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Abstract

Introduction

There are few drugs with proven efficacy in cutaneous leishmaniasis (CL), and pentavalent
antimonial derivatives are still the main first-line therapeutic agents worldwide, despite their
recognized high toxicities. Randomized controlled clinical trials assessing the efficacy and
safety of new therapeutic modalities are of high priority, and the definition of the design of
such trials raises debate about the use of placebo as a comparator. To support the use of
placebo as a comparator, two main points need to be addressed: 1- the cure rate without
any therapeutic intervention and 2- the damage caused by CL and its impact on patients.

Objective

The aim of this study was to systematically assess the spontaneous cure rate for American
CL and to broaden the discussion about placebo use in CL trials.

Methods

The PRISMA guidelines for systematic reviews and the Cochrane manual were followed.
The sources used were the PubMed and LILACS databases. Studies were included if they
reported cure rates using placebo or no treatment in American CL.

Results

Thirteen studies of a total of 352 patients were ultimately included in this review. The sum-
marized global cure rates for all Leishmania species according to the intention-to-treat anal-
yses performed at approximately three (“initial cure”) and nine (“definitive cure”) months
after “no treatment” or placebo use were 26% (C195%: 16 to 40%) and 26% (C195%:16 to
38%), respectively. Notably, a significantly lower cure rate was observed for L. braziliensis
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infection (6.4%, Cl195%:0.2 to 20%) than for L. mexicana infection (44%, Cl195%:19 to 72%),
p = 0.002. Of note, relapse occurred in 20% of patients with initial healing (C195%:9.2 to
38.9%).

Conclusion

These results clearly demonstrate a low spontaneous cure rate following no-treatment or
placebo use, confirming that this strategy for the control group in CL studies expose patients
to greater morbidity, especially for CL caused by L. braziliensis. Therefore, from this point,
the crucial questionto consider regarding placebo use isthe seriousness of the suffering
caused by this disease.

Introduction

Cutaneous leishmaniasis (CL) is considered one of the most neglected and serious parasitic
infectious skin diseases in many developing countries. Infectious diseases can be considered
neglected “when there is a lack of effective, affordable, or easy to use drug treatments” [1].

The current recommendations for CL treatment are generally weak, as the quality of the
supporting evidence for such treatments is generally inadequate [2, 3]. Although three major
systematic reviews [4-6] have shown that treatment with antimonial derivatives was superior
to the other options available, their low cure rate (76.5%) [6] and the recognized toxicity of
antimonial derivatives clearly indicate the urgent need for better treatment alternatives. More-
over, high-quality clinical trials testing new treatment modalities with reliable evidence of effi-
cacy, safety, tolerability and effectiveness are absolutely necessary.

In addition to being scientifically valid, clinical trials must be ethical and minimize the risks
to which the research participants are exposed. In the case of CL, to understand the risks that
participants of studies that compare different interventions are exposed to, the spontaneous
cure rates for CL caused by each species of Leishmania in different endemic regions must be
determined. Based on a non-systematic literature observation, the spontaneous healing trend
reported in the Old World—especially with L. major infection[7]- is far lower than that
observed among American CL patients (for CL caused by organisms of the L. mexicana com-
plex and Viannia sub-genus-the L. braziliensis and L. guyanensis complexes). This suggests
that the frequency of spontaneous healing observed for one species should not be generalized
to other species. The aim of this study was to systematically assess the rate of spontaneous cure
in American CL to support the planning of future clinical studies with regard to statistical
parameters and placebo use in the Americas.

Data sources and study selection

The review methodology followed the recommendations of the PRISMA guidelines [8] for sys-
tematic reviews (S1 Text) and the recommendations of the Cochrane Collaboration Group [9].
We searched PubMed and Lilacs, the free access bases, with no language restriction from incep-
tion through March, 2015 to identify all studies that described the rate of spontaneous cure in
American CL. Studies were included if they reported CL cure rates with placebo or no treat-
ment in individuals living in the Americas. The search was planned independently by two
reviewers (GFC and MRS) who proposed three different strategies for PubMed database: (i) a
comprehensive strategy, (ii) a strategy directed at the “placebo” term and (iii) a strategy using
all narrative and systematic reviews on the subject as the basis. Study selection was made
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independently by four reviewers (GFC, TFO, PSS, and TKA), and any disagreement was
resolved by consensus. In the first strategy, we used a combination of the following keywords:
"leishmaniasis, cutaneous” [MeSH Terms] OR ("leishmaniasis"[All Fields] AND "cutaneous"
[All Fields]) OR "cutaneous leishmaniasis” [All Fields] OR ("leishmaniasis" [All Fields] AND
"cutaneous"[All Fields]) OR "leishmaniasis, cutaneous" [All Fields] AND ("drug therapy" [Sub-
heading] OR "drug" [All Fields] AND "therapy" [All Fields]) OR "drug therapy"[All Fields] OR
"drug therapy" [MeSH Terms] OR ("drug"[All Fields] AND "therapy"[All Fields]) AND
"humans" [MeSH Terms]. In the second strategy, we used a combination of the following key-
words: "leishmaniasis, cutaneous" [MeSH Terms] OR ("leishmaniasis"[All Fields] AND "cuta-
neous"[All Fields]) OR "cutaneous leishmaniasis"[All Fields] OR ("leishmaniasis"[All Fields]
AND "cutaneous"[All Fields]) OR "leishmaniasis, cutaneous"[All Fields] AND "placebo"[All
Fields]). Finally, in the third strategy, studies with some arm of “no treatment” or placebo were
searched for in the reference lists of all reviews identified by the first two strategies. The initial
search was complemented by a manual search of the reference lists from the retrieved articles.
Studies were considered eligible if they were presented in an original article and examined
American patients with CL diagnosis treated with placebo or left untreated. There were no
restrictions on the publication language, date of publication or study design. Studies involving
non-human participants and studies with less than ten patients in the non-treatment arm were
excluded. Studies using any substance with intrinsic activity in placebo arm were excluded. The
full texts of the selected articles were read to confirm their eligibility and to extract the data.
Four investigators (GFC, TFO, PSS, and TKA) independently extracted the participant data,
studies characteristics, predominant parasite species, interventions, and outcomes from the
included reports using a standardized data collection form. When available, the follow-up
length and relapse rate were also recorded. The main outcomes studied were clinical cure,
defined as complete ulcer healing, and relapse and subsequent mucosal involvement rates.

