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RESUMO 

As lesões hiperpigmentadas são comumente observadas em mucosa oral. Apesar 
de, frequentemente, apresentarem características clínicas semelhantes, essas 
lesões apresentam etiopatogenias e diagnósticos distintos. Dessa forma, para o 
diagnóstico correto, é necessária a investigação sobre o histórico médico do 
paciente, uso de fármacos, além de exame clínico e eventualmente biópsia. Uma 
série de medicamentos podem causar pigmentações na mucosa oral. A patogênese 
dessa pigmentação pode variar dependendo do agente causal. Quimioterápicos 
como o Mesilato de Imatinibe, empregado no tratamento da leucemia mieloide 
crônica e da leucemia linfoblástica aguda pH+, pode estar associado ao 
desenvolvimento de lesões orais hiperpigmentadas principalmente em região de 
palato duro. O objetivo desse estudo foi avaliar a associação entre hiperpigmentação 
da mucosa oral em pacientes com leucemia e em uso do fármaco Mesilato de 
Imatinibe. Além disso, objetivamos comparar nossos dados com aqueles obtidos de 
uma revisão sistemática da literatura. O estudo foi aprovado pelo Comitê de Ética 
em Pesquisa da Universidade Federal de Minas Gerais sob CAAE número 
48317515.6.0000.5149. Um estudo transversal foi conduzido com 74 pacientes 
submetidos ao tratamento com o Mesilato de Imatinibe. As características 
sociodemográficas, história clínica dos pacientes e dados a respeito do uso dos 
fármacos adotados durante o tratamento da leucemia foram coletados. Além disso, 
foi realizado um exame clínico intra-oral e registro fotográfico da região de palato 
duro. A associação entre o uso do Mesilato de Imatinibe e a presença de lesões 
orais hiperpigmentadas foi investigada. Análise descritiva, análise bivariada e análise 
multivariada (regressão de Poisson) foram realizadas. Na regressão de Poisson, 
intervalos de confiança (IC) foram fornecidos. Uma revisão sistemática da literatura 
foi conduzida nas principais bases de dados com o objetivo de recuperar relatos de 
casos ou séries de casos de pacientes em uso do Mesilato de Imatinibe e que 
desenvolveram lesões hiperpigmentadas em mucosa oral. Entre os 74 participantes, 
41 eram do sexo masculino (55,4%) e 33 do sexo feminino (44,6%). A idade média 
dos indivíduos foi de 49,3 anos. Sessenta e seis (89,2%) pacientes desenvolveram 
lesões hiperpigmentadas em mucosa oral. Na análise multivariada em que foi 
empregada a regressão de Poisson, os pacientes que usaram o Mesilato de 
Imatinibe por mais de 72 meses tiveram um escore de hiperpigmentação 1,62 (1.12 
– 2.33 95% IC) vezes maior do que aqueles que usaram este medicamento durante 
um período mais curto. Pacientes que usaram Mesilato de Imatinibe associado à 
Hidroxiuréia por um período superior a 30 dias tiveram um escore de 
hiperpigmentação 1,43 (1.02 – 2.01 95% IC) vezes maior do que aqueles que usaram 
este medicamento durante um período inferior. A revisão sistemática da literatura 
recuperou 20 casos clínicos de pacientes submetidos ao tratamento com Mesilato de 
Imatinibe e exibindo lesões hiperpigmentadas na mucosa bucal. Com base na 
análise desses dados foi possível concluir que o desenvolvimento de lesões orais 
hiperpigmentadas está associado ao uso do Mesilato de Imatinibe e que a 
Hidroxiuréia parece incrementar tal associação. 

 

Palavras-chave: Hiperpigmentação. Mesilato de imatinibe. Hidroxiuréia. Agentes 
antineoplásicos.



 
 

ABSTRACT 

Association of oral mucosa hyperpigmentation with imatinib mesylate use: a 

cross-sectional study and a systematic literature review 

Hyperpigmented lesions are commonly observed in the oral mucosa. Although they 

often present similar clinical characteristics, these lesions present different 

etiopathogenesis and diagnosis. Thus, for the correct diagnosis, it is necessary to 

investigate the medical history of the patient, use of drugs. Clinical examination and 

biopsy may also be necessary. A number of medications can cause pigmentation in 

the oral mucosa. The pathogenesis of pigmentation may vary depending on the 

causative agent. Chemotherapeutic agents such as Imatinib Mesylate, used in the 

treatment of chronic myeloid leukemia and acute lymphoblastic leukemia pH +, may 

be associated with the development of hyperpigmented oral lesions in particular in 

the hard palate. The objective of this study was to evaluate the association between 

hyperpigmentation of the oral mucosa and the use of imatinib mesylate in patients 

with leukemia. In addition, we also aimed to compare our data with those obtained 

from a systematic review of the literature. The study was approved by the Research 

Ethics Committee of the Federal University of Minas Gerais under the protocol 

number 48317515.6.0000.5149. A cross-sectional study was conducted with 74 

patients undergoing treatment with imatinib mesylate. The sociodemographic 

characteristics, clinical history of the patients and data regarding the use of drugs 

used during the treatment of leukemia were collected. In addition, an intra-oral 

clinical examination and photographic record of the hard palate region were 

performed. The association between the use of imatinib mesylate and the presence 

of hyperpigmented oral lesions was also investigated. Descriptive statistics, bivariate 

analysis and multivariate (Poisson regression) analysis were carried out. In the 

Poisson regression, confidence intervals (CI) were provided. A systematic review of 

the literature was conducted in the main electronic databases with the objective of 

retrieving case reports or case series of patients using imatinib mesylate, who 

developed hyperpigmented lesions in the oral mucosa. Among the 74 participants, 41 

were male individuals (55.4%) and 33 were female individuals (44.6%). The mean 

age of the participants was 49.3 years. Sixty-six (89.2%) patients developed 

hyperpigmented lesions in the oral mucosa. In the multivariate analysis, in which 

Poisson regression was employed, patients who had used imatinib mesylate for more 

than 72 months had a hyperpigmentation score 1.62 (1.12 – 2.33 95% CI) times 

greater than those who had used this drug for a shorter period. Patients who had 

used Hydroxyurea associated Imatinib Mesylate over a period of more than 30 days 

had a hyperpigmentation score 1.43 (1.02 – 2.01 95% CI) times higher than those who 

had used this drug for a shorter period. The systematic review of the literature 

retrieved 20 clinical cases of patients submitted to treatment with imatinib mesylate 

and exhibiting hyperpigmented lesions in the oral mucosa. Based on the analysis of 

these data, it was possible to conclude that the development of hyperpigmented oral 

lesions was associated with the use of imatinib mesylate. The use of hydroxyurea 

seemed to increment this association. 

Key words: Hyperpigmentation. Imatinib mesylate. Hydroxyurea. Antineoplastic 

agent.
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1 CONSIDERAÇÕES INICIAIS 

 

As lesões pigmentadas da mucosa oral compõem um grupo heterogêneo 

de lesões que apesar de muitas vezes se apresentarem de forma clinicamente 

semelhante, possuem também etiopatogenias distintas, variando desde 

pigmentações fisiológicas até neoplasias malignas (TAVARES et al., 2018). Dessa 

forma, é de suma importância a realização do seu correto diagnóstico, através da 

realização de um exame clínico completo, investigação do histórico médico dos 

indivíduos, e muitas vezes auxílio da análise histopatológica (DE ANDRADE et al., 

2013). O reconhecimento precoce e a avaliação da pigmentação na cavidade bucal 

influenciam diretamente o manejo desse grupo de lesões, podendo resultar em 

melhor prognóstico para os indivíduos acometidos. 

Os melanócitos são células dendríticas originadas na crista neural e que 

fisiologicamente estão distribuídos pela mucosa oral e pela epiderme (THOMAS; 

ERICKSON, 2008). Os melanócitos podem ser localizados em todas as regiões da 

cavidade bucal (GONDAK et al., 2012) e as diferenças anatômicas em sua 

distribuição podem influenciar a localização de lesões melanocíticas, sendo essas 

benignas ou malignas (EISEN, 2000).  A melanina é sintetizada na camada basal do 

epitélio e transferida para queratinócitos adjacentes através de melanossomos 

(KAUZMAN et al., 2004). Na mucosa oral, a deposição do pigmento de melanina é 

definida geneticamente. Entretanto fatores metabólicos, endócrinos, trauma e fatores 

físicos e químicos podem ter influência na deposição do pigmento melânico 

(FELLER et al., 2014).  Quando localizada no epitélio, a melanina confere uma 

coloração amarronzada à mucosa. Contudo, dependendo de sua profundidade nos 

tecidos, a mucosa pode apresentar também um aspecto azulado, acinzentado ou 

enegrecido (EISEN, 2000).  

