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SOMMARIO/SUMMARY 

 

SOMMARIO/RIASSUNTO 

 

Il carcinoma papillare della tiroide (PTC) è il più frequente tipo di cancro differenziato 

della tiroide, e rappresenta circa l'80% dei casi. Esso ha un’incidenza di circa tre volte 

maggiore nelle donne rispetto agli uomini e rappresenta il settimo cancro per frequenza 

nella donna mentre nell’uomo esso è al quindicesimo posto. Tale aumento di incidenza 

esiste solo durante l’età fertile, difatti dopo gli 80 anni di età, non si evidenzia più una 

differenza per quanto riguarda l’incidenza di questo tumore tiroideo tra i due sessi. 

Recentemente è stato ipotizzato un ruolo degli ormoni sessuali, in particolare degli 

estrogeni, nell’induzione della tumorigenesi per lo sviluppo del cancro tiroideo, ma i 

meccanismi che regolano questi eventi non sono ancora stati ben identificati [1-6].  

I recettori degli steroidi sono caratterizzati da un'elevata affinità e specificità in rapporto ai 

loro leganti. Il recettore dell'estrogeno umano (ER) è una proteina dimerica con peso 

molecolare di 65 kDa, localizzata principalmente sulla membrana del nucleo cellulare e 

appartenente a una classe di proteine attivatrici, che stimolano cioè la trascrizione 

legandosi a elementi specifici del DNA, detti anche elementi di risposta ormonale. 

Legandosi con l'estrogeno, il recettore ER è indotto a stimolare la trascrizione genica; per 

questo motivo è noto anche come fattore enhancer inducibile. 

Studi storici hanno dimostrato che lo stato di ER è correlato direttamente con la prognosi 

(ad es. positivamente nel tumore della mammella invasivo ben differenziato) e alla risposta 

alla terapia anti-ormonale, ad es., tamoxifen. 

È stato riscontrato che gli estrogeni sono principalmente concentrati negli organi bersaglio 

degli estrogeni di animali e nei tumori umani della mammella ed è ben documentato che 

gli effetti mitogenici dell'estrogeno sono mediati dall'ER. Indagini eseguite riguardo i 

meccanismi biologici per la crescita del tumore della mammella hanno dimostrato che la 

velocità della crescita dipende dalla presenza di estrogeni o progesterone o di entrambi in 

gran parte dei tumori della mammella. Pertanto, lo stato del recettore estrogeno nei 

carcinomi mammari è considerato uno strumento di previsione convalidato e un fattore 

predittivo per il trattamento della paziente con terapia anti-ormonale. 



 
 

7 

 

Lo scopo del nostro studio è stato quello di analizzare i pazienti sottoposti a chirurgia per 

PTC e confrontare le femmine (F) vs i maschi (M) per quanto riguarda le variabili cliniche 

ed istopatologiche per determinare se, come nel carcinoma mammario, vi sono delle 

differenze significative e vi sia effettivamente un ruolo degli estrogeni nella patogenesi del 

PTC. 

In una piccola quota di pazienti è stata valutata la presenza di recettori per gli estrogeni sul 

pezzo operatorio per poter eventualmente identificare anche la possibilità di una terapia 

medica oncologica mirata per questo tipo di tumore. La ricerca di tali recettori è stata fatta 

per valutare quali recettori erano presenti e in che quantità e per determinare se la presenza 

o l’assenza di questi determinava un impatto sulla prognosi. 

Abbiamo considerato 658 pazienti sottoposti a tiroidectomia per PTC dal 2007 al 2011 

presso la Clinica Chirurgica II dell’Università degli Studi di Padova e l’Unità Operativa 

Complessa di Chirurgia Generale dell’Università degli Studi di Trieste. Abbiamo 

analizzato retrospettivamente i dati clinici ed istopatologici e abbiamo confrontato F vs M 

per quanto riguarda le seguenti variabili: età, estensione della chirurgia, tipo di dissezione 

linfonodale, stadi azione sec. TNM, mono/plurifocalità, l’associazione con tiroidite 

cronica, la presenza di mutazione BRAF ed il follow-up. Inoltre nelle donne sono state 

analizzate, l’età del menarca e della menopausa, il numero e l’età delle gravidanze, le 

eventuali interruzioni di gravidanza e la terapia estro-progestinica. Un valore di p inferiore 

a 0.05 è stato considerato statisticamente significativo. 

Di 10 pazienti selezionati abbiamo analizzato il livello di estrogeni nel siero perioperatorio 

e l’espressione dei recettori ER-alpha ed ER-beta mediante studi immunoistochimici per la 

rilevazione semi-quantitativa del recettore dell’estrogeno umano in sezioni di tessuto 

fissate in formalina, incluse in paraffina di tumore della tiroide. 

Questi 10 pazienti, tutte femmine, sono stati suddivisi in due gruppi da cinque in base 

all’età maggiore o minore di 40 anni e questi due gruppi sono stati confrontati tra di loro. 

Confrontando F vs M abbiamo riscontrato una differenza statisticamente significativa per 

quanto riguarda il sesso, difatti le donne sono state il 74% mentre il sesso maschile ha 

rappresentato il 26% dei casi (p < 0,015) e l’associazione con tiroidite cronica autoimmune 

più frequente nelle donne. 

La necessità di eseguire una dissezione linfonodale laterocervicale è stata maggiore nel 

sesso maschile, mentre non è stata riscontrata differenza statisticamente significativa 

riguardo il tasso di recidiva tra i due sessi. 
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Per quel che concerne lo studio del profilo ormonale nelle donne abbiamo riscontrato che 

uno stadio relativamente più avanzato era correlato con un menarca precoce, età più 

avanzata della prima gravidanza e menopausa tardiva. 

Le femmine sono state 489 (74%) vs 169 maschi (26%) (p < 0,015), l'età media è stata di 

46 anni (range 11-86) nelle F vs 46 anni (range 11-83) nei M (p < 0,44). La tiroidectomia 

totale è stata effettuata in 474 F (97%) mentre è stata effettuata in  161 M (95%) (p < 0,72). 

La dissezione linfonodale è stata realizzata in 387 (79%) F vs 132 (78%) M (p < 0,99), La 

linfoadenectomia del compartimento centrale è stata effettuata in 340 (88%) F vs 94 (71%) 

M (p < 0,75) mentre la dissezione laterocervicale è stata eseguita in 47 (12%) F vs 38 

(29%) M (p < 0,011). 

Per quanto concerne la stadiazione: 315 (64%) F vs 87 (51,5%) M (p < 0,19) presentavano 

uno stadio I di neoplasia, 15 (3%) F vs 4 (2,5%) M (p < 0,51) uno stadio II, 126 (26%) F vs 

54 (32%) M (p < 0,24) uno stadio III mentre 33 (7%) F vs 24 (14%) M (p < 0.22) avevano 

uno stadio IV. 

