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RESUMO

Véarios estudos tém associado acromegalia a um risco aumentado de tumores
benignos e malignos. Enquanto bécios simples e multinodulares sdo achados
comuns em acromegalicos, a prevaléncia de cancer de tiredide € incerta. O objetivo
deste estudo foi estimar a prevaléncia de cancer de tiredide em uma série de
pacientes com acromegalia de trés hospitais do nordeste brasileiro. A metodologia
utilizada incluiu a andlise morfoldgica, citolégica e histopatoldgica da tirdide de
pacientes acromegalicos e voluntarios com mais de 18 anos, pareados por idade e
sexo e com nodulo (s) =2 1 cm. Foram avaliados 124 pacientes com acromegalia,
incluindo 76 mulheres (61,3%) e 48 homens (38,7%), com idade média de 45,1
anos. Ao estudo ultrassonogréfico da tirdide evidenciou-se normalidade em 31 casos
(25%), 25 tinham bécio difuso (20,1%), 67 apresentavam nddulos (54%) e um
agenesia do lobo direito (0,8%). Trinta e seis pacientes foram submetidos a biopsia
aspirativa por agulha fina (PAAF) de seus nédulos e 9 casos de carcinoma papilifero
foram encontrados (7,2%). O grupo controle consistiu de 263 individuos, 156 do
sexo feminino (59,3%) e 107 do sexo masculino (40,7%), com idade média de 44,7
anos. Na avaliacdo ultrassonogréfica, 96 apresentavam noédulos (36,5%). Destes, 13
foram puncionados e 2 casos de carcinoma papilifero foram encontrados (0,7%).
Estes resultados conferiram um odds ratio de 10,21 (p = 0,0011, IC 95% 2,17-
48,01). Estes resultados demonstraram uma prevaléncia aumentada de cancer de
tirdide, estatisticamente significativa, quando comparado ao nosso grupo controle.
Desta forma, sugere-se que pacientes acromegalicos devam rotineiramente ser
submetidos a exame ultrassonografico da tirdide, seguido por PAAF de ndodulos

guando indicado.

Palavras-chave: acromegalia e cancer, IGF-1 e cancer, tiride e acromegalia, GH e

cancer.



ABSTRACT

Several studies have associated acromegaly with an increased risk of benign and
malignant tumors. While simple and multinodular goiters are common findings in
acromegaly, the prevalence of thyroid cancer is uncertain. The objective of this study
was to estimate the prevalence of thyroid cancer in a series of acromegalic patients
from three hospitals in northeast of Brazil. The methodology used included
morphological, cytological and histological thyroid analysis of acromegalic patients
and volunteers over 18 years, matched for age and sex and with nodule (s) = 1 cm.
The subjects of this study were 124 acromegalic patients, including 76 females
(61.3%) and 48 men (38.7%), with a mean age 45.1 years. Results of the study
showed that thyroid ultrasonography was normal in 31 cases (25%), 25 had diffuse
goiter (20.1%), 67 had nodules (54%) and one agenesis of the right lobe (0.8%).
Thirty six patients underwent fine needle aspiration biopsy (FNAB) of their nodules
and 9 cases of papillary cancer were found (7.2%). The control group consisted of
263 subjects, 156 females (59.3%) and 107 males (40.7%), mean age 44.7 years. In
ultrasound assessment, 96 had nodules (36.5%). Of these, 13 were punctured and 2
cases of papillary carcinoma were found (0.7%). These results gave an odds ratio of
10.21 (p = 0.0011, 95% CI 2.17 to 48.01). These findings demonstrate an increased
prevalence of thyroid cancer, statistically significant when compared to our control
group. Thus, it is suggested that acromegalic patients should be routinely submitted
to thyroid ultrasound evaluation, followed by FNAB of nodules when indicated.

Keywords: acromegaly and cancer, IGF-1 and cancer, thyroid and acromegaly, GH

and cancer.
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1 INTRODUCAO

Acromegalia € um disturbio enddcrino raro causado por secrecdo excessiva
de hormoénio do crescimento (GH), tendo como principal etiologia um adenoma
hipofisario produtor de GH. Os efeitos de GH sdo mediados em grande parte pelo
estimulo a producdo do fator de crescimento insulina-simile | (IGF-1) (MELMED,
2006).

Esta associada com mortalidade prematura causada por doencas
cardiovasculares, respiratdrias e metabolicas, bem como risco aumentado de certas
malignidades (CLAYTON et al., 2011; COLAO et al.,, 2004; MELMED, 2006;
MELMED et al., 2009).

A associagdo entre crescimento tumoral e GH/ IGF-1 estd bem estabelecida
(COHEN et al., 2000; RENEHAN & BRENNAN, 2008). No entanto, ndo ha consenso
sobre o risco aumentado de desenvolver cancer em pacientes com acromegalia
(MELMED, 2001; ORME et al., 1998).

Evidéncias contraditorias sugerem que acromegalia esta associada com um
risco aumentado de neoplasia de célon (MELMED, 2001; TERZOLO et al., 2005;
ROKKAS et al., 2008). Possiveis mecanismos envolvidos neste excesso de risco
incluem um efeito tréfico do IGF-1 sobre a proliferacédo de células epiteliais (CATS et
al., 1996), além de expressdo reduzida do gene do receptor ativado por
proliferadores de peroxissoma (PPAR) (BOGAZZI et al., 2003).

Em pacientes com acromegalia ha uma alta prevaléncia de bocio,
especialmente bocio nodular atéxico (GASPERI et al., 2002; RUCHALA et al., 2009).
Cheung e Boyages (1997) encontraram em 37 individuos com acromegalia, uma
incidéncia global de 92% de bdcio. Estes achados sugerem que no inicio do curso
da doenca, ocorre bacio difuso. Entretanto, o aumento da prevaléncia de cancer de
tirdide nestes pacientes ainda permanece incerta.

Parte desta dificuldade em determinar a verdadeira incidéncia de cancer
nesta populacdo resulta da relativa raridade da acromegalia. Além disso, somente
apos o avanco no tratamento da doenca em si e de suas complicacdes, estes
pacientes estdo sobrevivendo tempo suficiente para atingir idade de maior risco para
cancer (JENKINS & BESSER, 2001).
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O objetivo deste estudo é determinar a prevaléncia de cancer de tirdide neste
grupo de pacientes com acromegalia e comparar 0s resultados com um grupo

controle.
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2 FUNDAMENTACAO TEORICA

Acromegalia é uma doenca caracterizada por um progressivo desfiguramento
somatico com aumento de partes moles das extremidades e extensas manifestacoes
sistémicas, secundarias a producao excessiva de horménio do crescimento (GH) na
vida adulta (RIBEIRO et al., 2003). Acomete tanto homens quanto mulheres,
variando de 0,7 a 1,8 nas diferentes séries, com discreto predominio para 0 sexo
feminino (CZEPIELEWSKI; ROLLIN, 2004). E uma doenca rara com prevaléncia de
aproximadamente 40 a 70 pacientes por milhdo e a incidéncia, de trés a quatro
pacientes ao ano por milhdo de individuos, com pico de incidéncia na quinta década.
Apresenta elevada taxa de morbi-mortalidade a longo prazo se nédo tratada
(BENGTSSON et al, 1988; COLAO et al., 2004).

Uma das primeiras descricfes clinicas desta doenca data de 1864, quando o
cranio de uma mulher afetada por prosopectasia (derivado das palavras gregas
prosopon, face, e ektasis, alargamento), foi descrito por Andrea Verga (COLAO et al.,
2004). Em 1881, Vicenzo Brigidi relatou hipofise aumentada e hipertrofiada em
autopsia de paciente com achados clinicos compativeis com acromegalia. O termo
“acromegalia” (extremidades grandes) s6 foi incorporado em 1886 por Pierre Marie,
quando descreveu dois pacientes com as caracteristicas tipicas da sindrome.
Posteriormente, ao longo do século seguinte, foram esclarecidas as associacdes da
hipéfise com a acromegalia e a producdo do GH e das somatomedinas - IGFs
(CZEPIELEWSKI; ROLLIN, 2004).

A principal etiologia da doenga € um adenoma hipofisario produtor do GH,
representando cerca de 98% dos casos. Raramente encontramos carcinoma
hipofisario, secre¢do ectopica do hormoénio liberador do GH (GHRH) ou secrecédo
ectopica do préoprio GH (COLAO et al., 2004).

O diagnostico de acromegalia é feito tardiamente, em média oito anos apos o
inicio dos sintomas, devido sua evolugdo lenta e progressiva. Este atraso
diagnéstico torna-se preocupante na medida em que a acromegalia esta associada a
uma morbimortalidade significativa, reduzindo a expectativa de vida com aumento de
mortalidade de duas a quatro vezes. Ele pode ser sugerido apenas com a inspecao

do paciente, que apresenta aumento das maos e dos pés e modificacdes
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fisionbmicas grosseiras, além de queixas como cefaléia, fadiga, intolerancia ao calor
e ganho de peso (CZEPIELEWSKI; ROLLIN, 2004).

Porém, o diagndstico deve ser confirmado bioquimicamente através dos
niveis de IGF-1 elevado para sexo e idade e pela ndo supressédo do GH no teste oral
de tolerancia a glicose - TOTG (GH superior a 1 mcg/L ap6s administracdo oral de
75 g de glicose, dosando-se o GH nos tempos 0, 30, 60 e 90 minutos), segundo o
consenso de 2000. Exames radiolégicos podem ser realizados em busca da
etiologia da doenca (CZEPIELEWSKI; ROLLIN, 2004).

