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Abstract

Background: Cutaneous leishmaniasis (CL) is increasingly reported in previously
non-endemic European countries. Although often self-limiting or amenable to
topical therapy, systemic treatment is indicated in specific situations. Evidence
guiding systemic therapies remains limited and heterogeneous.

Objectives: This systematic review and meta-analysis aimed to synthesize available
evidence on systemic treatment regimens for CL.

Methods: MEDLINE/PubMed and Embase were searched for clinically and/or
parasitologically confirmed CL receiving systemic monotherapy with meglumine
antimoniate (M A), miltefosine, azoles, pentamidine, or liposomal amphotericin B (L-
AmB) until February 2026. Primary outcome was clinical cure assessed 2-7.5 months
after treatment initiation. Pooled cure rates were estimated using random-effects
meta-analysis. Subgroup analyses were performed for Old World (OWCL) and New
World (NWCL) CL, and by Leishmania species.

Results: Eighty-three studies comprising 96 treatment arms and 4603 patients with
OWCL and NWCL were included. Overall, study quality was moderate (per JBI
checklist). MA, long regarded as standard of care in many countries, had a pooled
cure rate of 59% (95% CI 52%-66%). Higher rates were observed with L-AmB (77%;
95% CI 56%-90%), followed by miltefosine (75%; 95% CI 69%-81%), itraconazole
(70%; 95% CI 65%-76%), and fluconazole (62%; 95% CI 16%-93%). Lower rates
were obtained with pentamidine (55%; 95% CI 42%-67%) and ketoconazole (36%;
95% CI 7%-82%). Species- and region-specific sub-analyses indicated miltefosine
highly effective for OWCL (particularly L. major) and NWCL (L. braziliensis, L.
guyanensis, L. panamensis). Head-to-head comparisons of miltefosine and MA
showed no statistically significant difference. L-AmB was similarly effective in
NWCL (particularly L. braziliensis), with lack of evidence for other species.
Conclusions: Systemic treatment options for CL show variable efficacy. Despite the
promising cure rates for miltefosine and L-AmB, comparative evidence remains
insufficient to support therapy recommendations. Confirmation in adequately
powered, high-quality RCTs, ideally stratified by species, is warranted to strengthen
the evidence base.
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SYSTEMIC TREATMENTS IN CL
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INTRODUCTION

Leishmaniasis comprises a spectrum of vector-borne
diseases caused by protists of the genus Leishmania and
is classified as a neglected tropical disease by the WHO.'
The main phenotypic forms are cutaneous (CL), visceral
(VL), and mucocutaneous/mucosal leishmaniasis (MCL/
ML).%?® CL is the most common form, endemic in over 100
countries, with an estimated 0.7-1 million cases annually
and 350 million people at risk of infection."* Although
traditionally endemic in North Africa, Central Asia,
Middle East, Latin America, and Southern Europe, CL is
becoming increasingly relevant in Central and Northern
Europe™® due to growing international travel activities,
forced migration, and climate-driven acceleration of
parasite development and northward expansion of sandfly
vectors.”

More than 20 Leishmania species can infect humans,
having historically been classified into Old World (OW) or
New World (NW) species. While OWCL is mostly caused by
L. major, L. tropica, L. aethiopica and increasingly L. infan-
tum, the main causative agents of NWCL are L. mexicana,
L. amazonensis and members of the subgenus Viannia, in-
cluding L. braziliensis, L. guyanensis and L. panamensis.>”
CL may resolve spontaneously or be manageable with topical
therapeutics, but systemic treatment is indicated for complex
CL (i.e., >4 lesions, lesion(s) >5cm, lesions located at func-
tionally/cosmetically sensitive sites, immunocompromised
hosts, diffuse, disseminated and therapy-refractory forms)
and in cases involving Viannia or other species associated
with MCL/ML.>""™"* Although rarely life-threatening, CL
can cause morbidity, functional impairment and psychoso-
cial distress.>'*"?

Several systemic agents are available, including pentava-
lent antimonials, miltefosine, azoles, pentamidine, and li-
posomal amphotericin B (L-AmB). Although antimonials
- with meglumine antimoniate (MA) the most widely used
drug globally'® - have been the traditional mainstay in the
treatment of leishmaniasis since the 1940s in many coun-
tries, no standardized regimen has been established, and no
single drug is equally effective against all Leishmania spe-
cies. Moreover, heterogeneous study designs and a paucity of
high-quality randomized controlled trials (RCTs) limit the
strength of treatment recommendations. Meta-analyses are
scarce and complicated by variable treatment regimens and
outcome measures. This poses a substantial challenge for cli-
nicians, who are often compelled to rely on expert opinion
or experience-based evidence. This systematic review and
meta-analysis aimed to synthesize the available data on sys-
temic treatments for CL to inform clinical practice, facilitate
future guideline development, and support public health
policy decisions.