Il tumore era monofocale in 279 (57%) vs F 89 (52,7%) M (p < 0,64), mentre era 

plurifocale in 210 (43%) F vs 80 (47,3%) M (p < 0,76). 

L'associazione con tiroidite cronica autoimmune era presente in 132 F (27%) e 25 M 

(15%) (p < 0,001). Per quanto riguarda la mutazione BRAF, la mutazione V600E è stata 

identificata in 143 (29%) F vs 52 (30,7%) M (p < 0.84). 

Il follow-up è stato possibile in 395 casi. Il tempo medio di follow-up è stato di  37 mesi 

(range 1-343) nelle femmine  rispetto a 45 mesi (range 4-156) nei maschi(p < 0,24). 251 F 

(88%) si sono sottoposte a I
131

radioiodioterapia vs 91 M (83%) (p < 0,74) e la dose media è 

stata di 132.63 mCi (range 50-500) nelle F vs 139.42 mCi (range 50-350) nei M (p < 0,27). 

I livelli medi di Tireoglobulina (Tg) erano 7 mU/L (range 0,1-485.3) nelle F vs 19.83 

(range 0,1-593) nei M (p < 0,11). 274 F (96%) vs 102 M (93.5%) erano libere da malattia 

al follow-up (p < 0,64). Abbiamo riscontrato una differenza statisticamente significativa 

per quel che riguarda il numero di pazienti, la dissezione linfonodale laterocervicale e 

l'associazione con tiroidite cronica autoimmune. 

Riguardo all’espressione dei recettori per gli estrogeni sul pezzo operatorio, sono stati 

studiati 10 pazienti, con un’età media di 48 anni (range: 31-77) Il follow-up medio è stato 

di 3 mesi (range 1-12). 10 preparati chirurgici tiroidei sono stati analizzati con tecnica 

immunoistochimica e sono stati testati gli anticorpi per gli estrogeni alpha e beta.  

I recettori per gli estragoni erano presenti nella maggior parte del campione (80%) e non 

c’erano nel tessuto peritumorale.  
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In conclusione, l’identificazione dei meccanismi di carcinogenesi del PTC nella donna 

rispetto all’uomo rappresenta un passo veramente importante ed innovativo per lo studio 

del carcinoma tiroideo, in particolare il ruolo degli estrogeni nello sviluppo del PTC, una 

volta identificati i precisi meccanismi e steps della tumori genesi, potrebbe aprire la strada, 

come nel cancro mammario, per una potenziale nuova terapia medica antirecettoriale. 

 

 

SUMMARY 

 

Cancer gender disparity in incidence, clinical presentation, disease aggressiveness, and 

prognosis has been observed for a variety of cancers  

The more aggressive types of thyroid cancer, anaplastic thyroid cancer and medullary 

thyroid cancer have similar incidence in men and women. Meanwhile, differentiated 

thyroid cancer of follicular cell origin, such as follicular thyroid cancer and papillary 

thyroid cancer are more common in women. 

Papillary thyroid carcinoma (PTC) is the most common type of thyroid cancer, accounting 

for approximately 80% of cases. Its incidence has nearly doubled over the last 30 years and 

is thought to be due in part to earlier diagnosis of subclinical disease.  

The rate of PTC among woman is nearly three times higher than men but in most studies 

males gender is associated with a lower disease free survival and higher mortality [1-6]. 

Our intention was to consider our experience about the gender disparity in patients 

underwent surgery for PTC comparing females (F) vs males (M) as regards a series of 

clinical, histopathologic, molecular, and hormonal variables to determine if, as in breast 

carcinoma , there is actually a role of estrogens in the pathogenesis of PTC.  

Then, in a little series of patients we evaluated the presence of estrogen receptors on the 

surgical specimen to identify the eventual medical targeted therapy for this type of tumor. 

We considered 658 patients underwent surgery for PTC from 2007 to 2011 at the Institute 

of 2
nd

 Clinical Surgery , University of Padova, and General Surgery Department, 

University of Trieste. We revised clinical and histopathologic documents and we compared 

F vs M as regards the following variables: age, extension of surgery, node dissection, 

TNM, mono/plurifocality, BRAF mutations, and outcome. A p value less than 0.05 was 

considered statistically significant. 

In 10 selected patients, we analyzed the expression of ER- alpha receptors and ER –beta by 

immunohistochemical studies in the sections of formalin-fixed tissue , paraffin-embedded 
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tumor of the thyroid. We have divided patients in two categories:  < 40 years old and > 40 

and then we compared the two groups. 

Comparing F vs M we observed: the F was 489 (74%)  vs  169 M (26%) (p<0.015), the 

mean age was  46 years (range 11-86) in F vs  46 years (range 11-83) in M (p=<0.44), total 

thyroidectomy was realized in 474 F (97%) vs 161 M (95%) (p<0.72), loboistmectomy 

was realized in 13 females (3%) and 8 males (5%) (p<0.83), node dissection was realized 

in 387 (79%) F vs 132 (78%) M (p<0.99), central node dissection in 340 (88%) F vs 94 

(71%) M (p<0.75), laterocervical node dissection in 47 (12%) F vs 38 (29%) M (p<0.011), 

stage I was in 315 (64%) F vs 87 (51.5%) M (p<0.19), stage II in 15 (3%) F vs 4 (2.5%) M 

(p<0.51), stage III in 126 (26%) F vs 54 (32%)M (p<0.249), stage IV in  33 (7%) F vs  24 

(14%) M (p<0.223), monofocality was in 279 (57%)F  vs 89 (52.7%) M (p<0.64), 

plurifocality was in 210 (43%) F vs 80 (47.3%) M (p<0.76), tumor size was 14.13 mm 

(range 0.5-80) , it was 13.97 mm (range 1-80) in F vs 14.62 (range 0.5-70) in M (p<0.42, 

association with thyroiditis was observed in 157 cases, in 132 (27%) F vs 25 (15%) M 

(p<0.001), BRAF – V600E mutation was identified in 143 (29%) F vs 52 (30.7%) M 

(p<0.849). 

We revised the follow up in 395 cases. The mean time of follow up was 37 months (range 

1-343)  in F vs 45 months (range 4-156) in M, 251 (88%) F underwent 

I131radioiodinetherapy vs 91 (83%) M (p<0.74), the median dose was 132.63 mCi  (range 

50-500) in F vs 139.42 mCi (range 50-350) in M (p<0.27), the median time of follow up 

was 37 months in F and 45 months in M (p<0.24),  the median value of Tireoglobulin (Tg) 

was 7 mU/L (range 0.1-485.3) in F vs 19.83 (range 0.1-593) in M (p<0.11), F was free of 

disease in 274 (96%) vs 102 (93.5%) M (p<0.64), 2 patients deceased , 1 was F (0.2%) vs 

1 (1%)M (p<0.24). 

