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RESUMO

O carcinoma diferenciado de tireoide (CDT) constitui a neoplasia maligna mais
comum do sistema endocrinoldgico na infancia. O CDT em criangas e adolescentes
costuma se apresentar como uma doenca mais extensa e agressiva em relacdo a
populacdo adulta, porém apresenta um progndstico excelente, mesmo em casos de
doenga avancada. No entanto, alguns pacientes apresentam doenca persistente e/ou
recorrente que leva a aumento da morbidade. De fato, um grande desafio no manejo do
CDT ¢ a identificacdo desta parcela de pacientes, com maior risco de desfechos
desfavoraveis. Desse modo, um passo fundamental na avaliagdo dos pacientes com
CDT consiste na determinacdo do prognostico individual. Para tanto, devem ser
analisados os fatores progndésticos conhecidos relacionados ao paciente e ao tumor e 0s
sistemas de estratificacdo existentes (TNM/AJCCN, classificacdo de risco da American
Thyroid Association e estratificacdo dinamica de risco). No artigo de revisdo abordamos
criticamente o CDT em criancas e adolescentes, com especial énfase na apresentagédo
clinica, tratamento cirdrgico, avaliacdo de risco, acompanhamento e perspectivas futuras
da doenca. Salientamos quatro aspectos importantes: 1) as diversas diferencas existentes
entre o CDT pediéatrico e adultos na patofisiologia, apresentacdo clinica e desfechos em
longo prazo da doenca; 2) existem grandes divergéncias em relagéo ao papel dos fatores
prognosticos e sua associacdo com doenca persistente/recorrente; 3) os sistemas de
estadiamento e classificaces de risco provém, na sua maioria, de estudos realizados em
adultos, o que dificulta a sua aplicacdo para a populacdo pediatrica; 4) embora ainda
sejam necessarios mais estudos, os marcadores moleculares parecem ser um importante
fator prognoéstico nas criancas e adolescentes com CDT, além de permitirem,
futuramente, o uso de terapias-alvo para tratamento individualizado.

No nosso estudo que avaliou o papel da tireoglobulina estimulada pds-operatoria
(sPOTg) como fator prognéstico do CDT em criangas e adolescentes, demonstramos
que esse exame possui alta acuracia para predizer o risco de doencga persistente nessa
populagéo.

No nosso estudo que avaliou o papel da estratificacdo dindmica de risco em
criangas e adolescentes com CDT, encontramos que ela é um forte preditor de desfecho
da doenca, podendo ser util na definicdo de estratégias de acompanhamento da doenca.
Além disso, reforcamos o papel da sPOTg e sua associagdo com doenga persistente,
sendo que o valor de ponto de corte com maior sensibilidade e especificidade foi de
37,8 ng/mL.
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OBJETIVOS

Objetivo geral
O objetivo dessa tese de doutorado é avaliar aspectos relacionados ao cancer
diferenciado de tireoide em criancas e adolescentes que possam auxilar no manejo

desses pacientes.

Objetivos especificos

Revisar criticamente o carcinoma diferenciado de tireoide em criancas e
adolescentes, com énfase nos tépicos de apresentacdo da doenca, tratamento cirurgico,
avaliacdo de risco, acompanhamento e perspectivas futuras.

Avaliar os fatores prognoésticos associados com doencga persistente, com
interesse particular na analise da tireglobulina estimulada pds-operatéria em uma coorte
contemporanea de criancas e adolescentes em acompanhamento em um centro de
referéncia do sul do Brasil.

Avaliar o papel da estratificacdo dinamica de risco como ferramenta prognostica
para estratificacdo de risco de doenca em uma coorte contemporanea de criangas e
adolescentes em acompanhamento em quatro diferentes centros de referéncia no sul do

Brasil.
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INTRODUCAO

O céncer de tireoide € raro na infancia, porém constitui a neoplasia maligna mais
comum do sistema endocrinoldgico nessa faixa etaria, sendo responsavel por 1,5 a 3%
dos carcinomas em criancas e adolescentes nos Estados Unidos e Europa (1,2). No
mundo, a incidéncia anual da doenca em criancas varia entre 0,54 casos por 100.000 (3)
a 1 caso por milhdo (1, 4). No Brasil, a incidéncia pode alcancar 2% de todas as
neoplasias pediétricas (5). Dados recentes do National Cancer Institute Surveillance,
Epidemiology, and End Results (SEER) demostraram aumento na sua incidéncia em
pacientes com menos de 20 anos (6). Em uma base populacional americana que incluiu
2504 pacientes pediatricos com carcinoma papilar de tireoide (CPT), avaliados entre
1973 e 2011, a taxa de aumento da incidéncia foi da ordem de 2% ao ano (figura 1) (7).
O mesmo estudo (7) também demonstrou que esse aumento ocorre especialmente na
faixa de idade de 10-19 anos. O cancer de tireoide € mais comum no sexo feminino (8-
11), sendo que dados recentes de um estudo italiano (9) demonstraram que a faixa de
idade de 15-19 anos é onde existe a maior diferenca na razdo mulher/homem na

incidéncia da doenca, chegando a uma proporcao maior do que 5:1.

Os dois tipos histoldgicos mais comuns do cancer de tireoide sdo o0 CPT e 0
carcinoma folicular de tireoide (CFT), denominados de carcinomas diferenciados da
tireoide (CDT) e correspondendo a mais de 95% dos casos das neoplasias malignas da
tireoide (8,12,13). O CPT é a forma mais comum na populacdo pediatrica,
representando mais de 90% dos casos (8). Em crian¢as mais novas (abaixo dos 10
anos), os subtipos esclerosante difusa e variante folicular do CPT sdo mais frequentes
(14). Os CDT sdo originarios das células foliculares e preservam as caracteristicas das
células foliculares normais, como a sintese e secrecdo de tireoglobulina (Tg), e captacédo
de iodo (15).

O CDT é considerado uma neoplasia de comportamento indolente com baixas
taxas de morbidade e mortalidade. O prognostico nas criancas e adolescentes é
considerado excelente, mesmo em casos de doenca avancada (8,16,17). Porém,
pacientes diagnosticados com CDT antes dos 10 anos de idade parecem ter um
prognostico pior (18,19). Um estudo populacional norte americano, realizado entre os
anos 1992 e 2014, encontrou uma taxa de sobrevida em 20 anos, independente do
estadiamento ao diagnostico, de 96,3% e 99,7% no CFT e CPT, respectivamente (figura
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2A) (9). Nos pacientes com doenca localizada apenas na tireoide ou restrita a regido
cervical, as taxas de sobrevida em 20 anos foram de 98,9% e 98,0%, respectivamente
(9). Nos pacientes com doenga metastética ao diagndstico, a sobrevida em 20 anos foi
de 87,1% (figura 2B) (9). Cerca de 30 a 45% das criangas com metastases pulmonares
desenvolvem doenca persistente, porém estavel, apos terapia com iodo radioativo (RAI)
(20,21). De forma interessante, parece ocorrer uma resposta clinica continuada,
observada através do declinio dos niveis de Tg ap6s o término do RAI em criangas com
metastases pulmonares (22). No entanto, parte destes pacientes apresenta curso clinico
mais agressivo, com altas taxas de doenca persistente e recorréncia com alta morbidade
e aumento da mortalidade. De fato, um grande desafio no manejo do CDT é a
identificacdo desta parcela de pacientes com maior risco de desfechos desfavoraveis.

O conhecimento e a identificacdo de fatores que auxiliem na avaliacdo de risco
sdo de fundamental importancia no manejo do CDT. A individualizacdo do risco de
morte e/ou recorréncia no acompanhamento de pacientes com neoplasias malignas é
uma tendéncia em praticamente todos os tipos de neoplasia (23). Recentemente, novas
estratégias para individualizacdo do risco dos pacientes com CDT tém sido propostas,
como o uso de marcadores laboratoriais, moleculares e da resposta do paciente ao
tratamento inicial, na tentativa de predizer o risco de cada paciente. O objetivo deste
artigo é revisar criticamente o CDT em criangas e adolescentes, com énfase nos tdpicos
de apresentacdo da doenca, tratamento cirdrgico, avaliacdo de risco, acompanhamento e

perspectivas futuras.

APRESENTACAO CLINICA

A apresentacdo clinica mais comum do CDT ¢€ através de nodulo palpavel de
tireoide (24). Entretanto, o CPT frequentemente se apresenta com adenopatia cervical
com ou sem nddulo detectavel na tireoide, ou como achado incidental em exames de
imagem néo relacionados a tireoide (25). Ocasionalmente, o diagnostico € feito apenas

apos a descoberta de metastases a distancia (20,26,27).

Existem diferengas importantes na apresentacdo clinica do CPT e do CFT. O
CPT costuma se apresentar com tumores multicéntricos e bilaterais, com metastases em
linfonodos cervicais na maioria dos casos (20,27-37). Metastases hematogénicas podem
acontecer em ate 25% dos casos (25,38-44), porém geralmente estdo associadas com
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significativas metastases em regido cervical (28,45). As variantes do CPT séo: classica,
solida, folicular e esclerosante difusa (46,47). O CFT geralmente se apresenta como
tumor Unico e apresenta maior potencial para metastases hematogénicas para pulmdes e
0ss0s na apresentacdo inicial (24). Metastases para linfonodos cervicais sdo raras (24).
Suas variantes histologicas sdo: células de Hurthle, células claras e carcinoma insular

(pouco diferenciado) (46).

O CDT em criangas €, em varios aspectos, uma doenca diferente daquela
observada em adultos, com diferencas na sua patofisiologia, apresentacdo clinica e
desfechos em longo prazo (16,24). Recentemente, a Associacdo Americana de Tireoide
(ATA), reconhecendo essas diferencas, publicou dois guidelines separados de nédulos
de tireoide e CDT especificos para criancas e adultos (24,48). A sua apresentacao
clinica em criancas costuma ser mais extensa e agressiva quando comparada a
populacdo adulta (1,16,25). O tamanho tumoral tende a ser maior nessa populacao e
existe um envolvimento precoce da cépsula tireoidiana e tecidos adjacentes (49,50).
Além disso, a multicentricidade também tende a ser mais comum, chegando a 40% das
criancas (51,52). Por ultimo, os pacientes pediatricos tém uma maior probabilidade de
metastases em linfonodos e a distancia (17). Envolvimento de linfonodos esta presente
em 40-90% das criancas, contra 20-50% dos adultos (53) e a prevaléncia de metastases
a distdncia é de 20-30% em criangas, contra 2% nos adultos (25). Os locais mais

comuns de acometimento sdo pulmao, 0sso e sistema nervoso central (30).

TRATAMENTO CIRURGICO

Por muitos anos, a recomendacao de tratamento do CDT na populacéo pediatrica
seguiu as recomendacOes de tratamento dos adultos. Até aqui essa abordagem resultou
em uma alta taxa de cura, mas exigiu que todas as criangas realizassem tratamento que
incluia tireoidectomia total, seguida de terapia com RAI e terapia supressiva com
levotiroxina (24). O objetivo era eliminar qualquer evidéncia de doenca, documentadas
pelo rastreamento corporal total (RCT) e pela Tg. Infelizmente, estudos recentes com
acompanhamento de varias décadas revelaram um aumento na mortalidade por todas as
causas de sobreviventes de CDT pediatrico, predominantemente devido a segundas
neoplasias em criangas tratadas com radiacdo (54-56). Esses dados associados ao
conhecimento do excelente progndstico dessa neoplasia, fez com que a ATA publicasse
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recomendacdes especificas para essa populacdo. Deve ser ressaltado, porem, que a
maior parte dessas evidéncias provém de coortes retrospectivas sujeitas a vieses e com

tempo médio de acompanhamento em torno de 10 anos.

Assim, os dois objetivos principais do manejo do CDT na populacdo pediatrica
sdo: manter baixa a mortalidade especifica da doenca atualmente desfrutada pelas
criancas e reduzir as potenciais complicagfes do tratamento (24). O ponto principal
nesse processo é identificar a minoria de criancas que vai se beneficiar de tratamento
mais agressivo e o melhor entendimento das caracteristicas clinicas que predispde a uma
resposta a essas terapias (24). Por outro lado, esse tratamento menos agressivo pode
aumentar o risco de doenga persistente/recorrente € 0 nimero de sobreviventes com
doenca de baixo volume, persistente, porém livre de progressao (24). Para isso, dois
pontos sdo fundamentais nesse processo: estadiamento pré e pds-operatdrio e uso do
RAI em pacientes selecionados (24). Isso devera reduzir a possibilidade de que o
tratamento e o acompanhamento em longo prazo sejam mais agressivos do que o

necessario ou até inadequados (24).

