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Referências: 1. RCM SKYRIZI®; 2. Gordon KB, Strober B, Lebwohl M, et al. Efficacy and safety of risankizumab in moderate-to-severe plaque psoriasis (UltIMMa-1 and UltIMMa-2): results from two double blind, randomised, placebo 
controlled and ustekinumab controlled phase 3 trials. Lancet. 2018;392(10148):650-661. doi:10.1016/S0140-6736(18):31713-6.; 3. Warren RB, et al. Efficacy and safety of risankizumab vs. secukinumab in patients with moderate-to-severe 
plaque psoriasis (IMMerge): Results from a phase 3, randomised, open-label, efficacy assessor-blinded clinical trial. British Journal of Dermatology. doi: 10.1111/BJD.19341; 4. Reich K, Gooderham M, Thaçi D, et al. Risankizumab compared 
with adalimumab in patients with moderate to severe plaque psoriasis (IMMvent): a randomised, double-blind, active-comparator-controlled phase 3 trial. Lancet. 2019;394(10198):576-586. doi: 10.1016/S0140-6736(19)30952-3.

* Ultimma 1 e 2 - PASI 90 à semana 52; Immerge - PASI 90 à semana 52; Immvent - PASI 90 à semana 44.
** Indicações terapêuticas: Psoríase em placas - Skyrizi é indicado para o tratamento da psoríase em placas, moderada a grave, em adultos que são candidatos a terapêutica sistémica. Artrite psoriática - Skyrizi, administrado em monoterapia 
ou em associação com metotrexato (MTX), é indicado para o tratamento da artrite psoriática ativa em adultos que tiveram uma resposta inadequada ou que demonstraram ser intolerantes a um ou mais fármacos antirreumáticos 
modificadores da doença (DMARDs).1
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NOME DO MEDICAMENTO E FORMA FARMACÊUTICA: Skyrizi 75 mg solução injetável em seringa pré-cheia; Skyrizi 150 mg solução injetável em caneta pré-cheia. COMPOSIÇÃO QUALITATIVA E QUANTITATIVA: Skyrizi 75 mg solução
injetável em seringa pré-cheia: Cada seringa pré-cheia contém 75�mg de risancizumab em 0,83 ml de solução. Skyrizi 150 mg solução injetável em caneta pré-cheia: Cada caneta pré-cheia contém 150 mg de risancizumab em 1 ml de solução.
INDICAÇÕES TERAPÊUTICAS: Psoríase – Skyrizi é indicado parao tratamento da psoríase em placas, moderada a grave, em adultos que são candidatos a terapêutica sistémica. Artrite psorática – Skyrizi, administrado em monoterapia ou em
associação com metotrexato (MTX), é indicado para o tratamento da artrite psoriática ativa em adultos que tiveram uma resposta inadequada ou que demonstraram ser intolerantes a um ou mais fármacos antirreumáticos modifi cadores da doença
(DMARDs). POSOLOGIA E MODO DE ADMINISTRAÇÃO: Skyrizi deverá ser utilizado sob a orientação e supervisão de um médico com experiência no diagnóstico e tratamento das condições para as quais Skyrizi está indicado. Posologia: 
A dose recomendada é de 150 mg administrada por injeção subcutânea na semana 0, semana 4 e posteriormente a cada 12 semanas (na forma de duas injeções de 75 mg com seringas pré-cheias ou de uma injeção de 150 mg com uma
caneta pré-cheia). A descontin  uação do tratamento deve ser considerada em doentes que não apresentem resposta após 16 semanas de tratamento. Alguns doentes com psoríase em placas com uma resposta inicial parcial podem apresentar
melhorias com a continuação do tratamento para além das 16 semanas. Omissão de dose: Se não for administrada uma dose, esta deve ser administrada assim que possível. Posteriormente, a administração das doses deve ser retomada como
normalmente agendado. Idosos (≥65 anos): Não é necessário ajuste posológico. A informação em indivíduos com idade ≥ 65 anos é limitada. Compromisso renal ou hepático: De uma forma geral, não é esperado que estas condições tenham
qualquer impacto signifi cativo na farmacocinética de anticorpos monoclonais e não são considerados necessários ajustes posológicos. População pediátrica: A segurança e efi cácia de risancizumab em crianças e adolescentes com idades entre
os 5 e os 18 anos não foram estabelecidas. Não existem dados disponíveis. Não existe utilização relevante de risancizumab em crianças com idade inferior a 6 anos para a indicação de psoríase em placas moderada a grave ou em crianças com
idade inferior a 5 anos para a indicação de artrite psoriática. Doentes com excesso de peso: Não é necessário ajuste posológico. Modo de administração: Skyrizi é administrado por injeção subcutânea. A injeção deve ser administrada na coxa ou
no abdómen. Os doentes não devem administrar a injeção em áreas onde a pele esteja sensível, com equimoses, eritematosa, endurecida, ou afetada por psoríase. Os doentes podem autoadministrar a injeção de Skyrizi após treino na técnica
de injeção subcutânea. Os doentes devem ser instruídos a ler antes da administração as “Instruções de utilização” fornecidas no folheto informativo. A administração de Skyrizi na zona exterior superior do braço deve apenas ser realizada por um
profi ssional de saúde ou prestador de cuidados. Skyrizi 75 mg solução injetável em seringa pré-cheia: Para a dose completa de 150 mg devem ser administradas duas seringas pré-cheias. As duas injeções devem ser administradas em diferentes
zonas anatómicas. CONTRAINDICAÇÕES: Hipersensibilidade à substância ativa ou a qualquer um dos excipientes. Infeções ativas clinicamente relevantes (por exemplo, tuberculose ativa). ADVERTÊNCIAS E PRECAUÇÕES ESPECIAIS DE
UTILIZAÇÃO: Rastreabilidade: De modo a melhorar a rastreabilidade dos medicamentos biológicos, o nome e número de lote do medicamento administrado devem ser rigorosamente registados. Infeções: Risancizumab pode aumentar o
risco de infeção. Em doentes com uma infeção crónica, um historial de infeção recorrente, ou fatores de risco para infeção conhecidos, risancizumab deve ser utilizado com precaução. O tratamento com risancizumab não deve ser iniciado em
doentes com qualquer infeção ativa clinicamente relevante até que a infeção se resolva ou seja adequadamente tratada. Os doentes tratados com risancizumab devem ser instruídos a procurar aconselhamento médico se surgirem sinais ou
sintomas clinicamente relevantes de infeção crónica ou aguda. Se um doente desenvolver uma destas infeções ou não estiver a responder à terapêutica convencional para a infeção, o doente deve ser cuidadosamente monitorizado e não lhe
deve ser administrado risancizumab até à resolução da infeção. Tuberculose: Antes de iniciar o tratamento com risancizumab, os doentes devem ser avaliados quanto a infeção por tuberculose (TB). Os doentes a receber risancizumab devem ser
monitorizados quanto a sinais e sintomas de TB ativa. A terapêutica anti-TB deve ser considerada antes de iniciar risancizumab em doentes com história de TB latente ou ativa, nos quais não é possível confi rmar um curso terapêutico adequado.
Imunizações: Antes de iniciar a terapêutica com risancizumab, deve ser considerada a realização de todas as imunizações apropriadas de acordo com as atuais recomendações de imunização. Se um doente tiver recebido uma vacina viva (viral ou
bacteriana), recomenda-se que aguarde pelo menos 4 semanas antes de iniciar o tratamento com risancizumab. Os doentes tratados com risancizumab não devem receber vacinas vivas durante o tratamento e durante, pelo menos, 21 semanas
após o tratamento. Hipersensibilidade: Caso ocorra uma reação de hipersensibilidade grave, a administração de risancizumab deve ser descontinuada imediatamente e deve ser iniciada terapêutica apropriada. Excipientes com efeito conhecido: 
Skyrizi 150 mg solução injetável em caneta pré-cheia: Este medicamento contém menos do que 1 mmol (23 mg) de sódio por caneta pré-cheia ou seringa pré-cheia, ou seja, é praticamente “isento de sódio”. Skyrizi 75 mg solução injetável em
seringa pré-cheia: Este medicamento contém 68,0 mg de sorbitol por dose de 150 mg. Deve-se ter em consideração o efeito aditivo da administração concomitante de produtos contendo sorbitol (ou frutose) e a ingestão de sorbitol (ou frutose)
na dieta. Este medicamento contém menos do que 1 mmol (23 mg) de sódio por dose de 150 mg, ou seja, é praticamente “isento de sódio”. INTERAÇÕES MEDICAMENTOSAS E OUTRAS FORMAS DE INTERAÇÃO: Não é esperado que
risancizumab seja metabolizado por enzimas hepáticas ou eliminação renal. Não são esperadas interações entre risancizumab e inibidores, indutores, ou substratos de enzimas metabolizadoras de medicamentos, e não é necessário qualquer
ajuste posológico. EFEITOS INDESEJÁVEIS: As reações adversas mais frequentemente notifi cadas foram infeções do trato respiratório superior. Reações adversas medicamentosas notifi cadas em doentes tratados com risancizumab: muito
frequentes – infeções do trato respiratório superior; frequentes – infeções por tinha, cefaleia, prurido, fadiga, reações no local de injeção; pouco frequentes – foliculite. Consultar o RCM para mais informações relativamente a efeitos indesejáveis. 

▼Este medicamento está sujeito a monitorização adicional. Isto irá permitir a rápida identifi cação de nova informação de segurança. Quaisquer suspeitas de reações adversas a Skyrizi devem ser notifi cadas à AbbVie, Lda., via e-mail para pt.abbvie.
farmacovigilancia@abbvie.com ou telefone para +351 211 908 400 e/ou ao INFARMED. I.P., através do sistema nacional de notifi cação, via e-mail para farmacovigilancia@infarmed.pt ou telefone para +351 217 987 373.
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Medicamento de receita médica restrita, de utilização reservada a certos meios especializados. 
Skyrizi está comparticipado no tratamento de doentes adultos com psoríase em placas moderada a grave, elegíveis para terapêutica sistémica, em que o tratamento sistémico não biológico não é efi caz, não é tolerado ou está contraindicado,
ao abrigo da Portaria 48/2016 de 22 de Março. A artrite psoriática não está ainda comparticipada. Consultar o RCM antes de prescrever e sempre que necessite de informações complementares. Para mais informações deverá contactar
o representante local do titular da autorização de introdução no mercado. Representante local do titular da AIM: AbbVie, Lda. Estrada de Alfragide, 67 - Alfrapark - Edifício D - 2610-008 Amadora, Portugal. Tel.: 211908400. Fax: 211908403. CRC
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Referências: 1. RCM SKYRIZI®; 2. Gordon KB, Strober B, Lebwohl M, et al. Efficacy and safety of risankizumab in moderate-to-severe plaque psoriasis (UltIMMa-1 and UltIMMa-2): results from two double blind, randomised, placebo 
controlled and ustekinumab controlled phase 3 trials. Lancet. 2018;392(10148):650-661. doi:10.1016/S0140-6736(18):31713-6.; 3. Warren RB, et al. Efficacy and safety of risankizumab vs. secukinumab in patients with moderate-to-severe 
plaque psoriasis (IMMerge): Results from a phase 3, randomised, open-label, efficacy assessor-blinded clinical trial. British Journal of Dermatology. doi: 10.1111/BJD.19341; 4. Reich K, Gooderham M, Thaçi D, et al. Risankizumab compared 
with adalimumab in patients with moderate to severe plaque psoriasis (IMMvent): a randomised, double-blind, active-comparator-controlled phase 3 trial. Lancet. 2019;394(10198):576-586. doi: 10.1016/S0140-6736(19)30952-3.

* Ultimma 1 e 2 - PASI 90 à semana 52; Immerge - PASI 90 à semana 52; Immvent - PASI 90 à semana 44.
** Indicações terapêuticas: Psoríase em placas - Skyrizi é indicado para o tratamento da psoríase em placas, moderada a grave, em adultos que são candidatos a terapêutica sistémica. Artrite psoriática - Skyrizi, administrado em monoterapia 
ou em associação com metotrexato (MTX), é indicado para o tratamento da artrite psoriática ativa em adultos que tiveram uma resposta inadequada ou que demonstraram ser intolerantes a um ou mais fármacos antirreumáticos 
modificadores da doença (DMARDs).1
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NOME DO MEDICAMENTO E FORMA FARMACÊUTICA: Skyrizi 75 mg solução injetável em seringa pré-cheia; Skyrizi 150 mg solução injetável em caneta pré-cheia. COMPOSIÇÃO QUALITATIVA E QUANTITATIVA: Skyrizi 75 mg solução
injetável em seringa pré-cheia: Cada seringa pré-cheia contém 75�mg de risancizumab em 0,83 ml de solução. Skyrizi 150 mg solução injetável em caneta pré-cheia: Cada caneta pré-cheia contém 150 mg de risancizumab em 1 ml de solução.
INDICAÇÕES TERAPÊUTICAS: Psoríase – Skyrizi é indicado parao tratamento da psoríase em placas, moderada a grave, em adultos que são candidatos a terapêutica sistémica. Artrite psorática – Skyrizi, administrado em monoterapia ou em
associação com metotrexato (MTX), é indicado para o tratamento da artrite psoriática ativa em adultos que tiveram uma resposta inadequada ou que demonstraram ser intolerantes a um ou mais fármacos antirreumáticos modifi cadores da doença
(DMARDs). POSOLOGIA E MODO DE ADMINISTRAÇÃO: Skyrizi deverá ser utilizado sob a orientação e supervisão de um médico com experiência no diagnóstico e tratamento das condições para as quais Skyrizi está indicado. Posologia: 
A dose recomendada é de 150 mg administrada por injeção subcutânea na semana 0, semana 4 e posteriormente a cada 12 semanas (na forma de duas injeções de 75 mg com seringas pré-cheias ou de uma injeção de 150 mg com uma
caneta pré-cheia). A descontin  uação do tratamento deve ser considerada em doentes que não apresentem resposta após 16 semanas de tratamento. Alguns doentes com psoríase em placas com uma resposta inicial parcial podem apresentar
melhorias com a continuação do tratamento para além das 16 semanas. Omissão de dose: Se não for administrada uma dose, esta deve ser administrada assim que possível. Posteriormente, a administração das doses deve ser retomada como
normalmente agendado. Idosos (≥65 anos): Não é necessário ajuste posológico. A informação em indivíduos com idade ≥ 65 anos é limitada. Compromisso renal ou hepático: De uma forma geral, não é esperado que estas condições tenham
qualquer impacto signifi cativo na farmacocinética de anticorpos monoclonais e não são considerados necessários ajustes posológicos. População pediátrica: A segurança e efi cácia de risancizumab em crianças e adolescentes com idades entre
os 5 e os 18 anos não foram estabelecidas. Não existem dados disponíveis. Não existe utilização relevante de risancizumab em crianças com idade inferior a 6 anos para a indicação de psoríase em placas moderada a grave ou em crianças com
idade inferior a 5 anos para a indicação de artrite psoriática. Doentes com excesso de peso: Não é necessário ajuste posológico. Modo de administração: Skyrizi é administrado por injeção subcutânea. A injeção deve ser administrada na coxa ou
no abdómen. Os doentes não devem administrar a injeção em áreas onde a pele esteja sensível, com equimoses, eritematosa, endurecida, ou afetada por psoríase. Os doentes podem autoadministrar a injeção de Skyrizi após treino na técnica
de injeção subcutânea. Os doentes devem ser instruídos a ler antes da administração as “Instruções de utilização” fornecidas no folheto informativo. A administração de Skyrizi na zona exterior superior do braço deve apenas ser realizada por um
profi ssional de saúde ou prestador de cuidados. Skyrizi 75 mg solução injetável em seringa pré-cheia: Para a dose completa de 150 mg devem ser administradas duas seringas pré-cheias. As duas injeções devem ser administradas em diferentes
zonas anatómicas. CONTRAINDICAÇÕES: Hipersensibilidade à substância ativa ou a qualquer um dos excipientes. Infeções ativas clinicamente relevantes (por exemplo, tuberculose ativa). ADVERTÊNCIAS E PRECAUÇÕES ESPECIAIS DE
UTILIZAÇÃO: Rastreabilidade: De modo a melhorar a rastreabilidade dos medicamentos biológicos, o nome e número de lote do medicamento administrado devem ser rigorosamente registados. Infeções: Risancizumab pode aumentar o
risco de infeção. Em doentes com uma infeção crónica, um historial de infeção recorrente, ou fatores de risco para infeção conhecidos, risancizumab deve ser utilizado com precaução. O tratamento com risancizumab não deve ser iniciado em
doentes com qualquer infeção ativa clinicamente relevante até que a infeção se resolva ou seja adequadamente tratada. Os doentes tratados com risancizumab devem ser instruídos a procurar aconselhamento médico se surgirem sinais ou
sintomas clinicamente relevantes de infeção crónica ou aguda. Se um doente desenvolver uma destas infeções ou não estiver a responder à terapêutica convencional para a infeção, o doente deve ser cuidadosamente monitorizado e não lhe
deve ser administrado risancizumab até à resolução da infeção. Tuberculose: Antes de iniciar o tratamento com risancizumab, os doentes devem ser avaliados quanto a infeção por tuberculose (TB). Os doentes a receber risancizumab devem ser
monitorizados quanto a sinais e sintomas de TB ativa. A terapêutica anti-TB deve ser considerada antes de iniciar risancizumab em doentes com história de TB latente ou ativa, nos quais não é possível confi rmar um curso terapêutico adequado.
Imunizações: Antes de iniciar a terapêutica com risancizumab, deve ser considerada a realização de todas as imunizações apropriadas de acordo com as atuais recomendações de imunização. Se um doente tiver recebido uma vacina viva (viral ou
bacteriana), recomenda-se que aguarde pelo menos 4 semanas antes de iniciar o tratamento com risancizumab. Os doentes tratados com risancizumab não devem receber vacinas vivas durante o tratamento e durante, pelo menos, 21 semanas
após o tratamento. Hipersensibilidade: Caso ocorra uma reação de hipersensibilidade grave, a administração de risancizumab deve ser descontinuada imediatamente e deve ser iniciada terapêutica apropriada. Excipientes com efeito conhecido: 
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Treatment of chronic urticaria with omalizumab: the experience 
of Hospital de Braga

Tratamento de urticária crónica com omalizumab: a experiência do Hospital de Braga

Ana G. Lopes1,a*, Marianlie Navarro1, Carmén Botelho2, Maria J. Guimarães1, Catarina Cerqueira1,  
Joana Gomes1, and Celeste Brito1
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aORCID: 0000-0003-1103-1075

Abstract

Introduction: Omalizumab is approved for the treatment of severe chronic spontaneous urticaria (CSU), unresponsive to 
quadruple doses of nonsedative H1 antihistamine. Few data are available to help predict the response to omalizumab in the 
Portuguese population. Objective: Characterize the population of CU patients treated with omalizumab in Hospital de Braga 
and identify variables that help predict a better response to omalizumab. Methods: Retrospective chart-review study of CU 
patients treated with omalizumab in Hospital de Braga. Statistical analysis was performed using the chi-square, odds ratio 
analysis and generalized linear models. Results: 21 patients were included (three men and 18 women). 16 patients had CSU, 
two had solar urticaria, two cholinergic urticaria, and one cold urticaria. They all had at least 6 months of treatment with 
omalizumab. Prior to omalizumab, they all had been treated with quadruple doses of nonsedating H1 antihistamines. Using 
generalized linear models, patients showed a significant reduction of the UAS and UAS7 scores. Women and patients with 
intermediate levels of immunoglobulin (Ig)—IgE presented a bigger reduction. Women had higher total serum IgE. Conclusion: 
The female gender and patients with intermediate levels of IgE had a better response to omalizumab. In this study, the female 
gender seems to have higher total serum IgE.

Keywords: Antihistamines. Chronic urticaria. IgE levels. Omalizumab. Urticaria. 

Resumo

Introdução: O omalizumab está aprovado para o tratamento de urticária crónica espontânea que resistente a terapêutica 
quádrupla com anti-histamínicos. Há pouca informação disponível que ajude a prever a resposta ao omalizumab na popula-
ção portuguesa. Objetivos: Caracterizar a população de doentes com urticária crónica tratados com omalizumab no Hospi-
tal de Braga e identificar variáveis que ajudem a prever uma melhor resposta ao omalizumab. Métodos: Foi efetuado um 
estudo retrospetivo dos doentes com urticária crónica tratados com omalizumab no Hospital de Braga. Realizou-se análise 
estatística com estatística descritiva, chi-square, análise de risco e modelo linear generalizado. Resultados: Foram incluídos 
21 doentes (3 homens e 18 mulheres). 16 doentes apresentavam urticária crónica espontânea, 2 tinham urticária solar, 
2 urticária colinérgica e 1 urticária ao frio. Todos estavam a ser tratados com omalizumab há pelo menos 6 meses. Antes do 
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Introduction

Urticaria is a common disease presenting with 
wheals and/or angioedema1.

The classification of urticaria is mainly based on clin-
ical criteria: acute and CU, whether the lesions appear 
over a period of up to 6 weeks or over > 6 weeks, 
respectively. The acute form affects 20% of the general 
population and CU up to 5%2.

Chronic urticaria comprises both CSU and chronic 
inducible urticaria, which includes physical and non-
physical urticaria.

In CU patients, mental health and physical impair-
ment can be comparable to patients with moderate 
and severe psoriasis3. For the assessment of disease 
activity, quality of life, and the impact on daily activi-
ties, a number of detailed questionnaires have been 
developed. The urticaria activity score 7 (UAS7) 
assesses the number of wheals and itch intensity on 
seven consecutive days and was shown to correlate 
with the impact on quality of life, sleep and daily 
activities4,5.

Currently, nonsedating antihistamines and omali-
zumab, an anti-immunoglobulin E antibody, are recom-
mended for the therapy of CU. Omalizumab is approved 
for the treatment of severe CSU, unresponsive to qua-
druple dose of nonsedative H1 antihistamine6. Few 
data are available to help predict the response to omal-
izumab in the Portuguese population.

The purpose of this case series is to characterize the 
population of patients with CU that are being treated 
with omalizumab in Hospital de Braga and try to iden-
tify variables that may help predict a better response 
to omalizumab.

Methods

A retrospective chart review study of patients with CU 
being treated with omalizumab in the Immunoallergology 
and Dermatology Departments of Hospital de Braga 
between January and December 2020.

Patients were characterized according to demogra-
phic and clinical data, such as age, gender, presence  

omalizumab todos tinham sido tratados com terapêutica anti-histamínica quádrupla. Modelos lineares generalizados mostra-
ram que os doentes apresentaram uma redução significativa dos scores Urticaria Activity Score (UAS) e UAS7. Estas reduções 
foram mais proeminentes nos doentes do sexo feminino e em doentes com níveis intermédios de IgE. As mulheres apresen-
taram níveis de IgE mais elevados. Conclusão: O género feminino e doentes com níveis intermédios de IgE apresentaram 
melhor resposta ao omalizumab. Neste estudo o género feminino parece estar associado a níveis de IgE mais elevados.

Palavras-chave: Anti-histamínico. Urticária crónica. IgE. Omalizumab. Urticária. 

of atopic comorbidities, age of onset and duration of 
CU, age at the beginning of omalizumab, previous treat-
ments, initial omalizumab dose, total serum IgE, and 
results of other complementary studies, including the 
autologous serum test (AST) and antithyroid antibod-
ies (ATA).

Clinical response to omalizumab was evaluated with 
the UAS and UAS7, validated in the Portuguese lan-
guage, and calculated before and during treatment. 
Patients started omalizumab associated with their pre-
vious medications, which were later discontinued 
according to their clinical improvement.

Patients were characterized according to their 
response to omalizumab as:

–	 Complete responders–need of antihistamines in SOS 
besides omalizumab to keep UAS ≤ 6;

–	 Partial responders–need of daily medication 
besides omalizumab to keep UAS ≤ 6, but showed 
a clinical improvement since the start of oma-
lizumab

–	 Nonresponders–patients that showed no improve-
ment after 6 months of omalizumab treatment.

The adverse reactions were monitored by the nursing 
staff after each administration.

Statistical analysis and descriptive statistics of the 
data were performed using the Statistical Package for 
the Social Sciences software version 23.0 (IBM 
Corporation), using the chi-square, odds ratio analysis, 
and generalized linear models. A p-value < 0.05 was 
considered statistically significant.

Results

In this study, 21 patients with CU were included 
(18 women and three men). The descriptive statistics 
are shown in tables 1 and 2. They all started omali-
zumab at the dose of 300 mg every 4 weeks.

A total of 16 patients had CSU; two had solar urti-
caria, two cholinergic urticaria and one cold urticaria.

About six patients had atopic comorbidities (n = 6 and 
28.6%), namely atopic dermatitis, allergic rhinitis, 
asthma, and allergic eczema.



A.G. Lopes et al.: Chronic urticaria treatment

257

A total of 14 patients had their total serum IgE mea-
sured before the start of treatment: three patients had 
IgE > 500 kU/L, seven between 100 and 500 kU/L and 
four under 100 kU/L. Only one patient underwent an 
AST guided by the patient’s clinical history, and it was 
negative. They all had negative antithyroid antibodies.

Prior to omalizumab, they all had been treated with 
quadruple doses of nonsedating H1 antihistamines,  
12 with systemic corticotherapy, 10 with cyclosporine, 
eight with montelukast, one with hydroxychloroquine, 
one with intravenous immunoglobulin, one with oxybu-
tynin, and one with ultraviolet B (UVB) phototherapy. 
This last patient also had allergic eczema.

Currently, 19 patients are being treated with omal-
izumab (medium duration of treatment: 19.9 months). 
One patient discontinued omalizumab for pregnancy 
reasons.

There were 11 complete responders in this study, 
10 partial responders (two needed dose increase to 
450 mg every 4 weeks) and one nonresponder. The 
nonresponder is a 40-year-old female patient with 
CSU, no atopic comorbidities and low serum IgE, 
previously treated with montelukast and cyclo-
sporine. This patient was switched to dupilumab 
since recent knowledge shows dupilumab may be a 
promising novel treatment option for patients with 
CU and low IgE levels.

Patients well controlled with omalizumab have started 
to increase the time intervals between each dose of 
omalizumab, but none has yet stopped this treatment.

There were no adverse reactions after the adminis-
tration of omalizumab.

Statistical analysis

The urticaria activity was determined with the assess-
ment of the UAS score before the start of omalizumab 
and 6 months after starting treatment.

The results are shown in tables 3 and 4.
Using the paired samples t-test, there was a signifi-

cant difference between the initial and final scores for 
UAS and UAS7. The patients showed a reduction 
of 4.2 points on the UAS score (p < 0.001) and 
of 17.0 points on the UAS7 (p < 0.001), in comparison 
to the scores before the start of treatment.

According to gender, women showed a UAS  
score reduction of 4.3 points and men of 3.7 points  
(p < 0.001). Considering UAS7, women showed a score 
reduction of 17.3 points and men of 15.3 points.

When the results were evaluated according to the total 
serum IgE of each patient, patients with IgE < 100 kU/L 
showed a reduction of 4.0 points and 16.3 points on the 
UAS and UAS7 scores, respectively, patients with 
IgE 100-500 kU/L showed a reduction of 4.7 and 
19.8 points on the UAS and UAS7 scores respectively, 
and patients with IgE > 500 kU/L showed a reduction 
of 3.3 points on the UAS and of 15.0 points on the 
UAS7 score.

We searched for an association between gender and 
the total serum IgE. The chi-square test showed an 
association (p < 0.05), women presented with more 
elevated values of IgE.

Discussion

Omalizumab is approved as an add-on therapy for 
CSU7. Few studies have tried to find predictor factors 
for omalizumab response in CSU in the Portuguese 
population.

To be able to predict the response to omalizumab is 
important for clinical practice since it is an expensive 
therapy, and not all patients respond to it.

About 17-48% of patients with CSU do not have a 
complete or significant response to omalizumab8-10. In 
this study, 52% didn’t have a complete response to 
omalizumab. So, it seems important to try and find 
ways to select those patients that will benefit more from 
omalizumab.

One study showed that female patients seem to have 
a faster and better response to omalizumab, which is 
in line with our results. It also concluded that patients 

Table 1. Descriptive statistics of CU patients treated with 
omalizumab in Hospital de Braga

Characteristics Mean ± standard 
deviation

Median  
(min and max)

Age at onset of 
urticaria (years)

37 ± 12 33 (17, 62)

Age at onset of 
omalizumab (years)

41 ± 12 39 (22 and 63)

Time between 
urticaria onset and 
omalizumab 
treatment (years)

4 ± 4 2 (0.5 and 12)

Duration of 
omalizumab 
treatment (months)

20 ± 13 18 (6 and 60)

Total serum IgE 
(kU/L)

335.9 ± 319.5 326.5 (3 and 1187)

Initial UAS 5.19 ± 0.87 5 (3 and 6)

Final UAS 0.95 ± 1.28 1 (0 and 4)

Initial UAS7 19.71 ± 5.64 20 (9 and 38)

Final UAS7 ± 2.67 0 (0 and 21)
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Conclusion

The female gender and patients with intermediate 
levels of IgE had a better response to omalizumab in 
this study. The female gender seems to have higher 
total serum IgE, and maybe that is the reason they had 
a better response to omalizumab. This study’s popula-
tion is small to extrapolate conclusions to the general 
Portuguese population.
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with more elevated total serum IgE levels had a better 
response to omalizumab. However, in this study, 
patients with intermediate levels of total serum IgE pre-
sented a bigger improvement11. This could have also 
happened because there were only 3 patients with total 
serum IgE > 500 in this study.

One Portuguese study applied generalized linear 
models to evaluate the progression of the UAS score 
in response to omalizumab. They showed a medium 
reduction of the UAS score of 16% and of UAS7 of 20% 
per monthly administration of omalizumab. These 
reductions were also more prominent in female patients 
and in patients with higher total serum IgE levels12.

There was an association between the female gen-
der and higher levels of total serum IgE, and this could 
be a possible explanation for the better response to 
omalizumab in the female group.

Most patients presented with a total response to 
omalizumab (n = 11 and 52.4%), some have already 
started interval prolongation, but none have yet stopped 
treatment. The nonresponder patient was switched to 
dupilumab and has shown improvement.

Some limitations of this study are the fact that it’s a 
retrospective study, the global sample is small, in par-
ticular the male gender. Also, the scores used are sub-
jective; the literature shows women tend to have initial 
higher scores than men.

Not all patients had every laboratory study, like total 
serum IgE or antithyroid antibodies, and there are other 
clinical parameters that can affect the response to 
treatment and weren’t evaluated, like body weight, 
eosinopenia, and others.

Table 3. Urticaria activity score and UAS7 reduction in 
each group of patients according to gender and total 
serum IgE levels

Variables UAS reduction UAS7
reduction

All patients 4.2 (p < 0.001) 17.0 (p < 0.001)

Female 4.3 (p < 0.001) 17.3 (p < 0.001)

Male 3.7 (p < 0.001) 15.3

IgE < 100 kU/L 4.0 16.3 (p < 0.001)

IgE 100-500 kU/L 4.7 (p < 0.001) 19.8 (p < 0.001)

IgE > 500 kU/L 3.3 (p < 0.001) 15.0

Table 4. Type of response to omalizumab

Response to omalizumab Number of patients

Total response 11

Partial response 9

No response 1
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Positive drug patch tests and the acute cutaneous adverse 
drug reaction share many histopathologic features

As caracteristicas histopatológicoas dos testes epicutâneos positivos com fármacos são 
semelhantes às das reacções cutâneas adversas medicamentosas que motivaram os testes
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Abstract

Patch testing (PT) has been used to evaluate the culprit drug and cross-reactive chemicals in non-immediate cutaneous 
adverse drug reactions (CADR), but histopathology of patch tests is seldom performed. With the objective of characterizing 
the patterns of positive drugs patch tests in correlation with the acute skin reaction, we performed skin biopsies in 16 patients 
with different CADR, five cases of acute generalized exanthematous pustulosis (AGEP), six cases of maculopapular exan-
thema (MPE), four cases of drug reaction with eosinophilia and systemic symptoms (DRESS) and one case of toxic epi-
dermal necrolysis (TEN). Particular macroscopic features of drug patch tests included pustules, particularly in AGEP, and 
epidermal necrosis in TEN and on histopathology, we highlight the occurrence of subcorneal spongiform pustules in AGEP, 
full-thickness epidermal necrolysis in the case of TEN and vacuolization of basal cells, lymphocyte exocytosis with occa-
sional necrotic keratinocytes and a perivascular and interstitial lymphocyte infiltrate both in DRESS and MPE, although less 
intense in the latter. Similarities between the acute eruption and the patch test suggest the patch test can be considered 
a form of localized drug provocation test that can be used to further investigate the pathophysiology of CADR.

