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Jorgeth de Oliveira Carneiro da Motta2, Gustavo Subtil Magalhães Freire2,
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Introduction: American tegumentary leishmaniasis (ATL), which can present as either
cutaneous (CL) or mucosal leishmaniasis (ML), is endemic in South America, and first-line
antimonial treatments are known for their wide range of adverse effects (AEs). Growing
reports of drug resistance increase the urgency of the need for better treatment options.
The objective of this pilot clinical trial was to assess the efficacy of and AEs associated with
the oral combination of miltefosine and pentoxifylline based on a post hoc analysis.

Methods: A pilot, randomized, open-label clinical trial was performed. The experimental
group (M+P) received 50 mg twice a day (BID) miltefosine and 400 mg three times a day
(TID) pentoxifylline, and the control group (A+P) received 20 mg Sb+V/kg/day
intravenously and 400 mg TID pentoxifylline. Patients with ML received treatment for 28
days, and patients with CL received treatment for 20 days.

Results: Forty-three patients were included: 25 with ML and 18 with CL caused by L.(V.)
braziliensis. AEs were more frequent in the A+P group (p=0.322), and there was a need for
treatment interruption due to severe AEs (p=0.027). Patients with CL had a higher chance
of achieving a cure (p=0.042) and a higher risk of AEs (p=0.033). There was no difference
in the chance of a cure based on the treatment (p=0.058).

Conclusion: In this pilot randomized clinical trial, M+P treatment and A+P treatment
yielded similar cure rates, and the former was associated with a lower risk of AEs. Future
studies with more patients and longer follow-up are recommended.

Keywords: pentavalent antimonial, randomized clinical trial, pentoxifylline, miltefosine, cutaneous leishmaniasis,
mucosal leishmaniasis, American tegumentary leishmaniasis
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INTRODUCTION

Between 2001 and 2017, there were 940.396 new cases of
tegumentary leishmaniasis, including both the cutaneous (CL)
and mucous (ML) forms, in the Americas, with an annual mean
of 55.317 cases. These cases were reported by 17 of the 18
endemic countries on the continent, and 72.6% of the cases were
in Brazil. The incidence of ML was 3.78% of all LTA cases in
Brazil (Organização Pan-Americana da Saúde, 2019).

Active drug treatment is the main form of disease control,
although it does not affect asymptomatic infected individuals.
Many drugs have been used to treat leishmaniasis, but first-line
therapy with pentavalent antimonials (PAs) has not changed for
decades. PAs have been used in the Americas since the 1940s.
PAs are known for their wide range of adverse effects (AEs),
leading to treatment interruptions, hepatic and cardiac
alterations and even death, and the rate of drug resistance is
increasing. Other second-line therapies, such as amphotericin
and pentamidine, are also injectable and are associated with
significant AEs. Currently, cure rates vary from 70 to 90% in
patients with CL and from 30% to 91% in those with ML
(Chakravarty and Sundar, 2019).

A 40% rate of treatment failure has been reported in patients
treated with intravenous PAs alone for infection with
Leishmania (V) braziliensis (Ventin et al., 2018). Therapeutic
failure is becoming increasingly common in Brazil, especially in
patients with L. (V) braziliensis infections (Ponte-Sucre et al.,
2017; Rugani et al., 2018). The underlying mechanisms are not
yet clear but seem to be related to parasitological drug resistance
and the lack of a host immune response. The current treatment
recommended by the Brazilian Health Ministry for LC is 10 to 20
mg SbV/kg/day for 20 days and that for LM is 20 mg SbV/kg/day
combined with 400 mg pentoxifylline three times per day for 30
days (Ministério da Saúde, 2017).

In this context, treatments involving a combination of oral
drugs are interesting alternatives with the aim of increasing efficacy,
reducing AEs and increasing treatment adherence in patients with
leishmaniasis (Chakravarty and Sundar, 2019). Combining oral
drugs is already a successful treatment strategy for other infectious
diseases caused by intracellular microorganisms, such as
tuberculosis and leprosy, and is known to reduce drug resistance.

