
Tamoxifen and meglumine antimoniate combined therapy in

cutaneous leishmaniasis patients: a randomised trial

Paulo R. L. Machado1, Camila S. Ribeiro1, Jaqueline Franc�a-Costa1,2, Mayra E.F. Dourado1,

Cristiana T. Trinconi3, Jenicer K. U. Yokoyama-Yasunaka3, Hayna Malta-Santos1,2, Val�eria M. Borges1,2,

Edgar M. Carvalho1,2 and Silvia R. B. Uliana3

1 Servic�o de Imunologia, Hospital Universit�ario Prof. Edgar Santos, Universidade Federal da Bahia, Salvador, Brazil
2 Instituto Gonc�alo Moniz, Fundac�~ao Oswaldo Cruz, Fiocruz-BA, Salvador-BA, Brasil
3 Departamento de Parasitologia, Universidade de S~ao Paulo, S~ao Paulo, Brazil

Abstract objectives There is a clear need for new strategies of leishmaniasis treatment. This work was

conducted to evaluate the efficacy of the co-administration of tamoxifen and meglumine antimoniate

(SbV) in a phase II pilot clinical trial in localised cutaneous leishmaniasis patients.

methods A randomised controlled pilot clinical trial was conducted to evaluate the efficacy and

safety of oral (40 mg/day for 20 days) or topical tamoxifen (0.1% tamoxifen citrate for 20 days)

combined with meglumine antimoniate (20 mg SbV/kg/day for 20 days) vs. a standard SbV protocol

(20 mg/kg/day for 20 days) for the treatment of cutaneous leishmaniasis. Primary outcome was

complete epithelisation of the lesion 6 months after the end of treatment. Secondary outcomes were

lesion healing 2 months after the end of treatment and frequency and severity of adverse events.

results A total of 38 subjects were included in the trial, 15 were treated with standard SbV and 23

with the combination of tamoxifen and SbV. Of the patients treated with the co-administration

scheme, 12 received tamoxifen orally and 11 were treated with topical tamoxifen. Tamoxifen

administered by the oral or topical routes was well tolerated. Cure rates 6 months after the end of

treatment per intention to treat were 40% in the group treated with the standard SbV scheme, and

36.4% and 58%, respectively, for groups treated with SbV plus topical or oral tamoxifen.

conclusions In the doses and schemes used in this study, co-administration of oral tamoxifen and

SbV resulted in higher cure rates in comparison with the standard scheme of treatment, although not

to statistically significant levels.
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Introduction

Leishmaniasis, an insectborne disease endemic in tropical

and subtropical areas of the world, affects 0.9–1.6 mil-

lion people yearly [1]. The diversity of clinical presenta-

tions correlates with parasite species but also with

immune status of the host. Brazil is endemic for both vis-

ceral and tegumentary leishmaniasis, and Leishmania

(Viannia) braziliensis is the most frequent parasite found

in Brazilian patients with the tegumentary forms of leish-

maniasis [2, 3].

Leishmaniasis treatment is based on a few available

drugs, most of which with a poor safety profile. Pen-

tavalent antimonials (SbV) were the first-line class of

drugs used globally until parasite resistance was detected

in India [4]. Since then, WHO recommendations

replaced SbV with amphotericin B or miltefosine as first-

line drugs [5]. Nevertheless, in some countries, such as

Brazil, SbV remains the main stem of leishmaniasis

chemotherapy [6]. However, studies have shown that

the efficacy of antimonial treatment for localised cuta-

neous leishmaniasis (CL) can be as low as 50% in some

areas [7–9].
Globally, there is a consensus that new strategies and

alternatives for treating leishmaniasis are needed. We

have described the antileishmanial activity of tamoxifen,

a selective oestrogen modulator, and demonstrated, in

animal models of visceral and cutaneous leishmaniasis,

an efficacy equivalent or superior to SbV [10–12]. We

have also shown that tamoxifen and SbV, when com-

bined, presented additive properties and that tamoxifen

was effective through topical administration [12]. Based

on these findings, we conducted a pilot clinical trial in

localised CL patients, to test whether the combination of
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tamoxifen with SbV (meglumine antimoniate) was supe-

rior to the standard treatment with SbV.

