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EPIDEMIOLOGY OF THYROID CANCER

EPIDEMIOLOGIJA RAKA STITNJACE

Sergej Hojker

University Medical Center Ljubljana, Ljubljana, Slovenija
Klini¢ki bolni¢ki centar Ljubljana, Ljubljana, Slovenija

Thyroid cancers are the most common malignant
endocrine tumors. Among United States females, thy-
roid cancer accounts for about 3% of all cancers and is
the eighth most common malignancy. Among thyroid
carcinomas, the most frequent types are differentiated
forms (follicular and papillary). Anaplastic and medul-
lary types are rare. The incidence of thyroid cancer is
low in relation to other diseases of thyroid gland. Nodu-
lar goiter is 50 to 60 times more often. If all nodular
changes are taken into account, the difference is even
greater. On the other hand, differentiated thyroid can-
cers are among few curable cancers. Some oncologists
call them “beauty imperfection”.

Thyroid cancer rates are three times higher in wom-
en than in men, during the period between puberty and
menopause, suggesting that the etiology of thyroid can-
cer may be related to female sex hormones and repro-
ductive function. This pattern is consistently observed
across geographic location and ethnicity. The incidence
in women peaks within female reproductive period,
whereas in men it increases steadily with age.

The incidence rates of thyroid cancer vary consider-
ably across the world between 2 and 14 cases per 100,000.
The level of medical care and surveillance practices are
thought to contribute to international variation, because
thyroid malignancies can remain indolent for many years.
The highest incidence rates are found mostly on the
islands such as Hawaii, Iceland, in some regions of Sic-
ily and Cyprus. The incidence rates vary between dif-
ferent ethnic groups. Especially interesting are differ-
ences between different ethnic groups such as Arab and
Jewish populations in Israel, or Southeast Asian and
Caucasian population in Hawaii and San Francisco Bay
area. High incidence rates were also observed in some

Rak Stitnjace je najucestaliji maligni endokrini tu-
mor. Medu Zenama u SAD rak $titnjace ¢ini oko 3% svih
malignoma i osmi je najucestaliji malignitet. Medu kar-
cinomima Stitnjace najceséi tipovi su diferencirani obli-
ci (folikularni i papilarni). Anaplasti¢ni i medularni tipovi
su rijetki. Incidencija raka Stitnjace je niska u odnosu na
druge bolesti Stitnjace. Nodularna se gusa pojavljuje 50-
60 puta ¢esée. Ako se sve nodularne promjene uzmu u
obzir, razlika je ¢ak 1 veca. S druge strane, diferencirani
rak Stitnjace spada u red od nekoliko izljec¢ivih maligno-
ma. Neki onkolozi ih nazivaju ‘kozmetickim manjkavo-
stima’.

Stope incidencije raka Stitnjace su tri puta vise u Zena
nego u muskaraca, i to u vremenu izmedu puberteta i
menopauze, ukazujuéi na to da bi etiologija raka Stitnja-
¢e mogla biti povezana sa Zenskim spolnim hormonima
i reprodukcijskom funkcijom. Ovaj obrazac se ucestalo
zapaza u razli¢itim geografskim lokacijama i1 etnickim
pripadnostima. Incidencija za Zene postize vrhunac u
reprodukcijskom razdoblju, dok za muskarce stalno raste
s godinama.

Stope incidencije raka Stitnjace variraju znatno u svi-
jetuizmedu 2 i 14 slu¢ajeva na 100.000. Razina medicin-
ske skrbi i pracenje doprinose medunarodnim razlika-
ma, jer maligniteti $titnjaCe mogu godinama ostati in-
dolentni. Najvise stope incidencije nadene su uglavnom
na Havajskom otodju, Islandu, u nekim regijama Sicilije
i Cipra.

Stope incidencije variraju izmedu razli¢itih etnic¢kih
skupina. Narocito su zanimljive razlike izmedu razli¢itih
etni¢kih skupina, npr. Arapa i zidovske populacije u
Izraelu, te jugoistocno azijske i bjelacke populacije na
Havajima i u podrudju zaljeva San Francisco. Visoke sto-
pe incidencije su takoder zapazene u nekim epidemio-
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epidemiological studies of Jewish communities in the
United States. These data may indicate a role of genet-
ic but also of socioeconomic and dietary factors.

Medullary thyroid carcinoma has a well-established
familial occurrence and is associated with other endo-
crine disorders (MEN). For thyroid, cancers of follicular
origin, until recently, were thought to arise sporadically
without an inherited genetic predisposition. In last years,
ever more data are collected on familial non-medullary
thyroid cancer (FN'TC), defined by the presence of thy-
roid cancers of follicular cell origin within two or more
first-degree relatives. An autosomal dominant inherit-
ance pattern with reduced penetrance appears likely in
most pedigrees. The gene(s) responsible for the major-
ity of FN'TC cases have not yet been characterized. Clin-
ical and genetic studies of FN'TC have yielded conflict-
ing results concerning the aggressiveness of these tu-
mors.

The content of iodine in food has no influence on
the overall incidence of thyroid carcinoma, whereas the
distribution of types seems to be related to the intake
of iodine. In areas with appropriate iodine intake, a high-
er rate of less aggressive papillary histologic types than
of follicular or anaplastic thyroid carcinomas was record-
ed.

Numerous reports are available on the sensitivity of
thyroid gland to radiation-induced oncogenesis. Exter-
nal irradiation of the neck for benign diseases, mainly
in children, elevates the risk of thyroid cancer. Special
attention was focused on events when great number of
people were exposed to radiation, such atomic bomb
explosions, atomic bomb testing, and accidents at nu-
clear plants, especially in Chernobyl. According to these
articles, there appears to be a dose-response relation for
the risk of developing cancer after exposure to radioac-
tive iodine. On the other hand, radioactive iodine, es-
pecially iodine-131, has been used in the diagnosis and
treatment of thyroid diseases for more than 50 years.
Regardless of the wide use of radioactive iodine, there
is no evidence that the risk of thyroid cancer will in-
crease with the treatment of hyperthyroidism with io-
dine-131 and with the use of diagnostic levels of iodine-
131.

Several investigations suggest an increase in cancer
incidence in different countries not affected by excess
of radiation. The Thyroid Cancer Committee in France
reports on an increase of thyroid cancer incidence to 8.1%
and 6.2% per year in women and men, respectively, main-
ly due to papillary type with an epidemic of microcarci-

loskim studijama o Zidovskim zajednicama u SAD. Ovi
podaci mogu ukazivati na ulogu genetickih, ali isto tako
socioekonomskih 1 prehrambenih ¢imbenika.

Za medularni karcinom $titnjace je dobro poznato
obiteljsko pojavljivanje u sklopu s drugim endokrinim
poremecdajima (MEN). Za rak $titnjace folikularnog po-
drijetla sve donedavno se mislilo da nastaje sporadi¢no
bez nasljedne genetske predispozicije. U novije vrijeme
sve je viSe podataka o obiteljskom ne-medularnom raku
Stitnjace (ONMRS), definiranom prisutno$cu raka Stit-
njace podrijetlom od folikularnih stanica u dvoje ili vise
rodaka u prvom koljenu. Autosomno dominantni oblik
nasljedivanja s reduciranom stopom klini¢ke pojavnosti
pojavljuje se u najvise slucajeva. Jo$ nije utvrdena uloga
gena za veéinu ONMRS. Klini¢ke i geneticke studije
ONMRS su donijele proturjene rezultate o agresivno-
sti ovih tumora.

Sadrzaj joda u hrani nema utjecaja na ukupnu inci-
denciju karcinoma Stitnjace, dok je naprotiv distribucija
tipova vjerojatno povezana s unosom joda. U podrudjima
s dostatnim unosom joda zabiljeZena je veca stopa ma-
nje agresivnih papilarnih histoloskih tipova od foliku-
larnih 1 anaplasti¢nih karcinoma $titnjace.

Dostupni su mnogobrojni dokazi o osjetljivosti Stit-
njace na zraCenjem izazvani razvoj raka. Vanjsko zrace-
nje vrata zbog dobro¢udnih bolesti, osobito u djece, po-
visuje rizik za rak stitnjace. Osobita se pozornost posve-
¢uje dogadajima kada je velik broj ljudi izloZen radijaci-
ji, kao u eksploziji atomskih bomba, atomskim pokusi-
ma i nesre¢ama u nuklearnim pogonima, poglavito u Cer-
nobilu. Prema tim ¢lancima, ¢ini se kako postoji odnos
doze i odgovora za rizik razvoja raka nakon izlaganja ra-
dioaktivhom jodu.

S druge strane, radioaktivni jod, a osobito 131-1, se
rabi u dijagnostici i lijeCenju bolesti $titnjace vise od 50
godina. Bez obzira na Siroku upotrebu radioaktivnog joda,
nema dokaza da Ce se rizik za rak StitnjaCe povecati s
lije¢enjem hipertireoze pomocu 131-joda te primjenom
dijagnostickih doza 131-joda.

Nekoliko istrazivaca ukazuje na porast incidencije
raka u razli¢itim zemljama uzrokovan porastom radijaci-
je. Odbor za rak Stitnjac¢e u Francuskoj izvjeStava o po-
rastu incidencije raka Stitnjace od 8,1% 1 6,2% na godinu
u zena i muskaraca, pretezito zbog papilarnog tipa s epi-
demijom mikrokarcinoma. Oni navode kako epidemio-
loski podaci ukazuju na vezu izmedu takvog porasta i
promijenjenog pristupa u lije¢enju ¢vorova Stitnjace.

Utvrdeni su i mnogi drugi rizi¢ni ¢imbenici. Bole-
snici s prethodnom anamnezom guse ili ¢vorova imaju
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nomas. They state that epidemiologic data favor links
between such an increase and the changing approach to
thyroid nodule management.

Many other risk factors have been established. Pa-
tients with a previous history of goiter or nodules have
an increased risk of thyroid cancer. Women who report-
ed the onset of menarche before age 12 or after age 14
were at about 50% increased risk of papillary thyroid
cancer; however, this effect differed among age- and
ethnic-specific subgroups. The influence of pregnancy
on the risk of thyroid cancer is not clearly defined. The
risk was reduced in women who had ever used oral con-
traceptives.

The prevalence of thyroid microcarcinomas found at
autopsies is 100-1000 times higher than in clinical can-
cer. This statement, together with the fact that thyroid
cancer may stay  situ for years, opens questions about
the effects of screening progress on the detection of a
large pool of microcarcinomas that increases incidence
measurements of thyroid cancers and induces public
health concerns.

povedan rizik za rak Stitnjace. Zene s ranim pocetkom
menarhe prije 12. godine ili nakon 14. godine imaju oko
50% povecan rizik za papilarni rak $titnjace; medutim,
ovaj ucinak se razlikuje izmedu dobnih 1 etni¢kih pod-
skupina. Utjecaj trudnoce na rizik za rak Stitnjace nije
jasno utvrden. Rizik je smanjen u Zena koje su u nekom
razdoblju uzimale oralne kontraceptive.

Prevalencija mikrokarcinoma Stitnja¢e nadena na
autopsijama je 100-1000 puta visa nego nego kod
klinickog raka. Ova tvrdnja zajedno s ¢injenicom da rak
stitnjaée godinama ostaje 7z sifu otvara pitanja o uéinku
napretka probira u otkrivanju velikog poo/z mikrokarci-
noma, §to povecava incidenciju raka $titnjaCe i izaziva
javnozdravstvenu zabrinutost.

