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AVALIAGAO DE FATORES CLINICOPATOLOGICOS, PROGNOSTICOS, E
MOLECULARES EM FELINOS COM CARCINOMA DE CELULAS ESCAMOSAS
CUTANEO TRATADOS COM ELETROQUIMIOTERAPIA

RESUMO- O carcinoma de células escamosas cutaneo (CCEc) é uma das
neoplasias cutdneas malignas mais frequentes em felinos e apresenta notaveis
semelhangas clinicas, histopatolégicas e moleculares com a doenga humana,
consolidando o gato como um importante modelo espontaneo para estudos em
oncologia comparada. Apesar da elevada eficacia da eletroquimioterapia (EQT)
como modalidade terapéutica local, a estratificagcdo progndstica dos felinos
acometidos ainda é limitada pela escassez de biomarcadores clinicopatolégicos e
moleculares validados. Assim, esta tese teve como objetivo avaliar fatores
clinicopatologicos, prognésticos e moleculares associados ao comportamento
biolégico do CCEc felino tratado com EQT, com énfase especial em sua correlagao
com a invasao perineural (IPN). Inicialmente, foi realizada uma revisdo comparativa
entre o CCEc humano e felino, abordando aspectos relacionados a etiopatogenia,
mecanismos moleculares, biomarcadores prognosticos e estratégias terapéuticas,
fornecendo a base cientifica para os estudos subsequentes. Em seguida, por meio
de uma série de estudos clinicos e translacionais, foram avaliados felinos com
diagndstico histopatolégico de CCEc de cabega tratados exclusivamente com EQT.
A analise das variaveis clinicopatoléogicas demonstrou que tumores em estagios
clinicos avangados, lesbes erosivas, variante histoldégica acantolitica, recorréncia
local, auséncia de resposta completa ao tratamento e invasdo perineural estiveram
associadas a pior prognostico. Posteriormente, foi investigado o significado
prognostico da imunoexpressdo dos biomarcadores EGFR-1, VEGF-A, p53, NGF,
TrkA e ROBO1. A expressao de EGFR-1 e VEGF-A associou-se a caracteristicas
clinicopatoldgicas relacionadas a comportamento tumoral mais agressivo, reforgcando
seu potencial como biomarcadores prognésticos. A alta imunoexpressao de p53
esteve significativamente associada a redugdo da sobrevida, evidenciando a
importancia da desregulagédo do ciclo celular na progressdo tumoral. Por fim, a
avaliacdo das vias relacionadas ao crescimento neural e ao direcionamento axonal
demonstrou que NGF, TrkA e ROBO1 apresentam diferentes associagdes com
caracteristicas clinicopatolégicas, invasao perineural e desfechos clinicos, sugerindo
a participagdo dessas vias na biologia tumoral do CCEc felino. Em conjunto, os
resultados desta tese ampliam o conhecimento sobre os fatores clinicopatologicos e
moleculares envolvidos no carcinoma de células escamosas cutaneo felino,
identificam biomarcadores com potencial valor prognéstico, reforcam a relevancia da
invasdo perineural como marcador de agressividade tumoral e fornecem novas
evidéncias sobre os mecanismos bioldgicos relacionados a progressdo da doenga.
Além disso, fortalecem o papel do CCEc felino como modelo espontaneo para o
estudo do carcinoma de células escamosas cutdneo humano, contribuindo para o
avancgo da oncologia comparada e translacional e para o desenvolvimento futuro de
estratégias prognosticas e terapéuticas mais individualizadas.

Palavras-chave: carcinoma de células escamosas cutaneo, eletroquimioterapia,
invasao perineural
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EVALUATION OF CLINICOPATHOLOGICAL, PROGNOSTIC, AND MOLECULAR
FACTORS IN CATS WITH CUTANEOUS SQUAMOUS CELL CARCINOMA
TREATED WITH ELECTROCHEMOTHERAPY