Regarding the expression of estrogen receptors in thyroid tissue, 10 patients, with a median 

age of 48 years (range: 31-77) were analyzed. Mean follow-up time was 3 months (range 

1-12). 10 thyroid glands specimens have been examined using immunohistochemical 

assays with ERs antibodies. We did not find any significant difference in the incidences of 

positive staining for E2 between the two groups.  

There was no expression of antibodies in non-neoplastic cells or in adjacent tissues. 

In conclusion, the identification of mechanisms of carcinogenesis of PTC in women vs 

men is a really important and innovative step for the study of thyroid cancer. 

The estrogen hormones may play an important role as a promoting factor in the 

development of PTC. The role of estrogen in the progress of PTC, once identified the 
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precise mechanisms and steps of tumorigenesis, could open up areas, as in breast cancer, of 

developing potential new medical antireceptorial therapies to prevent and treat thyroid 

malignancies. This indication needs further study. 
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INTRODUCTION 

 

 

Thyroid cancer is the most common and prevalent of all endocrine-based malignancies 

accounting for more than 95% of all endocrine-related cancers [1]. Thyroid carcinomas can 

be classified as two groups based on their morphological variations: the differentiated 

cancers as papillary thyroid carcinoma (PTC), follicular thyroid carcinoma (FTC), and 

medullary thyroid carcinoma (MTC) and on the other hand undifferentiated cancers as 

anaplastic thyroid carcinoma (ATC) and thyroid lymphoma and sarcoma [1-3].  

PTC and FTC are both classified as differentiated thyroid carcinomas and represent 90–

95% of thyroid cancers [1-3]. PTC, ATC and FTC arise from thyroid follicular cells, while 

MTC arises from C-cells (parafollicular cells). Treating advanced metastatic all thyroid 

cancer remains one of the greatest challenges in cancer research. I
131

 is an effective 

treatment for advanced thyroid cancer; however, its uptake is too low or absent in many 

cases in particular when the cancer is more aggressive and in addition the individual 

responses to radioiodine therapy is highly variable. Therefore, there is a pressing need for 

new treatment options for thyroid cancer and to be able to do so, increased knowledge 

about the biology and pathogenesis of thyroid cancer, as well as the understanding of 

various factors that contribute to thyroid cancer risk and development, is critical. 
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1.1.PAPILLARY THYROID CARCINOMA 

 

Papillary thyroid carcinoma is the most common type of thyroid cancer,[ 1-2] representing 

75 percent to 85 percent of all thyroid cancer cases [3]. It occurs more frequently in 

women and presents in the 20–55 year age group. It is also the predominant cancer type in 

pediatric age, and in patients with thyroid cancer who have had previous radiation to the 

head and neck [4]. 

Lymphatic spread is more common than hematogenous spread and also the multifocality is 

common. 

Although papillary carcinoma has a propensity to invade lymphatics vessels, it is less 

likely to invade blood vessels. These types of tumors are most commonly encapsulated but 

sometimes have more aggressive pattern and may present thyroid capsule invasion. They 

have a high tendency to metastasize locally to cervical lymph nodes, which may produce 

cystic structures near the thyroid that are difficult to diagnose because of the paucity of 

malignant tissue. Furthermore, papillary tumors may metastasize to the lungs and produce 

a few nodules or the lung fields may exhibit a snowflake appearance throughout. 

Moreover, the overall survival is very good but  papillary carcinomas can have also an 

indolent growth, and 40 percent of cases spread out of the capsule. 

Mutations associated with papillary thyroid cancer are mainly two forms of chromosomal 

translocation and one form of point mutation. These alterations lead to activation of a 

common carcinogenic pathway—the MAPK/ERK pathway [2]. 

Among different genetic factors involved in the pathogenesis of the PTC, rearrangements 

of RET protooncogene (RET/PTC), as well as rearrangements of NTRK1 protooncogene 

are best known. The resulting hybrid oncogenes are found in PTCs with variable 

frequency, depending on the examined population. The relationship between these 

chromosomal aberrations and clinical outcome of PTCs remains still controversial. 

Chromosomal translocations involving the RET proto-oncogene (encoding a tyrosine 

kinase receptor that plays essential roles in the development of neuroendocrine cells) 

located on chromosome 10q11 occur in approximately a fifth of papillary thyroid cancers. 

The fusion oncoproteins generated are termed RET/PTC proteins (ret/papillary thyroid 

carcinoma), and constitutively activate RET and the downstream MAPK/ERK pathway 

[2]. 

The frequency of RET/PTC translocations is significantly higher in papillary cancers 
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arising in children and after radiation exposure. The gene NTRK1 (encoding the TrkA 

receptor), located on chromosome 1q, is similarly translocated in approximately 5 percent 

to 10 percent of papillary thyroid cancers [ 2]. 

Approximately a third to a half of papillary thyroid carcinomas harbor point mutations in 

the BRAF oncogene, also activating the MAPK/ERK pathway [ 2]. In those cases the 

BRAF mutations found were V600E mutation. After performing a multivariate analysis, it 

was found that the absence of tumor capsule was the only parameter associated (P=0.0005) 

with BRAF V600E mutation. According to recent studies, papillary cancers carrying the 

common V600E mutation tend to have a more aggressive long term course. BRAF 

mutations are frequent in papillary carcinoma and in undifferentiated cancers that have 

developed from papillary tumors. 

 

 

Figure 1. Papillary Thyroid Carcinoma 
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Papillary thyroid carcinoma is the most common thyroid cancer. About 80% of all 

thyroid cancers cases are papillary thyroid cancer.  

PTC is more common in women than in men. It may occur in childhood, but is most 

often seen in adults between ages 30 and 50. 

The cause of this cancer is unknown. A genetic defect may be involved. 

 

- Risk factors in Papillary Thyroid Carcinoma 

Radiation increases the risk of developing thyroid cancer. Exposure may occur from: 

• High-dose external radiation treatments to the neck, especially during 

childhood, used to treat childhood cancer or some non-cancerous childhood 

conditions 

• Radiation exposure from nuclear plant disasters 

Radiation given through a vein (through an IV) during medical tests and 

treatments does not increase the risk of developing thyroid cancer. 

 

- Clinical presentation of Papillary Thyroid Carcinoma 

Regarding the clinical presentation, papillary carcinoma typically arises as an 

irregular, solid or cystic mass that comes from otherwise normal thyroid tissue. This 

cancer has a high cure rate with 10-year survival rates for all patients with papillary 

thyroid cancer estimated at 80% to 90%. Cervical metastasis are present in 50% of 

small papillary carcinomas and in more than 75% of the larger papillary thyroid 

carcinomas.  

