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EPI DE MI O LOGY AND PAT HO GEN SIS
OF THYROID NO DU LES

Sum mary: Thyroid no du les en com pass all struc tu ral tis sue chan ges 
that dif fe ren ti a te them from a nor mal thyroid tis sue. Pal pa tory de tec ted 
no du les’ pre va len ce is abo ut 3%, ec ho so no grap hi caly de tec ted abo ut 
60%, and du ring autopsy thyroid no du les are de tec ted in abo ut 50% of 
the exa mi ned glands. 5% of thyroid no du les, re gar dless of the ir si ze, are 
a con se qu en ce of a thyroid gland car ci no ma. In hu mans ioni zing ra di-
a tion is the only known ini ti a tor and TSH is the only known pro mo ter 
of thyroid tu mo ur de ve lop ment. Use of ra di o i o di ne for the tre at ment of 
hyperthyro i dism is not as so ci a ted with in cre a se of thyroid ma lig nan ci-
es. In thyroid tu mo urs num bers of mu ta ti ons are fo und. Most fre qu ent 
mu ta tion in pa pil lary thyroid car ci no ma is BRAF ge ne mu ta tion and 
PTC (pa pil lary thyroid car ci no ma) ge ne. PTC ge ne ori gi na tes due to 
tran slo ca tion in which ret on co ge ne is at tac hed to one of three dif fe rent 
pro mo ters, pro du cing retPTC-1, retPTC-2, and retPTC-3. Fu sion ge ne 
pro du ced by fu sion of the thyroid spe ci fi c tran scrip tion fac tor PAX8 
with PPARγ ge ne. Ana pla stic car ci no mas are ca u sed by de dif fe ren ti a-
tion of pa pil lary of fol li cu lar car ci no ma. In this car ci no ma TP53 ge ne 
inac ti va tion oc curs fre qu ently in ana pla stic car ci no ma. RAS mu ta tion is 
of ten fo und in ana pla stic car ci no ma. Non-me dul lary thyroid car ci no ma 
can oc cur as a fa mi li ar form or as a part of he re di tary can cer syndro me. 
Scin ti graphycaly hot no du les cha rac te ri se con sti tu ti o nal ac ti va tion of 
TSH re cep tor, mo noc lo na lity and po int mu ta ti ons, whi le cold no du les 
are cha rac te ri zed by de dif fe ren ti a tion and polyclo na lity.
Key words: thyroid car ci no ma, thyroid ade no ma, BRAF, RET, he re di-
tary can cer syndro me.

Thyroid no du les re pre sent fo cal le si ons dif fe rent from the nor mal gland. They 
can be cysts, ade no mas, car ci no mas, or lo bu les of nor mal tis sue.1 Epi de mi o lo gi cal 
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da ta on thyroid no du le pre va len ce are cri ti cally de pen ding on met hod of de tec tion, 
po pu la tion cha rac te ri stics, espe ci ally iodi ne in ta ke. No du les who se di a me ter is smal-
ler then ten mil li me tres are usu ally not pal pa bi le.2 The re fo re, it is not unex pec ted that 
pre va len ce of pal pa ble no du les is smal lest.

Pre va len ce of thyroid no du les de tec ted by pal pa tion is abo ut 3% u the who le 
po pu la tion, 6.4% in fe ma les and 1.5% in ma les.3, 4 Ho we ver, ec ho so no grap hic scre e-
ning of the ge ne ral po pu la tion de tects pre sen ce of the thyroid no du les in abo ut 60% 
of su bjects.5 Du ring autopsy thyroid no du les are de tec ted in abo ut 50% of the exa mi-
ned thyroid glands.6 Thyroid no du le pre va len ce in cre a ses with age, iodi ne de fi  ci ency 
and ex po su re to ioni zing ra di a tion.7 Thyroid no du le in ci den ce is 100 ca ses per 10000 
per sons per year.4 It is im por tant to no te that 5% of all thyroid no du les, re gar dless of 
si ze are thyroid car ci no ma.7