Uma pluralidade de lesões e condições estão associadas a alterações na 

coloração normal da mucosa, que podem ser causadas por um acúmulo de 

melanina, hemossiderina ou fragmentos de corpo estranho e até por processos 

vasculares (KLEINEGGER; HAMMOND; FINKELSTEIN, 2000). As lesões 

pigmentadas da mucosa oral que se apresentam de forma isolada e bem 

circunscritas são geralmente diagnosticadas como tatuagem por amálgama, mácula 

melanótica ou nevo melanocítico e, mais raramente, como um sinal inicial de 

melanoma (TAVARES et al., 2018).  
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Dentre as lesões melanocíticas difusas mais comuns de serem 

observadas em mucosa oral, destacam-se a pigmentação racial e a melanose do 

fumante que podem ser frequentemente observadas na população (HASSONA et 

al., 2016). A pigmentação fisiológica ou racial é uma das causas mais comuns de 

pigmentação mucosa multifocal ou difusa (HASSONA et al., 2016), sendo 

clinicamente caracterizada por máculas pigmentadas, assintomáticas, de bordas 

bem definidas e tamanhos variados. Geralmente, é identificada em indivíduos de 

pele escura (ALAWI, 2013; GONDAK et al., 2012). A tendência a desenvolver a 

pigmentação racial é geneticamente adquirida, mas a intensidade da pigmentação 

pode ser influenciada por fatores físicos, químicos e hormonais (EISEN, 2000). 

Apesar de poder ser observada em qualquer sítio da cavidade bucal, a gengiva (com 

exceção da borda marginal) e a mucosa jugal são geralmente os locais mais 

acometidos pela pigmentação fisiológica, seguido pelo lábio, palato e língua 

(CALDEIRA et al., 2010). É importante destacar que a pigmentação fisiológica é 

caracterizada por um aumento na atividade melanocítica, e consequente aumento 

na produção da melanina (KAUZMAN et al., 2004). 

A melanose do fumante também é uma pigmentação melânica difusa, que 

ocorre em até 21,5% dos tabagistas (AXEIX; HEDIN,1982). Sua intensidade está 

relacionada à duração e quantidade de tabaco consumidos (KAUZMAN et al., 2004). 

Apesar de não ser considerada uma lesão potencialmente maligna, sua patogênese 

exata permanece incerta e acredita-se que a estimulação da produção de melanina 

pode representar uma forma de defesa biológica contra os agentes nocivos 

presentes no tabaco (ALAWI, 2013). A melanose do fumante envolve mais 

frequentemente a mucosa labial, a mucosa jugal e a gengiva (HASSONA et al., 

2016). 

Existem alterações sistêmicas, tais como disfunções genéticas e 

endocrinopatias que se apresentam em mucosa oral como pigmentações difusas ou 

multifocais (KAUZMAN et al., 2004). Dentre elas, podemos destacar a síndrome de 

Peutz-Jeghers e a Doença de Addison.  A síndrome de Peutz-Jeghers apresenta 

manifestações, tais como polipose hamartomatosa intestinal, máculas 

mucocutâneas e risco aumentado de desenvolvimento de carcinomas no trato-

gastrointestinal, pâncreas, tireoide e mama (MELETI et al., 2008). As lesões 

mucosas melanocíticas geralmente são benignas e se apresentam irregularmente 

distribuídas na região perioral e lábio inferior, sendo histologicamente caracterizadas 
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como um aumento de melanina na camada basal do epitélio sem um aumento 

significativo no número de melanócitos (FERNANDES et al., 2015; LENANE; 

POWELL, 2000). A doença de Addison, por sua vez, é um distúrbio endócrino 

caracterizado por uma produção deficiente de hormônios do córtex adrenal, levando 

a um aumento da secreção do hormônio adrenocorticotrófico (ACTH) (MICHELS; 

MICHELS, 2014). Além de manifestações sistêmicas como fadiga e perda de 

apetite, os indivíduos portadores de doença de Addison podem apresentar também 

hiperpigmentação generalizada da pele e da mucosa, acometendo principalmente 

lábio, mucosa bucal, gengiva, palato e língua (GONDAK et al., 2012; SARKAR et al., 

2012). 

Outras lesões que também se apresentam clinicamente como 

pigmentações difusas e que representam um importante diagnóstico diferencial são 

as pigmentações relacionadas ao uso de fármacos como tetraciclinas, anti-

inflamatórios, agentes antimaláricos e antineoplásicos, tais como o fármaco Mesilato 

de Imatinibe e a hidroxiuréia, usados para o tratamento da Leucemia mieloide 

crônica (LMC) e Leucemia linfoblástica aguda (LLA) philadelfia positivo (Ph+) (DE 

ANDRADE et al., 2013; DE ANDRADE et al., 2017; DE MELO FILHO et al., 2012; DI 

TULLIO et al., 2018; KUMAR; SARASWAT; KAUR, 2002; MATTSSON et al., 2011; 

TOSIOS; KALOGIROU; SKLAVOUNOU, 2018). A administração sistêmica desses 

fármacos por período prolongado é responsável pelo desenvolvimento de lesões 

hiperpigmentadas. Entretanto, a patogênese da pigmentação induzida por fármacos 

varia dependendo do medicamento causador, podendo ocorrer através da 

estimulação da produção de melanina pelos melanócitos, depósitos do fármaco ou 

de seus metabólitos e/ou deposição de hemossiderina nos tecidos (KAUZMAN et al., 

2004; KLEINEGGER; HAMMOND; FINKELSTEIN, 2000).   

 Os estudos encontrados na literatura associando o uso de Mesilato de 

Imatinibe ao desenvolvimento de hiperpigmentação oral são restritos a relatos de 

casos e/ou séries de casos, descrevendo características de um número limitado de 

indivíduos. Há uma escassez de estudos que avaliem os fatores associados a 

alterações da mucosa oral em um número representativo de indivíduos que usam o 

Mesilato de Imatinibe. O conhecimento dos fármacos que podem induzir o 

desenvolvimento de lesões orais hiperpigmentadas é extremamente importante pois 

facilita o diagnóstico correto dessas lesões. Tal diagnóstico, muitas vezes, pode ser 

realizado com base nas características clínicas das lesões e histórico do uso de 
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fármacos pelo indivíduo, evitando que esse indivíduo seja submetido a procedimento 

de biópsia desnecessária.  
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2 OBJETIVOS 

 

2.1 Objetivo geral 

• Avaliar os fatores associados ao desenvolvimento da hiperpigmentação oral em 

indivíduos em uso do Mesilato de Imatinibe. 

 

2.2 Objetivos específicos 

• Avaliar a possível associação entre o grau de hiperpigmentação oral e o tempo 

de uso do Mesilato de Imatinibe;  

• Avaliar a possível associação entre o uso da Hidroxiuréia e o desenvolvimento de 

lesões orais hiperpigmentadas; 

• Comparar os dados obtidos nesse estudo transversal com aqueles obtidos por 

meio de uma revisão sistemática da literatura. 
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3 METODOLOGIA EXPANDIDA  

 

Este estudo foi dividido duas fases:  

A fase 1 consistiu de um estudo transversal, através do qual foram avaliadas as 

características de pacientes portadores de leucemia submetidos a tratamento com 

Mesilato de Imatinibe e os fatores associados ao desenvolvimento de lesões 

hiperpigmentadas na mucosa oral desses indivíduos. A fase 2 consistiu de uma 

revisão sistemática da literatura de relatos de casos ou séries de casos publicados 

que abordavam pacientes submetidos ao tratamento com Mesilato de Imatinibe e 

que desenvolveram hiperpigmentação oral. 

 

Fase 1: Estudo transversal avaliando a associação entre hiperpigmentação oral e 

uso de Mesilato de Imatinibe 

 

3.1 Aspectos éticos 

 

Este estudo foi aprovado pelo Comitê de Ética em Pesquisa da 

Universidade Federal de Minas Gerais sob parecer número CAAE 

48317515.6.0000.5149 (ANEXO A). Aprovação da coordenação médica do 

ambulatório de hematologia/oncologia do HC/UFMG (Hospital das clínicas da 

Universidade Federal de Minas Gerais) também foi obtida (ANEXO B). Todos os 

indivíduos participantes receberam informações relevantes sobre a pesquisa, 

aceitaram participar de forma voluntária e assinaram o termo de consentimento livre 

e esclarecido (ANEXO C). Este estudo foi conduzido obedecendo os princípios 

éticos que regem a pesquisa com seres humanos de acordo com a declaração de 

Helsinki. 

 

3.2 Desenho de estudo e amostra 

 

Trata-se de um estudo transversal realizado em Belo Horizonte, Minas 

Gerais, no período de janeiro de 2015 a julho de 2016. Foram avaliados todos os 

indivíduos com idade superior a 18 anos e com diagnóstico de LMC e LLA Ph+ que 

estavam em tratamento no ambulatório de hematologia do HC/UFMG sob regime 
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quimioterápico com o fármaco Mesilato de Imatinibe e que aceitaram participar do 

estudo. 

 

3.3 Coleta de dados 

 

Os indivíduos elegíveis para o estudo foram avaliados em consulta única 

realizada no mesmo dia da consulta com o médico hematologista, sendo os 

pacientes encaminhados pelo mesmo para a participação no estudo. 

