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RESUMO

O carcinoma de células escamosas de boca (CCEB) é uma neoplasia maligna de
origem epitelial que apresenta diferentes graus de diferenciagédo histoldgica e alto
potencial invasivo e metastético. Budding tumoral é um fendmeno morfologico
caracterizado pela presenca de células epiteliais neoplasicas isoladas ou formando
pequenos ninhos (de até quatro células). A presenca desse fenbmeno caracteriza
perda de adesao celular, permitindo um movimento invasivo ativo. Tumores com alta
intensidade de budding tumoral estdo associados a pior prognostico em CCEB. O
objetivo desse trabalho é analisar a reprodutibilidade e a repetibilidade de dois
métodos de avaliagdo do budding tumoral em CCEB: coloracdo pela hematoxilina e
eosina (HE) e imunomarcagdo para multi-citoqueratina. A avaliacdo do budding
tumoral foi realizada em 103 amostras de CCEB, submetidas a esses dois métodos.
Trés examinadores independentes avaliaram cada uma das 103 |laminas de cada um
dos dois métodos analisados. Os examinadores foram assim determinados:
patologista com experiéncia menor que 5 anos; patologista com experiéncia entre 5
e 10 anos; patologista com experiéncia maior 10 anos. A contagem dos buds
(células neoplasicas isoladas ou agrupadas em pequenos ninhos com menos de
cinco células) foi realizada em um Unico campo, em aumento de 200X. As amostras
foram assim classificadas: baixa intensidade de budding tumoral (nenhum bud ou
menos de 5 buds tumorais em um campo de 200X); alta intensidade de budding
tumoral (5 ou mais buds tumorais em um campo de 200X). Uma Escala Tipo Likert
foi utilizada pelos examinadores para mensurar qualitativamente a dificuldade na
avaliacdo. O grau de concordancia interexaminador (reprodutibilidade) foi estimado
por meio do Kappa de Fleiss e o grau de concordancia intraexaminador
(repetibilidade) foi estimado por meio do Kappa de Cohen. O teste de Friedman
seguido pelo teste post hoc de Dunn foi utilizado para comparar o nivel de
dificuldade da avaliacdo entre os trés examinadores. O teste de Wilcoxon foi
utilizado para comparar o nivel de dificuldade da avaliacdo entre os dois métodos. A
reprodutibilidade pelo método da imunomarcacdo para multi-citoqueratina mostrou-
se substancial, sendo maior que a reprodutibilidade pelo método HE, que se mostrou
razoavel. A repetibilidade pelo método HE variou de moderada a substancial entre
os examinadores, independentemente da experiéncia do examinador. A
repetibilidade pelo método da imunomarcacdo para multi-citoqueratina ndo variou
entre os examinadores, mostrando-se quase perfeita. A concordancia entre os dois
meétodos variou de regular a moderada entre os examinadores, sendo menor no
examinador menos experiente. Todos 0s examinadores apresentaram maior
dificuldade na avaliagéo pelo método HE. O examinador mais experiente apresentou
menor dificuldade na avaliagdo quando comparado aos dois avaliadores menos
experientes, independentemente do método. Diante do exposto, considerando a
baixa concordancia entre os dois meéetodos de avaliagdo do budding tumoral
analisados, recomenda-se que a avaliagdo do budding tumoral em CCEB seja
realizada pelo método da imunomarcacdo para multi-citoqueratina, tendo em vista
sua menor dificuldade, maior reprodutibilidade e maior replicabilidade quando
comparado ao método HE.

Palavras-chave: Fronte de invasao tumoral. Carcinoma de células escamosas de

boca. Budding tumoral.



ABSTRACT

The oral squamous cell carcinoma (OSCC) is a malignant epithelial tumor which has
different degrees of histological differentiation and highly invasive and metastatic
potential. Tumor budding is a morphological phenomenon characterized by the
presence of neoplastic epithelial cells isolated or forming small clusters (up to four
cells). The presence of this phenomenon is characterized by loss of cell adhesion,
allowing an active invasive movement. Tumors with high intensity tumor budding are
associated with worse prognosis in OSCC. The aim of this study is to analyze the
reproducibility and repeatability of two evaluation methods of tumor budding in
OSCC: hematoxylin and eosin (HE) and immunostaining for multi-cytokeratin. The
assessment of tumor budding was performed on 103 OSCC samples, independently
by the two methods. Three independent examiners evaluated each of the 103 slides
of each method. The examiners were categorized as: pathologist with less than 5
years of experience; pathologist with experience between 5 and 10 years; pathologist
with most of 10 years of experience. The count of buds (isolated tumor cells or
grouped in small nests with less than five cells) was performed on a single field, a
x200 power field. Samples were categorized as follows: low intensity tumor budding
(no bud or less than 5 tumor buds in one x200 field); high intensity tumor budding (5
or more tumor buds in one x200 field). A Likert scale was used by the examiners to
qualitatively measure the difficulty in assessing tumor budding. The degree of inter-
examiner agreement (reproducibility) was estimated by Fleiss Kappa and the degree
of intra-examiner agreement (repeatability) was estimated by Cohen's kappa. The
Friedman test followed by the Dunn post hoc test was used to compare the level of
the difficulty of the three examiners. The Wilcoxon test was used to compare the
level of the difficulty between the two methods. The reproducibility by immunostaining
method for multi-cytokeratin was substantial, being greater than the reproducibility of
the HE method, which was fair. Repeatability by HE method ranged from moderate to
substantial among examiners, regardless of the examiner's experience. Repeatability
by immunostaining method for multi-cytokeratin did not vary among examiners, being
almost perfect. The agreement between the two methods ranged from fair to
moderate among examiners, being lower in the less experienced examiner. All
examiners had greater difficulty in assessing tumor budding by the HE method. The
most experienced examiner had less difficulty in assessing tumor budding when
compared to the two less experienced evaluators, regardless of method. In
conclusion, considering the low correlation between the two methods, it is
recommended that the evaluation of tumor budding in OSCC must be performed by
immunostaining method for multi-cytokeratin, given its less difficulty, greater
reproducibility and greater reproducibility when compared to the HE method.

