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Resumo

O Co-transportador Sodio-lodo (NIS) € a porta de entrada para a avaliagéo de
metastases e tratamento adjuvante do carcinoma diferenciado de tireoide (CDT).
Apesar de uma apresentagdo mais agressiva comparada a adultos, por sua
raridade, poucos estudos avaliaram as alteragcées moleculares do CDT pediatrico e
sua associacdo com a expressao do NIS e puberdade. A presente tese tem o
objetivo de avaliar o perfil genético tumoral e analisar sua associagdo com o padrao
de puberdade completa, com a expressao do gene SLC5A5 e a deteccéo da
proteina NIS, além de demonstrar a performance da pesquisa de corpo inteiro (PCI)
e da tireoglobulina estimulada (Tgs) na detecgao de metastase a distancia em
pacientes pediatricos com diagndstico de CDT. A partir de amostras de tecido
tumoral de pacientes menores de 19 anos diagnosticados entre os anos de 1976 e
2022 com CDT no Instituto Nacional de Cancer - Brasil, foram avaliados a expressao
do gene SLC5AS por reacéo de cadeia de polimerase, a detecgéo da proteina NIS
por imunohistoquimica, o perfil genético tumoral por sequenciamento de nova
geracédo, a PCl com lodo-131 e a Tgs por eletroquimioluminescéncia. Foram revistas
as caracteristicas clinicas, histologicas, categorizagédo de puberdade completa,
resposta ao final do tratamento e a PCI na modalidade diagndstica e pés-
radioiodoterapia dos pacientes selecionados. Foram selecionados 142 pacientes
avaliados clinicamente com 97 amostras tumorais avaliadas para a detec¢cédo do NIS,
72 para a expresséo do gene SLC5AS5 e 41 para o perfil genético tumoral. Esta tese
resultou em trés artigos que descreveram que somente em 25% das amostras foi
detectada a proteina NIS, apesar de 54% apresentarem seu gene codificante
expresso. Pacientes com maior expressdo do gene SLC5A5 necessitaram de menos
tratamento com lodo-131. O perfil molecular tumoral mais encontrado foi o de
rearranjos/fusdes, sendo os genes mais frequentes RET, NTRK, ALK e BRAF. Estes
perfis moleculares n&o se relacionaram a detecg¢ao ou expressao do NIS, mas se
associaram de maneira significativa com a puberdade e com a apresentagao inicial
da doencga. A puberdade completa se associou com uma apresentacido mais branda
e um maior diagnostico entre as mulheres. A PCI diagndstica de 66 pacientes na
modalidade progndstica apresentou uma baixa performance comparada a Tgs, além
de se associar ao encontro de imagens falso-negativas. Assim, a detecc¢ao da
proteina NIS foi inferior a expressédo do gene SLC5A5, ndo se associando a



parametros clinicos, moleculares, puberdade ou resposta ao tratamento.
Possivelmente, ndo o NIS, mas fatores genéticos e pos-transcricionais, como a
puberdade, se associam e determinam apresentacdes clinicas e respostas ao
tratamento diferenciadas no CDT pediatrico. A PCI deve ser interpretada com
cautela no CDT pediatrico.

Palavras-chave: 1. Tumor de tireoide; 2. Carcinoma diferenciado de tireoide
pediatrico; 3. NIS; 4. Molecular; 5. Puberdade.



Abstract

The Sodium-lodine Cotransporter (NIS) is the gateway to the evaluation of
metastases and adjuvant treatment of differentiated thyroid carcinoma (DTC).
Despite a more aggressive presentation compared to adults, due to its rarity, few
studies have evaluated the molecular changes of pediatric DTC and its association
with NIS expression and puberty. The present thesis aims to evaluate the tumor
genetic profile and analyze its association with the pattern of complete puberty, with
the expression of the SLC5AS5 gene and the detection of the NIS protein, in addition
to demonstrating the performance of whole-body scan (WBS) and of stimulated
thyroglobulin (Tgs) in the detection of distant metastasis in pediatric patients
diagnosed with DTC. Using samples of tumor tissue from patients under 19 years old
diagnosed between 1976 and 2022 with DTC at the Instituto Nacional de Céncer -
Brazil, the expression of the SLC5A5 gene was evaluated by polymerase chain
reaction, the detection of the NIS protein by immunohistochemistry, tumor genetic
profile by next generation sequencing, WBS with lodine-131 and Tgs by
electrochemiluminescence. The clinical and histological characteristics,
categorization of complete puberty, response at the end of treatment and WBS in the
diagnostic and post-radioiodine therapy modality of the selected patients were
reviewed. 142 patients were clinically evaluated with 97 tumor samples evaluated for
the detection of NIS, 72 for the expression of the SLC5A5 gene and 41 for the tumor
genetic profile. This thesis resulted in three articles that described that the NIS
protein was detected in only 25% of the samples, despite 54% having its coding gene
expressed. Patients with higher expression of the SLC5A5 gene required less
treatment with lodine-131. The most common tumor molecular profile was that of
rearrangements/fusions, with the most frequent genes being RET, NTRK, ALK and
BRAF. These molecular profiles were not related to the detection or expression of
NIS but were significantly associated with puberty and the initial presentation of the
disease. Completed puberty was associated with a milder presentation and greater
diagnosis among women. The diagnostic WBS of 66 patients in the prognostic
modality presented a low performance compared to Tgs, in addition to being
associated with the finding of false-negative images. Thus, the detection of the NIS
protein was lower than the expression of the SLC5A5 gene, not being associated

with clinical, molecular parameters, puberty or response to treatment. Possibly, not



NIS, but genetic and post-transcriptional factors, such as puberty, are associated and
determine differentiated clinical presentations and treatment responses in pediatric
DTC. WBSI should be interpreted with caution in pediatric DTC.

Keywords: 1. Thyroid tumor; 2. Pediatric differentiated thyroid carcinoma; 3. NIS; 4.
Molecular; 5. Puberty.
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1 -lIntroducgao

1.1 — Carcinoma diferenciado de tireoide pediatrico

O carcinoma diferenciado de tireoide (CDT) na populagéo pediatrica é
considerado uma doenga rara, representado por um tipo de tumor maligno bem
diferenciado da glandula tireoide em pessoas menores de 18 — 20 anos de idade e
que vem apresentando aumento em sua prevaléncia nos ultimos anos.'* Esta
malignidade corresponde a 3 % de todos os casos de canceres pediatricos e é
responsavel por apenas 1,9 a 2,3 % do total de diagndsticos de cancer de tireoide,
sendo muito mais comum entre os adolescentes.'? Para fins comparativos, o
numero estimado de casos novos de cancer de tireoide no Brasil para os anos de
2023 a 2025 entre todas as idades € de 16.600 casos por ano, correspondendo a
um risco estimado de 7,68 casos novos para cada 100.000 pessoas por ano.’ No
Brasil, a taxa de incidéncia do CDT pediatrico é de 0,51 casos por milhdo para
criancgas entre 0 — 9 anos de idade, 4,4 casos por milhdo entre as idades de 10 — 14
anos e de 17,5 casos por milhdo para adolescentes entre 15 — 19 anos de idade.
Ainda assim, € considerado o tumor enddcrino mais comum na faixa etaria
pediatrica, com o Brasil sendo o pais de maior incidéncia entre aqueles da América
Central e do Sul.®

Devido a escassez de dados cientificos robustos, durante muitos anos foram
usadas as diretrizes estabelecidas em adultos para o tratamento e acompanhamento
dessas criangas, sem levar em conta as caracteristicas distintas e peculiares do
CDT pediatrico.

Em criangas e adolescentes séo vistas apresentagdes iniciais mais agressivas
da doenga, com maiores taxas de metastases cervicais (40-80 % em comparagéo a
20-50 % em adultos) e a disténcia (25 % em comparacao a 4 % em adultos), de
forma que a maior parte dos pacientes pediatricos necessitara de tratamento
adjuvante apos a cirurgia de tireoidectomia.’? Apesar destes dados desfavoraveis,
criangas e adolescentes diagnosticados com esta malignidade possuem respostas
dramaticas ao tratamento, com uma sobrevida maior que 98 % (versus 95 % em
adultos) em 5 anos.”® Além destes aspectos, as células tumorais apresentam uma
assinatura genética diversa da apresentada por adultos, como sera melhor descrito

a frente.
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Outras caracteristicas instigantes do CDT pediatrico sdo as mudangas na
proporgao de acometimento entre o sexo masculino e feminino a partir da idade de
10 anos'® e o processo de puberdade associado a melhores apresentagdes e
desfechos da doenca."

Pela sua raridade, comparativamente, existem poucos estudos sobre o tumor
de tireoide na infancia. Como norte, ha somente duas diretrizes (Guideline) de
recomendagao para diagndstico e acompanhamento do CDT em menores de 18 —
20 anos de idade, sendo uma primeira divulgada pela American Thyroid Association
(ATA) em 2015 e uma ultima recentemente publicada em 2022 pela European
Thyroid Association (ETA). Apesar destas Sociedades reconhecerem as diferengas
entre o CDT no adulto e na populacao pediatrica, a maioria das recomendacgdes
destes Guidelines manteve-se baseada em estudos de adultos. Mesmo mais atual,
nao houve mudangas significativas entre o Guideline europeu e 0 americano, sendo
este ultimo o mais amplamente utilizado.

Norteado pela diretriz da ATA Pediatrica’, um sistema de estadiamento foi
padronizado e recomendado para separar os pacientes em risco de recidiva /
recorréncia para doenca estrutural. Este sistema de estadiamento divide os
pacientes pediatricos em 3 categorias, sendo elas: Baixo, Intermediario e Alto Risco
de recidiva de acordo principalmente com o encontro de metastases linfonodais ou a
distancia. A tabela 1 resume as categorias e os achados relacionados ao sistema de
estadiamento propostos. Diferentemente, para a classificagao de risco em adultos, a
ATA incorporou novas variaveis prognoésticas para refinar este processo presuntivo,
sendo adicionados mudanca na idade do paciente, o perfil molecular do tumor, a
avaliagdo da extens&o extranodal e o nimero e tamanho de linfonodos acometidos.’
Estas variaveis ainda ndo puderam ser incorporadas a populacéo pediatrica.

Desde 2015, com a ATA Pediatrica, pacientes estadiados com Risco
Intermediario ou Alto de recorréncia passaram formalmente a ser tratados com
terapia adjuvante apos a cirurgia de tireoidectomia, diferentemente dos de Baixo
Risco em que apenas cirurgia € apresentada como proposta de tratamento. Para
esta finalidade, a avaliagao de tecido remanescente, doencga residual, metastase
cervical ou a distancia é fundamental e realizada através da dosagem da
tireoglobulina sérica e da utilizagdo de métodos por imagem, como a
ultrassonografia cervical e a pesquisa de corpo inteiro (PCl) com iodo radioativo
(lodo-131).
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A tireoglobulina (Tg) € uma proteina sintetizada pelas células foliculares da
tireoide sob a influéncia da tireotropina (TSH). Esta proteina pode servir como
marcador tumoral em pacientes submetidos a tireoidectomia, pois também é
produzida por células tumorais bem diferenciadas.’>” A Tg ndo esta incluida no
sistema de estratificacao de risco para recorréncia da doencga, apesar de ser uma
das ferramentas utilizadas no estadiamento pos-operatorio, indicando tratamento
adjuvante quando aumentada.’ A tireoglobulina estimulada (Tgs) é representada
pelos niveis séricos de Tg obtidos apds TSH estimulado para mais de 30 mUI/L,
sendo estes valores alcangados a partir da suspensao do uso da reposi¢ao de
Levotiroxina ou pelo emprego do TSH recombinante, e possui um valor preditivo
maior que a Tg basal na detecgdo de doenga metastatica apds a tireoidectomia em
adultos.” Nao se sabe sobre valores séricos de Tgs para a detecgdo de doenga
metastatica em criangas e adolescentes.

Como dito anteriormente, outra ferramenta para detectar doencas tumorais €
a utilizagdo de exames de imagem. A PCI com lodo-131 é um dos principais
métodos de imagem utilizados para detectar células tireoidianas ou seus tumores.
Além disso, a presenga de tecido com captacao de iodo na PCI sugere a
possibilidade de uma doencga capaz de ser tratada com radioiodoterapia (RIT). A
diretriz pediatrica' recomenda a realizagdo da PCl apds a tireoidectomia e antes da
RIT para identificar a presenga de doenga metastatica (PCI diagnostica), estadiar o
paciente e definir assim a necessidade e a atividade do RIT. Uma nova PCI &
realizada durante ou logo apos o RIT (PCI pos-tratamento) para revelar os locais em
que o tratamento esta sendo efetivo e avaliar programacgao de possiveis novas
doses naqueles que mantém doenca estrutural apos o primeiro tratamento.

O encontro de doenga metastatica (estrutural) pelos exames de imagem
(Risco Intermediario e Alto de recorréncia) ou valores de Tgs > 10 mUi/L apds a
tireoidectomia levam a indicag&o de terapia adjuvante com lodo-131 com a
finalidade da destruir as células tireoidianas remanescentes e tumorais a partir de
sua propriedade ionizante. Portanto, o RIT representa uma importante estratégia
terapéutica adjuvante adotada para facilitar o seguimento dos pacientes e reduzir a

chance de recorréncia ou mesmo mortalidade associada a doenga.'?

1.2 — Co-Transportador Sodio-lodo ou Simportador Sédio-lodeto (NIS)
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O Co-Transportador Sodio-lodo, melhor descrito como Simportador Sodio-
lodeto, vastamente conhecido como NIS, € uma glicoproteina encontrada
principalmente na membrana basolateral das células foliculares tireoidianas, sendo
codificada pelo gene SLC5AS5 (solute carrier family 5 member 5) localizado no
cromossoma 19 (19p13.11). Sua principal fungédo é mediar a captagao ativa de iodo
da corrente sanguinea para dentro da célula através de uma bomba sodio-iodeto (2
Na*/ I') permitindo assim a sintese dos hormoénios tireoidianos na glandula
tireoidiana.’® Nos tumores tireoidianos que mantém sua deteccgao, o NIS representa
a porta de entrada para a captacao do lodo-131, levando a destruicdo da célula
tumoral através de sua agao ionizante mediada por particulas p.'3-14

Alguns estudos demostraram falhas na expressao e detecgcédo do NIS em
células tumorais de tireoide, determinando resisténcia ao tratamento adjuvante com
lodo-131 e se associando com maiores taxas de recorréncia e mortalidade.'>-"7
Terapias de desdiferenciacdo que poderiam reincorporar o NIS as células tumorais
vém sendo atualmente estudadas com o objetivo de permitir retratamento com o
lodo-131 em pacientes antes considerados iodorefratarios.'8-20

Poucos estudos avaliaram a detec¢ao do NIS ou a expressao de seu gene
codificante SLC5A5 em células de CDT na faixa etaria pediatrica.?’?® Estes estudos
sdo importantes pois, como relatado anteriormente, o CDT pediatrico se apresenta
de forma mais agressiva, com maiores taxas de metastases, requerendo tratamento
adjuvante em mais de 70 % dos casos. Ainda mais, o perfil genético diferenciado do
tumor de criangas e adolescentes poderia modificar a expressao do NIS e
determinar diferentes atividades de lodo-131 ou resposta ao tratamento e ser um
possivel alvo de tratamento naqueles com doenca metastatica iodorefrataria em

progressao.