The quality of the randomized studies was evaluated using the following criteria: 1) double-
blind; 2) concealment of treatment allocation; 3) blinding of outcome assessment; and 4) inten-
tion-to-treat analysis. Concealment of treatment allocation was adequate if the patients and
enrolling investigators could not predict assignment. Outcome assessment was considered
blinded if the investigator who assessed the outcome had no knowledge of the treatment
assignment. The analysis was performed according to the intention-to-treat principle, if all ran-
domized patients were included in the analysis and maintained in their originally assigned
groups. If there was not sufficient information to assess the quality of the study, it was deemed
inadequate.

The timing of cure assessment after treatment varied significantly among studies: relatively
early in some studies, while later in others. Considering that the time between the end of treat-
ment and healing assessment can potentially influence cure rate, we established two cure rate
occasions by pooling studies according to the time at which cure assessment was originally per-
formed and by implementing the recommendations for the standardization of outcomes in CL
trials [10]. After pooling the studies, two cure assessment time points were included in our
analysis: a “initial cure”, assessed at approximately three months, and a “definitive cure”,
assessed at 9 months after “no treatment” or placebo use. With the aim of gathering as much
information as possible, even if the author had defined cure according to clinical assessment
performed at a specific moment, if information was available at other moments of interest,
they were included in our analysis.

The efficacy of therapy was assessed by clinical criteria in all studies. The definitions of clini-
cal cure varied slightly between studies, with most studies requiring complete epithelialization
of all lesions. Only one study defined cure as 80% or more of the ulcer area being re-epithelial-
ized [11]. Some authors carried out parasitological cure assessment in addition to clinical
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assessment [12-14]; however, when both outcomes (clinical and parasitological) were indepen-
dently available, the parasitological findings were not considered in the cure outcome analysis
(data no shown). In three studies [15-17], cure was assessed solely at the 6-month follow-up.
For studies that performed “initial cure” assessment (at approximately 3 months of follow-up)
and also presentedthe lesion evolution without treatment at 6-12 months of follow-up, the sec-
ond assessment was also included in the cure outcome analysis. However, in many studies [11,
13, 14, 18, 19], patients whose lesions did not achieve healing were removed from the protocol
and were treated with conventional drugs, making a “definitive cure” assessment unfeasible. In
the majority of studies, patients were followed for approximately 6 to 12 months.

To standardize the cure criteria, even if the authors had considered a negative parasitologi-
cal finding as criteria of cure, in our analysis, cure was considered exclusively according to clin-
ical criteria. Similarly, some studies [12, 17] included no reactivation of any ulcer through 12
months of follow-up as an additional criteria for cure. As adopted in previous studies, to stan-
dardize the outcomes among studies, if a clinical assessment was available, cure was defined
exclusively by the clinical criteria (re-epithelialization of the lesion at any given time), regard-
less of the subsequent observation of relapse.

Quantitative data synthesis

Comprehensive Meta-Analysis®) software v.2.2.048 was used to perform the one-group meta-
analysis of study arms using placebo or no treatment to estimate the pooled rates of spontane-
ous cure according to the intention-to-treat principle, irrespective of how the original study
investigators analyzed the data. We used the inconsistency (I°) statistic to evaluate heterogene-
ity and Egger's test to assess publication bias. For all cure and relapse rate analyses, a random
model was chosen. To evaluate cure rate stratified by Leishmania species, we used a mixed
effects analysis—a random effects model was used to classify the studies into each subgroup.