Keywords: Invasive tumor front; oral squamous cell carcinoma; tumor budding
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1 INTRODUCAO

1.1 Carcinoma de células escamosas de boca (CCEB)

O carcinoma de células escamosas (CCE) é uma neoplasia maligna de
origem epitelial que apresenta diferentes graus de diferenciagdo histolégica e alto
potencial invasivo e metastatico (SLOOTWEG; EVESON, 2005). Representa mais
de 90% das neoplasias malignas de cabeca e pescoco (SLOOTWEG; EVESON,
2005; NEVILLE et al., 2015). O carcinoma de células escamosas € a neoplasia
maligna mais comum da cavidade oral (SLOOTWEG; EVESON, 2005; NEVILLE et
al.,, 2015). O carcinoma de células escamosas de boca (CCEB) acomete
principalmente pacientes na sexta década de vida. Entretanto, nos ultimos anos, a
incidéncia dessa lesdo em jovens adultos tem aumentado consideravelmente
(MASJCHRZAK et al., 2014).

O Instituto Nacional de Céancer (INCA) estima que no Brasil, em 2016, sao
esperados 11.140 casos novos de neoplasias malignas da cavidade oral em homens
e 4.350 em mulheres, o que corresponde a um risco estimado de 11,27 casos novos
a cada 100 mil homens e 4,21 a cada 100 mil mulheres (INSTITUTO NACIONAL DO
CANCER, 2016).

Embora a etiologia do CCEB permaneca ainda nao totalmente esclarecida,
dados epidemioldgicos colaboram a atuacdo determinante de fatores de risco que,
separadamente ou combinados, podem contribuir no desenvolvimento dessa
neoplasia. Os principais fatores de risco, ja bem estabelecidos, séo o tabaco e o
alcool (BARASCH; SAFFORD,1993; DOBROSSY, 2005; SLOOTWEG; EVESON,
2005). Esses dois fatores, quando combinados, podem aumentar em até 15 vezes a
probabilidade de desenvolvimento de CCEB (BRAY et al., 2002). Fatores culturais,
estilo de vida, dieta e o virus HPV (subtipos 16 e 18) sao frequentemente associados
ao desenvolvimento dessa lesdo (DOBROSSY, 2005).

Essa neoplasia origina-se de eventos genéticos que alteram principalmente
ciclo celular, angiogénese, sobrevida das células e mobilidade celular. Essas
alteracdes proporcionam um ambiente favoravel a proliferacéo celular autbnoma e a
invasdo da membrana basal, lamina prépria e tecidos adjacentes pelos
gueratinécitos neoplasicos (SCULLY et al., 2011; REGEZI; SCIUBBA; JORDAN,
2013).
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O CCEB pode se apresentar clinicamente como lesGes endofiticas, exofiticas,
leucoplasicas, eritroplasicas e/ou eritroleucoplasicas. Acomete principalmente a
lingua, assoalho bucal, gengiva, palato duro e mucosa jugal (FUNK et al., 2002;
NEVILLE et al., 2015).

A principal caracteristica histologica dessa neoplasia é a invasdo da lamina
propria e tecidos adjacentes por ninhos, corddes ou lengois de células epiteliais de
revestimento malignas, por vezes exibindo pleomorfismo celular e nuclear,
hipercromatismo nuclear e mitoses tipicas e atipicas (SLOOTWEG; EVESON, 2005;
NEVILLE et al., 2009; REGEZI; SCIUBBA; JORDAN, 2013).

O prognostico do CCEB esta diretamente relacionado ao estadiamento clinico
da doenca pelo sistema TNM, no qual sédo avaliados tamanho do tumor, metastases
para linfonodos e metastases a distancia (TNM). Esse sistema é amplamente
utilizado no planejamento do tratamento e no progndéstico de pacientes com lesfes
malignas, embora apresente limitagbes. De maneira geral, a taxa de sobrevida em
cinco anos varia entre 40% a 50%, piorando com o avanco do estadio clinico. Nesse
contexto, a graduacédo histoldgica, que avalia o grau de diferenciacdo das células
neoplasicas, pode ser uma ferramenta importante para auxiliar a determinacdo do
prognéstico do paciente. Tumores bem diferenciados geralmente estdo relacionados
a melhor prognéstico (SHAN; GIL, 2009; PULTE; BRENNER, 2010; REGEZI,
SCIUBBA; JORDAN, 2013).

Os métodos de graduacédo histologica mais utilizados em CCEB sédo: OMS,
gue classifica os tumores em bem, moderadamente e mal diferenciados
(SLOOTWEG; EVESON, 2005; ANNEROTH; BATZAKIS; LUNA, 1987), no qual sado
avaliados grau de queratinizag&o, polimorfismo nuclear, nimero de mitoses, padréo
de invasao, estagio de invasao e infiltrado inflamatorio; Bryne et al. (1992), no qual a
graduacéo ocorre apenas nas areas mais anaplasicas das regides mais invasivas do
tumor, avaliando os parametros grau de queratinizacdo, polimorfismo nuclear,
padrao de invaséo e infiltrado inflamatorio.

O tratamento do CCEB ¢é multidisciplinar e baseia-se principalmente na
localizacdo e no estadiamento clinico. O tratamento de escolha é a remocao
cirdrgica da lesdo e, caso necessario, esvaziamento cervical. Radioterapia e
quimioterapia podem ser realizadas de forma adjuvante a cirurgia. Essas condutas,
em conjunto, melhoram o progndstico e reduzem a recorréncia (SHAN; GIL, 2009;
REGEZI; SCIUBBA; JORDAN, 2013).
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1.2 Avaliacao do budding tumoral e seu papel no prognéstico do CCEB

O processo de invaséo local das neoplasias malignas € complexo e requer
interacdo entre o tumor e o hospedeiro para criar um ambiente permissivo e
possibilitar a invasdo da matriz extracelular pelas células neoplasicas. Com a
progressdo do tumor, pode ocorrer disseminagdo sanguinea ou linfatica e formacao
de metastases (WEI-REN et al., 2012).