Keywords: Acute generalized exanthematous pustulosis. Drug reaction with eosinophilia and systemic symptoms. Histopatho-
logy. Non-immediate drug eruptions. Patch testing. Toxic epidermal necrolysis.

Resumo

O teste epicutâneo tem sido utilizado para o diagnóstico etiológico das reações cutâneas adversas a medicamentos (CADR) 
mediadas por reações de hipersensibilidade retardada, mas raramente é estudado o seu aspeto histopatológico. Com o 
objetivo de caracterizar os padrões histopatológicos de testes epicutâneos positivos a fármacos sistémicos e correlacioná-los 
com a reação aguda, efetuámos biópsias de testes epicutâneos positivos em 16 doentes com diferentes CADR, 5 casos de 
pustulose exantemática aguda generalizada (AGEP), 6 casos de exantema maculopapular (MPE), 4 casos de DRESS  
(Drug reaction with eosinophilia and systemic symptoms) e 1 de necrólise epidérmica tóxica (TEN). Encontrámos aspetos 

https://crossmark.crossref.org/dialog/?doi=10.24875/PJDV.22000013&domain=pdf
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Introduction

Patch testing is used mainly in the study of allergic 
contact dermatitis (ACD), but recently PT has also been 
used more regularly in the study of non-immediate T 
cell-mediated CADR1-3.

Actually, PT was first used in the study of a drug reac-
tion, a generalized acute eczematous dermatitis, after a 
mercury injection for treating syphilis. Originally called 
“Funktionelle Hautprufung,” this technique was developed 
at the University of Breslau in the 1890s by Joseph, now 
considered the “father” of patch testing4. In the 1970s, 
Felix et al. first published the value of patch testing in drug 
eruptions5. After the 1990s, isolated cases and smaller or 
larger studies reported that PT could confirm the respon-
sible drug in CADR6-10, mainly from carbamazepine11-13 and 
penicillin14,15, and in 2001 the European Society of Contact 
Dermatitis (ESCD) guidelines for performing skin tests in 
drug eruptions were pusblished16.

PT is a specific and safe diagnostic test if performed 
according to the recommendations, with very excep-
tional cases of immediate reactions or CADR reactiva-
tion17,18, but its sensitivity is lower than in ACD and 
depends both on the pattern of CADR and the culprit 
drug. Patch tests (PTs) have always been negative with 
allopurinol and its active metabolite, oxypurinol19,20, but  
positive in virtually all cases of abacavir hypersensiti- 
vity21-24, in 60-75% of CADR from carbamazepine20 and 
in > 30% from aminopenicillins,25-28 pristinamycin29,  
clindamycin30,31, and tetrazepam18,32-34. PTs are more 
frequently positive in MPE, DRESS, symmetrical 
drug-related intertriginous and flexural exanthema, 
AGEP and fixed drug eruption20,35, whereas they occur in  
< 10% in Stevens-Johnson syndrome/TEN (SJS/TEN)9,36.  
PT can also confirm cross-reactivity between drugs, 
namely between piroxicam and tenoxicam or between 
different piperazine antihistamines,37,38 or absence of 
cross-reactivity, as for instance, between etoricoxib and 
celecoxib39 or between meropenem and imipenem40. 
Moreover, PT reactivity can be evoked many years after 
the acute reaction41.

particulares dos testes tanto na avaliação macroscópica como microscópica. Da primeira destacamos as pústulas nos casos 
de AGEP e a necrose epidérmica no caso de TEN e na histopatologia salientamos a existência de pústulas espongiformes 
subcórneas na AGEP, necrose de toda a espessura da epiderme no caso de TEN e vacuolização das células basais, exoci-
tose de linfócitos com ceratinócitos necróticos ocasionais e um infiltrado linfocitário perivascular e intersticial tanto nos testes 
de DRESS como de MPE, com alterações de menor intensidade no MPE. Estas semelhanças entre a reação aguda e o teste 
epicutâneo permitem considerar este teste como um teste de provocação localizado que, além do diagnóstico etiológico, pode 
também ser utilizado para estudar aspetos da fisiopatologia da CADR.

Palavras-chave: Exantema medicamentoso. Patch test. Teste epicutâneo. Histopatologia. AGEP. TEN. DRESS

As in ACD, apart from confirming the etiologic agent, 
the study of cells infiltrating the skin in PTs has been used 
to study pathophysiologic mechanisms involved in delayed 
CADR9,22,34. Drug-specific T cells from a positive patch, 
some with similar phenotypic characteristics as those 
involved in the acute CADR, have been isolated from PTs, 
and T cell lines and clones were established to study in 
vitro reactivity with the responsible drugs.42,43

Objectives

The objective of the present work was to characterize 
positive PTs to drugs in different patterns of non-immediate 
CADR, both on their macroscopic morphology and, par-
ticularly, on histopathology, in order to understand how 
PTs can reproduce the features of the different patterns 
of CADR. This might reinforce their potential use to study 
pathophysiologic mechanisms involved in the effector 
phase of immune-mediated CADRs.

Methods 

Between 2008 and 2013, at the Department of 
Dermatology of Centro Hospitalar e Universitário de 
Coimbra, we performed skin biopsies in patients  
with positive drug PTs performed according to the 
ESCD recommendations in non-immediate CADR.16  
Only non-pregnant patients older than 18 years, 
observed during the acute phase at the Department of 
Dermatology with a non-immediate CADR clearly clas-
sified according to the regularly defined pheno-
types44,45 were selected. All patients gave their written 
informed consent for photographing PTs and perform-
ing skin biopsies at the patch test site.

This study was approved by the ethics committee of 
the Faculty of Medicine of the University of Coimbra 
in 2008, within a broader study for a doctoral thesis for 
the characterization of non-immediate drug eruptions46.

Patch testing methods and materials

Patients were patch tested at least 6 weeks after the 
complete resolution of the drug eruption and no longer 
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than 6 months thereafter. PT was performed with the 
suspected drug and chemically related substances or 
drugs belonging to similar pharmacological groups, 
mostly with drug allergens from Chemotechnique 
Diagnostics, Vellinge, Sweden or Bial-Aristégui, Spain, 
usually at 1-10% in petrolatum. When not commercially 
available, the powder of the drug with >95% purity, 
kindly supplied by the pharmaceutical industry, was 
prepared in our department at 1-20% concentration in 
petrolatum. When we had no access to the pure prod-
uct, we used the powder from i.v. preparations or cap-
sules or, in its absence, from crushed tablets. The 
powder was freshly diluted in petrolatum in order to 
have a concentration of the active drug at 10% in the 
final preparation, or when there was a too-low amount 
of the active drug in the commercial preparation, the 
whole powder was prepared at 30% in petrolatum.

Drug allergens were applied for 48 h on the back, 
using 8 mm aluminum Finn chambers® mounted on 
Scanpor® tape, Epitest Ld Oy or IQ Ultra® square poly-
ethylene foam chambers attached to a hypoallergenic 
tape, Chemotechnique Diagnostic, Vellinge, Sweden, 
and covered with Mefix® tape or analog.

Readings were performed twice, between day 2 (D2) 
and D7, usually with a common reading on D3, and 
rated according to ICDRG (International Contact 
Dermatitis Research Group) guidelines and scoring 
system (-negative, IR irritant, ‘?’ doubtful, and positive 
1+, 2+ or 3+). A particular emphasis was put on the 
description of morphological aspects of the skin reac-
tion, other than the erythema, infiltration, papules, and 
vesicles regularly observed in patch tests from contact 
allergens. Photographs of the positive reactions were 
obtained.

Skin biopsy collection and histopathology 
evaluation

After the patient’s written informed consent, on 
D3 or D4, a 4 mm skin punch biopsy was performed 
on positive PTs after local anesthesia with 2% lido-
caine without epinephrine. Skin fragments were fixed 
on formalin for 24 h, processed for routine light micros-
copy and stained with hematoxylin and eosin. 
Additionally, paraffinated sections of skin biopsies 
from two cases were processed for immunohisto-
chemistry using antibodies to T cell markers (CD3, 
CD8, CD56, and granzyme B).

Histology slides were randomly and independently 
analyzed by two experienced dermatopathologists 
(OT and JCC) with no knowledge of the clinical pattern  

of CADR or the morphology of the patch tests. Apart 
from the general histopathologic pattern, specific mor-
phological epidermal and dermal details were evalu-
ated and quantified, namely the characteristics of the 
horny layer, the intensity of spongiosis, exocytosis, 
vesicles, pustules, and vacuolar changes in the basal 
epidermal layer, keratinocyte necrosis and inflamma-
tory cells in exocytosis, characteristics and intensity 
of the lymphocyte, eosinophil or neutrophil infiltrate 
(distribution mainly in the upper or mid dermis,  
perivascular, interstitial, dermal-epidermal junction,  
or periadnexal), dermal edema, vasodilation, intravas-
cular cells, and extravasated erythrocytes. 
Dermatopathologists independently rated each of 
these parameters between 0 (absent) and 6 (very 
intense) and the sum of their individual scores was 
calculated to grade the intensity of the parameter 
studied (maximum score 12).

Histopathologic aspects were correlated with the  
clinical pattern of the CADR and the macroscopic  
characteristics of the patch test.

Results

Patients and drug eruptions studied

We studied positive drug PTs from 16 patients, seven 
males and nine females, aged 43 to 86 years (mean 58.4 
± 12.5 years) with different clinical patterns of 
non-immediate CADR caused by antibiotics (8), other 
antimicrobials (2), anticonvulsants (4), and diltiazem (2), 
with onset 1-28 days after drug intake (mean 8.8  
± 7.2 days) (Table 1).

Acute generalized exanthematous pustulosis, diag-
nosed according to the RegiSCAR criteria,47 developed 
within 1-7 days (mean 4.2 ± 2.8 days). Patient 1, with 
long-standing plaque-type psoriasis, developed three 
accesses of generalized pustular rashes, with accen-
tuation in large body folds, shortly after using fluoro-
quinolones for urinary tract infections. The other  
culprits in AGEP were clindamycin, acyclovir (one case 
each), and diltiazem (two cases). MPE with no signifi-
cant systemic symptoms was induced by antibiotics 
(amoxicillin- three cases, cefotaxime, cefoxitin, and cip-
rofloxacin- one case each) with a latency period of 
2-7 days (mean 4.0 ± 2.0 days). Four cases of exan-
thema, fever, hepatic cytolysis, eosinophilia, lymphade-
nopathy, and aggravation of renal function or digestive 
symptoms that fulfilled RegiSCAR criteria for 
DRESS48 were induced by carbamazepine (2), phenyt-
oin (1), and abacavir (1) and developed 10-28 days after 
initiating therapy (mean 20.5 ± 7.7 days). A case of TEN 
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Epidermal Changes

The horny layer was parakeratotic in three cases 
(18.8%) and orthokeratotic in 13 (81.3%), with focal 
parakeratosis in two. Intracorneal and/or subcorneal 
pustules were observed in four cases of AGEP 
(Figures 2 E-H and 3 D and E) and in two cases of 
MPE, one associated with significant lymphocyte and 
neutrophil exocytosis forming vesicles. Acanthosis 
occurred in the psoriatic patient with AGEP (Fig. 2G) 
and in another AGEP patient with no previous derma-
tological disease.

Vesicles, absent in AGEP, were observed in all PTs 
from DRESS (Figures 5 B and 6 B) and TEN (Fig. 7 C) 
and in 3/6 MPE. They were more pronounced in DRESS 
and TEN than in MPE (Table 5) and in PTs from anti-
convulsants (data not shown).

Spongiosis varied from very mild in a case of AGEP 
(0.5) to very intense (score 10 and 12) in 2 cases of 
DRESS (Figs. 5C and D) with a higher score in DRESS 
(7.3 ± 3.8) than in MPE (5.0 ± 2.1) or AGEP (3.5 ± 0.6) 
(Tables 3 and 5). The intensity of exocytosis was similar 
in all patterns but was due either to neutrophils (six 
cases–37.5%), as the only cell in 2 AGEP cases, or to 
lymphocytes (14 cases–87.5%), as the exclusive cell in 
9 (56.3%) or in association with eosinophils in two. In 
three patients, lymphocyte exocytosis occurred in small 

with skin detachment involving > 50% of the total  
body surface area was caused by carbamazepine  
used for the treatment of seizures from meningioma 
(Table 1).

Macroscopic features of positive patch tests

Positive PT with the culprit drug and/or related sub-
stances was rated between 1+ and 3+ in 13 cases with 
erythema and infiltration covering the whole patch test 
area or extending beyond it (5), but with other mor-
phologic aspects: papules and vesicles (10) in MPE 
or DRESS, pustules over erythema (4) or scattered 
isolated pustules (1) in AGEP, and confluent vesicles 
with a central area of skin detachment and Nikolsky’s 
sign in the case of TEN from carbamazepine 
(Table 2; * Fig. 1).

Histopathology of positive patch tests

Skin biopsies collected from positive PT on D3 
(14 cases) or D4 (2 cases) showed epidermal spongi-
osis and exocytosis, as well as a perivascular lympho-
cyte infiltrate in the upper dermis in all 16 cases, but 
with variable intensity and in particular combinations in 
the cases of AGEP (Fig. 2 and 3), MPE (Fig. 4), DRESS 
(Fig. 5 and 6) and TEN (Fig. 7) (Tables 3 and 4).

Figure 1. A and B: macroscopic aspects of positive patch tests with drugs with different clinical patterns. Erythema, 
papules and/or vesicles covering and exceeding the patch test application area in MPE from aminopenicillins and 
cephalosporins, C: DRESS from carbamazepine, D: pustules in a PT from ciprofloxacin and norfloxacin in AGEP from 
ciprofloxacin, E: minor pustules with no underlying erythema in two cases of AGEP from clindamycin, F: diltiazem,  
G: an “edge effect” with ciprofloxacin and norfloxacin in MPE from ciprofloxacin and H: a papulovesicular reaction 
with faint erythema to different concentrations of phenytoin.
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Table 1. Characteristics of the patients, the culprit drug, reason for its prescription, interval to the onset of the CADR 
and the pattern of the CADR that motivated patch testing

pt. Age Sex Culprit drug Reason for prescription Interval 
(days)

Clinical 
pattern

Particular aspects

1 65 F Ciprofloxacin Recurring UTI 1 AGEP Psoriasis; *2 previous pustular 
eruptions with fluorquinolones

2 53 M Acyclovir Herpetic retinitis 4 AGEP

3 48 F Clindamycin Genital infection 7 AGEP Also used amoxicillin
4 49 M Diltiazem Arterial hypertension 2 AGEP

5 57 M Diltiazem Arrhythmia 7 AGEP

6 64 M Ceftriaxone Surgery-single dose 
prophylaxis

3 MPE Previous CADR after ceftrx. for 
polytrauma

7 86 F Amoxicillin not specified 7 MPE Targets; *elevated liver enzymes
8 73 F Ciprofloxacin Genital surgery prophylaxis 2 MPE

9 43 M Cefazolin Erysipela 6 MPE Concomitant use of clindamycin for  
5 days

10 53 F Amoxicillin Dental implant 3 MPE Facial edema, vesicles
11 60 F Amoxicillin ENT complaints 3 MPE

12 51 M Carbamazepine Epilepsy 20 DRESS 
(definite)*

MPE with atypical targets

13 48 M Abacavir (HAART) AIDS 10 DRESS 
(definite)*

HLA-B*57.01+

14 69 F Phenytoin Sub-arachnoid haemorrhage 24 DRESS 
(probable)*

15 70 F Carbamazepine + 
Amoxicillin

Cerebral haemorrhage 28 DRESS 
(definite)*

HLA-A*31.01+ CADR to phenytoin 
amoxicillin at initial DRESS symptoms

16 46 F Carbamazepine Meningioma-post surgery 15 TEN SCORTEN 2 at admission; * ± 50% 
BSA

UTI: urinary tract infections; *ENT: ear-nose-throat; *HAART: highly active anti-retroviral therapy; *MPE: maculopapular exanthema. **According to RegiSCAR criteria  
these DRESS cases could be defined as probable or definite, respectively with 5 or > 6 criteria48; *+HLA conferring a risk factor for severe CADR from abacavir and 
carbamazepine22,49; *SCORTEN: prognostic score for TEN50.

Figure 2. A: patient with psoriasis who developed AGEP from ciprofloxacin, B: with a pustular patch test. Remarkable 
similarity between intraepidermal/subcorneal spongiform pustules observed during the acute episode (C, D: H&E 40x, 
100x) and in the patch test (E, F: H&E 25x, 100x). There was also acanthosis and intense neutrophil exocytosis 
towards a subcorneal pustule in the test (G, H: H&E 100x).
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extended to the reticular dermis in seven (43.8%) and 
deeper in one, occasionally with eosinophils (4) and 
neutrophils (3). Inflammation was interstitial in 13 cases 
(81.3%) and/or at the dermal-epidermal junction 
(14-77.7%) (Figure 4 B-J, 5 E, and 7 D), occasionally 
also around follicles (4-25.0%), eccrine glands  
(4-25.0%), both at the acrosyringia and the deeper 
lobules and around nerves (1). Inflammation scored 
as the average of the intensity in main dermal local-
izations, which was higher in TEN (23.0) followed by 
DRESS (13.0), MPE (12.8), and AGEP (7.0). In TEN, 
CD8+ T cells predominated both in the dermis and 
epidermis, some expressed the cytotoxic marker 
CD56, but few stained for granzyme B (Figure 7 H-J). 
In DRESS from abacavir, CD8+ cells were predomi-
nant and accumulated particularly below the areas 
with more epidermal aggression. (Figure 6H-J).

There were no signs of vasculitis, although extravas-
cular erythrocytes were observed in seven cases 

groups of cells, forming nests in two DRESS cases 
(Fig. 6E). Clusters of Langerhans/histiocytic cells were 
observed around vesicles in two cases (Fig. 4E and 5G).

Vacuolization of basal keratinocytes observed in 
11 cases (68.8%) (Figures 4 F-J and 6 D and E) was 
more intense in TEN (score 12) than in DRESS (mean 
score 2.8 ± 2.9) or other CADR. Keratinocyte necrosis 
occurred in the 3+ positive PTs in DRESS from abaca-
vir (Figs. 6D and F) and, particularly, in TEN from car-
bamazepine, where it involved the whole epidermal 
thickness with lymphocytes surrounding necrotic kera-
tinocytes (Tables 3 and 5) (Fig. 7).

Dermal changes

Dermal edema occurred in 13 patients (81.3%) and 
was particularly significant in TEN. A perivascular lym-
phocytic infiltrate in the upper dermis was observed 
in all cases (Figures 4 I, 5 F, and 6 B and C) and 

Figure 3. A and B: pustules mainly in large body in a case of AGEP from acyclovir, C: a pustular patch test to the 
commercial cream containing acyclovir. D and E: histopathology of the PTs (H&E 100x) showed intracorneal and 
subcorneal pustules with dermal edema, vasodilation, erythrocyte extravasation and intravascular lymphocytes 
eosinophils and neutrophils.
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spongiosis and lymphocyte exocytosis in all cases but 
forming intraepidermal vesicles only in three. No 
necrotic keratinocytes were observed. There was a 
predominantly perivascular dermal infiltrate of lympho-
cytes, some also present at the dermal-epidermal  
junction, with very occasional eosinophils or neutro-
phils (Fig. 4).

In the four cases of DRESS, there was an intense 
spongiosis with lymphocyte and/or mixed cell exocyto-
sis, forming intraepidermal vesicles, very large in two 
(Figure 5 B-D) and lymphocyte exocytosis forming epi-
dermal nests reminiscent of Pautier’s microabscesses 
of mycosis fungoides (Fig. 6E) Lymphocyte infiltration 
was mainly perivascular and interstitial, less intense at 
the dermal-epidermal junction, and occasionally also 
peridanexal (2/4) and perineural (1/4). Epidermal exo-
cytosis or interstitial infiltration of eosinophils occurred 
in two cases (Fig. 6 and 7).

The most significant characteristic of the TEN test was 
the full-thickness epidermal necrosis, with lymphocytes 

(43.8%), and leukocytoclasia occurred in a MPE from 
cephalosporin. Intravascular erythrocytes or neutro-
phils were observed in all patients, in one case well 
aligned along a blood vessel.

Correlation of PT histopathology with the 
pattern of CADR

In 4/5 PTs from AGEP, we observed intraepidermal 
or subcorneal spongiform pustules with neutrophil exo-
cytosis in two cases and lymphocyte exocytosis in all 
cases, a histopathologic pattern was very similar to the 
acute CADR, as shown in patient 1 (Fig. 2). Moderate 
spongiosis was observed in all cases, mostly without 
vesicles, necrotic keratinocytes or vacuolization of the 
basal layer. The dermal infiltrate was mostly perivascu-
lar, constituted mainly by lymphocytes and with asso-
ciated neutrophils in 2/5 cases (Fig. 2 and 3).

In MPE, the most striking feature was the vacuoliza-
tion of the basal epidermal layer, associated with 

Table 2. Patch test results with culprit drugs, their morphology, and reactivity to related drugs

pt. Culprit drug Clinical 
pattern

Test material Test
score

Morphology Positive PT
with other drugs

1 CIP AGEP CIP 10% pet* 2+ Papules (D2);* 
flaccid pustules (D3)

Norfloxacin 10% pet* 
lomefloxacin 10% pet**

2 ACY AGEP Zovirax cream® 2+ Pustules  
“edge effect”

Other acyclovir commercial 
creams

3 CLI AGEP CLI 10% pet* 2+ Scattered papulo- pustules not 
covering the whole PT area

4 DTZ AGEP DTZ 10 % pet* 2+ Infiltration with discrete pustules

5 DTZ AGEP DTZ 10 % pet* 1+ Discrete erythema with pustule

6 Ceftriaxone MPE cefotaxime 10%* 2+ Vesicles exceeding PT area Ceftriaxone 10% pet***

7 AMX MPE AMX 10% pet* 2+ Papules and discrete vesicles Ampicillin 10% pet*

8 CIP MPE CIP 10% pet* 1+ Papules  
“edge effect”

Norfloxacin 10% pet*

9 Cefazolin MPE cefoxitin 10% 
pet**

2+ Papules discrete vesicles Cefazolin 10% pet*

10 AMX MPE AMX 10% pet* 2+ Vesicles exceeding PT area Ampicillin 10% pet*

11 AMX MPE AMX 10% pet* 2+ Vesicles exceeding PT area Ampicillin 10% pet* 
dicloxacillin 10% pet* 
ceftriaxone 10% pet*

12 CBZ DRESS CBZ1, 10% pet* 2+ Papules discrete vesicles Ampicillin 10% pet* 
amoxicillin 10% pet*

13 Abacavir 
(HAART)

DRESS Ziagen® 
10%pet***

3+ Confluent vesicles widely  
exceeding PT area

14 PHY DRESS PHY 10% pet* 1+ Faint erythema papules PHY 5% pet**

15 CBZ + AMX DRESS CBZ1, 10%pet* 2+ Vesicles exceeding PT area

16 CBZ TEN CBZ 1, 10%pet* 3+ Exuberant reaction confluent vesicles CBZ 20%pet**

PT: patch test; *CIP: ciprofloxacin, ACY: acyclovir, CLI: clindamycin, DTZ: diltiazem, AMX: amoxicillin, CBZ: carbamazepine, PHY: phenytoin, ALP: allopurinol;  
*pet: petolatum; **allergens from Chemotechnique Diagnostics; ***pure chemicals prepared in house; ****freshly prepared powder of the pills.
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histopathology. Apart from erythema, infiltration and ves-
icles typical of ACD, drug PTs showed different morpho-
logic patterns, namely vesicle confluence and skin 
necrosis with Nikolsky’s sign in TEN and pustules in AGEP.

The main histopathologic changes observed in drug 
PTs spongiosis, lymphocyte exocytosis forming vesi-
cles, a dermal inflammatory infiltrate with perivascular 
and interstitial lymphocytes, occasional eosinophils 
and extravasation of erythrocytes, is also the pattern 
usually described in PTs with contact allergens49. 
Nevertheless, apart from these common findings,  
drug PT has particular histopathologic aspects that  
are not typical of ACD, namely subcorneal pustules, 
basal cell vacuolization and necrotic keratinocytes, 
which are more characteristic of T cell-mediated drug 
eruptions50.

surrounding necrotic keratinocytes as in “satellite cell 
necrosis.” Marked subepidermal edema and large uniloc-
ular subcorneal vesicles with necrotic keratinocytes 
around them were also observed in a limited area of the 
skin biopsy (Fig. 7).

Discussion

PT is usually performed in delayed CADR to identify 
the culprit drug, but a skin biopsy is seldom performed. 
Therefore, apart from occasional case reports, most from 
AGEP, there are very few descriptions of the histopathol-
ogy of patch tests in CADR. In this study, we included 
16 patients with positive drug PT in different clinical pat-
terns of CADR and PT showed features that simulated 
the acute eruption, both macroscopically and on 

Table 3. Epidermal changes in skin biopsies of positive patch tests

pt Clinical 
pattern

Horny 
layer

Spon-
giosism

Exocy-
tosis

Main cells Vesi-
cles

Pustules Main
localization

Necrosis Vacuolation

1 AGEP OtK 3 6 Neut 0 4* Intra-
subcorneal

0 0

2 AGEP Pkt 3 6 Neut 0 10* Intra- 
subcorneal

0 2

3 AGEP OtK/Pkt 4 2 Ly 0 3 Follicullar 
infindibula

0 0

4 AGEP Pkt 4 4 Ly
Neut

0 6 Subcorneal 0 0

5 AGEP OtK 0.5 3 Ly 0 0 0 0

6 MPE OtK 8 4 Ly 4 0 Acro-syringium 0 4

7 MPE OtK 4 7 Ly 1** 4 Eccrine 
channel

0 8

8 MPE OtK 6 4 Ly 0 0 0 1+

9 MPE OtK/Pkt 6 8 Ly
Neut

5 4 Intra- 
subcorneal

0 1

10 MPE OtK 4 6* Ly 0 0 0 2+

11 MPE OtK 2 2.5 Ly 0 0 0 0.5+

12 DRESS OtK 4 8* Ly
Eos++

12 0 0 3

13 DRESS OtK 12 9* Ly
Neut
Eos

12 0 5 6

14 DRESS OtK 3 3 Ly 2** 0 0 2+

15 DRESS OtK 10 6 Ly 12 0 0 0

16 TEN Pkt 3 8 Ly
Neut

8 0 12 10

% O-81%
P-31%

100% 100% L-87.5%
N-37.5%
E-12.5%

50% 37.5% 12.5% 68.8%

*pet: petolatum; **allergens from Chemotechnique Diagnostics; ***pure chemicals prepared in house; ****freshly prepared powder of the pills.  
AGEP - Acute generalized exanthematous pustulosis, MPE - maculopapular exanthema; DRESS - Drug reaction with eosinophilia and Systemic Symptoms;  
OtK - orthokeratosis; PkT - parakeratosis; Ly - lymphocytes; Neut - Neutrophils; Eos - eosinophils;
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Figure 4. A: positive patch tests in cases of MPE from ceftriaxone, B: amoxicillin, H: ciprofloxacin that on histopathology 
(H&E 40-200x) showed significant vacuolization of basal cells (B, G, J), F: lymphocyte exocytosis forming small vesicles 
or E and G: clusters of histiocytes, B and C: a dense dermal infiltrate with intravascular neutrophils.
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present in Naim’s study, respectively in 85%, 28% 
and 38% of their 60 biopsies of MPE50. On the contrary, 
we found no necrotic keratinocytes in PT from MPE, 
reported in 22% of Naim et al. cases50, but this may be 
explained by his inclusion of cases of exanthema asso-
ciated with DRESS, where we found such a pattern.

Actually, histopathologic findings in positive PTs in 
DRESS were similar to MPE, although more intense and 
with scattered necrotic keratinocytes, reflecting a higher 
aggressive capacity of T cells that cause a more severe 
and long-lasting exanthema61. Necrotic keratinocytes 
are also observed in skin lesions during the acute exan-
thema of DRESS, and according to Walsh et  al., they 
are associated with the worst prognosis and more severe 
hepatic cytolysis62, although we could not confirm it63. 
Necrotic keratinocytes were particularly important in a 
PT from abacavir, with predominantly CD8+ T cells, 
some migrating to the epidermis where they colocalized 
with necrotic keratinocytes, suggesting a direct cytotoxic 
mechanism. This is in agreement with the participation 
of CD8+ cytotoxic T cells in abacavir hypersensitivity, as 
these cells recognize the drug in association with HLA-
B*57:0164,65, the HLA haplotype also present in our 
patient. Both in PTs and in the acute exanthema in 
DRESS, lymphocyte infiltration formed a dense perivas-
cular and/or interstitial infiltrate, with significant exocyto-
sis forming epidermal microabscesses, as in cutaneous 
T cell lymphoma/mycosis fungoides, but with no atypical 

Moreover, histopathology of positive drug patch tests 
shared many features with acute CADR. PTs in AGEP 
showed neutrophilic exocytosis and intraepidermal  
pustules with a spongiform pattern, as previously  
reported34,51-54. Nevertheless, lymphocytes were the 
main cell in exocytosis and in the dermal inflammatory 
infiltrate, which is in agreement with the understanding 
that drug-specific T cells, particularly Th17, are the 
main effector cells in AGEP. They infiltrate the skin 
during the CADR, and interleukin (IL-17) activates kera-
tinocyte secretion of IL-8/CXCL8 that, directly or indi-
rectly through IL-17 and IL-22, attract neutrophil to the 
epidermis and, along with granulocyte-macrophage 
colony-stimulating factor, enhances epidermal survival 
of neutrophils and pustule formation47,55-57. This also 
occurs in pustular PTs from contact allergens, like 
nickel, related to the secretion of high amounts of 
IL-17 by some Ni-specific T cells58,59 and may explain 
the intraepidermal pustules in the positive PTs in AGEP.

In PTs from MPE, we observed mainly a perivascular 
and dermal interstitial lymphocyte infiltrate, spongiosis, 
and exocytosis, and very particularly, vacuolization of the 
keratinocytes in the basal layer very similar to the histo-
pathologic changes described early during the course of 
MPE in two studies involving 48 and 35 patients50,60. 
Dermal edema, extravascular erythrocytes and neutro-
phils in the lumina of blood vessels, observed by us 
respectively in 67, 67, and 100% of the PT, were also 

Figure 5. A: positive patch test from carbamazepine in a case of DRESS with remarkable spongiosis and many 
vesicles (B-D: H&E 40x-200x), clusters of histiocytes within the vesicles (E: H&E 100x) and a dense dermal 
inflammatory infiltrate with eosinophils (F: H&E-200x).
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The single case of a positive patch test in TEN is a 
very good example of the histological similarity between 
the acute CADR and the skin test, which showed 
full-thickness epidermal necrolysis, the hallmark of 
TEN68,69, and lymphocyte exocytosis with CD8+ T-cells 
surrounding necrotic keratinocytes, resembling satellite 
cell necrosis (satellitosis) as described in acute 
graft-versus-host disease and TEN70,71. This may rep-
resent direct cytotoxicity of drug-specific T cells that 
recognize and kill keratinocytes expressing HLA com-
bined with the drug72, although keratinocyte necrolysis 
in TEN is mainly mediated by soluble factors that may 
exert their necrolytic/apoptotic effect at a distance, like 
granulysin, FasL, TNF-α, and other TNF related death 
molecules73-75.

cells or a pseudolymphomatous reaction, as occasion-
ally observed in the acute exanthema63,66. Eosinophilia, 
a hallmark of DRESS, is not associated with a prominent 
skin infiltration by eosinophils, neither during the acute 
eruption63 nor in the PTs we studied.

