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     INTRODUCTION 

 Leishmaniasis is a protozoal infection transmitted by the bite 
of an infected sandfly. Over 21 species of  Leishmania  cause 
infection in humans worldwide, resulting in three clinical phe-
notypes: cutaneous, mucocutaneous, and visceral disease. The 
clinical spectrum of cutaneous leishmaniasis (CL) varies widely 
and depends on the geographic site acquired, the infecting spe-
cies, and the host immune status. Cutaneous disease typically 
begins as a papule that increases in size over weeks to months 
and becomes a shallow ulcer with a raised rim. Depending on 
the infecting  Leishmania  species, people may develop localized 
(for example, because of  L. mexicana ,  L. major , or  L. peruvi-
ana ) or diffuse cutaneous involvement (for example, because 
of  L. amazonensis ) or cutaneous involvement with potential to 
disseminate (for example, because of  L. Viannia braziliensis ). 
Untreated lesions can self-resolve with scarring in 2–15 months 
(or longer) in immunocompetent persons. 1  Local intralesional 
treatments have been recommended for small, single lesions 
(< 5 cm) without lymph node metastasis caused by species 
that do not typically disseminate to the mucosa or viscera (e.g., 
 L. mexicana ). Systemic treatment is often indicated to reduce the 
risk of dissemination to the mucosa or viscera for certain species 
(e.g.,  L. V. braziliensis ), decrease the time to healing, limit the 
morbidity caused by large or persistent skin lesions, and reduce 
the chance of relapse. Currently, the standard, first-line treat-
ment of CL is intravenous (i.v.) sodium stibogluconate, 20 mg/kg 
per day, for 21 days. 2–  4  Use of sodium stibogluconate, however, 
requires close monitoring for adverse effects such as arthralgias, 
myalgias, chemical pancreatitis, and elevated liver function tests, 
which occur in more than half of those treated. 5  Moreover, a 
poor response to therapy has been observed in 23.5% of pri-
mary CL cases treated with pentavalent antimonials. 6  Whether 
the poor response relates to insufficient drug levels (secondary 
to poor penetration into the skin or suboptimal dosing because 
of tolerability) or parasite resistance to drug therapy remains 

to be determined. Oral or short-course i.v. therapies are partic-
ularly attractive alternatives to a lengthy i.v. course of sodium 
stibogluconate, because it enables outpatient treatment of CL 
patients who feel otherwise well except for their skin lesions. 
Several non-antimony–based treatments (such as oral ketocon-
azole, oral miltefosine, and short-course i.v. liposomal amphot-
ericin B) have the potential to be convenient, cost-effective, and 
less toxic alternatives to sodium stibogluconate. 

 A complicating feature of the treatment of CL is that the 
response to drugs (including pentavalent antimonials) varies 
depending on the infecting species and the geographic site of 
acquisition. 7  A species-specific treatment approach has increas-
ingly been advocated for precisely this reason. 8  Commonly 
used methods for the diagnosis of  Leishmania , such as direct 
microscopic examination of clinical specimens and culture, do 
not identify the infecting species. Isoenzyme analysis has long 
been considered the gold standard for diagnosis of leishmania-
sis to the species level. 9  This method, however, can be labori-
ous and time-consuming, and it requires growth of  Leishmania  
promastigotes in culture, which can take several weeks. In 
recent years, molecular speciation by polymerase chain reac-
tion (PCR) has been increasingly cited as a rapid and reliable 
method, with greater sensitivity than microscopic methods. 10,  11  
PCR can be performed directly on the clinical specimen, with 
results processed in a few hours, thus providing timely infor-
mation to the clinician. 10–  13  

 In this single-center prospective case series, we used a spe-
cies-specific treatment approach based on molecular identifica-
tion of the infecting species by PCR in 10 patients with CL. An 
alternative non-antimony regimen was then chosen based on 
proven or likely efficacy against that species for CL or visceral 
disease. Our experience with this treatment approach and the 
efficacy and safety of these regimens is summarized here. 