Why was the study undertaken?

Cutaneous leishmaniasis (CL) is endemic in parts of
Southern Europe and is increasingly being reported
in formerly non-endemic regions of Central Europe.
Several systemic treatments for CL exist, with pentava-
lent antimonials (e.g., meglumine antimoniate (MA))
having been used as standard care for many decades
despite limited evidence. This study was undertaken to
systematically synthesize and compare the efficacy of
currently used systemic monotherapies for CL.

What does this study add?

This systematic review and meta-analysis compris-
ing 83 studies and 96 intervention arms revealed
marked variations in pooled cure rates across the sys-
temic antileishmanial agents. MA showed only mod-
erate efficacy, whereas miltefosine and liposomal
amphotericin B (L-AmB) were associated with rela-
tively high pooled cure rates. Subgroup analyses also
highlighted important regional and species-specific
differences in treatment response, with miltefosine
demonstrating the most consistent evidence across
different settings. Head-to-head comparisons were
performed for agents with sufficient study evidence.

What are the implications of this study for
disease understanding and/or clinical care?

These findings call into question the contemporary
role of MA as the standard of care for CL and under-
score that systemic treatment should be guided by
region and, where possible, the infecting Leishmania
species. Miltefosine and L-AmB demonstrate high ef-
ficacy along with advantages in toxicity profile and/
or modality of administration; however, current
comparative evidence is insufficient to establish valid
therapy recommendations. Adequately powered,
standardized comparative trials are required before
treatment guidelines can be revised confidently.

METHODS
Reporting guidelines and protocol registration

This systematic literature review was prepared according
to the preferred reporting items for systematic reviews
and meta-analysis (PRISMA) 2020," following an a priori
defined protocol (PROSPERO: CRD420261292193).
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TABLE 1 Eligible systemic therapy regimens.

Therapy Dose Administration route Duration
Meglumine antimoniate 20mg/kg (15mg/kg if age <12 years) intravenous/intramuscular 20-21days
Miltefosine 1.5-2.5mg/kg oral 21-28days
Azoles 200-800 mg/day® oral 4-8weeks
Pentamidine 4mg/kg* intravenous/intramuscular 2-4 doses
Liposomal Amphotericin B 3-4mg/kg intravenous 5-6 doses

*One study using pentamidine 2 mg/kg for 7 doses was included, because the cumulative total dose was considered comparable to the prespecified regimen.**

bStudies evaluating itraconazole and fluconazole were restricted to a total daily dose of <450 mg. For ketoconazole, due to limited evidence, studies using doses up to 800 mg/

day were included.

Eligibility criteria

The criteria were pre-specified according to PICOS.
Individualsofanyagewithclinicallyand/orparasitologically
confirmed CL (P) were included if they received the
following interventions (I): systemic monotherapy with
MA, miltefosine, azoles (i.e., itraconazole, fluconazole,
ketoconazole), pentamidine or L-AmB, at pre-defined
dosing regimens (Table 1) based on the German guideline
for CL." Only studies reporting sufficient dosing
information (i.e., dose, duration, administration route)
were included. Studies combining systemic treatment
with topical placebo were included to retain several high-
quality RCTs."* " Studies with and without a comparison
(C) group were eligible. The outcome (O) was the clinical
cure rate assessed 2-7.5 months after treatment initiation.
The primary outcome was cure, defined as complete re-
epithelialization of lesion(s), complete healing, scarring
or clinical cure of all lesions. Only studies reporting
the total number of patients prior to treatment and the
number of patients achieving clinical cure were included.
Eligible study designs (S) included RCTs, non-randomized
clinical trials, observational studies and case series. Case
reports, reviews, meta-analyses, editorials, comments and
conference abstracts were excluded.

Search strategy and data collection

MEDLINE/PubMed and Embase were searched from
inception to February 17, 2026, without language or
geographical restrictions (Appendix Al). Non-English
and non-German articles were translated using DeepL.”
Spanish translations were reviewed by a native speaker
(Am.H.); other translations were not independently
verified.

Two authors independently screened titles/abstracts; two
others independently assessed full texts for eligibility, resolv-
ing discrepancies by consensus or, if needed, a third reviewer
as arbitrator. Two authors independently extracted data on
Leishmania species, study region, number of enrolled and
cured patients, diagnostic methods, treatment, and partic-
ipant/lesion characteristics.