MOLECULAR GENETICS OF THYROID CANCER

MOLEKULARNA GENETIKA TUMORA STITNJACE

Kresimir Paveli¢

Division of Molecular Medicine, Ruder Boskovi¢ Institute, Zagreb, Croatia
Laboratorij za sistemsku biomedicinu, Zavod za molekularnu medicinu, Institut Ruder Boskovi¢, Zagreb

Cancers develop and progress viz activation of onco-
genes and loss of tumor suppressor genes. The devel-
opment and progression of thyroid tumors is signaled
by phenotype-specific mutations of genes involved in
growth control'. A sequence of genetic events charac-
terized by deletion and expression of several oncogenes
may lead progressively to tumorigenesis. The expres-
sion of certain oncogenes is believed to be related to
thyroid carcinogenesis and tumor progression. Several
oncogenes (ras, ret, trk) and tumor suppressor genes (p53,
Rb, p16/CDKNZ, p21“") have been associated with dif-
ferent thyroid tumors. Ras oncogene activation is an early
event and appears to be involved in the genesis of fol-
licular adenoma and carcinoma®. Three other genetic

Razvoj tumora opcéenito vezan je uz aktivaciju onko-
gena i gubitak funkcije tumor-supresorskih gena. Raz-
voj 1 napredovanje tumora §titnjace vezano je uza speci-
fi¢ne mutacije gena koji su uklju¢eni u kontrolu rasta'.
Slijed genetskih dogadaja koji ukljucuje delecije i1 ek-
spresiju nekoliko onkogena moze postupno dovesti do
nastanka tumora. Vjeruje se da postoji visoka korelacija
karcinogeneze tumora Stitnjace i njegove progresije s
ekspresijom odredenih onkogena. Tako se zna da je ne-
koliko onkogena (ras, ret, tr#), kao i nekoliko tumor-su-
presorskih gena (p53, R, p16/CDKN2, p21#") povezano
s pojavom razli¢itih tumora Stitnjace. Aktivacija onko-
gena ras predstavlja rani dogadaj i ¢ini se kako je uklju-
¢ena u nastanak folikularnog adenoma i karcinoma?. "Tri
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and/or epigenetic alterations play a role in PTC patho-
genesis: activating mutation of 7as genes, ¢-met overex-
pression and down regulation of E-cadherin in papillary
carcinoma. Recently, another major player in papillary
carcinoma etiopathogenesis has been reported: the BRAF
gene. Papillary carcinoma is one of the human cancers
displaying the highest prevalence of BRAF mutations,
which occur almost always in the same hot spot (V600OE).
The finding of a high prevalence of BRAF mutations, to-
gether with the involvement of 7as mutations and ret/
PTC rearrangements in the majority of papillary carcino-
mas, points to the crucial role played by alterations at the
retfras/BRAFIMAPK signal transduction pathway in the
pathogenesis of papillary carcinoma®.

In our recently published study we found that the
majority of malignant thyroid cancers displayed aberrant
expression of FHIT gene concomitant with p53 gene
inactivation®. This is followed by a low rate of apopto-
sis, which may be important in the development and/or
progression of thyroid cancer. We found a higher inci-
dence of p53 mutation and aberrant processing of FHIT
mRNA in malignant tumors (papillary, follicular, med-
ullary and anaplastic carcinomas) and in those tumors
with distant metastasis. The growth of p53/FHIT" fol-
licular carcinoma of human origin was much faster in
nude mice than p53*/FHIT™ follicular carcinoma, and
mice had shorter survival rate. Human FHIT gene is a
highly conserved gene whose loss of function may be
important in the development and/or progression of var-
ious types of cancer. Concomitant aberration of FHIT
gene and p53 could be responsible for the development
of highly malignant types of thyroid cancer and may be
considered as a prognostic marker for these tumors®.

Despite these intriguing molecular genetic data,
molecular events associated with undifferentiated thy-
roid cancer are not well known. This might change in
the near future thanks to new powerful methods in life
sciences. Medicine is entering a new era of global ap-
proaches in scientific techniques. These approaches,
named -omics represent a global, systematic and com-
prehensive way for identifying and describing the proc-
esses and pathways involved in normal as well as abnor-
mal states. Omics are global methodologies to character-
ization of all, or most members belonging to a certain
family of molecules, in one single analysis. It is charac-
terized by high-throughput or large-scale experimental
methodologies combined with statistical and computa-
tional analyses of the results. The fundamental strate-
gy of omics approach is aimed to expand the scope of

ostale genetske i/ili epigenetske promjene imaju ulogu
u patogenezi PTC, a to su aktivirajua mutacija gena
ras, prekomjerna ekspresija gena ¢-mer te smanjena ek-
spresija E-cadherina u papilarnom karcinomu?. Nedav-
no je pronaden gen BRAF kao drugi vazan sudionik u
etiopatogenezi papilarnog karcinoma. Papilarni karcinom
je jedan od ljudskih tumora koji imaju najve¢u ucesta-
lost mutacija u genu BRAF, a koje se gotovo uvijek ja-
vljaju na istoj klju¢noj poziciji (V60OE). Otkriée visoke
ucestalosti mutacija u genu BRAF, kao 1 uloga mutacija
u genima ras 1 1et/PTC kod vecine papilarnih karcino-
ma upuduju na odluc¢ujucéu ulogu koju imaju promjene u
signalnom putu ret/ras/BRAF/MAPK u patogenezi
papilarnog karcinoma®.

U nasem nedavno objavljenom istraZivanju pronasli
smo kako je vec¢ina malignih tumora $titnjace pokaziva-
la neodgovarajucu ekspresiju gena FHIT zajedno s inak-
tivacijom gena p53*. "To je bilo popraéeno niskom stopom
apoptoze, $to bi moglo biti vazno u razvoju i/ili progre-
siji tumora $titnjace. Pronasli smo ve¢u pojavnost muta-
cije p53 1 nepravilnog procesiranja transkripata gena
FHIT kod malignih tumora (papilarni, folikularni, medu-
larni 1 anaplasti¢ni karcinomi), kao i kod tumora s uda-
ljenim metastazama. Rast folikularnog karcinoma ljud-
skog podrijetla statusa p537/FHIT™ bio je puno brzi u
“golih miSeva” no $to je bio rast folikularnog karcinoma
P53 /FHIT*, a misevi su imali krade vrijeme prezivljenja.
Ljudski gen FHIT je evolucijski iznimno dobro o¢uvan
gen Ciji bi gubitak funkcije mogao biti vazan u razvoju i
progresiji razli¢itih tipova tumora. Prate¢i nepravilnosti
gena FHIT ¢ini se da bi i gen p53 mogao biti odgovoran
za razvoj izrazito malignih tipova tumora Stitnjace te bi
se mogao razmatrati kao prognosticki biljeg za te tumore*.

Unato¢ ovim intrigantnim podacima iz podrucja mole-
kularne genetike, molekularni dogadaji vezani uz nedif-
erencirane tumore $titnjace jo$ nisu dobro poznati. To
bi se moglo promijeniti u skoroj buduénosti zahvaljujuci
novim moénim metodama. Medicina ulazi u novo doba
globalnih znanstvenih pristupa i tehnika. T1 pristupi,
objedinjeni u pojmu -omics, predstavljaju globalan, su-
stavan 1 sveobuhvatan nacin identifikacije i opisivanja
procesa i putova uklju¢enih u normalna i bolesna stanja.
Omucs su globalne metodologije za karakterizaciju svih
ili veéine ¢lanova odredene obitelji molekula u jednoj
jedinoj analizi. Njihova je znacajka visok protok velikog
broja podataka ili eksperimentalne metodologije na ve-
likom broju uzoraka koji se statisticki i kompjutorski
analiziraju. Temeljna strategija pristupa -omics je Sirenje
istrazivanja s podruéja proucavanja pojedinih entiteta
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biological investigation from studying single entities
(genes/proteins) to studying all possible parameters col-
lectively in a coordinated and systematic fashion. In
general, these studies have emphasized the potential
of technology for biomarker discovery as well as for ad-
dressing the issue of cancer heterogeneity, new classifi-
cation, early diagnosis and new therapeutic targets. Two
important omics approaches, transcriptomics and pro-
teomics, have become powerful tools for deciphering the
complex signaling pathways in tumor biology. Cancer
proteomics has already identified proteins of potential
clinical interest. There are two major foci for the use of
omics in oncology. The first is to discover new molecular
markers for the profiling of tumors and the second is to
decipher pathways that lead to cancer cell development.
Such data are beginning to provide a knowledge basis
for the identification of possible therapies for the dis-
ease and subsequent development of innovative strate-
gies. Unquestionably, cancer is the disease that has re-
ceived most attention and the generated data address
mainly aspects of clinical oncology. However, functional
genomic methods are new and highly dependent on bi-
oinformatics and statistics, which require additional
improvement, since the meaning and importance of the
results derived from such large-scale experiments are
not widely appreciated. The goal of my presentation is to
discuss the possible applications of these technologies in
thyroid cancer, since they already have great impact on
the management of cancer: in the discovery of new drug
targets, development of new molecular tools for diagno-
sis and prognosis as well as in improving treatments by
taking into account the molecular characteristics of a giv-
en tumor. Practical consequences for treatment derived
from better understanding of the molecular basis of can-
cer cell growth are now emerging, as evidenced by the
development of therapeutic strategies. One of the most
exciting challenges today is to move cancer omics from
the “bench side” to the “bedside”.
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Medicine, Sestre milosrdnice University Hospital, Zagreb, Croatia
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As in cancer in general, the etiology of thyroid can-
cer remains unknown in the majority of cases. It is nec-
essary to distinguish factors that act as initiators of ma-
lignant change and those that act as promoters of thy-
roid cancer growth. Tonizing radiation is the single prov-
en etiologic factor in the pathogenesis of thyroid cancer.
Although radiation can damage cells in several ways, it
is generally accepted that it primarily causes carcinoma
by its effects on DNA. However, other factors such as
thyrotropin (T'SH) secretion are necessary for further
promotion of thyroid cancer growth. The relationship
between radiation and thyroid cancer was first recog-
nized by Duffy and Fitzgerald in 1950. They found that
a large number of patients with thyroid carcinomas had
a history of radiation therapy in childhood. Radiation
therapy was frequently applied for the treatment of be-
nign and malignant diseases such as thymus enlarge-
ment, enlarged tonsils and adenoids, cervical lymphad-
enopathy due to tuberculosis or Hodgkin’s disease, skin
changes such as angioma, keloid, acne vulgaris, etc. Ep-
idemiologic investigations demonstrated a high preva-
lence of benign and malignant thyroid tumors in irradi-
ated children. Ron et al. conducted a comprehensive
study of the relationship between radiation exposure and
thyroid carcinoma combining data from seven studies,
and demonstrated a strong positive association between
radiation dose and thyroid carcinoma in more than 500
patients. The risk of thyroid carcinoma development
increased linearly with the dose. The threshold dose was
0.1 Gy, while at doses below 0.1 Gy the results were
equivocal. Some other observations with important clin-
ical implications were noticed: 1) there was a strong in-
verse relationship between age at exposure and risk of
thyroid carcinoma development; 2) there was little evi-
dence for radiation effect in persons exposed after age
15; 3) women tended to be more sensitive to the effect
of radiation than men, although the difference was not