   METHODS 

  Patients.   Patients were evaluated for study enrollment 
if they had a clinical diagnosis of CL with parasitologic 
confirmation at the species level by PCR and/or isoenzyme 
analysis. Patients provided informed consent before treatment 
with non-antimonial regimens. The study was approved by 
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the Institutional Review Board at the National Institutes of 
Allergy and Infectious Diseases. 

   Diagnostic tests.   Skin biopsies were taken from the edge of the 
lesion, and the following studies were performed: histopathol-
ogy (for demonstration of amastigotes), Wright-Giemsa staining 
of touch preparations, and culture in modified Nicole-Novy-
McNeal medium containing an overlay of RPMI 1640 and 15% 
heat inactivated fetal bovine serum. Additional studies (acid-
fast staining, wet mount, fungal culture, routine culture, gram 
stain, and anaerobe culture) were performed on the biopsy 
specimen where appropriate to exclude other etiologies. 

 PCR was performed on skin tissue and blood at the National 
Institutes of Health (NIH) and was based on the use of a partial 
sequence of the 7SL RNA gene, which has been shown to dif-
ferentiate clearly between Old World species ( L. major ,  L. trop-
ica ,  L. aethiopica , and  L. donovani  complex) and New World 
complexes  L. Viannia  and  L. mexicana . 12,  13  To differentiate 
 L. donovani  and  L. Viannia  complexes further, tissue specimens 
were sent to the Centers for Disease Control and Prevention 
(CDC; Atlanta, GA) for PCR amplification and sequencing of 
a fragment of the    ribosomal RNA (rRNA) internal transcribed 
spacer 2 followed by DNA sequencing analysis for identifica-
tion of single-nucleotide polymorphisms and species-specific 
substitutions 14  (de Almeida ME and others, unpublished data). 
Culture isolates were additionally sent to Walter Reed Army 
Institute of Research and/or the CDC for species confirmation 
by isoenzyme analysis. 9,  15  

   Definition of clinical relapse.   Patients were followed in our 
clinic at 1, 3, 6, and 12 months or more frequently as needed. If 
patients were lost to follow-up before 12 months, an attempt 
was made to contact them by phone. Patients were also 
instructed to contact us at any point during or after the study in 
the event of worsening or relapse. Photographs of the lesions 
were taken at baseline and clinic visits at the discretion of the 
physician caring for the patient. Measurement of lesion size 
was performed to the nearest centimeter of the long and short 
axes of each lesion by one observer. The area of the lesion was 
calculated by multiplying the lengths of the two axes (the lesion 
was assumed to be rectangular). For multiple lesions, the sum 
of the areas for each lesion was calculated to provide a total 
surface area. For infiltrative lesions without discrete borders, 
an approximate measurement was provided. Healing was 

defined as complete reepithelialization. A lesion was defined 
as cured by clinical criteria if it had completely healed without 
relapse for 6 months. Biopsies of suspicious lesions were only 
repeated in the event of suspected relapse or reinfection. 
Relapse was defined as new ulceration or satellite lesions or 
enlargement of ulceration after initial improvement. 