Results

The PubMed search identified 16 relevant articles. The LILACS database search identified two
additional papers. Among the three search strategies performed in the PubMed database, the
first one, which was the most wide, was the most sensitive and identified all 13 studies ulti-
mately included in this review. The search strategy that included the “placebo” term was not as
sensitive as the first search strategy. One possible explanation for this finding is that studies
describing the evolution of untreated patients are not properly indexed. Third search strategy
was useful to compare ours results to those retrieved by others published reviews on the same
topic. The results of the three searches are shown in a flowchart in S1 Fig. After exclusion
based on titles and abstracts, 18 potentially relevant papers were selected for full text evalua-
tion. Of them, 2 papers were excluded, because the same patients were described elsewhere [20,
21]; one study was a review [22] and the other included less than 10 patients in the placebo
arm [23]. One additional study [24] was excluded, because the patients in the placebo arm
were given a potentially active drug (1% lidocaine),which was not considered a genuine “vehi-
cle control”. Thus, we included 13 studies [11-19, 25-28] that involved 352 patients presenting
with localized CL who were followed after no therapy or placebo use (Table 1). No study
included patients infected with HIV or presenting with other immunosuppressive diseases. All
included studies were randomized trials, but they compared different treatment regimens and,
in some of them, the patients who were untreated were those who refused therapy or were
members of a “historical” control group. The methodological characteristics of the studies,
namely the diagnostic, treatment arms (MA: meglumine antimoniate, SS: sodium stibugluco-
nate, MBCL: paromomycin 15% + methylbenzethonium chloride, allopurinoll + probenecid,

PLOS ONE | DOI:10.1371/journal.pone.0149697 February 19, 2016 4/15



Spontaneous Cure in American Cutaneous Leishmaniasis

PLOS | one

@

(panunuo))
dn-moj|0}
Kep-0/ sy Aq
(%e°L1) uonezifelpyndas)

SL/EL %00+
dn-moj|o} yuow-g |

ay) Aq asdejas

ou yum Adesayy

1O pud 8y} Jaye

Syuow ¢ uiyum

(%2€1)
28l/Se
Adesayy
JO pus 8y} Jaye
SHOOM || UIyim
(%€ L1)
£5/9
dn-moj|0}
Yoem-g | aui Aq
(%S01) uonezifelpyndas)
9//8 %001
dn-moj|0}
yuow-9 ayy Aq
(%8°L1) uonezifelpyndas)
Sb/8 %001
Adesayy
JO pus 8y} Joye
SyjuoW 9 UIym
(%9) uonezifelpyndes)
€eL/8 %001
Adesayy
JO pus ay} Joye
SyjuoW 9 ulyiM
(%2°€) uonezijeljgydesl
08/ %001
dn
-Mo||0}
0]}]1SOT  pPash eLId)Id ain)

@)
sisusuozewe
(1)
BUBOIXBW ()
sisual|izelq
{(2) sisusueAnb
1)
sisusweued

a|qe|ieAe jou

(ge)
isefeyo 7 (g1)
BUBdIXoW

a|qejieAe Jjou

(9)

sisusweued

(2)
sisusweued
{(21) eueoixaw

1:(62)
sisual|izeiq 7
(@]

luosure| 7 {(g)

sisusuozewe |
{(2) sisusueAnb
1:(9€)
sisual|izeiq

saloads
eljuewysia]

(%L1€) 52/92

s|qe|ieAe jou

(%001) £5/€S

a|gejieAe jou

(%LLL) Sb/S

(%8°6€) €€1/€S

(%52S) 08/2Y

(sjuaned yo %)
uolnezuiajoeieyd
sal0ads
eluewysian

cl

cl

cl

(syruow)

dn
-Mojjo4

SOSBaSIP JUBJWOOUOD

‘suUo|Isa| [eSooNW

Aoueubaid ‘sesessip
JUBHWODOUOD ‘SUOIST|

|esoonw ‘seka

8y} 0] 8S0|0 SUOISH|
‘Adesey} [eluBWYSIS|

-jjue snoinsld

VN

S9SeasIp JUBHWOIUO0D

‘suoIsa| [eSooNW

‘Adesay) [eluewysSI9|

-uesnoinaid
{Jojowelp ur wo

G < UOIS®| ‘SUOIS?)| <

soseasip

JUBHWIODOUOD ‘SUOIST|

[esoonwW ‘suoiIsa)
Jejnpou Jo Jejnded
‘9seasIp aIanas

uonejoe|

‘foueubald ‘saseasip
JUBHWIODOUOD ‘SUOIS?|
[esoonuw ‘(syeem ¢ >)

Adeiauy) [eluewysis|

-jue snoinaid

sesessip

JUBJILWLODUOD ‘SUOISS|
[esoonw ‘(syiuow g )
Adeiay) [eluewysis|

-nue snoinaid

BLIBJID UOISN|OX]

(Apognue jeuojoouow
‘Asdoiq ‘@inyno ‘sieaws)
sisoubelp |eoibojouseled

1yBiay 1oy

ajeudoidde jybiem Apoq
‘sieak 09—9 usamiaq
abe ‘(ainyno ‘sieaws)
sisoubelp [eoibojoyseled