Globally, histopathology findings from DRESS and 
MPE are quite similar both during the acute exan-
thema and in positive PT, particularly when consider-
ing basal cell vacuolization, exocytosis and the 
perivascular and dermal-epidermal infiltrate50,46. 
These similarities at the histopathology level may rein-
force the idea of a possible continuous spectrum 
between DRESS and maculopapular exanthema, 
which is also suggested from the clinical presentation 
of these two CADR67.

Table 4. Dermal changes in skin biopsies of positive patch tests

pt Clinical 
pattern

Histology
nº

Localization Edema Dermal infiltration Extrav RBC

Peri-
vasc

Inters-
titial

DEJ Periadnexal Main cells

1 AGEP 64572 DS 4 3 3 2 0 Neut
Ly

0

2 AGEP 71602 DS 4 6 5 0 0 Ly 0

3 AGEP 76790 DS/DR 0 2 0 0 7 folic Ly 0

4 AGEP 69376 DS 3 6 4 0 0 Ly
Neut

0

5 AGEP 71785 DS 2 4 0 0 0 Ly 0

6 MPE 72406 DS 6 9 5 3 2 acr-syr Ly
Eos

0

7 MPE 72805 DS++/DR 0 8 4 2 5 acr-syr Ly 2

8 MPE 74128 DS 3 7 3 2 0 Ly 1

9 MPE 74178 DS++/DR 2 6 4 3 2 folic Ly
Neut

6

10 MPE 76089 DS 0 6 0 3 0 Ly 0

11 MPE 76881 DS++/DR 2 5 6 1 8 folic Ly
Eos

1

12 DRESS 73380 DS++/DR 1 7 2 3 0 Ly 10

13 DRESS 71825 DS/DR/DD 6 10 8 2 3 folic Ly
Eos*

0

14 DRESS 74806 DS/DR 4 6 1 1 4 acr-syr Ly 0

15 DRESS 74027 DS 4 5 4 3 0 Ly 6

16 TEN 66661 DS 10 8 9 6 2 peri-  
eccrine

Ly
Eos*

8

% 13/16
81.3%

16/16
100%

13/16
81.3%

12/16
75.0%

8/16
50%

L-100%
N-18.8%
E-25.0%

7/16
43.8%

DS/DR/DD: dermis superficialis, dermis reticularis, deep dermis:
DEJ: dermal-epidermal junction;
*RBC: red blood cells;
*Ly: lymphocytes, Neut: neutrophils, Eos: eosinophils;
*folic: follicular; acr-syr: acrosyringeal,
*eosinophils mainly in the interstitial dermis.
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have shown, PTs have macroscopic and histopatholog-
ical findings that somehow simulate acute CADR. 
Therefore, they can be considered a form of a localized 
drug provocation test, which is safer than systemic 
provocation, although less sensitive1.

The reduced number of PT reactions studied, and a 
very limited number in each clinical pattern of CADR is 
an important limitation of this study, but we could show 
that a positive patch test in a non-immediate CADR  
partially reproduces the clinical and histopathologic  
pattern of the corresponding CADR. This data, reinforced 
by the isolation of drug-specific T cells from positive 
patch tests with a phenotype similar to those found in the 
blood or on the skin during the acute eruption43, support 
the possibility of using patch testing to study the main 
effector cells, their phenotype and aggressive machinery 
and evaluate how the cells use of their effector functions 
to produce the skin inflammation in non-immediate CADR.

Ethical disclosures

Protection of human and animal subjects. The 
authors declare that the procedures followed were in 

The combination of histopathologic findings, their rel-
ative proportion and intensity in PTs from different 
CADR suggests the contribution of different effector 
mechanisms in PTs as observed during the acute 
CADR where distinct T cell-phenotypes orchestrate the 
immuno-inflammatory effector skin reaction inducing 
different clinical patterns of CADR76-79. As drug-specific 
T cells isolated from positive patch tests were shown 
to have functional characteristics similar to those iso-
lated from the skin during the acute eruption43,80, it may 
be expected that patch tests also reflect, macro and 
microscopically, the variability in effector function of the 
different sub-phenotypes of drug-specific T cells that 
recognize the drug when it is applied in the skin during 
PT. This can support our findings with histopathologic 
changes in PT mimicking those usually observed in the 
corresponding type of CADR.

Conclusion

PT is a useful tool to confirm the culprit drug involved 
in non-immediate CADR and study cross-reactions, 
which is relevant for patient orientation. Also, as we 

Table 5. Mean scores for epidermal (a) and dermal (b) changes and their frequency (%) in patch tests from the 
different clinical patterns of CADR

a)

Clinical
pattern

Epidermal changes

Spongiosis Exocytosis Vesicles Pustules Keratinocyte necrosis Keratinocyte 
vacuolization

AGEP 3.5 
± 0.6 100% 4.2 

± 1.8 100% 0 0% 4.6 
± 3.7 80% 0 0% 0.4 

± 0.9 20%

MPE 5 
± 2.1 100% 5.3 

± 2.1 100% 1.7 
± 2.3 67% 1.3 

± 2.1 33% 0 0% 2.8 
± 2.9 100%

DRESS 7.3 
± 3.8 100% 6.5 

± 2.3 100% 9.5 
± 4.3 100% 0 0% 1.3

± 2.5 25% 2.8 
± 2.2 80%

SJS/TEN 3 8 8 0 12 10

b)

Clinical
pattern

Dermal changes

Edema Extravascular RBC
Inflammatory infiltrate

Perivascular Interstitial DEJ

AGEP 2.6 ± 1.7 80%  0 0% 4.2 ± 1.8 100% 2.4 ± 2.3 60% 0.4 ± 0.9 20%

MPE 2.2 ± 2.2 67% 1.7 ± 2.2 67% 6.8 ± 1.5 100% 3.7 ± 2.1 83% 2.3 ± 0.8 67%

DRESS 3.8 ± 1.7 100% 4.0 ± 4.1 50% 7.0 ± 1.8 100% 3.8 ± 3.0 100% 2.3 ± 0.8 100%

SJS/TEN 10 8 8 9 6

RBC: red blood cells; DEJ: dermo-epidermal junction.
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Figure 6. A: positive patch tests in DRESS from abacavir (Ziagen®) that on histopathology (H&E 25x-400x) showed,  
B: large vesicles and C: a dense perivascular lymphocyte infiltrate in the upper and mid-dermis, D: significant basal 
cell vacuolization, F: isolated necrotic keratinocytes, E: exocytosis of lymphocytes forming microabscesses and  
G: eosinophils within the dermal infiltrate, although there was no eosinophilia during the acute phase. CD8+ T cells 
were predominant in the infiltrate, mainly below areas of more intense epidermal involvement, I: several CD8+ T cells 
adjacent to necrotic keratinocytes. J: staining for granzyme B was relatively poor.
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Figure 7. A: severe TEN from carbamazepine, B: positive patch testing with confluent vesicles and epidermal 
necrosis. C: histopathology of the patch test (H&E 25x-400x) showed many intraepidermal vesicles; D: necrosis 
involving the whole epidermal thickness; E, F and G: isolated or confluent necrotic keratinocytes often with adjacent 
lymphocytes. H: the infiltrate was mostly formed by CD3+ T cells, I: mainly CD8+, both in the dermis and epidermis,  
J: reduced infiltration of CD56+ cells.
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Abstract

Hidradenitis suppurative (HS) is a multifactorial, recurrent, chronic inflammatory disease with a significant impact on patient’s 
quality of life. The etiopathogenesis of this complex condition is not fully understood. In this systematic review, we aimed to 
address and clarify the role of genetics, immunity, endocrinology, and skin microbiome together with risk factors in HS etio-
pathogenesis. A systematic review, following Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines, was performed using PubMed® and Web of ScienceTM databases on December 3rd, 2021, using patient/population, 
intervention, comparison and outcomes (PICO) criteria, limited to the last 10 years and English. Reports were analyzed by 
two independent reviewers. A total of 123 reports were included and divided into five sections: genetics, immunity, endocrino-
logy, microbiome, and risk factors. Regarding genetics, up to 30-40% of patients have a positive family history of HS but only 
a small subset of these harbor genetic variants in components of the gamma-secretase complex. In fact, in more than 90% 
of HS patients, the genetic features contributing to disease development remain largely unknown. The immune response is 
also crucial for HS; it is characterized by antimicrobial peptide and proinflammatory cytokine dysregulation, namely interleukin 
(IL)—IL-23, IL-12, and Th17 immune response. This immune response in local and, consequently, systemic inflammation is 
amplified in patients with metabolic syndrome. The relationship between metabolic syndrome and HS is clear, and patients 
with metabolic syndrome have a higher risk of developing HS. The most recent evidence also associates skin microbiota 
dysbiosis with HS pathogenesis, contributing to local and systemic inflammation. Besides these intrinsic factors, the role of 
lifestyle in the development of HS is well accepted. Tobacco smoking and obesity are the main risk factors identified as con-
tributing to HS pathogenesis. Chronic inflammation characterizes HS, a debilitating condition with a complex and multifactorial 
etiopathogenesis. The current model integrates genetics, immunity, endocrinology, and skin microbiome. Notwithstanding, 
efforts should be made to improve our comprehension of HS etiopathogenesis, hopefully leading to the development of more 
effective treatments.

Keywords: Gamma-secretase complex. Etiopathogenesis. Risk factors. Hidradenitis suppurativa. Immunity. Microbiome.
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Introduction

Hidradenitis suppurativa is a multifactorial, recurrent, 
chronic inflammatory condition with a significant impact 
on a patient’s quality of life. The epidemiology of HS is 
not well established, but some studies indicate a prev-
alence of 1% in the European population1. There is no 
available epidemiological HS data regarding the 
Portuguese population. A study by Santos et al. eval-
uated Portuguese hospitalized patients with HS and 
concluded that the highest incidence rate occurred 
between 20 and 29 years old in females and 40 and 
49 years old in males2.

The onset of the disease usually occurs after puberty. 
HS frequently affects apocrine gland-bearing skin, 
mainly in the axilla, groin, breast area, gluteal and per-
ineal regions. The initial pathophysiology of HS is prob-
ably related to alterations of the infundibular epithelium 
leading to follicular “plugging” and subsequent stasis 
of follicular content, propagation of resident bacteria, 
and dilation of the hair follicle unit. This cascade occurs 
in a background of immune dysfunction, both innate 
and adaptive3-6.

HS is frequently neglected, with a subsequent delay 
in diagnosis, which contributes to a dramatic decrease 
in patients’ quality of life. The patient’s delayed referral 

Resumo

A hidradenite supurativa (HS) é uma doença inflamatória, multifatorial, recorrente e crónica com um impacto significativo 
na qualidade de vida dos doentes. A etiologia desta condição complexa não é totalmente compreendida. Nesta revisão 
sistemática, pretende-se abordar e clarificar o papel da genética, imunidade, endocrinologia, microbioma cutâneo e fatores 
de risco que contribuem para o desenvolvimento da HS. A revisão sistemática, seguindo as orientações PRISMA, foi rea-
lizada através de uma pesquisa bibliográfica nas bases de dados PubMed® e da Web of ScienceTM a 3 de dezembro 
de 2021, utilizando critérios do PICO, e limitada aos últimos 10 anos e inglês. Os estudos a serem incluídos foram anali-
sados por dois revisores independentes. Um total de 123 estudos foram selecionados e divididos em cinco secções: 
genética, imunidade, endocrinologia, microbioma e fatores de risco. Em relação à genética, cerca de 30-40% dos doentes 
têm uma história familiar positiva de HS, mas as variantes genéticas das componentes do complexo da gama secretase 
só estão identificadas num número reduzido de doentes. De facto, em mais de 90% dos doentes com HS, a componente 
genética que contribui para o desenvolvimento da doença permanece desconhecida. A resposta imunitária é também 
crucial para a HS: caracteriza-se pela desregulação dos péptidos anti-microbianos assim como das citocinas pró-inflamatórias, 
nomeadamente IL-23, IL-12 e resposta Th17. Esta resposta que ocorre na inflamação local e consequentemente sistémica 
é exacerbada em doentes com síndrome metabólica. A relação entre a síndrome metabólica e a HS é clara, e os doentes 
com síndrome metabólica tem um risco elevado para o desenvolvimento de HS. As evidências mais recentes correlacionam 
também a disbiose do microbioma cutâneo com a patogénese da HS, contribuindo para a inflamação local e sistémica. 
Além destes fatores intrínsecos, o papel do estilo de vida no desenvolvimento da HS está bem estabelecido. O tabagismo 
e a obesidade são os principais fatores de risco identificados que contribuem para a patogénese da HS. A inflamação 
crónica caracteriza a HS, uma condição debilitante com uma etiologia complexa e multifatorial. O presente modelo integra 
a genética, a imunidade, a endocrinologia e o microbioma cutâneo, e poderá contribuir para o desenvolvimento de trata-
mentos mais eficazes.

Palavras-chave: Complexo gamma-secretase. Etiologia. Fatores de risco. Hidradenite supurativa. Imunidade. Microbioma. 

may have an impact on the optimal time frame for the 
beginning of treatment in a disease in which the sooner 
the treatment is started, the better the outcome will be.

The number of publications concerning HS has 
increased significantly in recent years as a direct con-
sequence of increased awareness of the disease 
among clinicians of different specialties. Moreover, the 
knowledge regarding the contribution of genetics, 
microbiome, immunity, endocrinology, and environmen-
tal risk factors for the pathophysiology of the disease 
has advanced enormously (Fig. 1). Notwithstanding, it 
remains a complex condition with multifactorial etio-
pathogenesis that is yet to be fully understood, requir-
ing a multidisciplinary approach5.

The aim of this systematic review of the literature 
is to summarize the most recent advances in the 
knowledge of the pathophysiology of HS, thus con-
tributing to a better understanding of the disease 
and, consequently, to improved management of 
patients with HS.

Methods 

This review followed the Preferred Reporting Items 
for Systematic reviews and Meta-Analysis (PRISMA)7. 
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The PubMed® and the Web of ScienceTM databases 
were searched on December 3rd, 2021, using the 
strings “hidradenitis suppurativa AND (hormone* OR 
female hormone* OR androgen converting enzyme* 
OR obesity OR endocrinology OR contraceptive* OR 
androgen* OR estrogen* OR puberty OR hirsutism OR 
polycystic ovary syndrome OR finasteride),” “hidradeni-
tis suppurativa AND (genetic* OR genetic signature OR 
gamma secretase (GSC) complex mutation* OR 
PSENEN OR PSEN1 OR NCSTN OR NOTCH),” “hidra-
denitis suppurativa AND (innate Immunity OR adapta-
tive immunity OR cytokine* OR tumor necrosis factor 
alpha (TNF-α) OR IL-13 OR IL-23 OR IL-1 OR IL-17 OR 
IL-36 OR IL-6 OR autoimmunity OR follicular occlusion 
OR folicular rupture OR defensin* OR complement OR 
autoinflammation OR AMP*),” “hidradenitis suppurativa 
AND (skin microbiome OR microbiome OR pathogen* 
OR bacterial colonization OR biofilm* OR antibiotic*), 
hidradenitis suppurativa AND (risk factor* OR smoking 
OR nicotine OR electronic cigar* OR obesity OR  
intestinal inflammatory disease* OR rheumatologic* 
disease* OR professional risk OR labor risk OR occlu-
sion OR friction OR hyperhidrosis OR cannabinoid*),” 
limited to papers written in English and published in the 
last 10 years. The papers obtained from these searches 
were joined and the duplicates were removed. 
Afterward, these papers were divided into five main 
fields that included endocrinology, genetics, immunity, 
microbiome, and risk factors. All the abstracts from 
each field were reviewed by two different authors. 
Reviews, case reports, and case series were not 
considered.

Results

A detailed flow chart with the results of the literature 
search is shown in Figure 2. We exported 4342 references 
from PubMed and Web of Science, and after the 
removal of duplicates and records without available 
abstracts, a total of 1277 references were retained. 
From this total of 1277 studies, divided into five main 
fields, 1168 were excluded by applying the selection 
criteria (959 by title and abstract and 209 that include 
treatment approach, which is out of the scope of the 
review). Fourteen additional studies were identified 
through reference tracking, citation, and grey literature. 
Finally, 123 studies were included in this review.

Genetics

Among patients with HS, up to 40% have a familiar 
history of the disease showing autosomal dominant 
inheritance with incomplete penetrance8. Causative 
monogenic mutations are rare and only explain 5% of 
HS cases9. Moreover, the family history of HS impacts 
the onset of the disease: early onset is associated with 
a family history of HS and with the development of 
inflammatory lesions at a higher number of body 
sites10,11. However, the full contribution of genetics has 
not been fully elucidated. A cross-sectional Dutch Twin 
Cohort showed that 1.2% (58 of 4686) of the twin pairs 
included in the study had HS with narrow-sense heri-
tability of 77%12. The remaining variance is due to 
environmental factors supporting the multifactorial 
characteristic of the disease12. This polygenic and mul-
tifactorial pattern was recently corroborated in a nation-
wide registry study of Danish twins that estimated the 
relative importance of genetic and environmental fac-
tors underlying susceptibility to HS. This study showed 
that among the 170 twins with a HS diagnosis, 
gene-gene interactions are the likely cause of HS 
rather than unique mutations9.

Some specific genes have been associated with the 
development of HS. GSC complex is a multi-subunit 
protease complex consisting of presenilin-1 (PSEN1)/
presenilin-2 (PSEN2), presenilin enhancer gamma- 
secretase subunit (PSENEN), nicastrin (NCSTN), and 
anterior pharynx defective 1a (APH1A)/anterior pharynx 
defective 1b (APH1B). This complex is essential for the 
maturation of hair follicle cells and for normal immune 
system function13. Studies have demonstrated that 
loss-of-function mutations in the components of this 
complex lead to decreased protease cleaving activity, 
probably compromising canonical Notch signaling14. 

Figure 1. Overview of HS pathophysiology.
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Immunity

HS should be classified as an immune-mediated dis-
ease.5 The initial events in the development of HS can 
trigger an exaggerated response of the cutaneous 
immune system, resulting in the transformation of mild 
acute events into chronic inflammation of affected skin 
areas with the formation of recurrent nodules and der-
mal tunnels (Figure 3A)5.

Disease progression can lead to systemic inflamma-
tion, amplifying the local inflammatory cascade and 
probably facilitating extracutaneous comorbidities.5  
Despite the consensus that immune dysregulation plays 
a major role in the development of chronic inflammatory 
lesions in HS, critical details such as specific cytokines 
and pathways involved, immune signature, and relative 
contributions from both innate and adaptative immune 
systems remain to be properly clarified. Figure 3B sche-
matizes the findings in lesional and perilesional HS skin 
and relevant serum biomarkers reflecting the impact of 
immunity in the physiopathology of HS.

Innate immunity is crucial for developing HS28,29. This 
was demonstrated by the up-regulation of messenger 
RNA (mRNA) levels of antimicrobial peptides (AMP)30 and 
proteins such as human-β-defensin 1 (hBD-1), hBD-2, 
and hBD-3, cathelicidin (LL-37), ribonuclease 7 
(RNase 7), and nucleotide-binding oligomerization 

The mutations in NCSTN are responsible for cases of 
familial HS by regulation of in vitro keratinocytes’ 
inflammatory responsiveness through the Notch and 
PI3K/AKT signaling8,15. PSENEN mutations alone 
seemed to be insufficient to cause HS3. An in silico 
study demonstrated that mutations in GSC associated 
with HS have a structural impact and potentially also 
functional impact on the GSC, namely substrates 
receptor tyrosine-protein kinase (ErbB4), sodium chan-
nel subunit beta-1 (SCNB1), and tyrosine kinase with 
immunoglobulin-like and EGF-like domains 1 (Tie1), 
that could contribute to a genetic signature of HS16.  
Besides the known loss-of-function mutation in the GS 
complex, a splice site mutation, c.582-1delG in NCSTN, 
was identified in Japanese familial HS17.

Beyond these in vitro and in silico studies, there are 
also clinical studies aiming to address the genetic/genomic 
alterations in patients/families with HS. Apart from GSC 
genes, other genetic factors are also important in the 
pathophysiology of HS. Genes directly related to the 
IL-12/IL-23-Th17 pathway18, β-defensin genes (namely 
DEFB4 and DEFB103)19, sphingolipid metabolism path-
way20, DNA hydroxymethylation regulators21, and human 
leukocyte antigen system (HLA)22, have already been 
associated with HS (Table 1).

Figure 2. PRIMA flow for systematic review of the literature adapted from Page MJ (2021)7.
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HS development33. Furthermore, the elevated levels of 
cathelicidin in HS lesions were correlated with the pres-
ence of a Th1/Th17 immune response39.

On the contrary, decreased expression of innate 
defense AMP was shown in hair follicles, namely  
the deficient production of RNase 7 and reduced 

domain-containing (NOD2)31 in lesional and non-lesional 
skin32. Cathelicidin immunoreactivity was significantly 
increased both in HS epidermis and dermis, along with 
TNFα. This raises the question of whether the secretion 
of AMP by the skin could amplify cytokine production 
(and therefore inflammation), thus facilitating/promoting 

Table 1. Studies involving genetic/genomic alteration in patients with HS 

Study Methods Main results

Theut Riis, P.23 Whole-exome sequencing and Mendelian 
analysis of 11 families with HS from Denmark.

	- Mutation in the Notch pathway for all families.
	- Mutation in PSENEN and APH1B was found.
	- A causative mutation for each family was not found.

Vural, S.13 Sanger sequencing of all exons and exon-
intron boundaries of GSC genes in 38 patients 
with clinically diagnosed HS.

	- GSC gene mutations were detected in 3.2% of individuals 
with HS

	- Logarithm of odds never exceed 1.5: multi-genic 
inheritance pattern within the affected family.

Giatrakos, S.18 Sanger sequencing of IL12RB1: 139 patients 
and 114 healthy controls.

	- No significant differences between genotype and allele 
frequencies between the two groups.

	- H1 haplotype (major frequency alleles in the studied 
SNPs) was associated with late-onset disease.

	- H2 haplotype (minor frequency alleles in the studied 
SNPs) was associated with a greater risk of the 
acquisition of Hurley III disease stage and with the 
involvement of a greater number of skin areas. 

Giamarellos-Bourboulis, 
E.J.19

Copy number variations of DEFB 163 patients 
with HS and 185 healthy control subjects from 
Greece; 98 patients with HS and 329 healthy 
control subjects from Germany. 

	- Copy number was high in patients compared with 
controls: more than six copies were associated with a 
7.53 odds ratio for HS in the Greek cohort and 5.76 odds 
ratio for HS in the German cohort.

	- Fewer than six copies of the gene were associated with 
earlier onset disease, less frequent presentation of skin 
lesions with permanent purulent discharge, and fewer 
affected skin areas. 

Dany, M.20 Gene expression of enzymes involved in 
sphingolipid metabolic pathway in 
inflammatory skin lesions from 17 HS patients 
and 13 clinically healthy skin subjects. 

HS patients had decreased expression of enzymes 
generating ceramide and sphingomyelin, and increased 
expression of enzymes catabolizing ceramide to sphingosine 
and of those converting ceramide to galactosylceramide 
and gangliosides. 

Hessam, S.21 Expression of DNA hydroxymethylation 
regulators: TET and IDH family in 20 patients 
with HS (lesional and perilesional tissue) and 
12 healthy subjects. 

All genes were under-expressed in lesional HS skin. Some 
of them were also under-expressed in perilesional skin. 

He, Y.24 Relation between NCSTN mutations and 
miRNA microarray expression in five familial 
HS patients.

NCSTN mutations lead to decreased miR-30a-3p levels 
impacting the RAB31/EGFR signaling pathway.

Rumberger, B.E.25 Expression of 114 genes in the skin of 34 
patients with mild to severe HS and 16 
healthy subjects.

129 genes were upregulated in HS skin and associated with 
immune activation. It includes pro-inflammatory cytokines, 
IL-17-associated cytokines, IL-10 family of cytokines, and 
IFN family members. 

Zouboulis, C.C.26 Whole transcriptome profile of apocrine 
glands isolated from skin biopsies of involved 
and uninvolved skin of 16 HS patients.

SULF1 is upregulated in the apocrine glands of all patients. 
The expression of other genes seemed to be gender-
dependent.

Hessam, S.27 NCSTN, Notch1-3, PIK3R, and AKT mRNA and 
protein expression in healthy controls and 
lesional/perilesional skin of patients with HS.

All the studied genes are overexpressed in HS lesions. 
Gene expression in perilesional skin is associated with 
disease severity. 

Ocejo-Vinyals, J.G.22 HLA allele distribution in 106 HS patients and 
262 healthy controls from a Caucasian 
population.

HLA-II alleles (DRB1*07, DQA1*02, DQB1*02, and 
DQB1*03:01) and the DRB1*07~DQA1*02~DQB1*02 
haplotype could influence resistance or susceptibility to HS

TET: ten-eleven translocation; IDH: isocitrate dehydrogenase; IFN: interferon; IL: interleukin; SULF1: sulfatase 1; HLA: human leukocyte antigen system; SNPs: single 
nucleotide polymorphisms.
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A

B

Figure 3. Initial events of HS and the contribution of the immune system to the pathophysiology of the disease.  
A: initial events of HS: The initial pathophysiology of HS is related to alterations of the infundibular epithelium that 
lead to follicular “plugging” and subsequent stasis of follicular content, propagation of resident bacteria, and dilation 
of the hair follicle unit3-6. IFN: interferon; DNA: deoxyribonucleic acid; APC: antigen-presenting cells. B: changes in 
immune system components in lesional, perilesional skin, and serum in HS patients. There is a dysregulation of AMP 
mechanisms contributing to the development of HS. Both innate and adaptive immune systems are involved in the 
HS process, with upregulation of pro-inflammatory cytokines in both lesional and perilesional skin. There is some 
evidence concerning up-regulation of serum biomarkers. Nevertheless, only high levels of C-reactive protein are 
consistent among patients with HS28-42. AMP: antimicrobial peptides; hBD: human-β-defensin; LL-37: cathelicidin; 
RNAase 7; ribonuclease 7; NOD2: nucleotide-binding oligomerization domain-containing 2; ICAM: intercellular 
adhesion molecule; TGFβ: tumor growth factor β; IL: interleukin; CRP: C-reactive protein; LCN2: lipocalin 2; c5a: 
complement factor C5a; ESR: erythrocyte sedimentation rate.
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into two distinct subtypes: LCN2-high HS and LCN2-low 
HS; the former exhibits an overall higher inflammatory 
burden and upregulation of targetable cytokine genes, 
namely IFN-ϒ, IL-6, IL-1B, TNF, and colony-stimulating 
factor 340.

The levels of pro-inflammatory cytokines IL-1β, TNFα, 
IL-8, IL-28, IL-32, IL-23, the anti-inflammatory cytokine 
IL-10, and IL-6 (with both pro-inflammatory and 
anti-inflammatory roles) were also raised in HS lesional 
and perilesional skin, showing a positive correlation  
with disease severity28,30,32,48-51. This presence of 
pro-inflammatory cytokines beyond HS lesions could 
explain the high recurrence rates after surgical exci-
sion, highlighting the importance of systemic inflamma-
tion in the progression of the disease. In wound exudate 
samples collected from eight HS patients, IFN-ϒ levels 
were also significantly elevated compared to chronic 
wounds, demonstrating a significant inflammation52. 
IL-36 family was also dysregulated in HS lesions and 
perilesional skin. Interestingly, although IL-36α, IL-36β, 
IL-36ϒ, and IL-36Ra were overexpressed in lesional HS 
skin compared with healthy controls, IL-37 and 
IL-38 were overexpressed in perilesional skin but down-
regulated in lesional skin53.

Other members of the TNF superfamily, CD27, and 
OX40, are preferentially expressed by skin resident 
regulatory T cells. Under inflammatory conditions, 
CD27 and OX40 lack the capacity to suppress 
Th17-associated genes, increasing the production of 
IL-17 in the skin of patients with psoriasis and HS54.

Mesenchymal stem cells can be isolated from differ-
ent tissues, including skin. There is some evidence of 
their involvement in the early phase of HS develop-
ment. Mesenchymal stem cells isolated from the skin 
of 11 patients with HS exhibited elevated levels of T-cell 
cytokines, namely, IL-6, IL-10, IL-12, IL 17A, TNFα, 
TGFβ, and IFN-ϒ, showing an immune dysregulation55. 
Hair follicle stem cells and, more precisely, the outer 
root sheath cells isolated from HS patients had 
increased proliferation of progenitor cells, losing quies-
cent stem cells and leading to the production of type 
I IFNs and skin inflammation56.

Besides inflammatory markers in lesional and perile-
sional HS skin, serum inflammatory markers such as 
IL-6, IL-17, IL-26, IL-36, C-reactive protein (CRP), serum 
amyloid, C5a, and erythrocyte sedimentation rate are 
increased in HS patients. These were pointed out as 
possible biomarkers of HS severity and systemic 
inflammatory burden41,44,57-61. However, this is not con-
sensual: one recent study did not find significant differ-
ences in TNFα, IL-1β, IL-17A, or IL-23 in the serum of 

hBD-3 induction, which could also contribute to inflam-
mation and HS severity35. High levels of lipocalin-2 
(LCN2) were detected in serum and lesional skin from 
HS patients as a consequence of granulocyte and kera-
tinocyte response to TNFα36. TNFα overproduction is 
also stimulated by complement factor C5a, which  
is activated in HS patients and may be used as a  
surrogate biomarker for HS43. Furthermore, complement 
factors C3a and C5a are associated with 
NLRP3 inflammasome, a driver of inflammation in HS44. 
Another study evaluating the presence of innate immu-
nity markers in lesional and non-lesional skin (such as 
toll-like receptors 2, 3, 4, 7, and 9, intracellular adhesion 
molecule 1, IL-6, IL-10, TNFα, melanocyte-stimulating 
hormone, TGFβ, β-defensin 2 and 4, and IGF), showed 
a significantly decreased expression of all markers, with 
the exception of IL-10. Moreover, this downregulation 
was more pronounced in lesional skin compared to nor-
mal skin, except for TNFα45. Leukocyte populations 
seem to be dynamic in HS: in early-stage HS lesions, 
plasma cells are predominant, whereas in late stages, 
the main players are granulocytes46.

Different studies tried to identify a cytokine profile in 
lesional, perilesional, and healthy skin. The IL-23/Th17  
pathway has been recurrently evaluated in HS due to 
its important role in promoting excessive tissue inflam-
mation. Tissue samples from lesional HS skin, com-
pared with healthy skin, showed that IL-12 and IL-23 were 
abundantly expressed by macrophages infiltrating pap-
illary and reticular dermis. Moreover, IL-17-producing 
T-helper cells, which are important sources of proin-
flammatory cytokines, were also found more often in 
lesional HS dermis than in healthy controls’ skin37,38,47. 
Treatment with anti-TNFα drugs induces a significant 
reduction of cutaneous Th17 cells and was shown to 
balance the immune dysregulation of HS38. Further 
studies have associated the Th1/Th17 axis with the 
inflammatory profile of HS skin, namely through the 
demonstration of clustering of IL-17, interferon (IFN)—
IFN-ϒ, IL-12, IL-23, IL-32, IL-1β, and TNF in lesional 
skin34. A marked upregulation of IL-17 was found in 
perilesional and lesional HS skin, characterized by high 
expression of LCN2 and high inflammatory burden40. A 
recently published study, using RNA sequencing and 
immunohistochemistry analysis, showed a transcrip-
tomic and molecular profile of perilesional HS skin com-
parable to lesional HS skin, specifically concerning 
cluster of differentiation (CD)—CD3+, CD11C+, and neu-
trophil elastase-positive cellular infiltration, together 
with a marked upregulation of IL-17. Furthermore, the 
molecular levels of LCN2 could be used to group HS 
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Staphylococcus epidermidis are skin commensals pre-
vailing in healthy adults71. The anaerobic bacteria 
Porphyromonas spp. and Prevotella spp. were associ-
ated with HS tunnels69.