   Treatment.   Oral miltefosine (Caligor RX, New York, NY) 
was prescribed for single-patient use under an investigational 
new drug (IND) status (50 mg two times daily for 28 days). 16,  17  
Ketoconazole (Teva Pharmaceuticals USA, North Wales, PA) 
was prescribed for 28 days by mouth (600 mg daily). 18  Daily i.v. 
liposomal amphotericin B (AmBisome; Gilead Sciences, Inc., 
Deerfield, IL) was infused over 1–2 hours in a monitored setting 
for outpatients at a dose of 3–5 mg/kg per day for 5–7 days. 19  
The decision of whether to use 3 mg/kg per day or 5 mg/kg per 
day and the duration was largely based on clinical judgment 
(response of lesion to therapy and toxicity to patient). A normal 
saline bolus (500–1,000 mL) was administered before liposomal 
amphotericin. Patients were not pre-medicated before the 
infusion. Laboratory studies (complete blood count, chemistry, 
and liver function tests) were drawn at baseline and every 
2 weeks for patients on miltefosine or ketoconazole and daily 
for patients on i.v. liposomal amphotericin B. Female patients 
of childbearing age were counseled regarding the potential 
for ketoconazole to interact with oral contraceptives and the 
teratogenic potential of miltefosine, and they were advised 
to use an additional barrier method of contraception. Serum 
or urine pregnancy tests were checked for female patients of 
childbearing age before initiation of antileishmanial therapy. 

   Rationale for choice of therapy.   The three non-antimonial 
regimens used in this study (oral ketoconazole, short-course i.v. 
liposomal amphotericin B, and oral miltefosine) were chosen 
based on their proven or likely efficacy against the infecting 
species in patients with CL and/or visceral leishmaniasis. The 
available evidence supporting the use of these particular drugs 
for species causing CL mentioned in this report is summarized 
in  Table 1 . 

         RESULTS 

 Ten consecutive patients were seen at the Clinical Center of 
the NIH (Bethesda, MD) between 2001 and 2005, and all were 

 Table 1 
  Systemic non-antimonial treatment of CL: evidence for use of non-antimony treatment by species *   

Species Subspecies Drug Geographic site studied Quality of evidence † Reference

Old World
  L. tropica Miltefosine Afghanistan and Iran IV 20–23
New World   
  L. Viannia complex  L. V. braziliensis Liposomal amphotericin B Belize, Bolivia/Peru, and Brazil IV 24–26
 Bolivia III 19
 Peru and Brazil V 27–29
 Miltefosine Bolivia and Costa Rica II and IV 30,31
  L. V. panamensis Ketoconazole Panama I 18
 Nicaragua, Israel, Algeria, Saudi Arabia, 

and Ethiopia IV 32–36
  L. donovani complex  L. infantum chagasi Liposomal amphotericin B Austria and Italy IV 37–39

India and the Mediterranean V 40–44
Miltefosine Spain IV 45,46

India and Ethiopia V 16,47,48
  *   Evidence is summarized for use of only the following non-antimony regimens: ketoconazole, miltefosine, liposomal amphotericin B, and the  Leishmania  species mentioned in this report.  
  †   Quality of evidence. I = Evidence from one or more properly randomized, controlled trials; II = Evidence from one or more randomized trials in a partially representative patient group (small 

patient number and different species included); III = Evidence from one or more well-designed clinical trials without randomization from cohort or case-controlled analytic studies (preferably from 
one center), multiple time series studies, or dramatic results from uncontrolled experiments; IV = Evidence based on clinical experience and descriptive studies; V = Evidence based on efficacy in 
visceral or mucocutaneous leishmaniasis.  
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enrolled in the study. All patients were immunocompetent. 
A summary of the cases is shown in  Table 2 . 

       Case 1.   A 60-year-old male was treated with miltefosine 
for an inflammatory lesion on his right earlobe caused by 
 L. infantum chagasi . He tolerated the treatment well. The only 
side effect that he reported was mild loose stools, which were 
self-limited. The lesion showed significant improvement (50% 
less induration) within the first month. The lesion had almost 
completely healed by 6 months (with very minimal erythema), 
and his ear appeared completely normal at 1 year. 