(84nyn2)
sisoubelp [eoibojouseled

(84nynd ‘sieaws)
sieak 09—0| Usamiaq
abe ‘(ainyno ‘sieaws)

sisoubelp [eoibojouseled

wo | > Ayredouspeydws|
‘2ww 000z > 9zIs

uolsa| J29|n [e}0}
‘(Apognue [euojoouow
‘Asdoiq ‘ainyno ‘sieaws)
sisoubelp jeoibojonsesed

abe Jo sieah g1 <
‘(Apognue [euojoouow
‘Asdoiq ‘ainyno ‘sieaws)
sisoubelp [eoibojoyseled

2w 006>

JO BAJE UOISI) [B10} B Ul
Buninses jww og> uoise)
aAljelaoln auo ‘ebe

jo sieah g < ‘(aimynd
‘Asdoiq 10 sieaws)
sisoubelp [eoibojoyseled

eLI9)IO UoIsn|ou|

(S1) Adeseyy oN
‘(0€) ss ‘(0g)
prosuaqgold+
jounndojy

(99) VIN 1(99)
0ga2e|d ‘(09)
jouundojy

(0g) ogedeld
{(eg) eaun +
uroAwowoled
leaido |

(8€) ogede|d
‘(8¢) 108G +
uoAwowoled

(1)
ogede|d ‘(E€) #
1881 Bnup mapN

(p)
0geoeld ‘(68)
auIsojeliN

(0g) weaio
0022e|d‘(02)
Adeiayiohin

‘(og)
|euoiss|elul
VIN

(spuaned
JO Jaquinu)
suue Apmsg

‘e 19
eyueny
‘G661

‘e 1@
FZIEY
‘,661

‘e 19
enaN
‘1661

‘e 1@
euely
‘Lo02

‘e 1@
0j0S
‘2002

‘e 19
o]0
‘Y002

‘e 1@
ojos
‘cLoe

Joyine
‘Jeap

*salpnj}s ay} Jo sansiIvjorIRYD [Ed16ojopoylaw Utk °| a|qel

5/15

PLOS ONE | DOI:10.1371/journal.pone.0149697 February 19, 2016



Spontaneous Cure in American Cutaneous Leishmaniasis

PLOS | one

@

VN

(%¥S )
99/

(%2°81)
SiivL

(%8°9)
0gl/L

a|qe|ene
10U

(%5°9)
26/9

dn
-MO||O}
011507

dn-mojj0}
yiuow-| eyy Aq
uonezifelsyndasi
%001

dn-mojjo}
yeem-g| oyl Aq

dn-mojj0}
yluow-| 8y Aq

dn-moj|0}
Yeam-g| aui Aq
uonezielgsyudaai
%001

Adesay) Jo pus
ay} Jaye syjuow
€ Ulyim ainynd
annebau pue
uonezifelgyndsal
%001

Adesayy

JO pud 8y} Jaye
Syjuow G| ulyum
uonezielgyudaai
%00+

pesn eu@}uo ain)

(1) eueoixaw

1 :(L€)
sisuaueAnb

(ov) sisualizeiq
7ieL)
BUBOIXOW "
(g)eueoixaw
()
sisualizeiq
{(g) sisuaueAnb
1 el)
sisusweued ]
()

sisual|izelq
pue euedIXoW
1 U0 (€9)
sisusl|izelq

7 (2g)
BUBOIXOW

((]D)

sisusweued

a|ge|ieAe jou

saloads
eluewysia]

(%1°eL) 25/8¢

(%€°08) 99/€5

(%2°08) S2/€2

(%8°08) 02 }/L6

(%001) OLL/OLL

a|ge|ieAe jou

(swaned jo %)
uonezia)joeieyd
saloads
ejuewysia]

asessip
JUBJIWODUOD ‘SUOISS|
[esoonuw o [eloe}

Adeiauy) [eluewysis|
-iue snoinaid
‘SaSeas|p JUB)WOOU0D
‘Suoiss| |lesoonw
‘AyredouspeydwA|
[esd1E]IUN JO Bouasaid
“abuiy ay) uo ‘ahs sy}
Jeau ‘Jes U Suois9|

dn-moj|o}

JO Syuow 9 uey} ss9|
‘SOSEaSIP JUBHWOIUOD
‘SuoIS9| |esoonw

Adeiauy) [eluewysi9|
-iue snoinaid
‘S9seas|p JUBjWOoou0d
‘suols9| |esoonw
wbiem [espi mojaq Jo
B8N0QE %0g UeY} aiow
‘S9seas|p JUBjWOoUOd
‘Buisinu Jo

wreubaud {jouundoje
10 Auownue o} ABis|ie

Adeiauy) [eluewysis|
-iue snoinaid
‘S9seas|p JUBjWOoU0d
‘SuoIs9| |lesoonw

BLIa}IO UOISN|OX]