 Durante a realização da anamnese foi preenchida uma ficha clínica 

(ANEXO D) contendo dados sociodemográficos como idade, gênero, etnia e hábitos 

como tabagismo. Para a obtenção de informações mais fidedignas, dados sobre a 

história clínica dos pacientes como tempo de doença, regime de tratamento adotado, 

tempo de uso, dose do Mesilato de Imatinibe utilizada, uso ou não de outros agentes 

antineoplásicos como a Hidroxiuréia, presença de outras alterações sistêmicas, 

histórico de uso de outros fármacos e efeitos colaterais cutâneos percebidos durante 

o uso do Mesilato de Imatinibe foram coletados diretamente do prontuário médico 

dos pacientes. Além disso, os indivíduos também foram questionados sobre a 

percepção de efeitos colaterais sistêmicos e efeitos colaterais na cavidade bucal, 

tais como xerostomia, disgeusia e ressecamento labial observados durante o uso 

contínuo do Mesilato de Imatinibe. Para isso, um exame intra-oral completo nos 

pacientes para avaliação da mucosa da boca foi realizado. 

 

3.4 Exame da mucosa oral 

 

O exame objetivo da mucosa oral foi realizado por dois examinadores 

treinados utilizando espátulas de madeira e sob iluminação artificial. Todas as 

regiões da mucosa oral foram metodicamente inspecionadas seguindo a ordem: 

mucosa jugal (direita e esquerda), língua (ventre, dorso, borda lateral direita e borda 

lateral esquerda), assoalho bucal, mucosa labial interna e externa (superior e 

inferior), gengiva (superior e inferior), palato duro, palato mole e orofaringe. Esta 

inspeção minuciosa teve como objetivo registrar a presença de lesões intra-orais, 

com ênfase nas lesões liquenóides e lesões hiperpigmentadas. Além disso, foram 

anotadas também as necessidades de tratamento odontológico apresentadas pelos 

pacientes. Posteriormente, estes foram encaminhados para tratamento no Serviço 
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Especial de Diagnóstico e Tratamento em Odontologia (SEDTO) do HC/UFMG, ou 

na Faculdade de Odontologia (FAO) da UFMG. Após a realização do exame 

objetivo, o registro fotográfico da mucosa do palato duro de todos os pacientes 

utilizando-se uma câmera Nikon D5600 foi realizado. 

 

3.5 Análise das imagens fotográficas 

 

As imagens da mucosa de palato duro dos participantes foram analisadas 

por dois experientes professores de Patologia Bucal para a confirmação do 

diagnóstico e avaliação da hiperpigmentação. Casos de divergências entre esses 

dois examinadores foram discutidas até o consenso. Como critério de avaliação da 

hiperpigmentação foram considerados três parâmetros: extensão da lesão 

hiperpigmentada, intensidade da hiperpigmentação e a presença de 

hiperpigmentação em região de rafe palatina. Esses parâmetros foram traduzidos 

em escores da seguinte maneira: 

• Extensão: Para auxiliar na avaliação da extensão, a mucosa de palato duro 

foi imaginariamente dividida em quatro quadrantes. 

Escore 0 foi aplicado quando não foi observada hiperpigmentação em palato duro.                     

Escore 1 foi aplicado quando a hiperpigmentação envolvia até 25% da mucosa do 

palato duro. 

Escore 2 foi aplicado quando a hiperpigmentação envolvia de 25% a 50% da 

mucosa do palato duro. 

Escore 3 foi aplicado quando a hiperpigmentação envolvia de 50% a 75% de toda a 

mucosa de palato duro. 

Escore 4 foi aplicado quando a hiperpigmentação envolvia de 75% a 100% de toda a 

mucosa de palato duro. 

• Intensidade: A intensidade foi avaliada de acordo com a variação da 

coloração apresentada pela mucosa.  

Escore 0 foi aplicado quando não foi observada hiperpigmentação em palato duro.  

Escore 1 foi aplicado quando a mucosa do palato duro apresentou uma 

hiperpigmentação leve. 

Escore 2 foi aplicado quando a mucosa do palato duro apresentou uma 

hiperpigmentação moderada. 
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Escore 3 foi aplicado quando a mucosa do palato duro apresentou uma 

hiperpigmentação acentuada. 

• Pigmentação em rafe palatina: Alteração da coloração normal da mucosa 

em região de rafe palatina.  

Escore 0 foi aplicado quando não foi observada hiperpigmentação em região de rafe 

palatina. 

Escore 1 foi aplicado quando foi observada presença de hiperpigmentação em 

rafe palatina. 

Os escores obtidos em cada um dos três parâmetros foram somados para 

obtenção de um escore total (extensão + intensidade + pigmentação em rafe 

palatina= escore total).  O escore total variou de 0 a 8, sendo que o escore total 0 

corresponde à ausência de hiperpigmentação em mucosa bucal e o escore total 8 

corresponde a hiperpigmentação abrangendo de 75% a 100% da mucosa de palato 

duro, intensidade acentuada e presença de pigmentação em região de rafe palatina.  

 

3.6 Biópsias incisionais 

 

Quatro indivíduos apresentaram lesões hiperpigmentadas com aparência 

incomum e características clínicas atípicas como limites indefinidos e coloração 

heterogênea. Dessa forma, como maneira de excluir diagnósticos diferenciais como 

melanoma, os pesquisadores optaram pela realização de biópsias. 

Com o consentimento desses pacientes, as biópsias incisionais foram 

realizadas no SEDTO HC/UFMG sob anestesia local. Foi eleita para remoção de 

fragmento, a região que apresentava aspecto mais representativo da lesão. Os 

fragmentos removidos foram enviados para processamento e análise no laboratório 

de Patologia Bucal da UFMG.  

As amostras removidas foram fixadas em formalina neutra tamponada a 

10%. Em seguida as amostras foram desidratadas e embebidas em parafina. Os 

blocos de parafina foram então seccionados em fatias de 4 μm. Em seguida, 

diferentes cortes foram corados com Hematoxilina e Eosina, Fontana- Masson, e 

reação de Perls (Azul da prússia) e montados com lamínulas para observação por 

microscopia de luz, seguindo um procedimento laboratorial padrão. 

Após sete dias da realização das biópsias incisionais, os pacientes 

retornaram para remoção de sutura, avaliação da área em que foi realizada a 



22 
 

cirurgia e entrega do laudo anatomopatológico confirmando o diagnóstico de lesão 

hiperpigmentada. 

 

3.7 Análise estatística 

 

O pacote estatístico para as ciências sociais (SPSS for Windows, versão 

22.0, SPSS, Inc., Chicago, IL) foi utilizado para a análise estatística dos dados. Foi 

realizada análise descritiva para avaliar os participantes quanto à doença de base, 

características sociodemográficas, efeitos colaterais, alterações da mucosa oral, 

efeitos colaterais cutâneos relacionados à quimioterapia e áreas de 

hiperpigmentação na mucosa oral. O teste de Kolmogorov-Smirnov mostrou uma 

distribuição não normal da variável dependente (escore total de hiperpigmentação). 

Portanto, testes não paramétricos foram utilizados. A análise bivariada (testes de 

Mann-Whitney e Kruskal-Wallis) foi realizada para avaliar a associação entre as 

variáveis independentes (sexo, idade, etnia, tabagismo e uso de Hidroxiuréia e 

Mesilato de Imatinibe) e a variável dependente (escore total de hiperpigmentação). 

Com base na mediana, as variáveis duração do uso de Hidroxiuréia e 

Mesilato de Imatinibe e a idade dos pacientes foram dicotomizadas. Devido à 

relevância epidemiológica, todas as variáveis independentes foram incorporadas ao 

modelo de regressão de Poisson. Para este modelo, adotou-se um nível de 

significância <0,05. 

 

Fase 2: revisão sistemática da literatura de relatos de casos ou séries de casos de 

pacientes em tratamento com o Mesilato de Imatinibe e que desenvolveram 

hiperpigmentação oral. 

 

3.8 Protocolo 

 

Esta revisão sistemática foi conduzida de acordo com as Diretrizes de 

Itens Preferenciais para Revisões Sistemáticas e Meta-análises (PRISMA) (MOHER 

et al., 2009). 

 

3.9 Critérios de elegibilidade 
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A revisão sistemática incluiu relatos de casos ou séries de casos de 

pacientes com hiperpigmentação oral associada ao uso de Mesilato de Imatinibe. 

Não houve restrições quanto ao idioma dos artigos ou data de publicação. Cartas ao 

editor e editoriais comentando sobre outros artigos publicados foram excluídos.  

 

3.10 Bases de dados 

 

As buscas eletrônicas foram realizadas em dezembro de 2017, e 

atualizadas em maio de 2019, nas seguintes bases de dados: PubMed (National 

Library of Medicine), Scopus (Elsevier), Web of Science (Thomson Reuters) e 

Medline Ovid (Wolters Kluwer). Além disso, as listas de referência dos artigos 

selecionados foram pesquisadas manualmente. 