Kao 1 kod raka uopce, etiologija karcinoma $titnjace u
vedini slu¢ajeva je nepoznata. Potrebno je razlikovati ¢im-
benike-pokretace nastanka karcinoma Stitnjace od ¢im-
benika koji poti¢u njegov daljnji rast. Jedini sigurno doka-
zani ¢imbenik nastanka diferenciranih karcinoma titnjace
je ionizirajuée zracenje bilo kojeg uzroka. Premda zrace-
nje moze ostetiti stanice na nekoliko nacina, glavni pokre-
ta razvoja karcinoma S$titnjace je oStecenje DNK. Me-
dutim, za poticaj rasta karcinoma Stitnjace vjerojatno su
odgovorni 1 drugi ¢imbenici poput lucenja tireotropina
(TSH). Povezanost izmedu zracenja i karcinoma §titnjace
prvi su opisali Duffi i Fitzgerald 1950. godine. Primijetili
su da je velik broj bolesnika s karcinomom §titnjace u ranoj
mladosti bio ozracen vanjskim snopom u podrudju glave i
vrata. U proslosti se je vanjsko zracenje podrudja glave i
vrata Cesto primjenjivalo u djece kao terapija nekih do-
brocudnih i zlo¢udnih bolesti poput povecanog timusa,
tonzila i adenoida, cervikalne limfadenopatije zbog tu-
berkuloze ili Hodgkinove bolesti, koznih promjena po-
put angioma, keloida, akna i drugih stanja. Epidemiolo-
Ska istrazivanja su pokazala visoku prevalenciju benignih
1 malignih tumora Stitnjace u zra¢ene djece. Ron 1 surad-
nici su proveli opseznu analizu utjecaja zra¢enja u djecjoj
dobi na razvoj karcinoma $titnjace usporedbom podataka
sedam zasebnih istrazivanja i u vise od 500 oboljelih od
karcinoma $titnjace pokazali statisticki znacajnu korela-
ciju izmedu doze zracenja primljene u djetinjstvu i razvo-
ja karcinoma $titnjace. Rizik nastanka karcinoma Stitnjace
rastao je linearno s primljenom dozom zracenja. Granica
doze bilaje 0,1 Gy, a kod doza nizih od 0,1 Gy rezultati su
varirali. Takoder je uo¢eno nekoliko dodatnih zapazanja
koja imaju osobito klini¢ko znaéenje: 1. Postoji obrnuta
korelacija izmedu dobi izlaganja ioniziraju¢em zracenju i
rizika razvoja karcinoma Stitnjace; 2. U osoba starijih od
15 godina ucinak zracenja je bio neznatan; 3. Zene su os-
jetljivije na ucinak ionizirajuéeg zraCenja u odnosu na
muskarce, premda ta razlika nije bila statisti¢ki znacajna;
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statistically significant; and 4) the risk of thyroid carci-
noma development remained elevated for several dec-
ades of the initial exposure.

The relationship between internal radiation and thy-
roid carcinoma is well known, mostly from the conse-
quences of Chernobyl accident. Animal experiments dem-
onstrated carcinogenic potential of iodine-131 ('), but
it was unclear whether the same effect of 'l existed in
humans. Some inhabitants that had been exposed to nu-
clear test explosions on Marshall Islands in 1954, subse-
quently developed thyroid carcinomas. The radiation ex-
posure came from B!, short-living isotopes of iodine, and
external gamma radiation. Chernobyl nuclear power plant
accident that occurred in 1986 led to the release of vast
amounts of ¥'T in the atmosphere (23 to 46 MCi of 3'T).
Soon after the Chernobyl accident, the incidence of child-
hood papillary thyroid cancer significantly increased in
the neighboring areas of Ukraine, Belarus and western
part of Russia. Radioactive isotopes of iodine, mostly ']
in contaminated food, caused a significant radiation dose
to thyroid glands. The risk of developing thyroid carcino-
ma upon exposure to *!I has been found to increase with
decreasing age at exposure. Jacob et al. found a linear dose-
response correlation for thyroid carcinoma development,
similar to that reported for external radiation. However,
there are several distinctive features. The latency period
was shorter after the Chernobyl accident than for those
exposed to external radiation. Thyroid cancer was more
frequent and more aggressive in Belarus children young-
er than two years at the time of exposure, and almost 62%
of these children had thyroid carcinoma invading surround-
ing tissues in comparison to 40% in older children. Thy-
roid cancer was more frequent in women than in men
(60%:40%). 'The higher incidence of thyroid cancer in
children under 2 years of age is probably due to faster
thyroid cell division in these children and therefore the
probability of mutations was higher in this age group.
Furthermore, due to smaller thyroid in infants, the same
dose as in older child will have a higher risk of thyroid
cancer development. Most of the patients had a unique
histologic pattern of papillary carcinoma with a large sol-
id component (solid subtype), and very aggressive clini-
cal behavior with infiltration of surrounding tissues and
lymph node involvement. Thyroid carcinomas due to the
radiation exposure were well-differentiated papillary or
papillary-follicular carcinomas while anaplastic thyroid
carcinomas were very rare. RE'T/PTC oncogene rearrange-
ments are specific for radiation induced papillary thyroid
carcinomas with a frequency of 60% to 70%. RET gene

4. Rizik za razvoj karcinoma Stitnjace ostao je povisen
nekoliko desetljeca nakon izlaganja zracenju.

Utjecaj unutarnjeg ozra¢ivanja na razvoj karcinoma $tit-
njace dobro je proucen, a najvise je istrazen utjecaj Cerno-
bila na razvoj karcinoma Stitnjace. Prije toga radili su se
pokusi na zivotinjama i postojala je suglasnost o tome da
jod-131 moze potaknuti razvoj raka Stitnjace, ali nije bilo
dokaza na ljudima. Prilikom nuklearnog pokusa na Marsal-
skim otocima 1954. godine nekoliko osoba koje su se tamo
zatekle oboljelo je od karcinoma $titnjace. Uzrok se pripi-
sao djelovanju joda-131 i njegovih kratkozivucih izotopa te
vanjskom gama zraCenju. Ostecenje reaktora nuklearne
elektrane u Cernobilu 1986. godine uzrokovalo je
oslobadanje velikih koli¢ina joda-131 u atmosferu (23 do
46 MCi joda-131). Ubrzo nakon ¢ernobilske nesrece inci-
dencija papilarnih karcinoma Stitnjace visestruko je pora-
sla u djece u okolnim podrué¢jima Ukrajine, Bjelorusije i
zapadnog dijela Rusije. Radioaktivni izotopi joda, osobito
joda-131, uneseni kontaminiranom hranom, bili su glavni
uzrok znacajne doze radioaktivnosti na Stitnjace. Rizik za
razvoj karcinoma $titnja¢e nakon izlaganja jodu-131 bio je
veci $to je dob u vrijeme izlaganja bila manja. Jacob i surad-
nici ustanovili su linearnu povezanost primljene doze ra-
dijacije i razvoja karcinoma $titnjace u djece, slicnu kao i za
vanjsko zracenje. Medutim, postoje razlike. Vrijeme laten-
cije je krace u bolesnika nakon ¢ernobilskog incidenta u
odnosu na karcinome Stitnjace izazvane vanjskim zrace-
njem. Medu djecom koja su Zivjela u Bjelorusiji karcinom
je bio mnogo ¢esci 1 agresivniji u djece mlade od dvije go-
dine u doba incidenta, a u ¢ak 62% te djece doslo je do
Sirenja karcinoma izvan Stitnjace u odnosu na 40% u starije
djece. Karcinom S$titnjace je bio ¢eséi kod Zenskog spola u
odnosu na muski (60%:40%). Veca ucestalost karcinoma u
djece mlade od dvije godine tumaci se brzom diobom tire-
ocita u odnosu na stariju djecu, a brza dioba stanica ima
vecu vjerojatnost mutacija. Bududi da je titnjaca u dojence-
ta manja u odnosu na starije dijete, ista doza zra¢enja imati
¢e jaci ucinak. Vedéina bolesnika imala je jedinstven histo-
loski nalaz papilarnog karcinoma $titnjace s velikom solid-
nom komponentom (solidni podtip). Ovakav oblik je vrlo
agresivan s infiltracijom okolnih tkiva i zahvacanjem limf-
nih ¢vorova. Svi karcinomi $titnjace nastali kao posljedica
izlaganju ionizirajuéem zrac¢enju bili su dobro diferencirani
papilarni ili papilarno-folikularni karcinomi, dok su ana-
plasti¢ni karcinomi $titnjace izrazito rijetki. Promjene RET
protoonkogena patognomonic¢ne su za radijacijom inducirani
papilarni karcinom $titnja¢e i mogu se naci u oko 60% do
70% ovih karcinoma. RET gen kodira transmembranski
receptor tirozin kinaze i ukljuCen je u regulaciju rasta,
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encodes a transmembrane tyrosine kinase receptor and
is involved in the regulation of growth, survival, differen-
tiation and proliferation of cells that originate from neu-
ral crest. The Ret protein is not normally present in thy-
roid follicular cells. RET/PTC oncogenes are mutant
forms of the tyrosine kinase receptors RET. RET/PTC1
rearrangements are found in sporadic papillary thyroid
cancers in adults, while RET/PTC3 rearrangements are
found in radiation induced papillary thyroid cancers in
children. BRAF (gene encoding B-type Raf kinase) mu-
tations are present in 45% of sporadic papillary thyroid
cancers in adults and in less than 10% of papillary thyroid
cancer in children. None of the papillary thyroid cancers
with solid component had BRAF mutation. Todine defi-
ciency in Belarus was a significant additional risk factor
for thyroid cancer development in children exposed to
ionizing radiation from the damaged reactor. Comparison
of Chernobyl with Hiroshima and Nagasaki yielded sig-
nificant differences. The first cases of thyroid cancer as a
consequence of Chernobyl accident appeared after 3 to 4
years, while the first cases of thyroid cancer in Japan ap-
peared 9-10 years after nuclear bomb explosions. Consid-
ering morphological characteristics of thyroid carcinomas,
the solid subtype of papillary thyroid carcinoma was a fre-
quent finding after Chernobyl accident, while classic pap-
illary thyroid carcinoma was present in Japan. These mor-
phological differences can be explained by the signifi-
cant difference in iodine intake at the time of exposure
to ionizing radiation. However, other etiologic factors may
also exist. Severe iodine deficiency was present in most
parts of the former Soviet Union, while iodine excess is
present in Japan. Potassium iodide (KI), if taken prompt-
ly, effectively reduces the dose to the thyroid.