Na avaliacdo pré-operatdria, todos os pacientes devem realizar ecografia cervical
para avaliacdo de possiveis metastases em linfonodos cervicais (57,58). Para a maior
parte dos pacientes pediatricos com CDT, a cirurgia recomendada é a tireoidectomia
total (24). Essa recomendacdo € baseada na alta incidéncia de doenga multifocal e
bilateral (25,37,39,44,59), bem como em um aumento do risco de recorréncia nos
pacientes pediatricos submetidos a tireoidectomia subtotal ou lobectomia
(31,34,37,39,43,54,60). A exploragdo cervical central é recomendada para criangcas com
citologia maligna e evidéncia clinica de invasdo extratireoidiana grosseira no
estadiamento pré-operatério ou durante o intraoperatério (28,39,61). A exploragdo
cervical profilatica pode ser seletivamente considerada com base na multifocalidade e
tamanho do tumor e na experiéncia do cirurgido (24). Como regra, a exploragéo cervical
sO deve ser realizada mediante comprovacéo citologica de linfonodos metastaticos, néo
sendo indicada de forma profilatica (24). A cirurgia da tireoide em criancas deve ser
preferencialmente em centros com equipe multidisciplinar especializada, com
endocrinologista, radiologista, médico nuclear, anestesista, cirurgido de tireoide alto
volume (>30/ano — incluindo criangas e adultos) e unidade de cuidados intensivos
(62,63).
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AVALIACAO DE RISCO

Fatores prognosticos

Atualmente, uma das etapas mais importantes na avaliacdo de criancas e
adolescentes com CDT é a estratificacdo de risco para doencga persistente e/ou
recorrente (64). Vérios fatores prognosticos sdo bem estabelecidos, sendo citados no
guideline da ATA de CDT em adultos, como extremos de idade, tumores maiores,
multicentricidade, extensdo extratireoidiana, metastases em linfonodos, invasao vascular
e tireoglobulina pds-operatéria (POTQ) (48). Entretanto, existem resultados conflitantes
em relagdo a esses fatores prognosticos em criancas e adolescentes (tabela 1)
(8,35,37,65-67). Estes fatores podem ser divididos em fatores relacionados ao paciente
(idade ao diagnostico, sexo) e relacionados ao tumor (tipo histolégico, tamanho,
multifocalidade, extensdo da doenca, estadiamento tumoral, metastases em linfonodos e

a distancia e ressecgdo da lesdo).

A maioria desses fatores foi identificada em estudos que avaliaram coortes de
pacientes seguidos nas décadas de 1990 e 2000 (8,35,37). E importante ressaltar
algumas diferencas importantes em relacdo ao manejo contemporaneo do CDT, em
especial o uso de métodos laboratoriais e exames de imagem com menor sensibilidade e
acuracia. Outra limitacdo é que muitos dos fatores prognosticos identificados resultaram
de analises nas quais a mortalidade foi o desfecho principal. Em pacientes com CDT, é
importante considerar os riscos individualizados de doenca persistente e mortalidade,
uma vez que a maioria dos pacientes (em especial pacientes jovens) apresenta taxas de

mortalidade muito baixas, porém taxas de doenca persistente elevadas.

Relacionados ao paciente
Idade

No estudo de Jarzab e col. (37) os autores demonstraram que 0s pacientes com
idade ao diagndstico mais jovem (abaixo dos 10 anos) tinham pior prognostico, sendo

que todas as 14 criancas com idade entre 6 e 10 anos apresentaram recidiva da doenca.
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Dados similares foram mostrados por Mihailovic e col. (65) com criancas
diagnosticadas com CDT entre 8 e 10 anos de idade apresentando maiores taxas de
recorréncia. Outro estudo também demonstrou que criangas com remissdo completa da
doenca eram mais velhas do que as pacientes com doenca persistente (14,7 vs. 17,1,
P=0,002) (67). Entretanto, outros estudos (8,35,66) ndo encontraram associacao entre
idade e piora dos desfechos clinicos. De forma geral, os estudos com maior numero de
pacientes jovens (< 10 anos) encontraram associagdo entre idade mais baixa e doenca
persistente/recorrente, enquanto estudos com menos participantes jovens néo
encontraram essa associacio (28,39,42,45,68,69). E necessario ressaltar que os regimes
de tratamento podem ter variado, o que pode afetar os desfechos. Por exemplo, a
cirurgia pode ter sido menos agressiva em criangas menores gerando um possivel viés
(24).

Sexo

Os resultados dos estudos em relacdo ao sexo e desfechos clinicos sdo bastante
contraditérios (8,35,37,65-67). Wada e col. (35) mostrou que a propor¢do de pacientes
do sexo masculino foi significativamente maior nos pacientes com recorréncia da
doenca do que naqueles sem recorréncia (33,3% vs. 4,8%, P=0,01). Além disso, outros
2 estudos também encontraram associacdo entre pacientes do sexo masculino e piora
dos desfechos clinicos (66,67). Entretanto, outros estudos (8,37,65) ndo encontraram

essa associacgao.

Relacionados ao tumor
Tipo Histoldgico

Os dois principais tipos de CDT, papilar e folicular, apresentam prognésticos
muito similares, com altas taxas de sobrevida (99,7% vs. 96,3%) em 20 anos (9).

Entre os pacientes com CPT, algumas variantes histoldgicas apresentam pior
prognostico, tais como células altas, colunar, solida ou trabecular e esclerosante difusa
(24). A maioria dos estudos (8,35,37,65-67), entretanto, ndo conseguiu determinar uma
associacao entre o tipo histologico e a piora de desfechos clinicos. Provavelmente, isso
deve-se a dois fatores principais: as variantes de pior progndstico sdo muito raras e a
maioria dos estudos apenas comparou o0s tipos papilar e folicular, sem considerar as

variantes de cada um.
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No CFT, a variante chamada de carcinoma de células de Hurthle parece estar
associada ao pior prognostico (70). Entretanto, essa informacdo é derivada de estudos
em adultos, com poucos dados envolvendo a populagdo pediatrica (24).

Tamanho

A maioria dos estudos que avaliou a associacdo do tamanho tumoral com
desfechos clinicos ndo encontrou nenhuma associacdo (8,35,65). Uma possivel
explicacdo é que como o tamanho da tireoide varia durante a infancia e adolescéncia, o
tamanho tumoral isoladamente talvez ndo seja o melhor parametro de avaliagdo do

risco.

Multifocalidade

Os pacientes com CDT, em especial os pacientes com CPT, frequentemente
apresentam mais de um foco de doenga (multifocalidade), entretanto, sua relagdo com
piora do progndstico nesses pacientes é contraditéria (8,35,65,66). Wada e col. (35)
mostrou que a propor¢cdo de tumores multifocais foi significativamente maior nos
pacientes com recorréncia em relacdo aqueles sem recorréncia (60,0% vs. 21,4%,
P=0,01). Outro estudo de Mihailovic e col. (65) também demonstrou aumento
significativo da recorréncia da doenca em pacientes com tumores multifocais.
Entretanto, outros dois estudos ndo encontraram nenhuma associacdo entre tumores

multifocais e piora dos desfechos clinicos (8,66).

Extenséo da doenca

A maioria dos estudos que avaliou a relacdo entre extensdo extratireoidiana com
desfechos clinicos ndo encontrou essa associacao (35,66). Esse achado vem ao encontro
da mudanca realizada no ultimo American Joint Committee on Cancer staging system of
tumor size, nodal metastases and distant metastases (8th TNM/AJCC), no qual a
extensdo microscopica deixou de ser um fator importante no estadiamento dos pacientes
(71).

Estadiamento tumoral
Wada e col. (35) demonstraram que criangas com CDT com estadiamento T3 e
T4a, em comparagdo com pacientes T1 e T2, apresentaram menores taxas de sobrevida

livre de doenca. Entretanto, outros estudos ndo encontram essa associagédo (65,67).
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Metéstases em linfonodos cervicais

O envolvimento de linfonodos cervicais na apresentacdo do CDT, especialmente
no CPT, em criangas € bastante frequente, chegando até 80-90% em algumas séries
(53). Entretanto, sua relacdo com piora dos desfechos clinicos também é controversa
(8,35,37,65-67). Wada e col. (35) mostrou que a proporcdo de tumores com linfonodos
comprometidos (clinicos e patoldgicos) foi significativamente maior nos pacientes com
recorréncia em relacdo aqueles sem recorréncia (46,7% vs. 11,9%, P=0,009 e 86,7% vs.
57,1%, respectivamente). O estudo de Pires e col. (66) mostrou que 0s pacientes sem
linfonodos positivos ao diagndstico apresentaram uma razdo de chance de 6,0 (3,6-9,7)
de estarem livres de doenca ao final do acompanhamento. Entretanto, outros estudos
(37,65,67) ndo encontraram associacdo entre a presenca de linfonodos cervicais
metastaticos e piora dos desfechos clinicos. Alguns fatores podem, pelo menos
parcialmente, justificar essa discrepancia de resultados, como ndo categorizacdo dos
pacientes por faixa etaria, modo de identificacdo da metastase (clinicamente vs. exame
anatomopatoldgico), o nimero de linfonodos acometidos e presenca de acometimento
extranodal (14,72).

Metastases a distancia

As metéstases a distancia sdo relativamente frequentes na populacédo pediatrica,
chegando a uma prevaléncia de 20-30% (25), sendo importantes determinantes do
progndstico e constituindo a principal causa de morte relacionada ao CDT (73,74). O
estudo de Verburg e col. (67) mostrou que o0s pacientes que apresentavam resposta
completa ao final do acompanhamento, em comparagdo aqueles com doenca persistente,
apresentavam menor prevaléncia de metastases a distancia ao diagnostico (10,6% vs.
54,5%, P<0,01). Além disso, o estudo de Pires e col. (66) mostrou que 0s pacientes sem
metastases ao diagnostico do CDT apresentaram uma razdo de chance de 9,38 (4,29-

20,5, P<0,001) de estarem livre de doenca ao final do acompanhamento.

Cirurgia inicial

Dois estudos que avaliaram a relacdo entre o tipo de cirurgia inicial e desfechos

clinicos, encontrou associacgéo significativa (37,65). No primeiro, os autores mostraram
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que os pacientes que realizaram tireoidectomia subtotal, em comparacdo aqueles que
realizaram tireoidectomia total, apresentaram um risco relativo de 9,6 (2,3-39,1) para
recorréncia da doenca (37). O segundo estudo mostrou que os pacientes submetidos a
tireoidectomia total e que receberam dose de RAI, em comparagdo aos pacientes que
realizaram tireoidectomia subtotal ou total sem RAI, apresentaram menores taxas de

recidiva da doenca (65).

TNM

Na tentativa de melhorar a predi¢cdo do prognostico dos pacientes com CDT,
diversos sistemas de estadiamento combinando diversos dos fatores citados acima
foram propostos. Em comum, todos tém como objetivo estimar o risco de mortalidade
e/ou a recorréncia, guiar o tratamento e o seguimento e garantir uma comunicagédo
efetiva entre os diferentes profissionais, permitindo a comparacdo de dados entre
diferentes centros (48,75).

A maioria dos sistemas foi desenvolvida para estratificar corretamente as taxas
de mortalidade, porém sdo menos precisos para predicdo de recorréncias e presenca de
doenca persistente. Outra limitacdo € a falha na predicdo de desfechos para pacientes em
estagios iniciais e considerados de baixo risco (estagios | e Il na maioria deles), que
compreendem a maior parte dos pacientes com CDT (49). Além disso, o fato de
utilizarem somente informacdes da apresentacdo da doenca (sem considerar a resposta

ao tratamento) e a ndo validacdo em varias populacGes também limita o seu uso (76) .

A maioria dos sistemas inclui idade ao diagnostico, tamanho do tumor, invasdo
extratireoideana e presenga de metastases a distancia. Diversos estudos j& objetivaram
comparar estes diferentes sistemas de estadiamento (77-80). Estes estudos
demonstraram que o0 TNM/AJCC e o Metastasis, Age, Completeness of ressection,
Invasion and Size (MACIS) séo os dois sistemas com melhor desempenho para predizer
desfechos em pacientes com CDT.

Entretanto, ndo existe nenhum sistema de estadiamento pds-operatorio que tenha
sido validado em criangas e adolescentes com CDT, e a utilidade da extrapolagéo dos
sistemas de estadiamento dos adultos para o cendrio pediatrico é limitado pela

disparidade clinica observada entre os dois grupos (24).
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O TNM/AJCC é o sistema de estadiamento mais comumente utilizado (48,81) e
sugerido pelo guideline da ATA (24). Ele inclui como variaveis a idade do paciente
(dicotomizada em 45 anos), o tamanho do tumor e a presenca de invasdo
extratireoideana, a presenca de metastases em linfonodos e a distancia. Os pacientes sdo
classificados em 4 estagios, com diminuicdo progressiva da sobrevida de acordo com os
niveis mais elevados de estagio, sendo que as criangas e adolescentes sdo classificadas
apenas nos estagios | (sem metéstases a distancia) e 1l (com metastases a distancia), o
que é um limitante em termos de determinar o prognostico nessa populacao (24). Os
pacientes classificados como TNM/AJCC | tem uma sobrevida de aproximadamente
100%, enquanto que os pacientes com classificagdo 1V tem sobrevida de cerca de 45%
(82,83). As principais criticas a este sistema consistem na ndo inclusdo de variaveis que
sabidamente influenciam na evolucdo e progndstico dos pacientes (tipo histolégico,
multifocalidade, dados relacionados ao tratamento) e a sua inabilidade em predizer
desfechos que ndo mortalidade (como recorréncias e presenca de doenca persistente). O
TNM/AIJCC ¢ atualizado periodicamente, sendo que a Ultima versdo (oitava) foi
recentemente publicada (tabela 2) (71).