Miltefosine is the first oral drug with efficacy against
leishmaniasis, and it has been used since 2002 for the treatment
of both visceral (Sundar et al., 2002) and mucocutaneous
leishmaniasis. It affects the phospholipid membrane integrity
and mitochondrial function of microorganisms (Sundar et al.,
2002; Soto et al., 2004; Chrusciak-Talhari et al., 2011; Sampaio
et al., 2019). It also has an indirect effect by acting as an
immunomodulator against Leishmania, promoting the
production of IFN-g, TNF-a and IL-12 and stimulating
phagocytosis and the Th1 pathway (Santarem et al., 2014).

Miltefosine is usually well tolerated, with mild gastric and
hepatic AEs; however, it is known to be a teratogenic drug (Dorlo
et al., 2012). Unfortunately, there are already reports of resistance
to miltefosine when it is used alone for both visceral and
tegumentary leishmaniasis. In vitro, L. (V.) braziliensis had a
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68% rate of resistance to monotherapy with miltefosine
(Fernández et al., 2014), and one treatment course was
sufficient for the development of resistance (Berman, 2008).

Pentoxifylline is a methylxanthine with anti-inflammatory
effects that suppresses TNF-a gene transcription, increases nitric
oxide production and decreases leukocyte migration and
adhesion. It is known to have an adjuvant immunologic effect
when associated with pentavalent antimony for the treatment of
mucocutaneous leishmaniasis (González et al., 2009; Santarem
et al., 2014; Burza et al., 2018). It also has a nephroprotective
effect when associated with PAs (Santarem et al., 2014). In C5BL/
6 mice infected with L. (L.) amazonensis, pentoxifylline
combined with antimonials was able to reduce macrophage
vacuolization and induce more effective parasite destruction
(Santarem et al., 2014).

Considering the urgent need for clinical trials of treatments
for ATL (Ponte-Sucre et al., 2017; Pinart et al., 2020), especially
neglected ML, the objective of this pilot clinical trial was to
assess the efficacy and toxicity of the oral combination of
miltefosine and pentoxifylline and the standard treatment,
consisting of intravenous PAs and oral pentoxifylline, in an
endemic region for Leishmania (V.) braziliensis, based on a
post hoc analysis.
MATERIAL AND METHODS

Population and Case Definition
A pilot, open-label randomized clinical trial (RCT) was
performed from August 2015 to August 2020 in two referral
centers for leishmaniasis in the central region of Brazil located in
the cities Brasıĺia and Goiânia (Universidade de Brasıĺia and
Hospital Estadual de Doenças Tropicais Dr. Anuar Auad). The
ATL case definition relied on the presence of cutaneous or
mucosal symptoms observed on clinical examination and
rhinoscopy (cutaneous ulcer, infiltrated cutaneous plaque or
nodulus, progressive nasal congestion, rhinorrhea, epistaxis
and destructive lesions of the nasal septum, lips and palate)
associated with laboratory and epidemiological confirmation as
described elsewhere (Gomes et al., 2014). TaqMan-based real-
time PCR with specific L (V.) braziliensis probes was performed
as described elsewhere (Gomes et al., 2017; Bergmann et al.,
2019) as a method of diagnosis and species identification.

All eligible ATL patients were consecutively included and
underwent video nasoendoscopy and cutaneous, nasal or
laryngeal biopsy with histopathological evaluation. We
excluded patients under 18 years of age and over 80 years of
age, patients with more than 3 cutaneous lesions, patients who
received any antileishmanial drugs 6 months prior to the
diagnosis, and patients with severe hepatic, renal or cardiac
disease, malignant neoplasia, HIV infection or Chagas disease.
Due to the potential teratogenic effects of pentavalent
antimonials and miltefosine, pregnant or breastfeeding women,
women who were not using effective contraceptive methods were
also excluded.
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Randomization
Patients were automatically randomized in blocks of 4, 6 and 8
using the online randomization system Sealed Envelop™ (Sealed
Envelope Ltd. 2011) at a ratio of 1:1 into two groups (M+P or
A+P).