Budding tumoral é um fenébmeno morfolégico observado no fronte de invaséo
tumoral, caracterizado pela presenca de células epiteliais neoplasicas isoladas ou
formando pequenos ninhos (de até quatro células). A presenca desse fenémeno
caracteriza perda de adeséo celular, permitindo um movimento invasivo ativo (UENO
et al., 2002; WANG et al., 2011; LUO et al., 2012; ALMANGUSH et al., 2014a).

Ueno et al. (2002) utilizaram a avaliacdo de budding tumoral para estimar o
potencial de agressividade do cancer de reto. Foram examinados 638 espécimes de
carcinoma de células escamosas. Para cada amostra, o avaliador selecionou a
regido com maior intensidade de budding e examinou a presenca de células
epiteliais neoplasicas isoladas ou agrupadas em pequenos ninhos de até cinco
células, utilizando uma objetiva de 25X. ApOs dois meses, 100 amostras foram
selecionadas aleatoriamente e foi realizada uma nova avaliacdo. Os autores
observaram uma forte correlacdo entre a presenca de budding tumoral e
caracteristicas histolégicas que representam agressividade, como diferenciacao,
invasao local e infiltrado inflamat6rio. Ao mesmo tempo, pacientes classificados com
alta intensidade de budding tumoral apresentaram pior progndstico com menor
tempo de sobrevida. Os autores concluiram que a avaliacdo do budding tumoral é
um sistema de graduacgéo histologica adequado para avaliagdo da agressividade e
sobrevida, ressaltando que esse sistema € de simples execucdo e alta
reprodutibilidade.

Koike et al. (2008) realizaram uma analise multivariada das caracteristicas
clinico-patolégicas do carcinoma de células escamosas de esodfago (CCEE),
avaliando o budding tumoral como um fator de prognéstico. Foram selecionadas 136
amostras de pacientes diagnosticados com CCEE. As amostras foram coradas pela
hematoxilina e eosina (HE) e avaliadas microscopicamente com uma objetiva de
20X. O avaliador selecionou a regido mais profunda de invasdo e realizou a

contagem das células epiteliais neoplasicas isoladas ou agrupadas em pequenos
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grupos de até cinco células, classificando as amostras em dois grupos: budding
tumoral frequente (5 ou mais grupos de até cinco células) e budding tumoral raro
(menos de 5 grupos de até cinco células). 60,3% dos pacientes apresentaram
budding tumoral frequente e 39,7% foram classificados como apresentando budding
tumoral raro. Os autores verificaram uma relacéo entre budding tumoral frequente e
menor tempo de sobrevida. Concluiram que a avaliacdo desse fendbmeno pode
ajudar a determinar o potencial de malignidade do CCEE e de outros tipos de
tumores malignos.

Wang et al. (2009) verificaram a reprodutibilidade da avaliacdo do budding
tumoral como marcador de progndstico. Foram selecionadas 128 casos de pacientes
diagnosticados com carcinoma colorretal (T3NOMO). As amostras foram coradas em
hematoxilina e eosina e avaliadas por dois patologistas. Foi considerado budding
tumoral a presencga de células neoplasicas isoladas ou arranjadas em ninhos de até
quatro células, observadas microscopicamente em um aumento de 40X. As
amostras foram classificadas como apresentando alta intensidade ou baixa
intensidade de budding. Os autores verificaram que 0s casos com alta intensidade
de budding tumoral (45%), estavam relacionados com um padrdo de invasdo mais
agressivo. Foi realizado o teste de concordancia de kappa, que demonstrou 6tima
concordancia entre os avaliadores. Os autores concluiram que o método de
avaliacdo de budding tumoral utilizando a técnica de coloracdo em HE é de facil
execucdo e Otima reprodutibilidade, além de estar indicado como marcador de
prognadstico para esse tipo de lesao.

Yamaguchi et al. (2010) avaliaram o budding tumoral em 665 casos de
adenocarcinoma de pulmdo, em pacientes tratados com resseccao cirargica. Os
autores constataram que o budding reflete a atividade bioldgica do tumor e pode ser
um indicador de prognostico util. Diferentes estudos corroboram que a avaliagéo do
budding tumoral € um bom indicador progndstico para diversos tipos de tumores:
carcinoma de células escamosas colo retal (KANAZAWA et al., 2007; PRALL, 2007,
ZLOBEC; LUGLI, 2010), carcinoma de células escamosas de laringe (SARIOGLU et
al.,, 2010), carcinoma de células escamosas anal (NILSSON et al., 2005) e
carcinoma nasofaringeal (LUO et al., 2012).

Alguns estudos utilizam a técnica imunoistoquimica para auxiliar a avaliacao
do budding tumoral, por meio da imunomarcacao da citoqueratina. As citoqueratinas

sdo filamentos intermediarios que compdem o citoesqueleto das células epiteliais,
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representando uma importante proteina que pode ser imunomarcada com objetivo
de identificar as células epiteliais neoplasicas na avaliacdo do budding em CCEB
(WANG et al., 2011).

Kazama et al. (2006) selecionaram 56 casos de carcinoma colorretal. As
amostras foram coradas pela técnica de hematoxilina e eosina e imunomarcadas
para citoqueratina (anticorpos CAM 5.2 e AE1/AE3), para deteccdo das células
neoplasicas epiteliais. Os autores concluiram que amostras budding tumoral
positivas estavam associadas a metastases regionais, podendo essa avaliacdo ser
consideradas util para avaliacao do risco de metastase nesse tipo de cancer.