Data synthesis

Pooled cure rates for each systemic regimen were calculated
using a random-effects generalized linear mixed model
(GLMM) with logit link in R 4.4.1 (“meta” package®®),
accounting for the anticipated between-study variability in
true effect sizes. Results are presented as pooled estimates
with Hartung-Knapp-adjusted 95% confidence intervals
(Cls). Statistical heterogeneity was assessed using I%.

Subgroup analyses stratified outcomes by region (OWCL
vs. NWCL) or the most likely causative Leishmania species.
Species assignment was based on molecular identification
or, when unavailable, the predominant species reported in
the study region.

Head-to-head comparisons were performed when at least
two comparative studies were available. Random-effects
meta-analyses of risk ratios (RRs) were calculated in R using
the “meta” package, based on the total number of treated pa-
tients and cured cases.

Study quality assessment

Methodological quality was assessed using the appropriate
revised Joanna Briggs Institute (JBI) Critical Appraisal
tool.” Two authors independently evaluated each study;
discrepancies were resolved by consensus. The proportion
of criteria met was determined to classify the risk of bias
(RoB) as high (<50%), moderate (50-69%), or low (>70%).
Publication and small study bias were assessed using
Egger's test and funnel plot asymmetry for meta-analyses
including >10 study arms. The quality of evidence from
the comparative meta-analyses was evaluated using
GRADE.*®

RESULTS
Identification of relevant literature
The search identified 2945 records (MEDLINE/PubMed

n=1286; Embase n=1659). After removal of 833 duplicates,
2112 records were screened and 425 full texts assessed. Of
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Records screened
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+ Ineligible study design/publication type
(no primary effectiveness data or ineligible

\4

outcome) (n = 1105)
+ No relevant therapy (n = 399)

(n= 480)

Reports sought for retrieval

+ ML/MCL/VL; no leishmaniasis (n = 128)

Reports not retrieved

A4

(n=55)

(n=425)

Reports assessed for eligibility

Records excluded:

Differing medication, dose or application
(n=178)

\ 4

+ Differing design or outcome/no ITT rates
(n=154)

(n=83)

Studies included in
efficacy calculation

* ML/MCL included (n=9)
+ No translation possible (n= 1)

| inclusion | | Eligibility

FIGURE 1

PRISMA flow-diagram for study identification and selection. The search strings are detailed in Appendix Al. ITT, intention-to-treat;

MCL, mucocutaneous leishmaniasis; ML, mucosal leishmaniasis; VL, visceral leishmaniasis.

43 non-English full texts, 42 were translated (French n=19,
Portuguese n= 14, Spanish n=6, Farsi n=2, Turkish n=1);
one non-extractable article was excluded. Overall, 342 full
texts were excluded, leaving 83 studies with 96 study arms
for inclusion (Figure 1, Appendix B1).

Study characteristics

The full characteristics, including RoB, are provided in
Appendix Cl. 14 studies were classified as high RoB, mainly
due to limited internal validity and high loss to follow-up,
37 as moderate and 32 as low. 49 study arms were RCT-
derived, 24 from prospective non-randomized trials, 11
from prospective observational studies, 5 from retrospective
studies, and 7 from case series (Table 2). 27 study arms
involved OWCL, mainly from Iran (n=9) and Pakistan
(n=6), whereas 68 focused on NWCL, predominantly from
Brazil (n=24) and Colombia (n=14). One arm included
imported cases from both regions.*

In total, 4603 patients with confirmed diagnoses of
CL were included. Five study arms enrolled exclusively
children. Across the 96 study arms, 41 reported treat-
ment interventions with MA, 17 with miltefosine, nine
with itraconazole, six with fluconazole, seven with ke-
toconazole, 11 with pentamidine, and five with L-AmB.

Fifteen included patients with prior anti-leishmanial ther-
apy. Three studies exclusively enrolled pre-treated pop-
ulations: two miltefosine studies included MA-resistant
disease and one MA study patients with prior miltefosine
failure.’*? 60 study arms defined cure as complete re-
epithelialization/epithelialization, 23 as complete healing,
scarring or clinical cure of all lesions. Thirteen study arms
used alternative definitions: three defined cure as absence
of therapeutic failure® or lesion size reduction of >80%,>
but were retained because of high overall quality. In nine,
cure was based on clinico-parasitological resolution; in
one solely on negative parasitology.