As manifestagfes clinicas da acromegalia decorrem de efeitos sistémicos do
excesso de GH/ IGF-1, de efeitos locais dependentes do volume tumoral, como
cefaléia e alteracdo visual, e de disfuncbes na secrecdo de outros hormoénios
hipofisaros, como hiperprolactinemia e hipopituitarismo. Sistemicamente, a
acromegalia causa uma visceromegalia generalizada, levando a alteracdes
cardiacas, respiratérias, metabdlicas, osteoarticulares e outras consequéncias
endocrinas como o0 bocio. Aumento de volume da tiréide é clinica e
ultrassonograficamente detectado em 25% a 92% dos pacientes acromegalicos
(COLAO et al.,, 2004). Os mecanismos que envolvem a hiperplasia de tecido
tiroideano sdo dependentes de efeitos sinérgicos do excesso de GH/ IGF-1 e de
TSH sobre a célula folicular tiroideana (MISAKI et al., 1988; MINUTO et al., 1989).
Estes efeitos fazem com que haja secrecdo de T4 relativamente independente de
TSH. Assim, em pacientes acromegalicos ndo tratados observam-se niveis normais
de T4 e niveis reduzidos de TSH basal ap6s estimulo com TRH, além de ocorrer
correlagdo inversa desses niveis com os de IGF-1 circulantes (CZEPIELEWSKI;
ROLLIN, 2004).

Cheung et al (1997) sugerem gue inicialmente, no curso da doenca, ocorre o
bécio difuso sob acdo conjunta de TSH e IGF-1. Subsequentemente, autonomia da
glandula e formacdo de nodulos ocorreria pelo estimulo de IGF-1, sendo o TSH
dispensavel neste momento. Assim, o TSH seria apenas um fator permissivo, pois

sua auséncia nao permite o crescimento da glandula (MARCHISOTTI et al., 2005).

Na maioria das vezes o bécio € multinodular, benigno e ndo provoca alteracéo
funcional da tiréide. Porém, o risco de desenvolvimento destes nédulos tiroideanos
cresce com 0 aumento da duracdo da doenca (CHEUNG & BOYAGES, 1997).
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Histologicamente, tem sido descrito tecido tiroideano com aspecto coloidal,
hiperplasico e adenomatoso (COLAO et al., 2004).

Balkany e Cushing (1995) sugeriram que tumores da tirdide poderiam ser
estimulados pelo aumento dos niveis circulantes de IGF-1. Sua suposicdo é
favorecida pelo fato de existirem trés vezes mais receptores de IGF-1 em tecido
neoplasico tiroideano do que em tecido normal. Além disso, IGF-1 promoveu a
replicacdo do DNA de células tiroideanas cancerosas (MARCHISOTTI et al., 2005).

Recentemente, varios estudos epidemiolégicos tém sugerido que o nivel
elevado de IGF-1 aumenta o risco de cancer na populagédo em geral, enquanto que
altos niveis da principal proteina ligadora de IGF (IGFBP-3) estdo associados a
reducado do risco, sugerindo um papel protetor da IGFBP-3, esta promove apoptose
e interrompe a proliferacdo de células tumorais (MANOUSOS et al., 1999; MA et al.,
1999; JENKINS et al., 2000). O IGF-1 parece participar de uma forma permissiva em
conjunto com oncoproteinas nas fases de promocéo e progressdo do processo de
tumorigénese. O sistema IGF-1/ IGF-1R influencia a progressdo de células
cancerosas pela presenca de adesao e migracdo das células, e da angiogénese nos
tecidos tumorais e nos tecidos ao redor. Em adicao a suas fun¢ées enddécrinas, IGF-
1 é também sintetizado localmente em varios tecidos; exercendo acdo autécrina /
paracrina em células e tecidos (MARCHISOTTI et al., 2005).

Os canceres constituem a terceira causa de mortalidade em pacientes com
acromegalia. E os tumores digestivos constituem as neoplasias mais
frequentemente relacionadas com esta doenga. No total, cAncer de tirGide constitui
3,1% dos eventos malignos em acromegalia, incidéncia, esta, significativamente
aumentada para 3,3% no estudo de Baris et al (2002).

A prevaléncia deste cancer dentre os acromegalicos vem aumentando
consideravelmente nos ultimos estudos, chegando a uma prevaléncia de 5,5% no
estudo de HERRMANN et al. (2004) e de 5,6% no de TITA et al. (2005). Ja a
incidéncia de cancer de tirdide na populagdo geral é pequena, menor que 1%,
variando em diferentes achados epidemiolégicos de 1,2 a 2,6 por 100000 homens e
de 2,0 a 3,8 por 100000 mulheres (GUIMARAES, 2003). O que nos mostra a

importancia de pesquisarmos este cancer entre 0s pacientes com acromegalia.
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3 OBJETIVOS

3.1 Geral

Determinar a prevaléncia de carcinoma de tiride em grupo de pacientes com

acromegalia e comparar com grupo controle.

3.2 Especificos

a) Avaliar alteracdes ultrassonograficas e citolégicas na amostra em estudo;
b) Estimar a prevaléncia de cancer de tiréide em pacientes com acromegalia;
c) Comparar os dados encontrados nos pacientes acromegalicos com os do

grupo-controle.
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4 METODOLOGIA

4.1 Tipo de estudo

Transversal, analitico, do tipo caso-controle.

4.2 Periodo do estudo

De 2006 a 2010.

4.3 Local de realizacdo do estudo

Servi¢o de Endocrinologia do Hospital Universitario Unidade Presidente Dutra
da Universidade Federal do Maranhdo (UFMA), Hospital Universitario Walter
Cantidio da Universidade Federal do Ceara (UFC) e Hospital das Clinicas da

Universidade Federal de Pernambuco (UFPE).

4.4 Critérios de inclusdo

Participaram do estudo, pacientes que estiveram em acompanhamento nos
servicos de Endocrinologia dos Hospitais Universitarios dos centros citados, que
forneceram termo de consentimento livre e esclarecido, com idade superior a 18
anos, de ambos os sexos, com diagnéstico clinico e bioquimico de acromegalia
(niveis elevados de IGF-1 pareados para sexo e idade, niveis de GH maiores que

1ng/mL, apos teste oral de tolerancia a 75 g de glicose — TOTG e identificacdo de
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adenoma hipofisério na ressonancia magnética de sela tarcica). O grupo controle foi
composto por voluntérios da populagdo em geral, sendo pareados por sexo e idade
com o grupo de estudo, e que também forneceram termo de consentimento livre e

esclarecido, com idade superior a 18 anos.

4.5 Desenho do estudo

Todos os pacientes foram convidados para participar da pesquisa e aqueles
gue aceitaram participar assinaram o Termo de Consentimento Livre e Esclarecido
(TCLE) (APENDICE).

Todos os pacientes com diagnostico de acromegalia e os pacientes do grupo-
controle foram submetidos a ultrassonografia da tirdide. Aqueles pacientes que
apresentaram nédulos maiores ou igual a 1 cm a ultrassonografia da tir6ide foram
submetidos a puncao aspirativa com agulha fina (PAAF). Todo o material obtido pela
PAAF em ambos os hospitais foi analisado pelo mesmo médico patologista. Diante
de um exame citologico suspeito para malignidade ou de malignidade confirmada, os
pacientes foram submetidos a tireoidectomia, e posterior confirmacdo diagnostica
através de exame histopatoldgico das espécimes obtidas.

O GH e IGF-1 foram dosados utilizando-se ensaio de quimioluminescéncia
(Immulite® 1000).

A ultrassonografia da tiredide foi realizada usando equipamento MEDISON
CO., LTD (KOREA®), com transdutor linear de 7,5 MHz. O volume tireoidiano foi
calculado pela formula de De Chiro e Nelson (11/6 x comprimento x largura x
espessura) para cada lobo. A PAAF foi realizada utilizando-se agulha 21G (30 x 0,8
mm BD) conectada a uma seringa descartavel de 10 ml, sem pressao negativa,
guiada por transdutor linear de 7,5 MHz. As laminas foram fixadas em alcool 96° ou
secas ao ar, e posteriormente coradas. Utilizou-se hematoxilina-eosina e/ou
Papanicolaou para aquelas fixadas em alcool, e Giemsa para as laminas secas ao
ar.

Todos os pacientes com diagndéstico de cancer apos tireoidectomia tiveram

suas laminas revisadas por dois patologistas. Nenhum dos pacientes com cancer
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tinha fatores de risco adicionais para carcinoma diferenciado de tiride, com excecéo
de um submetido a radioterapia.

4.6 Andlise estatistica

Para a andlise dos dados utilizou-se a estatistica descritiva (média, desvio
padrdo, percentual); os testes estatisticos x2, Exato de Fisher para as variaveis
classificatorias e o teste t de student para as variaveis numéricas.

Para o critério de determinacdo de significancia adotou-se o nivel de 5%.
Quanto a andlise estatistica, esta foi processada pelo software estatistico BioEstat,

versao 5.0.

4.7 Aspectos éeticos

O trabalho foi aprovado pelo Comité de Etica em Pesquisa do Hospital
Universitario da Universidade Federal do Maranhdo (CEP-HUUFMA) conforme

Parecer Consubstanciado n°® 356/06.