 

3.11 Estratégia de busca 

 

Foi utilizada uma estratégia de busca que abrangia a classe, o nome 

científico e o nome comercial dos fármacos, além do termo hiperpigmentação oral e 

seus sinônimos. Para o PubMed, Web of Science e Medline Ovid foi utilizada a 

seguinte chave de busca: (imatinib mesylate OR dasatinib OR nilotinib OR bosutinib 

OR glivec OR gleevec OR STI571 OR sprycel OR tasigna OR bosulif OR tyrosine 

kinase inhibitor OR hydrea OR hydroxyurea) AND (pigmentation OR oral 

pigmentation OR oral mucosal pigmentation OR oral melanosis OR oral 

hyperpigmentation). Para o Scopus, a estratégia de busca foi adaptada, levando em 

consideração as características dessa base de dados: (“imatinib mesylate” OR 

dasatinib OR nilotinib OR bosutinib OR glivec OR gleevec OR STI571 OR sprycel 

OR tasigna OR bosulif OR “tyrosine kinase inhibitor” OR hydrea OR hydroxyurea) 

AND (pigmentation OR “oral pigmentation” OR “oral mucosal pigmentation” OR “oral 

melanosis” OR “oral hyperpigmentation”). 

 

3.12 Seleção dos estudos 

 

A seleção dos estudos foi realizada em duas etapas. A Etapa 1 consistiu 

na leitura de todos os títulos/resumos das referências recuperadas durante a busca. 

Referências que não preenchiam os critérios de elegibilidade foram excluídas. 
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Quando o título/resumo não estava disponível ou não fornecia informações 

suficientes para uma decisão de inclusão ou exclusão, o texto completo foi 

recuperado. Na Etapa 2, o texto completo dos artigos foi lido e os mesmos critérios 

de elegibilidade foram aplicados. Os artigos que atenderam a esses critérios foram 

incluídos. 

 

3.13 Extração de dados 

 

As seguintes informações foram extraídas de cada artigo incluído: autores 

e ano de publicação, sexo, idade e etnia do indivíduo, presença ou ausência de 

tabagismo, doença de base do(s) paciente(s) cujo(s) caso(s) clínico(s) foi(foram) 

descritos, tipo de lesão, sítio oral afetado, dose, duração e uso de Mesilato de 

Imatinibe, e uso ou não de Hidroxiuréia e interferon alfa. 
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4 RESULTADOS E DISCUSSÃO 

 

Os resultados e a discussão serão apresentados a seguir no formato de artigo 

científico. 
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ABSTRACT 

Objectives: To assess the association between oral mucosa hyperpigmentation in 

patients with leukemia and imatinib mesylate use. Additionally, we compared our 

data to those obtained from a systematic review. 

Materials and Methods: A cross-sectional study was conducted with 74 patients 

undergoing treatment with imatinib mesylate. Sociodemographic characteristics, oral 

mucosa alterations and medical history were evaluated. Oral hyperpigmentation was 

scored. Use of imatinib mesylate and hydroxyurea was evaluated. Association 

between oral hyperpigmentation and imatinib mesylate was assessed. A systematic 

review was also conducted to retrieve case reports or case series of patients with 

oral hyperpigmentation associated with imatinib mesylate.  

Results: Among the 74 participants, 41 were male (55.4%) and 33 were female 

(44.6%). Participants’ mean age was 49.3 years. Sixty-six (89.2%) patients 

developed hyperpigmented lesions in the hard palate mucosa. In multivariate 

analysis, patients who had used imatinib mesylate for > 72 months had a 

hyperpigmentation score 1.62 times higher than those who had used this medication 

during a shorter period. Patients who had used hydroxyurea for > 30 days had a 

hyperpigmentation score 1.43 times higher than those who had used this medication 

during a shorter period. The systematic review retrieved 20 clinical cases of patients 

undergoing imatinib mesylate treatment and exhibiting oral hyperpigmentation. 

Conclusions: The development of oral hyperpigmentation is associated with imatinib 

mesylate use. Hydroxyurea seems to increment such an association. 

Clinical Relevance: To assist providers in the differential diagnosis of 

hyperpigmented lesions associated with imatinib mesylate, as well as in the clinical 

management of such lesions. 
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INTRODUCTION 

 

Leukemias are hematologic malignancies that can be subdivided into 

biologically distinct groups. The most common types are acute lymphoblastic 

leukemia (ALL), acute myeloid leukemia (AML), chronic lymphocytic leukemia (CLL), 

and chronic myeloid leukemia (CML) [1].  CML is a clonal myeloproliferative disease 

that accounts for 20% of all leukemias diagnosed among adults. In the United States, 

the annual incidence of CML is 1.6 cases per 100,000 inhabitants [2]. The neoplastic 

process is associated with t(9;22) (q34;q11) chromosomal translocation; the 

Philadelphia chromosome [3,4]. This alteration leads to the formation of a fusion 

oncogene that is translated into the BCR-ABL1 oncoprotein [5]. Because of its 

deregulated tyrosine kinase activity, this oncoprotein triggers the uncontrolled growth 

and proliferation of myeloid cells [6]. ALL is characterized by the production of 

immature lymphocytes in the bone marrow and is the most common type of leukemia 

diagnosed among children and adolescents [7]. Approximately 3% to 5% of children 

and 20% to 30% of adults with ALL present a chromosomal alteration similar to that 

observed in patients with CML [8,9]. 

The standard treatment for CML consisted of hematopoietic stem cell 

transplantation and the combination of interferon-alpha and hydroxyurea [10]. Even 

though Hydroxyurea results in symptomatic and hematological improvement and 

increases survival during the chronic phase of the disease, this drug does not induce 

significant cytogenetic remission and its use is associated with the development of 

mucocutaneous side effects, including hyperpigmentation [11,12]. In contrast, though 

the achievement of complete cytogenetic remission, the side effects of interferon-

alpha limit its clinical application [11]. 

Imatinib mesylate (IM) is an anticancer agent that targets cancer-specific 

molecules, by means of the inhibition of tyrosine kinases. IM has been used as a 

first-line therapy for CML [13]. Patients with CML undergoing treatment with IM show 

satisfactory control of the disease and the survival rate is higher than that observed 

among those using classical therapies [14]. ALL patients, who carry the genetic 

mutation were also found to respond positively to treatment with tyrosine kinase 

inhibitors [15,16]. However, some patients may develop resistance to this class of 

drugs due to mutations in the BCR-ABL domain. Second-generation tyrosine kinase 
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inhibitors, nilotinib and dasatinib have therefore been developed to treat these cases 

[16]. 

Adverse effects as nausea, muscle cramps, fluid retention, diarrhea, 

musculoskeletal pain, fatigue, and skin rashes have been observed after the long-

term use of tyrosine kinase inhibitors [17,18]. Oral manifestations including lichenoid 

reactions [19-21] and the development of hyperpigmented lesions that appear as 

blue-greyish melanotic maculae in the hard palate mucosa [22-27] have also been 

found in these patients. 

However, the studies found in the literature are restricted to case reports 

describing a limited number of patients undergoing IM therapy. There is a scarcity of 

studies evaluating factors associated with oral mucosa alterations in a representative 

number of patients undergoing treatment with IM. Therefore, the aim of the present 

study was to assess the characteristics of patients undergoing treatment for CML and 

ALL with IM and the factors associated with oral hyperpigmentation in these 

individuals. Additionally, we compared our data to those obtained from a systematic 

literature review. 

 

MATERIALS AND METHODS 

This study comprised two phases. Phase 1 was a cross-sectional study, in which the 

characteristics of patients with CML and ALL undergoing treatment with IM and the 

factors associated with oral hyperpigmentation in these individuals were evaluated. 

Phase 2 consisted of a systematic review of published case reports or case series of 

patients undergoing treatment with IM who developed oral hyperpigmentation. 

  

Phase 1: Study evaluating the association between oral hyperpigmentation and 

IM use 

 

Study design, sampling, and setting 

This was a cross-sectional study conducted in Belo Horizonte, Brazil, 

between January 2015 and July 2016. Seventy-four patients older than 18 years with 

a diagnosis of CML and ALL Ph+ undergoing chemotherapy with IM were included. 

Patients under surveillance at the Hematology Outpatient Clinic of the University 

Hospital of Universidade Federal de Minas Gerais (UFMG) were referred by the 

hematologist. 
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The study was approved by the Ethics Committee of UFMG (Protocol CAAE 

48317515.6.0000.5149). Individuals who agreed to participate in the study signed a 

free informed consent form. The study was performed in accordance with the 

Declaration of Helsinki. 

 

Data collection 

Individuals eligible for the study were evaluated on a single occasion. 

During the appointment, sociodemographic and clinical data were collected. An oral 

examination was also carried out. Data about the underlying disease, gender, age, 

ethnicity, smoking habit, and side effects were recorded. In addition, cutaneous side 

effects associated with the use of the chemotherapeutic agent IM were recorded by 

means of the patients’ report or checking patients’ medical records. Participants were 

also asked about oral mucosa alterations, such as xerostomia, dysgeusia, and dry 

lips. Information on the treatment regimen for leukemia (imatinib mesylate and 

hydroxyurea), systemic alterations and drugs used by the patients was obtained from 

the medical records. 