Classificacgéo de risco da ATA em criancas e adolescentes com CDT

Conforme ja foi colocado anteriormente, esses sistemas de estadiamento foram
concebidos com o objetivo de avaliar a mortalidade relacionada ao CDT. Uma vez que
as taxas de mortalidade nessa neoplasia sao relativamente baixas, sistemas que avaliem
também a chance de recidiva sdo considerados importantes nas definicdes do manejo
destes pacientes. Com este objetivo, a ATA propds um sistema que tem como objetivo
identificar os pacientes em risco de doenca persistente cervical e ajudar a identificar
quais pacientes devem realizar estadiamento pos-operatorio para avaliar a presenca de
metastases a distancia (24). Nesse sistema, 0 paciente é categorizado em trés grupos de
risco: baixo, intermediario ou alto (tabela 3) (24).

Os pacientes de baixo risco sdo aqueles com doencga grosseiramente confinada a
glandula tireoide sem linfonodos comprometidos ou com micrometastases incidentais
para um pequeno numero de linfonodos centrais. Os pacientes de risco moderado sao
aqueles com linfonodos cervicais extensos em regido central ou linfonodos em cadeias
laterais. O grupo de pacientes de alto risco é composto por aqueles que apresentam

linfonodos extensos em regido cervical lateral, tumores localmente invasivos, com ou
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sem metastases a distancia. Entretanto, sua utilidade € limitada, uma vez que leva em

conta apenas os dados histopatoldgicos, mas ndo considera a resposta a terapia.

ACOMPANHAMENTO
Avaliacao pos-operatéria

Para a maioria dos pacientes, a avalia¢do inicial pds-operatéria € realizada cerca
de 3 meses apos a cirurgia (24). O objetivo desse estadiamento é avaliar a evidéncia de
doenca persistente loco regional e identificar os pacientes que poderdo se beneficiar do
RAI, tais como aqueles com metastases a distancia conhecidas ou suspeitas. Os
pacientes de baixo risco devem realizar exame de Tg em uso de levotiroxina (Tg-T4)
(24). Por sua vez, os pacientes de risco intermediario e alto devem realizar Tg
estimulada (sTg) e RCT para uma melhor estratificacdo de risco e determinacdo do
tratamento com RAI (24). Assim, uma conduta mais individualizada e conservadora no
tratamento e estadiamento pos-operatorio ird diminuir a exposicdo desnecessaria ao 113t
em criancas sem evidéncia de doenca, nas quais os riscos da terapia rotineira com |13

provavelmente superam quaisquer beneficios (24).

Terapias complementares
lodo Radioativo

O objetivo da terapia com 113t é diminuir os riscos da recorréncia do CDT e,
teoricamente, reduzir a mortalidade eliminando a doenca avida pelo iodo (24). Com o
aumento da conscientizacdo dos potenciais efeitos colaterais a longo prazo do
tratamento com 113, ha um aumento dos esforgos para identificar pacientes que tém uma
alta probabilidade de se beneficiar da terapia (24). A terapia com 113! esta indicado para
tratamento da doenca nodal ou locorregional persistente que ndo possa ser ressecada
cirurgicamente e nos pacientes com doenca metastatica presumivel (84). Alguns autores
recomendam a terapia rotineira com I3 para pacientes com tumores T3 ou
envolvimento nodal cervical extenso (Nla extenso ou N1b). Pela falta de dados
comparativos, ndo hd uma definicdo entre realizar uma dose empirica de 133t ou

calculada por dosimetria (24). Alguns autores preferem realizar a dose empirica por ser
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mais pratica na 12 dose de 113! do paciente e reservar o uso de dosimetria para aqueles
com metastases pulmonares difusas ou necessidade de mais de 1 dose de 133t (85-87). A
dosimetria também pode ser considerada na 12 dose naqueles pacientes com reserva
limitada de medula 6ssea (85-87). O RCT pos dose é recomendado para todas as

criancas 4 a 7 dias ap6s o tratamento com 1131 (88).

Supressdo com levotiroxina

A supressdo de TSH em criancas com CDT deve ser determinada pelo risco da
ATA e seu status de doenca atual (24). Em criancas com doenca conhecida ou suspeita,
deve-se manter a supressdo do TSH, enquanto naquelas sem evidéncia de doenca, 0
TSH pode ser normalizado para niveis dentro dos valores de referéncia normais/baixos
(24).

Papel da tireoglobulina

A Tg é uma glicoproteina especifica da tireoide que € sintetizada e secretada
pela tiredide normal e por carcinomas diferenciados da tiredide (24). Apos a cirurgia e
terapia com 1131, os niveis séricos de Tg servem como um marcador sensivel de doenca
recorrente (89-92); a magnitude da elevacdo da Tg sérica parece correlacionar-se com
o(s) local(is) da doenga metastatica e com o subtipo de tumor (89). Foi demonstrado em
estudos com adultos que ensaios ultrassensiveis de Tg sérica sdo mais sensiveis para a
deteccdo de cancer de tireoide residual quando comparado com o RCT (24,90,93-95).
Na auséncia de anticorpos anti-tireoglobulina (TgAc), a Tg sérica tem um alto grau de
sensibilidade e especificidade para detectar doenca persistente/recorrente, com a mais
alta sensibilidade observada apds estimulacdo com TSH (sTg) (91). Existem poucos
dados sobre a interpretagdo da Tg em criangas com CDT (24). Como os dados sugerem
que os niveis séricos de Tg podem ser mais altos em criangas quando comparados com
adultos com uma extensdo semelhante da doenca (22,96), a aplicacdo de dados de
estudos em adultos para criangas é dificil. Portanto, ainda ndo esta claro se niveis
elevados de Tg tém o mesmo valor progndstico para criangas, que podem ter um limiar
de Tg diferente para o que seria considerado clinicamente relevante ou doenca

“acionavel” (24).
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Diante da escassez de dados na populacdo pediatrica, nosso grupo realizou um
estudo (97) para avaliar o papel da tireoglobulina estimulada pés-operatéria (SPOTQ)
como fator progndstico do CDT nessa populacdo, sendo incluidas 32 criangas e
adolescentes com diagnostico do CDT antes dos 18 anos de idade. Nesse estudo, nos
encontramos que o melhor valor de ponto de corte para predicdo de resposta excelente

foi de 31,5 ng/mL, com sensibilidade e especificidade de 100%.

A dosagem da Tg sérica € um componente critico no manejo do paciente
pediatrico com CDT, tanto no momento do estadiamento pds-operatorio inicial quanto
durante o acompanhamento em longo prazo (24). Portanto, 0 monitoramento da Tg-T4 €

a abordagem ideal para avaliar recorréncia ou progressao da doenca (24).

Anticorpos anti-tireoglobulina

O TgAc esta presente em cerca de 25% dos pacientes com CDT, sendo que a sua
principal importancia é a possibilidade de interferir na dosagem da Tg (98-103). Em
funcdo disso, recomenda-se a mensuracdo dos niveis dos TgAc em todos 0s pacientes
em seguimento de CDT (103). Como as concentracdes de TgAc respondem a mudancas
nos niveis de antigenos de Tg circulantes, e, portanto, representam indiretamente
mudancas na massa do tecido da tireoide, o nivel de TgAc pode servir como um
marcador tumoral substituto para CDT (24,99,100).

A maioria dos estudos relatou que o reaparecimento, a persisténcia ou uma
tendéncia crescente nas concentracdes de TgAc no periodo pds-operatorio sdo fatores de
risco significativos para doenga persistente ou recorrente (104-108). No entanto, ndo se
sabe se um valor de TgAc positivo estéa correlacionado com a extensdo/invasividade da
doenca ou com o prognostico (24). Um declinio nos titulos de TgAc indica uma carga
de doenca em declinio, mas pode levar uma média de trés anos para eliminar TgAc apos
a cura do CDT (109). Um aumento significativo nos anticorpos Tg sugere uma
progressao da doenca que merece uma avaliacdo mais detalhada (24). Semelhante a Tg,
a tendéncia nas concentracdes de TgAc é mais relevante para a deteccdo de doencas do

que qualquer concentracao Unica de TgAc (24).
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Estratificacdo dinamica de risco

Os estadiamentos de risco clinico-patolégicos usam informacgdes da avaliacdo
inicial do paciente para categorizacdo de risco individual e ndo ha mudanca dessa
classificacdo ao longo do tempo. Nos ultimos anos, a utilizacdo da resposta ao
tratamento inicial tem sido preconizada no intuito de estimar o risco de recorréncia e
morte, uma vez que 0s pacientes que apresentam uma boa resposta ao tratamento inicial
teriam menor risco de recorréncia e morte. A esta nova modalidade de estratificacdo de
risco deu-se 0 nome de “estratificagdo dinamica de risco (DRS)” uma vez que o risco do
paciente muda com o tempo, de acordo com novos dados que vao sendo obtidos ao
longo do seguimento (23). Os pacientes sdo classificados de acordo com a resposta ao
tratamento em quatro categorias: resposta excelente (exames de imagem negativos, Tg-
T4 <0,2 ng/mL ou sTg <1,0 ng/mL), resposta bioguimica incompleta (exames de
imagem negativos, Tg-T4 >1,0 ng/mL ou sTg >10,0 ng/mL ou niveis de anticorpos
antitireoglobulina (TgAc) em elevacdo), resposta estrutural incompleta (evidéncia
funcional ou estrutural de doenca independente dos valores de Tg e TgAc), resposta
indeterminada (exames de imagem inespecificos, valores de Tg-T4 entre 0,2 e 1,0
ng/mL, valores de sTg entre 1,0 e 10,0 ng/mL ou niveis de TgAc estaveis ou em
declinio (tabela 4) (110,111).

O uso da classificacdo dinamica de risco ja se mostrou eficaz em diversos
estudos em adultos (110-115). O estudo de Vaisman e col. (112) mostrou que 0s
pacientes com resposta excelente apresentaram risco de apenas 1,4% de doenca
persistente/recorrente. Além disso, 34% dos pacientes inicialmente classificados como
tendo resposta bioquimica incompleta apds o tratamento inicial, evoluiu com resposta
excelente ao final do acompanhamento, sem terapia adicional, exceto a supressao com
levotiroxina. Por outro lado, nos pacientes com doenga estrutural persistente somente
9% evoluiram com resposta excelente, mesmo apds diversas terapias adicionais.
Resultados semelhantes foram observados em uma coorte italiana de 512 pacientes
(115), onde os autores demonstraram que a DRS teve maior valor preditivo negativo do
que a classificacdo de risco da ATA para predicdo de doenga persistente (72,8% e
96,3% vs. 39,2% e 90,6%, respectivamente). Estes dois estudos demonstram a
habilidade desta nova estratégia em reclassificar os pacientes de todos os espectros de
doenca, aumentando assim a confiabilidade da predicdo de risco.
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Entretanto, enquanto a DRS foi validada em pacientes adultos com CDT, ela foi
avaliada em poucas coortes de criancas e adolescentes (116-117). Por essa razdo, ndo
existe recomendacao para o seu uso no Guideline da ATA de criancas com CDT (24). O
estudo de Lazar e col. (116) avaliou o0 DRS em uma coorte de 54 pacientes com uma
mediana de idade ao diagndstico de 13,9 anos e uma mediana de acompanhamento de
8,8 anos. Os autores observaram que aqueles pacientes classificados como resposta
completa apds o tratamento inicial apresentaram excelente prognostico: 82,9% dos
pacientes permaneceram no status de resposta excelente no acompanhamento. Por outro
lado, todos os pacientes com resposta incompleta permaneceram com doenca
persistente. De maneira interessante, a propor¢do de variancia associado ao DRS foi
maior do que o da classificacdo de risco da ATA (0,79 vs. 0,25), sugerindo que o DRS ¢
um preditor mais preciso para o desfecho da doenca. O estudo de Sung e col. (117)
incluiu uma coorte com 77 pacientes pediatricos com CDT e demonstrou que o DRS foi
util para predizer desfecho da doenca no acompanhamento: o risco de doenca
persistente/recorrente  foi  significativamente maior no grupo com resposta
indeterminada (HR = 10,2, P=0,045) e no grupo com resposta estrutural incompleta (HR

= 98,7, P=0,005) quando comparados ao grupo com resposta excelente.

Para melhorar a avaliacdo da DRS em criancas e adolescentes, nosso grupo
realizou um estudo multicéntrico (118), envolvendo 4 instituicdes de referéncia no
tratamento do CDT. Foram incluidos 66 pacientes com diagndstico da doenca antes dos
18 anos de idade. Nesse estudo, demonstramos que a DRS parece ser um importante
fator prognostico para doenca persistente/recorrente nessa populacdo, uma vez que foi o

unico fator com associacao significativa na analise multivariada.

Tempo de acompanhamento

A recorréncia de CDT em criancas foi relatada por até 40 anos ap6s a primeira
terapia. Por essa razdo, as criangas com CDT devem ser acompanhadas por toda a vida,

embora com intensidade decrescente para aqueles sem evidéncia de doenca (54,119).

PERSPECTIVAS FUTURAS

Marcadores moleculares
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Alteracdes genéticas tém sido propostas como fatores prognosticos para o CPT
(120,121). Esses avangos no perfil molecular do CDT pediatrico tém um potencial
significativo para melhorar a abordagem do diagnostico e tratamento desses pacientes.
H& uma alta probabilidade de que um maior entendimento de como tumores com
alteracdes oncogénicas semelhantes podem manter a diferenciacdo também afetara
positivamente o cuidado fornecido aos pacientes com doenga refrataria (122). Com estes
avancos, a determinagdo de um perfil personalizado do cancer podera tornar-se viavel
no CDT pediatrico em um futuro préximo e podera proporcionar uma terapia
individualizada para esses pacientes (123).