(81nyno ‘sieaws)
sisoubelp jeoibojoysesed

ZWO Gg>suolsa|
‘(81myno ‘sieaws)
sisoubelp [eoibojoyseled

(Apognue reuojoouow
‘Asdoiq ‘@inynd ‘sieaws)
sisoubelp [eoibojoyseled

Japuasb
ajew ‘(ainynd ‘sieaws)
sisoubelp jeoibojoysesed

sw.e Jo

yunJ} 8y} jo uoiuod Jaddn
8y} 0} PaULUOD SUOISD|
{(Asdoiq ‘@imyno ‘sieaws)
sisoubelp jeoibojonsesed

sleak

09-8| usamjaq abe
‘(Apognue [euojoouow
‘Asdoiq ‘@inyno ‘sieaws)
sisoubelp jeoibojoysesed

BLIS}IO UoIsnjau|

(L1) ogeoeld
‘(61) SS ‘(22)
9]0ZBuU020}8)

(22)

0gedeld ‘(22)
JeaH poazieasoT]
(22) v

(G1) wuswiess
ON ‘(0€)
prosuagoid+
jounndojy

‘(0g) SS

(ov)
0ge2e|d (8€)
8]0ZBU02018Y

‘(ov) SS

(£1) wswiess
ON ‘(g2)
jouundojy

{(gg)

VIN+ouundojy
(ee) YN

(22) wawyean
ON ‘(02)
9]0zZeuodel}|
‘(22)
auiplweluad
(e2) YN

(syuaned
Jo Jaquinuy)
suue Apnis

100V 696Y1.0°2uod [ewinolj| g} 'O} :10p

‘e e
Zuaeg
‘0661

‘e 1@
uineN
‘0661

‘e 1@

ueniapny

‘1661

‘e 1@
uineN
‘2661

‘e 19
zauJep
‘2661

‘e
oj0§
‘c661

Joyine
‘Jea A

(penupuoD) -1 s|qeL

6/15

PLOS ONE | DOI:10.1371/journal.pone.0149697 February 19, 2016



@'PLOS ‘ ONE

Spontaneous Cure in American Cutaneous Leishmaniasis

ketoconazole, miltefosine, cryoterapy, pentamidine, itraconazole and localized heat), inclusion,

exclusion and cure criteria are shown in Table 1. In nine studies, the control group received a

placebo, and in the remaining four studies, the control group received no treatment.

The patient characteristics are shown in S1 Table. Patient age ranged from 19 to 36 years;
88% of the patients were male, and most of them had less than three lesions localized in arms
or legs. CL was diagnosed in all studies if patients had a compatible clinical illness and Leish-
mania was identified on Giemsa-stained smears, culture or biopsy. In a few studies, a positive
monoclonal antibody test [11, 15, 16, 25, 28] was also considered to confirm Leishmania infec-
tion.Although all studies had required laboratory confirmation of the diagnosis of CL, the per-
centage of isolation of the Leishmania species across studies ranged from 11 to 100% of the
patients (112 of 352, 32%). In three studies Leishmania specie characterization was not

performed.

The summarized cure rates according to the intention-to-treat analysis are shown in
Table 2 and Figs 1 and 2. The “initial cure” was assessed at a median of 11.5 weeks of follow-up
(range: 4.5 to 13 weeks of follow up) and “definitive cure” was assessed at a median of 9 months

Table 2. Outcome rates observed in American cutaneous leishmaniasis patients without treatment or

with placebo use.

Author, Patients in Initial Definitive Cure rate Relapse Late mucosal
year placebo or “no cure cure (n/%) accordingto  after cure  involvement
treatment” (n/%) Leishmania (n/%) (n/%)
arm (patients) species(n/%)
Soto et al., 30 6/30 (20) 4/30 (13.3) Not informed 2/6 (33.3) Not available
2013
Soto et al., 44 Not 13/44 113 (7.7) L. 113 (7.7) Not available
2004 informed (29.5) braziliensis 1/3
(33.3) L.
mexicana
Soto et al. 12 Not 5/12 (41.7) Not available Not Not available
2002 informed available
Arana 38 18/38 Not Not available 0/13 (0) Not available
et al., 2001 (47.4) available
Neva 30 1/30 (4.5) Not 0/8 (0) L. Not Not available
et al., 1997 available mexicana 1/22 available
(4.5) L. chagasi
Velez 56 Not 17/56 Not available 0/17 (0) 1/56 (1.8)
etal., 1997 available (30.4)
Martha 15 9/15 (60) Not Not available 0/5 (0) Not available
et al., 1995 available
Soto et al., 22 4/22 Not Not available 2/4 (50) Not available
1993 (18.2) available
Martinez 17 2117 0/17 (0) 0/17 (0) L. 2/2 (100) Not available
etal., 1992 (11.7) panamensis
Navin 40 17/40 Not 1/15 (6.7) L. 317 Not available
et al., 1992 (4.5) available  braziliensis 8/16 (17.6)
(50) L.
mexicana
Guderian 15 9/15 (60) Not Not available 0/9 (0) Not available
et al., 1991 available
Navin 22 6/22 Not 0/11 (0) L. 0/6 (0) Not available
et al., 1990 (27.3) available braziliensis 5/7
(71) L.
mexicana
Saenz 11 0/11 (0) Not Not available Not Not available
et al., 1990 available available
doi:10.1371/journal.pone.0149697.t002
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Study name