Patients and methods

Ethics

All procedures involving human subjects were approved by

the Human Research Ethics Committee of the Biomedical

Sciences Institute of the University of S~ao Paulo and by the

Human Research Ethics Committee of Hospital Univer-

sit�ario Prof. Edgard Santos of the University Federal da

Bahia. The trial was registered at Plataforma Brasil

(http://plataformabrasil.saude.gov.br) under the certificate

CAAE: 42930015.6.3001.0049. A signed term of informed

consent was obtained from all subjects.

Design

A multi-arm, phase II, randomised and controlled study

was conducted to compare the efficacy of the combina-

tion therapy of tamoxifen and SbV vs. the standard SbV

protocol.

Participants

Patients were spontaneously seeking medical attention at

the health centre of Corte de Pedra, in the state of Bahia,

Brazil, an endemic area of L. braziliensis transmission.

Inclusion criteria were untreated CL with 1–3 months of

active disease, with diagnostic confirmation through posi-

tive identification of amastigotes in histopathological

examination or positive culture or positive polymerase

chain reaction for L. braziliensis, performed as described

in Ref. [7]. Recruitment required individuals to be 18–
65 years of age, with a number of lesions ranging from

one to five, with the presence of ulcerated lesions with

sizes varying between 1 and 5 cm in diameter. Exclusion

criteria were as follows: pregnant or breastfeeding

women, childbearing-age women unwilling to adhere to

contraceptive measures during treatment and until

2 months after the end of treatment; previous history of

leishmaniasis treatment; malnutrition; concomitant dis-

eases such as cardiac, pulmonary, hepatic, cancer, tuber-

culosis, malaria, AIDS, any other infectious disease;

laboratory evidence of liver or kidney disease.

Intervention

All groups were treated with the standard regimen of SbV

(meglumine antimoniate—Glucantime�) 20 mg SbV/kg/

day, intravenously, daily for 20 days. The group treated

with the association with oral tamoxifen received 20 mg/

day tamoxifen citrate every 12 h for 20 consecutive days.

The group treated with the association with topical

tamoxifen was given a cream formulated in oil-free vehi-

cle at 0.1% tamoxifen citrate [13]. Patients were

instructed to apply enough cream to cover the lesions

twice a day for 20 days.

Outcomes

Primary endpoint was complete epithelisation of the

lesion(s) 6 months after the end of treatment. Secondary

endpoints were initial cure at 2 months after the end

of treatment, frequency and severity of adverse

events (AEs).

Randomisation

Patients were randomised by www.randomization.com

and allocated at a rate of 1:1:1 into three groups: oral

tamoxifen plus SbV, topical tamoxifen plus SbV and SbV

monotherapy. Randomisation codes were generated by

MEFD in a single block (block size = 38). Sequentially

coded numbers associated with intervention arm and

allocation were kept under the responsibility of MEFD,

and kept in opaque and sealed envelopes. Enrolment was

performed by PRLM and CSR, who were also in charge

of patient care. Enrolled participants were assigned to

interventions by MEFD. Outcome assessment was per-

formed based on physical examination and without col-

lecting any information regarding use of medications or

side effects by PRLM and by EMC (blinded). Participants

and care providers were not blinded because interven-

tions were not similar.

Clinical and laboratory investigations

All patients were evaluated at days 0, 15, 30, 60, 90 and

210 after recruitment into the study. Lesions were mea-

sured (two measures across the ulcer in its larger diame-

ters) with a calliper and evaluated as to their epithelisation

status. Blood tests (haematological parameters, hepatic

aminotransferases, urea, creatinine, sodium and potas-

sium) and urinalysis were performed on day 0, 15, 60 and

90. All patients were also monitored for treatment adher-

ence and adverse events (AEs). Patients were asked to

return the blister packs or cream tubes of tamoxifen/pla-

cebo to verify compliance. Clinical and laboratory AEs

were graded according to the Common Terminology Cri-

teria for Adverse Events of the National Cancer Institute,

ranging from 0 to 5 [14]. The frequency of occurrence of

each AE was evaluated per treatment group.