Interventions
The experimental group (M+P) received 50 mg twice a day (BID)
miltefosine and 400 mg three times a day (TID) pentoxifylline
for 28 days if they had confirmed mucosal lesions or for 20 days
if they had no evidence of mucosal lesions and only had CL.
Patients in the control group (A+P) received 20 mg Sb+V/kg/day
up to 1215 mg/day intravenously and 400 mg TID pentoxifylline
for 30 days if they had ML or for 20 days if they had CL,
according to the treatment recommended by the Brazilian
Ministry of Health.

Outcomes
The primary outcome was defined as the cure of leishmaniasis.
The occurrence of AEs was considered a secondary outcome.
Patients were considered cured if they had complete healing
(reepithelization without infiltrations or erythema) of the lesions
up to 90 days after the beginning of the treatment. An additional
evaluation of the curative effect was performed 180 days after the
beginning of the treatment.

Patient Follow-Up
Patients were monitored weekly to identify AEs, which were
characterized as clinical, laboratory and electrocardiographic
changes that occurred during treatment and had no possible
causal relationship with external factors. AEs were classified as
mild or severe.

The mild AEs were myalgia, arthralgia, headache, local
inflammation, nausea, vomiting, dizziness, asthenia and
stomachache. If they developed mild AEs, patients were
monitored closely. Severe AEs were hepatic alterations with
elevated transaminase levels [>2.5x upper limit of normal
(ULN)], renal alterations (creatinine > 1.5x ULN), elevated
levels of amylase (>1.5x ULN), anemia (hemoglobin <9.5 g/dL)
and cardiac alterations with QTc interval enlargement (QTc>450
ms). In those cases, patients discontinued treatment, which was
only reintroduced when the alterations were normalized.

If patients could not complete the proposed drug therapy 75
days after it was initiated due to severe or persistent AEs, they
were treated with liposomal amphotericin B (LAB). Patients were
followed-up at 30, 60, 90, and 180 days after the beginning of
treatment and once a year thereafter.

Statistical Analysis
Bivariate and multivariate Cox regression were used to
determine the significant predictors of achieving a cure and the
occurrence of AEs, and the model and the associated 95%
confidence interval were constructed. Hazzard ratios (HRs)
and their respective 95% confidence intervals were calculated.
Multicollinearity was evaluated between the independent
variables. The cutoff value of the tolerance indicator for the
detection of multicollinearity was 0.603. P < 0.05 was considered
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 3
significant. The analyses were conducted using SAS® 9.4
software (SAS Institute Inc., Cary, North Carolina, USA).

This RCT was registered at clinicaltrials.gov under the
number CT02530697 and in the Brazilian clinical trials
registry under the number RBR-72dv9n. The Brazilian ethics
committee approved it in May 2015 under the number
CAAE: 40068714.1.1001.5558.
RESULTS

Of the 384 patients with suspected diagnoses of ATL in the pilot
RCT period, 43 patients were included and randomized. Twenty-
two were assigned to the M+P group and 21 to the A+P group
(Figure 1). There were 348 patients with a confirmed diagnosis
of LC, of whom 18 were included, and there were 43 patients
with LM, of whom 25 were included.

Demographic Characteristics
The mean age of all included patients was 51.8 years (ranging
from 19 to 79 years), and approximately 67% of the patients were
male. The time between the beginning of symptoms and the
diagnosis ranged from 1 to 180 months, with a mean of 28
months. Twenty-five patients had ML and 18 had CL. Three
patients had received specific treatment for leishmaniasis more
than 6 months before being included in this RCT (6.9%). The
number of lesions ranged from 1 to 2, but the majority of the
patients had only one lesion, with a mean of 1.18. The patients’
weight ranged from 48.5 to 88 kg, with a mean of 68.7 kg. Forty-
eight percent of all patients had one or more comorbidities, and
the most frequent comorbidities were hypertension and diabetes
mellitus. When we analyzed only the 25 patients with ML, the
mean age was 58 years, and the mean time from symptom onset
to diagnosis was 41 months.

There were no significant differences in the clinical and
demographic characteristics (sex, weight, number of lesions,
time from lesion detection to diagnosis, disease form (LC or
LM), previous treatment and comorbidities) between the
two groups.