Event Lower Upper

rate

Soto etal, 2013 0,200
Arana et al, 2001 0,474
Neva et al, 1997 0,033
Martha etal, 1995 0,600
Soto et al, 1993 0,182
Martinez etal, 1992 0,118
Navin et al, 1992 0,425
Navin et al, 1990 0,273
Saenz et al, 1990 0,042

0,264
A.Initial cure

limit

0,093
0,323
0,005
0,348
0,070
0,030
0,283
0,128
0,003
0,160

limit  Total

0,379 6/30
0,630 18/38
0,202 1/30
0,808 9/16
0,396 4/22
0,368 2/17
0,580 17/40
0,489 6/22
0,425 0/11
0,404

Event rate and 95% CI
Study name Event rate and 95% CI
L Event Lower Upper
rate limit limit Total
Soto et al, 2013 0,133 0,051 0,306 4/30 L
= Soto et al, 2004. 0,295 0,180 0,445 13/44 l 3
-— Soto etal, 2002.. 0,417 0,185 0,692 5/12
Velezetal, 1997 0,304 0,198 0,435 17/56 | 3
- Martinez et al, 1992 0,028 0,002 0,322 0/17
0,258 0,163 0,383 L 2
L 4 4,00 0,50 0,00 0,50 1,00
-1,00 -0,50 0,00 0,50 1,00 B. Definitive cure

Fig 1. Initial (A) and definite (B) cure rates observed in American cutaneous leishmaniasis patients without treatment or with placebo use.
doi:10.1371/journal.pone.0149697.g001

Study name

Soto et al., 2004 L.

Navin et al., 1992 L.

Navin et al.,1990 L.

Soto et al., 2004. L.

Neva et al., 1997 L.

Navin et al., 1992.L.

Navin et al., 1990.L.

of follow-up (range: 6 to 12 months of follow-up). Relapse was assessed in patients who were
treated and were considered cured. Of note, the study presenting with the highest spontaneous
cure rate [11] was the one that used a less stringent criterion for cure (unlike all other studies in
which complete re-epithelialization was the requirement, in that study, reepithelization equal to
or above 80% of the ulcer area was considered sufficient for cure establishment). Considering the
current cure definition of complete reepithelization [10] and the requirement of standardization
of criteria for combining the results of multiple studies, we excluded this discrepant study from
the final analysis. Using placebo or no treatment, the initialcure ratewas 26% (CI95%: 16 to 40%,
heterogeneity I” = 70), and the definitive cure rate was 26% (CI95%:16 to 38%, heterogeneity I =
48). In addition, despite the smaller number of patients with species characterization available
(only 112 of 352), a significantly lower cure rate was observed for L. braziliensis infection (6.4%,
CI95%:0.2 to 20%) than for L. mexicana infection (44%, CI95%:19 to 72%), p = 0.002.

Comparison Statistics for each study Event rate and 95% CI
Event Lower Upper
rate limit limit
braziliensis 0,077 0,011 0,391
braziliensis 0,067 0,009 0,352
braziliensis 0,042 0,003 0,425
0,064 0,019 0,198 ’
mexicana 0,333 0,043 0,846 -
mexicana 0,056 0,003 0,505 i
mexicana 0,500 0,273 0,727 -.-
mexicana 0,714 0,327 0,928 —-.-
0440 0,195 0,719 ’

-1,00 -0,50 0,00 0,50 1,00

Fig 2. Cure rate observed in American cutaneous leishmaniasis patients without treatment or with placebouse according to Leishmania species.

doi:10.1371/journal.pone.0149697.g002
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Study name

Soto et al., 2013
Soto et al., 2004
Arana et al., 2001
Martha et al., 1995
Soto et al., 1993
Martinez et al., 1992
Navin et al., 1992

Navin et al., 1990

Statistics for each study Event rate and 95% CI

Event Lower Upper

rate limit limit
0,333 0,084 0,732
0,077 0,011 0,391 —B
0,036 0,002 0,384 T
0,083 0,005 0,622 —i
0,500 0,123 0,877
0,833 0,194 0,990 —
0,176 0,058 0,427 —_— .._
0,071 0,004 0,577 —il
0,203

Heterogeneity 12= 32

0092 0,389 ﬁ

025 -0,13 0,00 0,3 0,25

Fig 3. Relapse rate observed in American cutaneous leishmaniasis patients without treatment or with placebo use who presented with initial ulcer

healing.

doi:10.1371/journal.pone.0149697.g003

The relapse rate was 20% (CI95%:9.2 to 38.9%) and is shown in Fig 3. The relapse rate is the
percentage of patients with worsening skin lesions after initial healing and was usually assessed
at approximately 12 months of follow-up.