Synthesis of the results

In the overall analysis (Figure 2), MA had a pooled cure rate
of 59% (95% CI 52%-66%). Higher pooled cure rates were
observed with L-AmB at 77% (95% CI 56%-90%), followed
by miltefosine at 75% (95% CI 69%-81%) and the triazole
compounds itraconazole at 70% (95% CI 65%-76%) and
fluconazole at 62% (95% CI 16%-93%). The pooled cure
rates were lower with pentamidine at 55% (95% CI 42%-
67%) and ketoconazole at 36% (95% CI 7%-82%). All agents
showed substantial heterogeneity with 1*>70%, except for
itraconazole (I?=0.0%) and L-AmB (I =37.7%).
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TABLE 2 Characteristics of the included study arms according to treatment.

Characteristics MA  Miltefosine  Itraconazole
Study arms, n 41 17 9
Study design
Randomized controlled trial 24 10 5
Non-randomized trial 8 4 4
Prospective observational study 7 1 0
Retrospective study 2 1 0
Case series 0 1 0
Region
Old World 6 5 7
New World 35 12 1
Not segregated 0 0 1
Timepoint of reported cure
2-3 months 16 3 2
4-5months 9 2 4
6-7.5months 16 12 3
Species®
L. major 3 1 2
L. tropica 3 2 1
L. braziliensis 18 3 0
L. guyanensis 6 2 1
L. panamensis 4 3 0
L. mexicana 0 1 0
L. amazonensis 1 0 0

Fluconazole Ketoconazole  Pentamidine L-AmB  Total
6 7 11 5 96
2 3 4 1 49
2 1 3 2 24
0 0 3 0 11
0 0 1 1 5
2 3 0 1 7
5 3 0 1 27
1 4 11 4 68
0 0 0 0 1
2 4 4 3 34
3 1 2 0 21
1 2 5 2 41
1 1 0 0 8
0 1 0 1 8
0 1 2 3 27
1 2 4 0 16
0 0 1 0 8
0 0 0 0 1
0 0 0 0 1

Abbreviations: L-AmB, liposomal amphotericin B; MA, meglumine antimoniate; n, number.

“Either identified by molecular techniques or reported as predominant in the respective study region.

In the sensitivity analysis restricted to the 49 RCT-
derived study arms, pooled effects were consistent with the
overall cure rates, except for fluconazole (72% vs. 62%) and
L-AmB (44% vs. 77%). However, these estimates should be
interpreted cautiously due to the limited number of avail-
able study arms (n =2 and n =1, respectively). Two additional
sensitivity analyses, one excluding studies at high RoB and
one restricted to the 83 study arms meeting the predefined
cure criterion, yielded results consistent with the primary
analysis (Appendix D1).

Subgroup analyses

For the subgroup analysis stratified by OWCL and NWCL
(Figure 3, Appendix El), one study was excluded because it
included cases in both settings.”” In OWCL, MA displayed
a low pooled cure rate of 43% (95% CI 28%-60%). Higher
rates were observed with miltefosine (80%; 95% CI 52%—
93%), followed by fluconazole (73%; 95% CI 34%-93%)
and itraconazole (70%; 95% CI 63%-76%). Evidence for
L-AmB was limited to a single study with a cure rate of
85%. Ketoconazole (27%; 95% CI 0%-100%) demonstrated
highly heterogeneous results, including one study reporting

complete treatment failure.”> In NWCL, MA showed
a higher pooled cure rate than in OWCL (62%; 95% CI
54%-70%). However, the cure rates for miltefosine and L-
AmB reached 74% (95% CI 67%-79%) and 75% (95% CI
43%-92%), respectively, although one of the four L-AmB
studies reported a low rate of 44%.>* Pentamidine, evaluated
exclusively in NWCL, yielded a pooled estimate identical
to the overall analysis. Interpretations for azoles were
hampered, as evidence for itraconazole and fluconazole
in NWCL was limited to a single study arm each (cure of
73% and 5%, respectively), and ketoconazole demonstrated
substantial heterogeneity (37%; 95% CI 6%-84%).

Overall, 69 study arms identified the causative Leishmania
species by molecular methods (n=39) and/or stated the
species predominant in the study region (n=32) (Figure 4,
Appendix F1). For OWCL-associated L. major and L. tropica,
MA appeared low-to-moderate effective, with pooled cure
rates of 49% (95% CI 34%-65%) and 38% (95% CI 24%-55%),
respectively. Miltefosine showed relative moderate-to-high
effectiveness of 81% (95% CI 64%-91%) and 55% (95% CI 46%—
65%), respectively. L-AmB was only assessed in one L. tropica
study with a cure rate of 85%. For L. major, the three azoles
showed comparable effectiveness from 59%-65%. However,
in the single L. tropica study, ketoconazole completely failed
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FIGURE 2

Study arms
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0.50
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0.72
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1.00
1.00
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0.53
0.59
0.63
0.66
0.67
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0.70
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0.78
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0.83
0.87
0.92
0.93
0.75