The presence of lymph node metastasis causes a higher recurrence rate but not a 

higher mortality rate.  
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Distant metastasis is uncommon, but lung and bone are the most common sites if the 

papillary carcinoma does spread. Tumors that invade or extend beyond the thyroid 

capsule have a much worse prognosis because of a high local recurrence rate. 

Thyroid cancer usually begins as a small lump (nodule) in the thyroid gland, which is 

located at the center of the front of the neck. 

While some small lumps may be cancer, most (90%) thyroid nodules are harmless and 

are not cancerous. 

Most of the time, there are no other symptoms. 

 

- Characteristics of Papillary Thyroid Carcinoma 

 

 Peak onset ages are 30 to 50 years old 

 Papillary thyroid cancer is more common in females than in males by a 3:1 ratio 

 The prognosis directly related to tumor size (less than 1.5 cm [1/2 inch] is a good 

 prognosis) 

 This cancer accounts for 85% of thyroid cancers due to radiation exposure 

 In more than 50% of cases, it spreads to lymph nodes of the neck 

 Distant spread (to lungs or bones) is uncommon 

 The overall cure rate is very high (near 100% for small lesions in young patients) 
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- Diagnosis of Papillary thyroid carcinoma 

 

Thyroid function tests are usually normal in patients with thyroid cancer. 

The diagnosis is or clinical by palpation of thyroidal mass or by individuation of cervical 

node metastasis. 

The suspicion of cancer presence can be confirmed by cervical ultrasound.  

If the cervical ultrasound shows that the lump is bigger than 1.0 centimeter, a special 

procedure called a fine needle aspiration biopsy (FNAB) will be performed. This test helps 

determine if the thyroid’s nodule or lump is cancerous. 

The management of patients with any thyroid nodules are illustrated in the table 1.
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Table 1. Revised American Thyroid Association Management Guidelines for Patients with 

Thyroid Nodules and Differentiated Thyroid Cancer. THYROID Volume 19, Number 11, 

2009. 
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- Management of Papillary Thyroid Carcinoma 

 

There are three types of thyroid cancer treatment: 

• Surgery 

• Radioactive iodine 

• Medical treatment 

Surgery is done to remove as much of the cancer as possible. 

 

Considerable controversy exists when discussing the surgical management of well-

differentiated thyroid carcinomas (papillary and even follicular). Some Authors 

suggest the hemythyroidectomy one lobe where are located the tumor. Several experts 

and the major Surgical Guidelines contend than if these tumors are small and not 

invading other tissues the intervention indicates is the total thyroidectomy. 

In experienced hands, the incidence of recurrent nerve injury and permanent 

hypoparathyroidism are quite low (about 2%).  

Total thyroidectomy and removal of any enlarged lymph nodes in the central or lateral 

neck areas are the best surgical approach to cure the PTC. 

 

- Major possible complications after surgery:  

• Hypoparathyroidsm or transient or definitive: due to temporary devascularization of 

the parathyroid glands or due to accidental removal of the parathyroid gland which 

helps regulate blood calcium levels 

• Laryngeal (recurrent) nerve palsy: due to damage to a nerve that controls the vocal 

cords 

If surgery is not an option, external radiation therapy can be useful. 
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- Table 2. TNM Staging in Thyroid Carcinoma 

Stage grouping 

Separate stage groupings are recommended for papillary or follicular (differentiated), 

medullary, and anaplastic (undifferentiated) carcinoma  

Papillary and follicular thyroid cancer (age < 45y): 

Stage T N M 

I Any T Any N M0 

II Any T Any N M1 

Papillary and follicular; differentiated (age ≥ 45y): 

Stage T N M 

I T1 N0 M0 

II T2 N0 M0 

III T3 N0 M0 

IVA T1-3 N1a M0 

T4a N1b M0 

IVB T4b Any N M0 

IVC Any T Any N M1 

Anaplastic carcinoma (all anaplastic carcinomas are considered stage IV): 

Stage T N M 

IVA T4a Any N M0 

IVB T4b Any N M0 

IVC Any T Any N M1 

Medullary carcinoma (all age groups): 

Stage T N M 

I T1 N0 M0 

II T2, T3 N0 M0 

III T1-T3 N1a M0 

IVA T4a N0 M0 

T4a N1a M0 

T1 N1b M0 

T2 N1b M0 

T3 N1b M0 

T4a N1b M0 

T4a N0, N1b M0 

T1-T4a N1b M0 

IVB T4b Any N M0 

IVC Any T Any N M1 
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- Radioactive Iodine therapy in Papillary Thyroid Carcinoma 

Thyroid cells have the cellular mechanism to absorb iodine. The iodine is used by 

thyroid cells to make thyroid hormone. No other cell in the body can absorb or 

concentrate iodine. Physicians can take advantage of this fact and give radioactive 

iodine to patients as a treatment option for papillary thyroid cancer. 

After the surgery, most patients receive radioactive iodine, which is usually taken by 

mouth. This substance kills any remaining thyroid tissue. It also helps make medical 

images clearer, so doctors can see if there is any cancer left behind or if it comes back 

later. 

There are several types of radioactive iodine, with one type being toxic to cells. 

Papillary thyroid cancer cells absorb iodine; therefore, they can be destroyed by 

giving the toxic isotope (I-131). Again, not everyone with papillary thyroid cancer 

needs this treatment, but those with larger tumors, tumors that have spread to lymph 

nodes or other areas, tumors that are aggressive microscopically, and older patients, 

may benefit from this treatment. 

This is an extremely effective type of "chemotherapy" will little or no potential 

downsides (eg, no hair loss, nausea, or weight loss). 

Uptake is enhanced by high thyroid-stimulating hormone (TSH) levels; thus, patients 

should be off thyroid replacement and on a low iodine diet for at least 1 to 2 weeks 

before being treated with radioiodine. It is usually given 6 weeks after surgery. 

 

- Thyroid Hormone Replacement after thyroidectomy for Papillary Thyroid 

Cancer 

Regardless of whether a patient has just one thyroid lobe and the isthmus removed, or 

the entire thyroid gland removed, most experts agree they should be placed on thyroid 

hormone replacement for the rest of their lives. This replaces the hormone in those 

who have no thyroid left, and to suppress further growth of the gland in those with 

some tissue left in the neck. 
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After surgery or radioactive iodine, patients will need to take medication called 

levothyroxine sodium for the rest of their life. This replaces the hormone the thyroid 

would normally make. 

There is good evidence that papillary carcinoma responds to TSH secreted by the 

pituitary, therefore, exogenous thyroid hormone is given, which results in decreased 

TSH levels and a lower impetus for any remaining cancer cells to grow. Recurrence 

and mortality rates have been shown to be lower in patients receiving suppression. 