   Case 2.   A 25-year-old female had an exophytic, erythematous, 
and non-ulcerated skin lesion on her left check caused by 
 L. infantum chagasi  ( Figure 1A ). After 5 days of treatment 
with liposomal amphotericin B (3 mg/kg per day), her serum 
creatinine increased from 0.9 to 1.5 mg/dL. Despite initial 
improvement (decrease in size of lesion by 46%), 6 months 
later, the lesion was again erythematous, possibly caused 
by itching and self-manipulation. The patient was treated 
symptomatically and serially evaluated. A repeat biopsy taken 
from the edge of the lesion showed a lymphocytic infiltrate 
and questionable presence of amastigotes, but PCR and 
cytopathologic examination of the touch preparations were 
negative. During the next few months, the lesion regressed but 
did not completely heal, and oral miltefosine was prescribed. 
Within 2 weeks, the lesion appeared flatter and less red. On day 
25 of treatment, the patient stopped the miltefosine because of 
several episodes of motion sickness (gastrointestinal uneasiness 
and dizziness). Despite increased redness and swelling 2 days 
later, the lesion healed completely by 3 months, and there was 
no relapse for 2 years ( Figure 1B ). 

    Case 3.   A 7-year-old male developed nodular skin lesions 
on his forehead and cheek caused by  L. infantum chagasi . He 
was treated with 5 days of i.v. liposomal amphotericin B (3 mg/
kg per day) without side effects. The lesions decreased in size 
by 60% 1 month post-treatment, with progressive flattening 
and residual scarring for the next 6 months. He continued to 
have a complete response without relapse for 1 year. 

   Case 4.   A 29-year-old female developed an ulcerated skin 
lesion on her left arm ( Figure 1C ) associated with a tender 
cord extending from the lesion into her left axilla and axillary 
lymphadenopathy secondary to  L. V. braziliensis  complex. She 
was treated with liposomal amphotericin B (3 mg/kg per day) 
but developed flushing, shortness of breath, and chest pain 
within minutes of receiving the first dose. The infusion was 
stopped; 50 mg diphenhydramine hydrochloride (Benadryl; 
McNeil Consumer Healthcare, Washington, PA) and 100 mg 
hydrocortisone were administered intravenously, and the 
symptoms resolved. After a period, the organism was further 
identified as  L. V. panamensis . She was treated with oral 
ketoconazole, which was tolerated very well. The lesion showed 
epithelialization and 31% reduction in size by 1 month; it had 
completely healed by 3 months. No evidence of relapse was 
noted for 1 year ( Figure 1D ). 

   Case 5.   A 67-year-old female developed multiple, non-
ulcerated, erythematous skin lesions on both shoulders 
associated with multiple subcutaneous nodules caused by  L. V. 
panamensis . She tolerated treatment with oral ketoconazole 
well. The size of the lesions decreased by 98% within the 
first month of treatment. At 8 months, the lesion was without 
relapse. 

   Case 6.   The husband of the previous patient, a 65-year-old 
male, developed multiple ulcerated and nodular lesions on the 

right knee, elbow, and shoulder caused by  L. V. panamensis . Oral 
ketoconazole was prescribed, but it was stopped after 21 days 
because of increasing liver function tests and clinical hepatitis, 
which resolved after 1 month. Despite early discontinuation 
of ketoconazole, his lesions completely epithelialized at his 
1-month follow-up visit and continued to show sustained 
improvement at follow-up 8 months later without relapse. 

   Case 7.   A 55-year-old male had an ulcerated lesion of his 
right forearm caused by  L. V. braziliensis  that was treated with 
an uncomplicated 21-day course of i.v. sodium stibogluconate 
at an outside institution. The lesion healed completely within 
1 month of treatment; 1 year later, he was referred to us after 
he noticed a new ulceration with mild swelling at the edge of 
the scar of the previous lesion. Biopsy of the lesion confirmed 
 L. V. braziliensis , and the patient was treated with liposomal 
amphotericin B (3 mg/kg per day for 7 days). During the 
course of therapy, the patient’s lesion decreased in size, 
showed complete epithelialization at 1-month follow-up, and 
was without relapse at 1 year. 