Treatment Duration and Doses
In the intention-to-treat analysis, the treatment duration varied
from zero to 54 days (Table 1). One of the patients in the M+P
group could not start treatment because after randomization, his
pharyngeal lesion worsened, and he was not able to swallow the
drugs. This patient was then treated with LAB.

Patients in the M+P group had to discontinue treatment for a
mean of 0.15 days, as most patients did not interrupt treatment,
while in the A+P group, the mean number of days of treatment
interruption was 10.86. When we considered the entire duration
of the treatment, including interruptions, the mean duration in
the M+P group was 22.63 days and that in the A+P group was
37.68 days (p=0.014) (Table 1). The proportions of patients who
needed to discontinue treatment due to AEs were 13.63% in the
M+P group and 57.14% in the A+P group (p = 0.027) (Table 1).
July 2021 | Volume 11 | Article 700323
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The PA dosage varied from 13.96 to 19.91 mg/kg/day, with a
mean of 17.19 mg/kg/day. In the M+P group, the daily
miltefosine dosage varied from 1.13 mg to 1.79 mg/kg/day,
with a mean of 1.36 mg/kg/day (Table 1).

Curative Effect
In the univariate analysis of the curative effect 90 days after the
beginning of the treatment, there was no difference between
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 4
the two groups (p = 0.196) (Table 1). In the M+P group, 69.23%
of the patients were cured; in the A+P group, 66.66% of the
patients were cured. In the secondary analysis of the result
180 days after the beginning of treatment, the finding
remained the same. Complete healing within 30 days from the
beginning of treatment was achieved by 27% of the patients in
the M+P group and 38% of the patients in the A+P group (p =
0.452) (Table 1).
TABLE 1 | Univariate analysis of treatment outcomes.

Group p-value

M+P (n = 22) A+P (n = 21)
Mean (SD) Mean (SD)

Treatment duration (days) 22.5 (7.35) 26.75(14.89) 0.241
Interruption duration (days) 0.15 (0.67) 10.86 (16.22) 0.258
Total treatment duration (days) 22.63 (7.33) 37.68 (26.42) 0.014
Dosage of Sb5+ (mg/kg/day) – 17.19 (2.16) -
Dosage of miltefosine (mg/kg/day) 1.36 (0.35) – -

n (%) n (%)
Treatment interruption 3 (13.63) 12 (57.14) 0.027
Treatment changed to LAB 2 (9.09) 5 (23.08) 0.229
Complete healing 30 days from the beginning of treatment 6 (27.27) 8 (38.09) 0.452
Cure 14 (69.23) 14 (66.66) 0.196
Adverse effects 11 (50) 19 (90.47) 0.003
July 2021 | Volume 11 | Article
LegendM+P, treatment with miltefosine and pentoxifylline; A+ P, treatment with pentavalent antimonial and pentoxifylline; SD, standard deviation; n, number of patients; Sb5+, pentavalent
antimonial; LAB, liposomal; B, amphotericin.
We compared treatment duration, dosing and outcomes in the M+P and A+P groups.
FIGURE 1 | Flow diagram showing eligible patients, randomized patients and cure outcomes.
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In multivariate analysis of the curative effect, there were no
significant differences between the two groups (HR = 2.44 (CI:
0.97 - 6.14); p = 0.058) based on the adjusted Cox regression
model. Patients who had previously undergone antileishmanial
treatment more than 6 months before had a higher cure rate
(HR = 7.91 (CI: 1.27 – 49.41); p = 0.026), as did patients with
only cutaneous lesions (HR = 7.73 (CI: 1.07 – 55.72); p =
0.042). (Table 2).

Adverse Effects
In univariate analysis of AEs, 50% of the patients in the M+P
group experienced AEs, while 90.47% of the patients in group
A+P experienced AEs; the difference was significant (p = 0.003)
(Table 1). The AEs in the M+P group were as follows, in
descending order of frequency: nausea (n = 10), vomiting
(n = 8), asthenia (n = 3), stomachache (n = 2), elevated
transaminase levels (n =1) and dizziness (n = 1). In the A+P
group, the AEs in descending order of frequency were myalgia
(n = 12), elevated transaminase levels (n = 7), asthenia (n = 5),
renal alterations (n = 3), elevated amylase levels (n = 2), anemia
(n = 2), cardiac alterations with QTc interval enlargement (n = 1)
and stomachache (n = 1). Only one patient had severe AEs in the
M+P group, while 12 patients in the A+P group had at least one
severe AE.