Wang et al. (2011) avaliaram budding tumoral 230 casos de carcinoma de
células escamosas de lingua. Foi realizada a técnica imunoistoquimica para
deteccdo de pan-citoqueratina. Todas as amostras foram avaliadas por dois
observadores independentes, que ndo conheciam o histérico dos casos. Os autores
definiram como budding tumoral a presenca de células neoplasicas isoladas ou
arranjadas em pequenos grupos de até quatro células. Inicialmente o avaliador
verificou, em um aumento de 100X, a regido da amostra com maior intensidade de
budding. A seguir, em um aumento de 200X, foi realizada a contagem de células
neoplasicas isoladas ou arranjadas em pequenos grupos de até quatro células,
denominados como buds. Os autores classificaram as amostras em: alta intensidade
de budding tumoral (amostras com 5 ou mais buds em um Unico campo, em
aumento de 200X); baixa intensidade de budding tumoral (amostras com menos de
5 buds em um Unico campo, em aumento de 200X). Alta intensidade de budding
tumoral foi observada em 48,36%, apresentando forte correlacdo com tamanho do
tumor, diferenciacéo celular e metastase para linfonodos. Os autores concluiram que
o budding tumoral pode representar um fator de progndstico importante para essa
neoplasia.

Almangush et al. (2014a) avaliaram a profundidade de invasao relacionada ao
budding tumoral e pior padrdo de invasdo, como indicadores de prognostico. Os
autores selecionaram 233 casos de carcinoma de células escamosas de lingua que
foram tratados em cinco hospitais universitarios da Finlandia, em um intervalo de 30
anos. A amostra foi classificada por trés avaliadores, treinados, que desconheciam
0s casos dos pacientes estudados. Foi considerado como budding tumoral a
presenca de células individuais ou em ninhos com menos de cinco células, proximas

ao fronte de invasdo tumoral. As amostras foram primeiramente avaliadas em
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aumento de 40X e posteriormente a avaliacdo foi realizada em um aumento de
200X. Os autores classificaram as amostras em: baixo risco (menos de 5 buds em
um Unico campo, em aumento de 200X); alto risco (mais de 5 buds em um Unico
campo, em aumento de 200X). Verificaram uma forte associacdo entre tumores
classificados como alto risco e pior prognéstico (mortalidade aumentada). Os
autores relataram ainda que a avaliacdo do budding tumoral pode complementar o
sistema TNM na determinacéo do prognastico.

Em uma revisdo sistematica da literatura, Almangush et al. (2014b)
analisaram os estudos sobre budding tumoral em carcinoma de células escamosas
de cabeca e pescoco. Foram incluidas as publicacbes que avaliaram o budding
tumoral em carcinoma de células escamosas da cavidade oral, laringe e
nasofaringe. A partir de um total de 122 artigos, apenas 5 estudos foram
considerados, por cumprirem os critérios estabelecidos pelos autores. Os autores
concluiram que, apesar dos resultados serem limitados, pois as amostras sao
heterogéneas, ha uma forte associacdo entre o budding tumoral e progndéstico e
progressdo das neoplasias malignas. Os autores afirmam ainda que, para melhor
avaliacao futura do budding tumoral, é importante introduzir essa classificacdo na
rotina dos laboratérios de patologia, padronizando os métodos por meio da
verificacdo da reprodutibilidade, permitindo uma comparacdo de resultados em
diferentes centros de pesquisa.

Xie et al. (2015) demonstraram que alta intensidade de budding tumoral € um
fator independente de progndstico para carcinoma de células escamosas de lingua
em estagio inicial, estando associada a menor sobrevida. Sugeriram que a avaliacédo
de budding tumoral deve ser utilizada como rotina e ser incorporada como critério de
decisédo para a realizacdo de esvaziamento cervical. Proposta semelhante foi
realizada por Seki et al. (2016), que avaliaram 91 amostras de bidpsia incisional de
CCEB e observaram que tumores com alta intensidade de budding tumoral estavam
associados a maior frequéncia de metastase regional e menor sobrevida.

Diante do exposto, 0 objetivo desse trabalho é analisar a reprodutibilidade e a

repetibilidade de dois métodos de avaliagdo do budding tumoral em CCEB.
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2 OBJETIVOS

2.1 Objetivo geral

O objetivo desse trabalho é analisar a reprodutibilidade e a repetibilidade de

dois métodos de avaliacao do budding tumoral em CCEB.

2.2 Objetivos especificos

a)

b)

f)

analisar a reprodutibilidade e a repetibilidade da avaliagdo do budding
tumoral em CCEB por meio do método da coloragédo pela hematoxilina e
eosina;

analisar a reprodutibilidade e a repetibilidade da avaliagdo do budding
tumoral em CCEB por meio do método da imunomarcacdo para multi-
citoqueratina;

comparar a reprodutibilidade desses dois métodos de avaliacdo do
budding tumoral,

comparar a repetibilidade desses dois métodos de avaliacdo do budding
tumoral;

analisar a concordancia entre esses dois métodos de avaliacdo do
budding tumoral,

analisar e comparar a dificuldade da avaliagdo do budding tumoral entre

esses dois métodos.
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3 ARTIGO

O artigo intitulado “Reprodutibilidade e repetibilidade de métodos de avaliagéao
do budding tumoral em carcinoma de células escamosas de boca” foi submetido ao
periodico Journal of Oral Pathology and Medicine” (Qualis A2), tendo sido formatado

de acordo com suas normas.
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ABSTRACT

BACKGROUND: This study aimed to analyze the reproducibility, repeatability and
level of difficulty of two methods for tumor budding evaluation in oral squamous cell
carcinoma (OSCC): staining by hematoxylin and eosin (HE), and immunostaining for
multi-cytokeratin.

METHODS: The evaluation of tumor budding was performed by three examiners in
103 samples of OSCC, using the two methods. A Likert-type scale was used to
measure the difficulty in the assessment. The inter-examiner agreement
(reproducibility) was estimated using Fleiss's Kappa and the intra-examiner
agreement (repeatability) was estimated using Cohen's Kappa. The Friedman test
was used to compare the three examiners’ perceived levels of difficulty of
assessment. The Wilcoxon test was used to compare the level of difficulty of the
evaluation between the two methods.