   Case 8.   A 37-year-old female developed five erythematous-
crusted plaques, four on her left arm and one on the right 
leg. A small lesion at the mucocutaneous junction of the left 
nares was not biopsied, because its appearance was not con-
sistent with mucocutaneous leishmaniasis. A nodule was noted 
on the left elbow. The patient was treated with 7 days of i.v. 
liposomal amphotericin (3 mg/kg per day) for CL caused by 
 L. V. braziliensis . The total estimated surface area of the lesions 
decreased in size by 56% at 1 month, and there was no relapse 
for 36 months. 

   Case 9.   A 40-year-old woman developed four painless 
erythematous nodules on her left arm and one on her right 
leg that gradually increased in size and developed raised 
borders with ulceration. A cord was palpable along the upper 
arm extending into the axilla. The patient was treated with 
7 days of i.v. liposomal amphotericin (3 mg/kg per day) for  L. V. 
braziliensis . The lesions decreased in size by 30% and became 
less raised within 1 week of treatment; however, 1 month later, 
the edge of the left-arm lesion appeared more indurated. 
A subcutaneous cord persisted. Pus was superficially present 
in multiple lesions, and no indication for incision and drainage 
was found. Culture of the lesions revealed heavy growth of 
methicillin-resistant  Staphylococcus aureus.  She was treated 
with a 10-day course of oral levofloxacin (500 mg), which 
led to transient improvement with subsequent return of mild 
purulence superficially at the site of the lesions. Thereafter, 
she was treated with 2% topical mupirocin ointment three 
times daily for 3 months. After 7 months, the left-arm lesion 
had completely healed, with no relapse for 36 months. 

   Case 10.   A 6-year-old boy developed a raised erythematous 
lesion with central ulceration on the right cheek and a dry 
lesion on the dorsum of the left wrist caused by  L. tropica . The 
patient was treated with 21 days of i.v. sodium stibogluconate 
without complication. The lesions had healed 2 months later, 
but new papules were noted at the edge of the facial scar after 
6 months. The lesion remained stable in size and appearance 
for 1 year but later, became larger and more erythematous. 
A biopsy and PCR confirmed relapse. He was treated with a 
7-day course of liposomal amphotericin B (5 mg/kg per day). At 
follow-up 3 weeks later, the patient’s papules had healed. No 
evidence of relapse was noted 3 months later. The patient was 
lost to follow-up thereafter, and for this reason, his response to 
treatment could not be assessed after this time period. 
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    DISCUSSION 

 A species-oriented treatment approach has been advocated 
for leishmaniasis given increasing recognition of interspecies 
differences accounting for variability in treatment response. 7,  8  
In addition to this, a pressing need for alternatives to sodium 
stibogluconate has been identified because of unwanted tox-
icities, cumbersome administration, and treatment failures in 
some cases. Despite this, in most centers, molecular specia-
tion is not routinely performed, and sodium stibogluconate 
remains the first-line treatment. We used a strategy that maxi-
mizes use of more convenient non-antimony regimens based 
on the infecting species. 

  Species identification.   Real-time PCR has clear advantages 
over microscopy in the detection and speciation of leish-
maniasis. 49–  51  The PCR-based assays used in our study yielded 
rapid and accurate information on speciation that was used 
in a timely fashion to inform choice of therapy. Several 
PCR-based assays for the diagnosis of leishmaniasis have 
been developed to date. 10–  14,  49–  51  Different assays may use 
different targets for amplification (such as the ribosomal 
RNA gene, mini-exon gene, internal transcribed spacer 
regions, or kinetoplast DNA). 10–  14,  49–  51  Although these targets 
offer accurate taxonomic data for amplification, they vary 
in their specificities and species-discriminating capabilities. 
Clinicians using PCR-based assays must be familiar with 
their strengths and limitations. In our study, we used two PCR 
assays sequentially to adequately differentiate the  L. Viannia  
complex further, because only CL caused by  L. V. panamensis  
can be treated with ketoconazole. The use of multiple assays to 
adequately speciate leishmaniasis (and the inherent associated 
cost) complicates the use of a species-specific approach as 
shown here, particularly in resource-limited settings. Thus, 

a need exists for simple, comprehensive, and low-cost PCR-
based assays for the adequate speciation of  Leishmania.  