 

- Long-term Follow-up  in PTC 

Most patients who had thyroid cancer need to have a blood test every 6 - 12 months to 

check thyroid levels. Other follow-up tests that may done after treatment for thyroid 

cancer include: 

• Ultrasound of the thyroid  

• An imaging test called a radioactive iodine (I-131) uptake scan 

In addition to the usual cancer follow up, patients should underwent to serial check of 

thyroglobulin levels. Thyroglobulin is not useful as a screening for initial diagnosis of 

thyroid cancer, but it is quite useful in follow up of a well-differentiated carcinoma (if 

a total thyroidectomy has been performed). A high serum thyroglobulin level that had 

previously been low following total thyroidectomy, especially if gradually increased 

with TSH stimulation, is virtually indicative of recurrence. A value of greater than 10 

ng/ml is often associated with recurrence even if an iodine scan is negative. 

 

- Prognosis of Thyroid Papillary carcinoma 

The survival rate for papillary thyroid cancer is excellent. More than 95% of adults 

with this cancer survive at least 10 years. The prognosis is better for patients who are 

younger than 40 and for those with smaller tumors. 

The following factors may decrease the survival rate: 
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•Age over 45 

•Cancer that has spread to distant parts of the body 

•Cancer that has spread to soft tissue 

•Large tumor 
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1.2 GENDER DIFFERENCES IN THYROID CANCER 

 

The gender difference in cancer susceptibility is one of the most consistent findings in 

cancer epidemiology.  

Cancer gender disparity in incidence, clinical presentation, disease aggressiveness, and 

prognosis has been observed for a variety of cancers [1, 5-9]. 

Thyroid cancer is the most common malignancy of the endocrine system and the seventh 

most common malignancy in women, but it is not among the most common 15 cancer in 

men [10,11]. 

The gender disparity in thyroid cancer is also specific to the histologic subtype of thyroid 

cancer. The more aggressive types of thyroid cancer, anaplastic thyroid cancer and 

medullary thyroid cancer have similar incidence in men and women. Meanwhile, 

differentiated thyroid cancer of follicular cell origin, such as follicular thyroid cancer and 

papillary thyroid cancer are more common in women [10,11]. 

Papillary thyroid carcinoma (PTC) is the most common type of thyroid cancer, accounting 

for approximately 80% of cases and its incidence has nearly doubled over the last 30 years 

and is thought to be due in part to earlier diagnosis of subclinical disease [1,5].  

The rate of PTC among woman is nearly three times higher than men but in most studies 

males gender is associated with a lower disease free survival and higher mortality 

[8,10,11]. 

As the incidence of thyroid cancer increases, in particular PTC, the gender differences 

observed are likely to be even more dramatic. 

Hematologic malignancies are generally more common in males and this can be 

generalized to most other cancers. Similar gender differences in non-malignant diseases 

including autoimmunity, are attributed to hormonal or behavioral differences. Even in 

early childhood, however, where these differences would not apply, there are differences in 

cancer incidence between males and females. In childhood, few cancers are more common 

in females, but overall, males have higher susceptibility. In Hodgkin lymphoma, the gender 

ratio reverses toward adolescence. The pattern that autoimmune disorders are more 

common in females, but cancer and infections in males suggests that the known differences 

in immunity may be responsible for this dichotomy. Besides immune surveillance, genome 

surveillance mechanisms also differ in efficiency between males and females. Other 

obvious differences include hormonal ones and the number of X chromosomes. Various 
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risk factors aid in the progression and dissemination of the disease such as age, radiation, 

genetic lesions, iodine deficiency or excess iodine consumption, however the causes of 

most thyroid cancers is yet to be elucidated.  

 

a. Radiation exposure: 

Post-Chernobyl epidemiologic studies have showed that, although the incidence of 

papillary thyroid cancer increased in the exposed population, there was a decrease in the 

female to male ratio. Based on the current evidence, ionizing radiation does not appear to 

play a role in the gender disparity of papillary thyroid cancer, with both genders being at 

equal risk of developing thyroid cancer after exposure. 

 

b. Dietary and nutritional factors: 

Dietary and nutritional factors have been implicated as risk factors for differentiated 

thyroid cancer of follicular cell origin. Iodine deficiency is a well-established risk factor 

for developing follicular thyroid cancer, and iodine supplementation has been implemented 

in most regions with endemic goiter. By contrast, iodine excess has been associated with 

an increased risk of papillary thyroid cancer. Chronic iodine deficiency may have a 

protective effect in females [12], but there are no equivalent studies looking at male 

gender. 

In the San Francisco Bay Area Thyroid Cancer study group, a protective effect of dietary 

iodine and phytoestrogens was found in women, but the study did not have any male 

subjects [13]. The role of fish (high in iodine) and cruciferous vegetables on thyroid 

cancers have been debated. However, there are no studies that show a gender difference in 

the effects of fish and cruciferous vegetables in thyroid cancer. 

 

c. Common somatic genetic changes associated with thyroid cancer 

The three most common types of somatic mutations observed in papillary thyroid cancer 

are rearranged in transformation/papillary thyroid carcinomas (RET/PTC) and 

neurotrophin receptor tyrosine kinase (NTRK)1 rearrangements, and an activation 

mutation in the mitogen signaling protein BRAF. These genetic alterations are present in 



 
 

26 

 

approximately two-thirds of papillary thyroid cancer and are specific to papillary thyroid 

cancer. The RET/PTC rearrangement is found in 20–40% of adult sporadic papillary 

thyroid cancer. The NTRK rearrangement is less common and it is found in up to 13% of 

papillary thyroid cancer [14,15]. 

The BRAF V600E point mutation accounts for over 97% of the BRAF mutations in 

papillary thyroid cancer. The BRAF mutation is present in approximately 40% of papillary 

thyroid cancer [14,15]. 

 

d. BRAF mutation 

There have been several studies that have demonstrated that the presence of BRAF V600E 

mutation is associated with an aggressive tumor phenotype in papillary thyroid cancer, 

including a larger tumor size, extrathyroidal invasion, poorly differentiated histology, 

lymph node and distant metastases, and it is also associated with older age, higher 

recurrence rates and gender [16]. 

The BRAF (V600E) mutation, the most frequent genetic mutation in papillary thyroid 

carcinoma (PTC), is widely considered to have an adverse impact on PTC outcome 

however its real predictive value is not well stated. 

Xu and colleagues observed that BRAF V600E mutation in men with papillary thyroid 

cancer was 64% compared with 27% in women [16]. In another study of 203 patients with 

papillary thyroid cancer, BRAF V600E mutation was present in 91% of men compared 

with 70% of women [17]. 

Besides, a meta-analysis of twelve studies with a total of 1168 patients (male:female ratio 

259:909) did not show a significant difference in mutation rate by gender, with 50% of the 

males and 49% of the females with papillary thyroid cancer having the BRAF V600E 

mutation [18]. 