ABSTRACT- Cutaneous squamous cell carcinoma (cSCC) is one of the most
common malignant skin tumors in cats and shares remarkable clinical,
histopathological, and molecular similarities with human cSCC, making it a valuable
spontaneous model for comparative oncology. Despite the effectiveness of
electrochemotherapy (ECT) as a local treatment modality, prognostic stratification in
feline cSCC remains limited because of the scarcity of validated clinicopathological
and molecular biomarkers. This thesis aimed to investigate clinicopathological,
prognostic, and molecular factors associated with the biological behavior of feline
cSCC treated with ECT, with particular emphasis on their relationship with perineural
invasion (PNI). Initially, a comparative review of human and feline cSCC was
conducted to summarize current knowledge regarding etiopathogenesis, molecular
mechanisms, prognostic biomarkers, and therapeutic approaches, providing the
scientific basis for the subsequent investigations. A series of clinical and translational
studies then evaluated cats with histologically confirmed cSCC of the head treated
exclusively with ECT. Clinicopathological variables associated with treatment
response and survival were identified, demonstrating that advanced tumor stage,
erosive lesions, the acantholytic histological variant, local recurrence, failure to
achieve complete response, and PNI were associated with poorer clinical outcomes.
Subsequently, the prognostic significance of selected molecular biomarkers was
investigated by immunohistochemical analysis. EGFR-1 and VEGF-A expression
were associated with clinicopathological features related to aggressive tumor
behavior, supporting their potential role as prognostic biomarkers. High p53
immunoexpression was significantly associated with shorter survival, reinforcing the
importance of cell cycle dysregulation in disease progression. Finally, the expression
of NGF, TrkA, and ROBO1 was evaluated to investigate molecular pathways involved
in tumor—nerve interactions. These markers demonstrated distinct associations with
clinicopathological variables, survival outcomes, and PNI, highlighting the potential
involvement of neurotrophic and axon-guidance pathways in the biological behavior
of feline cSCC. Collectively, these findings expand the current understanding of the
clinicopathological and molecular landscape of feline cSCC, identify novel prognostic
biomarkers, reinforce the prognostic relevance of perineural invasion, and provide
new insights into the mechanisms underlying tumor progression. Furthermore, this
thesis strengthens the role of feline cSCC as a spontaneous comparative model for
human cSCC and contributes to the advancement of comparative and translational
oncology by supporting future biomarker-driven prognostic stratification and the
development of targeted therapeutic strategies.

Keywords: cutaneous squamous cell carcinoma, electrochemotherapy, perineural
invasion, prognostic biomrkers.



CHAPTER 1 - General considerations

1. Introduction

Cutaneous squamous cell carcinoma (cSCC) is one of the most common
malignant skin tumors in both humans and cats, representing a significant clinical
challenge due to its high incidence, locally invasive behavior, and potential to cause
extensive tissue destruction, particularly when arising in anatomically complex
regions of the head. Although distant metastasis is relatively uncommon, delayed
diagnosis and local recurrence remain important causes of morbidity in both species,
frequently requiring aggressive therapeutic interventions and compromising quality of
life (Murphy et al., 2013; Stratigos et al., 2023).

The remarkable biological similarities between human and feline cSCC have
increasingly positioned the cat as a valuable spontaneous comparative model for
studying UV-induced skin carcinogenesis. In both species, chronic ultraviolet (UV)
radiation represents the principal etiological factor, leading to cumulative DNA
damage, field cancerization, and the progressive development of actinic keratosis
and invasive carcinoma. Furthermore, many of the molecular alterations involved in
tumor initiation and progression, including dysregulation of TP53, EGFR, COX-2,
angiogenic pathways, and inflammatory signaling, appear to be conserved,
reinforcing the translational relevance of feline cSCC within comparative oncology
(Murphy et al., 2013; Hedberg et al., 2022; Stratigos et al., 2023).

Despite these similarities, important gaps remain in the understanding of feline
cSCC. Compared with human medicine, relatively few studies have investigated the
molecular mechanisms underlying tumor progression, the prognostic significance of
clinicopathological and molecular biomarkers, or the biological determinants of
therapeutic response. These limitations hinder accurate prognostic stratification and
restrict the development of individualized therapeutic strategies for affected cats. In



recent years, increasing attention has been directed toward the identification of
biomarkers involved in cell cycle regulation, growth factor signaling, angiogenesis,
and tumor—nerve interactions, as these pathways may provide clinically relevant
prognostic information and identify novel therapeutic targets (Hedberg et al., 2022).

Among the available local treatment modalities, electrochemotherapy (ECT)
has emerged as one of the most effective tissue-sparing therapies for feline cSCC,
particularly for tumors affecting the nasal planum, pinnae, and periocular region (Dos
Santos & Linhares et al., 2024; Foo et al., 2025). Although excellent clinical response
rates have been reported, considerable variability in treatment outcome persists,
emphasizing the need for reliable biomarkers capable of predicting biological
behavior and therapeutic response. A better understanding of the molecular
landscape of feline cSCC is therefore expected not only to improve prognostic
assessment but also to support the future development of more personalized

treatment approaches.

This chapter reviews the comparative biology of human and feline cutaneous
squamous cell carcinoma, with particular emphasis on molecular pathways,
prognostic biomarkers, and therapeutic implications relevant to electrochemotherapy.
The aim is to provide the scientific framework that supports the subsequent chapters
of this thesis, which investigate clinicopathological prognostic factors and the
expression of selected molecular biomarkers associated with tumor progression and

response to electrochemotherapy in feline cutaneous squamous cell carcinoma.
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Conclusion

In conclusion, this study demonstrates that NGF, TrkA, and ROBO-1 exhibit distinct
biologiéél roles in feline c¢SCC, suggesting the involvement of neural invasion-related
péfhwayé in tumor behavior. Although several findings parallei those reported in human SCC,
important differences suggest that tumor-nerve interactions may not be fully conserved across
species. Collectively, these findings expand the current understanding of the molecular
mechanisms underlying feline ¢cSCC and reinforce the value of comparative oncology in
elucidating both conserved and species-spééiﬁc pathways of tumor progression. Nevertheless,
the prognostic relevance of these ‘biomarkers should be confirmed in larger, independent

studies before their clinical utility can be established.
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