 

Examination of the oral mucosa 

The oral examination was performed under artificial light by two trained 

examiners (S.R.O. and L.G.A.B.). All areas of the mucosa were inspected to record 

the presence or absence of oral lesions with emphasis to the lichenoid lesions and 

oral hyperpigmentation. 

After examination, the hard palate of all patients was photographed. The 

images obtained were analyzed by two oral pathologists (T.A.S. and R.A.M.) for 

confirmation of the diagnosis and evaluation of hyperpigmentation. For the latter, the 

extent and the intensity of the hard palate mucosa hyperpigmentation and the 

presence of hyperpigmentation on the palatine raphe were assessed. Divergences 

between the two pathologists were resolved by discussion until consensus was 

achieved. These three criteria were evaluated using the following scores: 1) extent: 0 

= no hyperpigmentation, 1 = up to 25% of the hard palate mucosa hyperpigmented, 2 

= 25% to 50% of the hard palate mucosa hyperpigmented, 3 = 50% to 75% of the 

hard palate mucosa hyperpigmented, and 4 = 75% to 100% of the hard palate 

mucosa hyperpigmented; 2) intensity: 0 = no hyperpigmentation, 1 = mild 

hyperpigmentation, 2 = moderate hyperpigmentation, and 3 = marked 
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hyperpigmentation; 3) presence of hyperpigmentation in the palatine raphe: 0 = no 

and 1 = yes. 

The scores of each criterion were summed up to obtain the total 

hyperpigmentation score. The total score ranged from 0 to 8. The score 0 

corresponded to the absence of hyperpigmentation in the oral mucosa and score 8 to 

the maximum hyperpigmentation and the presence of hyperpigmentation in the raphe 

palatine. 

Incisional biopsy was performed in four patients to confirm the clinical diagnosis of 

hyperpigmented lesion. 

 

Statistical analysis 

The Statistical Package for the Social Sciences (SPSS for Windows, 

version 22.0, SPSS, Inc., Chicago, IL) was used for statistical analysis of the data. 

Descriptive analysis was carried out to evaluate the participants regarding underlying 

disease, sociodemographic characteristics, side effects, oral mucosa alterations, 

chemotherapy-related cutaneous side effects, and areas of hyperpigmentation in the 

oral mucosa. The Kolmogorov-Smirnov test showed a non-normal distribution of the 

dependent variable (total hyperpigmentation score). Therefore, nonparametric tests 

were used. Bivariate analysis (Mann-Whitney and Kruskal-Wallis tests) was 

performed to evaluate the association between the independent variables (gender, 

age, ethnicity, smoking, and use of hydroxyurea and use of IM) and the dependent 

variable (total hyperpigmentation score). Based on the median, the duration of 

hydroxyurea and IM use, as well as patient age were dichotomized. Due to their 

epidemiological relevance, all independent variables were incorporated into the a 

Poisson regression model. For this model, a level of significance of < 0.05 was 

adopted. 

 

Phase 2: Systematic review of case reports or case series of patients treated 

with IM who developed oral hyperpigmentation 

 

Protocol 

This systematic review was conducted according to the Preferred 

Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) Statement 

(MOHER et al., 2009). 
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Eligibility criteria 

The systematic review included case reports or case series of patients 

with oral hyperpigmentation associated with the use of IM. There were no restrictions 

regarding articles’ language or date of publication. Letters to the editor and editorials 

commenting about other published articles were excluded. So were meeting 

abstracts. 

 

Sources of information 

Electronic searches were conducted in December 2017 in the following 

databases: PubMed (National Library of Medicine), Scopus (Elsevier), Web of 

Science (Thomson Reuters), and Medline Ovid (Wolters Kluwer). In addition, the 

reference lists of the selected articles were searched manually. 

 

Search strategy 

The following search strategy was used for PubMed, Web of Science and 

Medline Ovid: (imatinib mesylate OR dasatinib OR nilotinib OR bosutinib OR glivec 

OR gleevec OR STI571 OR sprycel OR tasigna OR bosulif OR tyrosine kinase 

inhibitor OR “hydrea” OR hydroxyurea) AND (pigmentation OR oral pigmentation OR 

oral mucosal pigmentation OR oral melanosis OR oral hyperpigmentation). For 

Scopus, the search strategy was tailored, taking into consideration the characteristics 

of the database. 

 

Study selection 

The selection of studies was conducted in two stages. In stage 1, the 

titles/abstracts of all articles retrieved during the search were read. References that 

did not meet the eligibility criteria were excluded. When the title/abstract was not 

available or did not provide sufficient information for a decision on inclusion or 

exclusion, the full text was retrieved. In stage 2, the full text of the articles was read 

and the same eligibility criteria as described above were applied. Articles that met 

those criteria were included. 

 

Data extraction and data items 



32 
 

The following information was extracted from each included article: 

authors and year of publication, gender, age, ethnicity, presence or absence of 

smoking, underlying disease of the patient(s) whose clinical case had been 

described, type of lesion, oral site affected, dose and duration of IM and use, and use 

or not of hydroxyurea and interferon. 

 

RESULTS 

 

Phase 1  

 

Sociodemographic data 

Seventy-four patients participated of this study, including 72 (97.3%) with 

a diagnosis of CML and two (2.7%) with a diagnosis of ALL Ph+. There were 41 

(55.4%) men and 33 (44.6%) women. Participants’ age varied between 19 and 80 

years. The mean age was 49.3 years (± 14.77). Most participants (85.1%) were 

Caucasians and had never smoked (64.9%) (Table 1). 

 

Side effects 

Among the 74 participants, seventy (94.59%) reported side effects 

associated with the use of IM. The main adverse effects were: leg and arm cramps 

(72.85%), nausea (55.71%), periorbital edema (28.57%), muscle pain (22.85%), 

diarrhea (17.14%), headache (15.71%), dizziness (11.42%), fatigue (8.57%), leg 

edema (8.57%), joint pain (8.57%), bone pain (7.14%), loss of appetite (7.14%), 

facial swelling (5.71%), sleepiness (4.28%), jaw cramps (1.42%), weight loss 

(1.42%), weight gain (1.42%), joint swelling (1.42%), dry eyes (1.42%), and sweating 

(1.42%). Cutaneous side effects were also reported by 51 patients (68.9%) and 

included the development of dark spots on the skin (29.41%), erythema (29.41%), 

itching (25.49%), discoloration (19.6%), desquamation (13.72%), edema (1.96%), 

and dryness (1.96%). However, these effects did not result in discontinuation of the 

medication. 

 

Oral mucosa alterations 

Most participants had some alteration in the oral mucosa and mouth. 

These alterations mostly consisted of hyperpigmentation in the hard palate mucosa 
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and were classified using the total hyperpigmentation score shown in Fig. 1. Sixty-six 

individuals (89.2%) presented a hyperpigmentation score equal to or higher than 2. 

Hyperpigmentation classified as score 6 was the most prevalent (21.6%), followed by 

score 7 (13.6%). Eight individuals (10.88%) exhibited score 0 i.e., they had no 

hyperpigmented areas in the oral mucosa. Score 1 was not possible. If an individual 

presented hyperpigmented lesion in the hard palate, the score for extension would be 

greater or equal to 1 and the score for intensity would be also greater or equal to 1. 

Therefore, among individuals without hyperpigmented lesion the score would be 0 

and among individuals with hyperpigmented lesion the total score would range from 2 

to 8. Oral lichenoid lesions in the buccal mucosa were detected in one individual 

(1.4%). Xerostomia was reported by five participants (6.8%), dysgeusia by four 

(5.4%), and dry lips by three (4.1%) (Table 1). 

Microscopic examination of samples obtained from pigmented palatal 

lesions (Fig. 2a) of four patients demonstrated the presence of melanin granules 

distributed throughout the lamina propria (Fig. 2b). Fontana-Masson staining also 

confirmed the presence of melanin in the lamina propria (Fig 2c). The staining was 

also positive for the Perls reaction, thus demonstrating the presence of hemosiderin 

deposits along the lamina propria (Fig. 2d).  

 

Treatment regimen 

Patients’ treatment regimens and the mean duration of medication used 

are shown in Table 2. All 74 participants had used IM as the main therapy for 

leukemia at some point. The mean duration of IM use was 74.16 months. As regards 

IM dose, at some point in the treatment, 69 patients used IM 400 mg, 14 patients 

used IM 600 mg, 15 patients used IM 300 mg and one patient used IM 800 mg. 

Seventeen individuals used IM 400 mg during the entire course of the treatment. 

Forty-seven (63.0%) patients also used hydroxyurea prior to IM therapy onset and 

the mean duration of use of this medication was 3.91 months. Interferon-alpha 

(25.6%), dasatinib (1.3%) and nilotinib (4.1%) were less frequently used by 

participants. 