Devido a sua grande importancia bioldgica na regulacdo de diversos processos
celulares, alteragBes genéticas em efetores da via de sinalizagdo da mitogen-activated
protein kinase (MAPK) (figura 3) sdo as mais bem relacionadas com o desenvolvimento
e agressividade do CDT (123). Esta é uma via de sinalizacdo intracelular que, quando
ativada, desempenha um papel central no crescimento, divisdo, proliferacao,
diferenciacdo e apoptose das células (123). Sua ativacdo € feita por fatores de
crescimento, horménios e citocinas em receptores celulares. Diversos rearranjos
genéticos tém sido identificados em todos os niveis desta via de sinalizacdo em
pacientes com CDT (123). Dados do Cancer Genome Atlas Research (TGCA)
demonstraram que os principais genes envolvidos na patogénese do CDT, em ordem
decrescente, foram 0 BRAF, RAS, RET/PTC e NTRK (figura 4A) (124). Esse estudo
incluiu quase 500 pacientes com CDT, porém apenas 9 tinham idade abaixo dos 20 anos
ao diagndstico. Outro estudo (125) com 512 pacientes avaliou a causa das mutagcdes em
pacientes com CDT e evidenciou que a troca de nucleotideo é a causa mais comum em
adultos, enquanto na populacdo mais jovem existe um crescimento significativos de
casos de rearranjos genéticos. Resultados de pequenas coortes de criancas e
adolescentes demonstram que a prevaléncia das mutagdes nessa populagéo é diferente
em relacdo aos adultos (figura 4B) (126-147). O CPT pediatrico € caracterizado por um
aumento na prevaléncia das mutagdes por rearranjos (24). Essas diferencas moleculares
podem ser uma das razfes para melhor resposta ao RAI em criangas com CPT e
poderiam parcialmente explicar sua baixa mortalidade e rara progressao para tumores

ndo diferenciados (24).

RET PTC
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O proto-oncogene RET, localizado no cromossomo 10qgl1l1.2 codifica um
receptor tirosina quinase (148). Pelo menos 12 tipos de rearranjos RET/PTC ja foram
descritos, sendo os tipos 1 e 3 0s mais comuns (148).

Na populacdo pediatrica, a mutacdo RET/PTC é a que apresenta maior
prevaléncia, em torno de 43% (126-134). O primeiro estudo a avaliar a mutacao
RET/PTC em criangas sem exposi¢do a radiacdo foi publicada em 2000 por Fenton e
col. (126). Foram incluidos 33 pacientes, com uma prevaléncia geral de 45% (8 PTC-1;
2 PTC-2; 2 PTC-3; 3 PTC-1 e PTC-2). Entretanto, ndo foi encontrado uma correlagéo
entre o tipo da mutacéo e idade, tamanho do tumor, extensao da doenca ao diagndstico e
recorréncia. Outro estudo (127) dos mesmos autores publicado alguns anos depois,
encontrou uma prevaléncia de 58% (7/12). Uma coorte francesa (128) com 27 pacientes
pediatricos com CPT encontrou uma prevaléncia de 29,6% na mutacdo RET/PTC.
Nesse estudo, 0s autores ndo encontraram correlacdo entre a presenga da mutacédo e
agressividade do tumor. Nikita e col. (129) encontrou uma prevaléncia da mutagéo
RET/PTC de 21,4% em um estudo com 28 criangas. De forma interessante, todos os
pacientes com a mutacao desse estudo tinham idade ao diagndstico abaixo dos 15 anos.
Apesar disso, a mutacdo nado foi associada com tamanho tumoral, metastases linfonodais
ou a distancia. Em 2016, 4 coortes norte-americanas (130-133) foram publicadas, com
nimero de pacientes entre 13 e 28 pacientes, demonstrando uma prevaléncia da
mutacdo entre 15 e 22%. Nenhum dos 4 estudos correlacionou a presenca da mutacao
com desfechos clinicos. Um estudo brasileiro (134) com 35 pacientes pediatricos com
CPT encontrou uma prevaléncia da mutagdo de 37% (4 PTC-1; 1 PTC-2; 4 PTC-3). Os
pacientes com a mutacdo RET/PTC-3 apresentaram tumores de maior tamanho,
correlagdo com multifocalidade e tendéncia a extensdo extra tireoidiana. Entretanto, ndo

houve nenhuma associacdo com a presenca de metastases cervicais e a distancia.

BRAF

A BRAF quinase, cujo gene codificador foi localizado no cromossomo 7, é o
mais potente ativador da via MAPK quinase (148). Mais de 40 mutagdes no gene do
BRAF ja foram identificadas, sendo a mutacdo T1799A a mais comum (148). Esta
mutacéo € do tipo missense, devido a uma transversdo somatica de uma timina por uma
adenina na posicdo 1799 no éxon 15 (T1799A), o que resulta em uma substituicdo de

um aminodcido valina por um &cido glutamico na posi¢do 600 (BRAFV600E) (148).
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Em criancas e adolescentes, € a segunda mutacdo mais prevalente, sendo
encontrada em aproximadamente 28% dos casos (118-121,134,137-145). Entretanto,
seu papel como agente de agressividade nesses tumores nessa populacéo,
diferentemente dos adultos, é incerto (128-131,133,137-145). Os primeiros trabalhos
(127,135,136) que estudaram o papel do gene BRAF em criancas e adolescentes,
encontraram a mutacdo em raros casos (0-3,2%).

A partir de 2012, apos estudos em adultos, € que foi encontrado um aumento
significativo na prevaléncia da mutacdo V600E do BRAF (128-131,134,137-145). O
primeiro estudo de Sassolas (128) com 27 pacientes encontrou uma prevaléncia da
mutacdo de 7,4%, porém ndo encontrou associacdo com desfecho clinico. Outra coorte
de Ricarte-Filho (137), também com uma amostra de 27 pacientes, encontrou uma
prevaléncia de 26%. Seis coortes americanas (129-131,138-140) foram publicas entre
2014 e 2017, contemplando ao total 164 pacientes e, embora com altas taxas de
prevaléncia da mutagdo (31 a 68%), nenhum dos estudos conseguiu demostrar
associacdao com desfechos clinicos desfavoraveis (extensdo da doenca, tamanho
tumoral, invasao da capsula, metastases cervicais ou a distancia).

Entretanto, 2 estudos (141,142) mostraram associacdo entre a presenca da
mutacdo BRAF V600E e piora de desfecho clinico. No primeiro deles, Alzahrani e col.
(141) mostraram uma prevaléncia da mutacdo BRAF V600E de 22,6% (12/53). Embora
ndo tenha sido encontrada associacdo com tamanho tumoral, metéstases cervicais ou a
distancia e taxa de persisténcia da doenca ap6s 6-12 meses do tratamento inicial, houve
uma diferenca significativa na taxa de doenca persistente/recorrente na Ultima avaliacdo
dos pacientes. Em uma mediana de 6,7 anos de acompanhamento, as taxas de doenca
persistente/recorrente foram de 66,7% vs. 34,1%, nos pacientes com e sem a mutacao
BRAF V600E, respectivamente (P=0,05). No segundo estudo, de Onder e col. (142), foi
encontrada uma prevaléncia de 30% da mutagdo BRAF V600E, em uma amostra de 50
pacientes. Nesse estudo, foi encontrado uma correlacdo entre a presenca da mutacéo e
multicentricidade (41 vs. 6%) e recorréncia local (71 vs. 23%).

Por outro lado, um estudo chinés (143) avaliou o papel da mutacdo BRAF
V600E, tendo encontrado uma prevaléncia de 41,5%. De forma interessante, a presenca
da mutacdo teve uma associacao inversa com alguns desfechos clinicos, com menores
taxas de multicentricidade e invaséo extratireoidiana e MACIS mais baixo.

Outros 2 estudos recentes realizados em paises arabes (144,145), com um total

de 128 pacientes, encontraram prevaléncia da mutacdo BRAF V600E de 26,4 e 25%.
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Ambos estudos ndo encontraram associagdo entre a presenca da mutagdo e sexo,
extensdo extra-tireoidiana, invasdo vascular, metastases em linfonodos ou a distancia,
doenca persistente/recorrente.

Por fim, o Unico estudo brasileiro (134) que avaliou essa mutacdo, encontrou
uma prevaléncia da mutacdo de 9%, em uma amostra de 35 pacientes. A presenca da

mutacéo foi associada com maior idade e tamanho tumoral.

NTRK

O gene do receptor de tirosina quinase neurotrofico tipo 1 (NTRKZ1), localizado
no cromossomo 1, codifica o receptor do fator de crescimento nervoso (NGF) de alta
afinidade e é ativado através da via da MAPK (146). ETV6-NTRKS3 resulta de uma
translocacdo intercromossémica t(12;15)(p13;925) que justapde os éxons 1-4 de ETV6
aos éxons 12-18 de NTRK3 (137).

Esse gene vem sendo recentemente estudado e vem ganhando importancia, em
funcdo de sua relativa alta prevaléncia (atualmente o terceiro maior na populacéo
pediatrica), em torno de 12%, e sua possivel relacdo com desfechos clinicos
(130,132,134,137). O primeiro estudo a avaliar o papel dos oncogenes de fusdo NTRK
nessa populacdo foi o de Ricarte-Filho e col. (137). Os autores encontraram uma
prevaléncia de 7,4%, em uma amostra de 27 pacientes. Os 2 estudos que avaliaram a
presenca do rearranjo com desfechos clinicos, encontraram associacdo entre a presenca
da mutacdo e agressividade tumoral (130,132). O primeiro (130) identificou a presenca
dos oncogenes em 26% (7/27) da amostra, sendo 5 casos NTRK tipo 3 e 2 casos NTRK
tipo 1. Em 5 desses casos, 0 tumor media mais de 2 cm e havia invasdo vascular;
invasdo linfatica foi identificada em todos os casos. Comparado aos pacientes com
mutacdo BRAF V600E, aqueles com oncogene de fusdo NTRK apresentaram doenca
mais extensa e agressiva. O segundo estudo (132) encontrou uma prevaléncia da doenga
de 22,2%, em uma amostra de 18 pacientes e demostrou associacdo com histologia
agressiva. O Unico estudo brasileiro que pesquisou esse rearranjo nessa populacao,
encontrou uma prevaléncia de 9% (3/35) na amostra de oncogenes de fusdo NTRK tipo
3 (134).

RAS
Os genes RAS codificam proteinas G altamente relacionadas, que desempenham

um papel central na transducdo de sinal intracelular pela ativacdo da MAPK e outras
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vias de sinalizacdo, como PIK3/AKT (148). As mutacfes pontuais de RAS geralmente
ocorrem nos cédons 12, 13 ou 61 das proteinas H-RAS, K-RAS ou N-RAS (148).

As mutagdes no gene RAS foram as primeiras estudadas na populagéo pediatrica
com CDT, embora apresentem uma prevaléncia bem inferior em relacdo a populagéo
adulta, com taxa estimada de 2,7% (127-135,137,144,146). Fenton e col. (146) publicou
um estudo com 38 criangcas com cancer de tireoide e encontrou uma prevaléncia da
mutacéo de apenas 6,5%, ndo conseguindo estabelecer uma relagdo com a agressividade
da doenca pelo pequeno nimero de pacientes. Alguns anos mais tarde, uma publicacdo
do mesmo grupo (127) ndo encontrou nenhum paciente com a mutacdo RAS em um
grupo de 14 criangas com CPT. Qutros estudos (130,131,133-135), combinando uma
populacdo de 206 criancgas e adolescentes, incluindo 1 estudo brasileiro (134), também
ndo identificaram nenhum caso de mutacdo RAS. Em outros estudos (128,129,137,144),
com uma populacdo combinada de 179 pacientes, a prevaléncia da mutacdo variou de
2,5 a 7,4%, exceto no estudo de Picarsic (132), o Unico a encontrar uma taxa mais
elevada da mutagédo de 16% (3/18).

CONCLUSAO

A definicdo do risco e prognostico individual é parte fundamental na avaliacéo e
manejo dos pacientes pediatricos com CDT. Através dessa revisdo é possivel concluir
que: 1) os dados de associacdo entre fatores prognoésticos e desfechos da doenca em
criancas e adolescentes com CDT sdo conflitantes; 2) a maior parte das informagdes dos
sistemas de estadiamento s&o baseadas em estudos com adultos e, devido as suas
diferencas em relacdo a doenca na populacdo pediatrica, esses dados devem ser
analisados com cautela; 3) os marcadores moleculares parecem ser uma perspectiva
importante para avaliacdo e tratamento desses pacientes no futuro.

No nosso estudo que avaliou o papel da tireoglobulina estimulada pds-operatoria
(sPOTg) como fator progndstico do CDT em criangas e adolescentes, demonstramos
que esse exame possui alta acuracia para predizer o risco de doenca persistente nessa
populagéo.