   Treatment choice and efficacy.   After the infecting species 
was identified to the complex or species level, a non-antimony 
regimen was chosen; those used in this series included 
ketoconazole, miltefosine, and short-course i.v. liposomal 
amphotericin B. 

 In this case series, oral ketoconazole was effective in all cases 
of CL caused by  L. V. panamensis  ( N  = 3). Two of these patients 
acquired disease in Panama, and one acquired disease in Costa 
Rica. Of the treatments used in this study, only ketoconazole 
has been proven effective in a randomized trial comparing 
oral ketoconazole (76% cure rate;  N  = 21) with intramuscular 
sodium stibogluconate (68% cure rate;  N  = 19) for the treat-
ment of CL caused by  L. V. panamensis  acquired in Panama. 18  
Based on these findings, ketoconazole is considered by some 
to be the first choice for treatment of uncomplicated cutane-
ous lesions (i.e., single lesions without mucosal involvement) 
caused by this species. 52  The generalizability of these data to 
CL caused by  L. V. panamensis  acquired in other regions, how-
ever, is not clearly established, and further studies are needed. 
Limited clinical reports suggest that ketoconazole cures CL 
in Nicaragua, Israel, Algeria, Saudi Arabia, and Ethiopia. 32–  36  
Decreased cure rates have been noted in limited reports from 
Belize, 53  although species identification beyond the com-
plex level was not performed in most cases. For this reason, 
close follow-up of CL cases is necessary to monitor treatment 
response so that an alternative agent can be used if necessary. 
Another caveat to the use of ketoconazole in the treatment of 
CL is that speciation must be performed beyond the  L. Viannia  
complex level, because treatment failures have been noted in 
cases secondary to  L. V. braziliensis  or  L. V. guyanensis . 54–  56  

 Short-course i.v. liposomal amphotericin B was used to treat 
cases of CL caused by  L. infantum chagasi ,  L. V. braziliensis , 
and  L. tropica.  Of the CL patients with  L. infantum chagasi  
acquired in El Salvador ( N  = 2), one patient with multiple 
lesions had an excellent response to therapy. The other patient, 
with a single nodular lesion on the face, had a clinical but not a 
parasitologic relapse noticed 6 months post-treatment that was 
successfully retreated with miltefosine. Two patients with cuta-
neous disease caused by  L. V. braziliensis  acquired in Ecuador 
( N  = 1) and Costa Rica ( N  = 1) were successfully treated. An 
additional patient had delayed healing attributed to bacterial 
superinfection caused by methicillin-resistant  S. aureus  that 
was successfully treated with oral levofloxacin and topical 
mupirocin. Bacterial superinfection is a known complication 
of CL lesions, with an incidence of 21.8% in one series. 57  The 
lengthy time to heal in this patient with bacterial superinfection 
(7 months) is not unexpected, because coinfection reduces the 
rate of elimination of bacteria and enhances the severity of CL 
skin lesions. 58  After the patient was treated with antibiotics, her 
CL lesion improved considerably, and she was without relapse 
for 36 months post-liposomal amphotericin B treatment. 

 Liposomal amphotericin B has been found to be an effec tive 
treatment of visceral leishmaniasis caused by  L. infan tum chagasi  
in the Mediterranean region and  L. donovani  in India, 40–  43  and 
it is currently the US Food and Drug Administration-approved 
drug for treatment of visceral leishmaniasis (VL)    caused by 
these species. 44  Liposomal amphotericin B has been used 
anecdotally in the treatment of cutaneous and mucocutane-
ous disease caused by  L. V. braziliensis  acquired in Belize, 
Bolivia, Peru, and Brazil as well as in immunocompromised 

