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Abstract Chromoblastomycosis (CBM) is an

implantation mycosis mainly occurring in tropical

and subtropical zones worldwide. If not diagnosed at

early stages, patients with CBM require long-term

therapy with systemic antifungals flanked by various

physical treatment regimens. As in other neglected

endemic mycoses, comparative clinical trials have not

been performed for this disease; nowadays, therapy is

mainly based on a few open trials and on expert

opinions. Itraconazole, either as monotherapy or

associated with other drugs, or with physical methods,

is widely used. Recently, photodynamic therapy has

been employed successfully in combination with

antifungals in patients presenting with CBM. In the

present paper, the most used therapeutic options

against CBM are reviewed as well as the several

factors that may have impact on the patient’s outcome.
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Introduction

Chromoblastomycosis is one of the most prevalent

implantation mycosis in tropical and subtropical

zones. Lesions related to this disease may be

recalcitrant and extremely difficult to eradicate.

Except for the initial lesions, which should be

surgically removed, CBM lesions constitute a true

therapeutic challenge. Almost a century has passed

since Max Rudolph first reported the disease in 1914.

Since then, several therapeutic regimens have been

proposed, including physical therapeutic methods and

chemotherapy with antifungals [1, 2]. As comparative

trials on this disease are lacking, evidence that helps to

select optimal therapy is based on a few open clinical

studies and many expert opinions [3–7]. No ‘‘gold

standard’’ therapy for CBM is available, but several

treatment options [7, 8].

Microbiological and histological diagnoses are

advised in order to achieve optimal therapeutic

outcome. Chromoblastomycosis is caused by several

species of melanized (‘dematiaceous’) fungi, almost

all being members of the black yeast relationship
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included in the ascomycete family Herpotrichiella-

ceae. This group of fungi is known from unusual,

hostile habitats such as those extremely poor in

nutrients, or toxic due to the presence of monoaro-

matic hydrocarbons [9–11]. Agents of CBM are found

on plants thorns or debris. They mainly belong to

Fonsecaea and Cladophialophora and to a less extent

to Rhinocladiella, while scattered cases have been

reported in Phialophora and Exophiala [9–15]. Most

agents are filamentous in culture and present with

muriform cells in human tissue. Muriform cells are the

hallmark for the diagnosis of CBM and are considered

a biologic and physiologic adaptation to stress elicited

by the host’s response to transcutaneous implantation

of foreign bodies [12, 16, 17]. This protective structure

also enhances resistance to antifungal drugs [18, 19].

Muriform cells are characterized by thick melanized

cell walls, isodiametric expansion and unordered

septum formation. In main traits, Cladophialophora

carrionii and Phialophora verrucosa are more sensi-

tive to antifungals than Fonsecaea pedrosoi [20],

while also differences in susceptibility have been

reported between the species of Fonsecaea, viz. F.

pedrosoi, F. monophora and F. nubica [21, 22]. Prior

to exact identification of the etiologic agent, therapy

can be started at observation of muriform cells in wet

mounts and/or histopathology. Clinical manifestations

are highly variable but no data are available on

correlation of lesion type and etiologic agent [8, 16].

The present article reviews the main therapeutic

modalities for patients with CBM ad discuss the main

therapeutic challenges to clinicians in the control of

the disease.

Clinical Classification, Severity Grade and Length

of Therapy

Except for its initial lesions, developed lesions of

CBM require long-term continuous systemic anti-

fungal therapy. The duration of therapy may range

from months to years and even more than one decade

[3–5, 20, 23]. In order to achieve optimal results in

terms of clinical and microbiological efficacy as well

as patient’s compliance, it is recommended that

lesions are classified according to clinical type and

graded according to degree of severity (Table 1).

During the last century, several clinical classifications

were proposed by many authors to better describe the

clinical polymorphism of CBM lesions. The one

modified after Carrión is well accepted in the clinical

practice. It uses basic dermatologic lesions types:

nodular, tumorous, verrucous, plaque and scarring

(Table 1, Fig. 1) [9, 16, 24, 25]. More recently, other

clinical types of lesions have been described: pseudo-

vacuole and eczematous types (Figs. 1F, I). These

lesions were described by Lu et al. [26] and refer to

mild to moderate cases depicting short duration in

years and good response to therapy. In advanced cases,

more than one type of lesion can be observed in the

same patient and one type may predominate to the

others (Fig. 1E) [9]. Although CBM usually spreads

by contiguity and auto-implantation, lymphatic dis-

semination has been described in a few cases [27, 28].