 

e. RET/PTC & NTRK rearrangement 

Multiple studies have looked at the association of clinicopathological features of papillary 

thyroid cancer with the presence of this rearrangement. Although the association of 

RET/PTC rearrangements with radiation is well established, there is limited evidence 

supporting any association with tumor phenotype and gender [16,18].  
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Therefore, RET/PTC rearrangement in papillary thyroid cancer does not appear to be 

different by gender. 

 

f. Reproductive factors 

The fluctuation of sex hormones during a woman’s menstrual cycle and pregnancy has 

been hypothesized as the reason for the gender disparity in papillary thyroid cancer. In 

particular, the peak incidence of papillary thyroid cancer has been observed in women aged 

40–49 years, this being the age group at which most women approach or enter menopause 

[19].  

There have been several studies looking at the association of papillary thyroid cancer with 

reproductive factors such as age of menarche, menopause, number of pregnancies and 

other parameters [19-24]. However, the evidence for hormonal, menstrual or reproductive 

roles in thyroid cancer in women is nowadays inconclusive. Late age of menarche, late age 

of first child birth, artificial menopause and miscarriage for the first pregnancy were 

significant in a study conducted by Negri E. et al. [19]. 

The age of menarche, age at menopause, number of pregnancies or oral contraceptive use 

were not associated with a higher risk of developing thyroid cancer. There was no 

association observed with irregular menstrual cycles, history of miscarriage or induced 

abortion, time since last birth, age and 

outcome of first pregnancy or breastfeeding. 

 

g. Sex hormones 

The important role of sex hormones in cancer is well documented for breast and prostate 

cancers. Sex hormone effects are mediated by hormone-specific nuclear receptors that 

regulate gene expression and tumor cell biology. The α- and β-estrogen receptors mediate 

the effect of estrogen and are expressed in papillary thyroid cancer [25]. 

It has been hypothesized that the polymorphism in estrogen receptors could be a risk factor 

for thyroid cancer [26]. Inoue et Al. demonstrated that although papillary thyroid cancer 

cells have low levels of estrogen receptor-α, with physiologic estrogen stimulation the 

receptor level is significantly upregulated and cell proliferation is promoted [27]. 
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Furthermore, estrogen can dramatically increase the rate of cell proliferation in thyroid 

cancer cell lines compared with male sex hormones [25,28]. It also modifies the expression 

of estrogen receptor subtypes in thyroid cancer cell lines [25,28,29]. 

The effects of estrogen on thyroid cancer cell lines are dependent on the histological type 

of thyroid cancer, and estrogen dramatically increases estrogen receptor-α levels in 

papillary thyroid cancer, whereas in anaplastic thyroid cancer and follicular thyroid cancer 

the receptor levels are not significantly altered [28, 29]. The expression of estrogen 

receptor-β in papillary thyroid cancer cells was increased in anaplastic thyroid cancer cell 

lines. In addition, estrogen treatment promoted the growth of papillary thyroid cancer cells 

in culture but inhibited growth in anaplastic thyroid cancer. Rajoria S. et al also 

documented that estrogen is associated with increased adherence, invasion and migration 

in thyroid cancer cell lines [30].  

Based on these in vitro studies, in papillary thyroid cancer, estrogen receptor status is 

affected by sex hormones. This may play a role in the gender disparity observed in 

papillary thyroid cancer, and can serve as a potential target for the treatment of advanced 

papillary thyroid cancer. 

Similar molecular observations have been made during pregnancy. In particular, chorionic 

gonadotropin, which has been demonstrated to have close homology with 

thyroidstimulating hormone, has been shown to cause rapid growth of thyroid tumors 

(benign or malignant) during pregnancy [31,32].  

 

h.  family history of endocrine-related diseases 

Family history of endocrine-related malignancies, such as breast cancer and goiter, are also 

known to predispose one to thyroid cancer.  

According to American Thyroid Association (ATA), the incidences of thyroid proliferative 

diseases (TPD), which includes thyroid cancer, are four to five times more prevalent in 

women than in men [33-36].  

The risk of developing thyroid disorders in women is one in eight which is comparable to 

that of sporadic breast cancer in women, and is significantly enhanced with family history 

of endocrine-related diseases, age, use of oral contraceptives, autoimmune diseases and 

pregnancy [37,38]. With respect to pregnancy, there is approximately 5% chance of 

developing a thyroid disorder in new mothers within 6 months of birth. An increased risk is 

also noted with the use of estrogen for gynecological problems, with a noted decrease in 
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the incidences of thyroid malignancies after menopause [39,40]. Reproductive challenges 

and infertility have all been associated with thyroid hormone abnormalities and the 

goitrogenic effects of iodine are more pronounced in women than in men. This marked 

gender bias in distribution of TPDs, with the incidence of thyroid disorders being much 

higher in women than in men, suggests that being a female might be the highest risk for 

developing TPDs. Indirect effects of estrogen on thyroid hormone synthesis and release 

have been demonstrated in the past [41,42], but the direct effects of estrogen on thyroid 

diseases are still not fully explored.  

Several studies have been performed worldwide in an effort to investigate the role of 

estrogens in various cancers but the precise mechanism for estrogenopathies in TPDs 

remains poorly understood.
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1.3 ESTROGEN AND ITS RECEPTORS 

 

Estrogens play crucial roles in growth, differentiation, and function of not only sexual and 

reproductive organs, but also cardiovascular, musculoskeletal, immune and central nervous 

system in both men and women [43,44]. Estrogens consist of a group of three 

biochemically distinct hormones, estrone, 17 β -estradiol, and estriol, which are produced 

naturally by the female body and are metabolized into estrogen metabolites such as 2-

hydroxyestrone (2-OHE1) and 16-alphahydroxyestrone (16-OHE1) [45,46]. These 

estrogen metabolites have stronger (16-OHE1) or weaker (2-OHE1) estrogenic ability and 

their relative concentration in females can increase the risk of developing breast, uterine 

and other cancers [46,47]. 17 β-estradiol, commonly denoted as E2, is the central and most 

potent player of the estrogens on the human body due to its highest affinity for estrogen 

receptors [48]. 