95%~ClI

[0.82; 1.00]
[0.52; 0.66]

[0.69; 0.81]

Forest plots of the pooled final cure rates of (a) meglumine antimoniate (MA), (b) miltefosine, (c) itraconazole, (d) fluconazole, (e)

ketoconazole, (f) pentamidine, and (g) liposomal amphotericin B (L-AmB). Calculation of the pooled cure rates with 95% confidence intervals (CI) for
the different systemic treatment regimens was performed with the random-effects generalized linear mixed model.
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Study arms Cured Total Proportion 95%~ClI
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Rafaa, 2007 10 14 —:0— 0.71 [0.42;0.92]
Sheraz, 2021 99 120 [ 0.82 [0.75;0.89]
Mitra, 2022 14 14 } S— 1.00 [0.77;1.00]
Random effects model 202 319 —_— T 0.62 [0.16; 0.93]
Heterogeneity: 12 = 89%, p < 0.0001 :

|
Ketoconazole 1
Ozgoztasi, 1997 0 32— | 0.00 [0.00;0.11]
Dedet, 1987 3 26 ——— | 0.12 [0.02;0.30]

—_— | N

ol 1986 S 062 024001
Weinrauch, 1983 5 8 —_— 0.62 [0.24;0.91]
Saenz, 1990 16 22 —l~— 0.73 [0.50; 0.89]
Salmanpour, 2001 57 64 I — 0.89 [0.79;0.95]
Random effects model 88 172 <> 0.36 [0.07; 0.82]
Heterogeneity: P= 85.4%, p < 0.0001 :

|
Pentamidine !
Rios—Echavarria, 2025 0 4— : 0.00 [0.00; 0.60]
Dimier-David, 1992 8 27 — : 0.30 [0.14;0.50]
Andersen, 2005 14 40 —_— 0.35 [0.21;0.52]
Mans, 2016 67 143 — ; 0.47 [0.38; 0.55]
Hu, 2015 45 84 — 0.54 [0.42;0.65]
Neves, 2011 34 62 — 0.55 [0.42;0.68]
Cavalcante, 2025 17 30 —0—;— 0.57 [0.37;0.75]
Robledo, 2006 37 63 —~—:— 0.59 [0.46;0.71]
Castro, 2024 38 58 — = 0.66 [0.52;0.78]
De Paula, 2003 27 38 —:—0— 0.71 [0.54;0.85]
Lightburn, 2003 201 237 | . 3 0.85 [0.80; 0.89]
Random effects model 488 786 <>§> 0.55 [0.42; 0.67]
Heterogeneity: 1% = 88.4%, p < 0.0001 |

|
L-AmB |
Azouz, 2026 4 9 —0—:— 0.44 [0.14;0.79]
Senchyna, 2020 13 18 — T 0.72 [0.47;0.90]
Solomon, 2011 11 13 —:—~— 0.85 [0.55;0.98]
Solomon, 2013 29 34 | T 0.85 [0.69; 0.95]
Murphy, 2026 2 2 ; 1.00 [0.16; 1.00]
Random effects model 59 76 —_— 0.77 [0.56; 0.90]
Heterogeneity: /7 = 37.7%, p = 0.1700 |

|
Random effects model 2874 4603 <> 0.63 [0.58; 0.68]

Heterogeneity: % =81.4%, p <0.0001 I I I I I !
0 02 04 06 08 1

FIGURE 2 (Continued)

to cure. In NWCL-associated species, the pooled cure rates  the single L. amazonensis study. Miltefosine showed consis-
of MA ranged from 55%-62% for L. braziliensis, L. guyan-  tently high pooled cure rates from 66%-80%. Studies involv-
ensis and L. panamensis, whereas all patients were cured in ~ ing L-AmB were confined to L. braziliensis, where cure rates
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Therapy Study arms Cured Total Proportion 95%-ClI
OowcCL

MA 6 127 294 —— 0.43  [0.28;0.60]
Miltefosine 5 156 214 — 0.80  [0.52;0.93]
ltraconazole 7 207 297 5 0.70 [0.63; 0.76]
Fluconazole 5 201 299 — 0.73  [0.34;0.93]
Ketoconazole 3 62 104 50 0.27 [0.00; 1.00]
L-AmB 1 11 13 —f— 0.85 [0.55; 0.96]
NwCL
MA 34 991 1667 —8- 0.62  [0.54;0.70]
Miltefosine 12 5183 719 B 0.74 [0.67; 0.79]
ltraconazole 1 22 30 —— 0.73 [0.55; 0.86]
Fluconazole 1 1 20 H— 0.05 [0.01; 0.28]
Ketoconazole 4 26 68 £ 0.37 [0.06; 0.84]
Pentamidine 11 488 786 — 0.55 [0.42; 0.67]
L-AmB 4 48 63 —— 0.75 [0.43; 0.92]
T T T T 1

FIGURE 3  Subgroup analysis forest plot of pooled cure rates for each systemic therapy, stratified according to Old World (OWCL) and New World
(NWCL) cutaneous leishmaniasis. Effect sizes are presented with corresponding 95% confidence intervals (CI). L-AmB, liposomal amphotericin B; MA,
meglumine antimoniate.