Success rates are related to factors including etiologic

agent, duration and severity of the disease and host

individual response. Severe lesions tend to respond

slowly or even become non-responding to antifungal

drugs (Table 1) [3, 5]. Mean duration of therapy with

antifungal drugs, physical methods or combination of

both, should be guided by clinical, mycological and

histological criteria (Table 1) [2, 9, 28].

Antifungal Susceptibility

Based on non-comparative trials, patients are mostly

treated with itraconazole (ITZ), terbinafin (TBF) or

with a combination of both [3–7]. To date, no

standardization of in vitro susceptibility is available,

and break points values have not been determined

for melanized fungi [11, 29, 30]. Andrade et al. [31]

suggested some correlation between in vitro and

in vivo data. Susceptibility profiles are particularly

significant in patients not or insufficiently responding

to antimycotic therapy. Earlier studies have docu-

mented that F. pedrosoi isolates is susceptible to

ITZ, but has high minimal inhibitory concentration

(MICs) to amphotericin B (AMB), fluconazole

(FCZ) and 5-flucytosine (5-FC) [29, 30]. It was

suggested that ITZ resistance might be acquired in

patients under chronic use of this drug [29, 31].

Najafzadeh et al. [32] described the sensitivity test in

three Fonsecaea species in accordance with the

CLSI document M38-A2. All isolates had low MICs

for posaconazole (POS), ITZ, isavuconazole (ISA)

and voriconazole (VCZ). High MICs were docu-

mented against AMB, caspofungin (CAS),
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anidulafungin (ANI) and FCZ. MICs to VCZ, POS

and ISA were 1 or 2 dilutions higher in F. pedrosoi

than F. monophora and F. nubica [32]. Similar to

Fonsecaea, C. carrionii showed sensitivity to ITZ,

VCZ and TBF. Testing environmental isolates of C.

carrionii complex demonstrated that C. carrionii

Table 1 Clinical classification, severity graduation and criteria for the interruption of therapy in patients with chromoblastomycosis

Type of lesions [9, 16, 24, 26] Severity of disease [9, 18] Criteria for the interruption of

treatment [9, 25]

Nodular type (Fig. 1B) Moderately elevated,

fairly soft, dull to pink violaceous growth.

Surface smooth, verrucous or scaly. Over

time lesions may gradually become

tumorous

Mild form

A solitary plaque or nodule measuring

\5 cm in diameter

Clinically

Complete healing of all lesions with

atrophic scarring

Disappearance of pain and itching

Follow-up observation period of at

least 2 years without recurrence
Verrucous type (Fig. 1C)

Hyperkeratosis is the outstanding feature

Warty dry lesions. Frequently encountered

along the border of the foot

Tumorous type (Fig. 1H)

Tumor like masses, prominent,

papillomatous, sometimes lobulated;

‘‘cauliflower like’’. Surface partly or

entirely covered with epidermal debris and

crusts. More exuberant on lower extremities

Cicatricial type (Fig. 1 G)

Non-elevated lesions that enlarge by

peripheral extension with atrophic scarring

while healing takes place at the center.

Usually with annular, arciform or

serpiginous outline. Tends to cover

extensive areas of the body

Moderate form

Solitary or multiple lesions: nodular,

verrucous or plaque types, existing alone

or in combination, covering one or two

adjacent cutaneous regions, measuring

\15 cm in diameter

Mycologically

Absence of fungal elements on direct

examination

Failure to isolate the etiologic agent

from biopsied tissues

Persistence of these findings in 3

consecutive monthly biopsies

Plaque type (Fig. 1D)