No nosso estudo que avaliou o papel da estratificacdo dindmica de risco em
criancas e adolescentes com CDT, encontramos que esta € um forte preditor de desfecho

da doenca, podendo ser atil na definicdo de estratégias de acompanhamento. Além
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disso, reforcamos o papel da sSPOTg e sua associagdo com doenca persistente, sendo que

o valor de ponto de corte com maior sensibilidade e especificidade foi de 37,8 ng/mL.
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Tabela 1: Avaliacdo da associacdo entre fatores prognosticos e persisténcia do
CDT.

Jarzab Wada Vaisman Mihailovic = Verburg Pires

(2000)  (2009)  (2011) (2014) (2015) (2016)

Fatores do paciente
Idade S N N S
Sexo S N N S
Fatores do tumor
Tamanho NA N N NA NA
Multifocalidade NA S N S NA N
Tipo histoldgico N N NA N N N
Invasdo NA N NA NA NA N
extratireoideana
Estadiamento NA S NA N N NA
tumoral
Metastases em N S S N N S
linfonodos
Metéstases a NA NA S N S S
distancia
Fatores do
tratamento
Cirurgia inicial S NA NA S NA NA

S=sim

N = ndo

NA = ndo avaliado
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Tabela 2. Estadiamento TNM do CDT

Tx Tumor primario ndo pode ser identificado

TO Sem evidéncia de tumor primario

Tla  Tumor 1 cm ou menos, limitado a tireoide

Tlb  Tumor entre 1 e 2 cm, limitado a tireoide

T2 Tumor entre 2 e 4 cm, limitado a tireoide

T3a  Tumor maior que 4 cm, limitado a tireoide

T3b  Tumor de qualquer tamanho com extenséo extratireoidiana grosseira invadindo
musculos do pescoco (esterno-hioideo, esternotireoideio, omo hioideo)

T4a  Tumor que se estende além da capsula da tireoide e invade algum dos
seguintes: tecidos moles subcutaneo, laringe, traqueia, eséfago, nervo laringeo
recorrente

T4b  Tumor que invade fascia pré-vertebral, vasos mediastinais, artéria carétida

NX Linfonodos regionais ndo podem ser avaliados

NO Sem metastases em linfonodos regionais

Nla  Metastases em nivel VI ou mediastino superior (nivel VII)

N1b  Metéastases cervicais unilaterais, bilaterais ou contralaterais (niveis I, 11, 111, IV
ou V) ou retrofaringeos

MO Sem metéstases a distancia

M1 Com metéastases a distancia

Estagio Idade < 55 anos

| Qualquer T, Qualquer N, MO

I Qualquer T, Qualquer N, M1

T, tamanho

N, linfonodo

M, metastase

CDT, carcinoma diferenciado de tireoide
Adaptado de Brierley JD, et al. (71).



Tabela 3. Classificacdo de risco ATA em criancas e adolescentes com CDT

Risco Definicéo

Baixo Doenca grosseiramente confinada a tireoide com No/Nx OU
Pacientes com doenga N1a incidental

Intermediario  Doenca Nla extensa ou N1b minima

Alto Doenca regionalmente extensa (N1b extensa) OU
Doenca localmente invasiva (T4), com ou sem metastases a
distancia

ATA, Associacdo Americana de Tireoide

CDT, Carcinoma diferenciado de tireoide

Adaptado de Francis GL, et al. (24).

36
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Tabela 4. Estratificacdo dinamica de risco

Resposta Definicédo
Excelente Exames de imagem negativos E
Tg sob supressdo <0,2 ng/mL OU Tg estimulada <1,0 ng/mL

Bioquimica Exames de imagem negativos E

incompleta Tg sob supressdo >1,0 ng/mL OU Tg estimulada >10,0 ng/mL
OU TgAc em elevacao

Estrutural Evidéncia de doenca estrutural ou funcional independente dos

incompleta niveis de Tg ou TgAcC

Indeterminada Achados de imagem ndo especificos OU

Tg sob supressao entre 0,2 e 1,0 ng/mL OU Tg estimulada entre
1,0 e 10,0 ng/mL OU TgAc estavel ou em queda

Tg, tireoglobulina

TgAc, anticorpos anti-tireolobulina

Adaptado de Tuttle et al. (110).
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Figura 1. Incidéncia do carcinoma diferenciado de tireoide em uma base populacional

norte-americana com 2504 pacientes entre 1973-2011. Adaptado de Golpanian S, et al.

(7).
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Figura 2A. Taxas de sobrevida em 20 anos de uma base populacional norte-americana
entre os anos de 1992-2014 , de acordo com a histologia do céancer de tireoide.

Adaptado de Massimino et al. (9).
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Figura 2B. Taxas de sobrevida em 20 anos de uma base populacional norte-americana
entre os anos de 1992-2014 , de acordo com a localizacdo do tumor inicial do cancer

diferenciado de tireoide. Adaptado de Massimino et al. (9).
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Figura 4A. Prevaléncia das mutag6es no carcinoma diferenciado de tireoide de
acordo com dados do Cancer Genome Atlas Research (TGCA). (123)
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Figura 4B. Prevaléncia das mutacdes no carcinoma diferenciado de tireoide em

criancas e adolescentes. (125-146).
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Abstract

Background: Prognostic factors are essential for risk stratification in patients with
differentiated thyroid carcinoma (DTC). The role of stimulated postoperative
thyroglobulin (sPOTg) has been well-established in adult DTC population but it remains
unclear in children and adolescents. This study aimed to evaluate potential prognostic
factors in children and adolescents with DTC, with special emphasis on sPOTg analysis.
Methods: Individuals aged <18 years at diagnosis were selected from a cohort of DTC
patients attending the thyroid clinic of a tertiary university-based hospital. Baseline
clinical and oncological characteristics, interventions, disease status and outcomes were
obtained from medical records. Clinical variables included in the univariate analysis
were sex, age at diagnosis, tumor size, presence of lymph node and distant metastasis
and sPOTg. Additionally, sPOTg was evaluated using the area under the receiver
operating characteristic curve analysis.

Results: Thirty-two children and adolescents with DTC (28 girls, 87.5%; the mean age
at diagnosis = 14.7 + 3.2 years) were included in this study. Thirty-one (96.9%) patients
had papillary thyroid carcinoma. The median tumor size was 2.0 cm (P25-75 1.6-3.5),
22 patients (68.8%) had lymph node disease, and 5 (15.6%) had distant metastasis at
diagnosis. All patients underwent total thyroidectomy, and 29 (90.6%) received
radioactive iodine therapy. After a median follow-up of 5.0 years (P25-75 2.0-10.0),
disease status was avalaible for 27 patients: 15 (55.6%) patients were disease free, six
(22.5%) had biochemical disease and six (22.2%) had persistent structural disease (two
cervical and four distant metastasis). Prognostic factors associated with persistent
disease in the univariate analysis were lymph node and distant metastasis at diagnosis
and sPOTg. According to the receiver operating curve analysis (n=17 patients), the best
sPOTg cutoff to predict disease-free status was 31.5 ng/ml, with a sensitivity and
specificity of 100%.

Conclusion: The data demonstrate that SPOTg displayed high accuracy in predicting the

risk of persistent disease in young patients with DTC.
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Introduction

Thyroid cancer in childhood is rare. However, recent data from the National
Cancer Institute Surveillance, Epidemiology, and End Results (SEER) program have
shown that thyroid cancer incidence is increasing in this population (1,2). In Brazil,
thyroid cancer accounts for 2% of all pediatric cancers (3). Differentiated thyroid
carcinoma (DTC), including papillary (PTC) and follicular (FTC) cancer, accounts for
the majority (>95%) of all thyroid malignancies (4-6).

DTC in children is, in many ways, a distinct disease from DTC in adults (4-8).
Although children most often present with extensive and aggressive disease and have a
higher frequency of recurrence, their prognosis is excellent, with a low mortality rate
even if advanced disease is present (4-9). Recently, the American Thyroid Association
(ATA), recognizing these differences, released two separate guidelines for thyroid
nodules and DTC specific to children and adults (10,11). The current recommendation
for initial management of these young patients is total thyroidectomy followed by
radioiodine therapy as indicated and levothyroxine suppressive therapy (4,5,10).

Currently, one of the most important steps in the evaluation of patients with
DTC is risk stratification for recurrence (12). For that reason, the knowledge of possible
prognostic factors is essential. Several prognostic factors have been well established and
cited in the ATA Adult DTC Guidelines: extremes of age, larger tumors,
multicentricity, extrathyroidal extension, lymph node metastasis, vascular invasion, and
postoperative thyroglobulin (POTg) (11). In contrast, there are conflicting results
related to these prognostic factors in children and adolescents (13-15).

One study published in 2011 by Mihailovic et al. (13) evaluated potential
prognostic factors in children and concluded that younger age at diagnosis, less
aggressive initial treatment, and tumor multifocality were associated with disease
recurrence. These authors identified no association between DTC recurrence and sex or
lymph node or distant metastasis (13). Conversely, Vaisman et al. (14) found that the
only two factors associated with persistent disease were lymph node and distant
metastasis. In this cohort, age, sex, tumor size and multicentricity were not predictors of
the success of initial therapy (14). Of interest, the POTg — a well-stablished risk
predictor for adults with DTC (16) - has not been evaluated in young patients.

The objective of the present study was to evaluate factors associated with

persistent disease, with a particular focus on stimulated postoperative thyroglobulin
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(sPOTQ) analysis, in a contemporary DTC cohort of children and adolescents attending

a referral center hospital in southern Brazil.

Materials and Methods
Patients and study design

Patients with a histological diagnosis of DTC before the age of 18 years, from a
cohort of DTC patients attending the Thyroid Outpatient Clinic of the Endocrine
Division of Hospital de Clinicas de Porto Alegre from 2000 to 2015, were included in
this report. The institution is a tertiary-care, university teaching hospital in southern

Brazil and is a referral center for DTC treatment.

Treatment protocol and follow-up

The DTC treatment protocol at the institution consists of performing total
thyroidectomy, administering an ablative or therapeutic dose of radioactive iodine
(RAI) as indicated, and levothyroxine suppression therapy (17-19). Decisions regarding
cervical lymph node dissection were made at the discretion of the surgical team at the
center where the patients underwent surgery. Follow-up duration was defined as the
time between the thyroidectomy and the last medical visit to the clinic. During the first
evaluation, the following data were recorded for each patient: patient demographics;
tumor characteristics (date of diagnosis; histological features; extrathyroidal extension
and lymph node involvement); and treatment (surgery, RAI, and other interventions).
Each patient was classified using the 7th edition of the TNM/AJCC staging system (I or
I1). NO status was determined by clinical examination of the neck, preoperative and
postoperative neck ultrasound (US) imaging, macroscopic examination during surgery
and pathological examination of patients with lymph node resection.

The follow-up protocol called for an initial assessment at three to six months
post surgery, which included a physical examination of the neck and measurements of
serum thyroglobulin (Tg) levels under thyrotropin (TSH) suppression (Tg-T4) and
antithyroglobulin antibody (TgAb). In a second evaluation 6-12 months after the initial
treatment, serum Tg was measured under conditions of a stimulated TSH (sTg) with
endogenous hypothyroidism (TSH >30 mIU/L). Neck US was also performed during
the first year of follow-up. Patients classified as disease-free (see below) were
scheduled for annual visits that included a physical examination of the neck and

measurements of Tg-T4 and TgAb. Patients with persistent disease were scheduled for
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medical visits twice a year. Additional imaging studies (e.g. neck US, diagnostic 1-131
whole body scan [WBS] and computed tomography [CT]) were undertaken as indicated
when clinical or laboratory findings raised suspicion of persistent or recurrent disease.

sPOTg

sPOTg was measured post thyroidectomy and before administration of RAL In
patients not selected to receive RAI, the sSPOTg was measured in the first year after
thyroidectomy. In both groups, sPOTg measurement was made under stimulated
conditions and was considered appropriate if TSH was >30 mlU/L (endogenous
hypothyroidism). Serum levels of TgAb were accessed in the same blood sample from
which sPOTg was measured, and patients with positive results were excluded from this

analysis.

Outcomes

Disease status was defined based on clinical examination, Tg-T4 and sTg levels,
neck US, post-RAI WBS (when available), and additional imaging exams when
indicated.

Disease-free was defined as no clinical or imaging evidence of tumor (i.e. no
uptake outside the thyroid bed on the post-treatment WBS, and no imaging evidence of
tumor on neck US), undetectable (<1 ng/mL) Tg-T4 levels and sTg levels <2 ng/mL.

Persistent disease was subdivided into biochemical or structural disease.
Biochemical disease was defined as Tg-T4 values >1 ng/ml or sTg levels >2 ng/mL
without structural evidence of disease. Structural disease of the cervical lymph node
was determined by imaging studies and biopsy-proven disease (cytology or histology)
with or without abnormal Tg values. Patients diagnosed with persistent disease were
evaluated for additional treatment (e.g. surgery or radioiodine), depending on the site
involved.

Recurrence was defined as new biochemical or structural evidence of disease

detected in a patient who had previously been determined to be disease free.

Laboratory analysis

Serum Tg measurements were performed using immunoradiometric assays
(from 2000 to 2002, radioimmunoassay; 2002 to 2010, electrochemiluminescence; and
2010 until the present, chemiluminescence - ECLIA, Modular E-170, Roche) with
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functional sensitivities of at least 1 ng/mL. TgAb measured using the passive
agglutination method from 2000 to 2010 and chemiluminescence (Siemens Healthcare)
from 2010 until the present. After each new technique had been implemented, necessary
standardization and validation procedures were performed. TSH levels were measured
by electrochemiluminescent immunoassay (ADVIA Centaur XP; Siemens Healthcare).
All tests were conducted in the central laboratory of the Hospital de Clinicas de Porto
Alegre.