Therapy Study arms Cured Total Proportion 95%-ClI
L. major
MA 3 58 118 —8— 0.49 [0.34; 0.65]
Miltefosine 1 26 32 —— 0.81 [0.64; 0.91]
ltraconazole 2 89 137 —a- 0.65  [0.57;0.72]
Fluconazole 1 63 106 —— 0.59 [0.50; 0.68]
Ketoconazole 1 5 8 —8— 0.62  [0.28;0.87]
L. tropica
MA 3 69 176 —8— 0.38  [0.24;0.55]
Miltefosine 2 57 103 —— 0.55  [0.46; 0.65]
Itraconazole 1 10 15 —a— 0.67 [0.41;0.85]
Ketoconazole 1 0 32 [+ 0.00 [0.00; 1.00]
L-AmB 1 1 13 —F— 0.85  [0.55;0.96]
L. braziliensis
MA 18 399 690 —8— 0.60  [0.48;0.71]
Miltefosine 3 117 151 —8- 0.77 [0.70; 0.83]
Ketoconazole 1 16 22 —s— 0.73  [0.51;0.87]
Pentamidine 2 22 67 —— 0.33  [0.23;0.45]
L-AmB 3 46 61 — 0.73  [0.52;0.87]
L. guyanensis
MA 6 143 264 —8— 0.55  [0.41;0.68]
Miltefosine 2 73 110 —— 0.66  [0.57;0.75]
ltraconazole 1 22 30 — 0.73  [0.55;0.86]
Fluconazole 1 1 20 L= 0.05 [0.01; 0.28]
Ketoconazole 2 5 38 - 0.13 [0.06; 0.28]
Pentamidine 4 163 319 = 0.51 [0.46; 0.57]
L. panamensis
MA 4 204 328 —— 0.62  [0.46;0.76]
Miltefosine 3 136 172 —- 0.80  [0.70;0.87]
Pentamidine 1 37 63 —— 0.59 [0.46; 0.70]
L. mexicana
Miltefosine 1 18 23 —— 0.78 [0.57; 0.91]
L. amazonensis
MA 1 10 10 &l 1.00  [0.00;1.00]
T T T T 1

FIGURE 4 Subgroup analysis forest plot of pooled cure rates for each systemic therapy, according to species. Species assignment was based on the
reported molecular identification or, when unavailable, on the species reported in the study as predominant in the respective geographic region. Effect
sizes are presented with corresponding conventional 95% confidence intervals (CI). L-AmB, liposomal amphotericin B; MA, meglumine antimoniate.

were high (73%; 95% CI 52%-87%). Pentamidine displayed  respectively, but only low rates of 33% (95% CI 23%-45%) for
moderate effectiveness for L. guyanensis and L. panamen- L. braziliensis. Evidence for azoles was limited and the out-
sis of 51% (95% CI 46%-57%) and 59% (95% CI 46%-70%),  comes highly inconsistent.
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Miltefosine MA
Study Cured Total Cured Total
Rubiano LC, 2012 48 58 40 58
Mendes, 2021 33 50 25 50
Machado, 2010 45 60 16 30
Chrusciak-Talhari, 2011 40 60 16 30
Velez, 2010 85 145 103 143
Soto, 2008 36 44 15 18
Machado, 2021 36 47 20 45
Random effects model 464 374

Heterogeneity: /% = 73.2%, t° = 0.0452, p = 0.0010

Risk Ratio RR 95%-Cl Weight

1 1.20 [0.97;1.48] 17.1%
— 1.32 [0.94;1.86] 12.8%
e 1.41 [0.98;2.03] 12.1%

—t 1.25 [0.86;1.83] 11.7%
— 0.81 [0.69;0.97] 18.3%
—& 0.98 [0.77;1.26] 15.8%
——=—— 1.72 [1.20; 2.48] 12.2%
|
= 1.17 [0.97; 1.42] 100.0%
T

FIGURE 5 Forest plot showing head-to-head comparison of miltefosine and meglumine antimoniate (MA) in New World cutaneous leishmaniasis
studies. The pooled risk ratio (RR) with 95% confidence intervals (CI) is calculated using a random-effects model, with the vertical line at RR=1

indicating no difference between groups.