Slightly elevated, with variously sized and

shaped areas of infiltration. Reddish to

violaceous in color presenting a scaly

surface, sometimes shows marked lines of

cleavage. Generally found on the higher

portions of the limbs

Severe form

Any type of lesion alone or in combination,

covering extensive cutaneous regions

whether adjacent or non-adjacent

Histologic

Absence of muriform cells and

microabscesses

Replacement of active

granulomatous infiltrate in the

dermis by a chronic inflammation

and dense fibrosis

Atrophy of the epidermis

Persistence of all these findings in 3

consecutive monthly biopsies after

scaring

Pseudo-vacuole type (Fig. 1F)

May present infiltrated papules and plaques

with pseudo-vesicles

Ecymatouus type (Fig. 1H)

Exhibit a variety of characteristics, including

blistering, oozing, flaking or crusting

Mixed form (Fig.1 E)

This is an association of the seven basic types

of lesions. It is usually observed in patients

depicting severe and advanced stage of the

disease
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strains from cactus debris and C. yegresii strains

from living cactus were indistinguishable in their

response to antifungals [33, 34].

The second most commonly used drug for CBM is

TBF, an allylamine derivative causing fungicidal

effects through blockade of lanosterol synthesis, an

ergosterol precursor. Terbinafin does not interfere

with P450 cytochrome, leading to less drug-to-drug

interaction than ITZ [23, 75–79]. One report suggested

that TBF has significant antifibrotic effect in vitro, but

unfortunately this was not substantiated in vivo [4].

According to published data, cure rates with ITZ or

TBF may range from 15 to 80 %, depending on the

etiologic agent, severity of the disease and criteria of

cure used for therapy evaluation [3, 5, 9].

Combination Therapy

Combination therapy with antifungal drugs is common

in the setting of severe and invasive infections. Few

studies have been conducted with melanized fungi. Yu

et al. [35] studied 53 isolates, which included 22

C.carrionii, 20 P. verrucosa and 11 F. pedrosoi

isolates. The in vitro evaluation of the combination of

antifungal drugs against CBM agents was made with

D-AMB, ITZ and TBF. No synergic or antagonistic

results were observed with all isolates when D-AMB

was combined with TBF or ITZ. A synergic interac-

tion was noted only to one isolate of C. carrionii when

TBF and ITZ were combined. Neither synergy nor

antagonism was found with the remaining isolates of

Fig. 1 Initial lesion of chromoblastomycosis: A scaly papulous

ulcerative lesion on the knee, after six months evolution (1A).

Nodular lesions on the lower leg (1B). Verrucous lesion of the

foot (1C). Plaque lesion on the sholder (1D). Mixed lesion

composed by plaque, nodular and verrucous lesions involving

the lower limb (1E).Pseudo vacuole lesions involving the hand

and forearm (1F)*. Cicatritial lesions of the knee and upper leg
(1G). Tumoral lesions on the thigh and knee (1H). Eczymatous

lesions of the hand and wrist (1I)

* Courtesy of Prof Liyan Xi, Sun Yat Sen University, Guangz-

hou, China
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C. carrionii and all isolates of P. verrucosa and F.

pedrosoi [35]. According to the clinical response

achieved in patients from Guyana and Brazil, the

combination of ITZ and 5-FC is effective and should

be evaluated in in vitro tests [36–38].

In summary, D-AMB, FCZ and the echinocandins

should not be used for the primary therapy of patients

with CBM. Primary resistance is rare, and it is not an

important problem to start treatment of patients with

CBM. It is important to note that most of in vitro

studies involving CBM agents were conducted with

the mycelial phase propagules (hyphae and conidia)

but not with the pathogenic (muriform cells) phase. So

the ‘in vitro’ data may not represent the ‘in vivo’

reality. Although methods to obtain in vitro muriform

cells have been reported as well as an experimental

model in Wistar rats, to date, there are no data on

experimental therapy for CBM lesions, neither in

in vitro nor in in vivo models [39, 40]. As muriform

cells have not been tested for antifungal drugs in vitro

yet, further studies with a better methodology simu-

lating host conditions are necessary.

Adjuvant Therapy

Innate immunity cells with subsequent activation of

humoral pathways conserved molecular structures,

including Toll-like receptors (TLRs) and lectins, are

accepted as the initial response mediators against

several fungal agents [41]. Despite the evolution in the

immunopathology of fungal diseases, classical aspects

of fungal infections and associated diseases are

explained in terms of Th1/Th2 activation patterns.