It is generally considered that Chernobyl accident did
not increase the incidence of thyroid cancer in other Eu-
ropean countries or in other parts of the world. The use
of ' for diagnostic and therapeutic purposes and the
risk of thyroid carcinoma development were studied.
These studies demonstrated the use of ¥ for medical
purposes to be generally safe. However, some investiga-
tions demonstrated a higher frequency of thyroid nod-
ules, thyroid carcinoma and higher mortality from thy-
roid cancer in comparison to control group. Causal rela-
tionship is not clear; it may be because of the underlying
thyroid condition or increased surveillance in these pa-
tients. Case control studies demonstrated that the sec-
ond important risk factor for thyroid cancer development
is goiter, especially thyroid nodules/adenomas.

prezivljenja, diferencijaciju i migraciju stanica koje potjecu
iz neuralnog grebena. Ret protein se normalno ne nalazi u
folikularnim stanicama Stitnjace. RET/PTC onkogen je
mutirani oblik RET receptora za tirozin kinazu. Kod spo-
radi¢nih papilarnih karcinoma $titnjace u odraslih utvrdene
su promjene u RET/PTC1, dok su kod radijacijom induci-
ranog papilarnog karcinoma §titnjace u djece utvrdene
promjene u RET/PTC3. Mutacije u BRAF (gen za B-tip
Raf kinazu) koji je novi molekularni biljeg, javljaju se u oko
45% sporadi¢nih karcinoma u odraslih osoba, a kod karci-
noma u djece ili djece koja su bila izloZzena radioaktivhom
zraCenju navedena mutacija je prisutna u manje od 10%
bolesnika. Naime, niti jedan tumor sa solidnom kompo-
nentom (solidni podtip) nije imao tu mutaciju. Nedosta-
tan unos joda u najizlozenijim podruéjima Bjelorusije bio je
vazan dodatni ¢imbenik rizika za razvoj karcinoma Stitnjace
u djece izloZene radioaktivnhom zracenju iz o$teéenog reak-
tora. Usporedbom Cernobila's posljedicama atomskih bom-
ba bacenih u Japanu za vrijeme drugog svjetskog rata uocene
su znacajne razlike. Prvi oboljeli od raka Stitnjace kao
posljedica Cernobilskog incidenta pojavili su se nakon samo
3-4 godine, za razliku od Japana gdje su se prvi slucajevi
javili nakon 9-10 godina od eksplozija atomskih bomba.
Prema morfoloskom izgledu tumora, u Cernobilu je pre-
vladavao solidan podtip papilarnog karcinoma, dok je u
Japanu bio klasi¢an papilarni karcinom. Ove morfoloske
razlike u obliku papilarnog karcinoma Stitnjace tumace se
znacajnom razlikom u unosu joda u organizam u trenutku
izlaganja radioaktivnom zracenju, iako se ne iskljucuju i dru-
gi uzroci. U zemljama bivseg Sovjetskog Saveza bilo je
mnogo krajeva s teskim nedostatkom joda, za razliku od
Japana gdje je unos joda povecan. U prevenciji razvoja kar-
cinoma Stitnjace nakon izlaganju jodu-131 primjenjuje se
kalij-jodid. Smatra se da ¢ernobilski nuklearni incident nije
uzrokovao porast incidencije karcinoma $titnjace u ostalim
zemljama Europe 1 svijeta. [strazivanja utjecaja dijagno-
sticke i terapijske primjene joda-131 u lijeCenju hipertire-
oze na razvoj karcinoma $titnjace uglavnom su pokazala da
je primjena radioaktivnog joda sigurna. Ipak, u pojednim
istrazivanjima nakon primjene joda-131 utvrdena je pove-
¢ana incidencija ¢vorova Stitnjace, karcinoma Stitnjace i veéa
smrtnost od karcinoma Stitnjace u odnosu na kontrolnu
skupinu. Uzro¢no-posljedni¢ni odnos povecanog rizika na-
kon primjene joda-131 nije jasan, ali u obzir treba uzeti i
postojecu bolest Stitnjace, kao i ¢escée pracenje ovih bole-
snika. Analiza kontroliranih istrazivanja pokazala je da je
drugi vazan rizi¢ni ¢imbenik za razvoj karcinoma Stitnjace
gusa, a osobito benigni ¢vorovi Stitnja¢e/adenomi.
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IODINE INTAKE AND THYROID CANCER

UNOS JODA I RAK STITNJACE
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The role of iodine in the pathogenesis of thyroid can-
cer is both complex and controversial. Animal experi-
ments in the 1960s showed an increased development
of thyroid carcinoma after prolonged iodine deficiency.
Induced carcinomas were both of papillary and follicu-
lar types. lodine deficient Fisher rats developed chro-
mosomal abnormalities of thyroid cells. The proposed
mechanism of tumor development in experimental ani-
mals appeared at that time straightforward, a simple
example of failure of feedback control. Prolonged iodine
deficiency induced compensatory excess secretion of
thyrotropin (T'SH) with goiter formation, development
of follicular hyperplasia, thyroid nodules and adenomas.
The next proposed step was malignant change. A simi-
lar mechanism was proposed in human thyroid cancer
development. Prolonged secretion of TSH was a com-
mon denominator of carcinoma development, with en-
demic goiter as a risk factor, and the best preventive
measure iodination of table salt. In the past, there was a
clinical impression of strong correlation between endem-
ic goiter and thyroid carcinoma. In 1928, the pathologist
Wegelin noted from autopsy findings that thyroid carci-
noma was 10 times more frequent in Bern (Switzerland)
than in Berlin (Germany). At that time, Bern was an
area of endemic goiter and iodine deficiency. A coinci-
dental fall in the prevalence of both goiter and thyroid
carcinoma was reported in Switzerland after the intro-
duction of iodine prophylaxis. Furthermore, recent in-
vestigations showed that goiter, especially thyroid ade-
noma, is an important risk factor in thyroid cancer de-
velopment. Many epidemiological studies compared the
incidence and risk of thyroid cancer development be-
tween iodine deficient and iodine sufficient areas. In
1987, Belfiore ¢ a/. compared two areas in Sicily with
different iodine intake and demonstrated a statistically
higher incidence of thyroid carcinoma in an area with
iodine deficiency. The same author demonstrated that
the incidence of thyroid carcinoma in patients with non-
functional thyroid nodules living in an area of iodine

Uloga joda u patogenezi raka Stitnjace je sloZena i
predmet je mnogih opre¢nih stavova. Istrazivanja na Zivo-
tinjama provedena 60-tih godina prosloga stoljeca poka-
zala su razvoj guSe i raka Stitnjace u uvjetima nedostat-
nog unosa joda. Inducirani karcinomi Stitnjace bili su
papilarnog i folikularnog tipa. Kod Fisher $takora na di-
jeti s nedostatnim unosom joda utvrdeni su kromosom-
ski poremecaji stanica Stitnjace. Pretpostavljeni meha-
nizam nastanka tumora Stitnjace kod eksperimentalnih
Zivotinja ¢inio se vrlo jednostavan kao primjer poremecaja
negativne povratne sprege. Nedostatan unos joda uzro-
kovao je kompenzatorno povecano lu¢enje T'SH uz na-
stanak guse, potom razvoj folikularne hiperplazije, ¢vo-
rova 1 adenoma. Slijededi pretpostavljeni korak bila je
maligna promjena. Pretpostavljeno je da slican mehani-
zam nastanka tumora $titnjace postoji i u ¢ovjeka. Pro-
duljeno lu¢enje T'SH pretpostavljeno je kao glavni pokre-
ta¢ razvoja karcinoma Stitnjace, endemska gusa kao ri-
zi¢ni ¢imbenik, a najbolja preventivna mjera jodiraje soli.
U proslosti je postojao klini¢ki dojam snazne povezanosti
endemske gusavosti i karcinoma Stitnjace. Godine 1928.
patolog Wegelin je primijetio iz nalaza autopsije da je
karcinom S$titnjace 10 puta ¢es$¢i u Bernu u gvicarskoj
nego u Berlinu u Njemackoj. Bern je tada bio podrudje s
nedostatnim unosom joda uz visoku uc¢estalost endem-
ske gusavosti. U Svicarskoj je nakon uvodenja jodne pro-
filakse zabiljezen koincidentni pad prevalencije guse i
karcinoma Stitnjace. Novija istrazivanja takoder su poka-
zala da je vazan rizi¢ni ¢imbenik za razvoj karcinoma Stit-
njace gusa, a osobito benigni ¢vorovi Stitnjace/adenomi.
U epidemioloskim istrazivanjima usporedivala se inci-
dencija i rizik za nastanak karcinoma $titnjace u podru-
¢jima s manjkom joda i dostatnim unosom joda. Belfiore
isur. su 1987. godine usporedili dva podrucja na Siciliji s
razliCitim unosom joda, a utvrdena je statisticki veca
ucCestalost karcinoma Stitnjace u podrucju s nedostatnim
unosom joda u odnosu na kontrolno podrugje. Istiautor i
sur. pokazali su da je ulestalost karcinoma Stitnjace u
bolesnika s nefunkcionalnim ¢vorom u podrudju s ne-

Acta Clin Croat, Vol. 46, Suppl. 2, pp. 1-158, Zagreb, October 2007 19

15. 10. 07, 15:07

[T 11T 1 ||



| NN T 1]

‘ Prelom clanaka.p65 20

First Congress of Croatian Thyroid Society — Thyroid cancer
Prvi kongres Hrvatskog drustva za Stitnjacu — Rak Stitnjace

*

deficiency was twice as high as compared to an area with
sufficient iodine intake. In countries like Austria and
Australia, a significant increase in the incidence of thy-
roid cancer was recorded after the introduction of io-
dine prophylaxis and subsequent iodine sufficiency.
However, a similar increase in the incidence of thyroid
cancer was reported in countries with unchanged iodine
intake like USA, France, Scotland and Switzerland. In
Tasmania, after a decrease in iodine intake, there was a
rise in the incidence of thyroid cancer. It was previously
believed that the increased incidence of thyroid cancer
in Iceland and Hawaii was a consequence of excess io-
dine intake. However, nowadays it is considered that it
may rather be due to the high natural radiation of the
volcanic soil on these islands. All presented data lead to
insufficient and controversial conclusions. Therefore, it
is generally considered that the incidence of thyroid
cancer is not influenced by iodine intake in a popula-
tion. In many countries, the introduction of iodine proph-
ylaxis coincided with improvements in thyroid cancer
diagnostics. Therefore the increase in the incidence of
thyroid cancer was partially due to improved diagnos-
tics. However, there is a relatively clear causal relation-
ship between iodine intake and histopathologic type of
thyroid carcinoma. Follicular and anaplastic thyroid car-
cinomas are more frequent in areas with iodine deficien-
cy, whereas papillary thyroid carcinoma is more frequent
in areas of iodine sufficiency. In many countries, the in-
troduction of iodine prophylaxis caused a decrease in
the number of anaplastic and follicular thyroid carcino-
ma while the number of papillary thyroid carcinoma in-
creased, resulting in a rise of papillary to follicular can-
cer ratio. Some of these countries are Austria, Argenti-
na, Australia and Sweden. The effect of the increase in
iodine intake on thyroid cancer histopathology is called
“papillarization”. With the introduction of iodine proph-
ylaxis, the increase in papillary thyroid carcinoma is not
only relative, but absolute in number. Concomitantly
with “papillarization” a shift to less advanced tumor stag-
es and a decrease in tumor size were recorded, which
together with a decrease in the number of anaplastic
and follicular thyroid carcinoma resulted in better prog-
nosis of thyroid carcinoma patients.

In the past, Croatia was an area with a very high prev-
alence of goiter and presence of cretinism. At the be-
ginning of the 1950s, the prevalence of goiter in the in-
land parts of Croatia was 50%-90%, with the presence of
cretinism. In 1953, the first regulation on universal salt
iodination for both human and animal consumption was