RESULTS: Reproducibility by the immunostaining method for multi-cytokeratin was
substantial, being higher than the only fair agreement by the HE. Repeatability by the
HE ranged from moderate to substantial among examiners, regardless of the
examiner's experience. Repeatability by the immunostaining method for multi-
cytokeratin did not vary among examiners, showing almost perfect agreement. The
agreement between the two methods ranged from fair to moderate among
examiners, being lower in the less experienced examiner. All the examiners
presented greater difficulty in the evaluation by the HE.

CONCLUSION: In view of the unsatisfactory agreement between the two methods of
tumor budding evaluation in OSCC, it is recommended that this evaluation should be
performed by the immunostaining method for multi-cytokeratin, considering its higher

reproducibility, greater replicability and lower difficulty compared to the HE.
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Introduction

Squamous cell carcinoma (SCC) is the most common malignant neoplasm of
the oral cavity (1,2,3). This malignant tumor of epithelial origin presents different
degrees of histological differentiation and high invasive and metastatic potential (1,4).

The main histological feature of oral squamous cell carcinoma (OSCC) is the
invasion of the lamina propria and adjacent tissues by nests, cords, or sheets of
malignant epithelial cells, sometimes exhibiting nuclear and cellular pleomorphism,
nuclear hyperchromatism, and typical and atypical mitoses (1,4).

Tumor budding is a morphological phenomenon observed on the tumor
invasive front, characterized by the presence of isolated neoplastic epithelial cells or
the formation of small nests (up to four cells). This phenomenon represents two
important aggressiveness features of epithelial malignant tumors: loss of cell
adhesion and local invasion (5,6,7,8).

Several studies have already demonstrated that tumors presenting high-
intensity tumor budding are associated with a worse prognosis in patients with OSCC
(5,6,8,9,10,11). However, the methods for tumor budding evaluation vary between
studies. It is important to introduce a standardization of this classification, thus
allowing a comparison of the results of different authors. Therefore, the objective of
this study was to analyze the reproducibility, repeatability and level of difficulty of two
methods for tumor budding evaluation in oral squamous cell carcinoma (OSCC):

staining by hematoxylin and eosin (HE), and immunostaining for multi-cytokeratin.

Material and methods

Samples

This study was approved by the local ethics committee (CAAE:
01689712.1.0000.5137). A total of 103 OSCC samples were obtained by incisional
biopsy for diagnostic purposes, fixed in 10% formaldehyde, and processed for
storage in paraffin blocks. Of the 103 samples selected, 80.5% were from male
patients and 19.5% were from females. The mean age of the patients was 57 years

and the most common anatomic location was the tongue.
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Hematoxylin and Eosin (HE) staining

All samples were stained by the hematoxylin and eosin (HE) method following
the standard protocol. Sections of 3 ym thickness were obtained from the paraffin
blocks. Subsequently, the sections were dewaxed in xylol, hydrated in solutions with
decreasing concentrations of ethanol, stained, dehydrated in solutions with
increasing concentrations of ethanol, diaphanized in xylol, and mounted in Etellan
(Merck, Darmstadt, Germany).

Immunostaining for multi-cytokeratin

Immunohistochemistry technique was employed to detect multi-cytokeratin
(clones AE1/AE3), used to identify OSCC cells in tumor budding evaluation. Sections
of 3 um thickness were obtained from the paraffin blocks. The steps of
deparaffinization, rehydration, and antigen retrieval were performed using the Trilogy
solution (Cell Marque, Rocklin, USA) according to the manufacturer's instructions (2
washes of 30 minutes at 98°C). Endogenous peroxidase and endogenous protein
blockade were performed using the Hydrogen Peroxide Block (Spring, Bioscience,
California, USA) and Protein Block (Spring, Bioscience, California, USA) solutions
according to the manufacturer's guidelines. Subsequently, the sections were washed
in TRIS buffer for five minutes. The sections were then incubated in a humid
chamber for 60 minutes with the anti-multi-cytokeratin antibody (cocktail of AE1 and
AE3 clones, diluted 1:50; Leica Biosystems, Newcastle, UK). Subsequently, three
washes in TRIS buffer of five minutes each were performed. Reveal biotin free
amplification system was then used according to the manufacturer's instructions
(Spring, Bioscience, California, USA). The revelation was carried out using the
diaminobenzidine revelation kit (Spring, Bioscience, California, USA). The counter
staining was performed with Mayer's hematoxylin for one minute. Subsequently, the
sections were dehydrated in solutions with increasing concentrations of ethanol, from
one wash in 70% ethanol for two minutes, one in 90% ethanol for five minutes, and
three in absolute ethanol for five minutes each. The sections were then diaphanized
by three xylol washes at room temperature lasting five minutes each. Finally, the
slides were mounted using Permount (Fisher Scientific, Fair Lawn, USA). A normal
oral mucosa sample was used as positive control for multi-cytokeratin (AE1/AE3).

Negative control was determined by omission of the primary antibody as well as by
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the use of monoclonal antibodies with the same isotype and different specificity of the
primary antibody employed in the study.

Tumor budding evaluation

The evaluation of tumor budding was performed in 103 samples and submitted
to two independent methods: the hematoxylin and eosin staining (HE) method, and
the multi-cytokeratin immunostaining method. Three independent examiners
evaluated the 103 slides of each of the two methods. The examiners were thus
determined, following the criteria proposed by Kai et al. (12): examiner A (junior,
pathologist with experience of less than 5 years); Examiner B (senior, pathologist
with experience between 5 and 10 years); Examiner C (expert, pathologist with more
than 10 years of experience). Each examiner evaluated the samples in two times: T1
(first evaluation of 103 samples); T2 (reevaluation of 40 samples, 30 days after T1).
Matching samples submitted to the two different methods were not assessed in the
same evaluation session. The examiners were unaware of the clinical data
concerning the samples.

