinical cure of 1.21 in the ITT (90% CI, 1.03 to 1.43) and 1.25 in the PP population (90% CI,
1.07 to 1.46) when compared to the low dose group. Epithelialization within 120 days was also

Low dose group High dose group Absolute rate Relative risk Relative risk p-value
difference increase
n/N % (95% Cl) n/N % (95% Cl) % (95% CI) (95% ClI) %
Primary outcome
Clinical cure: Intention-to-treat 28/36 | 77.78 (60.88, 88.73) | 34/36 | 94.44 (79.61, 98.67) 16.67 (-o0, 29.68%) 1.21 (-0, 1.43%) 21.43 0.04*
Clinical cure: Per-protocol 28/36 | 77.78 (60.87, 88.73) | 34/35 | 97.14 (81.36, 99.62) 19.37 (-0, 31.67°) 1.25 (00, 1.46%) 24.90 0.03"
Secondary outcome

Epithelialization at day 120 28/36 | 77.78 (60.88, 88.72) | 34/36 | 94.44 (79.61, 98.67) 16.67 (1.16,32.17) | 1.21(1.00, 1.47) 21.43 0.04*
Any adverse event 35/36 | 97.22 (81.82,99.63) | 35/36 | 97.22 (81.82, 99.63) 0.00 1.00 0.00 1.007
No. of adverse events per subject 5.28 (3.84, 6.72) 8.06 (6.29, 9.83) - - 0.02%
Major adverse events 12/36 | 33.33(19.65, 50.55) | 25/36 | 69.44 (52.23, 82.53) 36.11 (14.58, 57.64) | 2.08 (1.25, 3.47) 108.33 <0.01*
No. of major adverse events per 0.56 (0.17, 0.94) 1.89 (1.11,2.67) - - - <0.01%
subject
Overall drug discontinuations® 7/36 | 19.44% (9.34, 36.13) | 23/36 | 63.89% (46.72, 78.11) | 44.44% (24.11,64.77) | 3.29 (1.62, 6.68) 228.57% <0.01*

Cl, confidence interval.

P-values were calculated using the:
* Pearson’s chi squared test,

T Fisher's exact test, or

& Mann-Whitney U test;

p-values <0.05 were considered statistically significant.
@ One-sided 95% Cl, the upper limit of a 95% one-sided Cl is equivalent to the upper limit of a two-sided 90% CI.
® Overall drug discontinuations corresponds to temporary and permanent drug discontinuations.

https://doi.org/10.1371/journal.pone.0178592.t1002
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Fig 3. Non-inferiority plot of low dose antimony versus high dose antimony for American cutaneous leishmaniasis. Data are shown as point
estimates and 90% confidence interval (Cl) for absolute risk difference in clinical cure for intention-to-treat and per-protocol populations. Non-inferiority can
be established if confidence intervals are within the prespecified boundary for non-inferiority (A).

https://doi.org/10.1371/journal.pone.0178592.9003

significantly increased in the high dose group in comparison to the low dose group (Table 2).
In regard to the subgroup analysis, no significant interaction was found between the primary
outcome and age, gender or race.

In total, six out of nine subjects who did not achieve cure after the first series of treatment
received subsequent therapies (S2 Appendix). Four of them originally allocated to the low dose
antimony group achieved cure after a further treatment with intralesional or low dose anti-
mony. One subject failed retreatment with intralesional antimony and finally cured after lipo-
somal amphotericin B. One subject originally allocated to the high dose antimony group cured
after liposomal amphotericin B. Two subjects were cured after biopsy excision of the lesion
and did not require further treatment. One subject had clinical failure confirmed by biopsy,
but did not return for treatment. Of all the subjects who were originally allocated to the low
dose antimony group and were followed up after clinical failure, 85.7% achieved cure after a
further treatment with local therapy (i.e lesion excision by biopsy or intralesional antimony)
or low dose of antimony.

Mean time to failure was 135.0 days (95% CI, 28.8 to 241.2 days). All nine failures occurred
due to clinical worsening, four of them were classified as early failures. In the follow-up time,
neither relapse nor appearance of mucosal lesions was described.

Safety

Of all subjects, 97.2% had at least one adverse event. The proportion of subjects with any
adverse event was not different between the low dose and the high dose groups. However, the
number of adverse events (p = 0.02) and major adverse events (p<0.01) per subject was greater
in the high dose group (Table 2).