dostatnim unosom joda dvostruko vec¢a u odnosu na po-
drucje s dostatnim unosom joda. U zemljama poput Aus-
trije i Australije je nakon uvodenja jodne profilakse i po-
stizanja dostatnog unosa joda zabiljeZen znaCajan porast
incidencije raka Stitnjace. Medutim, sli¢an porast usli-
jedio je 1 u zemljama s nepromijenjenim unosom joda
poput SAD, Francuske, Skotske i Svicarske. U Tasmani-
ji je nakon pada unosa joda doslo do porasta incidencije
raka StitnjaCe. Prethodno se smatralo da je visoka inci-
dencija raka Stitnjace na Islandu i Havajima posljedica
povecanog unosa joda, no danas se smatra da je ona
posljedica prirodne radijacije vulkanskih stijena koje su
u geoloskom sastavu tih oto¢ja. Sve navedeno upucuje
na nejasne i suprotne zaklju¢ke pa se danas opéenito
smatra da unos joda ne utjeCe na pojavnost raka Stitnjace.
U mnogim zemljama su usporedno s uvodenjem jodne
profilakse uvedene nove dijagnosticke metode u
otkrivanju raka StitnjaCe pa je porast incidencije raka
stitnjace dijelom posljedica poboljsane dijagnostike.
Postoji relativno jasna uzro¢na veza izmedu unosa joda i
patohistoloskog tipa tumora. Folikularni i anaplasti¢ni
karcinom Stitnjace javlja se ¢esce u podrudjima s ne-
dostatnim unosom joda, dok je papilarni karcinom ¢es¢i
u podru¢jima s dostatnim unosom joda. U mnogim ze-
mljama uvodenje jodne profilakse dovelo je do smanje-
nja broja anaplasti¢nih i folikularnih karcinoma $titnjace,
dok se broj papilarnih karcinoma povecao, rezultirajuci
povecanjem kvocijenta papilarni-folikularni karcinomi.
Primjeri takvih zemalja su Austrija, Argentina, Australi-
ja i Svedska. Taj u¢inak povecanja unosa joda na pato-
histoloska obiljezja karcinoma Stitnjace naziva se “pa-
pilarizacija”. Uvodenjem jodne profilakse ne raste samo
relativni udio papilarnih karcinoma, nego raste njihov
apsolutni broj. Istodobno s pojavom “papilarizacije” uo-
Cen je pomak ka manje uznapredovalim stadijima tu-
mora, smanjenje veli¢ine tumora, §to je uza smanjenje
anaplasti¢nog i folikularnog karcinoma Stitnjace sveuku-
pno rezultiralo u pobolj$anoj prognozi bolesnika. Hrvat-
ska je u proslosti bila podrucje s izrazito visokom ucesta-
lo$¢u gusavosti uz pojavu kretenizma. Po¢etkom 50-tih
godina prosloga stoljeca ucestalost guse u kontinental-
nim dijelovima zemlje iznosila je 50%-90% uz pojavu
kretenizma. Godine 1953. u bivsoj Jugoslaviji uvedena
je zakonska odredba o obvezatnom jodiranju sveukupne
soli za [judsku 1 Zivotinjsku upotrebu s 10 mg kalij jodi-
da (KI) po kilogramu soli. Bio je to jedan od prvih zako-
na o univerzalnoj jodnoj profilaksi u Europi. Deset godi-
na kasnije zabiljeZeno je gotovo trostruko smanjenje
prevalencije gusavosti u Hrvatskoj uz nestanak kreteni-
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introduced in former Yugoslavia with 10 mg of potassi-
um iodide (KI) per kg of salt. At that time it was one of
the first laws on universal salt iodination in Europe. A
three-fold reduction of goiter prevalence together with
disappearance of cretinism was recorded ten years later.
At the beginning of the 1990s, epidemiological investi-
gations still demonstrated persistence of mild to mod-
erate iodine deficiency in Croatia, with the prevalence
of goiter in school children of 8%-35%. In 1996, the new
regulation on obligatory salt iodination was introduced
in Croatia with 25 mg of KI per kg of salt. In 2002, epi-
demiological investigations demonstrated sufficient io-
dine intake and eradication of goiter in school children
in Croatia. The incidence of thyroid cancer in Croatia
has increased more than two-fold in both women and
men in the iodine sufficiency period as compared to the
period before the implementation of the new act on
obligatory salt iodination. However, mortality from thy-
roid cancer in the iodine sufficiency period was slightly
lower in females, and without significant change in
males. An increase was recorded in the number of pap-
illary thyroid cancer patients and in the papillary to fol-
licular cancer ratio, with a decrease in size of the newly
diagnosed differentiated thyroid carcinoma.

zma. Epidemioloska istrazivanja provedena pocetkom
1990-tih pokazala su postojanje blagog do umjerenog
nedostatka joda u Hrvatskoj uz ucestalost gusavosti od
8%-35% u skolske djece. Zbog toga je 1996. godine u
Hrvatskoj uveden novi pravilnik kojim je povecéana kolici-
na KI u soli na 25 mg/kg. Epidemioloska istraZivanja
provedena 2002. godine pokazala su dostatan unos joda
i potpunu iskorijenjenost gusavosti u $kolske djece u
Hrvatskoj. Incidencija raka Stitnja¢e u Hrvatskoj pora-
sla je viSe od dva puta u Zena i muskaraca u razdoblju s
dostatnim unosom joda u odnosu na razdoblje prije
uvodenja novog zakona, dok se smrtnost od raka Stit-
njace smanjila u Zena, a ostala je na niskoj razini u muska-
raca. Utvrden je porast papilarnih karcinoma $titnjace
uz porast omjera papilarni-folikularni karcinom i1 sma-
njenje veli¢ine novootkrivenog diferenciranog karcino-
ma Stitnjace.

IMPACT OF SONOGRAPHICALLY DISCOVERED INCIDENTALOMAS
AND THYROID MICROCARCINOMAS. DO WE OVERDIAGNOSE?

POSLJEDICE ULTRAZVUCNOG NALAZA INCIDENTALOMA 1
MIKROKARCINOMA STITNJACE.
PRETJERUJEMO LI S DIJAGNOSTIKOM?

Laszlo Hegediis

Department of Endocrinology and Metabolism, Odense University Hospital, Dk-5000 Odense, Denmark
Klinika za endokrinologiju i bolesti metabolizma, Klini¢ka bolnica Odense, Odense, Danska

In Denmark, with a population of around 5 million,
approximately 120 cases of thyroid malignancy are diag-
nosed annually. This number has been unchanged for
the past decades. Around 1500 patients with nodular
thyroid disease are offered surgery and approximately
the same number are treated with radioiodine annually.

U Danskoj koja ima oko 5 milijuna stanovnika na
godinu se otkrije otprilike 120 slu¢ajeva raka $titnjace.
Ovaj broj se nije mijenjao posljednjih nekoliko desetljeca.
Na godinu se kirurski lije¢i oko 1500 bolesnika s ¢vo-
rovima u Stitnjaci te se otprilike isto toliko bolesnika
lijeci radiojodom. Iz ovoga proizlazi da je ovih 120 bole-
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Thus, the 120 cases are selected from a minimum of
3000 cases, suggesting a 4% risk of malignancy. In fact,
since at least as many individuals are diagnosed with
nodular thyroid disease but left untreated, the actual
risk in a given patient may be as low as 1%-2%'. There-
fore, the main aim of any diagnostic algorithm is to find
the few patients who need surgery, give reassurance to
the majority who need no therapy, and offer an alterna-
tive to surgery to those having symptomatic benign nod-
ular thyroid disease but who do not require/wish sur-
gery!?.

There are algorithms for the management of patients
with a diagnosis of nodular thyroid disease and increas-
ing evidence suggest that in a given patient the likeli-
hood of malignancy is at large independent of whether
there is one or several nodules!?. It follows that the risk
per nodule decreases with the number of nodules, and
therefore finding a nodule harboring malignancy in a
patient with multinodular goiter resembles that of ‘find-
ing the needle in the haystack’. Although there are
guidelines for the management of patients with nodu-
lar thyroid disease®3, questionnaire surveys indicate that
we are far from having reached consensus'. The man-
agement varies from suggesting surgical therapy (total/
near total thyroidectomy) in the majority, as advocated
by some®, to observation in the vast majority, as advo-
cated by others'. Clearly, factors such as local tradition,
availability of technology and skilled surgeons, and nu-
merous others play a major role in such decisions.

Management pathways for the incidental thyroid
nodule are even less clear-cut and remain controversial®
8, As the use of thyroid ultrasound (US) and other neck
imaging modalities has increased during the last two
decades, nodules too small to be palpated are more of-
ten detected and papillary thyroid microcarcinomas
(PMCT), defined by the WHO as less than 1.0 cm in
size, are identified with greater frequency’®. Categori-
zation of the risk of malignancy, based on clinical exam-
ination (history and palpation), biochemical evaluation
('TSH and calcitonin), as well as imaging criteria by US
(extracapsular growth, lymph node involvement, focali-
ty, echogenicity, flow evaluation, elasticity, etc.), can lim-
it but not eliminate the risk of overlooking clinically
important thyroid malignancy. This risk is usually con-
sidered to be 1% at most'~.

PMCT can broadly be classified into 3 categories,
depending on how it is detected: 1) incidental PMCT
detected by pathological examination of surgical speci-
mens of the thyroid resected for other disease; 2) latent

snika odabrano iz najmanje 3000 bolesnika, $to znaci da
rizik od maligniteta iznosi 4%. No, ovaj postotak je vje-
rojatno ¢ak i niZi te iznosi oko 1%-2%!, jer se barem isto
toliko bolesnika s ¢vorovima u §titnja¢i uopée ne lijeci.
Stoga je svrha bilo kojeg dijagnosti¢kog algoritma odrediti
manji broj bolesnika u kojih je potrebna operacija, umi-
riti ve¢inu onih kojima ne treba nikakva terapija te po-
nuditi alternativu operaciji u onih koji imaju manifestne
dobro¢udne ¢vorove u Stitnjaci i ne trebaju ili ne Zele
operaciju'?.

Postoje algoritmi za postupanje s bolesnicima s ¢vo-
rovima u $titnjaci. Sve je viSe dokaza da je vjerojatnost
maligniteta veéim dijelom neovisna o tome je li prisu-
tan jedan ili viSe ¢vorova u $titnjadi'?. Iz ovoga proizlazi
da se rizik maligniteta u ¢voru smanjuje s brojem ¢voro-
va te da pronalaZzenje ¢vora sa zlocudnom transformaci-
jom u bolesnika s multinodularnom gusom nalikuje na
siglu u plastu sijena“. Usprkos tome §to postoje smjer-
nice za postupanje s bolesnicima s ¢vorom(vima)*?,
provedene ankete pokazuju da smo daleko od konsen-
zusa'. Neki autori preporucuju operaciju (totalna/skoro
totalna tireoidektomija) u vedini slucajeva, dok drugi
preporucuju prac¢enje u velikoj vecini slucajeva. Jasno je
da na ovakve odluke snazno utjecu razni ¢imbenici kao
tradicija, dostupnost tehnologije i iskusnih operatera i
mnogi drugi.

Jos je manje jasno kako postupati s incidentalomima
te oko toga jo$ uvijek postoje proturjecja®®. Kako se
posljednja dva desetljeca sve vise rabi ultrazvuk Stitnjace
i druge metode slikovnog prikaza, sve se vise otkrivaju
nepalpabilni ¢vorovi u Stitnjaci kao 1 papilarni mikrokar-
cinom $titnjace koji Svjetska zdravstvena organizacija
definira kao papilarni karcinom s promjerom manjim od
1 cm’®. Kategorizacija rizika od maligniteta koja se
temelji na klinickom pregledu (povijest bolesti i pal-
pacija), biokemijskim pretragama (TSH i kalcitonin),
kao 1 ultrazvu¢nim znacajkama (proboj kapsule, Sirenje
bolesti na limfne ¢vorove, fokalnost, ehogenost, procje-
na protoka, elasticitet itd.) moze ogranciti, ali ne i u
potpunosti ukloniti rizik previda klini¢ki znac¢ajnog ma-
ligniteta u Stitnjaci. U vedini slucajeva se smatra kako
ovaj rizik iznosi najvise 1%'2.

Papilarni mikrokarcinom $titnjace se moze klasifici-
rati u tri kategorije, ovisno o na¢inu otkrivanja: 1) inci-
dentalni papilarni mikrokarcinom koji se otkrije pato-
histoloskim pregledom S$titnjace operirane zbog druge
patologije; 2) latentni mikrokarcinom Stitnjace koji se
otkrije slu¢ajno pri autopsiji; 3) okultni papilarni
mikrokarcinom koji se otkrije kao izvor (polaziste)
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PMCT, which are incidentally detected in autopsy spec-
imens of the thyroid; and 3) occult PMCT which are
detected as the origin of lymph nodal metastasis and/or
distant metastases. In autopsy specimens latent carci-
noma is detected in 5.6% to 35.6%’, increasing with de-
creasing size of cut-off. This is the same as that detect-
ed incidentally by US’. However, the fact that the prev-
alence of PMCT is about 1000 times higher (around
3.5%) than that of clinically apparent papillary carcino-
ma (2-12/100,000 women)’ suggests that PMCT, inci-
dentally detected by e.g., US, rarely become clinically
apparent. Therefore, the fact that the increasing inci-
dence of thyroid carcinoma, seen in some countries, is
not paired with increasing mortality, suggests that it is
due to PMCT, and is rarely harmful for the patient. On
the other hand, multifocality and lymph node metas-
tases have been observed at autopsy in 46% and 14%,
respectively, of latent papillary carcinomas between 0.5
and 10 mm in diameter. Figures are very similar in stud-
ies of surgical specimens of PMCT?. The latter find-
ings suggest that all patients with PMCT, and indeed
most with nodular thyroid disease, should undergo sur-
gery.