In multivariate analysis of the risk of adverse effects with the
Cox regression model, patients treated with A+P had a higher
risk of adverse effects (HR 3.22 (CI: 1.10 – 9.40); p = 0.032) than
those treated with M+P. Additionally, patients with only CL had
a higher risk of adverse effects (HR = 10.32 (CI: 1.21 - 88.20); p =
0.033) than those with ML, as did patients who had previously
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 5
received treatment with antileishmanial drugs (HR = 15.20 (CI:
1.97 – 117.07); p = 0.009) (Table 2).
DISCUSSION

Current Treatments and
Supporting Evidence
Leishmaniasis, despite its increasing incidence, is included in the
WHO list of neglected tropical diseases. Cochrane database
systematic reviews and recent updates about interventions and
treatments for both Old World and New World leishmaniasis
have shown that the level of evidence in most publications was
low or moderate due to methodological shortcomings that made
it impossible to draw reliable conclusions (González et al., 2008;
González et al., 2009; Heras-Mosteiro et al., 2017; Pinart et al.,
2020). The most recent Cochrane review of New World
leishmaniasis included 75 studies and concluded that
intravenous meglumine antimoniate and oral miltefosine
yield the best cure rates and are currently the most highly
recommended treatments (Pinart et al., 2020). The association
of pentavalent antimonials with drugs with immunomodulatory
effects has already been tested with encouraging results (Ventin
et al., 2018). It seems that penthoxyfiline reduces vacuolation of
macrophages, making active drugs more effective in achieving
clinical cure (de Sá Oliveira et al., 2000).

To achieve more robust evidence, it is important to
standardize clinical studies about ATL, as proposed in a recent
expert consensus (Olliaro et al., 2018). Harmonizing the criteria
used to identify patients and to measure treatment effects can
TABLE 2 | Multivariate analysis results showing hazard ratios for cure and adverse effects in patients treated with miltefosine and pentoxifylline and in patients treated
with pentavalent antimonial and pentoxifylline.

Cure Crude Hazard Ratio Adjusted Hazard Ratio

PR (CI 95%) p-value RR (CI 95%) p-value

Specific previous treatment 0.5158 0.0269
No 1 – 1 –

Yes 1.63 (0.37; 7.08) 0.5158 7.91 (1.27; 49.41) 0.0269
Clinical presentation 0.0161 0.0425
Mucosal 1 – 1 –

Cutaneous 3.27 (1.25; 8.58) 0.0161 7.73 (1.07; 55.72) 0.0425
Treatment Group 0.0949 0.0589
M + P 1 – 1 –

A + P 1.99 (0.89; 4.44) 0.0949 2.44 (0.97; 6.14) 0.0589

Adverse effects Crude Hazard Ratio Adjusted Hazard Ratio
Specific previous treatment 0.4608 0.0090
No 1 – 1 –

Yes 1.74 (0.40; 7.60) 0.4608 15.20 (1.97; 117.07) 0.0090
Clinical presentation 0.0029 0.0330
Mucosal 1 – 1 –

Cutaneous 5.10 (1.74; 14.93) 0.0029 10.32 (1.21; 88.20) 0.0330
Treatment Group 0.0379 0.0322
M + P 1 – 1 –

A + P 2.53 (1.05; 6.08) 0.0379 3.22 (1.10; 9.40) 0.0322
July 2021 | Volume 11 | Article
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help provide more convincing evidence of treatment efficacy
(Olliaro et al., 2018). In this RCT, recommendations were
followed concerning the diagnostic parameters and cure criteria.