On co ge ne sis is a pro cess which in vol ves se qu en ce of ge ne tic and en vi ron men tal 
events, which ca u se chan ges in the con trol of cell growth and dif fe ren ti a tion. The se 
fac tors are clas si fi ed as ini ti a tors and pro mo ters. In hu mans, ioni zing ra di a tion is the 
only known ini ti a tor and TSH the only known pro mo ter of thyroid tu mors.8 Thyroid 
no du le and car ci no ma in ci den ce is li ne arly cor re la ted with ioni zing ra di a tion do ze, 
and in cre a sed risk is fo und forty years af ter ex po si ti on.9, 10 The re fo re sa fety of ra di-
o i o di ne tre at ment is qu e sti o ned. Still, the re is no pro of that use of ra di o i o di ne for 
hyperthyro i dism tre at ment in cre a ses pre va len ce of thyroid ma lig nan ces.8 Ho we ver, 
use of ra di o i o di ne for the tre at ment of thyroid car ci no ma is as so ci a ted with the in cre-
a sed risk of le u ka e mia, sa li vary gland and di ge sti ve tract can cer, and soft-tis sue and 
bo ne sar co mas. Un for tu na tely, very lit tle is known abo ut the risk of se cond can cers, 
espe ci ally in chil dren and young adults.11

Thyroid fol li cu lar cells, even when they be long to the sa me fol lic le, are very 
he te ro ge ne o us in the ir thyro glo bu li ne iodi na tion ca pa city, pe ro xi da se ex pres si on 
and growth ca pa city.12-15 The re fo re, thyroid ade no mas and car ci no mas ha ve dif fe-
rent pre sen ta ti ons and dif fe rent evo lu tion. Thyroid car ci no mas are cha rac te ri sed by 
mo re or less spe ci fi c ge ne tic chan ges, but ge ne tic chan ges are al so fo und in thyroid 
ade no ma and go i tre. Ge nes in vol ved in tu mo rog ne sis are cal led on co ge nes. Usu ally 
the se ge nes are not ac ti ve, but mu ta tion ac ti va tes them and ca u ses tran sfor ma tion of 
the cell to ma lig nant one. Usu ally ac ti va tion of only one ge ne is not eno ugh to ca u se 
ma lig nancy, and ex pres si on of an on co ge ne is ne ces sary. Anot her path to on co ge ne sis 
is inac ti va ting mu ta tion of a sup pres sor ge ne.

One of the most fre qu ent mu ta ti ons in pa pil lary thyroid car ci no ma is mu ta tion 
of the BRAF ge ne. BRAF ge ne co des a pro tein that be longs to se ri ne/tre o ni ne pro tein 
ki na se and is in vol ved in sig nal tran sduc tion from cell mem bra ne to nuc le us. This 
ge ne in fl u en ces cell di vi sion and dif fe ren ti a tion.16 V600E BRAF mu ta tion is de tec-
ted in mo re than 50% pa pil lary thyroid car ci no mas. On the ot her hand, this mu ta tion 
has not been de tec ted in hypo fun cti o ning thyroid no du les, fol li cu lar car ci no mas or 
in the he althy thyroid tis sue.17 It is in te re sting to no te that in 40% of mul ti fo cal pa-
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pil lary car ci no mas di scor dant BRAF mu ta ti ons ha ve been fo und.18 V6000E BRAF 
mu ta tion po si ti ve pa pil lary car ci no mas ha ve ag gres si ve be ha vi o ur and un fa vo u ra ble 
out co me.19 Al so, in pa pil lary thyroid car ci no ma PTC (pa pil lary thyroid car ci no ma) 
is of ten ex pres sed. This on co ge ne is cre a ted by an in trac hro mo so mal re ar ran ge ment 
of the tyro si ne ki na se do main of the ret on co ge ne so that it is at tac hed to one of three 
dif fe rent pro mo ters, pro du cing retPTC-1, retPTC-2, and retPTC-3. One of the se 
tran slo ca tion pro ducts is fo und in 20-70% of pa pil lary can cers, but not in fol li cu lar, 
ana pla stic and me dul lary car ci no mas, nor in be nign no du les.20

Tran slo ca tion t(2;3)(q13;p25) is fo und in fol li cu lar car ci no ma. This tran slo ca-
tion cre a tes fu sion ge ne fu sing thyroid spe ci fi c tran scrip tion fac tor PAX8 with PPARγ 
ge ne21. Ho we ver this ge ne is not spe ci fi c as it is al so fo und in fol li cu lar ade no ma and 
in the fol li cu lar for of pa pil lary car ci no ma22-24.