 

Systemic alterations and medication use 

Forty-five (60.81%) of the 74 participants had no comorbidities. The most 

frequent comorbidities in the remaining 29 participants (39.19%) were as follows: 
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arterial hypertension (68.9%), diabetes mellitus (27.58%), depression (24.13%), and 

hypothyroidism (20.68%). Hypercholesterolemia (17.24%), seizures (10.34%), 

rheumatoid arthritis (3.44%), hepatitis (3.44%), chronic renal failure (3.44%), and 

hyperthyroidism (3.44%) were less common. Thirty-one (41.89%) participants 

reported the long-term use of some medication: antihypertensives (64.51%), diuretics 

(29.03%), antidiabetics (25.8%), antidepressants (22.58%), hormonal therapy agents 

(19.35%), antiplatelet agents (19.35%), statins (9.67%), anticonvulsants (9.67%), 

corticosteroids (3.22%), drugs for the treatment of hepatitis (3.22%), drugs for the 

treatment of chronic renal failure (3.22%), and drugs for the treatment of 

hyperthyroidism (3.22%). 

 

Association analysis 

Table 3 shows the results of bivariate analysis of the association between 

total oral hyperpigmentation score (dependent variable) and the independent 

variables (gender, age, ethnicity, smoking, and use of hydroxyurea and use of IM). 

Male patients, patients aged ≤ 49 years, African descent patients, patients who were 

still smoking, those who had used hydroxyurea > 1 month and those who had used 

IM > 72 months had a higher oral hyperpigmentation mean score than female 

patients, patients aged > 49 years, Caucasian patients, patients who had stopped 

smoking or never smoked, those who had used hydroxyurea ≤ 1 month and those 

who had used IM ≤ 72 months.  

The results of Poisson regression are shown in Table 4. Patients who had used IM > 

72 months had a 1.62-fold higher total oral hyperpigmentation score than those who 

had used IM ≤ 72 months (confidence interval: 1.12-2.33, p=0.010). Patients who had 

used hydroxyurea > 1 month had a 1.43-fold higher total oral hyperpigmentation 

score than those who had used hydroxyurea ≤ 1 month (confidence interval: 1.02-

2.01, p=0.034). 

 

Phase 2  

 

Study selection 

A total of 275 references were identified in the four electronic databases 

Four references were identified through other sources. After removal of 113 

duplicates, 166 titles/abstracts were read in stage 1. Of these, 15 articles met the 
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eligibility criteria and were included. The title/abstracts of nine articles contained 

insufficient information for a decision. Thus, the full texts were retrieved for analysis 

in stage 2. In this stage, one of the nine articles, whose full text had been read, was 

included. Thus, 16 articles were included in this systematic review 22, 23, 24, 25, 26, 

27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37. Fig. 3 depicts the flow chart of the study. 

 

Characteristics of the studies 

Fourteen of the 16 included articles were case reports and two were case 

series. Fifteen articles were published in English and one in Spanish. The articles 

were published between 2007 and 2018. Most patients with hyperpigmentation were 

female and had CML. The mean age was 54 years ranged from 29 to 72 years. The 

hard palate mucosa was the site most affected by oral hyperpigmentation. Most 

patients were non-smokers and used an IM dose of 400 mg per day. The duration of 

IM use ranged from three to 192 months. Two cases used hydroxyurea before IM 

treatment onset. Interferon use was not reported in any of the cases. The entire 

information on the characteristics of the included studies is presented in table 5. 

 

DISCUSSION 

Among the 74 patients included in this study, 89.2% developed 

hyperpigmented lesions. All hyperpigmented lesions were in the hard palate mucosa. 

The duration of IM use is associated to the intensity and extent of the 

hyperpigmented lesions observed. Patients who had used the chemotherapeutic 

agent for > 72 months had a higher total hyperpigmentation score than those who 

had used the agent ≤ 72 months. Furthermore, patients who had used hydroxyurea > 

30 days also had a higher total hyperpigmentation score than those who had used 

the drug for ≤ 30 days. 

The systematic literature review identified 20 cases of oral 

hyperpigmentation related to the use of IM reported by 16 articles. Most cases 

exhibited hyperpigmentation in the hard palate mucosa and none of the authors 

reported the likely cause associated with the development of hyperpigmented lesions 

at this site. The mean duration of IM use in the cases reported in the literature was 

86 months (range between 3 and 192 months). In the present study, the mean 

duration of use of the medication was 72 months. We obtained that higher 

pigmentation scores were associated with the individuals who had used IM for more 
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than 72 months. No previous studies described the association between duration of 

IM use and the development of hyperpigmented lesions. 

Most studies [22,23,26,28-34,37] of the literature do not report the entire 

history of medications used by the patients prior to IM therapy onset, which precludes 

the indication of this drug as the single agent causing oral hyperpigmentation. This 

question had been addressed previously and hydroxyurea was indicated as a 

possible causative agent of mucocutaneous pigmentation [12,38]. The main side 

effect was mucocutaneous pigmentation in the skin, nails, and oral mucosa. One 

study [12] suggested that hydroxyurea may be associated with hyperpigmentation in 

the oral mucosa. 

CML has a predilection for adults and older individuals [39]. In the present 

study, participants’ age ranged from 19 to 80 years and the mean age was 49.3 

years. A predominance of Caucasian men was observed. CML has been reported to 

be more common among men than women, but a racial predilection has not been 

established [40]. In a retrospective study the authors concluded that the percentage 

of men with CML is higher than that of women and defined that the mean age of 

affected patients was between 40 and 50 years, which is in agreement with the 

results of the present study [14]. 

With respect to the chemotherapy regimen used by patients with leukemia, 

two classes of tyrosine kinase inhibitors are currently available: first-generation 

inhibitors (IM) and second-generation inhibitors (for example nilotinib and dasatinib) 

[41]. IM is an oral chemotherapeutic agent that specifically targets tyrosine kinase, 

selectively inhibiting the proliferation and inducing apoptosis of BCR-ABL-positive cell 

lines, with no effect on no-neoplastic cells [13,42]. More than 85% of patients treated 

with tyrosine kinase inhibitors achieve a complete cytogenetic response and nearly 

40% achieve complete molecular remission [43]. In addition, IM is much less toxic 

than classical drugs, such as hydroxyurea and interferon-alpha [44]. However, as 

some patients fail to respond adequately to IM, second-generation drugs, such as 

dasatinib have been developed [45]. In the present study, the small number of 

patients using dasatinib or nilotinib made the individual evaluation of the possible 

association of these drugs with oral pigmentation unfeasible. It is possible that the 

hyperpigmented lesions observed among individuals undergoing desatinib or nilotinib 

therapy may be associated with the previous medication with IM. 
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In addition to inhibiting tyrosine kinase, IM also acts on c-Kit [46]. The 

latter is a type III receptor tyrosine kinase that plays a regulatory role in 

melanogenesis, controlling the migration, proliferation and differentiation of 

melanocytes [47,48]. IM acts by means of the blockage of the binding between c-Kit 

receptors and stem cell factor in melanocytes, ultimately, reducing the activity of 

these cells [49,50]. In this regard, an important side effect attributed to this 

chemotherapeutic agent is the development of hypopigmentation in skin [51]. 

However, the hyperpigmentation observed in the participants of this study and in the 

case reports identified in the literature contrasts with the expected inhibitory effect of 

IM on the c-Kit receptors of melanocytes. The different effects of IM on skin and 

mucosal pigmentation might be explained by the presence or absence of a mutated 

c-Kit gene or of a kinase variant that is activated rather than inhibited by the 

chemotherapeutic agent [52,53]. Microscopic examination demonstrated the 

presence of melanin granules distributed throughout the lamina propria as reported 

elsewhere [22-24,31,35]. Fontana-Masson staining also confirmed the presence of 

melanin in the lamina propria as described in other studies [23,24,31,33]. 

Noteworthy, previous studies did observe hemosiderin (iron) positive deposits in 

hyperpigmented lesions associated with IM use [24,27,34,36,37]. In this study, iron 

particles in the lamina propria have been observed by means of the positive Perls 

reaction. This deposition may occur due to the chelation of iron with the drug or its 

metabolites [54]. This finding was also described in patients under chloroquine 

therapy who developed hyperpigmented lesions [55]. In contrast, others did not 

observe hemosiderin deposits in samples of IM-associated pigmented lesions 

[22,23,31]. 

Since drug-related hyperpigmented oral lesions are benign and indolent, 

they do not require treatment. However, hyperpigmented oral lesions are of diverse 

nature and range from physiological pigmentation to malignant neoplasms [56] and 

differential diagnosis to exclude pathological conditions of the oral mucosa is 

necessary. In the present study, incisional biopsy was performed in four patients to 

confirm the clinical diagnosis of hyperpigmented lesion.  

Racial or physiological pigmentation is commonly observed in African 

descent individuals, especially on the attached gingiva [57,58]. Most patients 

evaluated in this study were Caucasians and the clinical characteristics of the lesions 
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did not correspond to physiological pigmentation. In addition, in multivariate analysis, 

ethnicity had no influence on the oral hyperpigmentation of the patients. 

Smoker’s melanosis is a diffuse melanin pigmentation of the oral mucosa 

that occurs in 21.5% of smokers, mainly affecting the anterior labial gingiva and 

buccal mucosa [59,60]. In this study, 64.9% of the patients reported that they had 

never smoked. However, no association was observed between the total 

hyperpigmentation score and smoking. In the case reports retrieved from the 

literature, most individuals were also non-smokers. 