2 © 2018 John Wiley & Sons Ltd

Tropical Medicine and International Health volume 00 no 00

P. R. L. Machado et al. Combination therapy for cutaneous leishmaniasis

http://plataformabrasil.saude.gov.br
http://www.randomization.com


Statistical analysis

Statistical analyses were performed using GraphPad Prism

software, version 5.0, for Mac (GraphPad Prism Inc., San

Diego, CA) and SPSS�, version 20, for MAC�. Values of

P < 0.05 were considered significant. Intention-to-treat

analysis was performed to establish the cure rates. For

quantitative variables, difference between three groups

was determined by the Kruskal–Wallis test and between

two groups by the Mann–Whitney test. For categorical

variables, the comparison between three groups was cal-

culated using the chi-squared test and two groups using

Fisher’s exact test.

Results

Thirty-eight patients attending the health centre of Corte

de Pedra, Bahia state, northeast Brazil, and diagnosed

with CL from November 2015 through November 2016

were enrolled in the study (Figure 1). Patients were 19–
53 years of age, and 60% were male. Most subjects pre-

sented with only one lesion (74%, 28/38) with mean

duration of disease of at least one month. Only two

patients had a negative PCR test, but the diagnosis was

confirmed by histopathology or positive culture. The fre-

quency of lymphadenopathy in association with the cuta-

neous lesion was different between groups, being detected

in 93% of patients treated only with SbV and observed in

64% and 33% of patients treated with the topical or oral

association, respectively. Other characteristics did not

vary significantly between groups (Table 1).

Intention-to-treat analysis showed initial cure rates at

day 90 (approximately 60 days after the end of treat-

ment) of 53% in the SbV group, confirming previous

studies in the same area [7]. Groups treated with topical

and oral tamoxifen had 45% and 67% cure rates, respec-

tively. At the primary endpoint, 6 months after the end

of treatment, two relapses were identified in the group

treated with SbV, leading to an efficacy of 40% in this

group at this point. The group treated with SbV associ-

ated with topical tamoxifen did not show any improve-

ment in cure rates as compared to the single drug

scheme. Efficacy in the group treated with oral tamoxifen

and SbV was higher than in the control group but not sig-

nificantly so (Table 2).

Four patients did not complete the study: one from the

SbV, one from the SbV plus topical tamoxifen group and

two patients from the oral tamoxifen group. Two of

these were lost to follow-up, and two had severe AEs

with irregular use of medication.

On a per-protocol analysis, cure rates did not signifi-

cantly differ between groups, although there was a trend

towards an improved outcome in the group treated with

the association with oral tamoxifen, with 70% cure rate

at the primary endpoint (Table 3).

AEs were documented in 87% of subjects, with similar

frequency in the three groups (87%, 82% and 92% for

SbV, SbV plus topical and SbV plus oral tamoxifen)

(Table 4). AEs were generally mild, and the most com-

mon complaints were arthralgia and myalgia, which is

commonly associated with SbV use. One patient dropped

out of SbV plus oral tamoxifen treatment due to grade 3

headache and palpitation on the second day of treatment.

One patient from the SbV plus topical tamoxifen group

stopped therapy due to angio-oedema after the second

SbV application.

Biochemistry and blood analysis did not show differ-

ences between groups on tests performed at days 0, 15,

60 and 90 (Table 5 and data not shown).

Discussion

This is the first report of the use of tamoxifen in the

treatment of human leishmaniasis. Previous work in ani-

mal models had shown that 20 mg/kg tamoxifen orally

for 15–20 days in mice and hamsters was effective in

controlling or reducing lesions and parasite load in ani-

mal models of cutaneous and visceral leishmaniasis [10–
12, 15]. Topical administration of tamoxifen in a CL

experimental model showed very promising results [12],

with efficacy superior to high doses of SbV upon infection

with Leishmania (L.) amazonensis. Those data encour-

aged us to design the trial with one arm employing topi-

cal administration of tamoxifen.