1.3 — Perfil genético dos CDT

Desde a criacdo do Atlas do Genoma do Cancer, o panorama do perfil
molecular dos tumores papiliferos de tireoide vem sendo mais bem compreendido.
Lesbes genéticas em células tireoidianas levam a alteragbes na funcionalidade
celular e conferem a ela um crescimento seletivo, assim como outros marcadores de
transformacgao neoplasica. De forma geral as mutagdes associadas ao CDT
codificam proteinas envolvidas na cascata da MAPK (mitogen-activated protein
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kinase), incluindo os genes RET (encoding proto-oncogen tyrosine-protein kinase
receptor), RAS (Rat Sarcoma Virus) e o BRAF (B-Raf proto-oncogene). Pelo menos
1 lesdo somatica esta presente em mais de 96 % dos CDT, sendo encontrada em
mais de 60 % a mutagao pontual BRAF_V600E; em 13 % a mutagdo em genes da
familia RAS (NRAS e HRAS); em 10 % as alteragcdes moleculares de rearranjo com
gene RET e menos frequentemente nos genes ALK, NTRK1, NTRK3, MET, FGFR?2,
LTK, PPARG, THADA. Para um melhor entendimento de comportamento e
prognostico em relagao ao perfil molecular, os CDT foram divididos em 2 classes
maiores: aqueles que carreiam a mutagdo BRAF_V600E (chamados de tipo-BRAF)
ou aqueles tipo-RAS (determinados pelas mutagdes RAS, BRAF ndo-V600E e
fusées PPARG). Esta diferenca esta relacionada a uma maior atuagao na via da
MAPK nos tipo-BRAF comparada aos tipo-RAS. Isto faz com que a classe tipo-RAS
seja mais bem diferenciada, mantendo uma histologia folicular predominante e
possua menores riscos de recorréncia e melhor expressao do NIS, diferentemente
do tipo-BRAF.?4-25

Dentro deste contexto e mantendo o raciocinio de que criangas nao sao
“adultos pequenos”, a assinatura molecular do CDT pediatrico segue um padrao
diferente do anteriormente descrito. Nestes pacientes, alteragdes genéticas do tipo
fusdes sdo muito mais prevalentes, representada principalmente pelo rearranjo
RET/PTC, e fusbes com gene NTRK e ALK. A mutagédo no gene BRAF pode
também ser encontrada, porém em uma frequéncia muito menor na forma pontual
BRAF_V600E e aparecendo em alguns pacientes na forma de fusdo como com
outros genes, como exemplo o AGK.?6-28 Além disso, estas alteragbes genéticas
parecem estar associadas com a idade do paciente e podem influenciar a expressao
do NIS nas células tumorais.?® Esta poderia ser a chave para responder a perguntas
de o porqué de o CDT pediatrico se apresentar diferentemente de adultos e possuir

uma resposta mais sensivel ao tratamento.
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2 - Objetivos

Entendendo que na faixa etaria pediatrica os carcinomas diferenciados de
tireoide possuem suas peculiaridades em relagao a predilecédo por sexo e idade,
possuem uma classificacdo de estadiamento ainda com poucos critérios
prognosticos e baseados em diretrizes de adultos, que possuem um perfil molecular
diferenciado e uma resposta excelente ao tratamento, foram objetivos desta tese em

relacdo ao CDT pediatrico:

2.1 - Principal:

Descrever as alteragdes moleculares, a expresséo do gene SLC5A5 e a detecgao da
proteina NIS em células tumorais de pacientes diagnosticados na faixa etaria
pediatrica.

2.2 - Secundarios:

a) avaliar a pesquisa de corpo inteiro com lodo-131 como preditora de metastase a
distancia e de resposta ao tratamento;

b) avaliar o perfil de puberdade completa, e n&o a idade, como associada a

predilecao pelo sexo feminino, apresentacao da doencga e resposta ao tratamento;

c) avaliar o perfil molecular tumoral e sua associagdo com caracteristicas clinicas,

puberdade e resposta ao tratamento;

d) avaliar a deteccdo da proteina NIS e sua associagdo com as caracteristicas
clinicas, puberdade, perfil molecular tumoral e resposta ao tratamento; e

e) avaliar a expresséo do NIS a partir do gene SLC5A5 e sua associagdo com a
detecgao da proteina NIS, caracteristicas clinicas, puberdade, perfil molecular

tumoral e resposta ao tratamento.
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3 - Materiais e métodos

Foram selecionados para participar do estudo os pacientes com diagnostico de
CDT, acompanhados de 1976 a 2022, no principal centro de referéncia de cancer do
Brasil (Instituto Nacional de Cancer — INCA — Ministério da Saude - Brasil).

Apos aprovagao pelo Comité de Etica -CEP/CONEP 2.146.715 e CAAE
66569517.8.0000.5257 (Figura 1), foram feitas buscas por pacientes pediatricos com
diagnodstico de CDT contidos em registros fisicos e informatizado da Instituig&o.

Foram inclusos os pacientes menores de 19 anos com diagndstico histologico
revisto e confirmado de CDT, com dados clinicos passiveis de interpretacdo e com
material tumoral registrado como armazenado na Instituicdo. Foram excluidos
aqueles com seguimento menor que 6 meses, que ndo desejavam participar ou com
material tumoral em quantidade ou qualidade insuficiente para analise.

A puberdade foi diferenciada em 2 grupos: Grupo 1 — pacientes pré ou peri-
puberes, denominados “puberdade ndo-completa” e Grupo 2 — pacientes pds-
puberes, denominados “puberdade completa”. Para estes critérios, consideramos a
categoria “puberdade completa” quando a idade ao diagndstico de CDT fosse maior
que a data de menarca em meninas ou maior/igual a 16 anos de idade em meninos.

O sistema de estadiamento utilizado foi o da ATA pediatrico,! padronizando os
pacientes em 3 categorias de risco: Baixo, Intermediario e Alto (Tabela 1). A
resposta ao tratamento foi classificada como sugerido para a ATA adulto’, visto ndo
haver sistema de referéncia para a populacao pediatrica. Foram apenas utilizados os
padroes de Resposta Excelente e Resposta Estrutural Incompleta para fins
analiticos (Tabela 2).

Em relagao a avaliagdo da Tg, nossa instituigdo utilizou diferentes ensaios
durante o periodo do estudo. A sensibilidade funcional do ensaio foi de ~1 pg/L entre
1986 e 1997 e 0,5 pg/L entre 1998 e 2001. A partir de 2001, os niveis de Tg foram
medidos usando um ensaio imunométrico (Immulite 1000 Immunoassay System;
Siemens Healthcare Diagnostics Inc., Tarrytown, NY, EUA) com sensibilidade
funcional de 0,2 pg/L entre 2001 e 2014 e 0,1 ug/L apds 2014.

Da mesma forma, varios ensaios anti-Tg foram utilizados durante o periodo
do estudo. A sensibilidade funcional do ensaio foi de ~60 UI/L entre 1986 e 2009 e
20 UI/L de 2009 a 2013. A partir de 2014, os niveis séricos de anti-Tg foram medidos
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usando um ensaio de eletroquimioluminescéncia com sensibilidade funcional de 10
UI/L.

A PCI foi realizada no Servigo de Medicina Nuclear da Instituicdo apés
administragao de lodo-131 e interpretada por profissionais treinados e com
experiéncia no diagnostico de cancer de tireoide. Doses de 2 mCi foram utilizadas
para PCl-diagnostica. Doses entre 30 e 200 mCi foram entdo administradas quando
a RIT foi necessaria, com a atividade individual definida por um conselho
multidisciplinar institucional com base no estadiamento pds-operatério inicial do
cancer. PCI pos-tratamento foi realizado entre 3 e 10 dias apds lodo-131 e usado
como padrao ouro de imagem para a detecgdo de doenga residual e metastatica.
Nao foi possivel determinar o numero de pacientes com metastases cervicais por
esse metodo porque o tecido de captagdo na imagem poderia representar o
remanescente da tireoide, neste caso a ultrassonografia do pescogo foi usada como
padrao ouro.

A amostra das células tumorais foi obtida a partir do tecido tumoral primario
originario da cirurgia de tireoidectomia, fixada em formalina e armazenada em blocos
de parafina (FFPE) que estavam registrados no Servigo de Patologia da Instituigao,
tomando-se o cuidado para que ndo houvesse o esgotamento do material no
momento do processamento das analises propostas.

Os estudos de avaliacdo molecular do CDT, de deteccao da proteina NIS e de
expressdo do gene SLCSAS foram realizados em momentos diferentes, de maneira
independente e “as cegas”, a partir da transformagéo da identificagdo das amostras
em numeros, para que os resultados encontrados ndo pudessem influenciar os
examinadores dos diversos processos. Somente um membro da equipe poderia
decodificar os resultados atribuidos a avaliagdo de um determinado paciente.

A avaliacdo molecular dos CDT pediatrico se deu a partir da extragao e
fragmentacado de RNA de amostras tumorais FFPE, sendo anteriormente avaliadas
por um patologista para a sele¢cao da segédo tumoral mais apropriada para extragao.
Em seguida foi realizada a identificagdo molecular especifica, captura e
enriquecimento da regido-alvo com kit customizado. O sequenciamento de nova
geracéo (NGS) foi realizado por meio da plataforma NextSeg500 (lllumina). Em
seguida, foi realizado o alinhamento das sequéncias e detecgao de variantes com
base na versdo do genoma GRCh37, utilizando o pipeline de bioinformatica
desenvolvido e validado internamente versao 3.6. O critério minimo de qualidade do



22

sequenciamento exigiu média de cobertura maior ou igual a 200X. Foram reportadas
fusBes génicas detectadas com um score maior ou igual a 0,90. A classificagdo de
patogenicidade das fusdes foi realizada pelo software de inteligéncia artificial
Franklin by Genoox. Os seguintes genes foram analisados: ABL1, AKT3, ALK, AXL,
ARID1A, BRAF, EGFR, ERG, ESR1, ETV1, ETV4, ETV5, ETV6, EWSR!, FGFR1,
FGFR2, FGFR3, FUS, JAK2, KIF5B, KMT2A, MAST1, MET, MSH2, MYH11,
NOTCH1, NOTCH2, NR4A3, NGR1, NTRK1, NTRK2, NTRK3, PAX3, PBX1,
PDGFRA, PDGFRB, PIK3CA, PPARG, RAF1, RARA, RET, ROS1, RSPO2, RSPO3,
RUNX1, TAF15, TERT, TFE3, TMPRSS?2.

Para a avaliagao da expresséo do gene SLC5A5, o RNA foi extraido de
amostras FFPE, utilizando uma sec¢éo de 10 ym por amostra, com kit Purelink FFPE
RNA (lvitrogen) seguindo as instru¢des fornecidas pelo fabricante. As amostras de
RNA foram quantificadas no Nanodrop (Thermo), avaliando as razdes de pureza 260
nm/280 nm e 260 nm/230 nm. O cDNA foi sintetizado a partir de 1,0 ug de RNA de
cada amostra pela Transcriptase Reversa SuperScript IV (Invitrogen). O PCR
quantitativo (QPCR) foi realizado em um volume de reagao de 10,0 yL com o kit
Quantinova SYBR Green PCR (Qiagen) em um termociclador Rotor-Gene (Qiagen)
em 45 ciclos. As amostras foram analisadas em triplicata, utilizando 1,0 mcL de
cDNA por reagao. A expresséo génica de NIS foi pelo método ACt usando GAPDH
como um gene constitutivo para quantificagao relativa. Amostras que apresentaram
amplificacdo de NIS com Ct > 40 ou que nao apresentaram curva de amplificacédo
foram consideradas negativas. Amostras sem amplificacdo de GAPDH foram
excluidas. As sequéncias de primers utilizadas neste projeto foram: NIS-F &’
ACCTCATCAAACCTCGGCTG-3’; NIS-R 5'-GATCCGTAGATGAGTGAGAGC-3';
GAPDH-F 5'-CAACAGCCTCAAGATCATCAGCAA-3'; GAPDH-R &'
AGTGATGGCATGGACTGTGGTCAT-3'.

Para a avaliagado da deteccgao da proteina NIS, a técnica de imuno-
histoquimica (IHQ) foi realizada em dois dias consecutivos. Laminas comerciais,
previamente tratadas com preenchedores (immunoSlide-Easy Path) contendo cortes
de 3 microns, foram imersas em 3 banhos de 5 minutos em xilol, seguidos de
banhos rapidos em alcool 100%, 90%, 80% e 70%. O excesso de alcool foi retirado
em agua corrente por 3 minutos. A recuperagéo antigénica foi realizada em Tampé&o
Trilogy (Cell Marque), a temperatura de 98°C, utilizando o processo a vapor, por 30
minutos. O bloqueio da peroxidase e o bloqueio proteico foram realizados utilizando
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o kit NovoLink Max Polymer Detection, (Leica Microsystems), durante 5 minutos
cada. A incubagao com anticorpo policlonal de coelho NIS numa diluicao de 1:2800
foi realizada durante a noite, no frigorifico. No segundo dia da técnica, as laminas
foram incubadas com o anticorpo pos-primario e com o polimero (Novolink), ambos
por 30 minutos. Para revelar a reagao, utilizou-se o cromogénio DAB por 3 minutos.
A contrastagao foi realizada com hematoxilina por 30 segundos. Foram utilizados o
DAB do kit Novolink e a Hematoxilina Haris. Apds a retirada do excesso de
hematoxilina em agua corrente, as laminas foram imersas em banhos de alcool 70%,
80%, 90%, 100% e xilol. O balsamo foi utilizado para montagem das laminas, que
foram analisadas em microscopio optico, observando coloragao
citoplasmatica/membrana (NIS).

Todos os dados coletados e resultados foram plotados no programa Excel
v.365 (Micorsoft, Redmond, Washington, USA). A analise estatistica foi avaliada a
partir do programa GraphPad Prism 8.0 (Graphpad Software Inc., San Diego, CA,
USA). Variaveis categoricas foram analisadas por frequéncia absoluta e relativa.
Variaveis continuas foram avaliadas quanto a normalidade (paramétricas) e
descritas como média/mediana, desvio-padrao, valores minimo e maximo e
intervalos. Teste de significancia estatistica das variaveis continuas foi obtido pelo
Teste t de Student em caso de dados ndo paramétricos ou pelo One-Way ANOVA
quando distribuicdo normal; Qui-quadrado (x?) ou Teste Exato de Fischer foi
realizado para as variaveis categoricas. Um p valor < 0,05 foi considerado

estatisticamente significativo.
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4 - Resultados

Nesta tese s&o apresentados os resultados do estudo na forma de 3 artigos
que se propuseram avaliar o CDT pediatrico levando em consideracéo a PCI como
preditora do encontro de metastase a distancia e a associagdo com a resposta ao
tratamento e a avaliacdo da detecgao e expressao do NIS associada a fatores

clinicos e moleculares peculiares a populagéo infanto-juvenil.
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Introduction: Differentiated thyroid carcinoma (DTC) is a rare oncological disease in the
pediatric population, presenting with a more aggressive form. Stimulated thyroglobulin
(sTg) and the 131-iodine whole-body scans (WBSs) are known adult markers related
to the presence of distant metastasis. Little is known about their roles in the pediatric
population.

Purpose: To evaluate sTg levels and diagnostic WBS (DxWBS) as predictors of distant
metastasis after thyroidectomy and to correlate with the response to treatment at the
end of follow-up in pediatric DTC.