5 RESULTADOS

Foram avaliados 124 pacientes com acromegalia, dos quais 76 (61,3%) do
sexo feminino e 48 (38,7%) do sexo masculino, com idade variando de 18 a 77 anos
(média 45,1 + 13,4 anos) (tabela 1). No estudo ultrassonografico, 31 (25%)
pacientes apresentaram tirdide normal, 25 (20,1%) bocio difuso, 67 (54%) nodulos e
um (0,8%) agenesia do lobo direito (Figura 1, tabela 2). Trinta e seis pacientes (29%)
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apresentaram nodulos tiroideanos solido e/ou misto com tamanho maior ou igual a 1
cm, sendo todos puncionados.

Foram encontrados 9 (7,25%) casos de cancer, todos do tipo papilifero (3
homens e 6 mulheres, com idade média de 50,7 £ 10,8 anos) (Figura 2, tabelas 2 e
3). No grupo acromegalico sem cancer (115 pacientes) a idade média foi de 44,6
13,5 anos, dos quais 45 (39,1%) eram do sexo masculino e 70 (60,8%) do sexo

feminino (tabela 2).

Tabela 1 - Caracteristicas demogréficas dos participantes (n=387)

Variavel Grupo acromegalico Grupo P
controle
Idade (média = DP) 451+ 134 447 + 13,4 ns*
(anos)
Masculino (n/ %) 48 (38,7%) 107 (40,7%) ns*
Feminino (n/ %) 76 (61,3%) 156 (59,3%) ns*
Total 124 263

* N&o significante
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Tabela 2 - Caracteristicas demograficas e avaliacdo tiroideana de 124 pacientes
acromegalicos

Morfologia da tiréide (ultrassonografia)
Normal 31 (25%)
Anormal 93 (75%)
Baocio difuso 25 (20.1%)
Bdcio nodular 67 (54%)
Agenesia de lobo 1 (0.8%)
PAAF (em nodulos > 1cm) 36 (29%)
Benigno 26 (20.9%)
Inconclusivo 1 (0.8%)
Carcinoma papilifero 9 (7.2%)
Acromegalicos com céancer de tirdide 9 (7.2%)
Idade (média/ anos) 50.7*
Masculino (n/%) 3 (33.3%)*
Feminino (n/%) 6 (66.7%)*
Acromegalicos sem cancer de tirdide 115 (92.7%)
Idade (média/ anos) 44.6*
Masculino (n/%) 45 (39.1%)*
Feminino (n/%) 70 (60.8%)*

PAAF: puncéo aspirativa com agulha fina. * ndo significante
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Tabela 3 - Caracteristicas dos pacientes acromegalicos ao diagndstico do

carcinoma de tiréide (n=9)

Pct | Id (anos)| Sexo | RT [ HF | AtDX RM Histologia Status %IGF-1
(anos) acromegalia LSN

1 62 0 macroadenoma |papilifero nao controlada [125.6%

2 160 15 macroadenoma [papilifero n&o controlada |117.7%

3 |58 4 microadenoma |papilifero controlada ha 3 < 100%
anos

4 |41 M 9 macroadenoma |papilifero controlada h&a 5 < 100%
anos

5 |56 5 macroadenoma |papilifero nao controlada |131.5%

6 |56 1 macroadenoma |papilifero néo controlada |111.3%

7 |32 M 5 macroadenoma |papilifero controlada ha 1 < 100%
ano

8 [38 M 5 macroadenoma |papilifero controlada ha 1 [< 100%
ano

9 |54 0 microadenoma |papilifero nao controlada [N/D

RT: radioterapia; HF: histéria familiar; At DX: tempo do
superior da normalidade; N/D: ndo disponivel.

diagnostico de acromegalia; LSN: limite

O grupo controle foi constituido por 263 individuos, dos quais 156 (59,3%) do

sexo feminino e 107 (40,7%) do sexo masculino, com idade entre 19-81 anos (média

44,7 + 13,4 anos) (tabela 1). Ao exame ultrassonogréfico, 96 (36,5%) individuos do

grupo controle apresentavam nddulos de tamanhos variados, enquanto a maioria

(62,36%) apresentava exame normal (Figura 1). Treze voluntarios apresentaram

noédulos tiroideanos solido e/ou misto com tamanho maior ou igual a 1 cm, sendo

todos puncionados, e dois casos de carcinoma papilifero encontrados (0,7%) (Figura

2).

Estes resultados conferiram um odds ratio de 10.21 (p = 0,0011, 95% CI 2.17

- 48.01) para cancer de tirdide nos pacientes com acromegalia (Tabela 4).



Tabela 4 - Prevaléncia de carcinoma de tir6éide na amostra (n=387)
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Variavel Grupo acromegalico Grupo Odds Ratio
controle
Casos (n) 9 (7,2%) 2 (0,7%) 10.21
(Cl12,17-48,01)*
Idade (média/ anos) 50,7 39,5
Masculino (n/ %) 3 (33,3%) 1 (50%)
Feminino(n/ %) 6 (66,7%) 1 (50%)

*p = 0.0011
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7 APENDICE

Termo de Consentimento Livre e Esclarecido

UNIVERSIDADE FEDERAL DO MARANHAO
PRO-REITORIA DE PESQUISA E POS-GRADUACAO
CENTRO DE CIENCIAS BIOLOGICAS E DA SAUDE
PROGRAMA DE POS-GRADUACAO EM SAUDE MATERNO INFANTIL

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Nome do Projeto: Cancer de Tiréide em pacientes com acromegalia: um estudo
caso-controle.
Coordenador: Manuel dos Santos Faria

Mestranda: Maira Cristina Carvalho dos Santos

O objetivo desta pesquisa é avaliar se a doenca Acromegalia aumenta a chance do
paciente ter um Cancer de Tirdide e, assim, determinar o nimero de casos em
nossos pacientes. Para confirmar a importancia deste trabalho é necesséaria a
comparagcdo com um grupo controle, que séo individuos que ndo apresentam a
doenca Acromegalia. NO0s estamos convidando vocé a participar desta pesquisa,
porque vocé faz parte de um grupo da populacdo semelhante ao grupo do estudo.
Noés iremos fazer uma avaliacdo, com objetivo de identificar alguma alteracdo em
sua glandula tireéide. Para isto, solicitamos que seja coletada uma pequena amostra
do seu sangue, para avaliar as taxas dos hormoénios produzidos pela tiredide. Nos
também solicitaremos uma ultrassonografia da tirdide para determinar a presenca de
nodulos. Caso vocé apresente nédulo(s) igual ou maior que 1 cm na sua tirdide,
vocé sera submetido a uma puncdo guiada por ultrassonografia, na qual sera
retrada uma amostra do nodulo para avaliar a sua natureza, conforme
recomendacao das Sociedades Nacionais e Internacionais de Endocrinologia. Caso

apresente resultados alterados nos exames hormonais e/ou na puncdo de tirdide,
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vocé sera encaminhado ao Servico de Endocrinologia do Hospital Universitario

Presidente Dutra.

PROCEDIMENTOS

Abaixo estdo descritos os procedimentos a serem seguidos para aqueles que
concordarem em patrticipar do estudo:

Avaliacdo médica;

Coleta de sangue, em jejum de 8 horas, que sera realizado através de técnica
estéril/limpa pelos funcionarios do laboratério do HUUPD.

Ultrassonografia sera realizada no Centro de Diagnéstico Médico, no Renascenca
Medical Center, pela médica Conceicdo Veiga Parente, a qual atende toda quarta
sexta-feira no periodo da tarde a partir das 14 horas. O encaminhamento sera
entregue apos a consulta.

Puncao Aspirativa por Agulha Fina (PAAF) da Tiréide guiada por Ultrassonografia
naqueles com nédulos, conforme descrito acima. Sera realizada as quartas-feiras
em local descrito no item 3, pela médica Conceicdo Veiga Parente e auxilio do
médico residente em Endocrinologia do servico de Residéncia médica em
Endocrinologia do HUUFMA, conforme agendamento prévio.

RISCOS

Os riscos possiveis associados a participacdo neste estudo:

- Relacionados a coleta de sangue conforme amplamente conhecidos que sé&o
extremamente raros;

- Nao existe um risco relacionado a ultrassonografia, pois ndo é um procedimento
invasivo e so6 ird mostrar, caso exista, a presenca de nédulos na tiredide.

- Vocé podera sentir incbmodo com a picada da agulha na PAAF. O risco de
infeccdo € desprezivel, pois a PAAF sera realizada por profissionais habilitados e
com material descartavel. E possivel que a quantidade de material aspirado de sua
tirdide, seja insuficiente para analise; nessa circunstancia, sera preciso repetir o

procedimento.
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BENEFICIOS

Os beneficios em participar deste estudo séo: vocé serd acompanhado para avaliar
se apresenta alguma alteracdo na tiredide, portanto seréo realizados os exames de
sangue e ultrassonografia, e se necessario, a PAAF.

Caso seus exames apresentem alguma alteracdo, vocé sera tratado pelos médicos
do servico de Endocrinologia do HUUPD. Este estudo ndo o reembolsara por sua
participacdo e os gastos com transporte e lanche apds coleta de sangue serdo

financiados, respectivamente, pelo Servico de Endocrinologia e Nutricdo do HUUPD.

TEMPO DE PARTICIPAQAO NO ESTUDO
O tempo de participacdo no estudo tera inicio com a primeira consulta com o médico

do projeto e terminard apos a avaliacdo pelo mesmo dos resultados dos exames.