Oral Combination Treatment
New antileishmanial drugs are rarely developed, and treatment
failure due to drug resistance and host immune response is a
growing concern in endemic regions (Ponte-Sucre et al., 2017).
ATL, especially ML, needs to be addressed in well-designed, robust
RCTs (González et al., 2008; González et al., 2009; Reveiz et al.,
2013; Heras-Mosteiro et al., 2017; Carvalho et al., 2018; Pinart
et al., 2020). Injectable PAs have been used since the 1940s to treat
ATL and are currently the recommended first-line treatments in
Brazil (Ministério da Saúde, 2017). Treatment with PAs requires
daily intravenous or intramuscular injections for 20 to 30 days in
areas with a high risk of ML, which means that patients have to go
every day during the treatment period to a healthcare facility to
receive the medication, which can impose additional burdens on
the healthcare system and the patient (Burza et al., 2018;
Chakravarty and Sundar, 2019; Carvalho et al., 2021).

In 2021, the estimated cost of treating patients with ML in
Brazil with PAs and pentoxifylline for 30 days was US$167.66,
while the cost of treatment with 150 mg/day miltefosine for 28
days was US$259.92 (Carvalho et al., 2021). However, in that cost
evaluation, the eventual expenses arising from the occurrence of
AEs, treatment interruptions and treatment failure with the
subsequent need for other treatments were not considered, and
these expenses can be relatively higher with PAs. It is known that
treatment with PAs can lead to severe AEs, such as cardiac
arrythmias, pancreatitis, acute renal failure, and hepatic toxicity
(Chakravarty and Sundar, 2019). In addition, in that cost
evaluation, the miltefosine dosage was higher than the one we
propose, and the combination with pentoxifylline was not
considered, which would affect the cost.

There are still few published data on the use of miltefosine for
the treatment of ATL, and combined treatment with miltefosine
and oral pentoxifylline in mice yielded encouraging results, with
a greater reduction in viable Leishmania than achieved with
miltefosine alone (Santarem et al., 2014). The idea of combining
treatments to reduce AEs, increase cure rates, and reduce drug
resistance is promising (Santarem et al., 2014). The possibility of
using only oral drugs has the benefit of facilitating drug
administration and increasing treatment adherence (Carvalho
et al., 2021). As the real effect of combined treatment with
miltefosine and pentoxifylline is unknown and no data have
been published, we relied on a post hoc analysis, effect sizes and
confidence intervals to assess the feasibility of future trials.

This pilot trial based on a post hoc analysis reflects the reported
epidemiology of ATL, with a male predominance and an older age
of patients with ML than of those with CL. Additionally, patients
with ML have a longer delay in treatment and diagnosis than
those with CL, which is characterized by visible lesions. The M+P
and A+P groups were comparable, with no significant differences
in demographic and epidemiological characteristics between the
groups, indicating that the randomization was successful.

The treatment duration was considerably longer in the A+P
group due to the higher rate of treatment interruption. These
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 6
interruptions were necessary because of AEs, especially elevated
levels of hepatic markers, that were significantly more frequent in
the A+P group. Some of these AEs led to the need for permanent
treatment suspension and treatment with LAB. This reveals the
potential risks associated with this treatment (Chakravarty and
Sundar, 2019).

Curative Effect
The miltefosine dosage used in this trial was fixed at 100 mg
daily, and it ranged between 1.13 mg and 1.79 mg/kg/day, which
is lower than the initial dosage described as monotherapy of 2.5
mg/kg/day (Sundar et al., 2002; Sindermann et al., 2004; Soto
et al., 2004; Machado et al., 2010; Chrusciak-Talhari et al., 2011)
but is compatible with a more recently published dosage that
yielded good results (Sampaio et al., 2019). The dosage of APs
was the previously described standard and ranged from 13.96 to
19.91 mg Sb5+/kg/day.

There was no significant difference in the cure rate 90 days
after the start of treatment, indicating that the proposed
combination oral treatment is effective. These results were
maintained 180 days after the start of treatment, indicating
that the curative effect persists. There was no significant
difference in the cure rate 30 days after the start of treatment,
indicating that there was no difference in the speed of healing
between the two evaluated treatments.