Materials and methods: Patients under 19 years old diagnosed with DTC from 1980 to
2022 were retrospectively evaluated. sTg values and WBS were assessed after
thyroidectomy and prior radioiodine treatment (RIT) and correlated with the possibility
of finding distant metastasis and response to treatment at the end of follow-up.
Results: In a total of 142 patients with a median age of 14.6 (4-18) years who were
followed for 9.5 + 7.2 years and classified according to the ATA risk of recurrence as
low (28%), intermediate (16%), and high risk (56%), 127 patients had their sTg
evaluated. A sTg value of 21.7 ng/dl yielded a sensitivity of 88% compared to 30% for
DxWBS in predicting distant metastasis. Specificity was 100% and 60% respectively.
42% of patients obtained discordant results between DxWBS and RxWBS. In high-risk
patients, sTg levels were particularly able to differentiate those who would have distant
metastasis with better diagnostic accuracy than the WBSs.
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Conclusions: The sTg level had better performance in detecting distant metastases in
pediatric DTC than the DxWBS. DxWBS's low performance suggests that caution
should be taken in interpreting their findings in terms of the underdiagnosis for
metastatic disease, especially when the sTg level already suggests distant disease.
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Stimulated thyroglobulin and diagnostic 131-iodine whole-body scan as a
predictor of distant metastasis and association with response to treatment in
pediatric thyroid cancer patients
Abstract
Introduction: Differentiated thyroid carcinoma (DTC) is a rare oncological disease in

the pediatric population, presenting with a more aggressive form. Stimulated
thyroglobulin (sTg) and the 131-iodine whole-body scans (WBSs) are known adult
markers related to the presence of distant metastasis. Little is known about their
roles in the pediatric population.

Purpose: To evaluate sTg levels and diagnostic WBS (DxWBS) as predictors of
distant metastasis after thyroidectomy and to correlate with the response to treatment
at the end of follow-up in pediatric DTC.

Materials and methods: Patients under 19 years old diagnosed with DTC from 1980
to 2022 were retrospectively evaluated. sTg values and WBS were assessed after
thyroidectomy and prior radioiodine treatment (RIT) and correlated with the possibility
of finding distant metastasis and response to treatment at the end of follow-up.
Results: In a total of 142 patients with a median age of 14.6 (4-18) years who were
followed for 9.5 £ 7.2 years and classified according to the ATA risk of recurrence as
low (28%), intermediate (16%), and high risk (56%), 127 patients had their sTg
evaluated. A sTg value of 21.7 ng/dl yielded a sensitivity of 88% compared to 30%
for DxXWBS in predicting distant metastasis. Specificity was 100% and 60%
respectively. 42% of patients obtained discordant results between DxWBS and
RxWBS. In high-risk patients, sTg levels were particularly able to differentiate those

who would have distant metastasis with better diagnostic accuracy than the WBSs.
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Conclusions: The sTg level had better performance in detecting distant metastases
in pediatric DTC than the DxWBS. DxWBS's low performance suggests that caution
should be taken in interpreting their findings in terms of the underdiagnosis for

metastatic disease, especially when the sTg level already suggests distant disease.

Keywords: differentiated thyroid cancer, pediatric thyroid carcinoma, whole-body

scan, radioiodine therapy, thyroglobulin
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Introduction

Pediatric differentiated thyroid carcinoma (DTC) is a type of malign tumor that
is found in about 3% of all pediatric cancer cases and accounts for 2.3% of thyroid
cancer diagnoses with an increase in its prevalence in recent years.'* It is
considered the most common endocrine tumor in children, with Brazil having the
highest incidence among South and Central American countries. In Brazil, the
incidence rate is 0.51 per million for children aged 0-9 years, 4.4 per million for those
aged 10-14 years, and 17.5 per million for adolescents aged 15-19 years.®

Compared to adult DTC, pediatric cases have distinct clinical features. Despite
an excellent better prognosis, children and adolescents present with more aggressive
behavior with a higher likelihood of nodal and distant metastasis, therefore, most of
them will require adjuvant therapy with radioiodine therapy ('3'lodine) to control the
disease.t"

Accurately cancer staging is crucial in determining the most effective treatment
and predicting the patient's prognosis,'? with The American Joint Committee on
Cancer (AJCC) - 8th edition being the standard system to be used in DTC. As there
is currently no validated staging system for pediatric DTC, we rely on the American
Thyroid Academy (ATA) guidance published in 20158 that considers tumor size,
lymph node involvement, and distant metastases to categorize patients as low,
intermediate, or high-risk for disease recurrence. This classification based on
recurrence risk helps in developing personalized treatment plans, recommends
adjuvant therapy when necessary, and determines appropriate follow-up care.

Thyroglobulin (Tg) is a protein that is produced by thyroid follicular cells under
the influence of thyrotropin (TSH). It can serve as a tumor marker in patients who

have undergone thyroidectomy, as it is still produced by well-differentiated tumor
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cells. Despite this, Tg is not currently included in the postoperative staging system.
Stimulated thyroglobulin (sTg) is represented by serum levels obtained after TSH
increased to more than 30 mIU/L and has a higher predictive value than basal Tg for
the presence of disease after initial treatment in adults,”'%'6 but few studies have
demonstrated its predictive ability in children and adolescents.'”:18

Another tool for detecting tumor disease is the use of imaging tests. Whole-
body scanning (WBS) with radioactive iodine is one of the primary imaging methods
utilized for detecting thyroid tumors. Furthermore, the presence of iodine-uptake
tissue on WBS suggests the possibility of a disease that could be treated with
adjuvant radioiodine therapy (RIT). The pediatric ATA guideline® recommends a WBS
after thyroidectomy and before RIT (diagnostic WBS — DxWBS) to identify distant or
residual disease and define RAI treatment and activity.

The current pediatric guidelines for evaluating distant metastasis using sTg
and WBS with radioactive iodine are based on adult populations findings and it is not
clear if this approach is applicable to children and adolescents’ patients with DTC.
Therefore, this study aims to investigate the effectiveness of sTg and DxWBS in

detecting distant metastasis in pediatric patients with DTC.

Materials and methods

Patients diagnosed with DTC and followed up from 1980 to 2022 at the main
cancer referral center in Brazil (Instituto Nacional de Cancer - INCA) were selected to
participate in the study.

After approval by the local Ethics Committee (CEP/CONEP 2.146.715 and

CAAE 66569517.8.0000.5257), the clinical, histopathological, laboratory, and
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imaging data stored in the physical and computerized records of the institution were
retrospectively searched.

Patients younger than 19 years of age who were submitted to thyroidectomy
with a histological diagnosis of DTC and available clinical, laboratory, and imaging
data amenable to interpretation were included in the study. Those with a follow-up of
less than 6 months, those who did not wish to participate or those who did not sign
the informed consent form were excluded.

The levels of TSH (mIU/L) and Tg (ng/ml) were evaluated by
electrochemiluminescence. Antithyroglobulin antibodies were measured by
chemiluminescence and categorized as present or absent based on the reference
values of the kit used on the processing date. sTg was considered when TSH levels
were > 30 mlU/L in the same sample. For this strategy, patients were asked to stop
the use of levothyroxine for at least 21 days or were administered recombinant
human TSH (Thyrogen 1.1 mg/ampoule) intramuscularly, 24 and 48 hours prior to
measurement, with a dose of 0.55 mg in children younger than 10 years and 1.1 mg
in children aged 10 years and older (local protocol), to achieve TSH values > 30
mIU/L. An iodine-free diet was instituted for 30 days before the procedure. To this
study, we consider the sTg measurements performed after thyroidectomy and
immediately before or on the same day of RIT.

WBS was performed in the Nuclear Medicine Department of the institution
following administration of '3'l and interpreted by trained professionals experienced
in the diagnosis of thyroid cancer. Doses of 2 mCi were used for DxWBS. Doses
between 30 and 200 mCi were then administered when RIT was necessary with the
individual activity defined by an institutional multidisciplinary tumor board based on

the initial postoperative cancer staging (pediatric ATA guidance). RIT posttreatment
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WBS (RXWBS) was performed between 3 and 10 days after 3!l and used as an
image gold standard for the detection of residual and metastatic disease. It was not
possible to determine the number of patients with cervical metastasis using this
method because the uptake tissue on the image could represent the thyroid remnant
instead, for this case neck ultrasound was used as the gold standard.

The risk of recurrence was evaluated as published by ATA Pediatric Guideline
with Low Risk for those with NO/Nx or incidental N1a disease, Intermediate Risk with
extensive N1a or minimal N1b disease, and High Risk for those with regionally
extensive disease or locally invasive disease, with or without metastasis. Response
to therapy was also based on ATA-published Guideline, with excellent response for
those with negative imaging and Tg under 0.2 ng/ml at the end of follow-up.

All data were plotted in Microsoft Excel v.16.77.1 (Microsoft, Redmond,
Washington, USA). Statistical analysis was performed using Statistical Package for
Social Science (SPSS) v.23.0 for Windows (IBM, Chicago, lllinois, USA). Categorical
variables were described using relative frequency while continuous variables were
described using the median, standard deviation, minimum and maximum values, and
intervals. Statistical significance was assessed for continuous variables using
Student's T test or the Mann—Whitney U test; the chi-square (x?) test was performed
for categorical variables. A p value (1 0.05 was considered to indicate statistical
significance. The receiver operating characteristic (ROC) curve was used to select
the best sTg cutoff point for predicting distant metastasis. Sensitivity, specificity, and
positive and negative predictive values were calculated for each detection method

and compared to advocate the best predictor.

Results
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From a total of 165 patients registered at the Institution with a diagnostic of
pediatric DTC, 142 met the inclusion eligibility criteria. Table 1 shows the
characteristics of the studied population.

Ninety-six percent had papillary DTC, with a median tumor size of 2.7 cm.
Seventy-three percent of the patients presented with metastasis to lymph nodes and
25% with distant metastasis, all in the lung region. No metastases to sites other than
the cervical or thoracic sites were detected. According to the pediatric ATA criteria,
more than half were classified as having a high risk of persistence or recurrence of
the disease. Nevertheless, approximately half of the patients had no evidence of
tumor at the end of follow-up (median 9.5 years).

Of the 142 patients, 127 underwent ablative/adjuvant treatment (RIT) with an
initial mean '3l dose of 150 mCi and a maximum cumulative dose of 950 mCi. 15
patients classified as low risk for recurrence did not undergo RIT and were therefore
excluded from sTg and WBS analysis.

sTg level evaluated after thyroidectomy during preparation for RIT showed a
median value of 30 ng/dl for the entire cohort. When evaluating the sTg values
differentiated by ATA pediatric DTC risk, a significant difference was observed
between those at high risk and those at the other risk levels (Table 2).

When comparing the sTg values with the response to treatment at the end of
follow-up, those with excellent response had a median sTg level approximately 3
times lower than that of patients with the other response levels (13 vs 48.9 ng/dl,
respectively), and this difference was statistically significant (Table 3). Table 3 also
analyzes the performance of sTg and DxWBS stratified by ATA risk group for disease

persistence/recurrence.
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114 patients underwent imaging for evaluation after RIT - RxWBS (13 patients
did not return for RxWBS), of which 66 also were submitted to DxWBS previously.
Among the 114 patients who underwent RX\WBS, 25.4% had lung metastases (Table
4).

When comparing those who underwent DxWBS with RxWBS, there was
agreement in only 38 patients (57% of the patients), with RxWBS revealing a greater
number of tumor-affected sites not detected on DxWBS. Fourteen (50%) of the 28
patients with Dx and RxWBS disagreement required new treatments with RIT.

Table 5 compares the ability of diagnostic sTg and DxWBS to detect distant
metastasis. DxXWBS achieved a specificity of 100% but the sensitivity was only 30%.
Figure 1 shows the sTg ROC curve and the ability to detect distant metastasis. A sTg
value of 21.7 ng/dl proved to be the best cutoff point balancing the test performance

metrics, conferring a sensitivity of 88% and specificity of 22%.

Discussion

As DTC is the most prevalent endocrine tumor and has demonstrated an
increasing incidence in recent years,! many studies have addressed this disease, but
few have included children and adolescents. Until 2022, there is only 2015 ATA
pediatric guideline® with the goal of standardizing diagnostic and treatment behaviors
worldwide but using, most of the time as support, studies with adult populations. A
new pediatric guideline was raised in 2022, this time from Europe °, bringing new
questions but maintaining basically the most known recommendations for the
management of these patients due to the rarity of pediatric DTC studies. With this

new study, we were able to expand knowledge about pediatric DTC, this time
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evaluating that, although sTg and WBS are good methods to detect thyroid
metastases as in adults, they must be individualized for children and adolescents.

Here we suggest a post-thyroidectomy sTg cutoff point for discriminating this
population and correlating with the ATA pediatric recurrence risk® and with the
response to treatment at the end of follow-up. We also brought an alert about the
indication of DxXWBS in managing metastatic cases.

Pediatric DTC has been well demonstrated as presenting with a unique
genetic signature leading to a different presentation, behavior, and response to
treatment from adult DTC. Rearrangement mutations are a notable difference, which
could be the factor related to the more aggressive presentation and higher rates of
regional and distant metastases but an extremely low mortality.2-4 Our previous
research showed that the infant and juvenile populations should be evaluated
individually and suggested molecular, immunohistological, and clinical markers that
could contribute to the optimization of the pediatric DTC approach.?5-28

One of the main findings of this study was the Tg as a marker of distant
metastasis where a sTg cutoff of 21.7 ng/ml could predict distant disease with a
sensitivity of 94%, and therefore, being an important factor that should be considered
as a recommendation for adjuvant therapy (RIT). ATA pediatric Guidelines suggest a
sTg cutoff of 10 ng/ml for RIT, despite a potentially negative WBS. We believe that
higher values are more suitable for the presence of metastases in the pediatric
population since cutoff values of 10 ng/ml were based on studies that included the
adult population.

Cistaro et al.?° demonstrated in their study that sTg values correlated with the
treatment response one year after RIT. In their study, sTg values of 4.4 ng/dl were

related to an excellent response, while values of 52.5 ng/dl were related to a no
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excellent response pattern, and an sTg value of 27.2 ng/dl was found to best predict
the treatment response. In our study, we also observed an association between the
sTg values and the response to treatment, but we have a longer follow-up
(approximately 9.5 years). Nevertheless, a very similar sTg value (48.9 ng/dl) was
related to a no-excellent response at the end of the follow-up. Thus, we understand
that sTg is an important prognostic factor in pediatric DTC and must be used as a
predictor tool with the appropriate cutoff.

Radioactive iodine-based WBS is an important and well-established imaging
method used for both the detection and treatment of DTC-related metastatic
disease.'® Because most tumor cells maintain the surface expression of the sodium-
iodide symporter, the use of 13" is an important theragnostic tool.30-32

In our institution, DxWBS was used as an imaging method to stage DTC
pediatric patients until mid-2014, after which it was reserved only for individual cases.
At that time, subjectively, we were already noticing discrepancies between Dx- and
Rx-WBS. Through this study, we observed that although the DxWBS correctly
predicted distant metastasis (100% positive predictive value), we were able to
statistically confirm our suspicion of its low sensitivity, with a negative predictive value
(NPV) of 74%. We emphasize this finding since the 2015 ATA pediatric Guideline
recommends the use of DxWBS for adjuvant therapy.

When analyzing our data more carefully, we observed that in 66 patients who
underwent DxWBS, disagreement with RxXWBS was found in 42%; that is, DxWBS
was unable to detect metastases that Rx\WBS detected. In 14 of 28 patients with
disagreement Dx vs. RxXWBS, a new therapeutic dose was required during follow-up

due to the detection of structural iodine-sensitive disease. Bravo et al.33 in 2013 had
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already demonstrated this discrepancy, inferring the low relevance of DxXWBS for
patients with a low probability of distant disease.