CONFIDENCIALIDADE DO ESTUDO

O registro da participacéo neste estudo sera mantido confidencial. Nos guardaremos
0s registros de cada individuo, em sala trancada, e somente o0s profissionais
trabalhando na equipe terdo acesso a estas informacdes. Cada individuo recebera
um nuamero para ser utilizado no laboratério. Se qualquer relatério ou publicacao
resultar deste trabalho, a identificacdo do paciente ndo sera revelada. Resultados

serao relatados de forma RESUMIDA e o individuo ndo sera identificado.

PARTICIPACAO VOLUNTARIA
Toda participacdo é voluntaria. Ndo ha PUNICAO para alguém que decida n&o
participar neste estudo. Ninguém também sera penalizado se decidir desistir de

participar do estudo, em qualquer época.

ESCLARECIMENTOS

Estimulamos que vocé faca perguntas a respeito da pesquisa, sempre que VOCcé
achar necessario. Se vocé quiser mais esclarecimentos a respeito da pesquisa ou se
surgir alguma duvida, entre em contato com 0s integrantes.

Maira Cristina Carvalho dos Santos

End.: Rua Boa Esperanca, 612, Casa 08, condominio Malaga, Cohama.

Telefone: 81147669/ 32567974



31

Nome da pessoa (letra de forma):

Responsavel

Testemunha

Impresséo digital para aqueles que nédo sabem escrever.

COMPROMISSO DO INVESTIGADOR
Eu discuti as questbes acima apresentadas com os individuos participantes no
estudo. E minha opinido que o individuo entende os riscos, beneficios e obrigacdes

relacionadas a este projeto.

Sao Luis-MA, de de

Assinatura do Pesquisador
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8 ARTIGO CIENTIFICO

8.1 Nome do Periddico

Pituitary.

Editor chefe: Shlomo Melmed.

ISSN: 1386-341X (versao impressa).
ISSN: 1573-7403 (versao online).
Fator de impacto 2010: 2282.

8.2 Normas editoriais/Normas para autores

The Official Journal of the Pituitary Society Editor-in-Chief: Shlomo Melmed
ISSN: 1386-341X (print version) ISSN: 1573-7403 (electronic version)
Journal no. 11102

Instructions for Authors

TYPES OF PAPERS

Pituitary publishes original basic and applied work in the field of hypothalamic-
pituitary molecular biology, biochemistry, pathophysiology, clinical diagnosis and
management, neurosurgery and radiation therapy. Regular articles, Case Reports,
Letters to the Editor as well as solicited and unsolicited reviews are peer-reviewed by
the Editor, member of the Editorial Board and ad hoc reviewers.

MANUSCRIPT SUBMISSION
Manuscript Submission

Submission of a manuscript implies: that the work described has not been published
before; that it is not under consideration for publication anywhere else; that its
publication has been approved by all co- authors, if any, as well as by the
responsible authorities — tacitly or explicitly — at the institute where the work has been
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carried out. The publisher will not be held legally responsible should there be any
claims for compensation.

Permissions

Authors wishing to include figures, tables, or text passages that have already been
published elsewhere are required to obtain permission from the copyright owner(s)
for both the print and online format and to include evidence that such permission has
been granted when submitting their papers. Any material received without such
evidence will be assumed to originate from the authors.

Online Submission

Authors should submit their manuscripts online. Electronic submission substantially
reduces the editorial processing and reviewing times and shortens overall publication
times. Please follow the hyperlink
http://www.springer.com/medicine/internal/journal/11102?print_view=true&detailsPag
e=pltci 1591207

“Submit online” on the right and upload all of your manuscript files following the
instructions given on the screen.

TITLE PAGE

Title Page

The title page should include:

The name(s) of the author(s)

A concise and informative title

The affiliation(s) and address(es) of the author(s)

The e-mail address, telephone and fax numbers of the corresponding author
Abstract

Please provide a structured abstract of 150 to 250 words which should be divided
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Purpose (stating the main purposes and research question) Methods
Results

Conclusions

Keywords

Please provide 4 to 6 keywords which can be used for indexing purposes.
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TEXT
Text Formatting
Manuscripts should be submitted in Word.

Use a normal, plain font (e.g., 10-point Times Roman) for text. Use italics for
emphasis.

Use the automatic page numbering function to number the pages. Do not use field
functions.

Use tab stops or other commands for indents, not the space bar.
Use the table function, not spreadsheets, to make tables.
Use the equation editor or MathType for equations.

Save your file in docx format (Word 2007 or higher) or doc format (older Word
versions).

Word template (zip, 154 kB)

Manuscripts with mathematical content can also be submitted in LaTeX.

LaTeX macro package (zip, 182 kB)

Headings

Please use no more than three levels of displayed headings.

Abbreviations

Abbreviations should be defined at first mention and used consistently thereafter.
Footnotes

Footnotes can be used to give additional information, which may include the citation
of a reference included in the reference list. They should not consist solely of a
reference citation, and they should never include the bibliographic details of a
reference. They should also not contain any figures or tables.

Footnotes to the text are numbered consecutively; those to tables should be
indicated by superscript lower-case letters (or asterisks for significance values and
other statistical data). Footnotes to the title or the authors of the article are not given
reference symbols.

Always use footnotes instead of endnotes.

Acknowledgments
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The list of references should only include works that are cited in the text and that
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endnotes as a substitute for a reference list.
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For authors using EndNote, Springer provides an output style that supports the
formatting of in-text citations and reference list.

EndNote style (zip, 2 kB)

TABLES

All tables are to be numbered using Arabic numerals.

Tables should always be cited in text in consecutive numerical order.

For each table, please supply a table caption (title) explaining the components of the
table.

Identify any previously published material by giving the original source in the form of
a reference at the end of the table caption.

Footnotes to tables should be indicated by superscript lower-case letters (or asterisks
for significance values and other statistical data) and included beneath the table
body.

ARTWORK AND ILLUSTRATIONS GUIDELINES

For the best quality final product, it is highly recommended that you submit all of your
artwork — photographs, line drawings, etc. — in an electronic format. Your art will then
be produced to the highest standards with the greatest accuracy to detail. The
published work will directly reflect the quality of the artwork provided.

Electronic Figure Submission
Supply all figures electronically.
Indicate what graphics program was used to create the artwork.

For vector graphics, the preferred format is EPS; for halftones, please use TIFF
format. MS Office files are also acceptable.

Vector graphics containing fonts must have the fonts embedded in the files. Name
your figure files with "Fig" and the figure number, e.g., Figl.eps.

Line Art
Definition: Black and white graphic with no shading.

Do not use faint lines and/or lettering and check that all lines and lettering within the
figures are legible at final size.

All lines should be at least 0.1 mm (0.3 pt) wide.

Scanned line drawings and line drawings in bitmap format should have a minimum
resolution of 1200 dpi.
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Vector graphics containing fonts must have the fonts embedded in the files.
Halftone Art
Definition: Photographs, drawings, or paintings with fine shading, etc.

If any magnification is used in the photographs, indicate this by using scale bars
within the figures themselves.

Halftones should have a minimum resolution of 300 dpi.
Combination Art

Definition: a combination of halftone and line art, e.g., halftones containing line
drawing,extensive lettering, color diagrams, etc.

Combination artwork should have a minimum resolution of 600 dpi.
Color Art
Color art is free of charge for online publication.

If black and white will be shown in the print version, make sure that the main
information will still be visible. Many colors are not distinguishable from one another
when converted to black and white. A simple way to check this is to make a
xerographic copy to see if the necessary distinctions between the different colors are
still apparent.

If the figures will be printed in black and white, do not refer to color in the captions.
Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering
To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

Keep lettering consistently sized throughout your final-sized artwork, usually about 2—
3 mm (8-12 pt).

Variance of type size within an illustration should be minimal, e.g., do not use 8-pt
type on an axis and 20-pt type for the axis label.

Avoid effects such as shading, outline letters, etc.

Do not include titles or captions within your illustrations.
Figure Numbering

All figures are to be numbered using Arabic numerals.

Figures should always be cited in text in consecutive numerical order. Figure parts
should be denoted by lowercase letters (a, b, c, etc.).
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If an appendix appears in your article and it contains one or more figures, continue
the consecutive numbering of the main text. Do not number the appendix figures,
"Al, A2, A3, etc." Figures in online appendices (Electronic Supplementary Material)
should, however, be numbered separately.

Figure Captions

Each figure should have a concise caption describing accurately what the figure
depicts. Include the captions in the text file of the manuscript, not in the figure file.

Figure captions begin with the term Fig. in bold type, followed by the figure number,
also in bold type.

No punctuation is to be included after the number, nor is any punctuation to be
placed at the end of the caption.

Identify all elements found in the figure in the figure caption; and use boxes, circles,
etc., as coordinate points in graphs.

Identify previously published material by giving the original source in the form of a
reference citation at the end of the figure caption.

Figure Placement and Size
When preparing your figures, size figures to fit in the column width.

For most journals the figures should be 39 mm, 84 mm, 129 mm, or 174 mm wide
and not higher than 234 mm.

For books and book-sized journals, the figures should be 80 mm or 122 mm wide
and not higher than 198 mm.

Permissions

If you include figures that have already been published elsewhere, you must obtain
permission from the copyright owner(s) for both the print and online format. Please
be aware that some publishers do not grant electronic rights for free and that
Springer will not be able to refund any costs that may have occurred to receive these
permissions. In such cases, material from other sources should be used.