Statistical analysis

Clinical and laboratory data are reported as the mean * standard deviation or
median and percentiles 25 and 75 (P25-75) for continuous variables and absolute
numbers and percentages for categorical variables. Comparative analyses were
performed using an unpaired Student’s t, Mann-Whitney U-test, Fisher’s test or chi-
square test, as appropriate.

Clinical variables, such as sex, age at diagnosis, tumor size, lymph nodal and
distant metastases, and sPOTg were evaluated as potential prognostic factors for DTC
by univariate analysis. SPOTg was also assessed using the area under the receiver
operating characteristic (ROC) curve with sPOTg as a continuous prognostic variable
and disease status at follow-up as the outcome variable.

All tests were two-tailed, and all analyses were performed using IBM SPSS
Statistics for Windows v20.0 (IBM Corp., Armonk, NY). A two-tailed p-value <0.05
was considered statistically significant.

Results
Clinical characteristics

A group of 32 children and adolescents with DTC (28 girls, 87.5%; M age at
diagnosis = 14.7+3.2 years) were included in this study. Thirty-one (96.9%) patients
had PTC and one (3.1%) had FTC. The median tumor size was 2.0 cm (P25-75 = 1.6-
3.5). Cervical metastasis was identified in 22 (68.8%) patients, and distant metastasis in
five (15.6%) patients. Regarding TNM staging, 27 (84.4%) were classified as stage |
and five (15.6%) as stage Il. Clinical and oncological characteristics of the 32 patients
are described in Table 1.

All patients underwent total thyroidectomy, and 29 (90.6%) received RAI
therapy with a median activity of 100 mCi (P25-75 = 100-150). Post-therapy WBS were
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performed in 28 patients; 23 (82.1%) patients presented only cervical uptake, and 5
(17.9%) had distant metastases (all in the lung).

Disease Status

During the first year of follow-up, disease status was available for 27 patients
(Fig. 1A): 14 (51.9%) patients were considered disease free, six (22.2%) had
biochemical persistent disease, and seven (25.9%) had persistent structural disease (two
cervical and five distant metastasis).

After a median follow-up of 5.0 years (P25-75 = 2.0-10.0), disease status was
available for the 27 patients (Fig. 1B): 15 (55.6%) patients were considered disease free,
six (22.2%) had persistent biochemical, and six (22.2%) had persistent structural disease

(two cervical and four distant metastasis). No recurrence or deaths were registered.

Prognostic factors

To investigate factors associated with disease-free status at follow-up, patients
were grouped into disease-free or persistent-disease categories. Univariate analysis
indicated that patients with persistent disease had a higher proportion of lymph node
metastasis (100.0 vs. 46.7%, p=0.003) and distant metastasis (41.6 vs. 0.0%, p=0.01).
The sPOTg was significantly higher in the group of patients with persistent disease
(638.0 vs. 8.5 ng/mL, p<0.001). Male sex, age at diagnosis, and tumor size were not
associated with persistent disease (p=0.075, p=0.359, and p=0.338, respectively; Table
2).

sPOTg as a prognostic factor for DTC

Data for sPOTg and disease status at follow-up data were available for 19/32
patients included in this study. Of these, two were excluded from analysis due to
positive TgAb levels at the time of sSPOTg (TgAb titers of 1:409,600 and 1:1600). The
first patient has distant metastasis and still displays high titers of TgAb after seven years
of follow-up. The second patient has no evidence of structural disease and showed a
significant drop in the TgAb levels during the 14 years of follow-up.

Thus, 17 patients were evaluated. The time interval between surgery and sPOTg
was a median of 3.0 months (P25-75 = 1.5-8.0). All patients but one received RAI: a
female, aged 15-year old at diagnosis, with a 2.0 cm PTC, without lymph node
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metastasis or distant metastasis (low-risk, T1bNOMO0). Her sPOTg was already
undetectable one month after surgery and continued to be undetectable without evidence
of disease after four years of follow-up.

The median value of sPOTg was 11.2 ng/mL (P25-75 = 7.5-418.5), with a
median of 8.5 ng/mL (P25-75 = 5.2-11.1) for patients classified as disease free and
638.0 ng/mL (P25-75 = 125.0 — 2,297.0) for patients with persistent disease (p<0.001).
The maximum value of SPOTg among patients considered disease free (n=10) was 13.5
ng/mL, whereas patients with persistent disease (biochemical or distant; n=7) had a
minimum sPOTg value of 49.5 ng/mL. Table 3 shows the individual sPOTg levels, the
time between surgery and its measurement, current disease status and follow-up data for
these patients.

To evaluate the performance of sSPOTg in predicting persistent disease, a ROC
curve was used, which resulted in an area under the curve of 1.0 [confidence interval
(CI) 1.0-1.0]. A sPOT(qg level of 31.5 ng/mL was determined as the optimal cutoff point
to predict disease-free status, with a sensitivity and specificity of 100%.

No significant changes in the sSPOTg values or ROC curve were observed when

the patient who did not receive RAI was excluded from the analysis.

Discussion

Identification of patients who are at greater risk of adverse outcomes is a critical
step in the management and follow-up of DTC patients. This study shows that SPOTg is
a powerful prognostic tool to predict disease status at follow-up in children and
adolescents with DTC.

POTg has been suggested as a prognostic factor in adult patients with DTC
(16,20-25). A recent meta-analysis demonstrated POTg has a high negative predictive
value (94.2% [CI 92.8-95.3]) for persistent disease, with the best cutoff value of 10
ng/mL for the prediction of the absence of biochemical or structural evidence of disease
(16). However, the studies included in this meta-analysis involved mostly adult patients
(average age ranging from 40.6 to 49.2 years). In fact, these data may not be applicable
for pediatric patients, since this type of tumor in children differs from that identified in
adult populations, not only in pathophysiology and clinical presentation but also in
long-term outcomes (10). Additionally, the data suggests that serum Tg levels might be
higher in children when compared with adults with a similar extent of disease

(10,26,27). Thus, differences can be expected in the analysis of POTg between children
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and adults, particularly regarding optimal cutoff value for these populations.
Nevertheless, no previous studies have evaluated the use of POTg as a prognostic
marker specifically in a pediatric population.

The present results show a significant difference in sPOTg values in patients
with disease-free status when compared to those with persistent disease at follow-up
(8.5 vs. 638.0 ng/mL, respectively). Interestingly, the sPOTg cutoff value of 31.5 ng/mL
is higher than those previously reported in adult populations studies, which ranged from
5.0 to 30.0 ng/mL (16). A potential explanation for the differences between adults and
children/adolescents sPOTg cut-off values is the more aggressive presentation of DTC
in young patients, with larger tumors, lymph node, and distant metastasis.

In the present cohort, the presence of lymph node metastasis and distant
metastasis were associated with persistent disease in short- and long-term outcomes.
These findings are similar to those found in a previous study (14) that identified lymph
node metastasis and distant metastasis as the two most important prognostic factors in
young patients with DTC. Furthermore, in agreement with the present results, these
authors found no statistical significance between sex, tumor size, or age at diagnosis and
persistent disease. In contrast, a recent study that included 118 children and adolescents
(15) showed that sex and metastatic disease (lymph node and distant) are important
prognostic factors in children with DTC. Moreover, they found ATA risk stratification
useful in predicting early and long-term outcomes in the pediatric population.

Based on the present study, SPOTg results can help guide the follow-up of young
patients with DTC. Those with POTg values <31.5 ng/mL had a better prognosis,
requiring less intensive treatment and monitoring. Conversely, patients with sPOTg
>31.5 ng/mL were at high risk of persistent disease, a condition that warrants more
agressive treatment and follow-up.

This study has some strengths. First, the fact that all patients included in this
analysis were followed at the same institution ensures similar therapeutic and follow-up
approaches. The exclusion of patients with TgAb-positive minimizes the possibility of
false negatives sPOTg values. However, the relatively small number of patients and the
fact that the analysis is restricted to only one center experience are limitations for the
interpretation of the ROC curve analysis and the external validity of our findings, a fact
that should be acknowledged. Another aspect to be considered is that although a median
of five years is a reasonable time of follow-up for assessing clinical outcomes, a more

extensive period should be observed for definitive conclusions. Notwithstanding,
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considering the rarity of DTC in this population and the lack of effective risk
stratification strategies, the role of SPOTg as a prognostic risk stratification tool in the
pediatric population is of considerable interest.

In conclusion, this study demonstrates that lymph node metastasis, distant
metastasis, and sPOTg are useful prognostic factors in young patients with DTC. Of
particular interest, SPOTg seems to have a promising role as a tool for identifying
children and adolescents with DTC at high risk of persistent disease.
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Table 1. Characteristics of 32 children and adolescents with differentiated thyroid

carcinoma

Age at diagnosis (years)
Female sex, n (%0)
Histology, n (%0)
Papillary
Follicular
Tumor size (cm)
Lymph node metastasis (N1), n (%0)
Distant metastasis, n (%)
TNM AJCC stage, n (%)
I
1
RAI therapy, n (%)
RAI activity (mCi)

Follow-up (years)

147 +3.2
28 (87.5)

31 (96.90)
1(3.1)
2.0 (1.6-3.5)
22 (68.8)
5 (15.6)

27 (84.4)

5 (15.6)
29 (90.6)
100 (100-150)
5.0 (2.7-10.2)

Data are expressed as the mean + SD, median (percentiles 25-75) or frequencies. RAI,

radioactive iodine.
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Table 2. Univariate analysis of predictors of persistent disease status

Disease Status Univariate
Analysis
Disease-free Persistent p
Disease

Male sex 0/15 (0.0) 3/12 (25.0) 0.075
Age at diagnosis (years) 15029 13.7+4.0 0.359
Tumor size (cm) 2.0 (1.7-3.5) 2.9 (2.1-4.0) 0.338
Lymph node metastasis 7/15 (46.7) 12/12 (100) 0.003
Distant metastasis 0/15 (0.0) 5/12 (41.6) 0.010
Stimulated postoperative 8.5(5.2-11.1)  638.0 (125.0- <0.001
Tg (ng/mL) 2297.0)

Data are expressed as the mean = SD, median (percentiles 25-75) or frequencies. Tg,

thyroglobulin.
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Table 3. Individual characteristics of 17 patients with POTg level and disease

status available

1 0.1 1.0 0.1

Disease-free 3.0

2 0.5 3.0 0.1 Disease-free 5.0

3 6.8 3.0 0.6 Disease-free 5.0

4 7.0 34.0 0.5 Disease-free 6.0

5 8.0 2.0 0.1 Disease-free 4.0

6 9.0 3.0 0.1 Disease-free 4.0

7 10.0 7.0 0.1 Disease-free 8.0

8 11.1 1.0 0.1 Disease-free 11.0

9 11.1 8.0 0.1 Disease-free 5.0

10 135 2.0 0.1 Disease-free 5.0

11 125.0 1.0 32.7 Biochemical 2.0
disease

12 2297.0 8.0 72.0 Biochemical 9.0
disease

13 49.5 3.0 10.0 Structural 2.0
Disease

14 638.0 13.0 8.6 Structural 2.0
disease

15 199.0 1.0 3.0 Structural 1.0
disease

16 1656.0 26.0 404.0 Structural 12.0
disease

17 4493.0 2.0 20212.0 Structural 5.0
disease

sPOTg, stimulated postoperative thyroglobulin.
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Fig. 1. Disease status after a one-year follow-up (A) and after a median of 5.0 years of
follow-up (P25-75 2.0-10.0) (B).
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Abstract

Background: Risk stratification for persistent disease is an important step in pediatric
differentiated thyroid cancer (DTC) management. The dynamic risk stratification (DRS)
is a well validated system for adults, but not yet for children and adolescents. This study
evaluated the DRS as well as other prognostic factors in pediatric DTC.

Methods: Patients aged < 18 years from four DTC tertiary teaching hospitals in
Southern Brazil were included. Clinical characteristics were systematically retrieved,
and all patients were classified according to risk stratification system of the 2015 ATA
Children DTC guidelines (ATA Risk) and according to DRS (excellent, indeterminate,
biochemical, or structural incomplete responses). Disease status was evaluated after
initial therapy and at last follow-up visit.

Results: Sixty-six patients aged 14.5+3.0 years were studied of whom 54 (81.8%) were
girls and 62 (93.9%) had papillary thyroid carcinomas. Tumor size was 2.3cm (P25-75;
1.6-3.5), 41 (63.1%) had cervical and 18 (27.7%) distant metastasis at diagnosis. All
patients underwent total thyroidectomy and 63 (95.5%) received radioiodine. Patients
were classified according to DRS after initial therapy (n=63) as follows: 21 (33%)
excellent, 13 (21%) indeterminate, 6 (9%) biochemical, and 23 (37%) structural
incomplete responses. Notably, after six years (P25-75; 2.7-10.0), most patients
remained in the same category. Interestingly, the cutoff analysis of stimulated
postoperative thyroglobulin (sPOTg) through receiver operating characteristic curve
showed that the value of 37.8 ng/mL showed 81% sensitivity and 100% specificity to
predict an excellent response. Prognostic factors associated with persistent disease in
the univariate analysis were TNM, ATA risk, DRS and sPOTg.