The long-term use of some drugs, as tetracyclines, antimalarial drugs and 

nonsteroidal anti-inflammatory drugs has been associated with the development of 

oral hyperpigmentation [27,61,62]. However, the patients evaluated in our study had 

no history of use of any of these drugs. In the systematic review, the authors did not 

describe whether the patients had previously used other drugs associated with 

hyperpigmentation. 

Disease-associated melanosis is related to many systemic diseases and is 

usually seen as a diffuse pigmentation affecting multiple sites. Among several 

systemic conditions, Addison’s disease is an uncommon endocrine illness, resulted 

from defective production of adrenocortical hormone [63]. The subsequent increase 

in adrenocorticotropic hormone production may stimulate melanocytes, leading to the 

typical hyperpigmentation of the skin and mucous membranes. Involvement of the 

oral mucosa is characterized by a diffuse brown pigmentation of the gingiva, tongue, 

buccal mucosa, hard palate mucosa, and lips [57,59]. In the present study, diagnosis 

of Addison’s disease was excluded by medical examination in all patients. 

In addition to the development of hyperpigmented oral lesions, oral 

lichenoid lesions may also be observed among individuals undergoing IM therapy 

[19-21]. In our study, only one individual submitted to treatment with IM presented 

oral lichenoid lesions. Remission of the lesions was not observed during clinical 

follow-up, but the patient refused to undergo biopsy. 

Other oral adverse effects associated with IM therapy, such as xerostomia, 

dysgeusia and dry lips were reported less frequently by the patients of this study. 

Dysgeusia and xerostomia are predictable effects and are described in the 

medication package insert. However, none of these effects was reported in the cases 

identified in the systematic review. 



39 
 

Adverse effects commonly associated with IM use are nausea, skin rash, 

diarrhea, and edema [16,18]. Muscle cramps, musculoskeletal pain, and fatigue have 

also been described [18]. In the present study, muscle cramps were the most 

frequently observed effects, followed by nausea, periorbital edema, muscle pain, 

diarrhea, headache, and dizziness. As regards dermatological effects, 68.9% of the 

participants reported some type of nonspecific adverse reaction, especially the 

development of dark spots on the skin, erythema, itching, discoloration, 

desquamation, and cutaneous edema. These cutaneous adverse events mainly 

manifested as mild to moderate atypical skin rashes. In contrast, severe 

dermatological reactions are rarely observed [64]. A prevalence of cutaneous 

reactions of 13.6%, including maculopapular erythematous skin rashes, cutaneous 

and periorbital edema, and discolored areas on the face has been observed [65]. In 

other study [51] 40.9% of the participants developed skin hypopigmentation related to 

the use of IM. 

Taking into account that this was a cross-sectional study, in which 

participants were evaluated once and considering that oral hyperpigmentation is 

asymptomatic and of difficult visualization by the affected individual, it was not 

possible to determine the duration of use and exact dosage of hydroxyurea and IM 

that might have triggered hyperpigmented lesions. Longitudinal studies with long-

term follow-up of the patients are, therefore, encouraged to unfold these aspects.  

The data analysis and the review of the literature allow us to conclude that 

the development or the extent and intensity of hyperpigmentation in the oral mucosa 

is related to the duration of IM use. In addition, the duration of hydroxyurea treatment 

might increase the extent and intensity of oral hyperpigmentation. However, the 

question unveiling the entire mechanism by which these drugs may lead to oral 

hyperpigmentation is yet to be answered. In vitro and in vivo studies may contribute 

to clarify the mechanism of action of these drugs on the oral mucosa.  
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Table 1: Demographics characteristics and side effects associated with of Imatinib Mesylate use 

 

 Number (%) 

 
Demographic Characteristics 
 
Gender 
Male 
Female 
 
Age 
≤ 49 
> 49 
 
Ethnicity  
Caucasians 
African Descent 
 
Smoking 
Never smoked 
Still smoking 
Stopped smoking 
 
Mouth alterations 
 
Xerostomia 
Yes 
No 
 
Dysgeusia 
Yes 
No 
 
Lip dryness 
Yes 
No 
 
Oral lichenoid lesions 
Yes 
No 
 
 
Oral pigmentation (Total score) 
0 
1 
2 
3 
4 
5 
6 
7 
8 

 
 
 
 
41 (55.4) 
33 (44.6) 
 
 
37 (50.0) 
37 (50.0) 
 
 
63 (85.1) 
11 (14.9) 
 
 
48 (64.9) 
04 (5.4) 
22 (29.7) 
 
 
 
 
05 (6.8) 
69 (93.2) 
 
 
04 (5.4) 
70 (94.6) 
 
 
03 (4.1) 
71 (95.9) 
 
 
01 (1.4) 
73 (98.6) 
 
 
 
08 (10.8) 
00 (00.0) 
07 (9.5) 
09 (12.2) 
09 (12.2) 
09 (12.2) 
16 (21.6) 
10 (13.5) 
06 (8.1) 
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Table 2: Medications used during the treatment regimen 
 

 Number (%) Period of medication  
Mean (min-max) 
months 

Imatinib mesylate 
Yes 
No 
 
Hydroxyurea 

Yes  
No 
 
Interferon alpha 
Yes 
No 
 
Dasatinib 
Yes 
No 
 
Nilotinib 
Yes 
No 

 
74 (100.0) 
00 (0.0) 
 
 
47 (63.5) 
27 (36.5) 
 
 
19 (25.6) 
55 (74.4) 
 
 
01 (1.3) 
73 (98.7) 
 
 
03 (4.1) 
71 (95.9) 

 
74.16 (5-153) 
 
 
 
3.91 (0.4-44) 
 
 
 
11.63 (1-54) 
 
 
 
32.00 (32-32) 
 
 
 
21.67 (12-35) 
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Table 3: Bivariate analysis evaluating the total score of oral hyperpigmentation with 
independent variables 
 

 N (%) Total score 
Mean / Median 
(Min – Max) 

p value 

Gender 
Male 
Female 
 
Age 
≤ 49 
> 49 
 
 Ethnicity 
Caucasians 
African descent 
 
Smoking 
Never smoked 
Still smoking 
Stopped smoking 
 
Hydroxyurea 
≤ 01 month 
> 01 month 
 
Imatinib Mesylate 
≤ 72 months 
> 72 months 

 
41 (55.4) 
33 (44.6) 
 
 
37 (50.0) 
37 (50.0) 
 
 
63 (85.1) 
11 (14.9) 
 
 
48 (64.9) 
04 (5.4) 
22 (29.7) 
 
 
22 (46.8) 
25 (53.2) 
 
 
37 (50.0) 
37 (50.0) 

 
4.88 / 6.00 (0 – 8) 
4.12 / 4.00 (0 – 8) 
 
 
4.92 / 6.00 (0 – 8) 
4.16 / 4.00 (0 – 8) 
 
 
4.41 / 5.00 (0 – 8) 
5.27 / 6.00 (0 – 8) 
 
 
4.56 / 5.00 (0 – 8) 
5.75 / 6.00 (3 – 8) 
4.27 / 4.00 (0 – 8) 
 
 
3.45 / 3.50 (0 – 8) 
5.52 / 6.00 (0 – 8) 
 
 
3.00 / 3.00 (0 – 7) 
5.35 / 6.00 (0 – 8) 

 
0.197* 

 
 
 
0.188* 

 
 
 
0.226* 

 

 

 

0.485** 

 

 
 
 
0.002* 

 
 
 
0.280* 

*Mann Whitney test 
**Kruskal Wallis test 
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Table 4: Multivariate analysis evaluating the association between the total score of oral 
hyperpigmentation with independent variables 
  
 

 PR non adjusted 
(95% CI) 

p value PR adjusted (95% 
CI) 

p value 

Gender 
Male 
Female 
 
Age 
≤ 49 
> 49 
 
Ethnicity 
Caucasians 
African descent 
 
Smoking 
Never smoked 
Still smoking 
Stopped smoking 
 
Hydroxyurea 
≤ 01 month 
> 01 month 
 
Imatinib Mesylate 
≤ 72 months 
> 72 months 

 
1.18 (0.95 – 1.47) 
1 
 
 
1.18 (0.95 – 1.46) 
1 
 
 
1 
1.19 (0.90 – 1.58) 
 
 
1.06 (0.83 – 1.36) 
1.34 (0.85 – 2.12) 
1 
 
 
1 
1.59 (1.20 – 2.11) 
 
 
1 
1.14 (0.91 – 1.41) 

 
0.129 
 
 
 
0.127 
 
 
 
 
0.217 
 
 
0.595 
0.202 
 
 
 
0.001 
 
 
 
0.230 

 
1.10 (0.82 – 1.47) 
1 
 
 
1.25 (0.58 – 1.10) 
1 
 
 
1 
1.34 (1.03 – 1.74) 
 
 
0.87 (0.79 – 1.64) 
1.08 (0.48 – 1.74) 
1 
 
 
1 
1.43 (1.02 – 2.01) 
 