Is it possible to reconcile this apparent contradic-
tion? Much depends on the interpretation and conse-
quences of the natural history of PMCT. Whether multi-
focality and regional node metastasis predict disease
development is questioned. At present there is a con-
sensus regarding incidentally detected PMCT at sur-
gery for benign thyroid diseases. Such patients should
be monitored without surgery. At the time of diagnosis,
the prognosis of the individual patient, however, remains
impossible to predict. The choice is between surgery
and follow up. In case of certain unfavorable features
(e.g., tumors adjacent to the recurrent laryngeal nerve
at the dorsal surface of the lobe, FNA suggesting high
grade malignancy, presence of node metastases or dis-
tant metastases, enlargement of tumor size or node
metastases during follow up or multifocality), surgery is
recommended’’. Conservative follow up in ‘low risk
patients’ suggests that few nodules increase in size (6%)
and even fewer (1%-2%) develop lymph node metastas-
es during long-term follow up’.

In my view, the answer to the question posed in the
title is ‘yes’. Therefore, early detection and aggressive
treatment, with the accompanying risks of side effects
and loss of quality of life, should be balanced against
the risks of overlooking or postponing the diagnosis of
(mainly) papillary thyroid cancer if observation is pre-

metastaza u limfnim ¢vorovima ili udaljenim metasta-
ma. Pri autopsiji se latentni karcinom otkrije u 5,6% do
35,6% slucajeva, uz porast pojavnosti s rastom broja pa-
tohistoloskih rezova, $to vrijedi i za slucajan nalaz pri
ultrazvuku’. Medutim, ¢injenica da je papilarni mikro-
karcinom oko 1000 puta ¢eséa pojava (oko 3,5%) nego
manifestni papilarni karcinom (2-12/100.000 Zena)” uka-
zuje na to da papilarni mikrokarcinom, slucajno otkri-
ven pri ultrazvuku, rijetko postaje manifestan. Iz ovoga
proizlazi da porast incidencije raka Stitnja¢e u nekim
zemljama ne rezultira porastom mortaliteta te da se moze
pripisati papilarnom mikrokarcinomu koji rijetko ugro-
7ava bolesnika. Medutim, multifokalnost i metastaze u
limfnim ¢vorovima su pronadene u 46% odnosno 14%
sluCajeva pri autopsiji latentnog pailarnog karcinoma
promjera od 0,5 do 10 mm. Podaci iz studija patohisto-
loskih uzoraka papilarnog karcinoma su jako sli¢ni’. Ti
podaci govore u prilog tome da bi se svi bolesnici s
papilarnim mikrokarcinomom i veéina s nodularnom stru-
mom ipak trebali operacijski lijeciti.

Je i moguée pronadi izlaz iz ove proturjeCnosti?
Mnogo toga ovisi o interpretaciji i posljedicama prirod-
nog tijeka papilarnog mikrokarcinoma. Nije sigurno moze
li se iz prisutnosti multifokalnosti i metastaza u limf-
nim ¢vorovima predvidjeti daljnji razvoj bolesti. U ovom
trenutku postoji konsenzus o tome da se bolesnici s in-
cidentalno pronadenim mikropapilarnim karcinomom pri
operaciji $titnjace zbog benigne bolesti samo prate te
da se ne operiraju. Medutim, nije moguce odrediti pro-
gnozu u individualnog bolesnika u vrijeme postavljanja
dijagnoze. Moze se birati izmedu operacije i praéenja.
Operacija se preporuca u slucaju kad su prisutne nepo-
voljne znacajke tumora (npr. lokacija tumora uz povratni
laringealni Zivac na dorsalnoj povrsini reznja Stitnjace,
citoloska punkcija koja govori u prilog visokog stupnja
maligniteta, rast tumora, multifokalnost ili metastaze u
lokalne limfne ¢vorova za vrijeme praéenja)’™. Podaci
dobiveni za vrijeme konzervativnog pradenja ,niskori-
zi¢nih“ bolesnika ukazuju na to da se samo manji broj
¢vorova (6%) povecava te da se u jo§ manjem broju ¢vo-
rova (1%-2%) razvijaju metastaze’.

Po mojem misljenju, odgovor na pitanje iz naslova je
»da“. Stoga bi trebalo posti¢i ravnotezu izmedu ranog
otkrivanja raka i agresivnog nacina lijeCenja, koji je po-
pracen moguéim komplikacijama i smanjenjem kvalitete
Zivota, te rizika od previda ili predugog odgadanja dija-
gnoze (uglavnom) papilarnog karcinoma Stitnjace u sluca-
ju da se u bolesnika provodi samo pracenje. U veéine
bolesnika s incidentalomom se takva odluka ne moze
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ferred. At present such a choice cannot be based on ev-
idence in the vast majority of patients with thyroid inci-
dentaloma. The cost — economically and psychosocially
— of observation, including regular imaging and rebiop-
sy, may well outweigh the risk of total/near total thy-
roidectomy, but is non-clarified.

Finally, it should be remembered that, independent
of any consensus or of how meticulously data are ob-
tained, results and conclusions from one study may not
necessarily apply to another population due to, e.g., dif-
ferences in referral pattern, patient selection, method-
ology of investigations, patient preference and local tra-
dition, as well as epidemiology due to differences in the
ctiology based on variation in the genetic background
and environmental factors, such as iodine intake.
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WHO CLASSIFICATION OF DIFFERENTIATED THYROID
CARCINOMA - RECOMMENDATIONS AND CRITERIA FOR
HISTOPATHOLOGICAL DIAGNOSIS

SZO KLASIFIKACIJA DIFERENCIRANIH KARCINOMA STITNJACE -
SMJERNICE I KRITERIJI PATOHISTOLOSKE DIJAGNOSTIKE

Hrvoje Cupié¢, Majda Vugié

Ljudevit Jurak Department of Pathology, Sestre milosrdnice University Hospital, Zagreb, Croatia
Klinicki zavod za patologiju “Ljudevit Jurak”, Klini¢ka bolnica Sestre milosrdnice, Zagreb

The expected aim of any histological classification
of tumors is to define entities that can have not only
diagnostic but also prognostic, therapeutic and biologi-
cal relevance. Nevertheless, it is usually a compromise,
sometimes producing controversies, between “lumpers”
and “splitters”, and can differ in the emphasis that they
lay on features of diagnostic importance, histogenesis,
or epidemiological usefulness. It is unreasonable to ex-
pect that the classification of thyroid tumors is an ex-
ception.

The first World Health Organization (WHO) Histo-
logical Classification of Thyroid Tumors was elaborated
by the International Committee of Thyroid Pathologists
working between 1964 and 1972, and was published in
1974. Due to changes in our understanding of several
areas of thyroid pathology since that time, a revised clas-
sification was announced in 1988. The major differenc-
es in this revision were removal of the subtypes of un-
differentiated (anaplastic) carcinoma, including small
cell carcinoma; deletion of squamous cell carcinoma as
a major tumor type; revision of the nonepithelial and
miscellaneous tumors; and addition of malignant lym-
phoma as a major separate entity. Also, one of the most
significant changes was that the term papillary micro-
carcinoma replaced the previously used term occult pap-
illary carcinoma.

The third WHO Histological Classification of Thy-
roid Tumors was published in 2004, giving us a recent
frame and some new directions and recommendations
for both clinicians and pathologists. The previously used
frame with 7 major categories (1) epithelial tumors, 2)
nonepithelial tumors, 3) malignant lymphomas, 4) mis-
cellaneous tumors, 5) secondary tumors, 6) unclassified

Ocekivani cilj bilo koje histoloske klasifikacije tu-
mora je definiranje entiteta koji nemaju samo dijagno-
sticku, nego 1 prognosticku, terapijsku i biolosku primje-
njivost. Usprkos tome rezultat je ¢esto kompromis, po-
nekad s proturje¢nostima nastalim zbog sazimanja, ili
opseznog dijeljenja. Razlike su Cesto posljedica i nagla-
ska koji moze biti dan vise na dijagnosti¢ku vaznost, his-
togenezu ili epidemiolosku iskoristivost te je nerazum-
no ocekivati da je klasifikacija tumora $titne zlijezde iz-
nimka.

Prva histoloska klasifikacija tumora Stitnjace Svjet-
ske zdravstvene organizacije (SZO) rezultat je djelovanja
Medunarodnog odbora endokrinih patologa izmedu 1964.
i 1972. godine, a objavljena je 1974. godine. S obzirom
na promjene i napredak u razumijevanju patologije Stit-
njace revidirana klasifikacija je objavljena 1988. godine.
Glavne razlike sastojale su se u izbacivanju podtipova
nediferenciranog (anaplasti¢nog) karcinoma, ukljucujuéi
karcinom malih stanica, izostavljanju karcinoma plocastih
stanica kao jednog od glavnih tumorskih tipova, revizije
neepitelijalnih i rijetkih tumora te uvr§tavanju limfoma
kao zasebne odvojene glavne kategorije. Takoder je jed-
na od najznacajnijh promjena bila i uvodenje pojma papi-
larnog mikrokarcinoma koji je zamijenio pojam okult-
nog papilarnog karcinoma.

Treca histoloska klasifikacija tumora Stitnja¢e SZO
objavljena je 2004. godine, dajudi najnoviji okvir, smjer-
nice 1 preporuke kako za klinicare tako i za patologe.
Prethodno primijenjen okvir od 7 glavnih kategorija (1.
epitelijalni tumori, 2. neepitelijalni tumori, 3. maligni
limfomi, 4. rijetki tumori, 5. sekundarni tumori, 6. ne-
klasificirani tumori, 7. tumorima sli¢ne lezije) napusten
je 1 zamijenjen okvirom satavljenim od 3 glavne kate-
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tumors, and 7) tumor-like lesions) is now abandoned and
replaced with a frame composed of 3 major categories (1)
thyroid carcinomas, 2) thyroid adenoma and related tu-
mors, and 3) other thyroid tumors). The separation of
malignant tumors of differentiated follicular cells based
on morphology and clinical features into papillary or fol-
licular carcinomas, regarding tumors with minor papillary
component as papillary, has been continued and is strongly
supported by molecular studies showing the involvement
of distinct genes in these groups, with minor overlapping.
The most important variants of papillary carcinoma are
the follicular variant, the diffuse sclerosing variant, the
tall cell variant and the columnar cell variant. The oblig-
atory presence of the nuclei with features of the conven-
tional papillary carcinoma is required for the diagnosis of
the oncocytic variant of papillary carcinoma.