Ana pla stic car ci no ma is pro bably con se qu en ce of pa pil lary and fol li cu lar can cer 
de di fe ren ti a tion.25 In this can cer inac ti va tion of the TP53 ge ne oc curs. The tran scrip tion 
fac tor p53 re sponds to di ver se cel lu lar stres ses to re gu la te tar get ge nes that in du ce cell 
cycle ar rest, apop to sis, DNA re pa ir, or chan ges in me ta bo lism.26 TP53 mu ta ti ons are 
fo und in 20 to 86% of ana pla stic thyroid car ci no ma.27 Anot her, of ten fo und mu ta tion, 
is RAS ge ne mu ta tion which is fo und in 13 to 60% of ana pla stic thyroid car ci no ma.27 
RAS mu ta ti ons are as so ci a ted with very ag gres si ve tu mo urs and po or prog no sis.28 
N-RAS mu ta tion po si ti ve un dif fe ren ti a ted thyroid car ci no mas ha ve a sig ni fi  cant pro-
pen sity to ha e ma to ge no us (par ti cu larly bo ne) me ta sta ses.29, 30 Non-me dul lary thyroid 
car ci no mas al so oc cur in fa mi li ar forms, or as so ci a ted with ot her tu mo urs for ming 
he re di tary can cer syndro mes (ta ble 1).8

Scin ti grap hic clas si fi  ca tion of thyroid no du les to hot and cold al so has ge ne tic 
cor re la tes. Hot no du les are cha rac te ri sed by con sti tu ti o nal ac ti va tion of TSH re cep tor, 
mo noc lo na lity and po int mu ta ti ons. The se mu ta ti ons in vol ve the ex tra cel lu lar lo ops 
of the tran smem bra ne do main and the tran smem bra ne seg ments, and are pro ven to 
in du ce hyper fun ction. Ho we ver the se mu ta ti ons are not as so ci a ted with can cer for-
ma tion.31 Mu ta ti ons of the sti mu la tory GTP bin ding pro tein su bu nit are al so pre sent 
in so me pa ti ents with hyper fun cti o ning thyroid ade no mas.32 Ho we ver, TSH re cep tor 
mu ta ti ons are unu sual in thyroid can cer, and per si sten ce of TSH re cep tor ex pres si on 
is as so ci a ted with a bet ter prog no sis.33, 34 On the ot her hand cold no du les are as so ci a-
ted with mu ta tion of de dif fe ren ti a tion ge nes. The se no du les are mostly polyclo nal.27 
In abo ut 20% of cold no du les RAT pro to-on co ge ne are fo und.35, 36

Thyroid no du les re pre sent one of the most fre qu ent pat ho lo gi es in me di ci ne. 
Mo re than half of the po pu la tion ha ve a thyroid no du le and it is of ten ca u se of se ri o us 
pa ti ent’s an xi ety. Con tem po rary ge ne tic re se arch has con tri bu ted to the eva lu a tion of 
thyroid no du le pat ho ge ne sis and bet ter un der stan ding of the dif fe ren ces and si mi la-
ri ti es bet we en ma lig nant and be nign al te ra ti ons.
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Ta ble 1. Thyroid car ci no ma fa mi li ar forms and syndro mes with he re di ta ble thyroid tu mo urs. 
PTC=pa pil lary thyroid car ci no ma, APC=ade no ma to us polypo sis of the co lon, PR KAR1A=pro-
tein ki na se A re gu la tory su bu nit-1-alp ha ge ne, CNC1=Car ney com plex, type 1, CNC2=Car ney 
com plex, type 2

 Syndrome  Clinical Presentation Thyroid Pathology Gene and Location

Familial Papillary 
Carcinoma

associated with 
papillary renal ca PTC 1q21

Familial non-
medullary thyroid ca PTC 2q21

Thyroid tumours with 
oxyphilia

Benign nodules and 
PTC 19p13.2

PTC without 
Oxyphilia PTC 19p13

Familial Polyposis Large intestine polyps 
and other GI tumours PTC APC on 5q21

Gardner’s Syndrome

Small and large 
intestine polyps, 
osteomas, fi bromas, 
lipomas

PTC APC on 5q21

Turcot’s Syndrome Large intestine polyps
Brain tumours PTC APC on 5q21

Cowden’s Disease Multiple hamartomas 
and breast tumours 

Follicular adenoma 
and cancer Unknown

Carney Complex

Pigmented adrenal 
nodules, pituitary 
adenomas, spotty 
skin pigmentation, 
myxomas

Thyroid adenomas
CNC1=PRKAR1A on 
17q23-q24
CNC2=2p16