Data concerning the presence of Staphylococcus 
aureus on HS skin are contradictory since some stud-
ies report it and others do not4,68. On the other hand, 
the carriage status of S. aureus on nasal and oropha-
ryngeal mucosa was observed in 25% of HS patients 
with a prevalence of 35.3% of methicillin-resistant S. 
aureus (MRSA) associated with Hurley stage III72.

Additionally, bacterial biofilms seem to have a key 
role in promoting inflammation and breaking the innate 
skin barrier73-75. Bacterial biofilms are found in 67%-
75% of sinus tracts and infundibula and are larger in 
HS lesions than in perilesional skin75. However, in a 
case-control study, fewer bacteria aggregates and bio-
films were detected in clinically unaffected axillary HS 
skin compared to healthy skin76. Besides these results, 
the bacterial composition of HS patients´ peripheral 
blood did not differ from healthy controls77.

Finally, the skin-gut axis microbiome alpha diversity 
seemed to be lower in patients with HS. The authors 
speculated that this finding could be related either to 
disease pathophysiology or antibiotic usage78.

Endocrinology

The association between HS and metabolic syn-
drome has been suggested in several studies79-83. 
Metabolic syndrome includes diabetes mellitus, hyper-
tension, dyslipidemia, and obesity and is linked to 
chronic inflammation. Studies correlating obesity and 
HS will be further explored in the risk factors section 
chapter.

Thyroid hormones play a central role in metabolism, 
exerting pleiotropic effects on the metabolism of glu-
cose and lipids and, consequently, on adipogenesis84. 
Therefore, their role in HS has also been addressed. 
Nevertheless, although thyroid disease seems to be 
associated with HS severity, data is not consensual 
concerning the impact of decreased or increased thy-
roid function on HS (Table 3)84-86.

Like metabolic syndrome and thyroid function, poly-
cystic ovarian syndrome (PCOS) has also been linked 
to HS, although the evidence is limited87. PCOS has a 
high comorbidity burden, and there is some overlap 
with HS endocrine comorbidities, such as obesity, dia-
betes mellitus, and metabolic syndrome87. Table 3  
summarizes the different studies associating endocrine 
conditions with HS.

HS patients; only high-sensitivity CRP (hs-CRP) can be 
used as an indicator of systemic inflammation42,62.

Interleukin-36 levels were significantly higher in 
patients with HS who actively smoked or presented with 
obesity or metabolic syndrome61.

Contrary to other cytokines, the levels of IL-22 are 
decreased in patients with HS and do not correlate with 
inflammatory status or disease severity63. The role of 
the IL-22 pathway in HS was assessed in vitro using 
HS keratinocytes that exhibited significantly lower lev-
els of IL-22 compared with normal keratinocytes64.

A comprehensive understanding of B-cells in the 
pathogenesis of many skin diseases, including HS, is 
scarce65,66. Some evidence shows the production of 
antibodies by B-cells in HS, such as IgG, IgM, anti- 
Saccharomyces cerevisiae antibodies, and aspartoac-
ylase antibody, that could be novel biomarkers for dis-
ease severity67. There are also some clues demonstrating 
that B-cells can indirectly increase cytokine production, 
namely IL-10 and IL-35, and complement activation, 
with Bruton´s tyrosine kinase and spleen tyrosine 
kinase pathway activation that work as a central signal 
transduction network in HS, amplifying the pre-existing 
inflammatory response interacting with T-cells65,67. 
Despite all this data, the actual role of B-cells in HS 
remains unclear65,67.

Microbiome

Evidence that implicates the involvement of the cutane-
ous microbiome in HS pathogenesis is recent, albeit the 
association between HS and bacteria has been sug-
gested in the first reports on the disease. Microbial colo-
nization of HS lesions has been investigated in different 
studies, and most patients were found to be positive for 
bacterial colonization4,68,69. Several studies reported an 
array of bacterial specimens sporadically isolated from 
lesional HS skin or exudate using traditional cultural meth-
ods. Research based on the most recent next-generation 
genome sequencing supports that HS patients have a 
distinctive skin microbiome. The evidence from traditional 
cultural methods and next-generation sequencing are 
summarized in Table  2. Bacterial colonization is signifi-
cantly different in HS inflammatory lesions, HS tunnels, 
nonlesional HS skin, and people without HS70.

The microbiome of HS lesions comprises predomi-
nantly aerobic bacteria such as Corynebacterium  
and anaerobes such as Porphyromonas spp. and 
Peptoniphilus78. Acinetobacter and Moraxella71 are the 
main bacterial specimens found on nonlesional skin  
of HS patients, while Propionibacterium spp. and 
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Table 2. Studies on the skin microbiome in HS patients

Study Methods Main results

Jahns, A.C.4 Retrospective study including archival skin 
appendage samples of 27 HS patients.
Immunofluorescence labeling with monoclonal and 
polyclonal antibodies against gram-positive 
bacteria: Propionibacterium acnes and 
Propionibacterium granulosum.
Fluorescence in situ hybridization for 
Staphylococcus spp. identification. 

	− 56% of HS patients had bacterial colonization in hair 
follicles and/or sinus/tract.

	− Most identified bacteria: coccoids (71% of the patients) 
in the form of biofilms and microcolonies.

	− S. aureus and coagulase-negative staphylococci were 
not detected in any sample.

Katoulis, A.C.68 Percutaneous needle aspiration of 22 HS lesions 
(22 patients).
The collected material was cultured in aerobic and 
anaerobic conditions, and sensitivity tests were 
performed.

	− 68% of the patients were culture positive.
	− Aerobic bacteria were present in 86% of the samples: 

Proteus mirabilis, S. haemolyticus, and S. lugdunensis.
	− Anaerobic bacteria were isolated in 7% of the samples: 

Dermacoccus nishinomiyaensis and Propionibacterium 
granulosum.

Guet-Revillet, H.70 65 adult HS patients: cultured 149 lesional skinfold 
samples and 175 unaffected skinfold control 
samples.
Microbiome of 80 anaerobic lesions was compared 
to 88 control samples
Next-generation sequencing 16S ribosomal RNA 
gene.

	− Anaerobic bacterial cultures were detected in 83% of 
lesions versus 53% in controls.

	− Streptococci and actinomycetes were also detected in 
33% lesional samples versus 26% in controls.

	− Next-generation sequencing identified 43 taxa 
associated with HS lesions:

	− Prevotella spp. and Porphyromonas were predominant 
(rare on healthy skinfolds) contrasting with a reduced 
population of aerobic commensals

	− Prevotella spp. and Porphyromonas were associated 
with lesional skin independently of gender, duration, 
and familial history of HS;

	− Fusobacterium and Parvimonas correlated with clinical 
severity of HS.

Ring, H.C.71 A case-control study (30 HS patients and 24 healthy 
controls): punch biopsy specimens from patients 
with HS (lesional and nonlesional) and healthy 
controls.
Next-generation sequencing targeting 16S and 18S 
ribosomal RNA.

	− Microbiome on lesional and nonlesional HS skin differs 
significantly from that in healthy controls.

	− Five microbiome types were identified: 
Corynebacterium species (type I); Acinetobacter and 
Moraxella species (type II), S. epidermidis (types III); 
Porphyromonas and Peptoniphilus species (type IV), 
and Propionibacterium acnes (type V).

	− In lesional skin: type I or type IV predominate.
	− Health controls: type IV not detected.
	− Propionibacterium: more abundant in healthy controls 

vs HS skin.

Ring, H.C.76 Case-control study (24 HS patients and 24 healthy 
controls) to investigate the morphology of the 
axillary skin microbiota by peptide nucleic acid–
fluorescence in situ hybridization probes in 
combination with confocal laser scanning 
microscopy.

	− In healthy controls, bacterial aggregates were found in 
92% of the samples: hair follicle (64%) or at the stratum 
corneum (36%). The identified microorganisms were 
92% cocci, 8% rods, and 35% coagulase-negative 
staphylococci.

	− In preclinical HS only three samples were positive for 
small cocci bacterial aggregates. 

Ring, H.C.75 Biopsies from 42 consecutive patients with HS and 
chronic lesions: lesional and perilesional skin.
Peptide nucleic acid-fluorescence in situ 
hybridization in combination with confocal laser 
scanning microscopy.
Corresponding histopathological analysis on 
hematoxylin and eosin slides. 

	− Biofilms were seen in 67% of lesional samples and 75% 
of perilesional samples.

	− The mean diameter of aggregates was larger in 
lesional skin than in perilesional skin.

	− Large biofilms were mostly situated in sinus tracts 
(63%) or the infundibulum (37%).

	− Most sinus tract samples (73%) contained active 
bacteria that were associated with inflammation.

	− Abundant keratinous debris may promote biofilm 
formation by commensal cocci in chronic HS lesions.

Benzecry, V.73 A total of 46 patients with HS presented purulent or 
seropurulent discharge.
A total of 60 samples were collected using swabs 
(deeply introduced in the lesions).

	− 52% of the cultures were positive.
	− 15 bacterial species were isolated.
	− More prevalent species: Proteus mirabilis and S. 

aureus.
	− Positive cultures correlated with disease severity.

(continues)
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Data on early-onset disease are very limited. In a 
study on 134 patients, disease onset during adoles-
cence occurred in 51.5% and was associated with 
female sex, family history of HS, presence of pilonidal 
sinus, acne conglobata, longer disease duration, and 
worse perception of disease severity103. These are 
important factors for the identification of individuals at 
high risk of early-onset and more severe disease.

The factors that determine the involvement of differ-
ent skin areas in HS are not well understood. A French 
study based on a multivariate regression analysis of 
data collected from 1138 patients concluded that 
patients’ characteristics (sex, age, BMI, family history, 
and smoking status), disease features (severity and 
other sites affected by HS), and comorbidities (arthritis, 
inflammatory bowel disease, acne vulgaris, acne con-
globata, pilonidal disease, and dissecting folliculitis of 
the scalp) correlated with affected sites104. Two other 
studies, carried out in Argentina and Turkey, concluded 
that perianal and gluteal lesions were associated with 
higher HS severity, as well as male gender96,97.

Different comorbidities have been linked to HS and 
could complicate the course of the disease85,86,96,97,105-111. 
Comprehensive analysis showed that the main comorbi- 

Risk factors

Smoking and obesity are the main risk factors iden-
tified for HS2,85,86,94-101. A Portuguese retrospective 
observational study including hospitalized patients who 
have been diagnosed with HS in the past five or more 
years showed that the most common risk factor  
was tobacco smoking, observed in 13.6% of the 
included patients2. In a demographically heteroge-
neous population-based retrospective analysis in the 
United States, including 7860 patients with HS, the 
incidence of HS among tobacco smokers is approxi-
mate twice the observed among nonsmokers95.

A study based on questionnaires reporting the data 
of 129 patients diagnosed with HS, with a median 
follow-up of 22 years, showed that 92.2% of the 
patients were smokers and that among nonsmokers, 
40% reported disease remission compared with 29% 
of active smokers. Concerning obesity, remission was 
reported in 45% of nonobese patients compared 
with 23% of obese patients94. Nevertheless, the role 
of tobacco use and body mass index (BMI) seemed 
to be less frequently associated with early-onset dis-
ease (≤ 17 years old)102.

Table 2. Studies on the skin microbiome in HS patients (continued)

Study Methods Main results

Ring, H.C.77 Case-control study: identification of bacteria in the 
blood of 27 moderate to severe HS patients and 26 
healthy controls.
Next-generation 16S ribosomal RNA gene 
sequencing and routine aerobic and anaerobic 
blood culture. 

	− The identification of bacterial specimens in moderate 
to severe HS patients’ blood did not differ from healthy 
controls.

Ardon, C.B.74 Skin biopsies from active HS (inflammatory nodules 
and/or sinuses) and noninvolved skin from 26 
patients.
Specimens were cultured under optimal 
microbiological conditions for 24h. 

	− 62% of the HS patients were colonized by S. epidermis.
	− 27 different isolates from S. epidermis were identified: 

59% in noninvolved skin and 41% in HS lesions.
	− All bacterial strains showed planktonic growth and 89% 

of the isolates were strong biofilm producers, in vitro. 

Ring, H.C.69 Exploratory study in 32 HS patients with tunnels (17 
in the groin and 15 in the axilla).
Next-generation 16S ribosomal RNA gene 
sequencing.

	− Five microbiome types were identified: Porphyromonas 
spp. (type I), Corynebacterium spp., (type II), 
Staphylococcus spp., (type III), Prevotella spp., (type 
IV), and Acinetobacter spp. (type V).

	− Type I and type IV (anaerobic bacteria) were the most 
frequent genera found in tunnels.

Katoulis, A.72 Observational cohort study with 68 consecutive HS 
patients that had not received any antibiotic 
therapy during the previous 3 months.
Nasal and oropharyngeal sampling.

	− S. aureus carriage was detected in 25% of the patients.
	− 35.3% of those had MRSA strains.

McCarty, S.78 Case-control study: 59 patients with HS (fecal 
samples, nasal, and skin swabs of affected sites) 
and 50 healthy controls (20 nasal and skin swabs; 
30 fecal samples).
Bacterial 16S rRNA gene amplicon sequencing on 
total DNA.

	− Microbiome alpha diversity was significantly lower in 
the fecal, skin, and nasal samples of HS patients.

	− Ruminococcus gnavus was more abundant in the fecal 
microbiome of HS patients.

	− Finegoldia magna was overabundant in HS skin 
samples relative to healthy controls.
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diseases were predominantly female, nonsmokers, and 
nonobese115. Recently, an association between psoriasis 
and HS has also been addressed and demonstrated in 
two large-scale studies116,117. A study with 68,836 patients 
with psoriasis and the same number of healthy controls 
showed that the prevalence of HS is increased in patients 
with psoriasis. Furthermore, the coexistence of the two 
conditions occurred predominantly in younger patients 
with a higher prevalence of obesity and smoking.117 The 
co-occurrence of psoriasis and HS was explored in a 
Danish study: HS patients had an OR of 2.99 (95% con-
fidence interval (CI) 2.04-4.38) for having psoriasis, com-
pared with healthy controls; on the other hand, psoriasis 
patients had an OR of 2.56 (95% CI 1.74-3.77) of having 
HS. This study showed a strong association between 
the two conditions116.

The predisposition to develop HS was evaluated in 
patients with inflammatory bowel disease (IBD), show-
ing that both diseases can coexist in the same  
patient106,107,111,118. A population-based study demon-
strated that patients with IBD, including Crohn´s dis-
ease (CD), and ulcerative colitis, have a 9 fold higher 
risk of developing HS compared to the general popu-
lation, particularly in females107. On the other hand, the 
predisposition to develop CD in patients with HS was 
also addressed in a population-based analysis in the 
United States108: patients with HS are at high risk of 
developing CD, approximately 3 times more likely. This 
association was stronger for men aged between 45 and 
64 years, nonsmokers, and with perianal disease108,111.

Stress mechanics, namely friction and skin trauma, 
were associated with HS based on the Koebner phe-
nomenon. This seems to be especially relevant in 
obese patients119.

Some exploratory studies tried to find biomarkers that 
could be considered risk factors for the development 
and severity of HS120,121: HS patients had significantly 
higher retinol-binding protein 4 and lower ghrelin  
levels, associated with an increased risk of HS120;  
an atherogenic index of plasma ≥ 0.11 was significantly 
and independently associated with the severity of HS121.

Discussion

The precise pathophysiology of HS is not fully under-
stood. In this systematic review, five main contributors 
to HS pathophysiology were addressed: genetics, immu-
nity, microbiome, and endocrinology, together with the 
identification of risk factors/comorbidities. Mutations in 
genes encoding gamma-secretase, an intramembrane 
protease complex, are among the most commonly 

dities associated with HS were acne, polycystic ovary 
syndrome, pilonidal sinus, metabolic syndrome, auto
immune disease, and mental health disorders110.

Pilonidal sinus is a fistulating chronic inflammation 
affecting the sacrococcygeal region, which shares 
common histological, immunohistochemical, and ultra-
sound features with HS105,109. Moreover, solitary inter-
gluteal HS lesions are similar to pilonidal sinus, and 
there is a lack of evidence confirming if they represent 
a spectrum of the same disease or two different enti-
ties109. A multicentric, cross-sectional study reported 
intergluteal fold lesions in approximately one-fourth of 
the patients with HS. Of these patients, pilonidal sinus 
disease was confirmed afterward in 78% of the cases. 
In patients in whom HS was confirmed, the lesions 
were associated with the proximity of the intergluteal 
fold, including the buttocks, genitals, and anus. 
Furthermore, this clinical phenotype occurs predomi-
nantly in men, at younger age, smokers, with a family 
history of pilonidal disease, and is associated with 
higher recurrence rates and severity109. HS, pilonidal 
sinus, acne conglobata, and dissecting cellulitis are 
diseases of the follicular occlusion tetrad112.

Although literature reporting the relationship between 
acne conglobata and HS is limited103,104, it has been 
associated with a higher risk of early disease 
onset103 and correlated with the involvement of the 
sub-gluteal localization of HS104.

Another condition that shares many aspects, namely 
clinical, dermatoscopic, pathogenetic, and histologic 
aspects with HS, is dissecting cellulitis of the scalp 
(DCS)112. HS, sinus, acne conglobata, and DCS are 
diseases of the follicular occlusion tetrad112. The prev-
alence of DCS among patients diagnosed with HS var-
ies between 1-8%97,103. In both diseases occurs scalp 
perifolliculitis, and therefore some authors defend that 
DCS and HS should be considered the same disease 
affecting different localizations: scalp and apocrine 
gland-rich areas of the skin, respectively97,103,112. The 
likelihood of developing HS was also assessed in 
patients with acne vulgaris, with the association being 
stronger for men over 65-year-old113. In an Israeli pop-
ulation, a cross-sectional study also showed an asso-
ciation between acne keloidalis nuchae and HS. 
However, further observational studies are needed to 
confirm this relationship114.

The coexistence of HS and atopic dermatitis was also 
demonstrated in a population-based retrospective study 
that included 6779 patients with HS115. Patients with HS 
were twice likely to develop atopic dermatitis compared 
with a control population115. Patients diagnosed with both 
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Table 3. Studies reporting endocrine-related conditions in HS patients

Study Methods Main Results

Metabolic Syndrome

Sabat, R.79 A hospital-based case-control study in 80 HS 
patients and 100 age- and sex-matched control 
patients.

	− HS patients have a high prevalence of metabolic 
syndrome.

	− Role of metabolic alterations in the development of HS: 
central obesity (OR for HS development: 5.88); 
hypertriglyceridemia (OR for HS development: 2.24); 
HDL-cholesterolemia (OR for HS development 4.64); 
hyperglycemia (OR for HS development 4.09).

Gold, D.A.80 Retrospective chart review of 366 patient files. 	− The prevalence of metabolic syndrome was 50.6% in HS 
patients and 30.2% in the control group (p < 0.001).

Miller, I.M.81 Cross-sectional population- and hospital-based 
study of HS and metabolic syndrome.

	− HS appears to be associated with metabolic syndrome
	− Causality remains to be explored.

Shalom, G82 Cross-sectional study in 3297 patients with HS 
and 6412 age- and sex-matched control patients 
without HS.

	− Association between HS and diabetes, hyperlipidemia, 
obesity, hypertension, and metabolic syndrome in HS.

Miller, I.M.88 Cross-sectional study in both hospital-based and 
population-based HS and control groups using 
Bioelectrical Impedance analysis to assess body 
composition.

	− Age and sex-adjusted analysis showed a higher 
predicted estimated basal metabolic rate in HS patients 
that reflects a dysfunctional metabolism.

Vossen, A.83 Hospital-based cross-sectional study to classify 
body types (waist circumference and waist-to-
hip ratio in 106 HS patients and 212 healthy 
controls.

	− Waist-to-hip ratio did not differ in the HS group 
compared with the control.

	− A peripheral pattern of body weight distribution was 
seen more frequently in the HS group.

Akdogan, N.89 Case-control study with 40 HS patients and 
age- and gender-matched controls to study 
obesity, adipokine imbalance, dyslipidemia, 
pro-inflammation, and metabolic syndrome.

	− HS patients have higher serum visfatin, insulin and 
hs-CRP levels, independent of BMI and smoking status, 
which are risk factors.

Jorgensen, A.R.90 Cohort study included 34,7200 school children 
that could receive a diagnosis of HS in the 
follow-up.

	− Childhood BMI was positively and significantly 
associated with the risk of HS development in 
adulthoods.

Reichert, B.91 Retrospective chart view of 535 pediatric HS 
patients.

	− 54.2% were obese and 11.6% were overweight.

Barrea, L.92 35 treatment-naïve HS patients and 35 controls 
matched for sex, age, and BMI.

	− Circulating trimethylamine N-oxide positively correlated 
with HS Sartorius score, being a predictor of HS clinical 
severity.

Wright, S.93 Retrospective case-control analysis of 1284 
patients with HS and controls matched for age, 
sex, and race.

	− The influence of BMI may play a larger role among 
female and younger patients.

Polycystic ovary syndrome

Garg, A.87 Cross-sectional analysis involving 22,990 patients 
with HS in the United States.

	− Prevalence of PCOS is 9.0% among patients with HS and 
2.9% in patients without the disease.

	− The likelihood of having PCOS in HS patients was 214 
times higher than in patients without HS.

	− The strength of the association between HS and PCOS 
was similar to that of diabetes mellitus and obesity with 
PCOS.

	− A causal link could not be established.

Thyroid disease

Miller, I.M.84 Retrospective comparative cross-sectional 
study, a population-based study compared with 
a control group.

	− Significantly lower levels of TSH and significantly higher 
levels of T3 were detected in HS patients compared with 
the control group

	− HS is associated with hyperthyroidism.

Liakou, A.I.85 Prospective cross-sectional study with 290 
patients with HS.

	− Thyroid disease was associated with a higher stage of 
the disease.

Sherman, S.86 Cross-sectional population-based study 
including 4191 HS patients and 20,941 controls.

	− HS is independently associated with hypothyroidism.
	− Hyperthyroidism is associated with HS only in females, 

middle-aged patients, and nonsmokers.

BMI: body mass index; PCO: polycystic ovary syndrome; OR: odds ratio; TSH: thyroid-stimulating hormone; T3: triiodothyronine; hs-CRP: high-sensitivity C-reactive protein.
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used in HS management. Apart from its antibacterial 
effect, it has an immunomodulatory action. The role 
of antibiotic therapy and the risk of resistance induc-
tion is not well established and highlights the impor-
tance of pondering the benefit versus potential harms 
of antibiotic therapy in HS.

Patients with HS may be at high risk of metabolic syn-
drome, and clinicians should be aware of this associa-
tion and be alert to the different components of metabolic 
syndrome regardless of the young age of the 
patients81-83,94,98. Although PCOS is associated with HS, 
further studies are needed to characterize the relation-
ship between the two conditions87. Existing data cor-
relating HS with other endocrinopathies, such as thyroid 
disease, are particularly scarce and contradictory, and 
a clear association cannot yet be established84-86.

The role of lifestyle in the development of HS is well 
established123,124. HS is associated with many comorbid-
ities, most of which are inflammatory. Tobacco smoking 
and obesity are strongly associated with HS2,85,86,94-101. 
Approximately 90% of patients are current or former 
smokers, and smoking appears to contribute to disease 
onset and progression95. The underlying mechanisms 
are still not clear, but nicotine is known to promote proin-
flammatory cytokines, induce epidermal hyperplasia, 
and interfere with the microbiome93. Obesity might con-
tribute to HS pathogenesis through subclinical inflamma-
tion, metabolic changes, and friction99,100.

In conclusion, HS is a chronic, inflammatory, debil-
itating disorder. HS etiopathogenesis has not been 
entirely elucidated. This systematic review updated 
the most recent understanding of HS pathogenesis, 
integrating inflammatory pathways that include genet-
ics, immunity, endocrinology and microbiome. Other 
contributing factors identified as HS risk factors and 
comorbidities were discussed and included in this 
cohesive multifactorial model. Despite the vast 
increase in knowledge in the last few years, there is 
much to unveil in the comprehension of this highly 
complex and multifactorial disease.
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described mutations in HS patients8,13. However, while 
up to 30-40% of patients have a positive family history 
of HS, only a small subset harbor genetic variants in 
components of the gamma-secretase complex15. GSC 
is responsible for the cleavage of several transmem-
brane proteins16, and mutations in this complex result in 
dysregulation of Notch signaling14. Attenuation of Notch 
signaling is responsible for keratinocyte hyperplasia in 
the follicular infundibulum and also for changes in cyto-
kine production by T cells122. However, in more than 90% 
of HS patients, the genetic features contributing to dis-
ease development remain largely unknown. Furthermore, 
the identified GSC mutations have not been found in 
sporadic cases of HS, which is the most common pre-
sentation. So, it is clear that efforts should be made in 
order to identify genetic polymorphisms that increase 
susceptibility to the disease, perhaps through wide 
genome association studies. This could improve our 
comprehension of HS phenotypes and disease progno-
sis and, together with a better understanding of immu-
nopathogenesis, lead to the development of tailored 
treatments.

Hidradenitis suppurativa is characterized by inappro-
priate AMP secretion, and proinflammatory cytokine 
dysregulation29,30,32,35. Increased activity of dendritic 
cells and T cells cause keratinocyte hyperplasia via 
IL-23, IL-12, and Th17 immune response30,47. As HS 
progresses, increased levels of IL-1, TNF, IL-17, 
caspase-1, and IL-10 appear in tissue together with the 
recruitment of neutrophils, mast cells, and monocytes28. 
Neutrophils attracted by the IL-1-induced chemokines 
contribute to inflammatory cytokines production and 
pus formation37,43. LCN2 is one of the cytokines pro-
duced by neutrophils that cause inflammatory pain, and 
further neutrophil tissue infiltration36,39,40. The develop-
ment of sinus tracts and scarring is associated with 
metalloproteinase-2, transforming growth factor beta 
and intercellular adhesion molecule-130. Regarding 
serum biomarkers, only CRP has been consistently 
correlated with clinical inflammation in HS patients41,42.

There is recent evidence implicating the involve-
ment of skin microbiota in HS pathogenesis68,69,71,72,75-77. 
In HS lesional skin and nonlesional skin, there is an 
imbalance of skin microbiota with a predominance of 
anaerobes and cocci/coccobacilli bacteria70,76. 
However, there is a lack of consensus regarding which 
bacteria species are the most common4,68,70,72. In addi-
tion to the characteristic dysbiosis in HS, biofilm for-
mation is common in HS and contributes to the rupture 
of the innate skin barrier and to local and systemic 
inflammation74,75. Antibiotic treatment is commonly 



Port J Dermatol and Venereol. 2022;80(4)

290

14.	 Melnik BC, Plewig G. Impaired Notch-MKP-1 signalling in hidradenitis 
suppurativa: an approach to pathogenesis by evidence from translational 
biology. Exp Dermatol. 2013;22(3):172–7.

15.	 Cao L, Morales-Heil DJ, Roberson EDO. Nicastrin haploinsufficiency 
alters expression of type I interferon-stimulated genes: the relationship 
to familial hidradenitis suppurativa. Clin Exp Dermatol. 2019;44(4):e118–25.

16.	 Frew JW, Navrazhina K. In silico analysis of gamma-secretase-complex 
mutations in hidradenitis suppurativa demonstrates disease-specific 
substrate recognition and cleavage alterations. Front Med (Lausanne). 
2019;6:206.

17.	 Nomura Y, Nomura T, Sakai K, Sasaki K, Ohguchi Y, Mizuno O, et al. A 
novel splice site mutation in NCSTN underlies a Japanese family with 
hidradenitis suppurativa. Br J Dermatol. 2013;168(1):206–9.

18.	 Giatrakos S, Huse K, Kanni T, Tzanetakou V, Kramer M, Grech I, et al. 
Haplotypes of IL-12Rβ1 impact on the clinical phenotype of hidradenitis 
suppurativa. Cytokine. 2013;62(2):297–301.

19.	 Giamarellos-Bourboulis EJ, Platzer M, Karagiannidis I, Kanni T,  
Nikolakis G, Ulrich J, et al. High copy numbers of β-defensin cluster on 
8p23.1, confer genetic susceptibility, and modulate the physical course 
of hidradenitis suppurativa/acne inversa. J Invest Dermatol. 2016;136(8): 
1592–8.

20.	 Dany M, Elston D. Gene expression of sphingolipid metabolism pathways 
is altered in hidradenitis suppurativa. J Am Acad Dermatol. 
2017;77(2):268–73.e6. 

21.	 Hessam S, Gambichler T, Skrygan M, Sand M, Rüddel I, Scholl L, et al. 
Reduced ten-eleven translocation and isocitrate dehydrogenase expres-
sion in inflammatory hidradenitis suppurativa lesions. Eur J Dermatol. 
2018;28(4):449–56.

22.	 Ocejo-Vinyals JG, Gonzalez-Gay MA, Fernandez-Vina MA,  
Cantos-Mansilla J, Vilanova I, Blanco R, et  al. Association of human 
leukocyte antigens class II variants with susceptibility to hidradenitis 
suppurativa in a Caucasian Spanish population. J Clin Med. 
2020;9(10):3095.

23.	 Theut Riis P, Loft IC, Yazdanyar S, Kjaersgaard Andersen R,  
Pedersen OB, et al. Full exome sequencing of 11 families with Hidrade-
nitis suppurativa. J Eur Acad Dermatol Venereol. 2021;35(5):1203–11.

24.	 He Y, Xu H, Li C, Zhang X, Zhou P, Xiao X, et  al. 
Nicastrin/miR-30a-3p/RAB31 axis regulates keratinocyte differentiation 
by impairing EGFR signaling in familial acne inversa. J Invest Dermatol. 
2019;139(1):124–34.

25.	 Rumberger BE, Boarder EL, Owens SL, Howell MD. Transcriptomic 
analysis of hidradenitis suppurativa skin suggests roles for multiple 
inflammatory pathways in disease pathogenesis. Inflamm Res. 
2020;69(10):967–73.

26.	 Zouboulis CC, Nogueira da Costa A, Fimmel S, Zouboulis KC. Apocrine 
glands are bystanders in hidradenitis suppurativa and their involvement 
is gender specific. J Eur Acad Dermatol Venereol. 2020;34(7): 
1555–63.

27.	 Hessam S, Gambichler T, Skrygan M, Scholl L, Sand M, Meyer T, et al. 
Increased expression profile of NCSTN, Notch and PI3K/AKT3 in hidra-
denitis suppurativa. J Eur Acad Dermatol Venereol. 2021;35(1):203–10.

28.	 van der Zee HH, de Ruiter L, van den Broecke DG, Dik WA, Laman JD, 
Prens EP. Elevated levels of tumour necrosis factor (TNF)—α, interleukin 
(IL)—1β and IL-10 in hidradenitis suppurativa skin: a rationale for targe-
ting TNF-α and IL-1β. Br J Dermatol. 2011;164(6):1292–8.

29.	 Dréno B, Khammari A, Brocard A, Moyse D, Blouin E, Guillet G, et al. 
Hidradenitis suppurativa: the role of deficient cutaneous innate immunity. 
Arch Dermatol. 2012;148(2):182–6.

30.	 Dajnoki Z, Somogyi O, Medgyesi B, Jenei A, Szabó L, Gáspár K, et al. 
Primary alterations during the development of hidradenitis suppurativa. 
J Eur Acad Dermatol Venereol. 2022;36(3):462–71.