Taking this into consideration, we imagine that in patients with metastatic
disease, the *'lodine low dose used for DxXWBS (generally 2 mCi) is very dispersed
through a lot of metastatic tissue, making the detection performance ability
unfeasible.

We next assessed the performance of sTg and DxWBS alone and in
combination for the detection of distant metastasis. DxWBS alone was more specific
than sTg, which in contrast showed better sensibility with a cutoff of 21.7 ng/ml.
Despite this, the low performance in terms of sensitivity and NPV of DxWBS prevents
us from recommending this method to advocate RIT. The use of the two methods
together had a worse performance than individually. Thus, we alert that DxXWBS in
pediatric DTC may lead to an underdiagnosis of distant metastasis when sTg is
already suggestive. Pacini et al.®* also reported that there was no need for DxWBS in
patients with low sTg levels. We were unable to find studies that jointly evaluated sTg
and WBS as markers of distant metastasis in pediatric DTCs.

Among the limitations of this study are those inherent to all retrospective
evaluations in addition to the limited number of patients, but this fact is conditioned
by a rare disease and few studies about the subject. Few patients underwent
DxWBS, with the majority in the past, but this did not prevent us from making the
necessary statistical assessments. sTg values are influenced by TSH and Tg-Ab
levels, but these factors were not significantly different between the studied groups.
sTg must also be influenced by residual non-tumoral tissue, so patients who
underwent low-risk stratification and who were not submitted to RIT could have

higher titers not being a tumor marker. Because of that, we took care to exclude
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these patients from sTg evaluation. We recommend additional studies on pediatric
DTC that can validate our findings to build a consensus that is not extrapolated from

data from the adult population.

Conclusions

sTg outperformed DxWBS in detecting distant metastases in pediatric DTC
and could also be used as a prognostic factor of the treatment response if used with
a specific pediatric cutoff. The disagreement between DxWBS and RxXWBS suggests
that their findings should be interpreted with caution in terms of the underdiagnosis
and the possibly related undertreatment of metastatic disease, especially when sTg

already suggests distant disease.
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Figure 1. ROC curve of sTg in the detection of distant metastasis after thyroidectomy (sTg cutoff value 21.7
ng/ml: sensitivity 88%, specificity 60%)
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Tables

Table 1. General characteristics of the population

NorMed. %orSD MIN MAX.

NUMBER OF PARTICIPANTS 142
TIME OF FOLLOW-UP (YEARS) 9.5 +72 06 309
SEX AT BIRTH
FEMALE 102 72%
MALE 40 28%
AGE AT DIAGNOSIS (YEARS) 14.6 +3.63 4.7 18.8
4-7 11 8%
8-14 46 32%
15-18 85 60%
HISTOLOGICAL TYPE
PAPILLARY 137 96%
FOLLICULAR 5 4%
TUMOR SIZE (CM) 27(130) +16 05 11
METASTASIS TO LYMPH NODES 96 73%
NX 11 7%
NO 35 25%
Nila 35 25%
N1b 61 43%
DISTANT METASTASIS 35 25%
ATA PEDIATRIC RISK CLASSIFICATION
LOW RISK 39 27%
INTERMEDIATE RISK 24 17%
HIGH RISK 79 56%
RESPONSE TO TREATMENT AT FINAL FOLLOW-
uP
EXCELLENT RESPONSE 68 49%
INCOMPLETE BIOCHEMISTRY 12 8%
INCOMPLETE STRUCTURAL 26 18%
UNDETERMINED 36 25%

N — Number of patients; Med. — median; SD — standard deviation; Min. — minimum; Max. — maximum; ATA —
American Thyroid Academy.



45

Table 2. Evaluation of sTg according to the ATA pediatric risk criteria

ATA pediatric risk Low Intermediate High p

Median sTg value (ng/dl) 16.5(+x31) | 11.3(+47) 45 (+ 1108) 0.001

Median TSH value for sTg 56.7 (+ 82 (+34.7) 63.5(+32.4) | 0.51
29.4)

Presence of Tg-Ab 4 (10%) 8 (36%) 28 (36%) 0.89

ATA — American Thyroid Academy; sTg — stimulated thyroglobulin; Tg-Ab — antithyroglobulin antibody
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Table 3. Evaluation of the performance of DxWBS and sTg in the prediction of disease

persistence according to the ATA risk and post-thyroidectomy sTg evaluation according to

the presence of an excellent response at the end of follow-up

ATA risk at diagnosis Persistence No evidence of p value
disease

Low risk with high sTg level 76.9% 23.1% 0.6

Low risk with low sTg level 80% 20%

Intermediate risk with high sTg level 60% 40% 0.49

Intermediate risk with low sTg level 45% 55%

High risk with high sTg level 78.6% 21.4% 0.002

High risk with low sTg level 25% 75%

High risk with positive extracervical uptake | 75% 25% 0.6

on WBS 59.4% 40.6%

High risk with positive cervical uptake only

on WBS

End of follow-up Non-excellent | Excellent p value
response response

Median sTg value (ng/dl) 48.9 (£1187.9) | 13 (+ 135.6) 0.004

sTg — Stimulated thyroglobulin
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Table 4. Evaluation of treatment with radioactive iodine

NorMed. %orSD MIN MAX

Patients undergoing adjuvant treatment 127 89%
Mean dose in mCi (1st dose) 150 +37 30 200
Mean dose in mCi (cumulative) 150 +189.9 30 950
Patients with DxWBS 66 52%
Patients with RxWBS 114 90%
Patients with metastasis (on RxXWBS) 29 25%
Patients with Dx vs Rx-RIT WBS mismatch 28 (66) 42%

N — Number of patients; Med. — Median; SD — Standard deviation; Min. — Minimum; Max. — Maximum, mCi —
millicurie; RIT — Radioiodine treatment; WBS — Whole body scan; DxWBS — pre-RIT Whole-body scanning;
RxWBS — Post-RIT WBS



Table 5. Evaluation of the performance of diagnostic WBS (DxWBS) and sTg in the

detection of distant disease

Sensitivity Specificity PPV VPN
DxWBS 30% 100% 100% | 74%
sTg > 21.7 ng/ml 88% 60% 39% 93%
DxWBS + sTg > 21.7 ng/ml 18% 62% 31% 45%

WBS — Whole-body scanning; DxWBS — Diagnostic WBS; sTg — Stimulated thyroglobulin; PPV — Positive

predictive value; NPV- Negative predictive value
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Abstract

Pediatric differentiated thyroid carcinoma (DTC) behaves more aggressively. The
molecular landscape and puberty status appear to impact clinical scenarios and
responses to treatment. The aim of this study was to evaluate the association between
genetic profile and puberty with clinical presentation, response to treatment, and
expression of the sodium-iodide symporter (NIS) in pediatric DTC. 97 patients under 19
years of age diagnosed with DTC were selected from the clinical presentation, puberty
status, response to treatment, molecular profile, and NIS expression using
immunohistochemistry. There was a difference in the proportion of males and females
diagnosed with DTC according to puberty status (p < 0.001). Complete puberty
presented with less aggressive disease (p 0.003). The molecular landscape was
associated with puberty status and aggressiveness. NTRK and AGK::BRAF fusions
were more frequent in patients without complete puberty, and RET/PTC and
BRAF_V600E were more frequent among those with complete. NIS expression levels
were low (26%) throughout the entire cohort and were not associated with puberty or
molecular profiles. 36% of impubescent patients and 23% of complete puberty patients
had incomplete structural responses at the end of the follow-up. In conclusion, distinct
molecular genetic profiles were observed between different pubertal statuses in
pediatric DTC patients. This could explain the differences seen in clinical presentations
and therapeutic responses. Further studies are needed to understand the mechanisms
by which these genetic alterations impact iodine uptake and responses to therapy and

the role of sex hormones in this scenario.
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Introduction

Differentiated thyroid carcinoma (DTC) in the pediatric population is rare (1-2)
and presents in a more aggressive form due to greater lymph node involvement, distant
metastases, and higher chances of persistence, despite extremely low mortality rates
when compared to adults (3-6). Other intriguing characteristics particular to childhood
DTC are changes in the ratio between male and female proportions (7), and the puberty
process is associated with better presentation and outcomes (8-12).

An increased risk of recurrence among those patients with nodal involvement or
distant metastasis is the reason for the indication of adjuvant therapy with radioactive
iodine treatment (RIT) with iodine-131 (I-131) (1,13). The effectiveness of RIT depends,
among other factors, on the uptake of I-131 by the tumor cell through sodium-iodide
symporter (NIS) (14-16). The tumor genetic landscape seems to be associated with
different expression levels of NIS, which may be one of the causes of therapeutic failure
(iodorefractoriness) (17-19). There are few reports on NIS expression in pediatric DTC
tumor cells (20-21).

In addition to clinical characteristics, pediatric DTC has a different molecular
signature compared to adult tumors (22-23), and it could be associated not only with
age but also with the puberty (24). Moreover, these factors could influence NIS
expression in tumor cells and seem to be key for tailoring treatment on an individual
basis (25).

Therefore, this study aimed to evaluate the molecular genetic landscape and
puberty status of pediatric DTC patients and its possible associations with clinical

presentation and NIS expression in tumor cells.

Materials and methods
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Patients diagnosed with DTC, followed from 1976 to 2022, at the main cancer
reference center in Brazil (Instituto Nacional de Cancer - INCA - Brazil) were selected to
participate in the study.

After approval by the local Ethics Committee (CEP/CONEP 2.146.715 and CAAE
66569517.8.0000.5257), searches were carried out for pediatric patients (< 19 years)
diagnosed with DTC in the Institution's physical and computerized medical records.

This study included a series of 165 pediatric cases seem between 1976 and
2022. Cases with a confirmed histological diagnosis of DTC, with clinical data and a
formaldehyde fixed-paraffin embedded (FFPE) archived tumor sample available at the
institution were selected. Those with follow-up of less than six months, who did not wish
to participate, or with insufficient tumor quantity or poor quality for analysis were
excluded. Therefore, the study included 97 out of 165 DTC cases.

Patients were divided into two groups based on puberty status: Group 1 - pre- or
peri-pubertal patients and Group 2 — complete puberty patients. For these criteria, as
we were unable to obtain standardized information on the pubertal staging of all
patients, we considered the category “complete” when the age at diagnosis of DTC was
greater than the date of menarche in girls or greater/equal to 16 years of age in boys.

The immunohistochemistry (IHC) analysis for NIS and molecular evaluation of
the DTC were carried out at different times, independently and “blindly”. Care was taken
to ensure that the material was not exhausted at the time of processing for the proposed
analyses.

Molecular analysis
Among 97 cases, 59 were submitted to screening for the main pathogenic variants and

fusions described in pediatric DTC.
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DNA and total RNA were isolated from 30 um thick FFPE sections and quantified. RNA
from the tumor samples were submitted to specific molecular identification, capture, and
enrichment of the target region. Next-generation sequencing (NGS) was performed
using the NextSeq500 or NovaSeq6000 platform (lllumina)

NIS expression by immunohistochemistry analysis.

The immunohistochemistry (IHC) analysis was performed on two consecutive
days. Commercial slides previously treated with fillers (immunoSlide-Easy Path)
containing 3-micron sections were immersed in 3 baths of 5 minutes in xylol, followed
by quick baths in 100%, 90%, 80%, and 70% alcohol. Excess alcohol was removed in
running water for 3 minutes. Antigenic retrieval was performed in Trilogy Buffer (Cell
Marque) at a temperature of 98°C using the steam process for 30 minutes. Peroxidase
blocking and protein blocking were performed using the NovoLink Max Polymer
Detection kit (Leica Microsystems) for 5 minutes each. Incubation with rabbit polyclonal
against NIS at a 1:2800 dilution was carried out overnight at 4°C. On the second day of
the technique, the slides were incubated with the secondary antibody for 30 minutes.
Sections were further incubated with the Novolink polymer detection system for 30
minutes and, DAB chromogen for 3 minutes. Counterstaining was performed with
hematoxylin (Haris) for 30 seconds. After removing excess hematoxylin in running
water, the slides were dehydrated in 70%, 80%, 90%, and 100% alcohol and xylene
baths. Balsam was used to assemble the slides, which were analyzed under an optical
microscope to observe cytoplasmic/membrane NIS staining.

Statistical analysis

Statistical analysis was evaluated using GraphPad Prism 8.0 (Graphpad

Software Inc., San Diego, CA, USA). Categorical variables were analyzed by absolute

and relative frequency. Continuous variables were assessed for normality (parametric)
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and are described as the mean/median, standard deviation/minimum, and maximum
values and ranges. Statistical significance of continuous variables was assessed by
Student's t test in case of nonparametric data or by one-way ANOVA when normally
distributed. Chi-square (X?) or Fischer's exact test was performed for categorical

variables. A p value < 0.05 was considered statistically significant.

Results

General features of the pediatric cases

Among the 165 patients under the age 19 diagnosed with DTC between 1976
and 2022, we identified 142 tumor samples stored at the files of the Institution. About 97
samples (68%) were selected according to the inclusion criteria described in material
and methods section and presented at Figure 1. Although there were minor differences
in the distribution of registered patients, there were no significant clinical differences
among those 97 with analyzed tumor material and the 142 patients selected to
participate. Table 1 provides more detailed information about the study populations, the
subcategorization of patients by puberty status, and the results of comparative
analyses.

The mean age of 97 patients at diagnosis was 14.9 + 3.77 years. The mean
follow-up period was 8.7 £ 5.9 years, and 68% of patients were female. When
differentiated by puberty status, there was a predominance of males (59%) among
those without complete puberty (Group 1). However, this trend was reversed in those
defined as having completed puberty (Group 2), as this group had a predominance of
females (84%). In relation to staging and aggressiveness data, 97% of the tumors were

of the papillary type, with an average size of 2.7 + 1.7 cm. Sixty-nine percent of patients
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already had lymph node involvement at diagnosis, and 20% had distant metastases, all
exclusively in pulmonary topography.

According to the American Thyroid Association Pediatric Guideline risk
stratification system (1), over half (68%) of the patients were found to be at high risk of
disease recurrence, while only 28% were at low risk and 13% at intermediate risk.
However, at the end of the follow-up period, only 28% of patients had incomplete
structural response, while 54% showed excellent response with no evidence of the
disease. There were no records of deaths related to DTC during the follow-up period.

The assessment of puberty data revealed significant differences in sex
distribution (p <0.001), lymph node (p 0.02) or distant metastasis (p 0.003), risk of
recurrence (p 0.01), and variation in the cumulative dose of RIT (p 0.02) between the
two groups. In Group 1, there were more males and a higher rate of regional and distant
metastases. Patients in Group 1 were also more likely to be classified as having a high
risk of relapse/recurrence, indicating a greater aggressiveness in the presentation of the
disease. Although the median cumulative dose of I-131 was the same in the two groups,
the variation was different. Group 2 was subjected to lower cumulative doses.

Molecular genetic DTC sample results

Genetic alterations were indentified in 47 ou of 59 samples tested (80%). A total
of 64 genetic alterations were identified, with 15/ 59 (25 %) of the samples presenting
with more than one mutation in the same tumor. Eighty-four percent of positive
mutations (54 / 64) were fusion-type. Among the genes with molecular changes, RET,
NTRK, PTC, BRAF, ETV, ALK, STRN, and AGK were the most involved genes (Figure
2).