Conclusion: DRS after initial therapy and sPOTg are strong predictors of disease

outcome and might be helpful on defining follow-up strategies in pediatric DTC.
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Introduction

Differentiated thyroid cancer (DTC), which includes papillary thyroid cancer
(PTC) and follicular thyroid cancer (FTC), is the most common endocrine tumor during
childhood (1-3). PTC is the most common form of thyroid cancer in both children and
adults and represents >90% of all DTC diagnoses. Notably, DTC incidence in children
and adolescents is increasing at a rate of 1.1% per year (4-9). In Brazil, thyroid cancer
currently accounts for 2% of all pediatric cancers (10).

DTC has distinct presentations in pediatric patients compared to adults (3,11-
14). Although children and adolescents more often present with extensive and
aggressive disease and display a higher frequency of persistence/recurrence, their
prognosis is excellent, with a low mortality rate, even for those presenting with
advanced disease at diagnosis (3, 11-15).

Currently, one of the most important steps in the management of adult patients
with DTC is risk stratification for persistent/recurrent disease (16,17). However, there is
no single postoperative staging system that has been validated for children and
adolescents with DTC, and the utility of extrapolating adult risk and staging systems
into the pediatric setting is limited by the observed clinical disparity between the two
age groups (18,19). The American Joint Committee on Cancer (AJCC) TNM
classification system is widely used for describing the extent of disease and prognosis in
the adult population (20). However, as it was developed to predict mortality and not
persistence/recurrence, the TNM classification system remains limited in terms of
determining prognosis in children and adolescents (18). The most recent 2015 American
Thyroid Association (ATA) guideline for children with DTC suggest using the TNM
system to categorize patients into three risk groups, which also provide guidance for
postoperative management: low, intermediate and high (18). However, its utility is
limited, since it only takes into account the histopathological data, but does not consider
response to therapy.

A novel risk stratification system was recently described, which stratifies
response to therapy following initial treatment and during follow-up. This approach has
been termed “dynamic risk stratification” (DRS) (21-25). Nevertheless, while the
response to therapy assessment has been validated for adult patients with DTC, it has
only been evaluated in a few cohorts of children and adolescents (26-27). Of interest, it

was recently demonstrated that stimulated postoperative thyroglobulin (sPOTg) after
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initial treatment seems to have a promising role as a tool for identifying children and
adolescents with DTC at high risk of persistent disease (19).

The primary objective of the present study was to evaluate the DRS as a
prognostic tool to stratify risk for persistent and/or recurrent disease in a contemporary
DTC cohort of children and adolescents attending four DTC referral centers in southern
Brazil. The secondary objective was to evaluate the role of SPOTg as prognostic factor
in this population.

Materials and Methods

Patients and study design

Sixty-six children and adolescents with histological diagnosis of DTC before the
age of 18 years were included in this retrospective study. This number corresponds to all
consecutive pediatric patients who were followed at four referral centers for DTC
treatment in southern Brazil from 2000 to 2016: Hospital de Clinicas de Porto Alegre
(n=31), Hospital Nossa Senhora da Concei¢do (n=24), Santa Casa de Porto Alegre (n=9)
and Hospital S&o Lucas da Pontificia Universidade Catdlica do Rio Grande do Sul (n=2).

Treatment protocol and follow-up

The DTC treatment protocol used in these institutions consists of performing
total thyroidectomy, administering or not administering an ablative or therapeutic dose
of radioactive iodine (RAI) as indicated, and levothyroxine suppression therapy
(18,19,28,29). Decisions regarding cervical lymph node dissection were made at the
discretion of the surgical team at the center where the patients underwent surgery. Of
the 66 patients, 44 have been operated in the four institutions included in this study.
However, 22 patients were referred to these institutions after the surgical procedure. The
surgical notes and the referral report were reviewed, and data about the lymph node was
registered. Follow-up duration was defined as the time between the thyroidectomy and
the last medical visit to the clinic. During the first evaluation, the following data were
recorded for each patient: patient demographics; tumor characteristics (date of
diagnosis; histological features; extrathyroidal extension and lymph node involvement);
and treatment (surgery, RAI, and other interventions).

The follow-up protocol called for an initial assessment at 3 to 6 months post-

surgery, which included a physical examination of the neck and measurements of serum
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thyroglobulin  (Tg) levels under thyrotropin (TSH) suppression (Tg-T4) and
antithyroglobulin antibody (TgAb). In a second evaluation, 6 to 12 months after the
initial treatment, serum Tg was measured under conditions of a stimulated TSH (sTQ)
with endogenous hypothyroidism (TSH >30 mIU/L). Neck ultrasound (US) was also
performed during the first year of follow-up. Patients classified as disease free (see
below) were scheduled for annual visits that included a physical examination of the
neck and measurements of Tg-T4 and TgAb. Patients with persistent disease were
scheduled for medical visits twice a year and evaluated for additional therapy as needed.
Additional imaging studies [e.g. neck US, diagnostic 1-131 whole body scan (WBS) and
computed tomography (CT)] were performed as indicated when clinical or laboratory

findings raised suspicion of persistent or recurrent disease.

Risk stratification and Outcomes

To evaluate the initial risk for this pediatric population, all patients were
classified according the eighth AJCC TNM staging system (I or 1I) (20). NO status was
determined by clinical examination of the neck or pre- and postoperative neck US
imaging or macroscopic examination during surgery and pathological examination of
patients with lymph node resection. Additionally, they were stratified according to the
2015 ATA pediatric guideline (18) into three thyroid cancer risk levels: low,
intermediate and high.

Disease status was defined based on clinical examination, Tg-T4 and sTg levels,
neck US, post-RAI WBS (when available), and additional imaging exams when
indicated. Patients were classified into four categories: excellent response,
indeterminate response, biochemical incomplete response, or structural incomplete
response.

In patients submitted to RAI, an excellent response was defined as negative
imaging and Tg-T4 <0.2 ng/mL or sTg <1.0 ng/mL (21). A biochemical incomplete
response was defined as negative imaging and Tg-T4 >1.0ng/mL or sTg >10.0 ng/mL or
rising TgAb levels. A structural incomplete response was defined as structural or
functional evidence of disease with any Tg or TgAb level. An indeterminate response
was defined as non-specific findings on imaging studies or Tg-T4 between 0.2 to 1.0
ng/mL or sTg between 1.0 and 10.0 ng/mL or TgAb stable or declining.

In patients not submitted to RAI, excellent response was defined as negative

imaging and Tg-T4 <0.2 ng/mL or sTg <2.0 ng/mL (21). A biochemical incomplete
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response was defined as negative imaging and Tg-T4 >5.0ng/mL or sTg >10.0 ng/mL or
increasing Tg levels over time or rising TgAb levels. Structural incomplete response
was defined as structural or functional evidence of disease with any Tg or TgAb level.
An indeterminate response was defined as non-specific findings on imaging studies or
Tg-T4 between 0.2 to 5.0 ng/mL or sTg between 2.0 and 10.0 ng/mL or TgAb stable or
declining.

Recurrence was defined as new biochemical or structural evidence of disease detected

in a patient who had previously been determined to be disease free.

DRS

The response to treatment, based on the criteria described above, was evaluated
after initial treatment, which includes surgery and RAI, and at the last follow-up visit.
The patients were classified into the four categories of DRS: excellent response,
indeterminate response, biochemical incomplete response, or structural incomplete

response.

sPOTg

sPOTg was measured before administration of RAI in those patients who
received this treatment and in the first year after thyroidectomy in those patients who
did not receive RAL. In both groups, SPOTg measurements were made under stimulated
conditions following four weeks of thyroid hormone withdrawal (endogenous
hypothyroidism) and sPOTg was considered appropriate if TSH was >30mIU/L. Serum
levels of TgAb were evaluated in the same blood sample from which sPOTg was

measured, and patients with positive results were excluded from this analysis (n=5).

Statistical analysis

Clinical and laboratory data are reported as the mean + standard deviation (SD)
or median and percentiles 25 and 75 (P25-75) for continuous variables and absolute
numbers and percentages for categorical variables. Comparative analyses were
performed using an unpaired Student’s t, Mann-Whitney U-test, Fisher’s test or chi-
square test as appropriate.

Clinical variables, such as sex, age at diagnosis, tumor size, histological subtype,

multicentricity, lymph node and distant metastasis, SPOTg, ATA risk and DRS after
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initial treatment were evaluated as potential prognostic factors for DTC persistent
disease by univariate analysis. sPOTg was also assessed using the area under the
receiver operating characteristic (ROC) curve with sPOTg as a continuous prognostic
variable and disease status at follow-up as the outcome variable.

All tests were two-tailed, and all analyses were performed using IBM SPSS
Statistics for Windows v20.0 (IBM Corp., Armonk, NY). A two-tailed p-value <0.05
was considered statistically significant.

Results
Clinical characteristics

Sixty-six children and adolescents with DTC (81.8% of girls) with a mean age at
diagnosis of 14.5 * 3.0 years were included in this study. Of these, 62 (93.9%) had PTC
and four (6.1%) had FTC. The median tumor size was 2.3 cm (P25-75 1.6-3.5). Cervical
metastasis was identified in 41 (63.1%) patients (Nla=11; N1b=30) and distant
metastasis in 18 (27.7%). The clinical and oncological characteristics of the studied
patients are described in Table 1.

All patients underwent total thyroidectomy; 12 have been submitted only to
central neck dissection and 33 to central and lateral neck dissection. Of the 66 patients,
information about the surgical lymph node status was available for 45 subjects. Using
the TNM classification, it was possible to classify those patients as follows: 4 with NO,
11 with Nla and 30 with N1b. Of the 30 patients classified as N1b, 19 presented
unilateral disease, 8 presented bilateral disease and 3 extensive invasive burden disease.

In terms of RAI therapy, 63 (95.5%) patients received RAI being 42 therapeutic
(mean 124.2 + 38.5 mCi) and 21 ablative (mean 89.7 £ 37.0 mCi). In relation to the
three patients who did not receive any RAI, all were classified as TLNOMO, and hence
were in the ATA low risk category. Post-therapy WBS were performed in 60 patients; 3
(5%) patients had no uptake, 39 (65.0%) patients only had cervical uptake, and 18
(30.0%) patients were found to have distant metastases that were localized in the lung in

all of them.

DRS

Data concerning the disease status after initial therapy were available for 63
patients: 21 (33%) had an excellent response, 13 (21%) an indeterminate response, 6
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(9%) a biochemical persistent disease, and 23 (37%) a structural incomplete response
(Fig. 1).

After a median follow-up of 6.0 (2.7-10.0) years, 19 (90%) of the patients with
an excellent response in the first evaluation remained disease free, two (10%) were
reclassified to indeterminate response, and none had persistent disease (biochemical or
structural).

Those patients with an indeterminate response after initial therapy showed
similar results: the majority (n=8; 62%) remained in the indeterminate response
category, four (31%) were reclassified as having an excellent response, and only one
(7%) developed structural disease (cervical lymph node metastasis).

Among the six patients with biochemical disease after the initial therapy, one
(17%) displayed an excellent response at follow-up, one (17%) was considered to have
indeterminate response, and the majority (66%) remained in the biochemical disease
group (Fig. 1). Notably, only one of the patients not initially classified as having
structural persistent disease developed a metastasis (a cervical lymph node metastasis in
a patient with indeterminate response after initial treatment).

All patients with structural persistent disease were evaluated for additional
therapy (i.e., surgical interventions and/or RAI) at the discretion of the attending
physician. Among the patients (n = 23) diagnosed with structural persistent disease after
the initial treatment, only three (13%) reached an excellent response status after
additional treatment (two patients underwent surgical intervention for cervical persistent
disease, and one patient had a pulmonary metastasis that resolved after a cumulative
dose of 350 mCi of RAI). Most of the patients classified as having structural persistent
disease after initial therapy continued with structural disease (n=14; 61%), and six

(26%) exhibited an indeterminate response (Fig. 1). No deaths were recorded.

Additional treatment

Among the patients with an excellent response after initial treatment (n=21),
only one was submitted to a new neck exploration (negative for metastasis), and none
received additional RAI. Among the 13 patients with indeterminate response after initial
treatment, three of them were submitted to revisional cervical surgery (all three
positives for lymph node metastasis) and one received a second RAI treatment. Related
to patients with a biochemical incomplete response (n=6) after initial therapy, two of
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them were submitted to revisional surgery for cervical lymph node metastasis and three
received additional RAIl. Among the 23 patients with structural persistent disease after
initial treatment, 12 underwent revisional new neck exploration (11 positive and 1

negative for lymph node metastasis), and 16 received at least one more RAI treatment.

ATA pediatric risk classification versus DRS after initial therapy

Next, the ATA pediatric risk classification and DRS were compared after initial
therapy. It was observed that both systems had a good correlation, with 59% of low,
31% of intermediate, and 5% of high-risk patients showing excellent response to
therapy (Table 2). On the other hand, only 8% of low-risk patients, 19% of
intermediate-risk patients, and 81% of high-risk patients had a structural incomplete

response to therapy.