31.	 Gambichler T, Hessam S, Skrygan M, Bakirtzi M, Kasakovski D,  
Bechara FG. NOD2 signalling in hidradenitis suppurativa. Clin Exp Der-
matol. 2021;46(8):1488–94.

32.	 Bechara FG, Sand M, Skrygan M, Kreuter A, Altmeyer P, Gambichler T. 
Acne inversa: evaluating antimicrobial peptides and proteins. Ann Der-
matol. 2012;24(4):393–7.

33.	 Emelianov VU, Bechara FG, Gläser R, Langan EA, Taungjaruwinai WM, 
Schröder JM, et  al. Immunohistological pointers to a possible role for 
excessive cathelicidin (LL-37) expression by apocrine sweat glands in 
the pathogenesis of hidradenitis suppurativa/acne inversa. Br J Dermatol. 
2012;166(5):1023–34.

34.	 Thomi R, Cazzaniga S, Seyed Jafari SM, Schlapbach C, Hunger RE. 
Association of hidradenitis suppurativa with T helper 1/T helper 
17 phenotypes: a semantic map analysis. JAMA Dermatol. 
2018;154(5):592–5.

35.	 Hofmann SC, Saborowski V, Lange S, Kern WV, Bruckner-Tuderman L, 
Rieg S. Expression of innate defense antimicrobial peptides in hidrade-
nitis suppurativa. J Am Acad Dermatol. 2012;66(6):966–74.

36.	 Wolk K, Wenzel J, Tsaousi A, Witte-Händel E, Babel N, Zelenak C, et al. 
Lipocalin-2 is expressed by activated granulocytes and keratinocytes in 
affected skin and reflects disease activity in acne inversa/hidradenitis 
suppurativa. Br J Dermatol. 2017;177(5):1385–93.

in clinical trials supported by Novartis. The remaining 
authors have no conflicts of interest to declare.

Funding

Novartis provided financial support for the medical  
writing and editing.

Ethical disclosures

Protection of human and animal subjects. The 
authors declare that no experiments were performed 
on humans or animals for this study.

Confidentiality of data. The authors declare that no 
patient data appear in this article.

Right to privacy and informed consent. The 
authors have obtained the written informed consent of 
the patients or subjects mentioned in the article. The 
corresponding author is in possession of this document.

References
1.	 Prens EP, Lugo-Somolinos AM, Paller AS, Kerdel F, Duan Y,  

Teixeira HD, et al. Baseline characteristics from UNITE: an observational, 
international, multicentre registry to evaluate hidradenitis suppurativa 
(acne inversa) in clinical practice. Am J Clin Dermatol. 2020;21(4):579–90.

2.	 Santos JV, Lisboa C, Lanna C, Costa-Pereira A, Freitas A. Hospitalisa-
tions with hidradenitis suppurativa: an increasing problem that deserves 
closer attention. Dermatology. 2016;232(5):613–8.

3.	 Zhou P, Liu J, Xu T, Guo Y, Han Y, He Y, et al. Mutations in γ-secretase 
subunit-encoding PSENEN gene alone may not be sufficient for the 
development of acne inversa. J Dermatol Sci. 2021;103(2):73–81.

4.	 Jahns AC, Killasli H, Nosek D, Lundskog B, Lenngren A, Muratova Z, 
et al. Microbiology of hidradenitis suppurativa (acne inversa): a histolo-
gical study of 27 patients. APMIS. 2014;122(9):804–9.

5.	 Micheletti RG. Hidradenitis suppurativa: current views on epidemiology, 
pathogenesis, and pathophysiology. Semin Cutan Med Surg. 
2014;33(3 Suppl):S48-50.

6.	 Hotz C, Boniotto M, Guguin A, Surenaud M, Jean-Louis F, Tisserand P, 
et  al. Intrinsic defect in keratinocyte function leads to inflammation in 
hidradenitis suppurativa. J Invest Dermatol. 2016;136(9):1768–80.

7.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,  
Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for 
reporting systematic reviews. Rev Esp Cardiol (Engl Ed). 
2021;74(9): 790–9.

8.	 Xiao X, He Y, Li C, Zhang X, Xu H, Wang B. Nicastrin mutations in 
familial acne inversa impact keratinocyte proliferation and differentiation 
through the Notch and phosphoinositide 3-kinase/AKT signalling 
pathways. Br J Dermatol. 2016;174(3):522–32.

9.	 Kjaersgaard Andersen R, Clemmensen SB, Larsen LA, Hjelmborg JVB, 
Ødum N, Jemec GBE, et al. Evidence of gene-gene interaction in hidra-
denitis suppurativa: a nationwide registry study of Danish twins. Br J Der-
matol. 2022;186(1):78-85.

10.	 Deckers IE, van der Zee HH, Boer J, Prens EP. Correlation of early-onset 
hidradenitis suppurativa with stronger genetic susceptibility and more 
widespread involvement. J Am Acad Dermatol. 2015;72(3):485–8.

11.	 González-Manso A, Agut-Busquet E, Romaní J, Vilarrasa E,  
Bittencourt F, Mensa A, et  al. Hidradenitis suppurativa: proposal of  
classification in two endotypes with two-step cluster analysis. Dermato-
logy. 2021;237(3):365–71.

12.	 van Straalen KR, Prens EP, Willemsen G, Boomsma DI,  
van der Zee HH. Contribution of genetics to the susceptibility to hidrade-
nitis suppurativa in a large, cross-sectional dutch twin cohort. JAMA 
Dermatol. 2020;156(12):1359–62.

13.	 Vural S, Baumgartner M, Lichtner P, Eckstein G, Hariry H, Chen WC, 
et al. Investigation of gamma secretase gene complex mutations in Ger-
man population with Hidradenitis suppurativa designate a complex poly-
genic heritage. J Eur Acad Dermatol Venereol. 2021;35(6): 
1386–92.



 P. Mendes-Bastos et al.: Hidradenitis suppurativa: pathophysiology

291

60.	 Akdogan N, Dogan S, Incel-Uysal P, Karabulut E, Topcuoglu C,  
Yalcin B, et  al. Serum amyloid A and C-reactive protein levels and 
erythrocyte sedimentation rate are important indicators in hidradenitis 
suppurativa. Arch Dermatol Res. 2020;312(4):255–62.

61.	 Hayran Y, Allı N, Yücel Ç, Akdoğan N, Turhan T. Serum IL-36α, IL-36β, 
and IL-36γ levels in patients with hidradenitis suppurativa: association 
with disease characteristics, smoking, obesity, and metabolic syndrome. 
Arch Dermatol Res. 2020;312(3):187–96.

62.	 Miller IM, Ring HC, Prens EP, Rytgaard H, Mogensen UB, Ellervik C, 
et al. . Leukocyte profile in peripheral blood and neutrophil-lymphocyte 
ratio in hidradenitis suppurativa: a comparative cross-sectional study of 
462 cases. Dermatology. 2016;232(4):511–9.

63.	 Ponikowska M, Matusiak Ł, Kasztura M, Jankowska E, Szepietowski  
JC. Decreased serum level of interleukin-22 correlates with hepcidin in 
patients with hidradenitis suppurativa. Acta Derm Venereol. 2021;101(9): 
adv00558.

64.	 Jones D, Banerjee A, Berger PZ, Gross A, McNish S, Amdur R, et  al. 
Inherent differences in keratinocyte function in hidradenitis suppurativa: 
evidence for the role of IL-22 in disease pathogenesis. Immunol Invest. 
2018;47(1):57–70.

65.	 Gudjonsson JE, Tsoi LC, Ma F, Billi AC, van Straalen KR, Vossen ARJV, 
et al. Contribution of plasma cells and B cells to hidradenitis suppurativa 
pathogenesis. JCI Insight. 2020;5(19):e139930.

66.	 Frew JW. Autoantibody-mediated macrophage responses provide the 
missing link between innate and adaptive immune dysfunction in hidra-
denitis suppurativa. J Invest Dermatol. 2022:142(3 Pt B):747–9. 

67.	 Frew JW, Grand D, Navrazhina K, Krueger JG. Beyond antibodies: B 
cells in hidradenitis suppurativa: bystanders, contributors or therapeutic 
targets? Exp Dermatol. 2020;29(5):509–15.

68.	 Katoulis AC, Koumaki D, Liakou AI, Vrioni G, Koumaki V, Kontogiorgi D, 
et al. Aerobic and anaerobic bacteriology of hidradenitis suppurativa: a 
study of 22 cases. Skin Appendage Disord. 2015;1(2):55–9.

69.	 Ring HC, Sigsgaard V, Thorsen J, Fuursted K, Fabricius S, Saunte DM, 
et  al. The microbiome of tunnels in hidradenitis suppurativa patients. 
J Eur Acad Dermatol Venereol. 2019;33(9):1775–80.

70.	 Guet-Revillet H, Jais JP, Ungeheuer MN, Coignard-Biehler H,  
Duchatelet S, Delage M, et al. The microbiological landscape of anaero-
bic infections in hidradenitis suppurativa: a prospective metagenomic 
study. Clin Infect Dis. 2017;65(2):282–91.

71.	 Ring HC, Thorsen J, Saunte DM, Lilje B, Bay L, Riis PT, et  al. The 
follicular skin microbiome in patients with hidradenitis suppurativa and 
healthy controls. JAMA Dermatol. 2017;153(9):897–905.

72.	 Katoulis A, Koumaki V, Efthymiou O, Koumaki D, Dimitroulia E,  
Voudouri M, et al. Staphylococcus aureus carriage status in patients with 
hidradenitis suppurativa: an observational Cohort study in a tertiary refe-
rral hospital in Athens, Greece. Dermatology. 2020;236(1):31–6.

73.	 Benzecry V, Grancini A, Guanziroli E, Nazzaro G, Barbareschi M,  
Marzano AV, et al. Hidradenitis suppurativa/acne inversa: a prospective 
bacteriological study and review of the literature. G Ital Dermatol Vene-
reol. 2020;155(4):459–63.

74.	 Ardon CB, Prens EP, Fuursted K, Ejaz RN, Shailes J, Jenssen H, et al. 
Biofilm production and antibiotic susceptibility of Staphylococcus epider-
midis strains from hidradenitis suppurativa lesions. J Eur Acad Dermatol 
Venereol. 2019;33(1):170–7.

75.	 Ring HC, Bay L, Nilsson M, Kallenbach K, Miller IM, Saunte DM, et al. 
Bacterial biofilm in chronic lesions of hidradenitis suppurativa. Br J Der-
matol. 2017;176(4):993–1000.

76.	 Ring HC, Bay L, Kallenbach K, Miller IM, Prens E, Saunte DM, et  al. 
Normal skin microbiota is altered in pre-clinical hidradenitis suppurativa. 
Acta Derm Venereol. 2017;97(2):208–13.

77.	 Ring HC, Thorsen J, Saunte DM, Lilje B, Bay L, Theut Riis P, et  al. 
Moderate to severe hidradenitis suppurativa patients do not have an 
altered bacterial composition in peripheral blood compared to healthy 
controls. J Eur Acad Dermatol Venereol. 2018;32(1):125–8.

78.	 McCarthy S, Barrett M, Kirthi S, Pellanda P, Vlckova K, Tobin AM, et al. 
Altered skin and gut microbiome in hidradenitis suppurativa. J Invest 
Dermatol. 2022:142(2):459-68.e15.

79.	 Sabat R, Chanwangpong A, Schneider-Burrus S, Metternich D,  
Kokolakis G, Kurek A, et al. Increased prevalence of metabolic syndrome 
in patients with acne inversa. PLoS One. 2012;7(2):e31810.

80.	 Gold DA, Reeder VJ, Mahan MG, Hamzavi IH. The prevalence of meta-
bolic syndrome in patients with hidradenitis suppurativa. J Am Acad 
Dermatol. 2014;70(4):699–703.

81.	 Miller IM, Ellervik C, Vinding GR, Zarchi K, Ibler KS, Knudsen KM, et al. 
Association of metabolic syndrome and hidradenitis suppurativa. JAMA 
Dermatol. 2014;150(12):1273–80.

82.	 Shalom G, Freud T, Harman-Boehm I, Polishchuk I, Cohen AD. Hidra-
denitis suppurativa and metabolic syndrome: a comparative 
cross-sectional study of 3207 patients. Br J Dermatol. 2015;173(2): 
464–70.

83.	 Vossen ARJV, van der Zee HH, Onderdijk AJ, Boer J, Prens EP. Hidra-
denitis suppurativa is not associated with the metabolic syndrome based 
on body type: a cross-sectional study. J Dermatol. 2017;44(2):154–9.

37.	 Lima AL, Karl I, Giner T, Poppe H, Schmidt M, Presser D, et  al.  
Keratinocytes and neutrophils are important sources of proinflammatory 
molecules in hidradenitis suppurativa. Br J Dermatol. 2016;174(3): 
514–21.

38.	 Moran B, Sweeney CM, Hughes R, Malara A, Kirthi S, Tobin AM, et al. 
Hidradenitis suppurativa is characterized by dysregulation of the  
Th17:Treg cell axis, which is corrected by anti-TNF therapy. J Invest 
Dermatol. 2017;137(11):2389–95.

39.	 Thomi R, Schlapbach C, Yawalkar N, Simon D, Yerly D, Hunger RE. 
Elevated levels of the antimicrobial peptide LL-37 in hidradenitis suppu-
rativa are associated with a Th1/Th17 immune response. Exp Dermatol. 
2018;27(2):172–7.

40.	 Navrazhina K, Garcet S, Zheng X, Hur HB, Frew JW, Krueger JG. High 
inflammation in hidradenitis suppurativa extends to perilesional skin and 
can be subdivided by lipocalin-2 expression. J Allergy Clin Immunol. 
2022;149(1):135–44.e12.

41.	 Navrazhina K, Renert-Yuval Y, Frew JW, Grand D, Gonzalez J,  
Williams SC, et al. Large-scale serum analysis identifies unique systemic 
biomarkers in psoriasis and hidradenitis suppurativa. Br J Dermatol. 
2022;186(4):684–93.

42.	 Saraç Öztürk G, Ergun T, Peker Eyüboğlu İ, Akkiprik M. Serum 
high-sensitivity C-reactive protein, tumor necrosis factor-α, interleukin 
(IL)—1β, IL-17A and IL-23 levels in patients with hidradenitis suppurativa. 
Cytokine.2021;144:155585.

43.	 Kanni T, Zenker O, Habel M, Riedemann N, Giamarellos-Bourboulis EJ. 
Complement activation in hidradenitis suppurativa: a new pathway of 
pathogenesis? Br J Dermatol. 2018;179(2):413–9.

44.	 Grand D, Navrazhina K, Frew JW. Integrating complement into the mole-
cular pathogenesis of hidradenitis suppurativa. Exp Dermatol. 
2020;29(1):86–92.

45.	 Mozeika E, Pilmane M, Nürnberg BM, Jemec GB. Tumour necrosis 
factor-alpha and matrix metalloproteinase-2 are expressed strongly in 
hidradenitis suppurativa. Acta Derm Venereol. 2013;93(3):301–4.

46.	 Altman SR, Criswell SL. Dynamic Leukocyte Populations Are Associated 
With Early- and Late-stage Lesions in Hidradenitis Suppurativa. J Histo-
chem Cytochem. 2021;69(3):191–201.

47.	 Schlapbach C, Hänni T, Yawalkar N, Hunger RE. Expression of the 
IL-23/Th17 pathway in lesions of hidradenitis suppurativa. J Am Acad 
Dermatol. 2011;65(4):790–8.

48.	 Thomi R, Yerly D, Yawalkar N, Simon D, Schlapbach C, Hunger RE. 
Interleukin-32 is highly expressed in lesions of hidradenitis suppurativa. 
Br J Dermatol. 2017;177(5):1358–66.

49.	 Kelly G, Hughes R, McGarry T, van den Born M, Adamzik K,  
Fitzgerald R, et  al. Dysregulated cytokine expression in lesional and 
nonlesional skin in hidradenitis suppurativa. Br J Dermatol. 
2015;173(6):1431–9.

50.	 Witte-Händel E, Wolk K, Tsaousi A, Irmer ML, Mößner R, Shomroni O, 
et  al. The IL-1 pathway is hyperactive in hidradenitis suppurativa and 
contributes to skin infiltration and destruction. J Invest Dermatol. 
2019;139(6):1294–305.

51.	 Manfredini M, Giuliani AL, Ruina G, Gafà R, Bosi C, Zoppas E, et  al.  
The P2X7 receptor is overexpressed in the lesional skin of subjects 
affected by hidradenitis suppurativa: a preliminary study. Dermatology. 
2021;237(1):111–8.

52.	 Banerjee A, McNish S, Shanmugam VK. Interferon-gamma (IFN-γ) is 
elevated in wound exudate from hidradenitis suppurativa. Immunol Invest. 
2017;46(2):149–58.

53.	 Hessam S, Sand M, Gambichler T, Skrygan M, Rüddel I, Bechara FG. 
Interleukin-36 in hidradenitis suppurativa: evidence for a distinctive  
proinflammatory role and a key factor in the development of an inflam-
matory loop. Br J Dermatol. 2018;178(3):761–7.

54.	 Remedios KA, Zirak B, Sandoval PM, Lowe MM, Boda D, Henley E, et al. 
The TNFRSF members CD27 and OX40 coordinately limit 
TH17 differentiation in regulatory T cells. Sci Immunol. 2018;3(30):eaau2042.

55.	 Campanati A, Orciani M, Sorgentoni G, Consales V, Offidani A,  
Di Primio R. Pathogenetic characteristics of mesenchymal stem cells in 
hidradenitis suppurativa. JAMA Dermatol. 2018;154(10):1184–90.

56.	 Orvain C, Lin YL, Jean-Louis F, Hocini H, Hersant B, Bennasser Y, et al. 
Hair follicle stem cell replication stress drives IFI16/STING-dependent 
inflammation in hidradenitis suppurativa. J Clin Invest. 2020;130(7):3777–90.

57.	 Jiménez-Gallo D, de la Varga-Martínez R, Ossorio-García L,  
Albarrán-Planelles C, Rodríguez C, Linares-Barrios M. The clinical signi-
ficance of increased serum proinflammatory cytokines, C-reactive protein, 
and erythrocyte sedimentation rate in patients with hidradenitis suppura-
tiva. Mediators Inflamm. 2017;2017:2450401.

58.	 Matusiak Ł, Szczęch J, Bieniek A, Nowicka-Suszko D, Szepietowski JC. 
Increased interleukin (IL)—17 serum levels in patients with hidradenitis 
suppurativa: Implications for treatment with anti-IL-17 agents. J Am Acad 
Dermatol. 2017;76(4):670–5.

59.	 Scala E, Di Caprio R, Cacciapuoti S, Caiazzo G, Fusco A, Tortorella E, 
et al. A new T helper 17 cytokine in hidradenitis suppurativa: antimicrobial 
and proinflammatory role of interleukin-26. Br J Dermatol. 
2019;181(5):1038–45.



Port J Dermatol and Venereol. 2022;80(4)

292

104.	 Benhadou F, Villani AP, Guillem P. Which factors determine affected sites 
in hidradenitis suppurativa? Dermatology. 2020;236(1):15–20.

105.	 von Laffert M, Stadie V, Ulrich J, Marsch WC, Wohlrab J. Morphology of 
pilonidal sinus disease: some evidence of its being a unilocalized type of 
hidradenitis suppurativa. Dermatology. 2011;223(4):349–55.

106.	 Kamal N, Cohen BL, Buche S, Delaporte E, Colombel JF. Features of 
patients with Crohn’s disease and hidradenitis suppurativa. Clin Gas-
troenterol Hepatol. 2016;14(1):71–9.

107.	 Yadav S, Singh S, Edakkanambeth Varayil J, Harmsen WS,  
Zinsmeister AR, Tremaine WJ, et al. Hidradenitis suppurativa in patients 
with inflammatory bowel disease: a population-based cohort study in 
Olmsted County, Minnesota. Clin Gastroenterol Hepatol. 2016;14(1):65–70.

108.	 Garg A, Hundal J, Strunk A. Overall and subgroup prevalence of Crohn 
disease among patients with hidradenitis suppurativa: a population-based 
analysis in the United States. JAMA Dermatol. 2018;154(7):814–8.

109.	 Benhadou F, Van der Zee HH, Pascual JC, Rigopoulos D, Katoulis A, 
Liakou AI, et  al. Pilonidal sinus disease: an intergluteal localization of 
hidradenitis suppurativa/acne inversa: a cross-sectional study among 
2465 patients. Br J Dermatol. 2019;181(6):1198–206.

110.	 Hua VJ, Kilgour JM, Cho HG, Li S, Sarin KY. Characterization of comor-
bidity heterogeneity among 13,667 patients with hidradenitis suppurativa. 
JCI Insight. 2021;6(21):e151872.

111.	 Tandon P, Govardhanam V, Gallinger Z, Weizman AV. Risk factors for 
developing hidradenitis suppurativa in patients with inflammatory bowel 
disease: a retrospective case-control study. J Can Assoc Gastroenterol. 
2020;4(4):165–72.

112.	 Federico A, Rossi A, Caro G, Magri F, Muscianese M, Di Fraia M, et al. 
Are dissecting cellulitis and hidradenitis suppurativa different diseases? 
Clin Dermatol. 2021;39(3):496–9.

113.	 Wertenteil S, Strunk A, Garg A. Overall and subgroup prevalence of acne 
vulgaris among patients with hidradenitis suppurativa. J Am Acad Der-
matol. 2019;80(5):1308–13.

114.	 Kridin K, Patel PM, Jones VA, Damiani G, Amber KT, Cohen AD. Hidra-
denitis suppurativa is associated with acne keloidalis nuchae: a 
population-based study. Arch Dermatol Res. 2021;313(5):333–7.

115.	 Sherman S, Kridin K, Bitan DT, Leshem YA, Hodak E, Cohen AD. Hidra-
denitis suppurativa and atopic dermatitis: a 2-way association. J Am Acad 
Dermatol. 2021;85(6):1473–79.

116.	 Kjaersgaard Andersen R, Saunte SK, Jemec GBE, Saunte DM. Psoriasis 
as a comorbidity of hidradenitis suppurativa. Int J Dermatol. 
2020;59(2):216–20.

117.	 Kridin K, Shani M, Schonmann Y, Fisher S, Shalom G, Comaneshter D, 
et  al. Psoriasis and hidradenitis suppurativa: a large-scale population- 
based study. J Am Acad Dermatol. 2018;S0190-9622(18):32962-1. 

118.	 Jo UH, Lee JY, Lee H, Kim DY, Kang S, Koh SJ, et  al. Various skin 
manifestations related to inflammatory bowel disease: a nationwide cross- 
sectional study on the Korean population. J Dermatol. 2021; 
48(4):431–8.

119.	 Boer J. Should hidradenitis suppurativa be included in dermatoses 
showing koebnerization? Is it friction or fiction? Dermatology. 
2017;233(1):47–52.

120.	 González-López MA, Ocejo-Viñals JG, Mata C, Vilanova I, Guiral S, Por-
tilla V, et  al. Association of retinol binding protein4 (RBP4) and ghrelin 
plasma levels with insulin resistance and disease severity in non-diabetic 
patients with hidradenitis suppurativa Exp Dermatol. 2020;29(9):828–32.

121.	 Hernández JL, Baldeón C, López-Sundh AE, Ocejo-Vinyals JG,  
Blanco R, González-López MA, et  al. Atherogenic index of plasma is 
associated with the severity of hidradenitis suppurativa: a case-control 
study. Lipids Health Dis. 2020;19(1):200.

122.	 Melnik BC, John SM, Chen W, Plewig G, et al. T helper 17 cell/regulatory 
T-cell imbalance in hidradenitis suppurativa/acne inversa: the link to hair 
follicle dissection, obesity, smoking and autoimmune comorbidities. Br 
J Dermatol. 2018;179(2):260–72.

123.	 Macklis PC, Tyler K, Kaffenberger J, Kwatra S, Kaffenberger BH. Lifestyle 
modifications associated with symptom improvement in hidradenitis 
suppurativa patients. Arch Dermatol Res. 2022:314(3):293–300.

124.	 Barrea L, Fabbrocini G, Annunziata G, Muscogiuri G, Donnarumma M, 
Marasca C, et al. . Role of nutrition and adherence to the mediterranean 
diet in the multidisciplinary approach of hidradenitis suppurativa: evalua-
tion of nutritional status and its association with severity of disease. 
Nutrients. 2018;11(1):57.

84.	 Miller IM, Vinding G, Sørensen HA, Rytgaard H, Mogensen UB,  
Ellervik C, et  al. Thyroid function in hidradenitis suppurativa: a 
population-based cross-sectional study from Denmark. Clin Exp Derma-
tol. 2018;43(8):899–905.

85.	 Liakou AI, Kontochristopoulos G, Marnelakis I, Tsantes AG,  
Papadakis M, Alevizou A, et al. Thyroid disease and active smoking may 
be associated with more severe hidradenitis suppurativa: data from a 
prospective cross sectional single-center study. Dermatology. 
2021;237(1):125–30.

86.	 Sherman S, Tzur Bitan D, Kridin K, Pavlovsky L, Hodak E, Cohen AD. 
Hidradenitis suppurativa is associated with hypothyroidism and hyperthyroi-
dism: a large-scale population-based study. Int J Dermatol. 2021;60(3):321–6.

87.	 Garg A, Neuren E, Strunk A. Hidradenitis suppurativa is associated with 
polycystic ovary syndrome: a population-based analysis in the United 
States. J Invest Dermatol. 2018;138(6):1288–92.

88.	 Miller IM, Rytgaard H, Mogensen UB, Miller E, Ring HC, Ellervik C, et al. 
Body composition and basal metabolic rate in hidradenitis suppurativa: 
a Danish population-based and hospital-based cross-sectional study. 
J Eur Acad Dermatol Venereol. 2016;30(6):980–8.

89.	 Akdogan N, Alli N, Uysal PI, Topcuoglu C, Candar T, Turhan T. Visfatin 
and insulin levels and cigarette smoking are independent risk factors for 
hidradenitis suppurativa: a case-control study. Arch Dermatol Res. 
2018;310(10):785–93.

90.	 Jørgensen AR, Aarestrup J, Baker JL, Thomsen SF. Association of birth 
weight, childhood body mass index, and height with risk of hidradenitis 
suppurativa. JAMA Dermatol. 2020;156(7):746–53.

91.	 Reichert B, Fernandez Faith E, Harfmann K. Weight counseling in pedia-
tric hidradenitis suppurativa patients. Pediatr Dermatol. 2020;37(3):480–3.

92.	 Barrea L, Muscogiuri G, Pugliese G, de Alteriis G, Maisto M,  
Donnarumma M, et al. Association of Trimethylamine N-Oxide (TMAO) 
with the clinical severity of hidradenitis suppurativa (acne inversa). 
Nutrients. 2021;13(6):1997.

93.	 Wright S, Strunk A, Garg A. Trends in body mass index before and after 
diagnosis of hidradenitis suppurativa. Br J Dermatol. 2021;185(1):74–9.

94.	 Kromann CB, Deckers IE, Esmann S, Boer J, Prens EP, Jemec GB. Risk 
factors, clinical course and long-term prognosis in hidradenitis suppura-
tiva: a cross-sectional study. Br J Dermatol. 2014;171(4):819–24.

95.	 Garg A, Papagermanos V, Midura M, Strunk A. Incidence of hidradenitis 
suppurativa among tobacco smokers: a population-based retrospective 
analysis in the U.S.A. Br J Dermatol. 2018;178(3):709–14.

96.	 Zimman S, Comparatore MV, Vulcano AF, Absi ML, Mazzuoccolo LD. 
Hidradenitis suppurativa: estimated prevalence, clinical features, conco-
mitant conditions, and diagnostic delay in a university teaching hospital 
in Buenos Aires, Argentina. Actas Dermosifiliogr (Engl Ed). 
2019;110(4):297–302.

97.	 Özkur E, Karadag AS, Üstüner P, Aksoy B, Eşme P, Çalışkan E, et al. 
Clinical and demographic features of hidradenitis suppurativa: a multi-
centre study of 1221 patients with an analysis of risk factors associated 
with disease severity. Clin Exp Dermatol. 2021;46(3):532–40.

98.	 Kromann CB, Ibler KS, Kristiansen VB, Jemec GB. The influence of body 
weight on the prevalence and severity of hidradenitis suppurativa. Acta 
Derm Venereol. 2014;94(5):553–7.

99.	 Fabbrocini G, De Vita V, Donnarumma M, Russo G, Monfrecola G. South 
Italy: a privileged perspective to understand the relationship between 
hidradenitis suppurativa and overweight/obesity. Skin Appendage Disord. 
2016;2(1-2):52–6.

100.	 Kaleta KP, Nikolakis G, Hossini AM, Balthasar O, Almansouri D,  
Vaiopoulos A, et al. Metabolic disorders/obesity is a primary risk factor 
in hidradenitis suppurativa: an immunohistochemical real-world approach. 
Dermatology. 2022;238(2):251–9.

101.	 Liy-Wong C, Kim M, Kirkorian AY, Eichenfield LF, Diaz LZ, Horev A, et al. 
Hidradenitis suppurativa in the pediatric population: an international, mul-
ticenter, retrospective, cross-sectional study of 481 pediatric patients. 
JAMA Dermatol. 2021;157(4):385–91.

102.	 Dessinioti C, Tzanetakou V, Zisimou C, Kontochristopoulos G,  
Antoniou C. A retrospective study of the characteristics of patients with 
early-onset compared to adult-onset hidradenitis suppurativa. Int J Der-
matol. 2018;57(6):687–91.

103.	 Molina-Leyva A, Cuenca-Barrales C. Adolescent-onset hidradenitis 
suppurativa: prevalence, risk factors and disease features. Dermatology. 
2019;235(1):45–50.



293

REVIEW ARTICLE

*Corresponding author:
Ana L. João
E-mail: luisajoao92@gmail.com

Available online: 09-12-2022

Port J Dermatol and Venereol. 2022;80(4):293-301

www.portuguesejournalofdermatology.com

Received: 10-07-2022

Accepted: 04-10-2022

DOI: 10.24875/PJDV.22000002

2795-501X / © 2022 Portuguese Society of Dermatology and Venereology. Published by Permanyer. This is an open access article under the CC 
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Port J Dermatol and Venereol.

Introduction
The term ectodermal dysplasia (ED) designates a het-
erogeneous group of rare inherited disorders charac-
terized by abnormal development of ectodermal tissues 
(hair, nails, sweat glands, and teeth). In addition, 
non-ectodermically derived structures may also be 
affected1. To date, approximately 200 conditions are 
described, and the causative mutation has been 

identified in some cases2,3. Clinical knowledge and the 
unravelling of molecular mechanisms has therefore led 
to the development of classification systems4,5. 

We herein review the current expertise on this topic, 
regarding etiology, evaluation and management 
options, highlighting the importance of multidisciplinary 
strategies for improved outcomes. We further illustrate 
with a clinical case.

Ectodermal dysplasias

Displasias ectodérmicas
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Abstract

Ectodermal dysplasias are a heterogeneous group of rare inherited disorders. Molecular findings and clarification of cell sig-
naling processes and ectodermal-mesenchyme interaction enabled the development of a clinical-functional model, which in 
turn helps to explain clinical signs, with variability in severity, associated non-ectodermal abnormalities and overlap seen in 
many patients. We herein review the current state of knowledge regarding this distinct entity and illustrate with an elucidative 
case report. The need for early multidisciplinary intervention is highlighted, and further studies will focus on genetically-target 
therapeutic approaches.

Keywords: Ectodermal dysplasia. Genodermatosis. Genetic testing.