The RET/PTC fusions were the most prevalent molecular alteration, observed in

39% of positive samples (42% of the total number of patients evaluated). A total of 19
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samples presented as RET/PTC1, and six presented as RET/PTC3. The NTRK fusions
(ETV6::NTRK3 and SQSTM1::NTRK1) were the second most common molecular
change (26% of positive samples, 29% of total patients evaluated). The ALK fusion was
found in 9% of the cases, being the STRN the most prevalent partner found.
PPP1R21::ALK and HMBOX1::ALK were found in one case each.

The genetic alteration involving BRAF gene was found either as a AGK::BRAF
fusion or BRAF_V600E point mutation, in 6% and 16 % of the cases respectively. Table
2 and Figure 2 summarizes the types and frequencies of molecular changes found in
the studied population.

Some molecular DTC profiles were associated with the status of puberty.
Although not statistically significant, the RET/PTC fusion and the BRAF_V600E
mutation were more frequently present in Group 2 (OR 2.55 [0.74-8.26], p 0.15 and OR
4.2 [0.76-21.2], p 0.14 respectively). In contrast, NTRK fusions were more prevalent in
Group 1, with 70% of NTRK fusions present in this group (OR 6.6 [1.6-24.5], p 0.005).
Additionally, the AGK::BRAF fusions (four samples) was only observed in Group 1 (OR
infinity [1.38-infinity], p 0.02). Table 2 presents a more detailed view of the molecular
profile characteristics according to puberty status. Figure 3 summarize clinical and
genetic findings according to puberty status in pediatric DTC.

NIS expression results
The results revealed that only 24 out of the 93 samples (26%) were positive for NIS, all
of which were located on the membrane cell surface.

There was no significant difference between NIS expression and clinical
presentation or puberty category. NIS expression was also not associated with different
responses to treatment. The molecular landscape did not reveal different NIS

expression patterns. Table 3 presents a detailed analysis of these findings.
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Figure 4 summarizes all the main clinical findings of this study.

Discussion

Research on the development of tumors in children has uncovered both genetic
and posttranscriptional mechanisms that can disrupt the intracellular signaling of
proliferating cells (26-27). These findings may be the answer to distinct incidences and
different responses to treatment of DTC patients with childhood onset than in patients
with adulthood onset (28-31). In this new study focused on pediatric DTC, we
highlighted the unique genetic signature associated with a more aggressive disease
presentation compared to adults. We also investigated the integration of the puberty
phenomenon with the molecular landscape and its role in modifying aggressiveness and
sex frequency without interfering with NIS expression or mortality.

Studies on DTC have shown that the disease presents differently in children than
in adults, particularly regarding its clinical presentation and mortality rates. In children
and adolescents, DTC tends to be more aggressive and has a higher likelihood of
regional and distant metastases. However, despite these characteristics, the mortality
rate remains extremely low (1-7).

An interesting fact about DTC is the predilection for the female sex, which is
different from most oncological diseases (32). When we examine the relationship
between sexes more closely, we find that the proportion of males and females
diagnosed before the age of 10 is almost identical. There are almost six times more
women diagnosed with DTC than men in patients older than 15, and this trend

continues into adulthood. This peculiar characteristic is briefly mentioned in the
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American Thyroid Association Guidelines for the Management of Pediatric DTC (1) and
supported by multiple studies conducted by other authors (9, 32-33).

In 1989, Imai et al. discovered a link between thyroid cancer and estrogen (34).
More recently, Joseph et al. found a connection between thyroid cancer and breast
cancer (35). These findings led us to believe that the reason for the higher incidence of
DTC in females could be due to greater exposure to estrogen over time rather than just
the age at which the disease is diagnosed, as impubescent patients have very little
exposure to estrogen. In 2022, we examined estrogen and progesterone receptors in
pediatric DTC (8). While we did observe differences related to puberty, we were unable
to find an association between estrogen or progesterone receptor expression and
pediatric DTC.

Here we highlights that although DTC is more common in females in adults, we
found a significant difference between males and females that was not related to age
but rather to the process of complete puberty. We observed a female to male ratio of 1
to 1.4 in Group 1 and a reversal of this pattern to 5.1 to 1 in Group 2 (p <0.001).
Additionally, we were able to identify a change in the molecular landscape associated
with puberty. This finding suggests that unknown mechanisms associated with sex or
puberty could be involved in the genetic expression of DTC and potentially affect the
clinical presentation and response to treatment of the disease.

Regarding the presentation of the disease, a greater aggressiveness of thyroid
cancer is described in children under 10 years of age or in impubescent individuals
compared to adolescents (9-12). Lazar et al. (11) demonstrated higher rates of
extrathyroidal extension, lymph node involvement and lung metastases among
prepubertal children. Thiesmeyer et al. (12) conducted a recent study that showed that

prepubertal status was associated with the presence of metastases despite long-term
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survival rates. However, the underlying mechanisms behind these observations remain
unclear.

Pediatric DTC exhibits molecular genetic alterations that are distinct from those
found in adults. In pediatric cases of DTC, fusion-type mutations occur more frequently,
especially those including RET/PTC and NTRK, while the mutations typically observed
in adult DTC are point mutations, such as BRAF_V600E (37).

Pediatric DTC research is needed to determine whether the degree of puberty or
other clinical factors influence this genetic profile or their response to treatment.
Galuppini and colleagues (9) found molecular alterations associated with some
presentation conditions and responses to treatment. However, these alterations were
not found to be independent of the age or puberty of the patients. In a different study,
Franco and his team (38) classified 131 patients with thyroid cancer based on tumor
genetic profiles. They categorized them as RAS, BRAF and RET/NTRK fusion types to
determine the differences in clinical behavior and outcomes. Their research showed that
patients with RET/NTRK fusions had a worse prognosis than those with other types.

In 2019, we evaluated the presence of the AGK::BRAF fusion as associated with
the presence of distant metastases in younger patients (39). In a recent study, Zhou et
al. (40) demonstrated that among 42 patients diagnosed with DTC, the point
BRAF_V600E mutation was not associated with aggressive behavior in adolescent
patients. The molecular landscape is a crucial factor in the development and behavior of
thyroid tumors. This signature has been identified as a prognostic and conditioning
factor for adult tumors and contributes to a high risk of recurrence. However, it has not
been considered in the staging or prognosis of children and teenagers with DTC.

Here, we demonstrate that the molecular signature differs between pediatric

patients based on their level of puberty. Patients with complete puberty had a similar
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mutation profile to adults, while younger patients had a distinct mutation profile. Fusions
predominated in Group 1, while point mutations were more frequent in Group 2. NTRK
fusions, which are associated with worse outcomes, were more frequent in Group 1, the
group with more aggressive presentations in this study. Expanding our genetic
evaluation of the patients, we confirm that AGK::BRAF fusions was exclusively detected
within Group 1. As mentioned, this group has previously been associated with more
aggressive disease progression and distant metastases (39). However, the
BRAF_V600E point mutation, which is more commonly associated with worse
prognoses in adult tumors, was found mainly in patients who had undergone complete
puberty.

The RET/PTC fusion was more prevalent in Group 2, but no statistical
associations with puberty patterns were demonstrated. Therefore, we conclude that
presentation and response to treatment are not solely associated with either puberty or
molecular signatures but rather with both conditions.

Another goal of this study was to investigate how the molecular signature
associated with puberty may affect NIS expression and impact the response to adjuvant
treatment with RIT. This type of analysis is crucial in the age of precision medicine, as it
can help identify personalized treatment options.

The function of the NIS is to capture iodine into the intracellular environment,
which is essential for the synthesis of thyroid hormone (41-44). In the same way, this
symporter facilitates the entry of I-131, which is used as an adjuvant therapy in patients
at moderate to high risk of disease recurrence, provided that tumor cells maintain their
NIS expression capacity (13). NIS is synthesized from the SLC5A5 gene and
incorporated into tumor cell membranes (45-48). Molecular mutations have been linked

to tumors with low NIS expression, which makes them resistant to RIT (49-52). As an
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example, Riesco-Eizaguirre et al. (51) demonstrated that the BRAF_V600E mutation
was associated with reduced expression of NIS. New targeted therapies could silence
genes and dedifferentiate tumor cells, allowing for retreatment with RIT in iodine-
refractory patients (53-54).

During our evaluation of NIS expression in pediatric DTC, considering the
molecular alterations observed and the phenomenon of puberty, we faced limitations in
making major statistical inferences about the treatment response, possibly due to the
small number of viable samples used. Here, we demonstrated a low expression of NIS
(26% of pediatric tumor cells). Among those positive for NIS, we were not able to
demonstrate an association between NIS expression and puberty or the pediatric DTC
genetic landscape. New studies are needed to clarify the gene—protein interrelationship
and its regulation and degradation.

Notably, none of our patients died due to the disease, regardless of their clinical
or molecular prognostic factors. Although some subgroups of patients showed more
aggressive presentations, only 36% of patients in Group 1 and 23% of patients in Group
2 had incomplete structural responses at the end of the follow-up. Furthermore, 75% of
Group 1 and 48% of Group 2 were at high risk for recurrence, but they still showed a
complete response. This suggests that pediatric DTC staging may benefit from
incorporating new criteria such as molecular tumor analysis and puberty stage as
prognostic factors.

There were limitations to this study that need to be considered. First, the use of
retrospective data meant that the information in the records was not always
standardized for all patients. Second, the molecular profiling was performed in 60% of
the cases and, therefore, we were unable to perform other comparative analyses that

we believe would have been useful because of the limited availability of preserved
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material and the small number of tumor tissue samples related to a rare disease. We
took great care to ensure that we did not exhaust the material stored at the institution.
Our group believes that we can minimize these losses of inferences and contribute to

the scientific literature through new studies and collaborations.

Conclusions

The molecular genetic landscape in pediatric DTC differs from that in adults and
is associated with puberty patterns, aggressiveness, and risk of disease recurrence at
presentation. During puberty, the prevalence in males and females changes, and
different clinical presentations occur, despite a consistently undetectable mortality rate.
Lower levels of NIS expression were observed in tumor cells, but they were not
associated with puberty or a certain molecular profile. Additional studies are needed to
evaluate the impact of NIS expression on treatment decisions. To better improve the
prediction of treatment response in pediatric DTC, new staging criteria, such as puberty

status and the molecular genetic profile, should be incorporated.
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Figure 1 — Flow diagram describing the patients and samples exclusions criteria.
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Figure 2 — Frequency of molecular genetic alterations in 59 tumor samples. Genetic alterations were
identified in 47 out of 59 samples tested with 64 genetic alterations identified. 25% of the samples
presented with more than one mutation in the same tumor.
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Figure 3 — Summary of clinical and genetic findings according to puberty status in pediatric DTC. Patients
with complete puberty are associated with a higher female to male ratio, better tumor presentation and a
different tumor genetic landscape compared to patients with no or incomplete puberty, although no
mortality in both groups.
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Table 1 — General population and puberty category characteristics. Evaluation of clinical

profile, risk of recurrence, radioiodine treatment, and response to treatment.

GROUP 1 GROUP 2
Population
population  tumor sample POPULATION  POPULATION
N or Med. N or Med. N or Med. N or Med.
(% or s.d.) (% or s.d.) P (% or s.d.) (% ors.d.) P
NUMBER OF PATIENTS 142 97 (68%) 36 61
FOLLOW-UP (YEARS) 9,5(7,2) 8.7 (¢5,9) 0.57 11.4 (15,8) 8.3 (¢5,9) 0.06
FEMALE SEX 102(72%) 66 (68%) 0.47 15 (41%) 51(84%) <0.001
AGE AT DIAGNOSIS (YEARS) 14.6 ( 3,63) 14.9 (£3,77) 0.71 11.0 (£3,3) 16.7 (2,0) <0.001
PAPILLARY TYPE 137 (96%) 95 (97%) 0.70 35 (97%) 60(98%) >0.9
TUMOR SIZE (CM) 2.7 (£ 1,6) 2.7 (+1,7) >0.9 3.0 (£ 1,7) 23(x1,7) 0.09
NODAL METASTASIS 96 (73%) 67 (69%) 0.88 30 (83%) 37 (61%) 0.02
DISTANT METASTASIS 35 (25%) 19 (20%) 0.43 13 (36%) 6 (1%) 0.003
ATA PEDIATRIC RISK GROUP
Low 39 (27%) 28 (28%) 0.88 6 (17%) 22 (36%) 0.06
INTERMEDIARY 24 (17%) 13 (13%) 0.58 3 (8%) 10 (16%) 0.36
HIGH 79 (56%) 56 (58%) 0.79 27 (75%) 29 (48%) 0.01
1-131 MEDIAN CUMULATIVE DOSE 150 (¢ 193) 150(¢ 189) 0.29 150 (¢ 187) 150 (¢ 159) 0.02
TREATMENT RESPONSE AT THE END OF
FOLLOW-UP
EXCELLENT RESPONSE 68 (49%) 52 (54%) 0.43 17 (47%) 35 (57%) 0.40
INCOMPLETE STRUCTURAL RESPONSE 26 (18%) 27 (28%) 0.11 13 (36%) 14 (23%) 0.17

ATA - American Thyroid Association, 1-131 - lodide-131, N. - Number, Med. - Median, s.d. - Standard

deviantion



Table 2 — Description and evaluation of the molecular profile of differentiated thyroid

carcinoma in the general population and by puberty category.
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GROUP 1 GROUP 2
PRE- OR PERI- COMPLETE OoDDS
General
CATEGORY PUBERTAL PUBERTY RATIO p
population (n)
(n) (n) (OR)
MOLECULAR ASSESSMENT 59/97 25/36 34/61 - -
NUMBER OF MUTATIONS 64 30 34 - -
PATIENTS WITH MUTATIONS 47 20 27 - >0.999
PATIENTS WITHOUT MUTATIONS 12 5 7
PATIENTS WITH 1 MUTATION 32 11 21 2.86
0.12
PATIENTS WITH > 1 MUTATION 15 9 6 [0.85-9.02]
FUSION MUTATIONS 54 29 25 4.6
0.19
POINT MUTATIONS 10 2 8 [0.66-58.4]
2.55
RET/PTC 25 8 17 0,15
[0.74-8.26]
6.6
ETV6::NTRK3/SQSTM1::NTRK1 17 12 5 0.005
[1.6-24.5]
4.2
BRAF_V600E 10 2 8 0.14
[0.76-21.2]
STRN::ALK 6 3 3 - >0.999
Inf.
AGK::BRAF 4 4 0 0.02
[1.38-inf.]
PPP1R21::ALK 1 0 1 - *

HMBOX1::ALK
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Table 3 — Evaluation of NIS expression according to clinical categorical assessments,

response to treatment and main molecular alterations.

Clini . Category 0 NIS + 0 NIS — p
inical analysis (% grand total) (% grand total)
Sex Male 6.4 25.8
Female 19.3 48.4 045
Puberty Complete 18.3 441 0.46
No complete 7.5 30.1
Nodal metastasis Yes 17.6 57.7
No 8.2 16.5 099
Distant metastasis Yes 3.5 18.8
No 223 55.3 037
ATA high risk Yes 134 51.2 011
No 134 21.9
Excellent response Yes 16.3 391
No 9.8 34.8 048
Incomplete structural response Yes 3.3 25.0
No 22.8 48.9 0.06
Multiple 1-131 dose Yes 3.5 20.9 006
No 20.9 54.6
Molecular analysis Mutation present (% gglnsd*-total) (% gglnsd_total) p
ETV6::NTRK6 Yes 9.1 29.5
No 18.2 43.2 074
RET/PTC Yes 17.4 38.1
No 82.6 61.9 018
BRAF_V600E Yes 6.8 13.6
No 20.4 59.1 068
STRN::ALK Yes 6.8 6.8
No 20.4 65.9 032
AGK::BRAF Yes 0 6.8 0.55
No 273 65.9

ATA - American Thyroid Association, 1-131 - lodide-131, NIS - Sodium-lodide symporter
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Abstract

Introduction

The Sodium-lodide Symporter (NIS) is the gateway to the adjuvant treatment of
differentiated thyroid carcinoma (DTC). Due to its rarity, few studies have evaluated
NIS expression in pediatric DTC, despite a more aggressive presentation and a
peculiar genetic signature.