Estrogen signaling is mediated primarily through two isoforms of the estrogen receptor 

(ER), ER-α & ER-β, which are members of a large ligand dependent nuclear receptor 

superfamily of transcriptional factors [49,50]. Human ER-α protein consists of 595 amino 

acids with a molecular weight of 66 kDa while ER-β protein has 530 amino acids and a 

molecular weight of 55 kDa [51- 53]. The cellular signaling is initiated by binding of 

estrogen to these receptors by at least three different mechanisms, leading to a 

‘multifaceted cascade of events’ [41, 54 ]. Genomic or classical estrogen signaling 

involves entry of estrogen in the target cell via passive diffusion, leading to a 

conformational change(s) of the estrogen receptor. This conformational change allows the 

dissociation of the receptor from its chaperone proteins, followed by nuclear translocation 

and homo- or hetero-dimerization of E2-ER. The complex then binds to a nucleotide 

sequence located in the promoters of target genes, known as estrogen response element 

(ERE). The activated DNA bound ER then recruits transcriptional co-activators resulting in 

an assembly of transcriptional complex and subsequent gene expression. This mechanism 

of E2 action has a slow transcriptional response from hours to days for maximal gene 

activation [55-57 ]. However, one-third of the genes regulated by estrogen in humans do 

not contain ERE-sequences [57,58]. In such cases, estrogen can regulate gene expression 

by modulating the functions of other transcriptional factors in the nucleus, by protein–

protein interactions, leading to alteration of chromatin, histone unwinding and interactions 

with basal transcription machinery complex components and is known as ERE-
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independent genomic actions of estrogen [59]. Estrogen also exerts a variety of cellular 

responses in bone, breast, vasculature and nervous system which are rapid and do not 

depend on E2–ER mediated gene transcription and protein synthesis [59-60]. These actions 

are referred are believed to be mediated through activation of ER located in or adjacent to 

the plasma membrane or through other plasma membrane-associated estrogen binding 

proteins [61,62]. These actions lead to regulation of various genes involved in a wide array 

of cellular processes such as proliferation, differentiation, cell motility and apoptosis [61]. 
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1.4. EXPRESSION OF ESTROGEN RECEPTORS IN THYROID TISSUES 

 

ER-α is predominantly expressed in breast, uterus, cervix, vagina, pituitary and several 

other organs including thyroid, while ER-β is predominantly expressed in ovary, prostate, 

testis, spleen, lung, hypothalamus, thymus. The presence of ER in thyroid was first 

reported in early 1980s using synthetic estrogens as a radioligand and has been since 

reported by several groups including ours in normal thyroid tissues as well as benign and 

malignant thyroid carcinomas [63-66]. ER-α mRNA has also been reported in both non-

neoplastic and neoplastic thyroid tissues. The presence of both ER-α and ER-β in thyroid 

tissue, similar to that observed in breast carcinoma, would suggest that the relative ratio of 

ER-α and ER-β in thyroid carcinoma could have an important role in the pathophysiology 

of thyroid cancer [61,67,68]. The studies of Cho et al. demonstrated an increased ratio of 

ER-α /ER-β in human medullary thyroid cancer validating the contention [69]. 

Furthermore, Zeng et al. observed that the agonist and antagonist for ER-α and ER-β 

regulate the expression levels of the receptors. They demonstrated that ER-α agonist 

propylpyrazole-triol (PPT) enhances thyroid carcinoma proliferation and expression of 

antiapoptotic protein, Bcl-2, while ER-β agonist diarylpropionitrile (DPN) inhibits cell 

proliferation and enhanced the expression of Bax [70]. In addition, siRNA mediated 

knockdown of ER-α significantly attenuated Bcl-2 expression while ER-β silencing 

enhanced Bcl-2 expression [70], further supporting the notion that the imbalance between 

ER-α and ER-β expression may contribute to thyroid cancer pathogenesis. 

Indeed some reports have shown a comparable ER-α expression in normal and tumor 

thyroid tissue [71,72], however all these reports rely on immunohistochemistry (IHC) to 

determine the presence or absence of ER-α expression, and it is therefore interesting to 

note such a difference in the ER-α expression from different laboratories. A recent study 

[73] investigated the possibility of measuring ER-α in PTC samples by different molecular 

biology techniques. The best approach to individuate ER-α expression was found to be 

Laser-capture microdissection (LCMD), followed by real-time PCR or Western blot in the 

study. 

Therefore, the different and opposing results regarding the expression of ER-α in normal 

thyroid tissue could depend, in the case of a whole tissue analysis, on the ratio between 

tumor and normal cells in the sample analyzed. In this study, ER-α expression could be 



 
 

33 

 

detected in human biopsy specimens obtained from PTC and at much lower level from 

goiter [73]. 
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1.5. EFFECTS OF ESTROGEN ON THYROID HORMONE ACTIVITY 

 

The normal physiological functions of the thyroid gland involve the synthesis and secretion 

of two principal metabolic hormonestriiodothyronine (T3) and thyroxine (T4) and their 

metabolism and action on the peripheral tissue. The mechanism of action for thyroid 

hormones’ activity involves hormone binding to the nuclear thyroid hormone receptor 

(TR), resulting in formation of a complex which then binds to thyroid hormone response 

elements in promoter regions of the target genes. The activated receptor can then either 

stimulate or inhibit transcription of the target gene depending on the nature of regulatory 

element, bringing in effect its various functions. Both ERs and TRs are members of the 

nuclear receptor superfamily and they share an identical half site at the consensus sequence 

of nucleotide bases which constitute ER response element and thyroid hormone response 

element. This allows the TR to bind ERE and vice versa, and such interactions between 

these nuclear receptors can possibly lead to an infinite number of gene regulatory events, 

leading to a greater array of transcriptional response to environmental stimuli. There are 

discrepancies in the literature in regards to effects of estrogen on activation of pituitary-

thyroid axis essential for the normal physiological functions of thyroid gland. 

A study by Banu et al. implicates that the stimulatory effects of estrogen on human NPA-

87-1 papillary thyroid carcinoma are independent of thyroid-stimulating hormone (TSH) 

activity. In this study, they observed that estrogen enhances the proliferation of thyroid 

cells potentially by upregulating the ERs and these proproliferative effects of estrogen 

were independent of TSH administration [74]. Furlanetto et al. demonstrated similar 

proliferative effects of estrogen on rat FRTL-5 thyroid follicular cells which were 

independent of TSH administration. Moreover, they observed that estrogen attenuates 

TSH-induced sodium/ iodide symporter (NIS) expression in the thyroid cells while 

cotreatment with estrogen and fulvestrant restored the TSH induced NIS expression [75]. 

The same group later showed that estrogen treatment led to a decreased iodide uptake from 

the same FRTL-5 thyroid cells [76]. Estrogen may be directly acting on the NIS system 

modulating its ability to carry iodide or may be leading to production of growth factors 

which leads to decreased iodide uptake, but this needs further investigation. Lima et al. 

demonstrated that estradiol administration in prepuberatal and adult rats leads to a 

significant increase in the thyroid weight but they observed no significant changes in 
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serum T3, T4 and TSH levels, suggesting a more direct action of estrogen in the thyroid 

gland [77]. 
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1.6. ESTROGEN ON AND TUMOR PROGRESSION 

 

In a study of Zeng Q et al. [29] it has been investigated how 17beta-oestradiol (E2) 

influenced, promoting the proliferation and growth of thyroid cancer cells. Imbalance 

between ERalpha and ERbeta may contribute to thyroid carcinogenesis. 