Resumo

As displasias ectodérmicas representam um grupo heterogéneo de doenças hereditárias raras. Os achados moleculares e o 
esclarecimento dos processos de sinalização celular e da interação ectoderme-mesênquima permitiram compreender os sinais 
clínicos. Estes caracterizam-se por gravidade variável, observando-se associação a anomalias não ectodérmicas e sobrepo-
sição clínica em muitos pacientes. No presente trabalho resumimos o estado atual do conhecimento sobre as displasias 
ectodérmicas e apresentamos ainda um relato de caso ilustrativo. Salientamos a necessidade de intervenção multidisciplinar 
precoce, sendo necessários estudos futuros com enfoque em abordagens terapêuticas geneticamente direcionadas.

Palavras-chave: Displasia ectodérmica. Genodermatose. Teste genético.
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Historical perspective

EDs have long been recognized, with the earliest 
reports dating from 1792 by Danz6, with subsequent 
descriptions made by Wedderburn in 1838, Thurnam 
in 19487 and Charles Darwin in 18758. Later on, the 
term “hereditary ectodermal dysplasia” was intro-
duced by Weech in 1929, who coined as “anhidrotic” 
those with inability to perspire9. In 1944, Felsher fur-
ther changed the adjective to “hypohidrotic,” as these 
individuals were not truly devoid of sweat glands2. 
Since then, several cases have been reported and 
disease comprehension originated classification 
schemes.

Etiology and epidemiology

The word ectoderm comes from the Greek ektos mean-
ing “outside” and derma meaning “skin.” Indeed, it rep-
resents the outermost primary germ layer, formed in 
early embryonic development, superficial to the meso-
derm (the middle layer) and the endoderm (the inner-
most layer). At around the third week of development, 
it differentiates to form neural (neuroectoderm) and 
epithelial tissues (epidermis, epidermal appendages 
and tooth enamel). As such, the ectoderm originates 
not only the hair, teeth, nails and sweat glands, but also 
the central and peripheral nervous system, eyes, ears 
and nose, along with the eccrine, mammary and pitu-
itary glands10. Moreover, the ectoderm interacts with 
the mesoderm during development, which explains that 
abnormalities in mesodermal structures (such as the 
musculoskeletal and genitourinary system) may fea-
ture EDs5. 

ED is thus defined by a congenital defect in at least 
two of the major ectodermically derived structures (hair, 
nails, sweat glands, and teeth), and represents 
single-gene disorders with a variable mode of inheri-
tance1,2,11. They result from the mutation or deletion of 
certain genes located on different chromosomes, 
responsible for cell signaling processes involved in the 
induction and development of ectodermal structures 
and their interactions with the mesoderm. They are 
usually inherited, but de novo mutation is also 
possible2,3. 

EDs are considered rare conditions, with an esti-
mated incidence of 7:10000 births12. Approximately 
200 conditions are known. The commonest variant is 
hypohydrotic ED, which is frequently X-linked with 
full-blown expression seen only in males1,2,11. 

Genetic pathogenesis2,3,5

Biomolecular investigation has enabled the identifica-
tion of causative mutations, that can be categorized 
under two broad pathogenic mechanisms (see classifi-
cation section below)5:

Defective interaction between the ectoderm and 
the mesenchyme

Changes in the signaling pathways that modulate activ-
ity of nuclear factor kappa-light-chain-enhancer of acti-
vated B cell (NFκB).

EDA/EDAR/EDARADD pathway

The EDA, EDAR and EDARADD genes provide 
instructions for making proteins that work together during 
embryonic development. Mutations in these genes result 
in defective ectodysplasin (EDA) formation, which is crit-
ical for the interaction between the ectoderm and the 
mesoderm. In sum, EDA protein binds to an EDA recep-
tor (EDAR) in the cell membrane. EDAR has an extra-
cellular region, a transmembrane region, and a death 
domain in its intracellular region. A death domain is a 
protein interaction module that interacts with the death 
domains of other proteins and triggers metabolic cas-
cades that are often implicated in regulating apoptosis 
and inflammation through the NFκB cascade. EDAR 
death domain binds to the death domain of 
EDAR-associated death domain (EDARADD)13. 

Finally, certain mutations in the WNT10A gene, whose 
product is a member of the Wnt signaling pathway (impli-
cated in embryonic development and cell differentiation), 
have also been implicated in certain forms of ED.

Mutations in only 4 genes (EDA1, EDAR, EDARADD 
and WNT10A) are responsible for most cases of ED, 
through improper formation of ectodermal structures, 
leading to the characteristic features of hypohidrotic ED 
(Table 1)14. 

NFκB signaling pathway

NFκB is a transcription factor that regulates the 
expression of multiple genes implicated in immune and 
inflammatory responses, reaction to stress, cell adhe-
sion, and protection against apoptosis15. In most cells, 
NFκB is kept in an inactive state through cytoplasmic 
sequestering by the NFκB inhibitory protein (IkB). 
Several stimuli lead to activation of the cell membrane 
receptors of the TNF family (such as EDAR).  
Activation of these receptors leads to degradation of 
IkB, allowing NFκB translocation to the nucleus and 
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culminating in inflammatory and immune responses 
with development of T and B cells, and induction of 
osteoclast function and growth of epidermal cells16. 
NFκB essential modulator (NEMO) is a subunit of IkB, 
that if absent impairs NFκB response to stimuli17. 
Mutations in 2 genes, NEMO and IkB (subunits of IkB) 
have been shown to give rise to a heterogeneous group 
of genetic disorders that include some forms of ED 
(X-linked hypohidrotic ED (HED) with immune defi-
ciency; autosomal dominant HED with immunodefi-
ciency; and osteopetrosis, lymphedema and HED with 
immunodeficiency) (Table 1)18. 

Regulatory changes in transcription and/or expres-
sion of genes such as p63

The p63 our TP63 (tumor protein 63) gene encodes 
the transcription factor protein p63, which is expressed 
very early during embryogenesis and plays an essential 
role in inducing epidermal differentiation and prolifera-
tion. As such, lack of expression during the early devel-
opment of ectodermal tissues might block interactions 
between the epithelium and the mesenchyme, thereby 

impairing normal morphogenesis19. In addition, 
p63 regulates the expression of P-cadherin, a critical 
regulator of hair development20. 

The regions of greatest biological importance are  
the DNA binding domain, the sterile alpha motif (SAM) 
and the transactivation inhibition domain (TID)19. 
Heterozygous mutations in the p63 gene are responsi-
ble for at least 6 different syndromes that combine  
ED, orofacial clefts, and limb malformations, with a 
strong genotype-phenotype correlation that is depen-
dent on the location of the p63 mutation (Table 12)21. 
Ankyloblepharon-ectodermal dysplasia-cleft lip/palate 
(AEC) syndrome will be further presented in this review 
(see Clinical Manifestations section).

Abnormal function of a structural protein in 
the cell membrane

Examples of structural proteins include nectin 1, con-
nexins and plakophilin, whose role in adhesion and 
cell-cell communication is essential for tissue 

Table 1. Classic ectodermal dysplasias. 

Hypohidrotic ED Hypohidrotic ED-immune 
deficiency

Hidrotic ED Witkop tooth and nail 
syndrome

Inheritance 
(associated 
gene)

XL (EDA);
AD, AR (EDAR > EDARADD)

XL recessive (IKBKG/
NEMO); AD (NFKBIA)

AD (GJB6) AD (MSX1)

Protein product Ectodysplasin A; EDAR; 
EDARADD

NF-κB essential 
modulator; NF-κB 
inhibitor- α

Connexin 30 Muscle segment 
homeobox 1

Scalp hair Sparse to absent; often lightly 
pigmented in children

Sparse Wiry, brittle; patchy 
alopecia; often lightly 
pigmented

Normal to thin

Teeth Hypodontia, conical Hypodontia, conical Normal Hypo- or anodontia of 
secondary teeth; primary 
teeth regular or small/ 
peg-shaped

Sweating Markedly decreased Mildly decreased Normal Normal

Nails Normal Normal White and small during 
infancy; thickened, distal 
separation

Koilonychia improves 
with age; toenails are 
worse than fingernails

Other Characteristic facies; neonates 
may have collodion-like 
membrane; eczema common; 
thick nasal secretions and 
cerumen; frequent respiratory 
tract infections

Intertrigo, seborrheic-like 
dermatitis, erythroderma; 
colitis; recurrent 
infections (pyogenic or 
opportunistic); ↑ IgM and 
IgA, ↑ IgG; rare 
osteopetrosis and 
lymphedema, arthritis, 
and/or (esp. in AD form) 
autoimmune cytopenias 
and endocrinopathy

Stippled palmoplantar 
keratoderma; the 
grid-like array of tiny 
acral papules; 
blepharitis, conjunctivitis

Prolonged retention of 
primary teeth

AD: autosomal dominant; AR: autosomal recessive; ED: ectodermal dysplasia; EDAR: ectodysplasin A receptor; EDARADD: EDAR-associated death domain; GJB6: gap 
junction β6; IKBKG: inhibitor of κ light polypeptide gene enhancer in B cells, kinase γ; XL: X-linked. Adapted from H. Itin et al.1.
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“pure EDs” without other dermatologic signs nor 
skeletal anomalities).

	− Group 2: altered cell-cell adhesion and communica-
tion–regarded as “dermatologic EDs” (featuring skin 
abnormalities such as palmoplantar keratoderma), 
with possible involvement of other ectodermal structu-
res or highly differentiated epithelia (e.g., associated 
with deafness or retinal dystrophy). In this regard, 
some of the conditions that might be included in this 
group have not been traditionally thought of as EDs 
because their recognition and diagnosis are based 
upon another primary manifestation (keratoderma, 
ichthyosis, aplasia cutis congenital, or skeletal dyspla-
sia). Indeed, defects in ectodermal appendages 
should be the major clinical features used to classify 
and diagnose EDs1. 

In sum, EDs are nowadays distinguished based on 
the types of ectodermal abnormalities, associated 
non-ectodermal anomalies, and mode of inheritance, 
as well as the underlying genetic defect.

Clinical manifestations

ED develops during the first trimester of pregnancy. If 
severe, they occur before the 6th week of embryonic 
life, consequently disturbing the normal dentition. After 
the 8th week, the other ectodermal structures will be 
affected2. Molecular interactions among proteins 
mutated in EDs and altered common functional path-
ways will explain many clinical signs, severity variabil-
ity, associated malformations, and overlap seen in 
some ED patients. The detailed description of the dif-
ferent types of ED is not under the scope of this paper 
and has been extensively reviewed elsewhere1-3. We 
will in turn present some key clinical and genetic fea-
tures of selected classic EDs, which have a known 
molecular basis and/or prominent cutaneous manifes-
tations (Tables 1 and 2)1-3. 

	− Hypohidrotic Ectodermal Dysplasia (HED) (synonyms: 
Anhidrotic ED, Christ-Siemens-Touraine syndrome)
HED describes a group of disorders that present 
with sparse or absent hair, missing or peg-shaped 
teeth, and decreased ability to sweat. The most 
common form is X-linked, which also represents the 
most frequent ED in general, with an incidence  
of 1 case per 10,0000 births. HED is caused by  
mutations in the ectodysplasin signal transduction 
pathway, namely the EDA, with no apparent 
genotype-phenotype relationship, and great variety 
among different families and within the same family 

homeostasis and cell growth, development and 
response to stimuli. Clinically, these disorders feature 
skin abnormalities (such as palmoplantar keratoderma), 
with or without involvement of highly differentiated epi-
thelia associated with deafness or retinal dystrophy. 
Hidrotic ED is caused by mutations in connexin 20, and 
it is characterized by hair loss, nail dystrophy, and pal-
moplantar keratoderma (Table 1)22. 

Finally, it should be mentioned that some inherited 
abnormalities limited to one ectodermal structure have 
a genetic basis related to that of EDs (e.g., hypodontia 
due to heterozygous WNT10A mutations versus ED 
syndromes due to biallelic mutations in the same gene), 
that should nonetheless not be confused with a true ED.

Classification

There have been many classification schemes pro-
posed over the years. The initial descriptive clinical 
categorization by Pinheiro and Freire-Maia4 distin-
guished four primary ED defects:

	− ED1: Tri hodysplasia (hair dysplasia)
	− ED2: Dental dysplasia
	− ED3: Onychodysplasia (nail dysplasia)
	− ED4: Dyshidrosis (sweat gland dysplasia)

The ED were then further categorized into eleven 
subgroups according to the primary defects:

	− Subgroup 1-2-3-4
	− Subgroup 1-2-3
	− Subgroup 1-2-4
	− Subgroup 1-2
	− Subgroup 1-3
	− Subgroup 1-4
	− Subgroup 2-3-4
	− Subgroup 2-3
	− Subgroup 2-4
	− Subgroup 3
	− Subgroup 4

The complex classification of ED has later evolved in 
an attempt to integrate clinical and genetic data. In 2009, 
Priolo5 established a clinical-functional model, based on 
the understanding of the processes of cell signaling 
involved in the induction and development of ectodermal 
structures as well as their interactions with mesodermal 
structures. As such, two groups have been defined:

	− Group 1: defective epithelial-mesenchymal interaction 
with a resulting phenotype of hypoplasia or aplasia of 
structures derived from the ectoderm —considered 
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The abovementioned features are mainly observed 
in males, with females ranging from a carrier state 
to a limited blaschkoid distribution or even a 
full-blown disease, depending of X-inactivation. In 
addition, a subset of patients presents with immuno-
deficiency in the form of hypogammaglobulinemia 
and autoimmune cytopenias, with identified muta-
tions in the NEMO gene1-3. 

	− Hydrotic Ectodermal Dysplasia (synonym: Clouston 
syndrome)
It is an autosomal dominant condition that is caused 
by missense mutations in the GJB6 gene, which 
encodes the connexin 30 protein. The 3 main clinical 
characteristics are hair loss, nail dystrophy, and pal-
moplantar keratoderma, with sparing of teeth and 
eccrine glands. Hair and nail changes manifest in 
early infancy and progress over time. Namely, atri-
chia or hypotrichosis with wiry, brittle and pale hair, 
and frequently patchy alopecia. In addition, sparse 
eyelashes predispose to recurrent episodes of con-
junctivitis and blepharitis. Nails are milky-white, with 
gradual thickening throughout childhood. 
Palmo-plantar keratoderma with a cobblestone-like 

group. Altered morphogenesis affecting epithelial 
cells in the developing tooth, hair follicle, and eccrine 
gland results in aplasia, hypoplasia, or dysplasia of 
these structures1-3. 
The scalp hair is sparse or absent with light-brown 
pigmentation. Affected infants have a loss of the 
skin’s thermoregulatory function, clinically present 
with pyrexia of unknown origin and hyperthermia as 
early as the first few hours of life, with increased 
mortality. Furthermore, the skin appears smooth, 
soft, dry, and thin due to absent eccrine pores with 
disturbed dermatoglyphes. Atopic dermatitis is a 
common comorbidity. There might be a characteris-
tic facial dysmorphism, with periorbital wrinkling, 
sebaceous hyperplasia of the face, saddle nose, 
fully-everted lips, and prominent frontal bossing. 
Teeth are reduced in number and usually peg-shaped. 
Dental caries and loss of dentition can lead to diffi-
culty in feeding. Nails remain unaffected in HED. 
Other manifestations include recurrent respiratory 
tract infections (viscous secretions), hoarseness of 
voice, gastroesophageal reflux, and unilateral or 
bilateral breast aplasia/hypoplasia1-3. 

Table 2. p63-related ectodermal dysplasia syndromes

Variables AEC EEC Limb–mammary Adult

Inheritance AD AD AD AD

Typical TP63 mutations Missense in SAM domain Missense in DNA-
binding domain

Truncating in 
C-terminal region

Missense in hotspot at end 
of DNA-binding domain

Scalp hair Lightly pigmented, wiry; 
sparse with patchy 
alopecia

Lightly pigmented, 
coarse; may be 
sparse

Normal Lightly pigmented, sparse; 
frontal alopecia

Teeth Hypodontia, misshapen 
(e.g., conical) teeth

Hypodontia, enamel 
hypoplasia

Hypodontia Hypodontia, small teeth

Sweating Hypohidrosis in some 
patients

Usually normal Hypohidrosis in some 
patients

Usually normal

Nails Hyperconvex, thickened or 
absent

Transverse ridges, 
pitting

Variable dystrophy Ridges, pitting

Cleft lip/palate Almost 100%; palate ± lip ~50%; usually lip + 
palate

~30%; palate only None

Digital anomalies Syndactyly in some 
patients; rarely 
ectrodactyly

Ectrodactyly > 
syndactyly

Ectrodactyly > 
syndactyly

Ectrodactyly, syndactyly

Skin findings Neonatal erythroderma; 
erosive dermatitis, esp. of 
scalp; flexural reticulated 
hyperpigmentation

Xerosis, palmoplantar 
keratoderma

None Xerosis, photosensitivity, 
freckling

Other Ankyloblepharon; lacrimal 
duct defects; ectopic 
breast tissue; 
hypospadias; GER

Lacrimal duct defects; 
keratopathy, corneal 
scarring; GU 
anomalies

Lacrimal duct defects, 
hypoplastic nipples/
breasts; GU anomalies

Lacrimal duct defects; 
hypoplastic nipples/breasts

ADULT: acro-dermato-ungual-lacrimal-tooth; AEC: ankyloblepharon-ectodermal defects-cleft lip/palate; EEC: ectrodactyly-ectodermal dysplasia-clefting;  
GER: gastroesophageal reflux; GU: genitourinary; SAM: sterile alpha motif. Adapted from H. Itin et al.1
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occur in Rapp Hodkgin syndrome, which is now 
considered part of the AEC spectrum11. 

Evaluation

Diagnosis is first based on the typical phenotypic  
characteristics of ED, with special emphasis on the 
presence/absence of sweating, hair/nail, and teeth 
abnormalities. Further identification of specific syn- 
drome/subtype requires a series of investigations. For 
example1-3:

	− Atrichogram will show barcode hair in HED, which will 
be absent in the hydrotic variant.

	− Laboratory work-up with the determination of 
quantitative immunoglobulin levels and B and T 
lymphocyte subset populations will be altered in 
HED associated with primary immunodeficiency.

	− Sweat pore counts and pilocarpine iontophoresis may 
document hypohidrosis and a reduction in the number 
of eccrine glands.

	− Even though usually unnecessary, a skin biopsy 
shows the absence of eccrine structures in HED or 
eccrine syringofibroadenomatosis in hydrotic ED.

	− Other studies, such as X-rays of the limbs, may aid in 
diagnosing variants of ED.

	− Molecular genetic testing (sequence analysis) allows 
for disease identification and establishment of risk of 
transmission.

Treatment/management

As patients with ED are usually children, parent educa-
tion is of paramount importance, including day-to-day 
routine management in order to prevent complications. 
In addition, children and adults with ED must be eval-
uated individually by multidisciplinary teams, in order 
to treat multiorgan manifestations.

In general terms, it consists of temperature mainte-
nance and management of congenital defects. For 
instance, older children should be instructed on physi-
cal cooling measures such as frequent drinking of cold 
liquids and special cooling vests for heat-generating 
activities. Regular use of moisturizers is useful for xero-
sis and collodion-like presentation. Treatment of chronic 
erosive scalp dermatitis (AEC syndrome) can be chal-
lenging, and the condition is deemed debilitating and 
refractory. A stepwise approach must be considered, 
with bland emollients and prevention of secondary 
infections. However, classic wound regimens typically 
fail, and even though topical and systemic antibiotics 

pattern on the dorsal aspect resulting from the 
coalescence of eccrine acrosyringia has been 
reported in several patients, as oral leukoplakia. 
Facial dysmorphism is not present and general 
physical development is normal1-3. 

	− Ankyloblepharon-Ectodermal Defects-Cleft Lip/Palate 
(AEC) Syndrome (synonyms: Hay-Wells syndrome, 
RappHodgkin syndrome)
Heterozygous mutations in the p63 gene are respon-
sible for at least 6 different syndromes that combine 
ED, orofacial clefts, and limb malformations21. AEC 
syndrome has an autosomal dominant transmission 
pattern of non-sense mutations in the SAM domain 
of protein p63, with approximately 100 patients 
reported to date23. Ankyloblepharon, ectodermal 
defects, and cleft lip/palate make the characteristic 
clinical triad1-3. 
This disorder is evident at birth. Up to 90% of 
affected infants show a classic erythrodermic pre-
sentation with peeling skin or erosions, which can 
result in life-threatening infectious complications. 
The scalp is almost always involved in the form of 
chronic oozing erosive dermatitis, patchy alopecia, 
and wiry hair. Some degree of nail dystrophy is typ-
ically evident, with hyperconvex and thickened nail 
plates or anonychia. Sweating may be decreased 
with heat intolerance. Additional features that differ-
entiate this syndrome include hyper granulation tis-
sue formation, recurrent skin infections, cribriform 
and stellate scarring of the shoulders and upper 
trunk, and reticulated pigmentation of the intertrigi-
nous areas. Dental abnormalities include hypodontia 
and misshapen teeth1-3. 
Congenital strands of tissue are observed between 
the eyelids (ankyloblepharon) in approximately 
three-quarters of affected individuals, which may 
lyse spontaneously, even prior to birth, or require 
surgical correction. Lacrimal duct atresia may occur. 
Almost all patients with AEC syndrome present with 
a cleft palate with or without a cleft lip1-3. 
External ear malformation may be observed, leading 
to recurrent otitis media with secondary conductive 
hearing loss. In addition, gastroesophageal reflux 
develops in the majority of AEC patients, and in 
some cases results in failure to thrive and require-
ment of gastrostomy placement. Finally, hypospa-
dias, supernumerary nipples, and limb abnormalities 
are other associated traits1-3. 
Regarding differential diagnosis, neonatal erythrod-
erma is typically confused with bullous congenital 
ichthyosis. The absence of ankyloblepharon can 



A.L. João et al.: Ectodermal dysplasias

299

Gene therapy using recombinant gene administration 
has been evaluated experimentally in animal studies 
and needs future investigation25. 

Author’s experience

A 2-year-old girl presented with alopecia and dys-
trophic hair and nails. She was otherwise healthy, 
with an unremarkable familiar history. On examina-
tion, there was hypotrichosis with thin rough hair, 
madarosis and milphosis (Figure 1), micronychia 
(Figure 2), and heterogeneous skin pigmentation with 
hyperpigmented areas (Figure 3). There was also 
apparent hypodontia (Figure 3). A complementary 

are often used, they are usually of little benefit except 
in cases of overt infection1,2,11. Improvement with 
high-potency topical steroids has been advocated in 
case reports24, and therefore can be considered in 
resistant cases.

Early and ongoing dental treatment is essential for 
the functional and cosmetic outcomes of the teeth. 
Limb defects, ocular, and other abnormalities require 
expert reference at the earliest suspicion. Finally,  
the psychological impact as a consequence of  
esthetics and abnormal function of orofacial structures 
should not be overlooked. Referral to the National 
Foundation of Ectodermal Dysplasias could also prove 
valuable1,2,11. 

Figure 1. Hypotrichosis with thin rough hair, madarosis, and milphosis.

Figure 2. Micronychia.
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Concluding remarks

EDs form a diverse group of inherited disorders with 
variable complications. Molecular findings have helped 
to elucidate physiopathology and categorize such a het-
erogenous class, explaining its clinical signs, variability 
in severity, associated malformations and overlap seen 
in some ED patients. Equally, such comprehension will 
lead to future genetically targeted therapeutic 
approaches. Meanwhile, treatment is symptom-directed, 
and a multidisciplinary approach is therefore crucial. 
When achieved, the general prognosis is good with a 
normal life expectancy, underlining the relevance of an 
early and careful clinical evaluation.
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Abstract

Melanoma remains the deadliest form of skin cancer, and its incidence is increasing. In recent years, melanoma adjuvant 
therapy has been regarded as a revolution when it comes to prognostic of high-risk melanoma adjuvant therapy has been 
regarded as a revolution in the prognostic of high-risk melanoma, but questions concerning its indications still challenge the 
clinical approach. A better understanding of what patients to treat and how to treat them is imperative. Adjuvant therapy is now 
considered standard of care in many clinical contexts, and currently approved therapies have shown benefit in patients staged 
III or higher on the American Joint Committee on Cancer (AJCC) 7th edition, which raised issues of adequacy in present 
clinical settings (AJCC 8th edition). Nevertheless, clinical practice guidelines are unavailable. Furthermore, clinical settings 
have evolved since the trials that led to the approval of current adjuvant treatments. Completion lymph node dissection is no 
longer considered standard of care for all sentinel lymph node (SLN)—positive patients, and staging was reconfigured. In light 
of AJCC’s new staging data, early adjuvant therapy –for stage II melanoma– is now under scrutiny. Several breakthroughs are 
expected in the upcoming years. This review summarizes where we came from, where we are and where we are heading on 
adjuvant melanoma therapy.

Keywords: Adjuvant. High-risk. Melanoma. 

Resumo

O melanoma mantém-se como o mais letal dos cancros de pele e a sua incidência continua a aumentar. Nos últimos anos, 
o tratamento adjuvante desta patologia contribuiu para uma revolução terapêutica com impacto importante no prognóstico do 
melanoma de alto risco. Apesar disto, afigura-se como imperativo, ainda, compreender mais detalhadamente quem tratar e 
quando atuar. A terapêutica adjuvante é atualmente indicada em vários contextos clínicos. As terapêuticas inicialmente apro-
vadas demonstraram benefício em doentes em estádio III ou superior conforme a 7.ª edição do American Joint Committee 
on Cancer (AJCC), o que suscitou dúvidas acerca da sua adequação ao atual contexto clínico (8.ª edição do AJCC). Desta-
ca-se, ainda, a reforma  à abordagem clínica do melanoma, que evoluiu desde os ensaios que conduziram à aprovação de 
muitos dos regimes de adjuvância atualmente preconizados. A linfadenectomia total já não é recomendada em todos os 
doentes com biópsia de gânglio sentinela positiva e o estadiamento foi reconfigurado. Atualmente, à luz da 8.ª edição da 
AJCC, a terapêutica adjuvante precoce, para os doentes com melanoma em estádio II, é uma realidade sob escrutínio. 
Esperam-se vários avanços terapêuticos nos próximos anos. Esta revisão pretende explorar de onde viemos, onde nos 
encontramos e para onde nos dirigimos no que respeita à terapêutica adjuvante no melanoma.

Palavras-chave: Adjuvância. Alto risco. Melanoma.
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Introduction

Melanoma remains one of the most aggressive skin 
cancers worldwide, and its incidence continues to 
increase, but a therapeutic revolution has been taking 
place in the past years1. The prognosis is encouraging 
for early stages, and recent therapeutic options have 
changed the disease course for more advanced stages 
with unfavorable prognosis. In fact, low-risk melanomas 
can be effectively treated with surgery only, but high-risk 
melanomas with no evidence of disease after excision 
are associated with worse survival rates2.

Aiming to offer better therapeutic approaches in the 
high-risk disease, advances in systemic treatment in 
the metastatic setting have translated additionally into 
effective adjuvant therapy for patients with resected but 
regionally advanced disease3. Recently, concerns 
regarding the choice of optimal adjuvant therapy, eval-
uation of possible biomarkers, the benefit of adjuvant 
therapies in stage II patients versus its associated tox-
icity, as well as the possibility of subsequential treat-
ments over time have been debated.

Where did we come from?

For many years, interferon-α was the only approved 
option for adjuvant therapy of high-risk melanoma4. 
Since the 1990s, different schedules and protocols 
were investigated, with a notable effect on relapse-free 
survival (RFS) but none (or limited effect in specific 
subgroups) on overall survival (OS)5. In fact, despite 
the apparent benefit from interferon-α in patients with 
ulcerated primary melanomas1, the inconsistent 
improvements shown in OS, along with substantial 
toxic effects, led to the definite abandonment of this 
adjuvant therapy, which had never been considered as 
standard of care in Portugal and worldwide.

Checkpoint inhibitor immunotherapies, including 
those that target programmed cell death 1 (PD-1) or 
cytotoxic T-lymphocyte antigen 4 (CTLA-4) and drugs 
that target the mitogen-activated protein kinase path-
way [v-raf murine sarcoma viral oncogene homolog B1 
(BRAF) and mitogen-activated protein kinase kinase 
(MEK) inhibitors and their combination] have recently 
gained a determinant role in the adjuvant setting6.

In 2015, ipilimumab, a human antibody against 
CTLA-4, showed improvement in recurrence-free sur-
vival in patients with resected melanoma with involve-
ment of lymph nodes > 1 mm versus placebo. 
Subsequently, it was shown to improve OS versus pla-
cebo (OS at 5 years was 65.4% in the ipilimumab group, 

as compared with 54.4% in the placebo group) but was 
associated with serious adverse events leading to early 
discontinuation in a substantial proportion of patients 
and death in 1.1%7. Nonetheless, this merited approval 
by the United States Food and Drug Administration, but 
not the European Medicines Agency (EMA), in the adju-
vant setting for melanomas stage III in 2016.

Around 2 years later, nivolumab, a PD-1 checkpoint 
inhibitor, was approved as adjuvant therapy for  
melanoma. The CheckMate-238 study compared 
nivolumab with ipilimumab as adjuvant treatment for 
patients with high-risk resected stage IIIB-IIIC or 
resected stage IV melanoma (classified by the AJCC, 
7th edition) and has shown the superiority of nivolumab 
coupled with less toxicity (4-year RFS was 51.7%  
in the nivolumab group and 41.2% in the ipilimumab 
group; 4-year OS was 77.9% with nivolumab and  
76.6% with ipilimumab; late-emergent grade 3–4  
treatment-related adverse events were reported in 1% 
of patients in the nivolumab group and 2% of patients 
in the ipilimumab group)8.

In 2019, another PD-1 inhibitor, pembrolizumab, was 
approved for melanoma adjuvant treatment as it showed 
improved RFS versus placebo with no new toxic effects 
identified (1-year rate of RFS of 75.4% in the pembroli-
zumab group and 61% in the placebo group)9.

Regarding targeted therapy, the COMBI-AD study in 
2018 established an improvement in RFS when com-
paring the BRAF inhibitor dabrafenib and MEK inhibitor 
trametinib to placebo (estimated 3-year rate of RFS 
was 58% in the combination-therapy group and 39% in 
the placebo group; 3-year OS rate was 86% in the 
combination-therapy group and 77% in the placebo 
group; serious adverse events occurred in 36% of 
patients in the combination therapy group and in 10% 
patients in the placebo group)6. This data led to the 
approval of dabrafenib and trametinib as adjuvant treat-
ments for melanoma stage IIIB and higher in 2018.

Where are we?

Adjuvant therapy is changing the way melanoma 
patients are treated today and is now considered  
standard of care in most stage III and resected stage IV 
patients. Both targeted therapy and immune checkpoint 
inhibitors reduce the risk of recurrent melanoma in 
high-risk disease10, as previously discussed. Still, clinical 
practice guidelines are unavailable, and the decision to 
prescribe a specific adjuvant therapy requires a detailed 
selection of patients, evaluating the likelihood of thera-
peutic efficacy and its associated risks.
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The difficulty of the clinician’s approach is highlighted 
by the absence of measurable disease, making it 
impossible, contrarily to the metastatic setting, to read-
ily assess a clinical response11. As such, a better selec-
tion of high-risk of relapse patients could help reduce 
the costs of toxicity by applying it to the patients that 
would benefit the most from it. Further research into 
biomarkers is imperative in this setting.