Purpose

To describe the expression of the SLC5AS5 gene and the NIS protein in pediatric DTC
cells and evaluate possible associations with adjuvant treatment, response to
treatment at the end of follow-up, and the tumor genetic signature.

Materials and methods

The expression of NIS was evaluated by Immunohistochemistry and its coding gene
SLC5A5 by gPCR in thyroid tumor tissue samples from patients under 19 years of
age and looked for associations with clinical and histological characteristics,
response to treatment and the tumor mutational profile by NGS.

Results

In 72 samples capable of evaluation, despite the association between gene and
protein, 25% showed NIS expression although 54% showed to SLC5AS5. Patients
with higher NIS expression required less retreatment (p 0.05) and possibly lower
doses of 131-1 (p 0.08). The STRN::ALK fusion was related to higher expression of
SLCS5AS. NIS expression did not determine different responses at the end of
treatment.

Conclusion

Possibly intrinsic factors determine a lower expression of NIS compared to SLC5AS.

Patients with higher NIS expression require less retreatment with 131-l. The



molecular profile of pediatric thyroid tumors was not associated with a different

expression of NIS, despite being more expressed in STRN::ALK fusions.
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Introduction

Adjuvant treatment of differentiated thyroid carcinoma (DTC) is based on
radioactive iodine therapy (RIT) after thyroidectomy. Patients with nodal and distant
metastases have an increased risk of recurrence of the tumor, with treatment with
lodine-131 (I-131) being an important therapeutic strategy adopted to facilitate follow-
up and reduce the chance of recurrence or mortality associated with the disease.’

The sodium-iodide symporter, widely known as NIS, is a glycoprotein found
mainly in the basolateral membrane of thyroid follicular cells, being encoded by the
gene SLCS5AS (solute carrier family 5 member 5) which is located on chromosome 19
(19p13.11). Its main function is to mediate the active uptake of iodine from the
bloodstream into the cell through a sodium-iodide pump (2 Na*/ I') and enable the
synthesis of thyroid hormones in the thyroid gland.? In thyroid tumors that maintain
their expression, the NIS represents the gateway for the uptake of 1-131, leading to
the destruction of the tumor cell due to its ionizing activity and B particle emission. 34

Some studies have demonstrated failure in the expression of NIS in thyroid
tumor cells,® determining resistance to adjuvant treatment associated with higher
rates of recurrence or even mortality.5-8 Dedifferentiation therapies that would
reincorporate NIS into tumor cells are currently being studied with the aim of enabling
retreatment with 1-131 in patients previously considered to have iodorefractory
metastatic disease. %

Due to its rarity, few studies have evaluated the expression of NIS or its
coding gene - SLC5A5 in DTC tumor cells of the pediatric age group.'?'4 This is
important because pediatric DTC presents more aggressively, with high rates of
cervical and distant metastases compared to adults, requiring adjuvant treatment in

more than 70% of cases.'>'® Furthermore, the tumor genetic profile of children and
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adolescents could modify NIS expressions and determine different doses or even
responses to treatment.'%-20

Thus, the aim of this work was to describe the expression of the SLC5A5 gene
and NIS protein in pediatric DTC cells and evaluate possible associations with RIT,

response to treatment at the end of follow-up, and the tumor genetic signature.

Materials and methods

Patients diagnosed with DTC, followed from 1976 to 2022, at the main cancer
reference center in Brazil (National Cancer Institute — INCA — Ministry of Health -
Brazil) were selected to participate in the study.

After approval by the local Ethics Committee (CEP/CONEP 2.146.715 and
CAAE 66569517.8.0000.5257), searches were carried out for pediatric patients
diagnosed with DTC contained in the Institution's physical and computerized records.

The study included patients under 19 years of age with a confirmed revisited
histological diagnosis of DTC, with clinical data capable of interpretation and with
tumor material stored at the Institution. Those with follow-up of less than 6 months,
who did not wish to participate, or with tumor material in insufficient quantity or quality
for analysis were excluded.

The sample of tumor cells was obtained from the primary tumor tissue
originating from thyroidectomy surgery that was stored in the Institution's Pathology
Service. Care was taken to ensure that the material was not exhausted at the time of
processing for the proposed analyses.

SLC5AS5 gene expression evaluation. RNA was extracted from FFPE samples,
using one section of 10 ym per sample, with Purelink FFPE RNA kit (/nvitrogen)

following the instructions provided by the manufacturer. The RNA samples were
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quantified in the Nanodrop (Thermo), evaluating the purity ratios 260 nm / 280 nm
and 260 nm / 230 nm. cDNA was synthesized from 1.0 uyg RNA of each sample by
SuperScript IV Reverse Transcriptase (/nvitrogen). qPCR was performed in 10.0 pL
reaction volume with Quantinova SYBR Green PCR kit (Qiagen) on a Rotor-Gene
thermal cycler (Qiagen). Samples were analyzed in triplicate. NIS mRNA relative
quantification was analyzed by the ACt method using GAPDH as a housekeeping
gene. The sequences of primers used in this project were: NIS-F &'
ACCTCATCAAACCTCGGCTG-3'; NIS-R 5'- GATCCGTAGATGAGTGAGAGC-3';
GAPDH-F 5'- CAACAGCCTCAAGATCATCAGCAA-3'; GAPDH-R 5'
AGTGATGGCATGGACTGTGGTCAT-3'.

Tumor molecular evaluation. Molecular evaluation of pediatric thyroid tumors
was based on the extraction and fragmentation of RNA from FFPE sample, followed
by specific molecular identification, capture, and enrichment of the target region with
a customized kit. Next-generation sequencing (NGS) was performed using the
NextSeqb500 or NovaSeq6000 platforms (/llumina).

NIS protein expression evaluation. The immunohistochemistry (IHC) technique
was performed on two consecutive days. Commercial slides, previously treated with
fillers (immunoSlide -Easy Path) containing 3-micron sections, were immersed in 3
baths of 5 minutes in xylol, followed by quick baths in 100%, 90%, 80%, and 70%
alcohol. Excess alcohol was removed in running water for 3 minutes. Antigenic
retrieval was performed in Trilogy Buffer (Cell Marque), at a temperature of 98°C,
using the steam process, for 30 minutes. Peroxidase blocking and protein blocking
were performed using the NovoLink Max Polymer Detection kit, (Leica
Microsystems), for 5 minutes each. Incubation with polyclonal rabbit antibody

SLC5AS5 at a 1:2800 dilution was carried out overnight, in the refrigerator. On the
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second day of the technique, the slides were incubated with the post-primary
antibody and with the polymer (Novolink), both for 30 minutes. To reveal the reaction,
DAB chromogen was used for 3 minutes. Counterstaining was performed with
hematoxylin for 30 seconds. The DAB from the Novolink kit and Haris Hematoxylin
were used. After removing excess hematoxylin in running water, the slides were
immersed in 70%, 80%, 90%, and 100% alcohol and xylene baths. The balsam was
used to assemble the slides, which were analyzed under an optical microscope,
observing cytoplasmic/membrane staining.

All collected data and results were plotted in Microsoft Excel v.16.0 (Microsofft,
Redmond, Washington, USA). Statistical analysis was evaluated using GraphPad
Prism 8.0 (Graphpad Software Inc., San Diego, CA, USA). Categorical variables
were analyzed by absolute and relative frequency. Continuous variables were
assessed for normality (parametric) and described as mean/median, standard
deviation, minimum, maximum and range values. Test of statistical significance of
continuous variables was obtained by Student’s t-test in case of non-parametric data
or by One-Way ANOVA when normally distributed; Chi-square (X 2) or Fischer's
exact test was performed for categorical variables. A p-value <0.05 was considered

statistically significant.

Results

Of 142 patients under 19 years old with DTC diagnosis and tissue samples
stored at the institution between 1976 and 2022, 72 samples (50.7% of the total)
were found suitable for the proposed analyses. The patients were predominantly
female (65%), with a median age of 15 years, more than half of whom had completed

puberty at diagnosis and were followed for an average of 8.6 years.
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Regarding the primary tumor, 97% were of the papillary type, with a median
size of 2.5 cm. At diagnosis, 71% of patients had metastases to cervical lymph nodes
and 22% had distant metastases (all lung metastases), giving 64% a high risk for
disease recurrence and 26% low risk, according to the Pediatric ATA criteria.’®
Despite this aggressive presentation, at the end of follow-up, only 28% had evidence
of structural disease, while more than half (55%) had no evidence of tumor disease
(excellent response).

Regarding adjuvant treatment, the average cumulative dose with I-131 was
150 mCi, ranging from 30 to 800 mCi. 16 patients (22%), all high-risk according to
the Pediatric ATA,'® underwent more than one treatment with RIT. Table 1 provides
clinical and histological information about the study population.

Tumor molecular profile

Regarding the genetic profile of the tumor, the molecular analysis could be
evaluated in 41 samples from the 72 patients. A total of 50 mutations were found (5
patients did not demonstrate mutations recognized by the panel), with 12 patients
demonstrating more than one mutation in the same sample. As expected, the
number of fusions prevailed (86% of the samples), with 19 RET/PTC fusions, 15
associated with NTRK, 4 STRN::ALK, 3 AGK::BRAF and another 2 associated with
ALK (PPP1R21::ALK; HMBOX::ALK). Point mutations - all BRAF_V600E type, were
found in 7 samples. Figure 2 demonstrates in detail the frequency of mutations found
and their distribution among patients.

Assessment of NIS expression

The NIS protein evaluated by IHC was present in only 18 of the 72 samples

evaluated (25%), all located in the cytoplasmic membrane. The expression of the

gene SLC5A5 was positive in a greater number of samples, 39 of 72 (54%). No
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significant differences were found between NIS expression and the clinical
parameters evaluated. As expected, protein positivity in tumor cells was associated
with SLC5A5 expression. Figure 1 and Table 2 detail the association findings
evaluated.

Regarding the evaluation of NIS or gene expression SLC5A5 according to the
molecular genetic profile presented by the study population, no statistical significance
was found with the RET/PTC, NTRK fusions, AGK::BRAF. There was a significant
difference in the median of the quantitative SLC5A5/GAPDH relationship between
those carrying the STRN::ALK fusion (p 0.002). No difference was observed in NIS
expression in patients carrying BRAF_V600E point mutation. Table 3 and Figure 1
summarize the findings and statistical significance found.

Treatment response assessment

Regarding treatment, it was seen that patients who received only one dose of
RIT expressed more NIS protein in tumor cells compared to those who required
multiple doses (p 0.05). This difference was also seen for the expression of the gene
SLC5AS, but without reaching the significance threshold (p 0.08).

Regarding the response at the end of the follow-up, there was no difference
between the expression of NIS or its coding gene and the excellent or incomplete
structural response. Among the 16 patients who required multiple doses of RIT, 8
(50%) remained with structural disease at the end of follow-up, with NTRK fusion
found in 4 of them. Of the 56 patients with a single dose of RIT, only 12 (21.4%)
maintained structural disease status, with NTRK fusion being found in 2 patients.

Other individual characteristics can be seen in more detail in Figure 2 details.

Discussion
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In this new work, we show the expression of NIS in differentiated thyroid
tumors of children and adolescents, this time evaluating, in addition to the protein, its
coding gene SLC5A5. We noticed here, despite an association between gene and
protein (p 0.02), a higher expression of the SLC5A5 gene (54% of samples) in
relation to NIS protein (25% of samples), justifying theories that intracellular factors
could modulate nuclear expression. To better evaluate whether clinical conditions or
the molecular signature could be factors for this modulation, we were unable to
provide decisive answers through this work, but we noticed a lower need for
retreatment with 131-1 in those with higher expression of NIS.

Pediatric DTC is a rare disease representing only 1.9% of all thyroid cancer
cases.'>?! This means that few studies evaluate the peculiarities of thyroid cancer in
the child population, generally being restricted to large academic or research centers.
Despite these few studies, the differentiated tumor behavior compared to adults,
through a more aggressive presentation but with a more favorable response to
treatment, is already well-established and widespread.?? The molecular profile of the
pediatric tumor is also known as peculiar, with a greater pattern of gene fusions such
as RET/PTC and NTRK.?324 Therefore, understanding the characteristics of tumor
behavior related to clinical or mutational parameters is fundamental to improving
patient staging and ensuring targeted and optimized therapeutic proposals.

We currently use the Pediatric ATA Guideline® to differentiate patients at risk
of recurrence and indicate adjuvant treatment in those at moderate or high risk of
recurrence. RIT is a fundamental “weapon” in the war against iodine-capturing tumor
cells,* however, some cancers become resistant to this treatment due to an under

expression of NIS.
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Numerous studies have investigated the expression of NIS in adult thyroid
cancer, most of them are described by de Morais et. al.® in their systematic review.
Associations of NIS expression with genetic profiles, such as the BRAF_V600E
mutation, with methylations in promoter regions or even with prognostic factors, were
seen. Tavares et.al.” in 2018 demonstrated that reduced expression of the gene
SLCS5AS was related to a lower detection of NIS in the plasma membrane of DTC
and this factor was associated with greater aggressiveness of the disease and with
mutations typical of adult tumors such as BRAF, RAS, TERT.

Here, using the pediatric population as a standard, we were also able to notice
a lower expression of NIS (only 25% of the samples), which could lead to the
understanding that few of these children would respond to adjuvant treatment with
131-1. At the end of our study's follow-up, it was surprising to find that a larger
number of patients (55%) were free from disease compared to our initial estimate.
Only 28% of the patients were found to have identifiable disease after approximately
8 years of follow-up. It is worth mentioning that there were no deaths related to the
disease, despite the initial risk of recurrence being estimated in more than half of the
patients (64%). This leads to the thought that, or the initial staging of patients
overestimates the chance of recurrence in children, and we need to add new criteria
to improve the performance of the initial assessment, or that the high-risk pediatric
population is more sensitive to treatment and may not need intensive treatments.

We try to better understand the role of the NIS in this context of prognostic
relationship. Morari et al.?® cited 13 adult patients who died from DTC and had NIS
negativity in their tumor cells. In one of the few child studies, Patel et. al. 28
demonstrated, despite a much smaller number of patients than this and using a

different staging system than that recommended by the ATA'®, a lower risk of
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recurrence in differentiated thyroid tumors was seen in that who carried positive
expression for NIS by IHC. In a recent study, Lee et. al.?” demonstrated a dramatic
131-I reuptake response following targeted therapy targeting NTRK and RET/PTC
fusion in patients with metastatic disease previously considered iodorefractory.

In this study, we were unable to determine the relationship between NIS
expression and the patients' final response to the treatment, but we were able to
notice that those who had positive expression for NIS were less exposed to
retreatment with 1-131 (p 0.05). Possibly these patients could also receive lower
doses of RIT, but due to the retrospective nature of the study with patients diagnosed
on dates prior to the ATA Pediatric Guideline’®, where higher doses of 131-1 were
used for metastatic or even low-risk patients, it was not possible to find significance
relating NIS to cumulative 131-1 doses (p 0.39). We, therefore, suggest new studies
that can evaluate the expression of NIS associated with other clinical or laboratory
parameters (such as stimulated thyroglobulin) to determine the ideal dose of RIT in
metastatic patients and reduce complications related to ionizing radiation.