Among subjects in the high dose group, the risk of presenting major adverse events, as com-
pared to those in the low dose group, increased by 108.3% (relative risk, 2.08; 95% CI, 1.25 to
3.47; p<0.01).
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Fig 4. Bubble plot of -log10(Raw p-value) by risk difference with a two-sided 95% confidence interval sized
by number of subjects with adverse events in high dose versus low dose antimony groups. Note: Grey zone
area corresponds to area of p-value<0.05; X stands for point estimates; point estimates within the grey zone area
have p-values<0.05; circles are sized by the number of patients with adverse events; circles located to the right of
the vertical solid line favor more adverse events in the high dose antimony group.

https://doi.org/10.1371/journal.pone.0178592.9004

The proportion of subjects with laboratory, major laboratory and major clinical adverse
events was significantly larger in the high dose group than in the low dose group, with a 36.4%
increase in risk of laboratory (83.3% versus 61.1%; relative risk 1.36; 95% CI, 1.01 to 1.84;

p = 0.04), 500.0% increase in risk of major laboratory (50.0% versus 8.3%; relative risk, 6.00;
95% CI; 1.94 to 18.60; p<0.01) and 160.0% increase in risk of major clinical adverse events
(36.1% versus 13.9%; relative risk, 2.60; 95% CI, 1.04 to 6.54; p = 0.03). Additional pre-speci-
fied analyses showed that all adverse and major adverse events rate differences in clinical, ECG
and laboratory parameters were in the same direction with high dose group subjects consis-
tently more likely to experience adverse and major adverse events at higher rates than low dose
group subjects.

Among other adverse events attributed to antimony, subjects receiving high dose treatment
were more likely to present general malaise (75.0% versus 41.7%, p<0.01) and elevated pancre-
atic enzymes (72.2% versus 36.8%, p = 0.02) than those receiving low dose treatment. Fig 4
presents a graphical display of adverse events using bubble plots to highlight differences in
number, variety and distribution between treatments.

More subjects in the high dose group (58.3%) than in the low dose group (19.4%) temporar-
ily discontinued treatment due to AE at any time (p<<0.01). Two subjects in the high dose
group (drug eruption and arthralgia) and none in the low dose group permanently
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discontinued treatment due to AE, however both took more than 90% of prescribed doses and
evolved to cure without additional treatment. One death occurred in the high dose group
within twelve days after antimony-related severe electrocardiographic and laboratory pancre-
atic abnormalities. Although the cause of death was determined as diabetes mellitus resulting
in bacterial sepsis, antimony-related toxicity could not be conclusively ruled out as a contribut-
ing factor to the death.

Subgroup analysis showed that the risk of major adverse events due to antimony toxic
effects were increased in the high dose group regardless of age (subjects aged 50 and younger,
as well as older than 50 years’ subgroups), but the magnitude of the risk was greater in subjects
older than 50 years of age (Fig 5).

Discussion

Since the mid-1980s, low dose regimen has been employed at our institution in Rio de Janeiro,
Brazil, to treat patients with cutaneous and mucosal leishmaniasis [15-21, 24, 30, 34]. The
rationale behind it is intuitively attractive and relies on its expected non-inferior effectiveness,
less toxicity, improved compliance and reduced costs [26].

Although previous studies have suggested that low dose regimen is apparently effective, evi-
dence was scarce and based mainly on case reports and observational studies [16, 18-24]. High
dose of antimony is the current standard of care for most patients with ACL. Studies, however,
have focused mostly on effectiveness and adverse effects [26]. One of the main unanswered
questions on this matter at the present is the understanding of the most appropriate dose and
time of drug exposure to treat ACL [26]. This question might only be answered with a ran-
domized controlled trial. To our knowledge, this is the first published non-inferiority trial to
assess whether low dose regimen is non-inferior to high dose regimen for the treatment of
ACL.

In this study, low dose regimen was found to be inferior to standard high dose antimony
regimen in terms of clinical cure after one series of treatment for patients with ACL. Con-
versely, high dose regimen induced a significantly higher toxic effect than the low dose regi-
men. These results have important clinical relevance and leads to a conundrum: where do you
find a fine balance between effectiveness and safety in antimony therapy for ACL?

For decades, antimony compounds have been known to be highly toxic, bearing chemico-
toxicological similarities with arsenic [13]. Although the toxic effects of antimony have been
known to be almost always reversible, they are frequent; some of them can be severe and lead
to death if not promptly identified [35-37]. The high toxicity of antimony was clearly demon-
strated in our study, with a large proportion of adverse events in both treatment groups. Our
study also found evidence of greater toxicity in the high dose group as compared to the low
dose group. There were significant greater numbers of adverse events and major adverse
events per subject, more major adverse events and more drug-related discontinuations in the
high dose group. The dose dependent toxicity of antimony might account for the differences,
and this result is consistent with previous studies [38, 39].

The subgroup analysis of adverse events found that the incidence of major adverse events
markedly increased in subjects aged 50 years or older treated at higher doses. A previous study
showed that in the treatment of ATL most of adverse events occur in subjects over 50 years of
age [40]. While it is an interesting observation, our trial was not powered to detect differences
among subgroups and these results serve to suggest that subjects over 50 years old may be a
suitable group to assess in further studies.

As the virulence and the intrinsic drug sensitivity differs among species and strains of Leish-
mania [41-43], the management of leishmaniasis should address these differences and also be
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Fig 5. Subgroup analysis: Forest plot of absolute risk difference (RD) and relative risk (RR) with two-sided 95% confidence interval
(ClI) for major adverse events according to low versus high dose antimony treatment. Squares located to the right of the vertical solid
line favor more major adverse events in the high dose antimony group.

https://doi.org/10.1371/journal.pone.0178592.9005
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tailored to provide the optimized balance between efficacy and toxicity [3, 10]. When clinical
differences such as comorbidity, immunosuppression and age are added to the balance,
markedly different treatment strategies might be required [3, 10].