The study quality assessment is shown in Table 3. In general, the studies included adequate
numbers of patients and CL was invariably parasitologically confirmed. These patients were
largely representative of the source populations. However, in two studies [11,12], in the placebo
or no therapy arm, patients were not randomly allocated, which generates an important selec-
tion bias.

Discussion

Our main result was the very low spontaneous (6%) healing rate observed in American CL
caused by L. braziliensis. This CL cure rate significantly contrasts with that described with anti-
monial derivatives in the Americas (71.3-91.4%) [6]. Considering all patients gathered in this
study, the spontaneous cure rate was also low (26%); however, there was high heterogeneity
across studies (IC95%: 16-40%), preventing us from expanding this conclusion to all species
that cause CL in the Americas.

Although we have made an extensive review by combining several search strategies, our
analysis includes few studies and a relatively small number of patients thus hampering a strati-
fied analysis of cure by Leishmanias pecies. Another limitation is the bias represented by the
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Table 3. Study quality evaluation.

Author,
year

Saenz
et al., 1990

Navin

et al., 1990
Guderian
et al., 1991
Martinez
et al., 1992

Navin
et al., 1992

Martha
et al., 1995

Soto et al.,
1993

Neva
et al., 1997

Velez
et al., 1997

Arana
et al., 2001

Soto et al.,
2002

Double-

blind

No

No

No

No

No

No

No

Yes

Yes*

Yes

No

Concealment of
treatment
allocation

No *

No*

No*

No*

Yes*

No*

No*

Yes

No**

Yes

No*

Blinding of Intention-
outcome to-treat
assessment analysis
No Yes
No Yes
No No
No Yes
Yes No
No No
No No
Yes Yes
Yes*** Yes
Yes No
Yes Yes

Comments

* Randomization generation
domain not informed.
The placebo group was
sequentially recruited
one year after the
recruitment of the
treatment groups.Three
patients were not
randomized and received
ketoconazole.

*Randomization generation
domain not informed

*Randomization generation
domain not informed

* Randomization generated
by a computer program.
Patients who agreed to
participate but refused to
receive injections
received allopurinol.
Patients not eligible for
treatment were allocated
to the control group.
These groups were not
randomized but were
self-selected.

*Randomization generated
by a computer program

*Randomization generation
domain not informed

*Numerical sequence
randomization.
Randomization was not
uniform for all patients
included. Twenty of 92
patients were randomized
to one of the treatment
arms, without the placebo
option.

Randomization generated
by a computer program

*Only the allopurinol and
placebo groups were
double-blind, not the
Glucantime group.
**Randomization
generation domain not
informed. ***Yes to
placebo and allopurinol
groups, not mentioned
for Glucantime group.

Tubes randomly numbered
by industry

*Randomization generation
domain not informed.

(Continued)
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Table 3. (Continued)

Author, Double- Concealment of Blinding of Intention- Comments
year blind treatment outcome to-treat
allocation assessment analysis
Soto et al., Yes No* Yes Yes * Randomization generation
2004 domain not informed.
Soto et al., No Yes* No** Yes * Deck of cards
2013 randomization.
**|nformation not
available

doi:10.1371/journal.pone.0149697.t003

imperfect randomization of patients. Despite these limitations, this review raises necessary
reflection about ethical aspects in CL trials.

The three most common reasons used to justify the use of a placebo arm in American CL
studies are as follows: 1) the doubtful cure rate obtained with pentavalent antimonial drugs, as
the current evidence of their efficacy is not sufficiently strong, mainly because of the weakness
of clinical trials; 2) the non-systematic observation of spontaneous healing in CL, which can
“contribute” to the cure rate outcome of a investigated treatment, resulting on an over-esti-
mated cure rate and 3) the benign nature of the damage caused by delayed treatment or no
treatment or placebo, frequently considered to be reversible and “not serious” harm.

Considering the previously published systematic reviews about the efficacy of the antimony
derivatives and the results presented here, the first two justifications for the use of a placebo
arm in American CL studies can be considered, in the present state of knowledge, to be negated
as follows: the available therapies normally prescribed have recognized efficacy, and the spon-
taneous cure rate for CL is low in the Americas. Therefore, what still needs to be examined is
the magnitude of harm caused by the disease or how much suffering patients can ethically be
exposed to by delaying appropriate treatment with placebo administration.

There are many reasons for the historical use of placebo, including the endorsement pro-
vided by regulatory bodies in the interests of accuracy [29]. The most efficient way to eliminate
the effect of placebo in the final statistical analysis is random allocation of patients into a pla-
cebo concurrent control arm. Although this approach is scientifically sound, ethical concerns
arise under specific conditions that outweigh the alleged benefits of this protocol design.