In our previous study, we were able to demonstrate the relationship between
the patient molecular signature and clinical parameters, associating greater severity
of presentation with some mutational profiles and characteristics related to puberty.
In that study, we were unable to link the NIS protein with these important clinical
factors or molecular profiles. So, we choose to revisit the expression of NIS, this time,
through its coding gene SLC5AS to better understand possible associations not
found.

In this study, we were also unable to demonstrate an association between
SLCS5AS expression and the molecular signature of pediatric DTC, except with the

gene STRN::ALK, which maintained a higher expression in all patients who carried
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the mutation. Studies that attempt to relate this association generally use the
mutational profile of adults. Romei et. al.?® demonstrated that the BRAF_V600E
mutation (the most common mutation found in adult tumors) leads to lower
expression of NIS, while the same does not occur with the RET/PTC fusion). Tavares
et. al.?° revealed genetic profiles associated with lower NIS expression, finding
BRAF_V600E mutations and those that carry RAS and TERT as associated with
SLCS5A5 underexpression. Here, we were unable to demonstrate that the
BRAF_V600E mutation was associated with lower NIS expression, but it is worth
reporting that only 7 patients presented this mutation of whom 4 of these also
presented other mutations in the same tumor (1 was associated with the NTRK
fusion and 3 with the RET/PTC). Of those with a single BRAF_V600E mutation, 2 did
not demonstrate SLC5A5 expression and 1 was positive.

Once again, we demonstrate that there is no impact of NIS or SLC5A5
expression on the final response to treatment of children and adolescents CDT. This
is an important point of view since at the current time new target-drugs capable to
redifferent tumor cells that were previously iodine refractory are in process of
development. A recent study published by Nikitski et.al.*° demonstrated the
restoration of radioiodine uptake in patients who had inhibition of ALK signaling upon

NIS downregulation induced by the STRN::ALK fusion. Previously, Hong et. al.%, Liu

et. al.’%, and Van Nostrand et. al." had also published their research on differentiation
therapy in thyroid tumors. There are no studies covering the pediatric population on

this topic, but a better understanding of how the NIS is expressed and the molecular

profile in pediatric DTC can determine the profile of patients who benefit from the

development of target drugs such as these.
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Regarding the limitations of this study, a low sample size of childhood thyroid
tumors limits further evaluations, but given a rare tumor in childhood and few studies,
we understand the importance of the entire evaluation carried out here.
Retrospective studies like this one lead to a lack of data standardization. Although we
were careful to exclude those with insufficient information, data such as those related
to the dose administered to metastatic or even low-risk CDT pediatric patients may

have limited the finding of greater statistical relevance.

Conclusions

Pediatric DTC expresses the NIS protein in smaller quantities in relation to its
coding gene SLC5A5, determining that intrinsic factors interfere with tumor gene
expression. Patients with higher expression of NIS require less retreatment with RIT
and possibly lower doses, which can be used as a factor for deciding on adjuvant
treatment. The molecular profile of pediatric thyroid tumors was not associated with a
different expression of NIS, different from that demonstrated for mutations in adults.
New studies using the pediatric population are necessary to improve staging and

management of DTC, in addition to stimulate research into specific target drugs.
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Tables

Table 1 — Clinical and histological characteristics of 72 patients with stored sample.

CATEGORY (';2 OORRMSI-EDD..) MINIMUM | MAXIMUM
NUMBER OF PATIENTS 72 - -
FOLLOW-UP (YEARS) 8.6 (+5.9) 0.6 23
FEMALE GENDER 47 (65%) - -
AGE AT DIAGNOSIS (YEARS) 15.0 (+ 3.7) 4.7 18.8
COMPLETE PUBERTY 43 (60%) - -
PAPILLARY TYPE 70 (97%) - -
TUMOR SIZE (CM) 2.5 (+ 1.6) 0.8 5.6
NODAL METASTASIS 51 (71%) - -
DISTANT METASTASIS 16 (22%) - -
ATA PEDIATRIC RISK GROUP
Low 19 (26%) - -
INTERMEDIARY 7 (10%) - -
HIGH 46 (64%) - -
1131 MEDIAN CUMULATIVE DOSE (mCi) 150 (+ 160) 30 800
PATIENTS WITH MULTIPLE (> 1) RIT 16 (22%) 1 5
TREATMENT RESPONSE AT THE END OF
FOLLOW-UP
EXCELLENT RESPONSE 40 (55%) - -
INCOMPLETE BIOCHEMICAL RESPONSE 3 (4%) - -
INDETERMINATE RESPONSE 9 (13%) - -
INCOMPLETE STRUCTURAL RESPONSE 20 (28%) - -

ATA - American Thyroid Association, 1-131 - lodide-131, mCi - millicurie, RIT — Radiolodine treatment
N. — Number, Med. — Median, S.D. — Standard deviation.
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Table 2 — Results of NIS expression associated with clinical and response to therapy.

Expression Expression
Category | SLC5A5- SLC5A5+ p NIS - NIS + p
Total population | 33 (46%) 39 (54%) - 54 (75%) 18 (25%) -

NIS+ | 5 (7%) 13 (18%) 0.10 | - - -

NIS - | 28 (39%) 26 (36%) - -

Female gender | 22 (31%) 25(35%) >0.99 | 34 (47%) 13(18%) 0.57

Male gender | 11 (15%) 14 (19%) 20 (28%) 5 (7%)

Complete puberty | 21 (28%) 22(31%) 0.10 | 31(43%) 12(17%) 0.58

Un or Incomplete puberty | 12 (17%) 17 (24%) 23 (32%) 6 (8%)

Distant Metastasis Yes | 7 (10%) 9 (12%) >0.99 | 14 (19%) 2 (3%) 0.32

Distant metastasis No | 26 (36%) 30 (42%) 40 (56%) 16 (22%)

ATA High Risk Yes | 22 (31%) 24 (33%) 0.80 | 36 (50%) 10 (14%) 0.41

ATA High Risk No | 11 (15%) 15 (21%) 18 (25%) 8 (11%)
Multiples (> 1) RIT | 11 (15%) 5 (7%) 008 | 15(21%) 1(1%)  0.05
Unique RIT | 22 (31%) 34 (47%) 39 (54%) 17 (24%)

Dose <150 mCi | 8 (11%) 14 (19%) 032 | 15(21%) 7 (10%) 0.39

Dose >150 mCi | 25 (35%) 25 (35%) 39 (54%) 11 (15%)

Excellent response No | 13 (18%) 19(26%) 048 | 25(35%) 7(10%) 0.78

Excellent response Yes | 20 (28%) 20 (28%) 29 (40%) 11 (15%)

Structural incomplete response No | 26 (36%) 26 (36%) 0.30 | 37 (51%) 15(21%) 0.36

Structural incomplete response Yes | 7 (10%) 13 (18%) 17 (24% 3 (4%)

NIS - Sodium-lodide symporter, ATA - American Thyroid Association, RIT - Radiolodine treatment,
mCi - miliCurrie



Table 3 — Results of NIS expression associated with genetic molecular profile.

Expression Expression
Category | SLC5AS5 - SLC5AS5 + p NIS - NIS + p
Total population | 13 (36%) 23 (64%) - 25 (69%) 11 (31%) -
RET/PTC fusion No | 4 (11%) 13 (36%) 0.61 10 (28%) 7 (19%) 0.28
RET/PTC fusion Yes | 9 (26%) 10 (28%) 15 (42%) 4 (11%)
NTRK fusions No | 10 (28%) 11 (31%) 0.15 14 (39%) 7 (19%) 0.73
NTRK fusions Yes | 3 (8%) 12 (33%) 11 (31%) 4 (11%)
AGK::BRAF fusion No | 13 (36%) 20 (56%) 0.53 | 22(61%) 11 (31%) 0.54
AGK::BRAF fusion Yes | 0 3 (8%) 3 (8%) 0
BRAF_V600E No | 10 (28%) 19 (53%) 0.67 | 21(58%) 8 (23%) 0.65
BRAF_V600E Yes | 3 (8%) 4 (11%) 4 (11%) 3 (8%)
STRN::ALK fusion No | 13 (36%) 19 (53%) 0.27 | 23 (63%) 9 (25%) 0.57
STRN::ALK fusion Yes | 0 4 (11%) 2 (6%) 2 (6%)

NIS - Sodium-lodide symporter
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Figure 1 — Comparable of SLC5A5 / GAPDH median expression.
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5- Comentarios e discussao geral

Nesta tese, ao usarmos o CDT pediatrico como modelo, percebemos a
complexidade de se tentar definir um tumor maligno apenas por sua histologia,
forma de apresentacéo ou resposta ao tratamento proposto. Mesmo ao analisarmos
mais a fundo, levando em consideragao as alteracdes moleculares representativas
de uma classe de cancer, muitas vezes falhamos em prever seu comportamento.
Hoje, cada vez mais entendemos que mecanismos genéticos e pos-transcricionais
estdo atuando em conjunto associados a toda a maquinaria celular para modificar
mecanismos proliferativos ou anti-apoptoticos.3°

Para elaborar estudos e condutas sobre o cancer usando a populagao pediatrica,
nao basta apenas selecionar pacientes abaixo de uma determinada idade e aplicar
as mesmas orientagcdes destinadas a adultos. Devemos saber que estaremos diante
de uma doenca rara, com diversos fatores peculiares a estes individuos como, por
exemplo, o processo de crescimento, a complexidade do fenbmeno da puberdade
ou mesmo um perfil genético diferenciado que podem isoladamente ou de forma
associada, atuar como modificadores de incidéncia, apresentacao e respostas ao
tratamento.?%3" A crianga ndo é um “adulto pequeno”.

Exemplificando este cenario, estudos sobre pacientes com CDT diagnosticados
antes dos 18 anos de idade revelam uma apresentacao bem diferente da populagao
adulta.® Além disso, dentro do subgrupo representado pela prépria populagéo
pediatrica, existem caracteristicas dicotdmicas, em que pacientes com idade maior
que 10 anos de idade se associam a uma apresentagao mais branda da doenca
quando comparado ao diagnostico de pacientes em idade mais jovem.%"

Um dado interessante relacionado ao CDT de forma geral € o maior
acometimento de pessoas do sexo feminino, algo raro na oncologia quando
excluidos os canceres ginecoldgicos e de mama.3? Fato curioso é que quando
analisamos somente criangas, algo ocorre mais uma vez perto dos 10 anos de idade
a ponto de modificar a relagdo de prevaléncia entre os sexos. Entre os mais jovens
ha um maior diagnostico da doenga no sexo masculino e a partir dos 10 anos de
idade esta relagéo se inverte, com predominio bem maior do sexo feminino,33
seguindo assim por toda a vida adulta.” Associado a este fato, também chama a
atencdo um pico de incidéncia do CDT pediatrico na adolescéncia, principalmente
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em meninas de 15 anos, representando o segundo cancer mais diagnosticado em
meninas dessa faixa etaria.’

Foi a partir deste cenario que comegamos a cogitar uma possivel influéncia da
puberdade implicada no processo de desenvolvimento do cancer de tireoide
pediatrico. Acreditavamos que possivelmente a atuacao de esteroides sexuais,
prioritariamente o estrogénio, poderia ser um gatilho para a génese do tumor, visto
gue antes dos 10 anos de idade a exposicado a este horménio seria minima, com um
aumento gradual na puberdade e maior entre aqueles do sexo feminino. Os estudos
de Imai et.al.3* e Joseph et.al.*> descrevendo possiveis conexdes de estrogénio com
o tumor tireoidiano e a associagao de cancer de mama com o cancer de tireoide
tornaram-se incentivadores para que avaliassemos a hipétese da puberdade e do
estrogénio como associados ao CDT pediatrico.

Revimos nossos dados publicados em 2016 que confirmavam a prevaléncia do
sexo feminino a partir dos 10 anos'® e objetivamos entdo avaliar em 202236 a
associagao da doenga com receptores de estrogénio e progesterona. Neste ultimo
estudo citado, ndo conseguimos confirmar nossa hipétese de relagao direta entre
estrogénio e o CDT pediatrico, talvez pela técnica adotada, mas muito
possivelmente pelo baixo numero de amostras representativas de uma doenca rara.

Nesta tese voltamos a estudar o sexo feminino e a puberdade atrelados ao CDT
pediatrico. Aqui, demonstramos a mudancga da relagao de prevaléncia da doenca
entre sexos masculino e feminino, mas agora ndo mais atrelada a idade, mas ao
fendbmeno de puberdade completa. Também fomos capazes de confirmar uma maior
agressividade da doencga, categorizada como um maior numero de metastases, em
pacientes com puberdade ndo-completa. Estes resultados estdo mais bem
detalhados em um dos artigos resultantes desta tese intitulado “Distinct genetic
profiles, puberty and sodium-iodide symporter (NIS) in pediatric differentiated thyroid
carcinoma’”.

Uma outra caracteristica relacionada ao CDT pediatrico que nos estimula a
aprofundar nosso conhecimento € o fato de uma doenga maligna com apresentagéo
mais agressiva possuir taxas de mortalidade extremamente baixas, principalmente
compara a adultos."8

Este foi um questionamento que se seguiu apos as analises preliminares e
revisdo da literatura. O fato de existirem poucos estudos na area dificultavam este
entendimento. A existéncia de praticamente um Unico Guideline (ATA, 2015)7, que
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refere entender as peculiaridades da populagao pediatrica, mas mantém muitas
recomendacgdes baseadas na populagdo adulta poderia estar nos levando a
possiveis vieses ou mesmo excesso de tratamento para pacientes menores de 18 -
20 anos.

Assim, entender melhor o estadiamento, os métodos utilizados para classificar os
pacientes em risco de recidiva e principalmente a resposta ao tratamento utilizado
passaram a ser o cerne desta pesquisa. De forma mais objetiva, como poderiamos
aperfeicoar as recomendagdes do Guideline pediatrico?

Optamos inicialmente por rever a orientagcdo da ATA Pediatrica de utilizar a PCI-
diagnostica para o estadiamento de pacientes pediatricos. Em nossa experiéncia,
haviamos percebido discrepancias de achados de imagem entre a PCl-diagndstica e
a PCI pos-tratamento. Em 2013, Bravo et.al.’” demonstrava este fato, mas o
Guideline de 2015 seguiu sugerindo a utilizagdo da PCI diagndstica como norteador
de avaliagao de metastases. Nossa interpretacado é que a aplicacéo de baixa
atividade (geralmente s&o instituidos 1 a 2 mci de radioatividade) de lodo-131 na
PCl-diagnostica poderia estar levando a resultados falso-negativos, principalmente
entre aqueles com muita doenca metastatica em que o iodo precisar se distribuir em
diversas células tumorais.

Avaliamos entdo os estudos por imagens funcionais (PCl) com lodo-131 em uma
coorte de 127 pacientes submetidos a RIT, tendo 66 deles realizado a PCI-
diagnostica. Foi confirmado neste estudo que a PCl-diagndstica teve uma baixa
sensibilidade em detectar metastase a distancia e um valor preditivo negativo de
apenas 74%. Um dos principais destaques desta primeira fase da pesquisa foi o
encontro de uma discrepancia na detec¢ao de doenca metastatica em 48% entre a
PCl-diagnostica e a PCl-pés-tratamento, confirmando assim muitas imagens falso-
negativas na PCl-diagndstica e que determinaram o emprego de atividade de lodo-
131 abaixo do ideal para o tratamento. Portanto, a PCl-diagndstica condicionava um
subestadiamento da doenca em quase metade dos pacientes, com necessidade de
retratamento com RIT em alguns destes.