 Figure 1.    This figure shows photographs of cutaneous leishmania-
sis lesions taken at baseline and final visit after completing treatment 
in case 2 ( A  and  B ) and case 4 ( C  and  D ). This figure appears in color 
at www.ajtmh.org.    
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patients. 19,  24,  26–  29,  59  A prospective, non-randomized study com-
paring liposomal amphotericin B with sodium stiboglucon-
ate for treatment of CL caused by  L. V. braziliensis  found no 
failures in the liposomal amphotericin B-treated group and 
fewer side effects. 19  Successful use of liposomal amphoteri-
cin B in the treatment of VL, however, does not necessarily 
extrapolate to cutaneous disease, because the pharmacoki-
netics of liposomal amphotericin B in cutaneous disease have 
not been well-established. Although it has been suggested that 
drug accumulation at the dermis level may be insufficient, 60  
i.v. administration of liposomal amphotericin B has been 
shown to be effective against experimental CL, albeit at higher 
doses than that required for visceral disease. 61  

 The optimal dose and duration of liposomal amphotericin 
B for the treatment of CL is unknown and deserves further 
study. The total treatment dose used in this study was based 
primarily on the use of this dose with visceral disease and 
also on anecdotal evidence using this dose in the treatment 
of CL caused by  L. V. braziliensis . 19,  44  Although these limited 
data are favorable for liposomal amphotericin B, the same 
may not be true of other lipid-based amphotericin B products 
such as Abelcet (amphotericin B lipid complex) or Amphotec 
(amphotericin B cholesteryl complex). A treatment failure has 
been described in one CL patient who was treated with high-
dose Abelcet, 62  a finding supported by animal models. 63  

 One case of CL caused by  L. tropica  acquired in Afghanistan 
that relapsed after treatment with i.v. sodium stiboglucon-
ate was treated with liposomal amphotericin B and healed at 
3 months, after which the patient was unfortunately lost to 
follow-up. The short duration of follow-up is inadequate for 
CL caused by this particular species given the known relapse 
rate; thus, the treatment response to liposomal amphotericin 
B in this patient cannot be adequately assessed. CL caused by 
 L. tropica  frequently causes a dry noduloulcerative lesion that 
can persist for a prolonged period of time and is frequently 
resistant to treatment. Cure rates of 75% have been described 
after at least 10 days of standard i.v. antimony therapy. 64  Use of 
liposomal amphotericin B with CL caused by  L. tropica  is not 
well-documented. Limited clinical data suggest that miltefosine 
may be a viable alternative for CL caused by  L. tropica . 20–  23  

 Miltefosine was used to successfully treat two patients with 
CL caused by  L. infantum chagasi  lesions acquired in Spain 
and El Salvador. Miltefosine has been shown to have potent 
leishmanicidal activity and has been used safely and effec-
tively in the treatment of over 2,500 patients with diffuse CL, 
mucosal disease, and visceral disease. 16,  47,  48  The susceptibility 
of  L. donovani  and  L. infantum chagasi  lesions to miltefos-
ine has been documented by an  in vivo  and  in vitro  study. 65  
Of note, higher doses of miltefosine (2.5 mg/kg per day up to 
150 mg/day for 28 days) than that used in our study have been 
used in the treatment of CL, although the optimal treatment 
dose has not been well-established. 30,  31,  66  

   Toxicity.   Ketoconazole was tolerated without any side effects 
or liver function test abnormalities in two of three patients. 
One patient developed clinical hepatitis, which resolved 
after discontinuation of ketoconazole on day 21 of therapy. 
Ketoconazole-induced hepatitis frequently resolves after 
discontinuation of treatment. Serious ketoconazole-induced 
hepatotoxicity occurs rarely (1/15,000 exposed patients), but 
it can be fulminant and even fatal if treatment is continued 
after symptoms of hepatitis develop. 67–  70  More commonly, 
asymptomatic rises in serum transaminase activity occur during 