CD4 ? T cells can be subdivided into two distinct

effector populations, Th1 and Th2, and this differen-

tiation is important for defining the host susceptibility

or resistance to fungal agents [42, 43]. The Th1

response is characterized by the production and action

of cytokines such as interferon-c (INF-c), interleukin-

6 (IL-6) and IL-12. The Th2 response is characterized

by overproduction of IL-4 and IL-10 [44].

Although studies of the immunopathogenesis of

infections caused by Aspergillus, Candida and Cryp-

tococcus are well characterized in the literature, few

studies about immunopathogenesis of melanized and

dimorphic fungal infections are available [42, 43].

Mazo et al. [45] described the relationship between

severity of clinical forms of CBM and Th1/Th2

activation pattern. They characterized two distinct

clinical populations of patients based on the severity of

the disease: a group with mild forms that developed

Th1 response with high production of INF-c and other

group that developed severe forms of CBM with Th2

response and high production of IL-10 and low

production of INF-c. So, this study suggests that high

levels of INF-c and low levels of IL-10 are important

in the control of CBM infection. The chronicity of

CBM has a large impact on its treatment. Currently,

immunological aspects are directly related to the

pattern of chronic disease. Sousa et al demonstrated that

in murine models Fonsecaea pedrosoi not primarily

recognized by Toll-like Receptors (TLR), resulting in

defective induction of pro-inflammatory cytokines and

promoting a chronic disease. Perhaps the exogenous

administration of TLR agonists may be used in the

treatment of CBM. In addition, the enhancement of

inflammatory responses may be responsible for the anti-

infective activities and the immunostimulants agents

(glucan and Imiquimod) can be used as potent arsenal in

therapy of CBM [46].

Over the time, CBM lesions may became fibrotic

and reduce the availability of antifungal drugs to the

site of infection [9]. At this scenario, immunomod-

ulatory therapies may constitute an interesting strat-

egy in the management of severe forms of the

disease. Immunostimulant drugs represent the main

form to modify the management of fungal and

parasitic infections. Glucan (beta-1,3-polyglucose

from Saccharomyces cerevisiae) had been used as

an adjuvant in the experimental immunization

against Leishmania donovani [47]. Meira et al. [48]

reported a group of 10 patients with paracoccidioi-

domycosis that received intravenous glucan as an

immunostimulant and they observed that the patients

who received glucan had a more favorable response

to antifungal therapy. There is only one report of

adjuvant treatment with glucan for CBM. Azevedo

et al. [49] described a severe and disseminated form

of CBM with facial, cervical and trunk involvement.

This patient had Th2 activation pattern with high

production of IL-10 and low levels of INF-c. The

association of glucan with the ITZ regimen allowed

after 6 months a decrease in the production of IL-10

and an increase in the production of INF-!. The use

of immunostimulant drugs (glucan) improved the

cellular immune response of the patient and allowed

the regression of the disease.
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The Role of Physical Methods

During the last decades, a series of non-chemothera-

peutic methods were described for the therapy of CBM

(Table 2). The best of these is surgical excision, but

can be used for initial lesions only. Chromoblastomy-

cosis initial lesions are scarcely observed. They start

as solitary papular lesions that may evolve with a scaly

nodular appearance with well-delimited edges and

clear-cut planes of cleavage. Usually, these character-

istics are present during the first one to 3 months of

evolution (Fig. 1). If not removed at this phase, the

initial lesion will evolve and assume one or more of

the basic clinical types with different severity grades,

mild, moderate or severe, and should not be treated

with surgery anymore. Differently from phaeohypho-

mycosis (PHM) cystic lesions, CBM lesions are not

encapsulated and thus they do not depict a clear

cleavage limit [50–52]. In addition, relapses are

frequent when non-initial lesions are submitted to

resection methods, including surgery, curettage and

electro-cautery [17, 51, 53, 54]. The first reported

physical method used for CBM lesions was iontopho-

resis with copper sulfate [51]. This was a long,

ineffective and painful therapeutic mode, which has

been abandoned as many others therapeutic methods

in the past [52]. There are several other physical

methods previously used by different authors in the

past (Table 2). The recommendations for using phys-

ical methods in CBM are based on case reports or case

series only. In contrast to antifungal chemotherapy

that has been evaluated in non-comparative clinical

trials, patients submitted to therapy with physical

methods were not followed properly according to

clinical, mycological and histological defined criteria

of cure (Table 1) [3, 5]. For this reason, physical

methods must be always associated with antifungals

when treating mild, moderate or severe forms of the

CBM lesions.