Half-maximal inhibitory concentration (IC50) of

tamoxifen in vitro against L. (V.) braziliensis

intracellular amastigotes is 1.9 � 0.2 lM [11]. In mice,

administration of a single 20 mg/kg dose of

tamoxifen results in maximal plasma concentrations of

40.8 ng/ml or 0.11 lM. In humans and rats, tamoxifen

has been shown to accumulate in tissues with

concentrations that can be 10-fold to 60-fold higher

than in serum [16].

The conversion of effective doses in mice (20 mg/kg/

day) for VL or CL by allometric scaling into a ‘human

equivalent dose’ provides an estimate of 1.53 or 1.62 mg/

kg/day, respectively, using the dose factor or correction

factor [17]. These doses would translate into the adminis-

tration of 90–100 mg tamoxifen/day to patients.

Doses of tamoxifen used in the treatment of breast can-

cer are generally 20–40 mg QD for 5–10 years. After

28 days of treatment with 20 mg oral tamoxifen citrate,

patients were shown to present 83.6 (8.7–134.4) ng/ml

serum concentration and 866.5 (413.4–1466) ng/g in
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Assessed for eligibility (n = 117)

Excluded (n = 79)
♦ Not meeting inclusion criteria (n = 46)
♦ Declined to participate (n = 7)
♦ Other reasons (n = 26)

Lost to follow-up (n = 0)

Discontinued intervention (n = 1)
- angio-oedema (n = 1)

Allocated to intervention SbV + TT
(n = 11)
♦Received allocated intervention 

(n = 11)
♦Did not receive allocated 

intervention (n = 0)

Analysed  (n = 11)

♦Excluded from analysis (n = 0)

Analysis

Follow-Up

Randomised (n = 38)

Enrolment

Lost to follow-up (did not return) 
(n = 1)

Discontinued intervention (n = 0)

Allocated to intervention SbV (n = 15)
♦Received allocated intervention 

(n = 15)
♦Did not receive allocated 

intervention (n = 0)

Analysed  (n = 15)

♦Excluded from analysis (n = 0)

Lost to follow -up (inadequate use 
of medication) (n = 1)

Discontinued intervention (n = 1)
- headache and palpitation

Allocated to intervention SbV + TO 
(n = 12)
♦Received allocated intervention 

(n = 12)
♦Did not receive allocated 

intervention (n = 0)

Analysed  (n =12)

♦Excluded from analysis (n = 0)

Allocation

Fig. 1 CONSORT 2010 flow diagram allocation.
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normal breast tissue [18]. Given the results observed in

this pilot study, the use of higher doses of tamoxifen in

CL patients could be an option. In the treatment of bipo-

lar disease, tamoxifen has been shown to be effective in

doses of up to 80 mg/day for 21 days, without serious

AEs [19–21].
In L. (V.) braziliensis infections, isolated topical treat-

ment is not an option given the possibility of complica-

tions such as mucosal or disseminated leishmaniasis.

Therefore, topical tamoxifen was co-administered with

the standard drug. The tamoxifen cream was given to the

patients, who were instructed to apply it over the lesion

twice a day for 20 days. As this application was not

supervised, it is possible that the use was irregular or

inadequate. Additionally, CL ulcers may present secretion

and secondary infection, which may inhibit tamoxifen

penetration and activity.

Oral tamoxifen use is probably easier to adhere to

and was somewhat controlled by the return of empty

blisters. Although not significant, cure rates in the

group receiving oral tamoxifen were higher than in the

other two groups, a finding that may be clinically rele-

vant and deserves future assessment. It is possible that

our small sample size was inadequate to show a higher

Table 1 Baseline characteristics of the 38 CL patients in the study by treatment groups Sbv, Sbvplus topical tamoxifen (TT) and Sbv

plus oral tamoxifen (TO) (intention-to-treat analysis)