Currently, leishmaniasis treatment relies exclusively on a limited therapeutic arsenal of
highly toxic drugs administered by parenteral route such as pentavalent antimonials, pentami-
dine, amphotericin B deoxycholate and lipid-based formulations of amphotericin [3, 10].
Although oral miltefosine has recently been shown to be non-inferior to meglumine antimoni-
ate for the treatment of ACL [44, 45], it is not registered nor commercialized in many endemic
countries in the world [46]. The past decades have seen a growing interest in the use of alterna-
tive treatments for ACL such as thermotherapy, low dose and intralesional antimony, as they
could fill the void which currently exists in treating patients with significant less toxicity [3,
47].

Mucosal leishmaniasis (ML) is a rare but dreaded complication of ACL, presenting in less
than 5% of the patients after cure [1, 3, 48]. One widely held view is that the benefit of prevent-
ing ML should outweigh the toxicity of systemic antileishmanial treatment [49]. Although it is
the ultimate aim of any treatment in ACL to prevent mucosal disease, no epidemiological evi-
dence exists to support the assumption that appropriate treatment could decrease the risk of
ML [48]. To complicate matter further, in his classical review article, Marsden suggested that
even low doses of antimony could prevent mucosal complications [50]. Added impetus to this
view is given by a recent study performed at our center (data not yet published) that found
that secondary mucosal lesion and relapse rates observed in ACL patients treated with low
dose and intralesional antimony were similar to those treated at high doses of antimony at the
state of Rio de Janeiro and the Southeast Region of Brazil [51]. In our study, no patient devel-
oped mucosal lesion in either arm at a mean follow-up of 3.78 years.

A final intriguing finding of the study is that most subjects who failed initial treatment
achieved cure after local therapy or low dose of antimony. We speculate whether this might be
explained by an insufficient time of exposure to antimony in our study (low dose treatment
might need to be longer) or a natural feature of the disease (a hypothetically different response
to locally applied treatment) [52]. In that regard, it is fitting to mention that, although low
dose of antimony was found to be inferior to high dose of antimony for clinical cure, our anal-
yses were based on parameters obtained from only the first series of treatment. For the Brazil-
ian Ministry of Health, for example, clinical failure is established after two series of treatment
[12]. This is important in light of the fact that our study data suggest that less toxic therapies
such as intralesional or low dose of antimony might still be viable and attractive options for
treatment, even when a patient has failed initial therapy. Quite interestingly, if a criterium of
clinical cure achieved after two series of treatment with the same or less toxic therapies had
been used instead in our study, cure rates in both low and high dose groups would be similar.

The choice of the best drug treatment regimen in a disease is a particularly difficult process,
in which many factors must be taken into account [53, 54]. Overall, a fine balance between
effectiveness and safety depends on the characteristics of the disease being studied [53, 54].
Simply put, effectiveness is the most important parameter for the treatment of a severe or life-
threatening disease [53, 54], e.g. visceral leishmaniasis. In this case, the best choice is the maxi-
mum tolerated dose [54]. On the other hand, in diseases such as cutaneous leishmaniasis,
which rarely evolves to severe impairment, disabling sequelae or death, safety should be para-
mount and the most appropriate option is the lowest effective dose [53, 54]. In situations
where the best dose is not certain, other approaches conducted in different epidemiological
contexts, such as cost-effectiveness studies, have emerged as important tools to help identifying
the optimal dose and schedule that might work best for each individual [55, 56].
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Our trial, although small, holds a very representative sample of patients with cutaneous
leishmaniasis, comprising approximately 90% of ATL cases in the metropolitan area of Rio de
Janeiro and 50% of the ATL cases in the state of Rio de Janeiro [57]. Our institution is a tertiary
referral center for leishmaniasis, but the majority of patients comes spontaneously with a non-
diagnosed lesion. Some limitations should nonetheless be kept in mind when interpreting the
results. While advanced age per se was not an exclusion criterion for the study, children up to
the age of 13 years, patients with signs of severe illness and absolute contraindications to anti-
mony were not eligible to enrollment. These might compromise the external validity of the
study. Response to antimonial treatment also may vary according to the infecting species and
the geographic site of acquisition [58, 59]. A previous study reported that Leishmania (Vian-
nia) braziliensis strains in Rio de Janeiro are highly sensible to meglumine antimoniate in
vitro, which could also limit the generalizability of our findings [58].

In summary, our study found that low dose of antimony was inferior to high dose of anti-
mony in terms of clinical cure after one series of treatment of ACL, but was significantly asso-
ciated with less toxicity. The use of high dose of antimony for the treatment of ACL is
supported by a large body of evidence [1, 3, 10, 12, 60] and should remain as the standard
treatment. In patients older than 50 years of age or in a subgroup of patients where drug toxic-
ity is an important consideration, low dose might be preferred.
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