The evaluation of tumor budding followed the criteria proposed by Wang et al.
(6). Tumor budding was defined as the presence of isolated single tumor cells or
small clusters of less than 5 tumor cells at the invasive front. The same light
microscopy with x10 ocular lens (field number: 22) was used by the three examiners
to evaluate tumor budding. Samples were initially evaluated using the lowest power
objective lens to select the areas with the highest density of tumor budding.
Afterward, using x20 objective lens, the number of tumor buds (hnumber of isolated
single tumor cells or small clusters of less than 5 tumor cells) was measured in one
single selected x200 power field (the selected field was the one showing the highest
number of tumor buds). The samples were then classified according to the intensity
of tumor budding following the next criteria, as shown in Fig.1: high-intensity tumor
budding (5 or more tumor buds in one x200 power field); low-intensity or no tumor

budding (less than 5 tumor buds or no tumor bud detectable in one x200 power field).

Analysis of the level of difficulty in the tumor budding evaluation
A Likert-type scale was used by the examiners to qualitatively measure the
difficulty in assessing tumor budding in each of the 103 samples independently for

each of the two methods of evaluation. The following scores were assigned using the
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Likert-type scale for difficulty level: 1 - very difficult; 2 - difficult; 3 - neutral; 4 - easy; 5
- very easy.

Statistical analysis

The degree of inter-examiner agreement (reproducibility) was estimated using
the Fleiss’ Kappa, which measures concordance between multiple evaluations. This
analysis was performed using the 103 samples, considering the results of the three

examiners independently for each of the two methods of tumor budding evaluation.

The degree of intra-examiner agreement (repeatability) was estimated using
Cohen's Kappa, which measures the concordance between two evaluations. This
analysis was performed using 40 samples, considering the results of the tumor
budding evaluation in T1 and T2, independently for each of the three examiners and

for each of the two methods of evaluation.

The degree of agreement between the two methods of evaluation was
estimated using Cohen's Kappa, which measures the agreement between two
evaluations. This analysis was performed using the 103 samples, considering the
results of the tumor budding evaluation of each of the two methods, independently for

each of the three examiners.

The concordance analyses were performed by the StatsToDo statistical tool
through the StatsToDo website (StatsToDo Trading Pty Ltd, Brisbane, Queensland,
Australia). The results obtained were compared to the relative strength of agreement
associated with kappa statistics proposed by Landis and Koch (13): Kappa < 0.00:
poor agreement; Kappa from 0.00 to 0.20: slight agreement; Kappa from 0.21 to
0.40: fair agreement; Kappa from 0.41 to 0.60: moderate agreement; Kappa from
0.61 to 0.80: substantial agreement; and Kappa from 0.81 to 1.00: almost perfect

agreement.

The Friedman test followed by the Dunn post hoc test was used to compare
the level of difficulty of the tumor budding evaluation among the three examiners.
This analysis was performed using 103 samples for each of the two methods of
evaluation of tumor budding.

The Wilcoxon test was used to compare the level of difficulty of the tumor
budding evaluation between the two methods of evaluation. This analysis was

performed using 103 samples for each of the three examiners independently.
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The level of significance was set at 5% for comparisons of the level of difficulty
of the tumor budding evaluation. These analyses were performed by GraphPad
Prism software (GraphPad Software, San Diego, California, USA).

The Fig. 2 illustrates the design of the study and the analyzes performed.

Results

The results of the inter-examiner (reproducibility) and intra-examiner
(repeatability) concordance analyses are shown in Table 1. The Kappa value of the
inter-examiner agreement was 0.67 (substantial agreement) for the evaluation of
tumor budding by the immunostaining method for multi-cytokeratin. Nevertheless, the
Kappa value of the inter-examiner agreement was only 0.27 (fair agreement) for the
evaluation of tumor budding by the hematoxylin and eosin staining method. The intra-
examiner agreement for the tumor budding evaluation by the immunostaining method
for multi-cytokeratin was almost perfect for all the examiners: 0.94 for examiner A
(Junior); 0.94 for examiner B (Senior); and 0.95 for examiner C (Expert). The intra-
examiner agreement for the tumor budding evaluation by the hematoxylin and eosin
staining method was 0.76 for examiner A; 0.53 for examiner B; and 0.76 for examiner
C (substantial agreement for examiners A and C and moderate agreement for
examiner B).

The results of the concordance analyses between the two methods are
described in Table 2. Kappa values were 0.26 for examiner A (fair agreement), 0.46
for examiner B (moderate agreement), and 0.59 for examiner C (moderate
agreement).

Table 3 shows the results of the comparison of the data obtained by
measuring the level of difficulty of the tumor budding evaluation. For the three
examiners, the evaluation of tumor budding by the immunostaining method for multi-
cytokeratin was considered easier than the hematoxylin and eosin staining method (p
< 0.05). When the level of difficulty was compared between the three examiners, the
same result was observed for the two methods, considering that the difficulty level
was higher for examiner A compared to C (p < 0.05); higher for B compared to C (p <
0.05); and with no differences between A and B (p > 0.05).



33

Discussion

The first method that numerically expressed the histological degree of
malignancy of a neoplasm was proposed in 1920 by Broders (14), in a classic study
using 537 squamous cell carcinomas of the lip. Since then, several authors have
contributed to improve this histological graduation in OSCC, among which the
following are worth mentioning: in 1966, Arthur and Fenner (15) proposed the
individual evaluation of some morphological parameters such as the degree of
keratinization and the number of mitoses; in 1973, Jakobsson et al. (16) suggested,
in addition to the evaluation of the tumor cell population, the analysis of the tumor-
host relationship with parameters as the mode of invasion; in 1983, Yamamoto et al.
(17) proposed a graduation system based only in the mode of invasion; in 1987,
Anneroth, Batsakis and Luna (18) suggested the creation of a new system,
considered an evolution of the method proposed by Jakobsson et al. (16); afterward,
in 1989, Bryne et al. (19) improved the system proposed by Anneroth, Batsakis and
Luna (17), suggesting that only the more invasive regions of the tumor should be
evaluated, an area called the invasive front. In this historical context of gradual
valorization of morphological features which should express the tumor invasion
ability, Wang et al. (6) first proposed, in 2011, the tumor budding evaluation in
OSCC. From then on, this new graduation system emerged as an advance in

simplicity and prognosis prediction accuracy.