Sbv (n = 15/39%) Sbv +TT (n = 11/29%) Sbv +TO (n = 12/32%) P-value

Age (years)* 29 (19–44) 43 (32–53) 35 (24–47) 0.12†
Male‡ 12 (80%) 5 (46%) 6 (50%) 0.14§
Weight (kilograms)* 69 (20) 68 (13) 64 (16) 0.29†
Number of lesions‡

Single 11 (73%) 8 (73%) 9 (75%) 0.99§
>1 4 (27%) 3 (27%) 3 (25%)

Area of the lesion (mm2)* 165 (345) 144 (245) 208 (538) 0.81†
Lymphadenomegaly‡ 14 (93%) 7 (64%) 4 (33%) 0.01§

Area (mm2)§ 225 (393) 150 (285) 162.5 (684) 0.78†
Time of illness (days)* 32 (10) 32 (10) 41.5 (19) 0.47†
Site of the body‡
Lower limbs 8 (53%) 5 (46%) 10 (83%) 0.14§
Others sites 7 (47%) 6 (55%) 2 (17%)
IDRM area (mm2)* 300 (169–400) 225 (144–289) 195 (105–284) 0.20†
Negative PCR‡ 1 (7%) 1 (10%) 0 (0%) 0.62§
Side effects‡ 13 (87%) 9 (82%) 11 (92%) 0.78§

*Median (interquartile difference).

†Kruskal–Wallis test.

‡Absolute frequency (relative frequency).
§Pearson’s chi-squared test.

Table 2 Therapeutic outcome 3 months – D90 – and 7 months

– D210 – from the beginning of the treatment by treatment

group (intention-to-treat analysis)

SbV†
(n = 15/

39%)

SbV+TT
(n = 11/29%)

SbV +TO
(n = 12/32%) P-value

Cure rate

at D90

8 (53%) 5 (45%) 8 (67%) 0.58*

Cure rate

at D210

6 (40%) 4 (36.4%) 7 (58%) 0.82*

Relapse

at D210

2 (25%) 1 (20%) 1 (12%) 0.81*

*Pearson’s chi-squared test.

†Treatment groups: meglumine antimoniate alone (Sbv), Sbvplus
topical tamoxifen (Sbv +TT) and Sbv plus oral tamoxifen

(Sbv +TO).

Table 3 Therapeutic outcome 3 months – D90 – and 7 months

– D210 – from the beginning of the treatment by treatment

group (per-protocol analysis)

SbV†
(n = 14)

SbV +TT
(n = 10)

SbV +TO
(n = 10) P-value

Cure rate at D90 8 (57%) 5 (50%) 8 (80%) 0.35*

Cure rate at D210 6 (43%) 4 (40%) 7 (70%) 0.63*

Relapse at D210 2 (25%) 1 (20%) 1 (12%) 0.81*

*Pearson’s chi-squared test.

†Treatment groups: meglumine antimoniate alone (Sbv), Sbvplus
topical tamoxifen (Sbv +TT) and Sbv plus oral tamoxifen

(Sbv +TO).
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efficacy of this association. A high-powered trial with a

larger number of subjects from our and other endemic

areas will be necessary to better define this point. If

used in different areas, possible differences in response

according to Leishmania species must be taken into

account. However, in vitro studies demonstrated equal

susceptibility to tamoxifen in all Leishmania species

tested [22]. Additionally, oral tamoxifen could be

tested in higher dosages due to its well-known low

toxicity.

In summary, in this pilot clinical trial, the co-adminis-

tration of topical or oral tamoxifen citrate in doses used

regularly for the treatment of breast cancer with SbV

standard schedule was not superior to SbV alone in the

treatment of localised CL.

Acknowledgements

We thank Ednaldo Lago for his important support in the

endemic area. This work was supported by Fundac�~ao de

Table 4 Frequency of occurrence of each side effect per treatment group and respective CTCEA grade

Sbv (n = 15) CTC Grade* Sbv + TT (n = 11) CTC Grade* Sbv + TO (n = 12) CTC Grade* P-value
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7 (58%) 1 (n = 5)

2 (n = 2)

0.41a

Myalgia 7 (47%) 1 (n = 2)
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6 (55%) 1 (n = 3)
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*CTCEA grade (absolute frequency).
aPearson’s chi-squared test.