The 8th edition AJCC melanoma staging system 
intends to provide a standardized and contemporary 
cancer staging system that facilitates accurate risk 
stratification, aiming to guide patient treatment. 
Well-known clinical-pathological features allowed for 
this classification: ulceration and Breslow thickness 
were the most important predictors of survival with 
respect to the primary tumor (also the extent of vascu-
lar invasion in thin melanomas) and, in the N category, 
the number of the metastatic nodes and whether they 
present on a clinically occult or clinically apparent fash-
ion and also the presence of in-transit, satellite or 
locally recurring lesions are of significant prognostic 
value12. Stage III is defined as the presence of nodal, 
satellite or in-transit metastasis. Most stage III patients 
are disease-free after surgery, with significantly differ-
ent relapse risks between subgroups. In AJCC 8th 
edition, stage III has been further divided into four sub-
groups allowing for better risk stratification, but there is 
still room for improvement. Current approval for adju-
vant melanoma therapy relied on the 7th AJCC staging 
system, which raised issues of adequacy in present 
clinical settings (Table 1). For example, stage III dis-
ease in the 7th edition included T1-4a and N1a-2a 
disease, and the current edition included T1a, T1b and 
T2a, and N1a-2a status. This is particularly relevant 
when discussing IIIA or IIIB stages according to the 8th 

edition because some of these patients would have 
been classified differently at the time of enrolment in 
most adjuvant trials10.

Additionally, other concerns regarding adjuvant trial 
results validity in today’s patient approach have been 
raised. Since 2015, several adjuvant therapies have 
been approved based on randomized trials with adju-
vant therapy after resection of high-risk disease, and 
inclusion criteria required performance of a completion 
lymph node dissection (CLND) after positive sentinel 
lymph node (SLN) disease. In fact, CLND is no longer 
considered standard of care for all SLN-positive 
patients. After the results of the German Dermatologic 
Cooperative Oncology Group (DeCOG-SLT)17 and the 
Multicenter Selective Lymphadenectomy Trial 
II(MSLT-II)18, that showed no melanoma-specific sur-
vival benefit even if achieving a reduced rate of regional 
recurrence, some patients are being managed with 
active nodal surveillance and considered for adjuvant 
therapy. Some studies have been addressing this 
issue. Farrow et  al. found that adjuvant therapy in 
patients with a positive SLN who did not undergo  
CLND has a similar RFS as patients included in adju-
vant therapy trials that required CLND19. Some authors 
even believe it is time to reconsider the role of SLN 
biopsy in melanoma20. There is evidently a high need 
for sensitive and reproducible biomarkers to guide the 
clinical decision-making process. Efforts have been 
made to address the issue of better prognostication in 
melanoma, and additional clinical and histologic fea-
tures, as well as new biomarkers, have been pro-
posed11. Single molecules or specific signatures have 
been investigated in the monitoring and prognostication 
of patients: circulating tumor cells are cancer cells cir-
culating in the peripheral blood shed from the primary 

Table 1. Comparison between AJCC 7th and 8th edition for stage III subgroups12

Stage
AJCC 8th editions AJCC 7th editions

T N M T N M

IIIA T1a/b-T2a N1a or N2a M0 T1–4a N1a or N2a M0

IIIB T0 N1b, N1c M0

IIIB T1a/b-T2a N1b/c or N2b M0 T1–4b N1a or N2a M0

IIIB T2b/T3a N1a-N2b M0 T1–4a N1b, N2b or N2c M0

IIIC T0 N2b, N2c, N3b or N3c M0

IIIC T1a-T3a N2c or N3a/b/c M0 T1–4b N1b, N2b or N2c M0

IIIC T3b/T4a Any N ≥N1 M0 Any T N3 M0

IIIC T4b N1a-N2c M0

IIID T4b N3a/b/c M0
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number of patients diagnosed in this stage and its 
unnecessary prospective toxicity costs.

It is known that patients with stage IIC disease have 
a worse prognosis than those with stage IIIA disease. 
Also, patients with stage IIA or IIIA disease have a 
similar melanoma-specific survival - of 94% or 93%, 
respectively at 5 years10. Estimates of the number of 
patients with stages IIB and IIC melanomas that remain 
at high-risk of relapse and may benefit from adjuvant 
therapy are significant. Approximately one-half of 
patients with stage II melanoma will have stage IIB or 
IIC disease and are at the highest risk of recurrence, 
which roughly parallels the number of stage III mela-
noma patients, for which adjuvant therapy is standard 
of care21. In stage II patients, rates of distant recurrence 
after resection can reach 44%22.

On the other hand, consideration of the potential 
permanent adjuvant treatment toxicity may imbalance 
the risk/benefit appreciation as we consider the treat-
ment of patients with earlier-stage disease, many of 
whom may already have been cured by surgery21.

Unlike interferon-alfa, associated with substantial 
adverse events and fatalities, modern adjuvant thera-
pies are expected to have a more favorable safety 
profile. To date, monotherapy with pembrolizumab or 
nivolumab has been shown to have a considerably 
better tolerability profile than ipilimumab, and the dab-
rafenib plus trametinib combination demonstrated sim-
ilar grades of adverse events rates as pembrolizumab 
and nivolumab. Combination immunotherapy with 
ipilimumab/nivolumab and ipilimumab monotherapy 
was associated with the highest toxicity.

Considering the curative setting where adjuvant treat-
ment plays a role, potentially permanent toxicities 
involved with immune checkpoint inhibitors became 
particularly relevant, especially hypophysitis, hypothy-
roidism, primary adrenal insufficiency, and 
insulin-dependent diabetes2. In fact, chronic adverse 
events associated with anti-PD-1 therapy appear to be 
more common than previously recognized and fre-
quently persist even with prolonged follow-up. Although 
most are low-grade, the risk of triggering chronic 
adverse events should be integrated into treatment 
decision-making23.

Another limitation of a protocoled approach to these 
patients is the lack of comparative analysis between 
different treatment options. Although there is a phase 
III trial comparing ipilimumab and nivolumab versus 
dabrafenib plus trametinib in stage III-IV unresectable 
BRAFV600 positive melanoma, there are no results 
from a head-to-head comparison of immune checkpoint 

tumor or its metastasis, and its utility may land on the 
real-time detection of subclinical tumor spreading, 
although lack of standardization remains an issue. 
Their value relies on the possibility of acting earlier in 
the case of recurrence1. It is also known that 
melanoma-specific PD-1 overexpression enhances 
tumor antigenicity. In stage III patients, Madore et  al. 
showed that a PD-L1 negative status related to a worse 
melanoma-specific survival13. Trials with immunother-
apy in the adjuvant and advanced setting showed that 
patients with low immune gene expression had rela-
tively poor clinical outcomes on immunotherapy com-
pared with all other biomarkers subgroups of interest, 
suggesting a relevant role for immune gene expression 
status in identifying patients that may derive a clinical 
benefit from immunotherapy. Dummer et al. recognized 
the need for the identification of highly predictive clini-
cal and biological characteristics in the attempt to iso-
late patients with BRAFV600-mutant melanoma who 
would benefit the most from targeted therapy or check-
point inhibitor therapy in adjuvant and metastatic set-
tings. Their results showed that a high interferon-γ gene 
expression signature was prognostic for prolonged RFS 
in both dabrafenib plus trametinib and placebo groups. 
Tumor mutational burden (TMB) provided prognostic 
value in the placebo group but not the dabrafenib plus 
trametinib group, with a low TMB associating with a 
greater benefit from treatment with dabrafenib plus tra-
metinib and a high TMB correlating with less benefit 
from dabrafenib plus trametinib treatment, particularly 
if there was a low interferon-γ signature14. On the other 
hand, high TMB was associated with improved RFS 
with adjuvant nivolumab therapy. However, the efficacy 
of PD-1 blockade in this setting with concomitant low 
interferon-γ gene expression signature or other nega-
tive immune biomarkers is unclear15. This discussion 
seems particularly important when realizing that, ulti-
mately, in the treatment groups of several published 
trials on adjuvant therapy, many patients still relapsed 
(42% for dabrafenib plus trametinib6, nearly 30% for 
nivolumab16 and approximately 25% for pembroli-
zumab9). A better understanding of what patients to 
treat and how to treat them is imperative.

Where are we heading?

Early adjuvant therapy is under scrutiny. The discus-
sion centers itself around the potential positive impact 
on overall deaths from melanoma as we begin to treat 
more patients with early-stage disease, given the large 
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be helpful. ANZMTG 01.02/TROG 02.01 trial looked at 
the utility of adjuvant nodal radiotherapy after lymph-
adenectomy. After a median follow-up of 73 months, 
nodal relapse occurred in 21% of the adjuvant radio-
therapy group compared with 36% in the observation 
group, but there was no difference in OS or RFS27. 
Agrawal et al. stated that radiotherapy was significantly 
associated with a lower risk of regional recurrence28. 
Although these data suggest a potential benefit to adju-
vant radiotherapy in well-selected patients, most data 
are from before the era of immunotherapy29.

Vaccines have also been trying to take their place in 
adjuvant therapy, such as whole cells (cell lysates), 
peptide vaccines, and ganglioside antigen vaccines, 
but have generally failed to demonstrate significant 
benefits24.

Neoadjuvancy, beyond the scope of this review, has 
also been recently discussed, with promising results. 
The OpACIN-neo phase II trial was designed to identify 
an effective and safe dosing schedule for the combina-
tion of neoadjuvant ipilimumab and nivolumab in stage 
III melanoma. PRADO, an extension cohort of this trial, 
aims to confirm the pathologic response rate and safety 
of neoadjuvant ipilimumab 1 mg/kg and nivolumab 
3 mg/kg to assess response-driven subsequent ther-
apy in stage III melanoma. Its recent results seem to 
show that patients with resectable stage III melanoma 
who have a major pathologic response to neoadjuvant 
therapy can skip therapeutic lymph node dissection 
and adjuvant therapy, which is associated with morbid-
ity and still achieve high 2-year rates of RFS30.

Adjuvant treatment in melanoma has come a long 
way since its early years. New treatments have changed 
the management of the disease, and more break-
throughs are to be expected in the next few years. Not 
only the discovery of novel or reinvented drugs is antic-
ipated but also a better understanding of what patients 
to treat, how to do it and when to act, all to the benefit 
of melanoma patients.
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inhibition versus targeted therapy, leaving the 
decision-making to be guided by individual patient and 
tumor characteristics in BRAFV600 positive patients10. 
Review using Bayesian network meta-analysis investi-
gated RFS, distant metastasis-free survival and OS in 
adjuvant trials that tested dabrafenib plus trametinib, 
nivolumab, pembrolizumab, ipilimumab, vemurafenib, 
chemotherapy, and interferon-α. The study concluded 
that efficacy was comparable between targeted therapy 
(dabrafenib plus trametinib) and anti-PD-1 inhibitors24. 
However, the optimal sequencing of therapy options in 
BRAF-mutated patients remains to be determined25.

Although interferon-α remains an adjuvant alternative 
for patients with stages IIB and IIC, it is rarely used due 
to its toxicity4,26. Given the clinical benefit observed with 
adjuvant pembrolizumab in patients with stage III mela-
noma, a strong rationale exists to determine if a similar 
benefit could be attained in adult and pediatric patients 
with high-risk resected stage II disease. KEYNOTE-716 is 
a randomized, double-blind, phase 3 trial that compared 
pembrolizumab to placebo as adjuvant therapy in com-
pletely resected stage IIB or IIC melanoma. Its results 
have been recently published (March 2022) and demon-
strate that pembrolizumab, as adjuvant therapy for up to 
approximately 1 year for stage IIB or IIC melanoma, 
resulted in a significant reduction in the risk of disease 
recurrence or death versus placebo, with a manageable 
safety profile22. These initial conclusions will change the 
way we treat high-risk melanoma patients. As previously 
discussed, stage IIB and IIC RFS parallels with the RFS 
for stages IIIA and IIIB. Following this rationale, it is 
expected that adjuvant therapy could be used, with 
favorable results, in these, not previously considered, 
high-risk patients. In December 2021, the Food and Drug 
Administration approved pembrolizumab for adjuvant 
treatment of stage IIB or IIC melanoma patients based 
on KEYNOTE-716 results. Recently, the EMA also 
approved pembrolizumab for adjuvant treatment of com-
pletely resected stage IIB and IIC melanoma patients. 
Naturally, more mature data regarding follow-up and sur-
vival will only be available in the upcoming years.

Another phase II trial is currently studying how well 
nivolumab works in treating patients with stage IIB-IIC 
melanoma that can be removed by surgery and is 
expected to be completed in 2023 (ClinicalTrials.gov 
Identifier: NCT03405155).

Melanoma adjuvant therapy will most certainly not be 
limited to the previously discussed treatments. 
Desmoplastic neurotropic melanomas show higher 
rates of local recurrence after wide local excision, and 
data suggests that adjuvant radiation in this setting can 
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Erythroderma as first sign of lung cancer

Eritrodermia como primeira manifestação de carcinoma do pulmão
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Abstract

Erythroderma, or generalized exfoliative dermatitis, is a rare inflammatory disorder characterized by generalized erythema, 
involving more than 90% of the body surface area, accompanied by a variable degree of scaling. It may be the clinical pre-
sentation of several cutaneous or systemic diseases and it is frequently challenging to find the underlying cause. Our case 
focuses on a 76-year-old male patient that was referred to our department due to generalized erythroderma and diffuse alo-
pecia, developing over the last 4 months. He presented with erythematous papules and nodules, some of them covered with 
sticky scales. Skin biopsy was compatible with drug eruption. Due to an inadequate response to treatment and typical B 
symptoms, further imagiologic studies were performed. Ultimately he was diagnosed with non-small cell lung cancer. This case 
shows the need to search for a neoplasm in patients presenting with erythroderma, particularly in the presence of systemic 
symptoms.

Keywords: Erythroderma. Paraneoplastic dermatitis. Lung cancer.

Resumo

A eritrodermia pode ser a apresentação clínica de doenças cutâneas ou sistémicas severas, e caracteriza-se por eritema 
envolvendo mais de 90% da superfície corporal, acompanhada de variados graus de descamação. Encontrar a causa 
subjacente é frequentemente desafiador. Descreve-se o caso de um doente do sexo masculino de 76 anos, observado 
na consulta de Dermatologia por eritrodermia e alopécia difusa, com 4 meses de evolução. Ao exame físico observava-se 
uma dermatose polimórfica constituída por eritema e descamação generalizados, associados a pápulas e nódulos eri-
tematosos e queratodermia palmar. A biópsia cutânea foi compatível com toxidermia. Por ter apresentado má resposta 
à terapêutica instituída e apresentar sintomas B típicos, foram realizados estudos imagiológicos. O diagnóstico final foi 
de carcinoma do pulmão de não-pequenas células. Este caso demonstra a necessidade de procurar uma neoplasia num 
doente que se apresente com eritrodermia, principalmente na presença de outros sintomas sistémicos e sem dermatose 
prévia.

Palavras-chave: Eritrodermia. Dermatose paraneoplásica. Neoplasia do pulmão.
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Introduction

Erythroderma, or generalized exfoliative dermatitis, is a 
rare inflammatory disorder characterized by generalized 
erythema, involving more than 90% of the body surface 
area accompanied by a variable degree of scaling.

Establishing the underlying diagnosis may be very 
difficult initially. Erythroderma may be the clinical pre-
sentation of several cutaneous or systemic diseases. 
However, it is a rare first manifestation of a solid organ 
malignancy1,2.

Our case report describes one of the rare dermato-
logical presentations of lung cancer.

Clinical case 

A 76-year-old male patient presented to the derma-
tology appointment with generalized erythroderma and 
diffuse alopecia.

As personal priors, he had hypertension and type 2 
diabetes mellitus, treated with acetylsalicylic acid, ator-
vastatin, amiloride, and metformin. He offered no  
previous history of eczema, psoriasis, or any other skin 
conditions.

Figure 1. Generalized erythrodermic rash on the trunk 
and upper limbs.

Figure 2. Generalized erythrodermic rash on the trunk 
and upper limbs.

The skin rash appeared 4 months ago and he was 
evaluated in a private dermatology practice, where 
blood tests and a skin biopsy were performed. The 
routine laboratory showed peripheral eosinophilia and 
the histopathological findings were compatible with 
drug eruption.

Since there was a suspicion of toxicoderma, all of 
the patient’s chronic medication was suspended. A 

Figure 3. Associated erythematous papules and nodules, 
some of them covered with sticky scales, widely 
distributed throughout the entire body.
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Figure 4. Palmar and ungueal involvement.

Figure 5. Chest CT scan showed multiple nodular lesions 
on the left lung, the biggest with 10 cm in diameter.

Figure 6. Chest CT scan showed multiple nodular lesions 
on the left lung, the biggest with 10 cm in diameter.

Figure 7. Head CT scan and positron emission 
tomography demonstrated metastatic lesions in the 
central nervous system, colon, muscle and bone.

Figure 8. Positron emission tomography demonstrated 
metastatic lesions in the colon, muscle and bone.
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variety of treatments were attempted throughout the 
months, including cyclosporine, corticotherapy (topical, 
per os, and intramuscular), and azathioprine, but the 
patient showed no improvement at all.

At this point, the patient presented to our dermato- 
logy department. Dermatological examination revealed 
a polymorphous dermatosis, with a generalized erythro-
dermic rash on the trunk, upper and lower limbs, face, 
and dorsum of hands and feet, associated with sparse 
erythematous papules and nodules, some of them cov-
ered with sticky scales, widely distributed throughout 
the entire body (Figures 1–3). Additionally, the patient 
presented with onychomadesis and subungual hyper-
keratosis of the fingernails, and palmoplantar kerato-
derma (Figure 4).

A new skin biopsy was performed and the  
histopathological findings matched the previous diag-
nosis of allergic eczema/drug eruption, with tissue 
eosinophilia.

The patient was treated with topical corticotherapy 
and hydroxyzine.

Two months later, with no improvement of the skin 
rash, he started with complaints of partial dysphonia, 
anorexia, weight loss (10 kilos in 5 months), and a fast 
decline in overall health status.

Full laboratory blood tests showed an elevated 
alkaline phosphatase and sedimentation rate. Chest 
radiography revealed a mass on the upper left tho-
rax. Further study with computed tomography (CT)—
scan showed multiple nodular lesions on the left lung, 
the biggest with 10 cm in diameter (Figures 5 and 6). 
The histopathology was compatible with squamous cell 
lung cancer. Head CT and positron emission 

Figure 9. Positron emission tomography demonstrated metastatic lesions in the colon, muscle and bone. 

tomography demonstrated metastatic lesions in the 
central nervous system, colon, muscle, and bone 
(Figures 7–9). Unfortunately, the patient passed away 
a few months later.

Discussion

Erythroderma is a severe inflammatory skin syndrome 
characterized by generalized erythema and desquama-
tion comprising ≥ 90% of the body surface area. It is 
most commonly caused by atopic dermatitis, psoriasis, 
and drug reactions. In some cases it is idiopathic, and 
these patients should be closely monitored over a long 
period of time, with skin biopsies, since some of these 
will develop a cutaneous T-cell lymphoma3.

Paraneoplastic erythroderma accounts for about 1% 
of the cases and is most commonly associated with 
lymphoproliferative disorders, other than mycosis fun-
goides and Sézary syndrome. Less commonly, it can 
be associated with solid tumors, usually in the late 
stage of the disease, including colon, prostate, gastric, 
and lung carcinoma4-6. Paraneoplastic syndromes can 
appear before, during or after the tumor diagnosis1. In 
this case it was the first manifestation.

Lung cancers are a leading global cause of morbidity 
and mortality7. The most common paraneoplastic  
dermatoses associated with lung neoplasms are  
tripe palms, erythema gyratum repens, hypertrichosis 
lanuginosa acquisita, and Bazex syndrome8.

To our knowledge, as an erythroderma presentation, 
only 14 cases of squamous cell lung cancer have been 
reported in the literature7,9. Following Curth’s postu-
lates, we can relate but not definitely classify this case 
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of erythroderma as a paraneoplastic syndrome, since 
the patient wasn’t able to initiate treatment9.

A limitation of this study is the fact that the skin nod-
ules weren’t biopsied, which might mean apart from 
erythroderma, the possibility of a cutaneous metastasis 
from lung cancer.

A clinical finding of a rapidly extending erythroderma, 
especially in a patient without any previous dermato-
logical disorder and with systemic symptoms, should 
warrant investigation for underlying malignancies.

Recognition of these paraneoplastic dermatoses is 
important to facilitate earlier diagnosis and management.

Ethical responsibilities

Protection of people and animals. The authors 
declare that for this research no experiments on 
humans and/or animals were performed.

Confidentiality of data. The authors declare that 
they have followed the protocols of their work center 
regarding the publication of patient data.

Right to privacy and written consent. The authors 
declare that they have received written consent from 
the patients and/or subjects mentioned in the article. 

https://doi.org/10.1111/ijd.14970
https://doi.org/10.1136/bcr-2018-228412
https://doi.org/10.3315/jdcr.2016.1222
https://doi.org/10.1155/2014/351065
https://doi.org/10.3978/j.issn.2078-6891.2014.085
https://doi.org/10.1016/j.currproblcancer.2019.100499
https://doi.org/10.1016/j.jaad.2004.06.051
https://doi.org/10.1016/j.abd.2019.05.004


313

CASE REPORT

*Corresponding author:
Simona Kordeva
E-mail: simonakordeva97@gmail.com

Available online: 09-12-2022

Port J Dermatol and Venereol. 2022;80(4):313-316

 www.portuguesejournalofdermatology.com

Received: 04-08-2022 

Accepted: 26-09-2022

DOI: 10.24875/PJDV.22000010

2797-500X / © 2022 Portuguese Society of Dermatology and Venereology. Published by Permanyer. This is an open access article under the CC 
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Port J Dermatol and Venereol.

Introduction

In practice, the lips are an important organ and have a 
key role both in food intake, the formation/articulation 
of speech, and the sounds, we produce1-3. On the other 
hand, the lips are also a tactile-sensory organ, an erog-
enous zone of particular importance in relation to the 

concept of intimacy2,3. Precisely because of this, the 
preservation of their integrity (of the lips) is largely 
related to the preservation of the concepts such as 
individuality, uniqueness, and identity.

The damage to their shape or ˝external frame˝ could 
have a serious impact on the psycho-emotional state 
of the patients even when the esthetic side of this 

Сan’t you see? It’s a Cupid’s bow basal cell carcinoma!

Dificil de ver: é um basalioma do arco de cupido

Gregori Tchernev1,2, Simona Kordeva1, Ilia Batashki2, Atanas Batashki3, and Ilia Lozev3

1Department of Venereology and Dermatologic Surgery, Onkoderma-Clinic for Dermatology 2Department of Dermatology and Venereology; 
3Department of Common and Vascular Surgery, Medical Institute of Ministry of Interior, Sofia, Bulgaria

Abstract

Epithelial tumors, and in particular basal cell carcinoma (BCC), extremely rarely affect the area known as Cupid’s bow, and 
their treatment remains a serious challenge. We present a 53-year-old patient with a history of painful sunburns in the past 
and BCC of the neck, successfully treated surgically. The reason for the hospitalization was the appearance of a new nodular 
achromic lesion in the area of ˝Cupid’s bow˝ (upper lip), which preoperatively was verified histopathologically as BCC. Elliptical 
excision under local anesthesia was performed, and the resulting defect was closed using an undermining surgical approach, 
followed by single skin sutures. The patient’s 4-month follow-up was uneventful with no evidence of recurrence. Treatment 
options for BCCs in the area of Cupid’s bow and the advantages of elliptical excision in the area are discussed.

Keywords: BCC. Cupid’s bow. Dermatologic surgery. Undermining surgical approach. Erogenous zone. Elliptical excision.

Resumo

Os tumores epiteliais, e em particular o BCC, afectam muito raramente a área conhecida como arco de Cupido, e o seu 
tratamento permanece um sério desafio. Apresentamos um paciente de 53 anos com um histórico de queimaduras solares 
dolorosas no passado e carcinomas basocelulares (BCC) do pescoço, tratado cirurgicamente com sucesso. O motivo da 
hospitalização foi o aparecimento de um novo nodular lesão acrómica na área de ˝Cupid’s bow˝ (lábio superior), a qual foi 
verificada histopatologicamente, antes da operação, como BCC. Elíptica excisão sob anestesia local foi realizada, e o defeito 
resultante foi fechado usando uma abordagem cirúrgica minadora, seguido de suturas de pele simples. O seguimento de 4 
meses do paciente foi sem problemas, sem evidências de recidiva. Tratamento são discutidas as opções de BCC na área do 
arco do Cupido e as vantagens da excisão elíptica na área. Palavras-chave: BCC. Arco de Cupido. Cirurgia dermatológica. 
Abordagem cirúrgica de submineração. Zona erogénica. Excisão elíptica.
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problem is completely resolved in their favor and facial 
disproportions are absent to minimal4. Any change in 
this area remains ˝painful˝ for patients regardless of 
age and the achieved postoperative results4.

From a practical point of view, a mandatory step in 
determining the surgical or therapeutic plan should be 
performing a skin/mucosal biopsy, which is needed for 
the various future therapeutic options, possible radia-
tion therapy, local application of imiquimod, determina-
tion of recommended or ˝reduced˝ resection margins 
fields (performed for a better cosmetic result), prepared 
for adaptation to the compromised motility of the lips 
in the postoperative period, the necessity of disease 
staging, the patient follow-up during certain periods, 
etc.5. Informed consent is mandatory and should be 
discussed carefully and in detail.

Case report

A 53-year-old male reported to the dermatology depart-
ment with primary complaints of an elevated achromic 
tumorous formation on the upper lip in the area of the 
Cupid’s bow over the past 6 months (Figures 1A and 1B), 
which started bleeding and growing in the previous 2 
months. A biopsy confirmed basal cell carcinoma (BCC). 
The patient denied having allergies or any form of skin 
cancer in any family member. The previous history of two 
BCC’s in the neck area was reported. Concomitant 
diseases: hypercholesterolemia, hypertriglyceridemia.

The patient with a phototype II was otherwise healthy, 
orientated, and in good condition. The laboratory results 

showed normal values for the total serum protein- 
94.0 gm/L (norm 64-83), triglycerides- 2.76 mmol/L 
(norm 0.2-1.7), cholesterol- 8.04 mmol/L, LDL- 5.6 mmol/L 
(norm 1.5-3.0). An ECG showed sinus rhythm with a left 
anterior hemiblock, thorax X-ray was normal, ultrasound 
of the neck showed no pathologic lymph nodes, and 
Doppler revealed 50% stenosis of the right internal 
carotid artery.

The patient underwent surgical excision with 0.35 mm 
margins in all directions (Figures 1C, 2A and 2B).

The lesion has been removed by elliptical excision 
without resectioning the muscles in the depth. In order 
to close the defect adequately, the tissue has been 
mobilized and closed by single interrupted sutures.

Histopathology showed an adenoid cystic variant of 
BCC measuring 2/4 mm with clean resection lines.

A severe swelling of the upper lip was observed 
postoperatively (Figure 2B). The patient received meth-
ylprednisolone 20 mg i.v., once daily for 5 days, and 
desloratadine 5 mg once daily for 6 days, combined 
with daily dressings with povidone-iodine 10% oint-
ment, with visible improvement of the upper lip edema.

Discussion

BCC is one of the most common types of skin cancer 
in photo exposed areas6. It should be noted that the 
labial mucosa is not the characteristically nor the typical 
area within which BCC manifests clinically7,8. About 90% 
of skin tumors affecting the lips are squamous/keratino-
cytic carcinomas9. Although extremely rare, when pres-
ent, BCCs primarily affect the upper lip4.

Figure 1. A and B: achromic tumorous formation in the area of the upper lip or the so-called Cupid’s bow. C: preoperative 
marking of the resection lines before anesthetic administration.

A B C
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Figure 2. A: intraoperative finding after removing the tumor formation and stopping the bleeding with electrocautery. 
B: intraoperative finding immediately after closure of the defect with single skin sutures. C: postoperative finding on 
day 10. D: clinical status after 4 weeks.

A

C

B
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period, as well as the parallel occupation of the selected 
position of the physiological folds in the area of Cupid’s 
bow (Figures 2C and 2D).
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According to other authors’ collectives, the incidence 
of BCCs in women in this area prevails significantly9.

The main pathogenetic mechanisms for the induction 
of this type of neoplasms are associated with pro-
longed exposure to sunlight, geographic location, race, 
immune status, as well as some genetic features10,11.

The pathogenetic hypotheses regarding the develop-
ment of basal cell carcinomas in the area of the upper lip 
are interesting and largely divergent, as (1) they include 
the transformation of the pluripotent epithelial cell of the 
oral mucosa and epidermis to a tumor cell, while (2) other 
authors believe that the transformation to a malignant 
branch starts from the ectopic sebaceous glands9.

Regardless of these mechanisms, early treatment of 
BCCs of the upper lip is and should remain a priority 
due to the propensity of tumor complexes for rapid 
deep invasion7.

The uniqueness of the finding shared by us- BCC in 
the area of the upper lip, is confirmed by a number of 
extensive literature observations12-14.

Back in 1949, a study of 620 cases of BCCs of 
different/variable localization, found only two cases of 
BCCs of the lower lip12.

A similar study of 625 cases of BCCs from 1975, 
again found a limited number of BCCs of the lips: three 
cases of BCC of the vermilion mucosa13.

In 1998, another scientific work focused attention on 
three new cases of BCC of the vermilion zone, but again 
on the lower lip, treated surgically by Mohs surgery14.

Reconstruction after removal of epithelial tumors in 
the area of ̋ Cupid’s bow˝ remains a serious clinical/der-
matosurgical challenge, as it requires the precise 
application of a number/of different plastics such as 
Mohs micrographic surgery, followed by a flap or a skin 
graft or mucosal advancement flap15, simultaneously 
used of two vermilion flaps and a rotational skin flap16.

The data in the medical literature, on the application of 
elliptical excision in the Cupid’s bow area, followed by 
undermining approach and defect closure with single 
interrupted stitches or the surgical solution proposed and 
carried out by our team (Figures 1 and 2), is limited. It 
requires massive infiltration of the tumor area with 
lidocaine 2% and adrenaline diluted with saline, thus 
inducing flattening of the physiological folds in and around 
the tumor area, the so-called Cupid’s bow area. This 
smoothens the compliance with the resection lines and 
adaptation of the wound edges subsequently (Figure 2B).

If edema persists, the systemic administration of cor-
ticosteroids and antihistamines are also possible, sim-
ilar to the patient’s description. This guarantees a 
gradual ˝shrinkage of edema˝ in the postoperative 
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Introduction

Keratosis lichenoides chronica (KLC) or Nekam’s dis-
ease is a rare disease of unknown etiology, a chronic 
course, and progressive character, with less than 
150 cases published to date. Clinically, it presents with 
lichenoid papules arranged linearly or in a reticulated 
pattern on the extremities and trunk, together with 

facial erythema in a seborrheic distribution, oral ero-
sions, nail, and genital involvement1,2. Due to the rarity 
of the cases and unknown pathophysiology, it becomes 
a therapeutic challenge. 

The aim of this report is to describe the case of a 
patient with typical cutaneous manifestations and com-
patible histopathological findings, with a good response 
to acitretin.

Chronic lichenoid keratosis with good response to oral 
acitretin: a case report

Queratose liquenoide crônica com boa resposta a acitretina oral: relato de um caso

Mariana S. Bernardes1*, Jéssica C. N. Araújo1, Luísa L. Macias1, Laísa E. De Hollanda1,  
Joelly T. L. Levermann1, Alcidarta R. Gadelha2, Patricia C. B. De Melo1, and Luciana M. Dos Santos1

1Department of Dermatology, Hospital Universitário Getúlio Vargas, Manaus; 2Department of Dermatology, Fundação de Medicina Tropical Doutor 
Heitor Vieira Dourado, Manaus, Brazil

Abstract

Keratosis lichenoides chronica or Nekam’s disease is a rare disease of unknown etiology and pathogenesis, with few cases 
described in the literature. The lichenoid-like lesions as well as their histopathological findings require a wide range of diffe-
rential diagnoses. Its chronic, progressive course and refractoriness to topical and systemic therapies are hallmarks of this 
dermatosis. The aim of this report is to describe the case of a patient with typical cutaneous manifestations and compatible 
histopathological findings with a good response to acitretin.

Keywords: Keratosis. Lichenoid eruptions. Skin diseases. Retinoids.