ML is more severe and difficult to treat than CL (Burza et al.,
2018; Chakravarty and Sundar, 2019; Sampaio et al., 2019);
therefore, it is expected that patients with CL would have a
higher cure rate, even after a shorter duration of treatment
(Figure 2). Indeed, the multivariate analysis showed that
patients with cutaneous lesions had a higher cure rate in both
groups. L. (V.) braziliensis is the main causative agent of
leishmaniasis in the Americas and the pathogen most often
related to ML; therefore, in areas in which this pathogen is
endemic, ML should always be suspected.

Patients who had previously received antileishmanial
treatment more than 6 months before entering the trial also
had a higher chance of achieving a cure, possibly because
previous treatment may have triggered the host immune
system, leading to a better response to subsequent treatment.
Another possible explanation for this result is a residual effect of
previous treatment with PAs.

Adverse Effects Analysis
The incidence of AEs was significantly higher in the A+P group
(p = 0.032 in the multivariate analysis and p = 0.003 in the
univariate analysis), and the most frequent AEs in this group
were intense myalgia and elevated hepatic transaminase levels.
The most frequent AEs in patients in the M+P group were
nausea and vomiting, which usually improved after a few days,
allowing the patients to complete treatment and indicating
that oral treatment was well tolerated (Machado et al., 2010).
In the M+P group, most of the AEs were mild (nausea and
vomiting), and no patient in this group had cardiac, renal or
amylase alterations, while more than half of the patients in
the A+P group had at least one severe AE. Only one patient
had a severe AE in the M+P group (transaminase level elevation),
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while 12 patients in the A+P group had severe AEs, indicating a
difference in the severity of the AEs associated with the
treatment regimens.

Although the mean number of days of treatment interruption
was not significantly different between groups, the mean
interruption duration in the M + P group was below 1 day,
representing a clinically significant difference once most patients
in this group did not interrupt treatment. When analyzing
frequency, more patients had to interrupt treatment due to AEs
in the A+P group (57% x 14%), and more patients could not
finish treatment due to AEs in the A+P group (23% x 9%). Those
patients were treated with intravenous LAB. Among the patients
who could complete treatment, the duration of treatment was
shorter in the M+P group (20-28 days vs. 20-94 days).

The independent characteristics that were associated with a
higher risk of AEs were CL instead of ML and prior
antileishmanial treatment. When we analyzed the type of AEs
in the CL and ML groups, we found that in those with CL, most
of the AEs were mild, such as nausea, vomiting and myalgia,
while in the ML group, the AEs were more severe, such as hepatic
and renal toxicity. This difference may not be related to the actual
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 7
severity of the AEs and may instead reflect a reporting bias, since
the patients with ML had more severe symptoms at baseline,
making them less likely to report symptoms of AEs than those
with CL. The increase in the occurrence of AEs associated with
previous antileishmanial treatment may be due to residual
toxicity from previous treatments, especially with PAs, which
persist in the human body.

Limitations
This pilot study was conducted in two referral centers for the
diagnosis and treatment of LTA, which may have resulted in
selection bias. Additionally, it was an open-label RCT in which
both the patients and the doctors knew which medication was
being used. This lack of blinding could have also led to bias. Only
the statistical analysis was blinded. A convenience sample was
adopted due to the limitations on the availability of miltefosine
in the country. Although reduced sample sizes are frequently
found in studies targeting mucous leishmaniasis because of its
relative rarity, we must reinforce that treatment comparison in
the multivariate analysis was followed by considerably narrow
confidence intervals, enhancing confidence in the present results.
FIGURE 2 | Top: wide septal perforation with infiltrated borders and granulomatous ulcerated aspect (pretreatment). Bottom: septal perforation with smooth borders
without ulceration and with cicatricial aspect (90 days after treatment). Images obtained with nasofibroscopy and provided by Dr. Gustavo Subtil.
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Final Considerations
This pilot, open-label RCT with 43 ATL patients showed that the
oral combination of miltefosine and pentoxifylline has a cure rate
equivalent to that of traditional intravenous A+P in this
population, with the additional benefit of fewer AEs. Further
studies with more patients and a longer follow-up duration are
needed to evaluate this promising oral treatment.
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