treatment with ketoconazole. Frequent monitoring of liver 
function tests (such as    alanine aminotransferase, aspartate 
aminotransferase, and bilirubin) is advised every 1–2 weeks 
while on therapy. A progressive or greater than 3-fold rise 
in serum transaminases should prompt discontinuation of 
therapy. 71  Despite the concern for liver function test abnor-
malities associated with use of ketoconazole, this may occur 
more frequently with sodium stibogluconate. Asymptomatic, 
mild liver function test abnormalities were less frequent with 
oral ketoconazole (27%) than with sodium stibogluconate 
(47%) in a randomized control trial of CL patients treated 
with either of these drugs. 18  

 No unexpected toxicities secondary to liposomal amphoteri-
cin B use were observed in any of our patients. The side effects 
of liposomal amphotericin B treatment are well-described. In 
one of our patients, liposomal amphotericin B was discontin-
ued because of an infusion-related reaction (chest pain, dys-
pnea, and flushing), and an alternative agent (ketoconazole) 
was successfully used instead. Infusion-related events typically 
occur at the start of the infusion and may be associated with 
fever, chills or rigors, nausea, vomiting, dyspnea, hypotension, 
hypertension, tachycardia, and flushing, chest discomfort, or 
pulmonary symptoms. 72,  73  Pre-medication (with diphenhy-
dramine, corticosteroids, and/or acetaminophen) may mini-
mize the occurrence of these reactions, although they may not 
be completely prevented. 74  Slowing the rate of infusion may 
help as well. 

 Nephrotoxicity (defined by greater than 2-fold increase in 
serum creatinine or peak serum creatinine above 3.0 mg/dL) 
and/or electrolyte abnormalities occur less commonly in lipo-
somal amphotericin B-treated patients than in amphoteri-
cin B-treated patients. 72–  74  Three of seven patients treated 
with liposomal amphotericin B in our series experienced an 
increase in serum creatinine and/or electrolyte abnormalities 
(hypokalemia or hypomagnesemia); treatment was discontin-
ued in two of these patients. Recently, single-dose liposomal 
amphotericin B (10 mg/kg) administered intravenously for the 
treatment of visceral leishmaniasis was found to be effective 
and well-tolerated. 75  The utility of this approach deserves fur-
ther study in the treatment of CL, because its use could cir-
cumvent many of the dose-limiting side effects (in particular, 
nephrotoxicity) seen with 5 to 7 day courses of therapy. 

 The toxicities seen with miltefosine were mild and self-lim-
ited. One patient had mild loose stools that did not require 
discontinuation of therapy. The other patient had symptoms 
of motion sickness that led her to stop treatment 3 days early. 
Improved tolerance of miltefosine has previously been noted 
among CL patients compared with visceral patients, likely 
because CL patients are not systemically and acutely ill. 
Colombian CL patients treated with miltefosine were noted 
to be more likely to experience motion sickness (up to 60% of 
patients) than VL patients. 76  

   Limitations.   This is a limited case series, and no treatment 
recommendations can be made based on our findings. None 
of the patients in this study were known to have immuno-
deficiencies. Host response is known to influence treatment 
response to antileishmanial drugs, and more failures are 
reported in an immunocompromised patient population. 44  
Although a strength of this case series is the lengthy duration 
of follow-up (12 months or longer), a few cases ( N  = 3) were 
lost to follow-up before 12 months, limiting our assessment of 
treatment response in these cases. 
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   Conclusions.   The vision for the future of CL diagnosis and 
treatment is use of molecular methods that allow rapid and 
reliable identification of the infecting  Leishmania  species to 
permit use of convenient, yet effective oral-based therapies. 
Non-antimony regimens, as used in this study, were safe, 
convenient, and effective. No unexpected toxicities were 
observed. To facilitate the use of these regimens, future studies 
must better define the precise efficacy of these regimens in the 
management of CL based on infecting species and geographic 
location. 
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