The most used physical methods for non-initial

lesions are thermotherapy and photodynamic therapy

(PDT). It is important to note that these methods may

short the duration of therapy when combined to

systemic antifungals. Thermotherapy encompasses

heat and cold therapy. In the former, thermal devices

are used to increase tissue local temperature local

applications in a continuous way [55, 56]. Some

studies showed no growth of F. pedrosoi on Sabou-

raud dextrose agar when they were incubated at

42.5 �C [57]. Local heat therapy can promote vaso-

dilation and diffusion of antifungal drugs in tissues,

and it can have a great value as adjuvant therapy of

CBM lesions. However, it can cause skin burns if it is

not well monitored [58]. Cold therapy or cryosurgery

Table 2 Treatment options for chromoblastomycosis

Physical methods Chemotherapy Combination therapy

Standard surgerya Calciferol (Vit D3)f Itraconazole ? cryotherapyd

Iontophoresisf 5-fluorocytosinef Terbinafin ? cryotherapyd

Moh’s surgeryf 5-fluorouracilf Itraconazole ? terbinafind

CO2 laserf Thiabendazolef Itraconazole ? photodynamic therapye

Cryotherapyb Amphotericin Bf Itraconazole ? 5-fluorocytosined

Local heat (dry)f Ketoconazolef

Photodynamic therapyb Fluconazolef

Itraconazolec

Terbinafinc

Posaconazoled

Isavuconazolee

a For initial lesions only
b Used only in association to systemic antifungals
c Most used therapy—References: [3–5, 7, 12, 20, 23, 73, 76, 79, 80]
d Use for refractory forms—References: [6, 36–38, 83, 84]
e Potential use—References: [82, 85, 86]
f Not used or not a first line therapy or abandoned therapy
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method is based on the local application of liquid

nitrogen allowing localized tissue freezing, necrosis

and inflammation. Tissue reactions are the main

healing factor for the improvement of the CBM

lesions. There is evidence showing that extremely cold

environments do not kill the muriform cells in vivo,

nor inhibit the filamentous phase in vitro [59]. On the

other hand, tissue damage induced by cold such as

necrosis and inflammation is responsible for the

destruction of fungi after some days or weeks [59,

60]. Tissue necrosis can be severe, causing pain and

secondary bacterial infections. Furthermore, it cannot

be performed in some areas like face, fingers and areas

around the joints. Cryotherapy should be used in

combination with antifungal drugs such as ITZ or

TBF, and more studies are needed to assess this

association.

Photodynamic Therapy

Photodynamic therapy is a therapeutic modality with

non-toxic, light-sensitive compounds that are exposed

to specific light, with a conversion into toxic com-

pounds that are toxic to malignant cells or infectious

agents. It is a minimally invasive modality of treat-

ment with few side effects, and classically, it is used in

the treatment of neoplastic skin tumors (cutaneous T

cell lymphoma), tumors localized in the oral cavity

and non-melanoma skin cancer, actinic keratosis, acne

vulgaris, photo-rejuvenation and suppurative hydrad-

enitis [61–64]. Toxic substances are produced by the

interaction between light and tissue leading to oxida-

tive stress. Reactive oxygen species produce such

peroxide or superoxide anions, which damage cellular

targets of host and possible infectious agents [61–63].

Although PDT has been created for the adjuvant

treatment of malignant processes, its usefulness in the

management of infectious diseases has been increas-

ing in recent years. Concern about antimicrobial

resistance has led the creation of alternative mecha-

nisms of treatments with good efficacy and low

toxicity. In the setting of fungal diseases, PDT has

been useful in the management of mucocutaneous

candidiasis, pityriasis versicolor, dermatophytosis (T.

rubrum) and onychomycosis [65].