Accessibility

In order to give people of all abilities and disabilities access to the content of your
figures, please make sure that

All figures have descriptive captions (blind users could then use a text-to-speech
software or a text-to-Braille hardware)

Patterns are used instead of or in addition to colors for conveying information (color-
blind users would then be able to distinguish the visual elements)
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Any figure lettering has a contrast ratio of at least 4.5:1
ELECTRONIC SUPPLEMENTARY MATERIAL

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and
other supplementary files to be published online along with an article or a book
chapter. This feature can add dimension to the author's article, as certain information
cannot be printed or is more convenient in electronic form.

Submission
Supply all supplementary material in standard file formats.

Please include in each file the following information: article title, journal name, author
names; affiliation and e-mail address of the corresponding author.

To accommodate user downloads, please keep in mind that larger-sized files may
require very long download times and that some users may experience other
problems during downloading.

Audio, Video, and Animations
Always use MPEG-1 (.mpg) format.
Text and Presentations

Submit your material in PDF format; .doc or .ppt files are not suitable for long-term
viability. A collection of figures may also be combined in a PDF file.

Spreadsheets
Spreadsheets should be converted to PDF if no interaction with the data is intended.

If the readers should be encouraged to make their own calculations, spreadsheets
should be submitted as .xIs files (MS Excel).

Specialized Formats

Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica
notebook), and .tex can also be supplied.

Collecting Multiple Files
It is possible to collect multiple files in a .zip or .gz file.
Numbering

If supplying any supplementary material, the text must make specific mention of the
material as a citation, similar to that of figures and tables.
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Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the

animation (Online Resource 3)", “... additional data are given in Online Resource 4”.
Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.
Captions

For each supplementary material, please supply a concise caption describing the
content of the file.

Processing of supplementary files

Electronic supplementary material will be published as received from the author
without any conversion, editing, or reformatting.

Accessibility

In order to give people of all abilities and disabilities access to the content of your
supplementary files, please make sure that

The manuscript contains a descriptive caption for each supplementary material

Video files do not contain anything that flashes more than three times per second (so
that users prone to seizures caused by such effects are not put at risk)

SCIENTIFIC STYLE
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Thyroid cancer in patients with acromegaly: A case-control study
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Abstract

Several studies have associated acromegaly with an increased risk of benign and
malignant tumors. While simple and multinodular goiters are common findings in
acromegaly, the prevalence of thyroid cancer is uncertain. The objective of this study
was to estimate the prevalence of thyroid cancer in a series of acromegalic patients
from three hospitals in northeast of Brazil. The methodology used included
morphological, cytological and histological thyroid analysis of acromegalic patients
and volunteers over 18 years, matched for age and sex and with nodule (s) = 1 cm.
The subjects of this study were 124 acromegalic patients, including 76 females
(61.3%) and 48 men (38.7%), with a mean age 45.1 years. Results of the study
showed that thyroid ultrasonography was normal in 31 cases (25%), 25 had diffuse
goiter (20.1%), 67 had nodules (54%) and one agenesis of the right lobe (0.8%).
Thirty six patients underwent fine needle aspiration biopsy (FNAB) of their nodules
and 9 cases of papillary cancer were found (7.2%). The control group consisted of
263 subjects, 156 females (59.3%) and 107 males (40.7%), mean age 44.7 years. In
ultrasound assessment, 96 had nodules (36.5%). Of these, 13 were punctured and 2
cases of papillary carcinoma were found (0.7%). These results gave an odds ratio of
10.21 (p = 0.0011, 95% CI 2.17 to 48.01). These findings demonstrate an increased
prevalence of thyroid cancer, statistically significant when compared to our control
group. Thus, it is suggested that acromegalic patients should be routinely submitted

to thyroid ultrasound evaluation, followed by FNAB of nodules when indicated.

Keywords: acromegaly and cancer, IGF-1 and cancer, thyroid and acromegaly, GH

and cancer
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Introduction

Acromegaly is an unusual endocrine disorder characterized by events
resulting from sustained hypersecretion of GH and concomitant rise of IGF-1. It is
associated with premature mortality caused by cardiovascular, metabolic and
respiratory disease, as well as increased risk of certain malignancies [1, 2, 3, 4].

The association between tumor growth and growth hormone (GH), insulin like
growth factor-1 axis is well established [5, 6]. However, several reports did not
support the increased risk of developing cancer in patients with acromegaly [7, 8].

Conflicting evidence suggests that acromegaly is associated with an increased
risk of colonic neoplasia [7, 9, 10]. Mechanisms tought to be involved in the apparent
excess risk include a trophic IGF-1 effect on the proliferation of epithelial cells [11],
and reduced expression of the peroxisome proliferator-activated receptor (PPAR)
gene [12].

In patients with acromegaly there is a high prevalence of goiter, especially
non-toxic nodular goiter [13, 14]. Cheung et al found in 37 subjects with acromegaly
an overall incidence of 92% of goiter. Their findings suggest that early in the course
of the disease, diffuse goiters occurs [15]. However, the increased prevalence of
thyroid cancer in these patients remains uncertain.

Part of the difficulty in determining the true incidence of cancer in this
population results from the relative rarity of acromegaly. In addition, only after
progress is made in treating the disease itself and its complications, are these
patients living long enough to reach the age of increased cancer risk [16].

The objective of this study is to determine the prevalence of thyroid cancer in

this group of acromegalic patients and to compare the results with a control group.

Materials and methods
Patients

The subjects of this study were 124 acromegalic patients, including 76 females
(61.3%) and 48 males (38.7%), with a mean age 45.1 £ 13,4 years. The control
group was composed of 263 individuals, of which 156 females (59.3%) and 107
males (40.7%), with a mean age 44.7 + 13.4 years. Thirty nine subjects from the
control group had microadenoma (prolactinoma and nonfunctioning) with normal

serum level of GH and IGF-1.
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Study protocol and assays

The study was performed in accordance with the declaration of Helsinki and
was approved by the local ethics committee. All study participants provided informed
consent before enrollment had been reached.

A cross-sectional study including a control group, was performed in the
outpatient clinics of the Division of Endocrinology from University Hospital Presidente
Dutra - UFMA, University Hospital Walter Cantidio - UFC and Hospital das Clinicas -
UFPE (Northeast region of Brazil).

A morphological evaluation (ultrasonography), cytological assessment
(puncture of solid and mixed thyroid nodules with size greater than or equal to 1 cm)
and histological (when indicated) study of thyroid was performed with a group of
patients diagnosed with acromegaly, and volunteers in a control group over 18 years.

Acromegaly was considered with elevated levels of IGF-1 adjusted for sex and
age and with GH levels greater than 1 ng/mL after an oral glucose tolerance test with
759 of dextrose plus the identification of pituitary adenoma in MRI scans.

GH and IGF-1 serum levels were measured using the chemiluminescence
method (Immulite ® 1000).

Thyroid ultrasound was performed using CO Medison equipment., LTD
(KOREA ®), with a 7.5 MHz linear transducer. Thyroid volume was calculated using
the De Chiro and Nelson formula for each lobe. Fine needle aspiration biopsy
(FNAB) was performed using a 21 G needle connected to a 10 ml disposable
syringe without negative pressure, guided by ultrasound. The slides were fixed with
alcohol 96 ° or air-dried, and then stained. Hematoxylin-eosin and/or Papanicolaou
was used for those fixed with alcohol, and Giemsa stain for air dried slides.

All patients diagnosed with cancer after thyroidectomy had their slides
reviewed by two pathologists, and in case of disagreement a third pathologist was
called on to assist in the diagnostic conclusion. None of the cancer patients had
additional risk factors for differentiated thyroid cancers, besides one submitted to

radiotherapy.
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Statistics

For comparison of categorical variables, the chi-squared test or the Fisher
exact test were used where appropriate. The Student’s t test was performed for the
comparative analysis of quantitative variables. Results are expressed as percentages
and mean values + SD or unless otherwise indicated. All results were considered

significant if P value was less than 0.05.

Results

We evaluated 124 patients with acromegaly, of whom 76 (61.3%) were female
and 48 (38.7%) were male, with ages ranging from 18 to 77 years (mean 45.1 + 13.4
years) (Table 1). In the ultrasound study, 31 (25%) patients had normal thyroid, 25
(20.1%) diffuse goiter, 67 (54%) nodules and one (0.8%) agenesis of the right lobe
(Fig.1, table 2). Thirty-six patients (29%) had solid and/ or mixed thyroid nodules with
size greater than or equal to 1 cm, all being punctured.

We found 9 (7.25%) cases of cancer, all of them papillary type (3 men and 6
women, mean age of 50.7 = 10.83 years) (Fig.2, table 2 and 3). In the acromegalic
group without cancer (115 patients) the mean age was 44.6 = 13.5 years, of whom
45 (39.1%) were male and 70 (60.8%) were female (table 2).

Table 1. Demographic characteristics of all participants (n=387).

Variable Acromegaly group Control group P value
Age (Mean = SD) (years) [45.1+13.4 44.7 £ 13.4 ns*
Male (n/ %) 48 (38.7%) 107 (40.7%) ns*
Female (n/ %) 76 (61.3%) 156 (59.3%) ns*
Total 124 263

* Non significant
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Table 2 . Demographic characteristics and thyroid evaluation in 124 acromegalic patients.