The process of local invasion of malignant neoplasms is complex and requires
interaction between the tumor and the host to create a permissive environment to
allow invasion of the extracellular matrix by neoplastic cells. With tumor progression,
blood or lymphatic dissemination and the formation of metastases can occur (7).
Therefore, the early stages of local invasion are important for the progression of
malignant tumors. In this background, the object of this study is the tumor budding, a
morphological marker of local invasion in malignant epithelial tumors, characterized
by the presence of isolated neoplastic epithelial cells or by the formation small nests
(of up to four cells) (5,6,7,8).

Several studies have already demonstrated that tumors presenting high-
intensity tumor budding are associated with a worse prognosis in patients with OSCC
(5,6,8,9,10,11). Our research group has also shown that OSCC samples with high-

intensity tumor budding show higher density of stromal myofibroblasts, suggesting
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the association between an invasive phenotype of neoplastic cells and a permissive
environment for tumor invasion (20). The evaluation of this phenomenon can help to
determine the malignancy potential of OSCC and other types of epithelial malignant
tumors, since such graduation system is of simple execution and high reproducibility
(19). Some authors even suggest that the evaluation of tumor budding should be
routinely used and incorporated as a decision criterion for performing elective neck
dissection in patients with OSCC (10,11). Therefore, the importance of evaluating
tumor budding as a prognostic factor for OSCC is already well established in the
literature. However, the methods for tumor budding evaluation vary between studies.
In this context, it is important to standardize these methods in routine pathology
laboratories, allowing a comparison of results from different research centers (21).

The concept proposed by Wang et al. (6), who defined tumor budding as the
presence of neoplastic cells isolated or arranged in small groups of up to four cells, is
already well established for OSCC in the literature. A classification of intensity, also
proposed by these authors, is also well established: high-intensity tumor budding - 5
or more tumor buds in one x200 power field; low-intensity or no tumor budding - less
than 5 tumor buds or no tumor bud detectable in one x200 power field. However, two
methods have been described in the literature for evaluation of tumor budding:
staining by hematoxylin and eosin (HE), and immunostaining for multi-cytokeratin. To
the best of our knowledge, no comparison of reproducibility, repeatability and level of
difficulty between these two methods for the evaluation of tumor budding in OSCC
have been published in the English language literature.

The results of the present study show an important difference in reproducibility
(inter-examiner agreement) between the two methods of evaluation of tumor
budding. The immunostaining method for multi-cytokeratin exhibited a Kappa value
of 0.67 (substantial agreement), while staining by hematoxylin and eosin showed a
Kappa value of only 0.27 (fair agreement) (Table 1). In addition, the repeatability
(inter-examiner agreement) was nearly perfect for all examiners with the multi-
cytokeratin immunostaining method, and only substantial or moderate with the
hematoxylin and eosin staining method (Table 1). Moreover, repeatability among
examiners is related to each examiner's amount of experience, since the senior
pathologist exhibited the best results for both methods (Table 1). These results are
probably related to the difficulty of observing isolated neoplastic cells or small nests

on HE stained slides, since the cellular limits can easily be confused with the
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adjacent stroma, especially in the presence of inflammation. This problem was not
observed in the multi-cytokeratin immunostaining method, which easily shows the
limits of neoplastic epithelial cells (Fig. 1). This hypothesis is reinforced by the low
concordance observed between the two methods, mainly determined by the large
number of samples classified as “high-intensity tumor budding” by the
immunostaining method and as “low-intensity or no tumor budding” by the HE
method (Table 2). It is also worth noting that the concordance between the two
methods increased with the rise of the examiner's amount of experience. Similar
results were observed by Kai et al. (12), who demonstrated greater reproducibility in
the evaluation of tumor budding in colorectal carcinoma by the immunostaining
method for cytokeratin compared to HE. However, Wang et al. (22) observed almost
perfect agreement between two examiners (k = 0.85) in the evaluation of tumor
budding in colorectal carcinoma by the HE method.

To the best of our knowledge, there are no studies in the English language
literature that use the Likert-type Scale to assess the degree of difficulty of methods
for tumor budding evaluation. Likert scales are widely used to assess attitudes
toward a given fact, and are generally composed of 5 categories (23). In this study,
the three examiners considered the evaluation of tumor budding by the
immunostaining method for multi-cytokeratin easier when compared to the HE
staining method (Table 3). The authors believe that this result stems from the ease in
identifying the neoplastic cells in samples which the immunostaining for multi-
cytokeratin is employed, as previously discussed. When the level of difficulty was
compared between the three examiners, the most experienced examiner always
found the tumor budding evaluation to be easier, regardless of the method assessed
(Table 3). This result is understandable in view of the fact that histological graduation
is a method in which ease of execution is related to training and experience.

In conclusion, in view of the unsatisfactory agreement between the two
methods of tumor budding evaluation in OSCC, it is recommended that this
evaluation should be performed by the immunostaining method for multi-cytokeratin,
considering its higher reproducibility, greater replicability and lower difficulty

compared to the hematoxylin and eosin staining method.
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Figure 1 - Samples with high-intensity tumor budding (5 or more tumor buds in one
x200 power field). A: immunostaining for multi-cytokeratin, x200; B: immunostaining
for multi-cytokeratin, x400; C: staining by hematoxylin and eosin (HE), x200; D:

staining by hematoxylin and eosin (HE), x400.
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Figure 2 - Study design and analyzes performed. A: inter-examiner agreement

(reproducibility); B: intra-examiner agreement (repeatability); C: agreement between

the two methods of evaluation; D: comparison of the level of difficulty of the tumor

budding evaluation among the three examiners; E: comparison of the level of

difficulty of the tumor budding evaluation between the two methods of evaluation.