Neste primeiro estudo também pudemos comparar a performance da PCl e da
Tgs em detectar doenga metastatica. Revelamos primeiramente que a mediana dos
niveis de Tgs em nossos pacientes onde nao seria indicado tratamento com RIT
(16,5 ng/dl naqueles classificados como baixo risco de recorréncia) foram mais
elevados que os descritos no Guideline' (> 10 ng/dl) para indicar tratamento com
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RIT independente do encontro de metastases. Este dado demonstra que muitos dos
nossos pacientes (aqueles com Tgs > 10 ng/dl) receberiam RIT, apesar de
representarem um baixo risco de recorréncia. Também foi demonstrado que os
valores de Tgs encontrados apos a tireoidectomia estdo associados a um risco
diferenciado de recorréncia (baixo 16,5 ng/dl; intermediario 11,3 ng/dl; alto 45ng/dl; p
0,001) e a uma resposta excelente (Tgs 13 ng/dl) ou ndo-excelente (48,9 ng/dl) ao
final do seguimento (p 0,004), além de possuir uma melhor performance quando
comparados a PCl-diagndstica.

O artigo relacionado a esta tese intitulado “Stimulated thyroglobulin and
diagnostic 131-iodine whole-body scan as a predictor of distant metastasis and
association with response to treatment in pediatric thyroid cancer patients” detalha os
achados acima descritos e conclui que a PCl-diagndstica pode ser dispensavel e
que a Tgs pode ser um importante fator prognéstico.

A PCI com lodo-131 como um exame funcional na procura de metastases
depende da manutencao da proteina NIS na célula tumoral. O lodo-131, portanto,
possui uma propriedade dita teragndstica, pois atua tanto diagnosticando, como
servindo de tratamento para células tireoidianas tumorais.'? Acontece que algumas
das células tumorais perdem a capacidade de expressar o NIS, dificultando assim a
acdo radioativa do lodo-131."5-17 Esta incapacidade de expresséo vem sendo mais
amplamente estudada com o desenvolvimento de terapias-alvo que permitem uma
reexpressao do NIS em tumores antes considerados iodo-refratarios, favorecendo
um novo ataque as células tumorais com RIT.18-20

Alguns estudos demonstram que o perfil genético do tumor esta relacionado com
detecgbes diferenciadas de NIS ou de expressdes seu gene codificante SLC5A5.38-3°
Como exemplo, Romei et. al.®®* demonstrou que tumores que carreiam a mutagéo
BRAF _V600E parecem expressar menos o NIS, diferentemente daqueles que
expressavam a fusdo RET/PTC. Em um dos principais estudos sobre o assunto,
Tavares et al.'® revelou uma menor detecgdo e expresséo de NIS nos CDT e
associou a expressao com a resposta ao tratamento e com o perfil molecular do
tumor.

Poucos estudos avaliaram o NIS no CDT de criancas e adolescentes.?'-23
Entendemos que este € um assunto extremamente relevante uma vez que possuem
uma apresentacido com mais metastases, conferindo a necessidade de tratamento

adjuvante em mais de 70 % dos pacientes e por possuirem uma assinatura
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molecular diferenciada de adulto, o que poderia determinar também expressdes
alteradas do NIS, como antes mencionado. Além disso, a otimizagdo da atividade de
lodo-131 ou numeros de retratamento poderiam sofrer influéncia desta expressao,
podendo ser aventado uma menor atividade naqueles com maior expressao de NIS,
reduzindo riscos de complicacdes associadas a terapia ionizante.

Assim, desenvolvemos como objetivo principal desta tese a avaliagdo da
deteccdo da proteina NIS e expressao do gene SLC5A5 no CDT pediatrico e
avaliamos em conjunto, o perfil molecular, a apresentagao clinica e a resposta ao
tratamento ao final do seguimento.

Inicialmente achamos que a avaliagdo da detecg¢ao proteica através da imuno-
histoquimica poderia responder nossas duvidas, mas ao avaliarmos uma baixa
detecgao da proteina NIS nas células tumorais a despeito de uma excelente
resposta ao tratamento no final do seguimento, entendemos que deveriamos avaliar
a relagao gene-proteina (SLC5AS - NIS) e possiveis moduladores desta expresséo,
como puberdade e a assinatura molecular do tumor.

Aqui é importante ser citado que a assinatura genética tumoral ja era associada
a diferencas progndsticas e que o perfil de criangas e adolescentes é bem diferente
daquele descrito para adultos. Um maior numero de rearranjos no lugar de mutagdes
pontuais € mais encontrado nos CDT pediatricos. A fusdo RET/PTC é a mais
comum, além de genes como NTRK, AGK, ALK, BRAF. Em relagao as relagdes
prognosticas, Franco e colaboradores *° demonstraram um pior progndstico entre os
CDT pediatricos que carreavam as fusées com RET e NTRK. Em 2019
demonstramos que a fusdo AGK::BRAF esteve mais associada com metastases a
distancia.*’

Nesta tese pudemos demonstrar que o perfil genético tumoral se associou
também com a puberdade. Criangcas sem puberdade completa estavam mais
associados com fusdes tipo NTRK ou AGK::BRAF e a0 mesmo tempo mais
relacionados a uma pior apresentacdo da doencga, diferentes daqueles com
puberdade completa, em que encontramos mutag¢des mais parecidas com a de
adultos jovens como BRAF_V600E e uma maior prevaléncia do RET/PTC, mas
clinicamente associado a menores taxas de metastases. Assim, justificamos que a
apresentacao e a resposta ao tratamento do CDT pediatrico ndo estdo associadas a
puberdade ou assinatura molecular de maneira isolada, mais sim a condi¢cdes

mutuamente inclusivas.
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Independente deste perfil molecular dicotdbmico, ndo houve registro de 6bitos
entre os pacientes e o0 numero daqueles com evidéncia de doenga (Resposta
Estrutural Incompleta) ao final do seguimento foi bem menor (18 — 28% da
populagao avaliada) que o previsto ao utilizar o sistema de estadiamento ao
diagndstico (56 — 58 %). Isto nos leva a pensar que possamos estar errando ao
classificar os pacientes pediatricos no risco de recorréncia (detalhado no inicio desta
discuss&o) ou existem outros fatores associados a uma melhor resposta ao
tratamento, podendo ser uma maior sensibilidade ao RIT e ndo o perfil molecular
isoladamente.

Avaliamos entéo a detecgao da proteina NIS e posteriormente a expressao do
gene SLC5AS nas células tumorais tireoidianas de criangas e adolescentes.

Neste estudo, percebemos um baixo numero de amostras com detecc¢éo da
proteina NIS, o que poderia determinar piores respostas ao tratamento adjuvante,
apesar de termos demonstrado excelentes taxas de resposta e mortalidade igual a
zero. Avaliando entdo a expressao de seu gene codificante, como esperado, houve
uma associagao da proteina com o gene (p 0,02), porém com o NIS sendo
detectado em menos amostras (25%) que a expresséo do gene SLC5A5 (54%). Isto
€ mais um indicador de que fatores pds-transcricionais estao atuando sobre a
incorporagao do NIS na membrana das células tumorais.

Cabe relatar que para a sua atuacao, o lodo-131 necessita, além da sintese
proteica do NIS, da sua incorporagao em uma localizac&o especifica na célula que &
a membrana plasmatica. Entender entdo possiveis fatores transcricionais e pos-
transcricionais e como eles atuam é fundamental na otimizagao do tratamento do
CDT pediatrico.

Das analises realizadas, apenas identificamos a expressao do SLC5A5
associada com a fusdo STRN::ALK (p 0,002). Nao conseguimos de maneira
significativa associar a expressédo do NIS com puberdade, sexo, apresentacao da
doenga, resposta ao tratamento ou outros perfis mutacionais. Um dado encontrado e
significativo foi a maior expressao naqueles que fizeram menores numeros de RIT (p
0,05) e possivelmente entre aqueles com menores doses acumulativas (p 0,08),
sugerindo que a avaliagdo do NIS pode otimizar o tratamento com RIT com
necessidade de menores doses de lodo-131 naqueles com maior expressao.

O artigo “Reuvisiting the expression of the Sodium-lodide Symporter (NIS) through
the SLC5AS5 gene in pediatric differentiated thyroid carcinoma. A study on the
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assessment of NIS and its association with molecular profile and treatment in
pediatric thyroid cancer.” trata das analises realizadas para o NIS e o gene SLC5AS.
A figura 2 aqui replicada a partir deste artigo (Artigo 3) facilita a avaliagédo das
principais alteragdes individuais encontradas, podendo ser visto o paciente em sua
integralidade e como subgrupo para expressao de SLC5AS. A figura 3 traz um
resumo dos achados clinicos associados ao estagio puberal e principais alteragdes
moleculares encontradas neste estudo.

Quanto as principais limitagdes deste estudo temos aquelas relacionadas a
analise retrospectiva, como por exemplo a interrupc¢ao da utilizagcao da PCI-
diagnostica de maneira sistematica em nosso servigo desde 2015, levando a um
baixo numero de pacientes com este dado para analise. Ainda assim, conseguimos
demonstrar sua ndo necessidade.

A falta de uma padronizagao para avaliagao de puberdade em prontuarios,
principalmente entre os mais antigos, foi mais um fator relacionado ao carater
retrospectivo. Minimizamos esta analise ao utilizar o critério “puberdade completa”
adotado na literatura e descrito em nosso artigo® que descrevem a mediana de
idade de meninos no Brasil com puberdade completa (G5) de 15,8 anos de idade.
Ainda assim, optamos por usar o ponto de corte de 16 anos de idade no sexo
masculino para garantir que realmente estavamos diante uma populagdo com
puberdade completa, além de usarmos o marcador de menarca entre as meninas,
este mais estabelecido.

Também entendemos que o numero total de amostras tumorais possa ter sido
pequeno. Isto fica claro quando atingiamos valores estatistico de p proximo ao de
significancia. Cabe aqui relatar que usamos como modelo uma doenga rara e que a
nobreza representada pelo material tumoral de uma tireoidectomia € unico e n&o
podia ser esgotado. Fizemos questdo de tomar este cuidado de forma que em
alguns pacientes ndo pudemos fazer toda a analise pretendida.

O custo de pesquisas translacionais também se torna impactante e este foi um
dos motivos de a tese ter sido feita em etapas.

Em relagao as perspectivas futuras, entendemos a necessidade de novos
estudos sobre a atuacéo dos esteroides sexuais no cancer de tireoide para
respondermos definitivamente se ha uma atuagao do estrogénio na génese tumoral,
principalmente na populacao pediatrica. Estes dados podem favorecer uma

mudanga no tratamento do CDT, assim como ocorreu no cancer de mama ao se
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utilizar inibidores de agao do estrogénio. Também sugerimos o desenvolvimento de
outros estudos que validem os valores séricos mais altos de Tgs na populagéo
pediatrica e sua incorporagao no estadiamento da doenga. Outro ponto importante,
ao entendermos que fatores pds-transcricionais estdo associados ao
desenvolvimento do cancer, necessitamos nos aprofundar mais sobre pesquisas em

protedmica e metabolémica para melhor entender a relagao gene-proteina.
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6 — Conclusoes

As alteragdes moleculares tipo rearranjo/fusdo estdao mais presentes nos
tumores pediatricos, sendo a RET/PTC a mais encontrada. O NIS foi detectado em
25% das células tumorais de criangas e adolescentes com CDT, apesar de uma
maior expresséo (55%) de seu gene codificante SLC5AS.

A PCl-diagndstica possui uma baixa performance na detec¢cdo de metastase a
distancia e na modalidade progndstica, podendo ser preferivel os valores de Tgs
como preditores de resposta ao tratamento.

A puberdade determina mudancas na prevaléncia entre os sexos e menor
gravidade na apresentagdo da doenga, mas ndo modificam a resposta ao
tratamento.

As fusées com NTRK e o AGK::BRAF estao mais presentes em criangas
menores, grupo que apresenta maior gravidade de apresentagcédo da doenga,
enquanto aqueles com puberdade completa apresentam mutagdées mais parecidas
com a de adultos jovens (BRAF_V600E e RET/PTC), grupo mais associado a
menores taxas de metastases. Apesar deste perfil dicotdmico, a assinatura genética
nao interfere na resposta ao tratamento, mantendo a populagao pediatrica com altas
taxas de sobrevida.

A proteina NIS se associou com menores necessidades de tratamento com
RIT, e apesar de estar associada ao seu gene codificante SLC5A5, n&o revelou
expressoes diferenciadas associadas a puberdade, critérios clinicos, resposta ao
tratamento ou a um perfil molecular especifico, exceto uma maior expressao entre

aqueles que carreiam a fusdo STRN::ALK.
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8 - Anexos

Tabelas

Tabela 1 — Sistema de estadiamento inicial para o carcinoma diferenciado de tireoide

pediatrico.
CATEGORIA DE RISCO DA .
. DEFINICAO
ATA PEDIATRICA
Doenca confinada a tireoide com auséncia ou
desconhecimento de acometimento de linfonodo ou
BAIXO ) . o .
pacientes com doenca linfonodal incidental em nivel cervical
VI.
. Doenca linfonodal extensa em nivel cervical VI ou minimo
INTERMEDIARIO
acometimento linfonodal cervical fora do nivel VI.
Doenca linfonodal extensa fora do nivel cervical VI ou
ALTO doenca localmente invasiva, com ou sem metastase a
distancia.

Adaptado do Guideline da ATA 2015".
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Tabela 2 — Classificagao de resposta ao tratamento para o carcinoma diferenciado

de tireoide.
CATEGORIA DE
RESPOSTA ACHADOS
EXCELENTE Imagem negativa e Tg < 0,2 ng/ml ou Tgs < 1 ng/ml
BIOQUIMICA Imagem negativa e Tg zt_1 _Ir_19/ml 0L|| Tg 2 10 ng/ml ou Anticorpos
INCOMPLETA anti-1g em elevagao
Evidéncia de doenca estrutural ou funcional com qualquer nivel de
ESTRUTURAL ; : .
INCOMPLETA Tg, independente do anticorpo anti-Tg

INDETERMINADO

Achados inespecificos nos estudos de imagem, PCIl com captagao
no leito tireoidiano, Tg detectavel, mas < 1 ng/ml ou Tgs < 10 ng/ml
ou anticorpos anti-Tg estaveis ou em declinio na auséncia de
doenca estrutural ou funcional

Adaptado do Guideline de adulto da ATA.” Tg - Tireoglobulina, Tgs — Tireoglobulina estimulada, Anti-
Tg — Anticorpo anti-tireoglobulina, PCI — Pesquisa de corpo inteiro.
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Figura 2 — Analise individual dos 72 pacientes com avaliagao de NIS e SLC5A5 em mesma amostra,
ordenados por idade cronoldgica e divididos por expressao de SLC5A5.



No or Incomplete Puberty

AGK::BRAF o e
NTRK fusions [|__|P ﬂ
Prevalence

Aggressive
presentation

115

Complete Puberty

[ ]
= ﬂ RET/PTC
@ BRAF_V600E
Prevalence

Aggressive
presentation

Distant
metastases

AGE (Years)

Figura 3 — Resumo dos achados clinicos associados a puberdade.