Thyroid morphology (by ultrasound)

Normal

31 (25%)

I Abnormal

93 (75%)

Diffuse goiter

D5 (20.1%)

Nodular goiter 67 (54%)
Agenesis of right lobe 1 (0.8%)
FNAB (in nodules > 1cm) 36 (29%)

Benign 26 (20.9%)
Inconclusive 1 (0.8%)
Papillary carcinoma 0 (7.2%)

Acromegalic with thyroid cancer 9 (7.2%)
Age (mean/ years) 50.7*

Male (n/%)

3 (33.3%)*

Female (n/%)

6 (66.7%)*

IAcromegalic without thyroid cancer

115 (92.7%)

Age (mean/ years)

44.6*

Male (n/%)

45 (39.1%)*

Female (n/%)

70 (60.8%)*

FNAB: fine needle aspiration biopsy. * non significant
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Table 3. Characteristics of Acromegalic patients at the diagnosis of thyroid cancer (n=9)

49

Patient [Age| Gender | RT [ FH [ AtDX [Pituitary imaging| Histology | Acromegaly %IGF-1
no. |(ys) (ys) status ULN

1 62 |[F N N 0 macroadenoma  [papillary  [uncontrolled 125.6%

2 60 [F N N 15 macroadenoma  |papillary  [uncontrolled 117.7%

3 58 [F N N 4 microadenoma  |papillary  |controlled for 3 [< 100%
years

4 41 M Y N 9 macroadenoma  [papillary  [controlled for 5 |< 100%
years

5 56 [F N N 5 macroadenoma  |papillary  [uncontrolled 131.5%

6 56 |F N N 1 macroadenoma  [papillary uncontrolled 111.3%

7 32 M N N p macroadenoma  |papillary  [controlled for 1 |< 100%
year

8 38 M N N 5 macroadenoma  [papillary  [controlled for 1 |< 100%
year

9 54 |F N N [0 microadenoma  |papillary  [uncontrolled N/A

RT: radiotherapy; FH: family history; At DX: time from diagnosis of acromegaly; ULN: upper limit of
normality; N/A: not available.

The control group consisted of 263 individuals, of whom 156 (59.3%) females
and 107 (40.7%) males, aged 19-81 years (mean 44.7 + 13.4 years) (Table 1). At

ultrasonography, 96 (36.5%) control subjects had nodules of varying sizes, while the

majority (62.36%) had normal examination (Fig. 1). Thirteen volunteers showed solid

and/or mixed thyroid nodules with size greater than or equal to 1 cm, all being

punctured, and two cases of papillary carcinoma found (0.7%) (Fig.2).
These results gave an odds ratio of 10.21 (P = 0.0011, 95% CI 2.17 - 48.01)

for thyroid cancer in patients with acromegaly (Table 4).

Table 4. Prevalence of thyroid carcinoma in the sample (n=387)

Variable Acromegaly group Control group Odds Ratio
Case (n) 9 (7.2%)
2 (0.7%) 10.21(Cl 2.17-48.01)*
Age (Mean/ years) 50.7
39.5
Male (n/ %) 3 (33.3%) 1 (50%)
Female (n/ %) 6 (66.7%) 1 (50%)

* p value= 0.0011
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Discussion

Over the last decade, several epidemiological studies and laboratory
experiments have linked the IGF system with neoplasia [1,17]. Population studies
show a slight increase in the risk of subsequent diagnosis of cancer in people with
IGF-1 levels in the upper limit of normal compared to those whose values were the
lower limit of normal [17]. Multiple signaling pathways are activated after interaction
between the IGF-1 receptor and its ligands. After activation, these signaling
pathways can stimulate multiple neoplastic phenotypes including proliferation,
protection from apoptosis, invasion and metastasis [18].

As far as thyroid is concerned, there seems to be an association between
acromegaly and thyroid goiter and its prevalence varies from 11 to 92% depending
on the method used, whether palpation or ultrasound [15, 19, 20]. Our series of 124
patients with acromegaly showed a prevalence of thyroid changes around 74%,
including nodular (54%) and diffuse goiters (20.1%), while in the control group this
was respectively 36.5% and 1.1%. This is in agreement with Gasperi et al who
analyzed 258 patients with acromegaly, of whom 78% had an alteration in thyroid,
particularly non-toxic nodular goiter [13], and Tita et al who demonstrated a
prevalence of diffuse and nodular goiter which totaled 82% of the group [21]. As TSH
and IGF-1 are known to act synergistically on thyroid cell growth in vitro, the
mechanism of thyroid growth in acromegalic patients has generally been attributed to
the elevated IGF-1 levels [21].

The prevalence of thyroid cancer in acromegaly is not known, as the
populations of acromegalic patients studied are too small. Epidemiological studies
have reported an increased risk of cancer in acromegalic patients when compared to
the general population [8, 22]. Tita et al estimated the prevalence of thyroid cancer at
5.6% (7/125) in acromegalic patients, as compared to 0.1% in the general population
over iodine deficient areas [21]. In an Italian multicenter study, a thyroid cancer
prevalence of 1.2% (3/258 patients) was found by Gasperi et al [13], while in the
study of Kurimoto et al the percentage was 4.8% [23] and recent data from Gullu et al
showed that thyroid cancer is the most common cancer associated with acromegaly
(4.7%) [24]. Supporting this, Vannelli et al demonstrated production of IGF-1 in
cultured human thyroid cells, as well as the presence of its receptor. They confirmed

these findings in normal cells and neoplastic cells, and in the latter the concentration
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of IGF-1 was higher, suggesting that IGF-1 may contribute to the abnormal growth of
tumors [25]. We also know that, the vast majority of malignant neoplasms derived
from epithelial cells express genes encoding the IGF-1 receptor (IGF-1R) leading to
anti-apoptotic and mitogenic activity, angiogenesis, lymphangiogenesis and cell
motility when activated (6, 26, 27). It is also possible that hyperinsulinism indirectly
promotes carcinogenesis through reduction of hepatic IGFBP-1 and possibly IGFBP-
2, resulting in increased circulating levels of free and bioactive IGF-1 [28, 29, 30].
These results suggest that the augmented systemic GH/IGF-I axis due to acromegaly
and the local expression of GH/IGF-I components in the tumor tissues may be
involved in the process of oncogenesis and/or growth.

We found nine cases of thyroid cancer in the group with acromegaly, and just
one had undergone radiotherapy for adenoma’s treatment with 37 years old. In this
particular case the diagnosis of thyroid cancer occurred after 7 years of radiotherapy.
None had family history of thyroid cancer. There is an increased risk of second
intracranial tumour in patients with pituitary adenoma treated with radiotherapy. The
reported tumors include astrocytoma, glioblastoma, meningioma, and sarcoma.
There was no evidence of excess risk of thyroid malignancy [31, 32, 33, 34]. The
mean age of this group was 50.7 years old, with a higher proportion of women (66%).
In all cases, the nodules were solid, hypoechoic, without associated
lymphadenopathy and four had calcifications. Noteworthy that four patients had
biochemically controlled acromegaly and five did not.

Our control group was selected on demand (n=263), matched for age and sex,
in which we found a prevalence of thyroid cancer at a rate of 0.7% (2/263), consisting
of one woman and one man, mean age was 39.5 years old, with no family history of
thyroid cancer or radiotherapy, with ultrasound showing in one case a mixed nodule
and in the other, hypoechoic nodule with lymphadenopaty; while the acromegalic
group rate was 7.25% (9/124) with an odds ratio of 10.21 (P = 0.0011, 95% CI 2.17 -
48.01). All patients with thyroid cancer were of papillary type.

In an attempt to minimize biases, as an increased thyroid cancer rate in
acromegalic subjects might also be attributed only to increased surveillance, all
acromegalic patients and the control group were from the same region of the country
(northeast) and were submitted to the same evaluation criteria. We highlight that our
findings are strikingly high when compared to our control group that was well
matched, as well as the records of thyroid cancer in Recife (northeast of Brazil)
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show an incidence rate of 1.2 and 3.5/100000 respectively for man and woman and
point to a lower incidence in this city when compared to other regions of Brazil [35].
In addition, 39 individuals from the control group had microadenoma, with normal
serum level of GH and IGF-1, where we found 14 (35.9%) with nodular goiters and
no thyroid carcinoma. This finding may support the hypothesis that the observation of
increased thyroid cancer rate is specifically linked to acromegaly, as pointed out by
Tita et al [21].

We did not find statistically significant differences in age and sex of
acromegalic patients with and without thyroid cancer. However, due to the small
patient and event numbers, it is difficult to adjust for such major confounding factors.
Moreover the length of exposure to GH excess is unknown, as the symptoms of
acromegaly can be insidious, with diagnosis lagging behind onset, and definitive
biochemical remission does not reliably follow treatment [36]. Additionally, we should
stress that in our study we investigated only thyroid nodules greater than or equal to
one centimeter, while the current guidelines recommend puncturing all nodules with
suspicious ultrasonographic aspects, regardless of size. Therefore, our number of
patients with a diagnosis of thyroid cancer could actually be even higher.

In general differentiated thyroid cancer presents a good prognosis, with
statistics from around the world showing the decline in mortality. However in the
acromegalic population it is necessary to verify whether or not these tumors present
a more aggressive behavior, a greater frequency of BRAF mutations and to
determine if survival curves are different from those known for differentiated thyroid
carcinomas. Moreover, it is important to take into consideration that the genetic
susceptibility to GH-producing pituitary tumors could also predispose the patient to
the development of other tumors, and epigenetic mechanisms could also contribute
to this increased risk [6, 18, 37].