Table 5 Haematological and biochemical parameters from CL patients at treatment day 15

Parameter Unit SbV SbV + TT SbV + TO P-value Post-test result

Hb g/dL 1.12 (1.08–1.15) 1.11 (1.07–1.13) 1.13 (1.1–1.15) 0.7003 n.s.

RBC 103/L 0.66 (0.63–0.69) 0.66 (0.62–0.68) 0.68 (0.64–0.69) 0.6915 n.s.
Platelets 103/L 2.39 (2.31–2.48) 2.45 (2.3–2.47) 2.49 (2.41–2.54) 0.1475 n.s.

WBC 109/L 0.77 (0.69–0.87) 0.92 (0.83–0.99) 0.99 (0.81–1.04) 0.1091 n.s.

Neutrophils 109/L 0.42 (0.34–0.56) 0.61 (0.49–0.69) 0.69 (0.54–0.81) 0.0833 n.s.
Monocytes 109/L 2.73 (2.60–2.79) 2.7 (2.83–2.78) 2.76 (2.62–2.99) 0.4224 n.s.

Lymphocytes 109/L 0.45 (0.41–0.51) 0.59 (0.4–0.66) 0.41 (0.34–0.56) 0.3589 n.s.

Albumin g/dL 0.58 (0.53–0.65) 0.58 (0.55–0.65) 0.66 (0.57–0.72) 0.2035 n.s.

Globulin g/dL 0.61 (0.55–0.66) 0.7 (0.63–0.72) 0.68 (0.57–0.7) 0.0732 n.s.
Total protein g/dL 0.91 (0.88–0.93) 0.95 (0.93–0.95) 0.95 (0.94–0.97) 0.0018 *,#
TGO g/dL 1.33 (1.12–1.51) 1.30 (1.04–1.47) 1.41 (1.26–1.47) 0.7353 n.s.

TGP U/ml 1.25 (0.98–1.45) 1.25 (1–1.50) 1.32 (1.25–1.39) 0.6051 n.s.

ALP U/ml 1.82 (1.73–2.01) 1.77 (1.65–1.82) 1.80 (1.71–1.95) 0.4134 n.s.
Sodium mEg/L 2.14 (1.14–2.15) 2.14 (2.14–2.15) 2.14 (2.14–2.15) 0.9266 n.s.

Potassium mEg/L 0.82 (0.69–0.86) 0.78 (0.62–0.84) 0.75 (0.59–0.9) 0.6613 n.s.

Values represent median and interquartile ranges. Log10-transformed data (which presented Gaussian distribution) were analysed using

one-way ANOVA with Tukey’s multiple comparisons post-test. Column with P-values represents the one-way ANOVA comparisons.

P-values for post-tests are represented by: *P < 0.05 for SbV vs. SbV + topic tamoxifen; #P < 0.05 for SbV vs. oral tamoxifen; n.s. non-

significant. Abbreviations: ALP, alkaline phosphatase; GGT, gamma-glutamyl transpeptidase; Hb, haemoglobin; RBC, red blood cell
count; WBC, white blood cell count. Treatment groups: meglumine antimoniate alone (Sbv), Sbvplus topical tamoxifen (Sbv +TT) and
Sbv plus oral tamoxifen (Sbv +TO).
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mento de Vigilância das Doenc�as Transmiss�ıveis Bras�ılia;

Minist�erio da Sa�ude; 2017 189 p Livro, ilus, tab. 2017.

7. Machado PR, Ampuero J, Guimaraes LH et al. Miltefosine

in the treatment of cutaneous leishmaniasis caused by Leish-

mania braziliensis in Brazil: a randomized and controlled

trial. PLoS Negl Trop Dis 2010: 4: e912.