Lyon et al. [66] selected ten patients with CBM,

diagnosed by identification of muriform cells in tissue

and no description of the species involved, without any

antifungal treatment in the last 6 months and submit-

ted them to PDT with a 20 % methylene blue

preparation in cream. All of ten patients presented

reduction in the CBM lesions after six applications,

with at least 80 % of improvement in clinical and

microscopic analysis. The authors concluded that PDT

is a promising modality and a well-tolerated therapy.

The same authors also evaluated the in vitro PDT

method, using methylene blue as photosensitizer

against two isolates of F. pedrosoi and two isolates

of C. carrionii. In this therapy, light-emitting diodes

were efficient in reducing the growth of all samples

tested [67]. These findings were shared by Yang et al.

[68] described a refractory case of CBM caused by a

multidrug sensitive strain of F. monophora treated

with ITZ and TBF alone or in combination. After the

start of PDT with 5-aminolevulinic acid (ALA) and

combined therapy with TBF and VCZ, they observed a

greatly reduction the size of CBM lesion. In recent

years, the employment of PDT as a co-adjuvant

therapy for CBM has been increasing [66–68].

Despite the remarkable advances in molecular

characterization of CBM agents and in understanding

their worldwide epidemiology in recent years, studies

are needed in order to develop drugs with good

pharmacokinetic profiles and substances that may

exert immunomodulatory roles, such as INF-c and

glucan. Furthermore, thermotherapy and PDT, espe-

cially the latter, can represent potential modalities of

adjuvant therapy in the management of this disease,

where other clinical variables cannot be modified.

The role of Antifungal Chemotherapy

Topic Therapy

All CBM patients not depicting initial lesions should

undergo systemic antifungal chemotherapy indepen-

dently of lesion type or severity. Only one compara-

tive trial of two topic antifungal therapies has been

reported in patients with mild CBM lesions [69]. In

this study, ajoene (4,5,9-trithiadodeca-1,6,11-triene-9-

oxide), a garlic-derived compound, was compared to

5-fluoracil (5-FU) [70]. In this Venezuelan study,

patients in whom C. carrionii caused the disease were

randomized and allocated to receive either ajoene

(0.5 % gel; n = 19) or 5-FU (1 % cream; n = 18)

topically with occlusion, for 12–16 weeks. Efficacy
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was evaluated by clinical and mycological criteria, but

not histologically. Complete clinical and mycological

remission was achieved in 74 % of patients treated

with ajoene and in 78 % of patients submitted to 5-FU

[69]. There was no statistical difference in terms of

responses or relapses. Both regimens were safe and

effective. This original trial was not reproduced in

patients presenting CBM mild lesions due do Fonse-

caea spp. In addiction, this substance is a biologic

compound and is not available in a chemically defined

formulation.

Systemic Antifungals

For all patients where the initial lesions were not

diagnosed or surgically removed, systemic antifungal

therapy is validated. Among several compounds that

were used and abandoned, ITZ or TBF are indicated as

first-line therapies and PCZ for refractory cases

(Table 1). Itraconazole is a fungistatic first generation

triazole, which inhibits the cell membrane ergosterol

via 14-alpha-demethylase blockage [71]. Itraconazole

is the most experienced drug in CBM to date [3, 5, 20,

23, 72, 73]. Although this drug has a safe profile, even

when used in long-term course, ITZ is available only

in capsule formulation in most of the endemic regions

for CBM [74]. This may be an issue and the

explanation for unsuccessful responses in that some

patients may present poor gut absorption and conse-

quently low plasma and tissue levels [72]. Another

important issue is the several ITZ drug-to-drug

interactions that may contribute to treatment failures

(Table 3) [75].

The second most used drug for CBM is TBF, an

allylamine derivative causing a fungicidal effect

through lanosterol synthesis, an ergosterol precursor,

though blockade of squalene epoxidades. Terbinafine

does not interfere with P450 cytochrome, leading to

less drug-to-drug interaction than ITZ [23, 76–80].