Pentamidine MA
Study Cured Total Cured Total Risk Ratio RR 95%-Cl Weight
Andersen, 2005 14 40 31 40— \ 0.45 [0.29;0.71] 47.1%
De Paula, 2003 27 38 30 4 | 0.97 [0.74; 1.28] 52.9%

Random effects model 78

|
81 <é,ﬁ
Heterogeneity: /? = 87.5%, 1° = 0.2564, p =0.0047

0.68 [0.32; 1.43] 100.0%

0.5 1 2

FIGURE 6 Forest plot of head-to-head comparison of pentamidine and meglumine antimoniate (MA) in studies on New World cutaneous
leishmaniasis. The random-effects model was employed to calculate the pooled risk ratio (RR) with 95% confidence intervals (CI). The vertical line set at

RR =1 indicates no difference between groups.

Head-to-head comparisons

Only alimited number of comparative studies were available,
all in NWCL, allowing for two head-to-head meta-analyses.

Seven RCTs directly compared MA and miltefosine, as-
sessing final cure at 6-7 months using a uniform outcome
of complete re-epithelialization of all lesions. Although the
RRs favoured miltefosine, difference did not reach statistical
significance (RR 1.17; 95% CI 0.97-1.42) (Figure 5). The cer-
tainty of evidence was rated as very low, due to the limited
number of low RoB studies, imprecision (95% CI 0.97-1.42)
and heterogeneity (I’=73.2%). In a sub-analysis stratified
by species, exclusion of studies reporting on L. braziliensis
revealed miltefosine as statistically significantly superior to
MA (RR 1.23; 95% CI 1.05-1.45) (Appendix Gl).

Two studies, including one RCT, compared the cure rates
of pentamidine with MA. Although pentamidine appeared
less effective, the difference was not significant (RR 0.68; 95%
CI 0.32-1.43) (Figure 6). The certainty of evidence was rated
very low due to the substantial heterogeneity (I* =87.5%) and
imprecision (GRADE assessments detailed in Appendix H1).

Quality assessment

Since the formal assessment of publication bias was limited
to the overall treatment-specific meta-analysis, only MA,
miltefosine, and pentamidine were evaluated (Appendix I1).
Egger's test did not indicate funnel plot asymmetry for MA
(p=0.186) or pentamidine (p=0.286), whereas asymmetry

was suggested for miltefosine (p <0.001). Smaller miltefosine
study arms (<50 participants) were more often conducted in
OWCL (4/8 vs. 1/9) and less often RCT-derived (4/8 vs. 6/9).

DISCUSSION

This systematic review and meta-analysis synthesized 83
studies on systemic CL therapies. For decades, pentavalent
antimonialshavebeenusedasfirst-linesystemic CLtreatment
in many endemic regions. Herein, in OWCL, MA showed
overall low-to-moderate efficacy with variable species-
specific outcomes, likely reflecting inter-species differences
in MA responsiveness and spontaneous resolution.’* One
high-efficacy L. major study was excluded due to short
follow-up.” Efficacy was higher in NWCL, supporting its
use in selected settings. The constraints of MA, including
variable efficacies, rising local resistances’®* and notable
nephro- and cardiotoxicity, however, question its role as
standard care.

L-AmB is the treatment of choice for VL in many re-
gions'S; its use in CL is off-label and primarily extrapolated
from VL. While our findings suggest potential efficacy, in-
terpretation is hampered by the small number of dedicated
CL studies. Nevertheless, our findings are broadly consistent
with a previous meta-analysis,"” which relied on case series
and case reports (the latter not included herein) and inves-
tigated tegumentary leishmaniasis instead of CL. Although
L-AmB may represent a promising alternative, its role re-
mains controversial due to its toxicity, limited stability at
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temperatures >25°C, inconvenient administration route,
and lack of data on skin penetration.* To strengthen evi-
dence, more RCTs assessing its species-specific efficacy are
urgently needed.