Table 1 - Kappa values of inter-examiner (reproducibility) and intra-examiner
agreement (repeatability).

Inter-examiner'

Intra-examiner >
(Examiner A —

Intra-examiner 2

Intra-examiner 2

(Examiner B — (Examiner C —
Method Junior)® Senior)® Expert)®
Multi- ) 0.67 0.94 0.94 0.95
cytokeratin (95% Cl - 0.55 to (95% Cl - 0.85 to (95% ClI - 0.84 to (95% CI - 0.85 to
(AE1/AE3) 0.78) 1.04) 1.04) 1.04)
) 0.27 0.76 0.53 0.76
Hen;aéoxyhn (95% Cl - 0.16 to (95% Cl - 0.54 to (95% Cl - 0.24 to (95% Cl - 0.54 to
an (HEO)S'” 0.39) 0.98) 0.82) 0.98)

! Fleiss’ Kappa: Examiner A versus examiner B versus examiner C.

% Cohen's Kappa: T1 (first evaluation) versus T2 (reevaluation of 40 samples, 30 days after T1).

® Criteria proposed by Kai et al. (12): junior, pathologist with experience of less than 5 years; senior,
pathologist with experience between 5 and 10 years; expert, pathologist with more than 10 years of

experience.
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Table 2 - Values of concordance analysis between the two methods of tumor budding

evaluation.
Examiner IHQ-/HE- | IHQ+/HE+ | IHQ-/HE + | IHQ +/HE - Kappa1

. 12 0.26
A (Junior) 37 28 13 25 (95% Cl - 0.08 to 0.45)

i 5D 0.46
B (Senior) 65 16 3 19 (95% CI - 0.26 to 0.66)

2 0.59
C (Expert) 55 28 2 18 (95% Cl - 0.43 to 0.75)

' Cohen's Kappa: Multi-cytokeratin (IHC) versus HE.

% Criteria proposed by Kai et al. (12): junior, pathologist with experience of less than 5 years; senior,
pathologist with experience between 5 and 10 years; expert, pathologist with more than 10 years of
experience.

(IHC - / HE -): Number of samples classified as “low-intensity or no tumor budding” by both the
immunostaining and the HE methods.

(IHC + / HE +): Number of samples classified as “high-intensity tumor budding” by both the
immunostaining and the HE methods.

(IHC - / HE +): Number of samples classified as “low-intensity or no tumor budding” by the
immunostaining method and as “high-intensity tumor budding” by the HE method.

(IHC + / HE -): Number of samples classified “high-intensity tumor budding” by the immunostaining
method and as “low-intensity or no tumor budding” by the HE method.



Table 3 - Comparison and measures of central tendency, dispersion and position of
the data acquired by measuring the level of difficulty of the tumor budding evaluation.

1 Examiner Examiner Examiner p
Mathod MicasURes A (Junior)? B (Senior)’ C (Expert)® value®
Minimum 2 1 2
Mult P25 3 3 4
s P50 7 4 7 <0.05"°
cytokeratin a
(AE1/AE3) P75 4 4 5 n.s.
Maximum 5 5 5
Sum 373 375 426
Minimum 1 1 1
H T P25 2 2 3
s P50 2 3 Z <0.05P°
and Eosin P75 3 7 5 2
(HE) n.s.
Maximum 5 5 5
Sum 237 270 386
p value* <0.05 <0.05 <0.05

! Values measured by a Likert-type scale for difficulty level: 1 - very difficult, 2 - difficult, 3 -

neutral, 4 - easy, 5 - very easy; P25 - 25th percentile (first quartile); P50 - 50th percentile
(median); P75 - 75th percentile (third quartile); Sum (arithmetic sum of the values assigned to
the 103 evaluated cases).

2 Criteria proposed by Kai et al. (12): junior, pathologist with experience of less than 5 years; senior,

pathologist with experience between 5 and 10 years; expert, pathologist with more than 10 years of
experience.

3 p value obtained by the Friedman'’s test followed by Dunn's post hoc test.

@ Examiner A versus Examiner B; ® Examiner A versus Examiner C; ° Examiner B versus
Examiner C; n.s - not significant (p>0.05).

= p value obtained by the Wilcoxon’s test: Multi-cytokeratin versus HE.
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4 CONSIDERACOES FINAIS

Os resultados do presente estudo nos permitem concluir que:

a) a reprodutibilidade da avaliacdo do budding tumoral em CCEB pelo
método da imunomarcacdo para multi-citoqueratina mostrou-se
substancial, sendo maior que a reprodutibilidade pelo método da

coloracdo pela hematoxilina e eosina, que se mostrou razoavel,

b) a repetibilidade da avaliacdo do budding tumoral em CCEB pelo método
da coloracdo pela hematoxilina e eosina variou de moderada a
substancial entre os examinadores, independentemente da experiéncia do

examinador;

c) a repetibilidade da avaliacdo do budding tumoral em CCEB pelo método
da imunomarcagdo para multi-citoqueratina n&o variou entre 0s

examinadores, mostrando-se quase perfeita;

d) a concordancia entre os dois métodos de avaliacdo do budding tumoral
em CCEB variou de regular a moderada entre os examinadores, sendo

menor no examinador menos experiente;

e) todos os examinadores apresentaram maior dificuldade da avaliacdo do
budding tumoral pelo método da coloracdo pela hematoxilina e eosina,
guando comparado ao método da imunomarcacdo para multi-
citoqueratina;

f) o examinador mais experiente apresentou menor dificuldade na avaliacao
do budding tumoral quando comparado aos dois avaliadores menos

experientes, independentemente do método de avaliagéo.

Diante do exposto, considerando a baixa concordancia entre os dois métodos
de avaliacdo do budding tumoral analisados, recomenda-se que a avaliacdo do
budding tumoral em CCEB seja realizada pelo método da imunomarcacdo para
multi-citoqueratina, tendo em vista sua menor dificuldade, maior reprodutibilidade e
maior replicabilidade quando comparado ao método da coloragédo pela hematoxilina

e eosina.
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