There is agreement that the use of placebo or another form of untreated control is almost
always unethical when a therapy is available that has been shown to improve survival or
decrease serious morbidity. However, for conditions in which the treatment does not affect the
patient’s long-term survival, as is the case for CL, this discussion becomes enormously complex
and causes division among researchers. It is well noted that the Helsinki Declaration accepts
placebo-controlled trials since its 2008 revision; a decision that was maintained in the 2013 ver-
sion [30]. This World Medical Association position is far from being generally accepted, and
the Brazilian National Health Board is against these two revisions and keeps the position that
placebo-controlled trials are unethical whenever they are used to evaluate new treatments for
conditions when proven effective treatments exist [31]. In countries where the Helsinki Decla-
ration is adopted, researchers and research organizations should observe the two conditions
that it states as necessary for the use of a placebo or no intervention arm: the existence of “com-
pelling and scientifically sound methodological reasons” and “the patients who receive any
intervention less effective than the best proven one, placebo, or no intervention will not be sub-
ject to additional risks of serious or irreversible harm”. According to Emanuel and Miller
(2001) [32], a placebo-controlled trial has a sound scientific rationale if the following criteria
are met: “there is a high placebo-response rate; the condition is typically characterized by a
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waxing-and-waning course, frequent spontaneous remissions, or both; and existing therapies
are only partly effective or have very serious side effects; or the low frequency of the condition
means that an equivalence trial would have to be so large that it would reasonably prevent ade-
quate enrollment and completion of the study”. In a simple analysis, it is noted that the above
criteria cannot be fully applied to CL and the “compelling methodological reasons” that could
justify this choice are at least questionable. Furthermore, even when these methodological cri-
teria are met, the risk of using a placebo control should also be evaluated according to several
ethical criteria. The Helsinki Declaration states that research participants in the placebo group
“should not be substantially more likely than those in the active-treatment group to die; to
have irreversible morbidity or disability or to suffer other harm; to suffer reversible but serious
harm; or to experience severe discomfort” [33]. Based on that statement, Temple and Ellenberg
[34] claimed that the use of a placebo control is ethical if the research participants who receive
the placebo will experience “no permanent adverse consequence”, if there is only a risk of “tem-
porary discomforts,” or if they “will not be harmed.” Ultimately, it is notable that “scientific
rationale criteria” for placebo use permit suffering of the study participants that is not negligi-
ble, and the interpretation of these “no equivalent principles” is a very arduous task. In addi-
tion, parameters, such as the seriousness of the damage and the degree of discomfort, are too
subjective and personal to allow for arbitration.

It is also useful to review the risks addressed by the U.S. Federal regulations [32],which can
be used to categorize the risks of damage to the subjects into one of three types: physical, psy-
chological, and informational. Furthermore, the proponents of placebo controls focus exclu-
sively on physical harm. It is important to note that skin lesions are a common cause of social
isolation, disruption of relationships and loss of employment. These social harms lead to emo-
tional damage, both of which are either not considered or are dismissed. However, as noted by
Emanuel and Miller [32],in a contradictory manner, “psychological and social harms are
invoked to justify the value of the research”.

Another important topic linked to the placebo discussion is the toxicity related to antimo-
nial derivatives, an argument that is sometimes used to promote placebo use. While we empha-
size that the toxicity of antimony derivatives is not negligible and that, in CL, the “best proven
treatment” is a “non-optimal treatment”, we also recognize that unexpected adverse effects are
very rare in young patients without comorbidities, who normally compose the study groups of
CL studies, and that monitored antimony use can avoid much of the serious adverse events
reported [35]. It is also important to note that antimony derivatives are considered to have
high evidence quality in the treatment of CL and are strongly recommended in the guide pro-
duced by the Pan American Health Organization for the treatment of leishmaniasis [36]. Obvi-
ously, there are other operational implications of using antimony derivatives: the use of an
antimony derivative under close adherence to the recommended precautions as comparator
arm in clinical CL trials potentially restricts recruitment, and the study may require increased
time and funds.

Finally, in American CL, this discussion brings up another important and unclear point:
mucosal involvement is a late complication that is mainly related to L. braziliensis infection but
also to species found in the Americas, including L. (V.) panamensis, L. (V.) guyanensis and L
(L) amazonensis [37]. Unfortunately the studies available and included in this review did not
perform a sufficiently long follow-up preventing us to conclude about the mucosal involvement
risk. A detailed analysis of this issue was not the purpose of the present discussion; however,
despite reports of this complicationeven after appropriate therapy, the risk seems to increase,
moreso thanthe risks of any other complications, in patients who are not adequately treated
[38, 39].
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Considering these unknown elements and the risks embedded in each study design, research
planning, particularly in the CL field, requires deep ethical reflection. It is certainly necessary
to review the recommendations for clinical trials focused on American CL, especially when the
infectious agent is L. braziliensis. Based on a low spontaneous cure rate observed in non-treated
patients and our above reflections, we believe that for clinical studies of CL in the Americas,
there is a sufficient basis for discouraging the use of a placebo or non-treatment arm. Patients
need to be protected from unethical exposures to morbidity, pain and social stigmatization
and, instead, should be offered immediate and adequate treatment.
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