Miltefosine, approved by the FDA for L. donovani-
associated VL, L. braziliensis—/L. guyanensis—/L. panamensis-
associated CL, and L. braziliensis-associated ML,** showed
the most consistent efficacy in this analysis, with stable
pooled cure rates across OWCL and NWCL and a relatively
large evidence base. This is important, as treatment decisions
often rely on the predominant regional species rather than
species confirmation. Miltefosine's good efficacy for OWCL
appeared attenuated in L. tropica studies. Even though bi-
ologic characteristics may contribute to this finding, this
should be interpreted cautiously, as two available studies
investigated exclusively or partially MA-resistant cases,”™*’
indicative of inherently more difficult-to-treat lesions. No
head-to-head comparisons between miltefosine and antimo-
nials were available in OWCL, highlighting a key research
gap. For NWCL, head-to-head comparisons revealed no sig-
nificant difference between miltefosine and MA, supported
by previous meta-analyses demonstrating miltefosine's non-
inferiority.**** Although in vitro data suggested reduced
susceptibility of L. braziliensis due to decreased expression
of the miltefosine transport complex,*® the cure rates in
this study indicate non-negligible efficacy even against this
species. Thus, miltefosine appears to be a promising option
with broad efficacy across different CL settings, supported
by a favourable safety profile and oral administration.*”**
However, Egger's test (p <0.001) indicated small-study effects,
which may reflect publication bias and potential overes-
timation of pooled efficacy due to the preferential publica-
tion of favourable outcomes in smaller studies. At the same
time, differences in study region and design also suggest true
between-study heterogeneity. These results should therefore
be interpreted with appropriate caution.

Azoles can be used as salvage therapies for selected
OWCL and NWCL species,'"" although evidence is frag-
mented. The most robust data were available for itracon-
azole and fluconazole in OWCL. In NWCL, one study
reported near-complete failure of fluconazole against L.
guyanensis," whereas itraconazole achieved a cure rate
of 73% in another study.”® This difference may poten-
tially reflect the more favourable tissue and intracellu-
lar distribution of itraconazole.**" Although a previous
meta-analysis reported comparable, albeit modest, pooled
efficacies for the three azoles,”” this was not confirmed
here for ketoconazole, possibly reflecting differences in
study inclusions and/or substantial heterogeneity across
studies investigating ketoconazole. Notably, itraconazole
showed near-zero between-study heterogeneity, suggest-
ing consistent efficacy estimates, likely reflecting the lim-
ited clinical diversity of the evidence with one study arm
in NWCL- and all others in OWCL-settings. The favour-
able safety profile and oral administration represent major
advantages that may offset the longer treatment duration,

suggesting that azoles may become a pragmatic alternative
in selected settings once efficacy has been unequivocally
established.

Evidence for pentamidine is confined to NWCL. Piccica
et al. reported cure rates comparable to MA,> mirrored in
our head-to-head analysis. The substantial study heteroge-
neity and the potential risk of irreversible toxicity, however,
limit the compound's therapeutic reliability. Consequently,
its use may best be reserved for selected situations, such as
prior failure of other treatment options.

Although this meta-analysis focused on treatment ef-
ficacy, clinical decision-making should also consider fac-
tors beyond efficacy, toxicity, and route of administration.
The considerations of regulatory approval, availability, and
treatment costs are particularly relevant in resource-limited
endemic settings, where MA remains widely used because
of its low cost and broad availability. In contrast, the use of
miltefosine and L-AmB is often constrained by high acqui-
sition costs and restricted access. Improving equitable ac-
cess to quality-assured medicines for CL will require better
global procurement coordination and supply planning.'®

The mainlimitations of this studyare the scarcity ofhigh-
quality (randomized) comparative studies and the substan-
tial heterogeneity observed for most agents (I*>70%). This
heterogeneity is likely multifactorial, reflecting differences
in outcome reporting, intra-drug specific formulations and
biological factors. Generic formulation-related variability
may be particularly relevant for L-AmB, as differences in
particle size, drug-lipid association and tissue distribution
can influence the drug's pharmacokinetics and efficacy.™
Although efforts to harmonize CL trial methodology are
ongoing,”*® implementation of standardized study designs
remains necessary. To strengthen validity, here only studies
reporting both the number of treated and cured patients
were included, while avoiding mixing of per-protocol and
intention-to-treat outcomes as in previous meta-analyses.
Additionally, excluding outcomes assessed before 2 and
after 7.5 months post-treatment initiation improved com-
parability by accounting for differences in CL self-healing.
Remaining heterogeneity may further reflect species-
specific effects and substance-, host- and lesion-related
characteristics (e.g., skin permeability, innate immunity,
microbial burden, Leishmania RNA virus).”’ %

In conclusion, this systematic review and meta-analysis
suggests that systemic treatments for CL show variable ef-
ficacy, with miltefosine supported by the most consistent
estimates. Despite the promising cure rates observed for
miltefosine and potentially, L-AmB in OWCL and NWCL,
adequately powered, standardized RCTs, ideally stratified by
Leishmania species, are warranted to delineate the compar-
ative evidence.
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