In conclusion, our findings show a statistically significant increased prevalence
of thyroid cancer in acromegalic patients when compared to a control group. Thus,
our data suggest that acromegalic patients should be routinely screened by thyroid

ultrasound, followed by FNAB, particularly, in cases of nodules = 1 cm.
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Abstract  Several stodies hawve associared acromegaly
with an increased risk of benign and malignant tumoes.
While simple and multinodular goiters are common find-
ings in acromegaly, the prevalence of thyeoid cancer s
uncertain, The objective of this study was 1o estimate the
prevalence of thveoid cancer in a serics of acromegalic
paticnts from three hospitals in northeast of Brazil. The
methodolopy used included morphological, cytolopical and
histological thyroid analysis of acromcegalic patients and
wolunteers over 18 years, matched for apge and sex and with
rodule (s} =1 ¢m. The swhjects of this stwdy were 124
acromegalic patients, ineluding 76 females (61.3%) and 48
men (3874, with a mean age 45.1 vears. Resulis of the
study showed thar thyroid ultrasonography was normal in
31 cases [23%), 25 had diffuse goiter (20019, &7 had
nodules (345 and one agenesis of the right lobe (LE%)L
Thirty-six patients underwent fine necdle aspiration biopsy
[FMARB) of their nodules and % cases of papillary cancer
weee found (7.2%). The control group consisted of 263

M. O das Semtes - (o O Mascimenio -

A GO Naswimenva - MLOIL CL Lieoes -

AR Y Alves - O, Parente - ML dos Sznios Faria 1200
Enéoczinelagy Urlt, Fedemal University of Marunhie (UFMA]L
Murznhie, Brazil

e mail: mIariad inlzbmail.com

V. . Carvalhin
Patalogy Unit, Fedemal Umiversity of Maranhide (UEWAL
Marznhde, Braxil

R Mantemegro - B Manvenegno Ir. - M. F. Albaro
Enéoczinelagy Urlt, Fedemal Universivy of Cears (UTC),
Cearz, Brusl

L. ¥Wilar

Encocinelogy Unit, Pederal Uriversity of Pernambuca (UFPE),
Pernumbuce., Brazil

Published anlime: 21 April 2002

subjects, 1536 females (39.3%) and 107 males (A0.7%],
mean age 447 years. Inoultrasound assessment, % had
nodules (36,55 ). OF these, 13 were punciuned and 2 cases
of papillary carciroma were found (0.74%). These resulos
gave an odds ratio of 1021 {p = 00001, 95% CT 2.17 w
480017, These Andings demonstrate an increasced prevalence
of thyvroid cancer, statistically significant when compared
to our control growp. Thus, it is suggested thar acromegalic
patients should be routinely submitted to thyroid ulira-
sound evaluation, followed by FNAB of nodules when
indicared.

Keywords Acromegaly and cancer - IGF-1 and cancer -
Thyraid and aceomegaly - GH and cancer

Introduction

Acromegaly is an unusoal endocrine disorder characterized
by events resuling from sustained hypersecretion of GH
and concomitant risc of IGF-1. It is associated with pre-
rmature morality caused by cardiovascular, metabolic and
respicatory disecasc, as well as Increased risk of certain
rmalignancies [ 1—1].

The association between tumor growth and growth
hormone (GH), insulin Like growth factor-1 axis is well
catahlished [5, 6], However, several reports did not support
the increased risk of developing cancer in patients with
acromegaly [7. 8].

Conflicting evidenoe sugpests that aceomegaly s asso-
ciated with an increased rick of eolonic neoplasia [7, 9, 10].
Mechanisms tought to be involved in the apparent cxcess
risk include a trophic IGF-1 effect on the proliferation of
cpithelial cells [11], and redeced cxpression of the pecox-
isome proliferatoc-activated recepoor (FPAR) gene [12].
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In patients with acromegaly theee is a high prevalence of
goiter, capoecially non-toxic nodular goiter [13, 14]. Cheung
¢t al. [15] found in 37 subjects with acromegaly an overall
incidence of 92% of goiter. Their findings suggest that
carly in the course of the discase, diffuse golters oceurs.
However, the increased prevalence of thyrold cancer in
these patients rermains unceriain.

Pan of the difficulty in determining the tree incidence of
cancer in this population results from the relative rarity of
acromegaly. In addition, only afer propress is made in
treating the disease itself and its complications, are these
patients living long enough to reach the age of incrcased
caneer risk [16].

The objective of this study is o determine the preva-
lence of thyroid cancer in this growp of acromegalic
patients and to compare the results with a contrel group.

haterials and methods
Paticnts

The subjects of this stady were 124 acromegalic patients,
including 76 females (61.3%) and 48 males (38.7%], with a
mean age 451 £ 13,4 years, The control group was
composed of 263 individwals, of which 1536 females
(59.3%) and 107 males (40.7%), with & mean age
.7 = 134 years. Thiry-nine subjects from the contral
group had microadenoma (prolactinoma and nonfunction-
ing) with normal serum level of GH and IGF-1.

Swdy protocol and assays

The study was performed in accordance with the declara-
tiom of Helsinki and was approved by the local cthics
commitice. All study participants provided informed con-
sent before enrollment had been reached.

A cross-sectional study incloding a control group, was
performed in the cutpatient clinies of the Division of Endo-
crnolegy from  University Hospital Presidente Dutra—
UFMA, University Hospital Walter Cantidio—UFC and
Hospital das Clinicas—UFPE (Mortheast region of Brazil).

A marphological evaluation (ultrasonography), cybo-
logical assessment {puncture of solid and mixed thyroid
nodules with size =1 cm) and histological {when indi-
cated) stedy of thyroid was performed with a growp of
patients diggnosed with acromegaly, and wolunteers in a
contoal growp over 18 years,

Acromegaly was comsidered with clevared levels of
IGF-1 adjusted for sex and age and with GH levels greater
than | ng'mL aficr an oral glucose woleranee test with 75 g
of dextrose plus the identification of pituitary adenoma in
MRI scans.
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GH and IGF-1 serum levels were measured wsing the
chemilumisescence methed {Immuolite™ 1000}

Thyreid ulrasownd was performed using C0 Medison
cquipment., LT (KOREA™, with a 7.5 MHz lincar
transducer. Thyroid wolume was calculated using the Dhe
Chire and Nelson formula for cach lobe. Fine ncedle
aspiration Bopsy (FNAB) was performed using a 21 G
needle connected to a [0 ml disposable syringe withour
negative pressure, guided by ultrasound. The slides were
fixed with alcohol 9% or air-dried, and then stained.
Hematoxylin-cosin andfor Papanicolacy was used for those
fixed with aleohol, and Giermsa stain for air dried slides.

All patients diagnosed with cancer after thyroidectomy
had their slides reviewed by two pathologists, and in case
of disagreement & third pathologist was called on o assist
in the diagnostic conclusion. Wone of the cancer patiencs
had additional risk factors for differentiaced thyroid can-
cers, besides one submitted o radiotherapy.

Htatistics

For comparison of categorical variables, the Chi-squared test or
the Fisher exact test were used where approprigic. The Sme-
dent’s ¢ test was performed foe the comparative analysis of
guantitative variables. Results ane expressed as peroentages and
rmean valwes == S0 or unless ocherwise indicated. AlL results
were considesed significant if P valwe was less than (05,

Results

W evaluated 124 patients with acromegaly, of whom 76
(61.3%) were female and 48 (38.7%) were male, with ages
ranging from LB o 77 years {mean 450 = 134 years)
(Table 1), In the ulrasownd stady, 31 (25%) paticnts had nor-
mual thyredd, 25 (20.1%) diffuse goitee, 67 (34%) nodules and
onc (0.8%) agenesis of the right lobe (Fig. 1; Table 21 Thimy-
six patients { 29%) had solid and’or mixed thyroid nodules with
size greater than or cqual i 1 cm, all being punctured.

We found 9 {7.25%) cases of cancer, all of them pap-
illary tvpe {3 men and & women, mean ape of 507 +
10.83 years) (Fig. 2; Tables 2 and 3). In the acromegalic

Table | Demographic chemacteristics of all pazicipams (s — 387)

¥ariahle Acromegaly  Contral 7 welue

gaep Eraup

Ape Imean £ 500 (yearsy 450 £ 134 427 L 154 o5

Male (i) 48 (387 M7 ELTR) os*
Female (2951 6 6135 156 059,39 os*
Tizl 124 243

* Mon significant
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Fig. 1 Thymoid ultresonography Endimgs (n = 387

Table I Demographic characteristics zod tayraid eveluation in 124
acromegulic patients

Thezodl marnhidagy (kv wlirascand)

Mol 313585

Akeoemal 93 V3%
Triffase gaiter 25 (2001
Modular podter A7 (5450
Agenexis of right lahe 1 10.8%)

FYAR (in nodules =1 em) 36 (295
Renign 26 (309%
Ieconchusive 1 [0.R%)
Pupillary camcizama a07.2%])

Acromegulic wilk thyruid cancer 9 (7.2%]
Mge (meantyers) S0T*

Male [2/%] 33139
Female (n/%) 4 [ TR
Arromegalic witkoul thyreid carcer 115 (92.7%)

Age (meanfyears) L &
Male (o3} A5 (1015
Female (!5 M IROAT*

FNAR fine meedle asairmtion hiopsy

* Man significant

group without cancer {115 patients) the mean age was
b = 13.5 years, of whorn 45 {39.1%) were male and 70
{60.8% ] were male (Table 2).