Finally, there is one report suggesting that TBF shows

a significant antifibrotic effect in vitro. Unfortunately,

this finding has not been studied in vivo, at histopath-

ologic level [4]. According to the published data, cure

rates with ITZ or TBF may range from 15 to 80 %,

Table 3 Impact factors playing a role in the therapy of patients with chromoblastomycosis

The host Wrong or delayed diagnosis

Severity of the disease: lymphedema, excessive fibrosis, hardened tissue and low

vascularization are barriers for therapeutic response. Drug bioavailability at the site

of infection is low

Secondary bacterial infection and malignant transformation

Long duration therapy with systemic antifungal may cause non-compliance to therapy

Individual immune response: Patients with mild forms develop Th1 response and patients

with severe forms Th2 response. High levels of INF-c and low levels of IL-10

are important in the control of CBM infection

References

[7–9, 17, 42,

45]

The etiologic

agent

Fonseaceae spp. infections are more difficult to treat than C. carrionii.

Treatment discontinuations may lead to fungal resistance.

Muriform cells are difficult to eradicate

[7, 18, 20, 28,

32–35]

The antifungal

drugs

No standardized in vitro tests for melanized fungi

Muriform cells were not tested in vitro for the antifungal drugs.

There is no animal model for CBM therapy

Triazoles, mainly itraconazole may present an erratic absorption

Therapeutic drug monitoring for itraconazole is usually unavailable

Itraconazole may present several drug-to-drug interactions and toxicity

Posaconazole is still an expensive drug and mostly unavailable in endemic areas

There is no good quality comparative clinical trial on this disease

[3–5, 11, 75, 85]

Social factors Chromoblastomycosis is an orphan and neglected disease mainly affecting the low

socioeconomic groups who live in rural environments of the endemic areas

Chromoblastomycosis is relatively neglected by researchers

Diseases linked to poverty likewise offer little incentive to industry to invest in

developing new or better products for a market that cannot pay

[7–9, 11]
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depending on the etiologic agent, severity of the

disease and criteria of cure used for therapy evalua-

tion. As expected, as severity increases, cure rate

decreases and relapses are frequent [3, 5, 9].

Combination Therapy

Combination therapy is also an option for refractory or

severe clinical forms of the disease. In the past, the

association of 5-FC plus D-AMB and 5-FC was used,

but not nowadays [80, 81]. Although the in vitro

combination of ITZ and TBF did not show synergism,

the clinical effect in vivo was clearly demonstrated in

patients presenting refractory CBM [6]. The combi-

nation of ITZ and 5-FC was used in a few moderate to

severe cases with excellent results [36–38].

The Future

The emergence of new antifungal drugs in the setting

of invasive mycosis has allowed their use in the

treatment of several endemic mycoses, including

CBM. Among the recently licensed antifungals, PCZ

is an attractive option for severe or refractory forms of

CBM [82, 83]. Posaconazole presents the broadest

in vitro antifungal spectrum, also encompassing the

melanized fungi responsible for CBM and PHM. In

addition, PCZ oral solution has a better pharmacoki-

netic and pharmacodynamic profile than ITZ in

capsules. It is expected that in the future, new PCZ

formulations, that is, oral tablets and intravenous

solutions, may also play a role in the therapy of

patients with CBM. The combination of PCZ with

TBF and 5-FC may be a potential option for refractory

cases. Although the in vitro data suggested that the

echinocandins are not effective against the melanized

fungi, their association with amphotericin B or with

triazoles was tried in patients with PHM and cancer

[84]. A less used option for refractory disease is oral

VCZ. It was used to treat a few refractory patients with

good results, but VCZ may be associated with adverse

events such photosensitive dermatitis and visual

abnormalities [85]. Isavuconazole, a new broad-spec-

trum triazole, was also evaluated for safety and

efficacy in a few patients with CBM and PHM who

were enrolled in a global antifungal clinical trial. It

may be another therapeutic option in the future [86].

Major recent advances in knowledge on CBM are

the employment of molecular methods in the taxon-

omy of the etiologic agents and in the epidemiology of

this disease. However, this scientific progress does not

seem to impact the management of patients around the

world [18]. Patients with CBM still represent a true

therapeutic challenge for clinicians. Early clinical

suspicion and adequate therapy are still fundamental

to improve patient’s quality of life.
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