As in previous editions of WHO classification, the
follicular carcinomas have been defined as invasive ne-
oplasms of follicular cells that lack the typical nuclear
features of papillary thyroid carcinoma (PTC) and have
been divided into two major categories. According to the
degree of invasiveness, minimally invasive follicular car-
cinomas have limited capsular and/or vascular invasion.
Widely invasive follicular carcinomas show prominent
infiltration of adjacent thyroid tissue and/or blood ves-
sels. Capsular invasion is defined by tumor penetration
through the tumor capsule unassociated with the site of
the previous fine needle aspiration biopsy. Vascular in-
vasion is defined by the presence of intravascular tumor
cells, either covered by the endothelium or associated
with thrombus, affecting vessels within or beyond the
tumor capsule. Although inclusion of the oncocytic tu-
mors into follicular tumors is not widely accepted, these
tumors are categorized as a variant of follicular carcino-
ma defined as malignant neoplasms of follicular cell or-
igin composed exclusively or predominantly (>75%) of
oncocytic cells.

The TNM system is endorsed by the International
Union Against Cancer (UICC) and the American Joint
Commission on Cancer (AJCC). The recent TNM revi-
sion defines T'1 tumors as primary tumors of 2 ¢cm or
less instead of previously defined T'1 tumors as primary
tumors of 1 cm or less in greatest dimension, so that it
is no longer equal with the pathological definition of
microcarcinoma. Also, T'3 tumors are defined as a tu-
mors >4 c¢m in greatest dimension or any tumor with
minimal extrathyroid extension, while in older classifi-
cation they are defined as tumors >4 cm, without any
extrathyroid extension.

gorije (1. karcinomi $titnjace, 2. adenom i s njim poveza-
ni tumori Stitnjace, 3. drugi tumori Stitnjace). Podjela
zlocudnih tumora podrijetlom od diferenciranih foliku-
larnih stanica, zasnovana na morfologiji i klini¢kim znacaj-
kama, na papilarne i folikularne karcinome, svrstavajuci
tumore s minornom papilarnom komponentom u papilarne
karcinome, nastavljena je i dalje, dobivsi znacajnu pot-
poru u molekularnim istrazivanjima koja su dokazala ulogu
razli¢itih gena u ovim skupinama s minimalnim medusob-
nim preklapanjem. Najznacajniji podtipovi papilarnog
karcinoma su folikularni podtip, difuzno sklerozirajuéi
podtip, podtip visokih stanica te podtip cilindri¢nih sta-
nica. Obvezatna prisutnost klasi¢nih nuklearnih kriterija
konvencionalnog papilarnog karcinoma potrebna je za di-
jagnozu onkocitnog podtipa papilarnog karcinoma.

Kao 1 u prethodnim izdanjima SZO Kklasifikacije, fo-
likularni karcinomi su definirani kao invazivne neoplaz-
me podrijetlom od folikularnih stanica s izostankom ti-
pi¢nih nuklearnih obiljeZja papilarnog karcinoma $titne
zlijezde (PTC), a podijeljeni su u dvije glavne kategor-
jje. S obzirom na stupanj invazivnosti minimalno invaziv-
ni folikularni karcinomi pokazuju ograni¢enu kapsular-
nu i/ili krvozilnu invaziju. Opsezno invazivni folikularni
karcinomi pokazuju prominentnu infiltraciju okolnog
tkiva $titnjace i/ili krvnih zila. Kapsularna je invazija
definirana prodorom tumora kroz ¢itavu debljinu kap-
sule, a nije povezana s prethodnim mjestom citoloske
punkcije. Vaskularna je invazija definirana nalazom tu-
morskih stanica koje su pokrivene endotelom ili pove-
zane s trombom, u krvnim Zilama smjestenim u kapsuli
ili izvan nje. lako ulju¢ivanje onkocitnih tumora u
skupinu folikularnih nije Siroko prihvac¢eno, ovi tumori
su kategorizirani kao varijanta folikularnog karcinoma
definirana kao zlo¢udna neoplazma podrijetlom od foli-
kularnih stanica, gradena u potpunosti ili pretezito
(>75%) od onkocitnih stanica.

"TNM sustav je odobrila Medunarrodna unija za bor-
bu protiv karcinoma (UICC) i Ameri¢ka zdruzena komi-
sija za karcinome (AJCC). Novi, revidirani TNM sustav
definira T1 tumore kao primarne tumore najveéeg
promjera do 2 cm, za razliku od prethodne definicije gdje
su'T'1 tumori bili definirani kao primarni tumori promjera
do 1cm. Na taj naCin sadasnja T1 kategorija nije vise
istovrsna s patologijskom definicijom mikrokarcinoma
stitne zlijezde. Isto tako T3 tumori su definirani kao
tumori >4 c¢cm u najveem promjeru ili tumori bilo koje
veli¢ine s minimalnom ekstratiroidnom prosirenoscu,
dok su u starom TNM sustavu 'T'3 tumori bili definirani
kao tumori >4 cm bez ekstratiroidne proSirenosti.
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The variety of tumor types derived from the follicu-
lar cell, mainly classified into papillary, follicular and
possibly oncocytic types, provide major opportunity for
genotype-phenotype correlations. Pathways that are in-
volved in tumorigenesis seem to be distinct. Molecular
genetic studies suggest that different subpathways are
involved even in individual tumor types and that they
could correlate with variations in morphology. Recent
advances in genotype-phenotype correlation could be
essential for understanding of endocrine carcinogenesis
and may lead to better methods of diagnosis, avoiding
unnecessary aggressive treatment for tumors that are
likely to follow a benign course, and inadequate therapy
for others anticipated to display aggressive behavior.

Raznolikost histoloskih tipova tumora s osnovnom
podjelom na papilarni, folikularni i moguéi onkocitni tip
osigurava glavne moguénosti za genotipsko-fenotipsku
korelaciju. Slijed dogadaja uklju¢enih u tumorogenezu
¢ini se nedvojbenim. Molekularno geneticke studije
smatraju da su razli¢iti putovi ukljueni ¢ak u varijante
istog tumorskog tipa i da mogu korelirati s varijacijama
u morfologiji.

Novija istrazivanja u genotipsko-fenotipskoj korela-
ciji mogu biti osnova za razumijevanje karcinogeneze u
endokrinim Zlijezdama, $to moze voditi ka boljoj dija-
gnostici ¢ime bi se mogla izbjeéi nepotrebna agresivna
terapija kod tumora s o¢ekivanim dobro¢udnim tijekom,
kao i neodgovarajuca terapija tumora s o¢ekivanim agre-
sivnim ponasanjem.

TNM CLASSIFICATION AND OTHER THYROID CANCER
PROGNOSTIC SYSTEMS

TNM KLASIFIKACIJA 1 DRUGI PROVGNOSTI(V]KI SUSTAVI RAKA
STITNJACE

Ivan Mihaljevié, Juraj Smoje, Ivan Karner, Nedeljko Topuzovié, Jasna Gardasani¢

Department of Nuclear Medicine and Radiation Protection, Osijek University Hospital, Osijek, Croatia
Odjel za nuklearnu medicinu i zaStitu od zra¢enja, Klini¢ka bolnica Osijek, Osijek

Introduction

Histopathologic classification of the basic types of
thyroid carcinoma (papillary, follicular, medullary and an-
aplastic) has proved to be the most important prognos-
tic factor, which influences general survival, the length
of remission and relapses, and metastasis occurrence'.
"Tumor size, extension, differentiation, presence of me-
tastases and method of carcinoma treatment are impor-
tant prognostic factors. Age is also a very important prog-
nostic factor. Old age is followed by lower relative sur-
vival in all histologic types. The differentiated thyroid
carcinoma prognosis is better in patients under age 40
and in cases where carcinoma has not spread outside the
thyroid capsule or invaded blood vessels®. In cases of
follicular and papillary carcinoma, the prognosis is de-
termined by the stage at diagnosis, age at the occurrence

Uvod

Patohistoloska klasifikacija osnovnih tipova karcino-
ma $titnjace (papilarni, folikularni, medularni i anapla-
sticni) pokazala se najvaznijim prognosti¢kim ¢imbe-
nikom koji utje¢e na opée prezivljenje, duljinu razdo-
blja remisije, te pojavu recidiva i metastaza'. Vazni pro-
gnosticki ¢imbenici su velicina, prosirenost, diferencira-
nost, pojava metastaza i nacin lije¢enja karcinoma. Dob
je takoder vrlo vazan prognostic¢ki ¢imbenik. Starija 7i-
votna dob pradena je nizim relativnim prezivljenjem kod
svih histoloskih tipova. Prognoza diferenciranog karci-
noma $titnjace bolja je u bolesnika mladih od 40 godina
i u slucajevima kada se karcinom nije prosirio izvan kap-
sule $titnjace ili invadirao krvne Zile?. Kod folikularnog i
papilarnog karcinoma prognoza je znatno vise odredena
stadijem tumora u vrijeme dijagnoze, dobi obolijevanja i
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and tumor differentiation rather than by the follicular
or papillary histology'. Age over 45, follicular histology,
primary tumor larger than 4 cm ('T2-3), extrathyroid
extension ('T4) and distant metastases are independ-
ent factors that increase the risk of death in patients
with differentiated thyroid carcinoma®. Generally, the
prognosis is much more favorable for women than for

men*.

TINM and other prognostic systems

Different scoring systems have been developed for
the prognosis of thyroid carcinoma. Some of them are
Tumor-Node-Metastasis (TNM) classification, prog-
nostic system of the European Organization for Research
and Treatment of Cancer (EORTC), Age—Metastases—
Extent-Size system (AMES), Grade-Age—Metastases—
Extent-Size system (GAMES), Age-Grade-Extent—
Size system (AGES), Metastases—Age—Completeness of
Resection-Invasion—Size system (MACIS), Age-Inva-
sion of blood vessels—Metastases system (AIM), the
Ohio State system for papillary or follicular carcinoma
(OSU), University of Chicago system for papillary car-
cinoma, National Thyroid Cancer Treatment clinical
system (NTCTCS), Noguchi thyroid clinic staging sys-
tem, University of Miinster staging system, University
of Alabama and MD Anderson staging system
(UAB&MDA), Cancer Institute of the Hospital of To-
kyo staging system (CIH), Ankara Oncology Training
and Research Hospital staging system, and others’. All
of them include histopathologic type of carcinoma as the
main component. Most of the staging systems refer only
to the papillary and follicular carcinoma (EORTC,
AMES, GAMES, OSU) or just to the papillary carcino-
ma (AGES, MACIS, University of Chicago), and include
tumor size (except EORTC), patient age (except for
University of Chicago and OSU), sex (EORTC and
AMES) and presence of lymph node metastases (Uni-
versity of Chicago, OSU, NTCTCS and TNM, depend-
ing on age). Extrathyroid extension and distant metas-
tases are considered in all of the scoring systems and
extent of the surgical resection performed only in the
MACIS system and 'TNM system with the application
of “R” category®. To avoid variation in the schemes of
the prognostic systems, the Union International Contre
Cancer (UICC) and American Joint Committee on Can-
cer (AJCC)7 have accepted the TNM staging system.
The differential capability of the existing systems was
compared in studies on a larger number of patients, and
none of the above mentioned systems showed clear ad-

diferencirano$¢u tumora nego folikularnom ili papilar-
nom histologijom'. Dob starija od 45 godina, folikularna
histologija, primarni tumor veéi od 4 cm (T2-3), Sirenje
izvan Stitnja¢e ('T'4) 1 udaljene metastaze neovisni su
nepovoljni ¢imbenici koji povecavaju rizik od smrti u
bolesnika s diferenciranim karcinomom $titnjace®. Opée-
nito, prognoza je znacajno povoljnija u Zena u odnosu na
muskarce*.