8. Chrusciak-Talhari A, Dietze R, Chrusciak Talhari C et al.

Randomized controlled clinical trial to access efficacy and

safety of miltefosine in the treatment of cutaneous leishma-

niasis Caused by Leishmania (Viannia) guyanensis in Man-

aus, Brazil. Am J Trop Med Hygiene 2011: 84: 255–260.
9. Neves LO, Talhari AC, Gadelha EP et al. A randomized

clinical trial comparing meglumine antimoniate, pen-

tamidine and amphotericin B for the treatment of cutaneous

leishmaniasis by Leishmania guyanensis. An Bras Dermatol

2011: 86: 1092–1101.
10. Miguel DC, Yokoyama-Yasunaka JK, Uliana SR. Tamoxifen

is effective in the treatment of Leishmania amazonensis

infections in mice. PLoS Negl Trop Dis 2008: 2: e249.

11. Miguel DC, Zauli-Nascimento RC, Yokoyama-Yasunaka

JK, Katz S, Barbieri CL, Uliana SR. Tamoxifen as a poten-

tial antileishmanial agent: efficacy in the treatment of Leish-

mania braziliensis and Leishmania chagasi infections. J

Antimicrob Chemother 2009: 63: 365–368.
12. Trinconi CT, Reimao JQ, Bonano VI et al. Topical tamox-

ifen in the therapy of cutaneous leishmaniasis. Parasitology

2018; 145: 490–496.
13. Gragnani A, Warde M, Furtado F, Ferreira LM. Topical

tamoxifen therapy in hypertrophic scars or keloids in burns.

Arch Dermatol Res 2010: 302: 1–4.
14. Trotti A, Colevas AD, Setser A et al. CTCAE v3.0: develop-

ment of a comprehensive grading system for the adverse

effects of cancer treatment. Semin Radiat Oncol 2003: 13:

176–181.
15. Eissa MM, Amer EI, El Sawy SM. Leishmania major: activ-

ity of tamoxifen against experimental cutaneous leishmania-

sis. Exp Parasitol 2011: 128: 382–390.
16. Lien EA, Solheim E, Ueland PM. Distribution of tamoxifen

and its metabolites in rat and human tissues during steady-

state treatment. Can Res 1991: 51: 4837–4844.
17. Nair AB, Jacob S. A simple practice guide for dose conver-

sion between animals and human. J Basic Clin Pharm 2016:

7: 27–31.
18. Kisanga ER, Gjerde J, Guerrieri-Gonzaga A et al. Tamoxifen

and metabolite concentrations in serum and breast cancer

tissue during three dose regimens in a randomized preopera-

tive trial. Clin Cancer Res 2004: 10: 2336–2343.
19. Yildiz A, Guleryuz S, Ankerst DP, Ongur D, Renshaw PF.

Protein kinase C inhibition in the treatment of mania: a

double-blind, placebo-controlled trial of tamoxifen. Arch

Gen Psychiatry 2008: 65: 255–263.
20. Yildiz A, Vieta E, Leucht S, Baldessarini RJ. Efficacy of anti-

manic treatments: meta-analysis of randomized, controlled

trials. Neuropsychopharmacology 2011: 36: 375–389.
21. Talaei A, Pourgholami M, Khatibi-Moghadam H et al.

Tamoxifen: a protein kinase C inhibitor to treat mania: a

systematic review and meta-analysis of randomized, pla-

cebo-controlled trials. J Clin Psychopharmacol 2016: 36:

272–275.
22. Miguel DC, Yokoyama-Yasunaka JK, Andreoli WK, Mor-

tara RA, Uliana SR. Tamoxifen is effective against Leishma-

nia and induces a rapid alkalinization of parasitophorous

vacuoles harbouring Leishmania (Leishmania) amazonensis

amastigotes. J Antimicrob Chemother 2007: 60: 526–534.

Corresponding Author Silvia R. B. Uliana, Departamento de Parasitologia, Universidade de S~ao Paulo, Av. Prof. Lineu Prestes

1374, S~ao Paulo, SP 05508-000, Brazil. Tel.: +55-11-30917334; Fax +55-11-30917404; E-mail: srbulian@icb.usp.br

© 2018 John Wiley & Sons Ltd 7

Tropical Medicine and International Health volume 00 no 00

P. R. L. Machado et al. Combination therapy for cutaneous leishmaniasis