Resumo

A queratose liquenóide crônica ou doença de Nekam é uma doença rara, de etiologia e patogênese desconhecida, com 
poucos casos descritos na literatura. As lesões de aspecto liquenóide assim como seus achados histopatológicos requerem 
um amplo leque de diagnósticos diferenciais. O seu curso crônico, progressivo e a refratariedade às terapias tópicas e sistê-
micas são características marcantes dessa dermatose. O objetivo deste relato é descrever o caso de um paciente com 
manifestações cutâneas típicas e achados histopatológicos compatíveis com boa resposta à acitretina.

Palavras-chave: Queratoses. Erupções liquenoides. Dermatopatias. Retinoides.
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Case report

A 42-year-old male patient, born and living in the 
municipality of Tefé, in the interior of Amazonas State 
(Brazil), complained for approximately 12 years of 
hyperkeratotic, pruritic, erythematous papules and 
plaques, some arranged in a parallel linear pattern and 
others in a reticular shape, symmetrically distributed on 
the back (Figures 1 and 2). Dermatological examination 
also showed erythema, edema, and facial telangecta-
sia with a rosacea-like appearance (Figure 3). 
Laboratory tests, including blood count, liver and 

kidney function, rheumatologic markers, serologies for 
human immunodeficiency virus (HIV), syphilis, hepatitis 
B and C, and urinalysis, were unaltered. An incisional 
biopsy was performed, and the anatomopathological 
examination revealed a hyperkeratotic epidermis, with 
foci of parakeratosis, large ortho- and parakeratotic 
corneal plugs, moderate irregular acanthosis, marked 
vacuolar degeneration of the basal layer, and rare  
individually necrotic keratinocytes (Figure 4). In the der-
mis, there were numerous lumps of melanin, free and 
within macrophages, and moderate perivascular, peri-
follicular, and interstitial infiltrate composed of lympho-
cytes, histiocytes, melanophages, and macrophages 
(Figure 5). Within the differential diagnoses of a 
lichenoid eruption, lichen planus (LP), and chronic cuta-
neous lupus were investigated and excluded. Once the 
hypothesis of KLC was raised, acitretin 30 mg/day 
(approximately 0.3 mg/Kg/day) was introduced, with 
progressive improvement of erythema and pruritus in 
90 days of treatment (Figure 6).

Discussion

Nekam’s disease or KLC is a relatively rare disease, 
that was first described by Kaposi in 1886 as “lichen 
ruber moniliformis.” However, in 1895, two patients with 

Figure 2. Detail of violaceous, confluent, hyperkeratotic 
papules in a linear and reticulated pattern.

Figure 3. Diffusely infiltrated facial lesions with diffuse 
erythema and telangiectasia affecting predominantly 
convex areas.

Figure 1. A: violaceous hyperkeratotic papules forming 
plaques on the dorsum. B: linear distribution of lesions 
with the confluence of some generating a reticulated 
appearance.

BA
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Figure 6. Improvement of trunk and face erythema and reduced lesion thickness after 3 months of continuous use of 
acitretin.

Figure 5. A: perifollicular inflammatory infiltrate, invading the follicle wall, with vacuolar degeneration of the basal 
layer (HE, ×400). B: infiltrate with plasma cells around dilated vessels and entombed endothelium (HE, ×400).

A B

Figure 4. A: intense vacuolization of the basal layer (HE, ×400). B: large corneal stoppers (HE, ×100).
BA
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Epidermal changes include hyperkeratosis, focal par-
akeratosis, especially in the follicular openings, irregu-
lar acanthosis with areas of atrophy, and corneal 
stoppers. Vacuolar degeneration of the basal layer is a 
frequent finding. A chronic inflammatory infiltrate usu-
ally consisting of lymphocytes, histiocytes, plasma 
cells, a few eosinophils, and numerous Civatte bodies 
(necrotic keratinocytes) is observed in the upper der-
mis. The lichenoid infiltrate is often centered around an 
infundibulum or acrosyringe1,3,6,10,14. 

Although there is no definitive laboratory test for the 
diagnosis of this entity, clinical and histopathological 
clues are sufficient to make the diagnosis9. 

For a long time, KLC was considered a variant of LP 
that evolved by antigen mimicry followed by epitope 
dissemination. Today, many authors consider it to be a 
distinct entity2. 

Other conditions may resemble KLC and should be 
differentiated, among them chronic cutaneous lupus 
erythematosus, pityriasis lichenoides, pityriasis rubra 
pilaris, psoriasis, porokeratosis and mycosis fungoides, 
including paraceratosis variegata and folliculocentric 
mycosis fungoides10. 

KLC is a therapeutic challenge, showing resistance 
to a variety of treatments including topical and systemic 
corticosteroids, antimalarials, dapsone, tetracyclines, 
methotrexate, and cyclosporine1,4,6,9,15. Varied results 
have been observed in psoralene with ultraviolet A 
radiation (PUVA), systemic retinoids, either etretinate 
alone or combined with PUVA or with narrow-band 
ultraviolet B radiation (NB-UVB), as well as topical cal-
cipotriol and NB-UVB monotherapy. NB-UVB has 
proven to be more effective in treating children than 
adults1. Oral retinoids, isotretinoin and especially acitre-
tin, given at a dose of 0.3-0.6 mg/Kg/day, have been 
shown to be the most effective option, with a rapid 
onset of action, in approximately 1-2 months. Flattening 
of the lesions is observed as early as the first month, 
with significant improvement expected in 4-6 months 
after starting treatment6,8, similarly to we observed in 
our patient. A review of 30 patients diagnosed with KLC 
and treated with oral retinoids showed partial response 
in 20% and complete response in 36.6% of patients6. 

KLC is a difficult disease to diagnose, considering its 
clinical and histological similarity with other dermatoses 
and also its rarity or possible underdiagnosis, since the 
findings can be mistaken with other pathologies.

Although it has a benign course, lesions cause sig-
nificant psychosocial damage, and effective therapeutic 
strategies should be sought despite the lack of consen-
sus in the literature.

similar lesions were diagnosed with “lichen ruber acum-
inatum (verrucosus et reticularis)”1. In 1938, Nekam 
observed acrosyngeal hyperkeratosis in the case pub-
lished by Kaposi, which caused the disease to be called 
lichenoid streaky porokeratosis, despite the absence of 
a horny lamella2. Since then, it has been reported under 
different nomenclatures, among them striated poroker-
atosis, verrucous and reticular lichen, lichenoid tricera-
tosis and strieé lichenoid keratosis3. The widely used 
term KLC was introduced by Margolis et al. in 19722. 

KLC is an acquired, chronic, progressive mucocuta-
neous dermatosis that occurs most commonly in ado-
lescents and young adults, with a slight male 
predominance (1.35:1)4,5. It usually appears between the 
third and fifth decade of life, with a mean age of 35.6 years 
at diagnosis6. However, there are reports in children, 
some with a possible genetic association with an auto-
somal recessive pattern7. The mean time between onset 
and diagnosis was 9 years, with only 30% of patients 
being correctly diagnosed within 2 years of onset, 20% 
within 5 years, and 50% after more than 5 years6. 

The exact etiopathology of this disease remains 
unknown and no significant association with underlying 
diseases has been proven, but some factors such as 
trauma, autoimmunity, infections, drugs, infrared radia-
tion, inflammatory diseases, and hematological malig-
nancies have been reported concomitantly6,8. Some 
authors suggest an immunological basis in the epider-
mis, probably autoimmune4. Clinically, KLC is charac-
terized by hyperkeratotic erythematous-violaceous 
papules and plaques in a linear or reticular pattern, 
arranged symmetrically mainly on the trunk and extrem-
ities5,9. Pruritus is a variable finding, being present in 
less than 20% of patients10. A mid-facial erythematous 
eruption, seborrheic dermatitis-simile, or rosacea-simile, 
as observed in our patient, may be present in 75% of 
cases5,9. Palmoplantar keratoderma may be evident in 
approximately 40% of patients11. 

Nail, oral, and genital involvement is frequently seen 
in adults, whereas alopecia and pruritus are frequent 
in children8. Nail dystrophy may be noted in 30% of 
cases12, the most frequent changes include yellowish 
chromonychia, lamina thickening, and hyperkeratosis 
of the nail bed5,8,9. Oral manifestations, present in 50% 
of cases, include ulcers and recurrent aphthous lesions. 
As for genital lesions, keratotic papules may occur on 
the scrotum and penis, in addition to chronic balanitis 
and phimosis. Ocular involvement encompasses  
blepharitis, keratoconjunctivitis, anterior uveitis, and iri-
docyclitis, as the most common, sometimes leading to 
visual impairment13. 
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Introduction
Acute generalized exanthematous pustulosis is a 

rare disease characterized by the sudden onset of dif-

fuse sterile pustules on an erythematous background1,2. 

It usually improves quickly after discontinuation of the 
causative agent, even though severe cases have been 
described. Viral and bacterial agents have also been 
reported as triggers1-3, as well as rare additional 

Acute generalized exanthematous pustulosis associated with 
SARS-CoV-2 infection
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Abstract

Acute generalized exanthematous pustulosis (AGEP) is characterized by the sudden onset of diffuse sterile pustules on an 
erythematous background. It is mainly caused by drugs and, clinically, it usually improves quickly after discontinuation of the 
causative agent. Viral and bacterial agents have also been reported as triggers. We present a case regarding a woman reporting 
flu-like symptoms, taking dipyrone, paracetamol, and azithromycin. A reverse transcriptase polymerase reaction (RT-PCR) test 
confirmed severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. After 2 days, she noted the onset of erythe-
matous plaques covered by diffuse pustules. The negative patch test reinforced the viral infection as the possible causative agent.

Keywords: Acute generalized exanthematous pustulosis. COVID-19. SARS-CoV-2.

Resumo

A pustulose exantemática generalizada aguda (PEGA) é caracterizada pelo surgimento súbito de pústulas estéreis difusas 
sobre fundo eritematoso na pele. É causada principalmente por medicamentos e geralmente melhora rapidamente após a 
interrupção do agente causador. Agentes virais e bacterianos também já foram relatados como desencadeantes. Apresentamos 
um caso de uma mulher com sintomas gripais, em uso de dipirona, paracetamol e azitromicina. Um teste de RT-PCR confir-
mou a infecção por SARS-CoV-2. Após 2 dias, notou o aparecimento de placas eritematosas cobertas por pústulas difusas. 
O teste de contato negativo reforçou a infecção viral como provável agente causador.

Palavras-chave: Pustulose exantematosa aguda generalizada. COVID-19. SARS-CoV-2.
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causes, such as contact with mercury and spider bites2. 
However, the main triggering factors are drugs, such 
as antibiotics, hydroxychloroquine, terbinafine, dilti-
azem, and fluconazole. The period from drug exposure 
to the reaction onset is approximately 48 h, with anti-
biotics with an average of 24 h2. 

Case report

A 35-year-old women, mixed race, reported a flu-like 
condition for 3 days, taking dipyrone and paracetamol 
for symptom control. After 2 days, she was prescribed 
azithromycin due to a suspected SARS-CoV-2 infection, 
which was confirmed later through a PCR test. On the 
3rd day of symptoms, erythematous plaques covered 
by small pustules appeared in her trunk, mainly in the 
inter and submammary folds, associated with local 
burning, and the exanthema soon progressed to the 
medial part of her arms, internal side of thighs, and 
back (Fig. 1 and 2). Azithromycin was discontinued, 
and she was hospitalized and started oral prednisone 
40 mg/day, with an important improvement of lesions 
in the following 3 days.

Histopathology showed a subcorneal and intraepider-
mal pustular dermatosis, with severe edema in the 
papillary dermis and without eosinophils, compatible 
with the hypothesis of AGEP.

About 1 year later, the patient was called again for diag-
nostic elucidation. A patch contact test was conducted 
with the Brazilian Standard Battery of allergens and other 
suspected substances (dipyrone and acetaminophen, 
powder mixed with vaseline at 10%, and azithromycin, 
powder mixed with petrolatum at 5%) with a negative 
result for all the substances at the readings at 2 and 
4 days, therefore reinforcing that SARS-CoV-2 infection 
could have been the potential triggering cause.

Discussion

Acute generalized exanthematous pustulosis is a 
neutrophilic disease which is related to a type IV 
immune-mediated hypersensitivity response. After 
exposure to the causative agent, antigen-presenting 
cells cause the activation of a specific cluster of differ-
entiation (CD)—CD4 and CD8 T cells, which migrate 
to the dermis and epidermis, causing apoptosis of kera-
tinocytes, formation of epidermal vesicles, chemotaxis 

Figure 1. Erythematous plaques covered by small pustules 
in the trunk, mainly in the inter and submammary folds, 
breasts, abdomen, medial part of arms and internal side  
of thighs.

Figure 2. Erythematous plaques covered by small 
pustules in the medial part of arms and back.
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of neutrophils through interleukin 8, and activation and 
transformation of vesicles into sterile pustules due to a 
prevalent Th1 and Th17 profile1-3.

Histological findings are characterized by intracor-
neal, subcorneal, or intraepidermal spongiform pus-
tules with papillary dermis edema containing neutrophilic 
and eosinophilic infiltrates1.

A patch test may be used to identify the cause of 
AGEP when the causative drug is not clear, but although 
the sensitivity of these tests in AGEP is around 50%, 
sensitivity depends on the culprit drug, and there are 
no reports of positive patch tests to azithromycin or 
dipyrone in this setting1,2,4.

Skin manifestations of SARS-CoV-2 infection include 
perniosis, morbilliform, vesicular, or urticarial rash, vas-
culitis, and necrotic lesions1,5. To date, only two cases 
of AGEP triggered by SARS-CoV-2 infection, with no 
prior use of hydroxychloroquine, have been reported in 
the literature1,5,6.

Although AGEP is not commonly related to viral agents, 
we cannot rule out the SARS- CoV-2 infection as the main 
trigger, mainly after the nonreactivity of the patch test.

There is a lack of robust evidence regarding skin 
manifestations related to SARS-CoV-2 infection. Few 
case reports describe the association of AGEP with 
SARS-CoV-2 infection. In most reports, the patients 
had previously used hydroxychloroquine.
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1.	 Ordoñez NA, Sepulveda VG, Vargas LP, Moreno JM. COVID-19 presenting 

as acute generalized exanthematous pustulosis associated with multior-
gan dysfunction in a 44-year-old female patient. Rev Inst Med Trop Sao 
Paulo. 2021;63:e42.

2.	 Szatkowski J, Schwartz RA. Acute generalized exanthematous  
pustulosis (AGEP): A review and update. J Am Acad Dermatol. 2015; 
73(5):843-8.

3.	 Filì L, Cardilicchia E, Severino MG, Testi S, Matucci A, Vultaggio A, et al. 
Hapten-specific TH17 cells in the peripheral blood of β-lactam-induced 
AGEP. Allergol Int. 2014;63(1):129–31.

4.	 de Groot AC. Results of patch testing in acute generalized exanthema-
tous pustulosis (AGEP): a literature review. Contact Dermatitis. 2022; 
87(2): 119-41.

5.	 da Silva WM, da Silva ME, Silva WB de S, dos Santos JA, Gomes  
MC, Albuquerque JL da S, et  al. Caracterização das alterações  
cutâneas provocadas pelo novo Coronavírus SARS-CoV-2: uma revisão 
das novas evidências. Revista Eletrônica Acervo Saúde. 2020;12(9): 
e4118.

6.	 Alzahrani MJ, Moussa MM, Alfaraj D. Acute generalized exanthematous 
pustulosis after COVID-19 infection: a case report from Saudi Arabia. 
Cureus. 2020;12(11):e11609.



325

IMAGE IN DERMATOLOGY

*Corresponding author:
Hudson D. Rezende
E-mail: hudsondutra@gmail.com

Available online: 09-12-2022

Port J Dermatol and Venereol. 2022;80(4):325-326

www.portuguesejournalofdermatology.com

Received: 10-09-2022 

Accepted: 10-10-2022

DOI: 10.24875/PJDV.M22000046

2795-501X / © 2022 Portuguese Society of Dermatology and Venereology. Published by Permanyer. This is an open access article under the CC 
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Port J Dermatol and Venereol.

A 12-year-old girl complaining of fatigue during the last 
3 months also reported progressive darkening of the 
tongue followed by hyperpigmentation of the oral mucosa 
and the skin. On physical examination, a central macular 
brown-grey hyperpigmentation of the tongue was noticed 
(Fig. 1A). Dermoscopy showed irregular pigmentation 
surrounding the fungiform papillae (Fig. 2). Laboratory 
examination revealed low glucocorticosteroid serum 
level (3.6 µg/dL) and high adrenocorticotropic hormone 
(ACTH) 1.250 pg/mL, which confirmed the diagnosis of 
Addison’s disease (AD). No other serum parameters 
were abnormal. After treatment with oral prednisone 7.5 
mg/day both the tongue and the skin hyperpigmentation 
faded in 6 months (Fig. 1B).

Addison’s disease is an uncommon condition that is 
frequently overlooked in clinical practice, yet truly 
life-threatening¹. Affected individuals may show non-
specific signs and symptoms, such as vomiting, unex-
plained weight loss, fatigue, malaise and generalized 
hyperpigmentation¹. For patients whose clinical pre-
sentation is not complete, pigmentation of the tongue 
may allow an early diagnosis². Hyperpigmentation 
results from melanogenesis stimulation due to 

increased production of opiomelanocortin3, a prohor-
mone that is the source of biologically active ACTH, 
and melanocyte-stimulating hormones involved in 
melanin synthesis1,3,4.

Pigmentation of the oral mucosa has been observed 
in several different scenarios, such as physiologic con-
ditions, metabolic disorders, use of medications or 
other exogenous substances1,2,5. Darkening of the 
tongue may be associated with either melanin deposi-
tion or external pigments and is frequently seen among 
darkly pigmented individuals, in the context of astrin-
gent mouthwash abuse, drinking dark tea and other 
caffeinated drinks, as well as heavy smoking habits3,6.

Any patient with hyperpigmentation of the tongue 
should be evaluated for systemic medications (e.g., tetra-
cycline, proton pump inhibitors, interferon, phenytoin, and 
hydroxychloroquine), inherited disorders (Peutz-Jeghers 
syndrome, von Reckling-hausen’s syndrome), hemochro-
matosis, pernicious anemia and scleroderma2,3,7,8.

According to Studdiford et  al., oral cavity hyperpig-
mentation in AD is typically generalized, with patchy 
darkening of the inner surface of lips and buccal 
mucosa and also affects the gingival border and the 

Hyperpigmentation of the tongue as a clue to the diagnosis of 
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tongue3, as in the present case. As of yet, there is no 
data on the dermoscopy of hyperpigmented tongue in 
AD, but it may represent a complementary tool for such 
cases, as it may contribute to differentiating between 
the deposition of melanin and external pigments.

As suggested by Rosebush et al., the combination 
of fatigue and acquired diffuse pigmentation of the 
oral cavity has a great practical meaning since the 
former is virtually present in all patients with AD and 
the latter is an early, and highly specific feature of the 
disease2. Of note, patients with AD may exhibit iso-
lated oral pigmentation long before skin changes are 
evident9.

Finally, the diagnosis of AD may be tricky, especially 
when typical and systemic symptoms are not overt. 
By including AD as a possible diagnosis for mucocuta-
neous hyperpigmentation, the physician is more likely 
to recognize the diagnosis of AD earlier.
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Figure 1. A: grayish brown hyperpigmentation of the 
tongue at first consultation. B: after treatment with oral 
glucocorticoids, both skin and mucosa returned to their 
original aspects.

Figure 2. Tongue dermoscopy in Addison’s disease: focal 
spots of brown pigmentation around the lingual papillae 
on the lateral aspect of the tongue (black arrows). White 
structures represent the tips of uninvolved papillae 
(white arrow); handheld dermoscopy.
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A 72-year-old, who had had surgery and postoper-
ative chemotherapy for breast cancer 20 years before, 
presented to the dermatology department with a nod-
ule of the upper back, slowly enlarging for 12 years, 
that was creating discomfort and tension in the scap-
ular area. This 5 cm large mass covered by violaceous 

skin infiltrated deeply into the subcutaneous tissue 
with no mobility (Fig. 1a, b). The patient was otherwise 
in good overall condition with no other symptoms or 
weight loss.

A computerized tomography scan of the whole body 
showed a tumor formation in the subcutaneous fat tissue 

Slowly progressive tumorous mass on the back

Massa tumoral lentamente progressiva no dorso

Simona Kordeva1*, Ilia Batashki2, and Georgi Tchernev1,2

1Department of Venereology and Dermatologic Surgery, Onkoderma-Clinic for Dermatology; 2Medical Institute of Ministry of Interior; 3Department 
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Figure 1. A, B: A skin nodule with a violet color, 5 cm in a diameter located in the area of ​​the left scapula.
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Figure 3. Immunohistochemistry showing atypical cells in the nests expressing: A: HER2 (+++), B: ER, C: GATA3  
D: negative for CK-7.

Figure 2. A: hematoxylin-eosin stained sections at 10, 20, B: 40× magnification, showing nests of tumor cells in the 
deep dermis and hypodermis with atypical cells, nuclear pleomorphism, and pronounced stromal reaction and 
desmoplasia.
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of the chest wall on the left retroscapular region with 
satellite nodules in the proximity but no internal masses.

A “punch” biopsy from the middle of the tumor showed 
in the deep dermis and hypodermis, nests of tumor cells 
with cellular atypia, nuclear pleomorphism, and a pro-
nounced stromal reaction and desmoplasia (Fig. 2a, b). 
Immunohistochemistry showed expression of human 
epidermal growth factor receptor 2 [HER2 (+++)], estro-
gen receptor (ER) and GATA3 (Fig. 3a-c) and no expres-
sion of cytokeratin 7 (CK7) (Fig. 3d) or nap sin A. The 
diagnosis of a giant cutaneous metastasis from poorly 
differentiated grade 3 ductal invasive carcinoma of the 
mammary gland was made. After the diagnosis, the 
patient was referred to oncology for further treatment.

Cutaneous metastases are a rare clinical finding and 
can sometimes be the first manifestation of an internal 
malignant tumor, or its recurrence. In women, skin 
metastases are most often observed from breast cancer 
and melanoma1,2. Actually, breast cancer is considered 
the most common type of tumor likely to metastasize to 
the skin3. Cutaneous metastasis from breast cancer 
metastases can present as nodules and rarely as bul-
lae, plaques and areas of alopecia4, suggesting different 
dermatological conditions4.

The evolution of skin lesions is also diverse, and the 
lack of rapid progression over the years, as in the 

present case, should not reassure clinicians nor sug-
gest other benign lesions, such as lipoma.
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LETTER TO EDITORPort J Dermatol and Venereol.

Dear Editor,
The SARS-CoV-2 pandemic has raised safety con-

cerns in pemphigus vulgaris/foliaceus (PV/PF) patients 
on systemic immunosuppressants. Rituximab (RTX) 
induces a prolonged B-cell depletion, which was initially 
associated with severe COVID-19 disease1. Moreover, 
the approval of SARS-CoV-2 vaccines brought into 
question issues about efficacy, safety, and timing of 
vaccination in individuals receiving anti-CD20 monoclonal 
antibodies.

We aim to share the experience of our center regard-
ing COVID-19 disease and vaccination in patients with 
PV/PF on RTX.

A retrospective analysis of the patients who received 
at least one infusion of RTX from January 2020 to March 
2022 was performed. Data on SARS-CoV-2 vaccination 
and disease was obtained after consulting the hospital’s 
clinical platforms. Secondarily, a brief review of the liter-
ature on the incidence and severity of COVID-19 in 
patients with PV/PF under RTX and their vaccination 
was carried out.

In our Dermatology department, from January 2020 to 
March 2022, seven patients did at least one RTX infusion 
for the treatment of PV/PF. All patients were female, with 
a mean age of 46.6 years. During this period, three 
patients developed COVID-19, all with mild disease. Six 
patients were vaccinated, and one patient declined vac-
cination. Two of the vaccinated patients received the 

vaccine at least 1 month before the beginning of the 
treatment and four of them were vaccinated more than 
3 months after. Regarding the three patients that devel-
oped COVID-19, one had received two doses of the 
SARS-CoV-2 vaccine 5 months prior to the treatment, one 
had completed the two-dose schedule 3 months after the 
last RTX infusion, and the last one was unvaccinated. 
During the analyzed period, none of the patients experi-
enced PV/PF flare due to SARS-CoV-2 vaccination or 
infection.

RTX induces prolonged B-cell depletion and 
decreased antibody production, leading to a higher 
infection susceptibility. In SARS-CoV-2 infection, the 
host’s immune response is crucial for the evolution of 
the disease, with immunosuppression being consid-
ered an independent risk factor for severe disease. 
However, recovery from COVID-19 may not be deter-
mined exclusively by the development of neutralizing 
antibodies. In fact, a recent study showed that 11 out 
of 14 patients on RTX who recovered from COVID-19 had 
no measurable anti-SARS-CoV-2 antibodies titers2.

The incidence and severity of COVID-19 in patients 
with PV/PF under RTX have also been investigated. 
However, there are few studies and conflicting results. 
For example, a recent analysis including 18 patients 
diagnosed with PV/PF concluded that the use of RTX 
was associated with five times higher incidence of the 
disease3. Another study that included 620 patients with 

Use of rituximab in pemphigus vulgaris/foliaceus patients 
during COVID-19 pandemic

Utilização de rituximab em doentes com pênfigo vulgar/foliáceo durante a pandemia 
COVID-19
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PV/PF found that the risk of hospitalization decreases 
each month after the administration of RTX4. On the 
other hand, a larger analysis with a sample of 1236 
patients with PV/PF concluded that the use of immu-
nosuppressants, including RTX, was not associated 
with disease severity5. A smaller study of 211 patients 
showed similar results6.

In our sample, the use of RTX does not appear to be 
associated with severe illness since the three cases of 
COVID-19 were mild. In fact, while it is well established 
that RTX leads to a decrease in the humoral response 
lasting beyond 6 months, a possible protective role has 
been hypothesized. RTX can reduce the so-called 
“cytokine storm” responsible for severe disease, by 
decreasing the systemic pro-inflammatory state.

At the time of SARS-CoV2 vaccine approval, the only 
available recommendations for vaccination of patients 
on RTX were those of inactivated vaccines such as 
Influenza or tetanus7. However, the emerged SARS-
CoV-2 vaccines are not inactivated, but mRNA or viral 
vector based. In these patients, vaccination timing is 
important and, according to the literature, vaccine 
humoral response recovery seems to occur six months 
after the last administration of RTX8,9. Additionally, it 
has also been demonstrated that cell-mediated immu-
nity is robust, which can counterbalance an eventual 
decrease in the humoral response to vaccination8,9.

In fact, the ideal timing for vaccination after treatment 
with RTX is not yet fully established and the only precise 
recommendations are from the American College of 
Rheumatology, suggesting vaccine administration 2 to 4 
weeks before the beginning of a treatment cycle10. 
Furthermore, the measure of CD19 B-cells may be a use-
ful tool to define vaccination boosters and RTX dosing10.

In conclusion, the incidence and severity of COVID-19 
among patients on RTX, especially those with autoim-
mune blistering disorders, have not been fully character-
ized. Although the vaccination of these patients is safe 
and effective, regarding the predictable robust cell-medi-
ated response, the optimal timing for COVID-19 vaccina-
tion is not yet established. The increasing emergence of 
new pandemics, along with the wide use of biotechnolog-
ical drugs, will certainly be a challenge in future clinical 
practice. Thus, it is important to better understand the real 
impact of these drugs on a patient’s immune response, 
regarding not only the modification of the natural history 
of the disease but also, and most importantly, the need 
for vaccination schedule adjustment.
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To stress the issue of sartans as a possible cause of 
various cancers as already reported in the case 
“Insights into the development of lentigo maligna and 
dysplastic nevi: Spotlight on the possible relation with 
sartans, thiazides and nitrosamines” published in 
vol no. 3, 2022 of this journal1, we want to inform that 
there is currently no clarity on the part of regulators as 
to whether (1) nitrosamines (as an additional contami-
nant) and/or (2) the active substance of angiotensin 
receptor blockers are responsible for the “procarcino-
genic” effect of these drugs2.

Nevertheless, the relationship between the sartan 
intake and all types of neoplasms seems increasingly 
real, and its statistical significance has become more 
pronounced over the years3.

A number of experimental data initially shed some 
light on the use of the sartans and the risk of melanoma 
as early as 2018/2019, but unfortunately did not contain 
definite information on whether the active substance 
used in their research included nitrosamines or not.

Clinical follow-up on the subject over the last decade 
has categorically supported the experimental data and 
again favors a serious risk of developing melanoma 

after taking the sartans. The statistics in these studies 
are also supportive, but still,

there is no evidence of the presence or absence of 
potential contamination with nitrosamines.

According to the data in the world literature, nitrosa-
mines found so far in the sartans, and valsartan, in 
particular, could be up to three and according to various 
models for calculating the risk of cancer, the theoretical 
risk would be increased from 3 to 4 times4.

Isolated publications in the world literature have 
focused the scientific community’s attention not only on 
the risk of potential contamination of affected batches 
of the sartans with nitrosamine but also emphasize the 
additional “aggravation” of this risk (of melanomas, for 
example) due to concomitant use of thiazide diuretics5. 
By acting in a similar way (proven contamination by 
nitrosamines in the thiazide itself, or in combination 
with the sartans), or in a different pathogenetic way 
(i.e., photosensitization), thiazide diuretics increase the 
risk of developing both melanocytic and nonmelano-
cytic skin cancers5.

In 2022, Pfizer surprisingly withdrew the Angiotensin-
converting enzyme (ACE) inhibitor quinapril, the diuretic 

Nitrosamines in antihypertеnsives, metformin and ranitidine as 
cofactors for melanoma and development of other cancers. 
Expert group opinion
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drug hydrochlorothiazide, and the combination products 
containing these two ingredients due to an N-nitroso 
quinapril concentration well above the so-called accept-
able daily intake level6.

The contamination of metformin, ranitidine, and 
rifampicin with nitrosamines has been repeatedly 
demonstrated over the years, and several batches of 
these agents have been withdrawn from the 
market.

Polymorbid patients with diabetes who are treated 
with metformin could similarly be at risk for the devel-
opment of melanoma or other tumors due to contami-
nation with N-nitrosodimethylamine (NDMA)—the 
same ingredient found in sartans and ranitidine. 
Metformin is often prescribed in parallel with sartans 
and thus further increases the risk of developing mel-
anoma or other skin neoplasms or preneoplastic 
conditions5,6.

The nitrosamine NDMA found as a contaminant in 
ranitidine has been associated with an increased risk 

of developing melanoma since 2021, according to offi-
cial DRUG WATCH/FDA data7, although there is no 
evidence of even a single publication in the world sci-
entific literature about that relationship.

By February 2022, however, melanoma was again 
included in the DRUG WATCH/FDA’s list of compen-
satory claims for patients taking ranitidine/Zantac 
(contaminated with NDMA), but only a few months 
later it was removed from the bulletin without any 
explanation (Fig. 1a, 1b)8. It is curious that, despite the 
growing number of melanomas in the world literature 
after taking potentially NDMA-contaminated sartans, 
DRUG WATCH/FDA does not include them in the com-
pensation claims of those affected. On the contrary, 
they were excluded from this group for Zantac on May 
5, 2022 (whereas they were initially included on 
February 2, 2022), despite the growing number of sci-
entific publications favoring the pathogenetic link 
between NDMA and the development and progression 
of melanoma.

Figure 1. Drugwatch/FDA’s list of compensatory claims for patients taking ranitidine/Zantac (contaminated with 
nitrosamines). A: what is a Zantac lawsuit. B: cancers that qualify for Zantac lawsuits.
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After an in-depth analysis of the published data 
(DRUG WATCH), it could be reasonably assumed that, 
in the face of the FDA/European Medicines Agency, the 
regulatory authorities should have unpublished data 
sheets for self-reported side effects that prove or are at 
least highly indicative for the presence of a link between 
ranitidine intake and the development of melanoma.
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