TINM i drugi prognosti¢ki sustavi

Za prognozu karcinoma Stitnjace razvijeni su razlici-
ti klini¢ki sustavi procjene (scoring): sustav stupnjeva-
nja (staging) tumor-cvor-metastaza (Tumor-Nodus-Meta-
stasis, TNM), prognosticki sustav Europske organizacije
za istrazivanje i lijeCenje karcinoma (European Organizi-
ration for Research on Treatment of Cancer, EORTC), sustav
dob-metastastaze-Sirenje-veliCina (Age-Metastases- Extent-
Size, AMES), sustav stadij-dob-metastaze-Sirenje-veli¢i-
na (Grade-Age-Metastases- Extent-Size, GAMES), sustav
dob-stadij-Sirenje-veli¢ina (Age-Grade- Extent-Size,
AGES), sustav metastaze-dob-potpunost resekcije, in-
vazija-veliCina (Metastases-Age-Completeness of Resection-
Invasion-Size, MACIS), sustav dob-invazija u krvne Zile-
metastaze (Age-Invasion to blood vessels-Metastases - AIM),
sustav drzave Ohio za papilarni ili folikularni karcinom
(The Ohio State system for papillary or follicular carcinoma,
OSU), sustav Sveucilis§ta u Chicagu za papilarni karci-
nom (Universitiy of Chicago system for papillary carcinoma),
sustav klini¢ko-patoloskog stupnjevanja Nacionalnog
zajedniCkog istrazivanja lije¢enja karcinoma S$titnjace
(National Thyroid Cancer Treatment, N'TCTCS), Noguchi
sustav (Noguchi thyroid clinic staging system), sustav
SveudiliSta u Munsteru (Universitiy of Miinster staging sys-
tem), sustav SveuciliSta u Alabami i M D Andersona (Uni-
versitiy of Alabama and M D Anderson staging system,
UAB&MDA), sustav Instituta za karcinom bolnice u
Tokyu (Cancer Institute Hospital in Tokyo staging system, CIH),
sustav Bolnice za onkolosko istrazivanje i usavr§avanje
u Ankari (Ankara Oncology Training and Research Hospital
staging system) i drugi®, a svi kao glavnu sastavnicu uk-
lju€uju patohistoloski tip karcinoma. Veéina sustava
procjene odnosi se samo na diferencirani papilarni i foli-
kularni karcinom (EORTC, AMES, GAMES, OSU) ili
samo na papilarni karcinom (AGES, MACIS, University
of Chicago), te ukljucuju veli¢inu tumora (osim
EORTC), dob bolesnika (osim University of Chicago i
OSU), spol (EORTC i AMES) i prisutnost metastaza u
limfnim ¢vorovima (University of Chicago, OSU,
NTCTCS i TNM ovisno o dobi). Ekstratireodno Sire-
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vantage over the TNM system?®, which is less complex
and easier to use. Therefore, TNM system is widely
accepted, recommended for reports, disease outcome
prognosis, and comparison of different methods of treat-
ment among groups of patients with similar cases of car-
cinoma and as a treatment guide for patients with thy-
roid carcinoma. However, up to this point, with all above
mentioned, a minority of studies refer to clinical data
based on this classification’.

Differences between the fifth and sixth edition of
TNM classification

In the latest, 6% edition of the UICC TNM classifi-
cation, published in 2002!°, new international standards
that describe and categorize the stages of carcinoma and
its progression have been set. On classifying differenti-
ated thyroid carcinoma, the 6™ edition of the TNM sys-
tem has especially altered the description of primary
tumor (T) and the extension to regional lymph nodes
(N), and differs from the 5™ edition published in
19971911, While the 5" edition classifies primary tumors
=1 c¢m in size as T'1, and tumors >1=4 cm in size as
T2, the 6™ edition defines tumors =2 c¢m in diameter
as T'1, and tumors >2=4 cm in size as T2 tumors'’. In
the 5% edition, tumors >4 c¢m in size without extrathy-
roid expansion are classified as T'3, and all tumors with
extrathyroid extension as T'4. In the 6" edition, tumors
>4 cm in diameter or all tumors with minimal extrathy-
roid extension are defined as T'3. T4 is divided into T4a
(tumor with expansion outside the thyroid capsule and
with invasion of the subcutaneous soft tissue, larynx,
trachea, esophagus or recurrent nerve) and T4b (tumor
which invades prevertebral fascia and mediastinal blood
vessels, or spans to the carotid artery). The N system
has also been modified. While the 5" edition classifies
a metastasis to the unilateral cervical lymph nodes as
N1a, the 6 edition defines N1a as a metastasis only to
group VI lymph nodes (pretracheal, paratracheal and
prelaryngeal). In the group of tumor stages, all stages of
thyroid carcinoma have been modified. In the begin-
ning, the “occult papillary carcinoma” was defined as a
tumor up to 1.5 cm in diameter. Later on, based on the
WHO definition and T'1 stage from the 5" edition of
the TNM classification it was replaced by the term “pap-
illary microcarcinoma” of up to 1.0 cm in diameter®. Ac-
cording to research in different countries, the incidence
of clinically manifested papillary carcinoma is in dispro-
portion with the prevalence of microcarcinoma, which
supports the hypothesis that papillary microcarcinoma

nje i udaljene metastaze analiziraju se u svim sustavima
procjenjivanja, a opseg ucinjene kirurske resekcije samo
u sustavu MACIS i sustavu TNM primjenom kategorije
“R”. Kako bi se izbjegle razlike u shemama progno-
stiCkih sustava, Medunarodno udruzenje za karcinom
(Union International Contre Cancer,UICC) 1 Americ¢ki udru-
zeni odbor za karcinom (American Joint Committee on Can-
cer, AJCQC)7 prihvatili su sustav stupnjevanja TNM. Stu-
dijama na ve¢im skupinama bolesnika usporedena je ra-
zlikovna sposobnost postojeéih sustava i niti jedan od
navedenih nije pokazao jasnu prednost u odnosu na su-
stav TNM? koji je manje sloZen i laksi za primjenu. Sto-
ga je sustav TNM S$iroko prihvaéen, preporuéen za iz-
vjescéa, prognozu ishoda bolesti, usporedbu razlicitih naci-
na lije¢enja izmedu skupina sli¢nih slucajeva karcinoma
i kao vodic lijecenja za bolesnike s karcinomom $titnjace.
Medutim, do danas i uz navedeno tek manji broj studija
sadrzava klinicke podatke temeljene na ovoj klasifika-
ciji’.

Razlike izmedu S. i 6. izdanja TNM Kklasifikacije

U posljednjem 6. izdanju TNM Kklasifikacije UICC,
objavljenom 2002. godine'’, postavljeni su novi medu-
narodni standardi koji opisuju 1 kategoriziraju stadije kar-
cinoma 1 njegovu progresiju. U klasificiranju diferen-
ciranih karcinoma $titnjace 6. izdanje sustava TNM iz-
mijenilo je narodito opis primarnog tumora (T) i Sirenje
u regionalne limfne ¢vorove (N), te se razlikuje od 5.
izdanja objavljenog 1997. godine'™!". Dok 5. izdanje u
'T1 klasificira primarne tumore veli¢ine ?1 ¢cm, a u T2
tumore >174 cm, 6. izdanje kao T1 definira tumore
promjera ?2 ¢cm, a kao T2 tumore >2=4 cm'. U 5. izda-
nju u T'3 Klasificira se tumor veli¢ine >4 cm, bez ek-
stratircodnog Sirenja, a u T4 klasificiraju se svi tumori s
ekstratireodnim Sirenjem. U 6. izdanju kao T3 definira
se tumor promjera >4 cm ili svi tumori s minimalnim
ekstratirecodnim Sirenjem. T4 podijeljen je na T4a (tu-
mor sa $irenjem izvan kapsule Stitnjace i s invazijom sub-
kutanog mekog tkiva, larinksa, traheje, ezofagusa ili ner-
vusa rekurensa) i T4b (tumor koji invadira prijeverte-
bralnu fasciju, medijastinalne krvne zile ili obuhvaca
arteriju karotis). Takoder je modificiran i sustav N. Dok
5.1izdanje klasificira metastaze u unilateralne cervikalne
limfne ¢vorove kao Nla, 6. izdanje definira Nla kao
metastaze samo u VI. skupini limfnih ¢vorova (predtra-
healni, paratrahealni i predlaringealni). U skupini sta-
dija tumora modificirani su svi stadiji karcinoma $tit-
njace. U pocetku se “okultni” papilarni karcinom defi-
nirao kao tumor promjera do 1.5 cm, a kasnije, prema
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is a separate clinical entity with a very low rate of mor-
bidity and mortality*'?. Therefore, the new TNM sys-
tem of the UICC for differentiated thyroid carcinoma
simplifies and summarizes the categorization of tumors
=2 cmin size, including microcarcinomas, which results
in an increase in group T'1 due to the larger tumor size
(up to 2 cm instead of 1 cm in the earlier edition). Thus,
the survival without relapse in the new T1 classified
differentiated thyroid carcinoma is slightly lower in re-
lation to the older T'1 cases'. In recent studies, the ef-
fects of the 6" edition TNM classification usage for dif-
ferentiated thyroid carcinoma are evaluated in retrospec-
tive and survival rates without relapse and they are com-
pared to the earlier, 5" edition, so the extension of T'1
group to papillary carcinoma of up to 2 cm in size is con-
sidered unjustified'. The clinical staging system of
medullary carcinoma (AJCC) compares survival rate to
the size of primary tumor, metastasis to lymph nodes
and distant metastasis. The best prognosis is in patients
whose carcinoma is detected with provocative screen-
ing before the palpable tumor appears®. There is no gen-
erally accepted staging system for anaplastic (non-dif-
ferentiated) carcinoma. Therefore, independently of T
(or N or M) category, every anaplastic carcinoma is clas-
sified as tumor stage [V.
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definiciji SZO i stadiju T1 5. izdanja TNM klasifikaci-
je, zamijenjen je terminom papilarnog mikrokarcinoma
promjera do 1.0 ecm*. Prema istrazivanjima u razli¢itim
zemljama, incidencija klini¢ki izrazenog papilarnog kar-
cinoma nije u srazmjeru s prevalencijom mikrokarcino-
ma, $to podupire hipotezu da je papilarni mikrokarci-
nom poseban klinicki entitet s vrlo niskim pobolom i
smrtnoséu*'?. Dakle, novi sustav TNM UICC kod dife-
renciranih karcinoma Stitnjace pojednostavljuje i sazima
kategorizaciju tumora =2 cm, ukljué¢ujuéi mikrokarci-
nome, §to rezultira porastom skupine T1zbog vece
veli¢ine tumora (do 2 cm umjesto do 1cm u ranijem
izdanju). Zbog navedenog, prezivljenje bez recidiva u
novim diferenciranim karcinomima $titnjace klasificira-
nim kao T'1 blaze je snizeno u odnosu na starije sluca-
jeve T13. U novijim studijama retrospektivno se eva-
luiraju udinci primjene 6. izdanja TNM klasifikacije na
diferencirane karcinome Stitnjace 1 usporeduje stopa
prezivljenja bez recidiva s ranijim 5. izdanjem, te se
smatra neopravdanim Sirenje skupine T'1 na papilarni
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imaju bolesnici u kojih je karcinom ustanovljen provokac-
ijskim pretrazivanjem (screening) prije pojave palpabil-
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PROGNOSTIC FACTORS OF PAPILLARY AND FOLLICULAR
THYROID CARCINOMA

PROGNOSTICKA OBILJEZJA PAPILARNOG I FOLIKULARNOG
KARCINOMA STITNJACE

Ante Punda
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Papillary carcinoma

Papillary carcinoma is the most common type of thy-
roid malignancy, with a fourfold female predominance.
Middle aged people aged 40-50 are most frequently in-
volved. Extrathyroid extension into the soft tissue of the
neck is found in about one fourth of cases. Involvement
of cervical lymph nodes is very common and may be the
first manifestation of the disease. Although rare, hema-
togenous metastases may involve the lungs and bones,
and