The control group consisted of 263 individuals, of whom
L56 (5935 fernales and 107 (40.7%) males, aged
19-El vears {mean 447 & 134 vears) (Table 1) At
ultrasonography, M6 (36.5%) cantral subjects had rodules
of wvarying sizes, while the majoricy (62.36%) had normal
cxamination (Fig. 1) Thirtcen volunteers showed solid
andfor mixed thyeoid nodules with size geeater than or
cqual to 1 em, all being punctured, and two cases of pap-
iNary carcinoma found (0.7%) (Fig. 20,

Fig. 2 Cyiological findings (m = 48]

These results gave an odds ratio of 10.21 (P = 00011,
055 CT 2.17-48.01) for thyroid cancer in patients with
acromegaly (Table 4).

Discussion

Orver the last decade, several epidemiological studics and
laboratory experiments have linked the IGF system with
neaplasia [1, 17]. Population studies show a slight increase
in the risk of subscquent diagnosis of cancer in peagle with
IGF-1 levels in the upper limit of normal compared to those
whose values were the lower limit of normal [17]. Mualiple
signaling pathways are activated aficr interaction betwesn
the IGF-1 recepior and its lipands. After activation, these
signaling pathways can stimulate multiple neoplastic phe-
rotypes including proliferation, prodeetion from apopoosis,
invasion and metastasis [ L8]

As far as thyroid is concemed, there secms 10 be an asso-
clation hetween acromegaly and thyrid goiter and its prey-
alence varies foom 11 1o 92% depending on the method wsed,
whether palpation or ultrasownd [15, 19, 200, Our series of 124
paticnts with acromegaly showed a prevalence of thyroid
changes around 745%. Including nodular (34%) and diffuse
goiters {20L1% 1, while in the control group this was respec-
tively 36,5 and 1.1 %. This is in agreement with (asper ct al.
[13] who analvaed 258 patients with acromegaly., of whom
TE% had an aleration in thyroid, particularly ron-toxic nod-
ular goiter, and Titaetal. [21] who demonstrated a prevalences
of diffuse and nodular goiter which totaled B2% of the growp.
As TSH and IGF-1 arc known to act synergistically on thyroid
cell growdh in vitro, the mechanism of thyroid growth in
acromegalic patients has generally been attribaced to the ele-
vated IGF-1 levels [21].

The prevalence of thyroid cancer in acromcgaly is no
krown, as the populations of acromcpalic patients stedicd
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Table 3 {haracteristics of scoomepgalic patients a0 the diagmosis of chymodd cancer (n = %)
Patient mo, Age (vezrsd) Gender RT FEl O ALDN (yewrs)  Pilailary imaging  Misiolegy  Acromegaly slaibas HIGE-1 VLN
1 £l E N N 0 Macriadencma Pupillery  Uncectrolled 125 6
2 £0 F N N L5 Macriadencma Pupillery  Uncectralled L17.7%
3 kB F N i | 4 Microzdenama Pupillury  Conizolled Sor 3 years <1009
& dl M T i | 9 Macriadenoma Papillary  Contzolled for § years < 1006
5 Ll F | i | 5 Macriadenoma Papillary  Uncoctralled 13].5%
4 Ll F | N 1 Macriadenoma Papillary  Uncoctralled 111.3%
7 i M N N 5 Macriadenoma Papillary  Contzolled foe | year 21006
& ELS M N N 5 Macriadencma Papillery Contmolled S | oyear <100
a 54 E N N 0 Microademama Pupillary  Uncectrolled Hia

R mdiatkeraps, Fif family miseory, Ar OX tme from éapnosis of scoomegaly, U0 opoer limdt of noemelity, 844 noe aveilable

Table & Prevalence of thymoid cecinama in the sample [n = 387

Varizhle Acromegaly  Ceceral Odds rutio
Braup group
Case (] 907.2%]) 20%)  102LCT 2 0T-<R.01*
Ape Imeandvears]  S0UT 5
Male (n/%) 303124 1 (30%)
Femnale (%) a (8. TR) 103000

*ooovalue — DU

are too small. Epidemiological studies have reported an
increased risk of cancer in acromegalic patients when
compared to the general population [8, 22]. Tita et al. [21]
catimated the prevalence of thyroid cancer at 5.6% (77125
in acromicgalic paticnts, as compared to (L% in the general
population over Lodine deficient arcas. In an Italian muolti-
center stedy, & thyroid cancer prevalence of 1.2% (3258
patients) was found by Gasperi et al. [13], whils in the
study of Kurimoto et al. [23] the percentage was <.8% and
recent data from Gullu et al. [24] showed that thyroid
caneer is the most common cancer associated with acro-
megaly (4.7%]. Supporting this, Vannelli et al. [25] dem-
onstrated prodwction of IGF-1 in cultwred human thyroid
cells, as well as the presence of its receptor. They con-
fiemed these findings in normal cells and neoplastic cells,
and in the latter the concentration of 1GF-1 was higher,
suggesting that 1GF-1 may coniribute to the abnormal
growth of wmors. We also know that, the vast majority of
malignant neoplasms derived from cpithelial cells expross
genes cncoding the TGF-1 receptor (IGF-LR) leading to
anti-apoptotic and mitogenic activity, angiogenesis, Lym-
phangiogenesis and cell motility when activated [6&, 26, 27].
It is also possible that hyperinsulinism indirectly promotes
carcinogenesis through reduction of hepatic IGFBP-1 and
possibly IGFBP-2, resulting in increased circulating levels
of free and bioactive IGF-1 [28-30]. These results suggest
that the awgmented systemic GHAGF-D axis due to

1 Springer

acromegaly and the local expression of GHIGEF-D compo-
nents in the wmor tiasees may be involved in the process of
oncogenesis andfor growdh.

W found nine cases of thyroid cancer in the group with
acromegaly, and just onc had undergone radictherapy for
aderoma’s eatment with 37 years old. In this pamicular
case the diagnosis of thyroid cancer occurred after 7 vears
of radictherapy. MNome had family history of thyroid cancer.
There is an increased risk of second intracranial twomour In
patients with pituitary adenoma treated with radictherapy.
The reported wmors include astrocvioma, gliohlasioma,
meningioma, and sarcoma. There was no evidence of
excess risk of thyroid malignancy [31-34]. The mean age
of this group was 50.7 years old, with a higher proportion
of women (G66%). In all cases, the nodules were solid,
hypoechoic, withour associated Ivmphaderopathy and four
had calcifications. Noteworthy thar four patients had bio-
chemically controlled acromegaly and five did not

Cur control group was selected on demand (v = 263],
ratched for ape and sex, in which we found a prevalence
of thyroid cancer at a rate of 0.7% (2/263), consistiing of
one woman and one man, mean age was 395 years old,
with no family history of thyroid cancer or radictherapy,
with ultrasound showing in one case a mixed nodule and in
the other, hypoechoic nodule with lymphadenapaty; while
the acromegalic group rate was 7.25% (9¢124) with an odds
ratic of 1021 (P =00011, 95% CI 2174801 Al
patients with thyeoid cancer were of papillary type.

In an attempt 10 minimize biases, as an increased thyraid
cancer rate in acromegalic subjects might also be attri buted
only v increased surveillance, all acrome galic patients and
the contra] group weee from the same region of the country
{northeast] and were submitted to the same evaluation
criteria. W highlighe that our findings are stikingly high
when compared 1o our contool growp thar was well mat-
ched, as well as the records of thyroid cancer in Recifc
[nartheast of Brazil) show an incidence rate of 1.2 and 3.5/
100,000, respectively for man and wornan and point to a
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lower incidence in this city when compared o other
regioms of Brazil [35]. In addition, 39 individuals from the
conteal group had microadenoma, with rormal secwm level
of GH and 1GF- |, where we found 14 (35.9% ) with nodualar
goiters and no thyrold carcinoma. This finding may support
the hypothesis that the observation of Increascd thyroid
cancer rate is specifically linked 1o acromegaly, as pointed
out by Tita et al. [21].

We did not find statistically sipnificant differcrces in
age and sex of acromegalic patients with and without
thyroid cancer. However, due 1o the small patient and event
murhers, it is difficult to adjust for such major confounding
factors. Maoreowver, the length of exposure to (GH excess s
unkrown, as the symptoms of acromegaly can be insidious,
with diagnosis lagging behind onsct, and definitive hio-
chemical remission does not celiably follow treatment [36].
Additionally, we should siress thar in our smody we inves-
tigated only thyroid nodules greater than or equal o one
centimeter, while the current  guidelines recommend
puncturing all nodules with suspicious ulrasonographic
aspects, regardless of size. Thercfore, our number of
paticnts with a diagnosis of thyroid cancer could actually
he even higher.

In general differentiated thypold cancer presents a good
progrosis, with statistics from around the world showing the
decling in mortality. However, in the acromegalic population
it is necessary 1o verify whether or not these turmors present a
more aggressive behavior, a preater frequency of BRAF
mutations and to determine if survival curves are differont
from those known for differcntiated thyroid carcinomas.
Mogeover, it is important 10 take into consideration that the
genetic suscepribiliny to GH-producing pituitary tumoes could
alsoprodispose the patient to the development of ciher tumaors,
and cpigenetc mechanisms could also contribute to this
increased risk |5, 14, 19).

In conclusion, our findings show a statistically signifi-
cant increased prevalence of thyeoid cancer In acromegalic
paticnts when compared to a control group. Thus, our data
sugpest that scromcgalic patients should he routinely
sereened by thyrold ultrascond, followed by FINAB, par-
ticularly, in cases of nodules =1 em.
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