DRS after initial treatment and excellent response

Next, the proportion of patients in the ATA pediatric risk classification and DRS
systems who achieved an excellent response at the last follow-up was analyzed. As
expected, differences were observed in these rates according to the ATA pediatric risk
stratification. Patients achieved an excellent response in 79% for low-risk, 31% for
intermediate-risk, and 9% for high-risk patients (p=0.007). This difference was also
observed in DRS categories after response to the initial treatment. Excellent response
rates were 90% for excellent response, 30% for indeterminate response, 16% for

biochemical persistent disease and 13% for structural persistent disease (p=0.01).

Role of SPOTg as predictor of disease status

Data on sPOTg and disease status at follow-up were available for 43/66 (65%)
patients included in this study, and five were excluded for the presence of positive
TgAb. The median value of sPOTg was 18.9 ng/mL (P25-75, 9.0-221). The time
interval between surgery and sPOTg was a median of 2.0 months (P25-75 = 1.0-4.0).
To evaluate the performance of sPOTg in predicting persistent disease (biochemical or
structural), a ROC curve was used (Fig. 2), which resulted in an area under the curve of
0.92 [confidence interval 0.83-1.00]. A sPOTg level of 37.8 ng/mL was determined as
the optimal cutoff point to predict persistent disease, with a sensitivity of 81% and

specificity of 100%. Of interest, all patients with an excellent response (n=20) had a
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sPOTg <37.8 ng/mL, and 92% of patients with structural persistent disease had a SPOTg
above the cutoff level (Table 2).

Prognostic factors and univariate and multivariate analysis

To investigate factors associated with persistent disease at follow-up, patients
were grouped into disease-free or persistent disease categories. Univariate analysis
indicated that tumor size, lymph node and distant metastasis, ATA pediatric risk, DRS
after initial treatment, and sPOTg were all associated with persistent disease (Table 3).
The variables sex, age at diagnosis, histological subtype, and multicentricity were not
associated with persistent disease. An additional analysis using a multivariate model
that included all variables with p-values <0.05 in the univariate analysis and disease
status as the dependent variable showed that only DRS after initial therapy was an
independent prognostic factor for persistent disease (Table 4). Unfortunately, the

statistical model did not support the SPOTg variable.

Discussion

Risk stratification systems for recurrence/persistence of disease are critical for
providing the best care available for DTC patients, but these tools are not yet well
validated for the pediatric population. This study shows that both DRS and sPOTg are
powerful prognostic tools to predict disease status at follow-up in children and
adolescents with DTC.

Identifying patients at greater risk of adverse outcomes is as important step in
the management of DTC patients. Since DTC is known to be an indolent neoplasia, the
““over follow-up effect’” with unnecessary surveillance, diagnostic tests and medical
appointments is a concern (17). This issue may have even more impact in the pediatric
population, since these patients are expected to have a lifelong follow-up. Another
important aspect regarding children and adolescents with DTC is the paucity of data and
studies in this population. DTC in pediatric patients has a distinct presentation and
prognosis. Thus, extrapolating results from studies of adult population might lead to
equivocal conclusions.

The DRS has been validated by a seminal study of Tuttle et al. in 2010 (21).
Several studies have further corroborated the DRS as an important instrument for risk
stratification in adult patients with DTC (22-25). A central aspect of this system is to
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contemplate the dynamic response of the patient to the initial treatment and follow-up
treatment. The DRS, based on information from imaging studies and serum Tg levels,
provides a better prediction of the risk of recurrent/persistent disease and allows the
individualization of patient’s management and follow-up.

Despite all these observations that qualify DRS as one of the major tools in the
follow-up of patients with DTC, it has been poorly studied in children. Accordingly,
there is no recommendation for its use in ATA management guidelines for children with
thyroid cancer (18). In fact, to the best of the author’s knowledge, only two studies have
evaluated the DRS in the pediatric DTC population. In the first study, Lazar et al. (26)
evaluated the DRS system in a cohort of 54 patients with median age at diagnosis 13.9
years and a median of 8.8 year follow-up. The authors observed that those patients
classified as having a complete response after initial treatment displayed a good
prognosis: 82.9% of the patients remained in the excellent response status on long-term
follow-up. On the other hand, all the patients with an incomplete response remained
with persistent disease. Of interest, the proportion of variance associated with DRS was
greater than that explained by ATA risk-stratification system (0.79 vs. 0.25), suggesting
that DRS is a more precise predictor for disease outcome. The second study evaluated a
cohort of 77 pediatric DTC patients and also demonstrated that DRS was useful to
predict disease outcome at a long-term follow-up: the risk of recurrent/persistent disease
was significantly higher in the indeterminate group (hazard ratio [HR] = 10.2; p=0.045)
and in the structural incomplete group (HR = 98.7; p=0.005) compared to the group
with an excellent response (27).

The present study shows that in a cohort of 66 pediatric patients with DTC, the
DRS after initial therapy is an excellent tool on predicting disease status. Notably, the
DRS status category after initial therapy remained unchanged for most patients during a
median follow-up of six years. These findings are especially important for the group of
patients with excellent response after the initial treatment, since 90% (21/23) of them
remained disease-free during long-term follow-up.

Another important finding of this study is the demonstration of the usefulness of
sPOTg as a prognostic factor for DTC in the pediatric population. Tg is a specific and
sensitive marker of the presence of follicular thyroid cells, and serum Tg measurement
is a cornerstone tool in the follow-up of DTC patients and is considered the most
accurate method to detect persistent or recurrent disease. Moreover, SPOTg has been

suggested as a prognostic factor in adult patients with DTC by many studies (30-35).
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Recently, the usefulness of SPOTg as a prognostic factor was demonstrated in a small
DTC pediatric population followed at the author’s institution (19). Here, including
patients from four referral centers, a similar sSPOTg cutoff level to predict disease status
(37.8 ng/mL) was observed. Of note, this value is much higher than that found in the
adult population with DTC, indicating different cutoff values for these two populations.
According to a recent metanalysis (30), the best cutoff of sPOTg for predicting
persistent disease in adult DTC patients is 10.0 ng/mL. These observations might help
to guide the follow-up of young patients with DTC, differentiating those that require a
less intensive treatment from those that are candidates for more aggressive treatment
and follow-up.

This study has some strengths: first, the large number of patients of this rather
uncommon disease in children; and second, its multicenter design, which strengths the
external validity of the results. However, it should be noted that although six years is a
reasonable length of follow-up to assess clinical outcomes, observations for longer
periods should be studied to reach more definitive conclusions. Another possible
limitation is that there was no standardization of surgical treatment to address lymph
node disease. On the other hand, the data reflect real-life clinical practice, enhancing the
external validity of the findings. However, this possible limitation may be partially
mitigated by the fact that the surgery report of all patients were reviewed and that they
underwent a clinical examination of the neck and postoperative neck US, which allowed
the presence of suspicious lymph nodes to be identified.

In conclusion, adequate risk stratification in DTC is crucial to avoid, on one
hand, the overtreatment of low-risk patients and, on the other hand, the under-treatment
of high-risk patients. This study demonstrates that the DRS after initial therapy and
sPOTqg are reliable prognostic factors in children and adolescents with DTC. Performing
sPOTg and the DRS are acceptable, widely available, practical, timely, low cost and
high-value strategies that should be used consistently in the management of pediatric
DTC patients.
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Table 1. Characteristics of 66 children and adolescents with differentiated thyroid

carcinoma

Age at diagnosis (years)
Female sex, n (%0)
Histology, n (%0)
Papillary
Follicular
Tumor size (cm)
Lymph node metastasis (N1), n (%0)
Distant metastasis, n (%)
TNM AJCC stage, n (%)
I
1
RAI therapy, n (%)
RAI activity (mCi)

Follow-up (years)

145+3.0
54 (81.8)

62 (93.9)
4(6.1)
2.3 (1.6-3.5)
41 (63.1)
18 (27.7)

47 (72.3)

18 (27.7)

63 (95.5)
100 (100-150)
6.0 (2.7-10.0)

Data are expressed as the mean + SD, median (percentiles 25-75), or frequencies.

AJCC, American Joint Committee on Cancer; RAI, radioactive iodine.
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Table 2. ATA pediatric risk stratification and dynamic risk stratification based on

response to initial treatment in pediatric thyroid cancer

Response to initial ATA risk stratification sPOTg (ng/mL)
treatment

Low Intermediate High <37.8 >37.8

(n=24) (n=16) (n=22)

Excellent 14 5 1 14 0
response (n=20) (59%) (31%) (5%) (100%0) (0%)
Indeterminate 6 5 2 5 2
response (n=13) (25%) (31%) (9%) (71%) (29%0)
Biochemical 2 3 1 1 3
incomplete (8%0) (19%) (5%) (25%) (75%0)
response (n=6)
Structural 2 3 18 1 12
incomplete (8%) (19%) (819%0) (8%) (92%)
response (n=23)

ATA, American Thyroid Association; sSPOTg, stimulated postoperative thyroglobulin .
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Table 3. Univariate analysis of predictors of persistent disease status

Disease Status Univariate
Analysis
Disease-free Persistent p
Disease
Male sex 2127 (7.4) 9/36 (25.0) 0.058
Age at diagnosis (years) 145+27 143+3.3 0.839
Tumor size (cm) 2.0 (1.2-2.6) 2.7 (1.8-4.0) 0.019
Lymph node metastasis 8/26 (30.7) 32/36 (88.8) <0.001
Distant metastasis 1/26 (3.8) 17/36 (47.2) <0.001
sPOTg (ng/mL) 8.8 (3.1-14.6) 167.0(11.9-508.9) <0.001
Follicular cancer 3/27 (11.1) 1/36 (2.7) 0.177
Multicentricity 6/20 (30.0) 15/29 (51.7) 0.128
ATA pediatric risk
Low 19/26 (73.1) 5/36 (13.9)
Intermediate 5/26 (19.2) 11/36 (30.5) <0.001
High 2126 (7.7) 20/36 (55.6)
DRS after initial treatment
Excellent 19/27 (70.4) 2/36 (5.5)
Indeterminate 4/27 (14.8) 9/36 (25.0) <0.001
Biochemical persistent 1/27 (3.7) 5/36 (13.9)
Structural persistent 3/27 (11.1) 20/36 (55.6)

Data are expressed as the mean + SD, median (percentiles 25-75), or frequencies.
DRS, dynamic risk stratification.



Table 4. Multivariate analysis of predictors of persistent disease status.

Tumor size (cm)
Lymph node metastasis
Distant metastasis
ATA pediatric risk
Low
Intermediate
High
DRS after initial treatment
Excellent
Indeterminate
Biochemical persistent
Structural persistent

OR [CI]
1.5 [0.8-3.0]
16.8 [0.6-523.9]
1.7 [0.01-136.0]

1.0
1.0 [0.4-27.3]
2.0 [0.03-164.1]

1.0

35.2 [3.7-762.5]
54.9 [2.5-3933.1]
13.9[1.1-313.7]

p
0.17

0.08
0.79

0.73
0.17

0.006
0.027
0.05

94



Response after
initial treatment

Response at
follow-up
stratified by
response after
initial treatment*

63 DTC pediatric patients

95

21(33%)
Excellent

13 (21%)
Indeterminate

6 (9%)
Biochemical disease

23 (37%)
Structural disease

19 (90%) Excellent
2 (10%) Indeterminate
0 (0%) Biochemical disease
0 (0%) Structural disease

4 (31%) Excellent
8 (62%) Indeterminate
0 (0%) Biochemical disease
1 (7%) Structural disease

1(17%) Excellent
1 (17%) Indeterminate
4 (66%) Biochemical disease
0 (0%) Structural disease

3 (13%) Excellent
6 (26%) Indeterminate
0 (0%) Biochemical disease
14 (61%) Structural disease

* Follow-up at 6-year (P25-P752.7-10.0)

FIG. 1. Follow-up outcomes, according to the dynamic risk stratification (DRS).

DTC, differentiated thyroid cancer.
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FIG. 2. Receiver operating characteristic curve of SPOTg for excellent response.

sPOTyg, stimulated postoperative thyroglobulin.
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CONSIDERACOES FINAIS

O CDT em criancas e adolescentes é uma doenca rara, mas que vem aumentando
sua incidéncia ao longo dos ultimos anos. Por essa razdo, os estudos nessa populagédo
sdo escassos. O melhor conhecimento dessa patologia € fundamental para que possamos
oferecer o melhor tratamento e acompanhamento desses pacientes.

O prognostico do CDT em criangas e adolescentes é excelente na maioria dos
casos, com taxas de sobrevida em 20 anos acima de 95%. Entretanto, uma parcela
desses pacientes pode apresentar uma doenca mais agressiva, tanto na sua apresentacédo
inicial quanto durante o acompanhamento. Sendo assim, o ponto fundamental é tentar
identificar de forma precoce quem sdo esses pacientes, para oferecer um tratamento e
acompanhamento diferenciado.

Nos 2 estudos apresentados aqui tivemos a oportunidade de aumentar nosso
conhecimento nessa area. Mostramos que existem alguns fatores progndsticos
associados a doenca persistente, como metastases em linfonodos, metastases a distancia,
sPOTg, classificacdo de risco da ATA e DRS. Além disso, demonstramos o papel da
sPOTg e da DRS, ferramentas amplamente testadas e comprovadas na populacdo adulta

com CDT, em criancas e adolescentes.