 
1 
1.62 (1.12 – 2.33) 

 
0.506 
 
 
 
0.174 
 
 
 
 
0.121 
 
 
0.466 
0.803 
 
 
 
0.034 
 
 
 
0.010 
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Table 5: Review o fpreviously reported cases associating oral pigmentation and Imatinib mesylate use 

Case Gender Age 

(yr) 

Ethnicity  Smoking Diagnosis Type of lesion 

 

Site IM (Dose/mg) IM (Time/month) Hydroxyurea 

 

Interferon Reference 

 

1 F 13 NRR NR LMC Hyperpigmentation Gums 300 48 NR NR 28 

2 F 59 C NR LMC Hyperpigmentation Upper gums NR 72 NR NR 29 

3 F 43 C No LMC Diffuse slate-grey 

pigmentation 

Hard palate NR 3 NR NR 23 

4 F 66 C No Leiomyoblastoma Bluish-brown U-

shaped pigmentation 

Hard palate 400 60 NR NR 22 

5 F 66 NR No LMC Hyperpigmentation Hard palate 400 60 NR NR 22 

6 F 64 NR No LMC Bluish-brow 

pigmented  lesion 

Hard palate 400 60 NR NR 22 

7 M 64 C No LMC Grey-blue 

pigmentation 

Hard palate 400 48 No NR 24 

8 M 53 C No LMC Grey-blue 

pigmentation 

Hard palate 400 120 Yes NR 24 

9 F 29 C No Pelvic Fibromatosis Diffuse blue-black 

pigmentation 

Hard palate 400 48 No NR 24 

10 M 38 C NR LLA/ 

Neurofibromatosis  

Diffuse blue 

pigmentation  

Hard palate 600 60 NR NR 30 

11 M 48 C No LMC Grey pigmentation Hard palate 400 108 NR NR 31 

   12 F 56 C No LMC Greyish macule Hard palate 400 96 NR NR 32 

13 M 58 C No LMC Hyperpigmentation 

(slate-gray/purplish) 

Hard palate NR 60 Yes NR 25 
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14 F 65 C NR LMC Discoloration Hard palate NR 72 NR NR 26 

15 M 58 C NR LMC Slate-grey 

pigmentation 

Hard palate NR NR NR NR 33 

16 F 58 C No LMC Bluish macular  Hard palate 400/600 156 NR NR 34 

17 F 72 NR No LMC Diffuse, blue-grey 

pigmented lesion 

Hard palate 400 132 No   NR 35 

18 M 63 C No LMC Grey–blue 

hyperpigmentation 

Hard palate 400 108 No NR 36 

19 M 61 NR No LMC Grey black 

hyperpigementation 

Hard palate 400 132 No NR 27 

20 M 47 C No LMC Blue-grey macular 

pigmentation  

Hard palate 400/800 192 NR NR 37 

NR: Not Reported; Y: Yes; CML: Chronic myeloid leukemia; Yr years; IM Imatinib Mesylate; M: Male; F: Female; C: Caucasian. 
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FIGURE WITH LEGENDS 

 

 

Fig. 1 Representative images of hyperpigmentation scores according to the extent, 

intensity and involvement of the palatine raphe. A: Absence of hyperpigmentation. 

Total pigmentation score of 0. B: Hyperpigmentation of mild intensity, extending up to 

25% of the hard palatal and no pigmentation of the palatine raphe. Total 

pigmentation score of 2. C: Pigmentation of moderate intensity involving from 50% to 

75% of the hard palatal mucosa and yes pigmentation of the palatine raphe. Total 

pigmentation score of 6. D: Pigmentation of marked intensity, extending from 75% to 

100% of the hard palatal mucosa with pigmentation of palatine raphe. Total 

pigmentation score of 8. 
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Fig. 2 Clinical and histopathological findings of oral hyperpigmentation. A- Intraoral 

view showing a diffuse, blue-greyish maculae in the hard palate mucosa. Total 

pigmentation score of 6. B- Fragment of palatal mucosa with the presence of melanin 

granules distributed exclusively within the lamina propria (H&E stain, x400 (large 

box), x200 (right above box). C-. Pigmented particles showing positive reaction with 

Fontana-Masson stain (Fontana-Masson stain, x400 (large box), x200 (right above 

box). D- Pigmented particles containing iron, identified by means of the positive Perls 

reaction. (Prussian blue stain, x400 (large box), x 200 (right above box). 
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Fig. 3 Flowchart of the systematic review 
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5 CONSIDERAÇÕES FINAIS  

 

A partir dos dados obtidos, pudemos verificar que o uso do Mesilato de 

Imatinibe está associado ao desenvolvimento de lesões orais hiperpigmentadas. 

Além disso, foi possível relacionar o tempo de uso do quimioterápico à intensidade e 

extensão dessas lesões, sendo que aqueles indivíduos que fizeram o uso do 

Mesilato de Imatinibe por um período maior apresentaram um escore total de 

hiperpigmentação mais alto. Foi possível concluir também que o uso da Hidroxiuréia 

incrementa essa associação, sendo que os pacientes que utilizaram Hidroxiuréia 

associada ao Mesilato de Imatinibe, por um período de tempo mais longo também 

apresentaram maior escore total de hiperpigmentação oral. 

A revisão sistemática da literatura identificou relatos de casos de indivíduos 

que utilizaram o agente terapêutico Mesilato de Imatinibe e desenvolveram lesões 

hiperpigmentadas clinicamente semelhantes às lesões observadas no nosso estudo. 

Alguns dos relatos de casos recuperados também mencionaram o uso prévio da 

Hidroxiuréia. Corroborando com os nossos achados, existem trabalhos na literatura 

que apontam a Hidroxiuréia como um possível agente causador de lesões orais 

hiperpigmentadas (KUMAR; SARASWAT; KAUR, 2002; VEILLET-LEMAY; HABER, 

2019). 

Na maioria dos casos, as lesões associadas ao uso de fármacos acometem 

apenas a região de palato duro, formando uma acentuada linha de demarcação na 

junção dessa região do palato duro com palato mole (KLEINEGGER et al., 2000). 

Todas as lesões observadas nesse estudo estavam localizadas exclusivamente na 

região de palato duro, assim como na grande maioria dos relatos de casos 

encontrados na literatura. Porém, nenhum dos trabalhos apresentou explicações 

sobre essa particularidade na localização. Entretanto, um estudo realizado em 1994 

demonstrou que o palato duro é um dos sítios que contém o maior número de 

melanócitos da mucosa oral (BARRET; SCULLY, 1994). Dessa forma, pode-se 

hipotetizar que existiria uma maior “facilidade de estimulação” da produção 

melanocítica nessa região. 

Embora a pigmentação oral induzida por fármacos seja assintomática e não 

necessite de tratamento, a realização do correto diagnóstico pode evitar 

procedimentos desnecessários e evitar também a confusão com outras lesões, 

como aquelas causadas por alterações sistêmicas, ou até mesmo, com neoplasias 
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malignas. O diagnóstico da pigmentação oral induzida por fármacos, muitas vezes, 

pode ser realizado com base no histórico do uso de medicamentos e apresentação 

clínica dessas lesões. Entretanto, nos casos em que as características clínicas são 

atípicas ou a história completa de uso de fármacos não está disponível, é 

recomendada a realização de uma biópsia para estabelecer o diagnóstico correto. 

As lesões pigmentadas induzidas por fármacos podem sofrer involução quando a 

medicação é descontinuada (DE ANDRADE et al., 2017).   

Por se tratar de um estudo transversal no qual os indivíduos foram avaliados 

em um único momento, e por se tratarem também de lesões assintomáticas e de 

difícil visualização pelo indivíduo acometido, não foi possível determinar após quanto 

tempo de uso e a dosagem exata de Mesilato de Imatinibe desencadeou o 

desenvolvimento das lesões hiperpigmentadas. Além disso, não foi possível 

determinar se o uso exclusivo da Hidroxiuréia também causaria o desenvolvimento 

dessas lesões. Para isso, seria necessária a avaliação de um grupo de pacientes 

que tivessem realizado o tratamento exclusivamente com a Hidroxiuréia. Estudos 

longitudinais com acompanhamento a longo prazo de pacientes em fase inicial do 

tratamento seriam ideais para esclarecer esses aspectos. Estudos in vitro e in vivo 

também poderiam contribuir para o mecanismo de ação destes medicamentos na 

mucosa oral. 
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6 CONCLUSÃO 

 

O desenvolvimento da hiperpigmentação oral em região de palato duro, assim 

como sua extensão e intensidade, estão associadas ao tempo de uso do Mesilato de 

Imatinibe. O tempo de uso da Hidroxiuréia associada ao Mesilato de Imatinibe 

parece ampliar tal associação.  
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ANEXO A – Parecer consubstanciado do COEP 
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ANEXO B – Parecer da coordenação médica do ambulatório de 

hematologia/oncologia do HC/UFMG  
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ANEXO C - Termo de consentimento livre e esclarecido 

 

 



71 
 

ANEXO D – Ficha Clínica 
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