Tumor metastases accounts for around 90% of all the cancer related deaths [78 ]. The 

process of metastasis involves sequential steps and the tumoral tissue invades the 

circulation through the process called intravasation. After intravasation, individual tumor 

cells migrate to the distant sites, make transient adhesion to the vessel wall and start 

invading the new organ, a process called extravasation. The last step is colonization of the 

tumor cells at the new site and initiating the formation of new blood vessels–angiogenesis–

allowing them to establish and expand the newly formed metastatic foci [78,79]. 

For reasons still unknown, certain cancer types have a high probability to metastasize 

while others never metastasize. 

Secondary metastatic lesions are a major complication in patients with thyroid cancer. The 

secondary disseminated metastasis causes many patients to relapse despite the improved 

surgical and therapeutic processes, causing further complications. Several factors aid in a 

number of molecular mechanisms involved in the malignant transformation and 

development of metastatic disease, including estrogen. Kousidoua et al. have observed a 

positive correlation between ER-α expression and the effects of estrogen on matrix 

metalloproteinase (MMP) gene expression in ER+ breast cancer cells [80]. Nilsson et al. 

have also shown that estrogen regulates the metastatic propensity in breast cancer by 

regulating the activity of MMP-2 and MMP-9 [81], but there are not much evidences 

linking estrogen with thyroid cancer metastasis. 
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1.7. EFFECTS OF ESTROGEN ON ON THYROID CANCER METASTASIS 

 

Well-differentiated thyroid cancer, including papillary and follicular thyroid cancer, can 

metastasize to the nearby lymph nodes in over 50% of the cases [82,83], with secondary 

disseminated metastasis being the biggest complication in the majority of thyroid cancer 

patients. Rajora S et al has recently shown that estrogen enhances thyroid cancer cell 

adhesion, migration and invasion, potentially due to downregulation of tumor suppressive 

proteins such as catenins and cadherins [66,67]. A defective cadherin/catenin complex has 

been correlated with increased cancer proliferation and progression in vitro and in vivo, 

while restitution of the cadherin/catenin complex has shown to suppress metastasis in 

several cancers including estrogen responsive cancers. Rajora S have recently shown that 

cotreatment with an antiestrogen, fulvestrant, restores catenin protein levels, further 

validating the effects of estrogen on cadherin/catenin proteins in thyroid cancer cells. 

Besides cell–cell adhesion proteins, proteolytic enzymes such as MMPs also play a critical 

role in tumor cell invasion. It was recently demonstrated that estrogen treatment leads to 

enhanced activity and secretion of MMP-2 and MMP-9 in human thyroid cancer cells, 

which was attenuated by ER antagonists [67]. 

Roudabush et al. have demonstrated that activation of ERK1/2 requires the involvement of 

estrogen regulated MMPs in monkey kidney fibroblast COS-7 cells [84]. Later, Song et al. 

demonstrated in human MCF-7 breast cancer cells that estrogen leads to a sequential 

activation of MMPs and MAPK [85]. A study by Ocharoenrat et al. showed that growth 

factors were able to stimulate MMP 9 activation in head and neck squamous cell 

carcinoma and elevated levels of MMPs have been demonstrated in thyroid carcinoma 

[86]. In a later study, Yeh et al. further demonstrated that MMPs act as critical effectors of 

invasion in papillary and follicular thyroid cancer cell lines [87]. A recent study showed 

that silencing of ER-α using siRNA attenuates estrogen-mediated migration and invasion 

of human thyroid cancer cells [67].
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1.8. ANTIESTROGENS AS THERAPEUTIC AGENTS FOR THYROID DISEASES 

 

The observations that thyroid cells are estrogen responsive and estrogen can directly and 

indirectly modulate thyroid cancer proliferation, metastasis and angiogenesis opens up the 

possibility of using antiestrogens. Several antiestrogenic synthetic compounds such as 

tamoxifen and ICI 182,780 (fulvestrant) exists but unfortunately, these compounds have 

undesirable side effects such as ICI 182,780 results in a complete blockade of the 

activation pathways of ER and tamoxifen resulting in detrimental uterotrophic effects and 

can act as an agonist for breast cancer cell growth [88,89]. These damaging effects warrant 

the research for safer alternatives such as natural compounds present in diet, for thyroid 

disease treatment and prevention. 

Many studies has shown that exposure of estrogen responsive cancers, such as breast 

cancer, to I3C and its in vivo dimeric product DIM trigger anti-proliferative and/or 

apoptotic signals [67, 90-94]. 

Despite its beneficial roles, especially against hormone responsive cancers such as thyroid 

and breast, the exact anti-cancer mechanism of DIM has not been fully elucidated. Studies 

indicate that DIM affects estrogen mediated effects on cancer cells by activating several 

individual and interdependent transcriptional, cell signaling, enzymatic and metabolic 

cascades that result in the abrogation of estrogen-induced cell proliferation. A recent study 

by Rajora S group has revealed that DIM acts in a similar fashion to the antiestrogenic 

compound fulvesterant by inhibiting estrogen-induced proliferation and clone formation of 

thyroid cancer cells [67]. DIM was also observed to interfere with essential events 

involved in cancer cell metastasis as evidenced by a decrease in in vitro cell adhesion, 

migration, and invasion [67,95]. Of these three crucial steps involved in initiating 

metastasis, invasion is the most essential one. An agent that could efficiently inhibit the 

ability of cancer cells to form secondary metastatic foci would be an ideal candidate to 

suppress cancer progression. DIM has a unique antiinvasive property, with as high as 78% 

inhibition of invasion observed in papillary thyroid cancer cells. The observed 

antiestrogenic property of DIM is in accordance with its ability to modulate E2–ER 

interactions and E2-mediated signal transduction pathways such as the pAKT and ERK 

pathways, as described earlier by us and others, which provide evidence that DIM shows a 

strong potential for treatment and prevention of thyroid diseases including cancer. 
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AIM OF THE STUDY 

 

Our intention is to consider our experience about the gender disparity in patients 

underwent surgery for PTC comparing females (F) vs males (M) as regards a 

series of clinical, histopathologic, molecular, and hormonal variables to 

determine if, as in breast carcinoma , there is actually a role of estrogens in the 

pathogenesis of PTC.  

Then, we have evaluated the presence of estrogen receptors on the little series of 

surgical specimen to identify the eventual medical targeted therapy for this type 

of tumor. 
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MATERIALS AND METHODS 

 

 

a. Patients selection 

We considered 658 patients underwent surgery for histologically proven Papillary Thyroid 

Carcinoma (PTC) from 2007 to 2011 at 2
nd

 Clinical Surgery, University of Padova, and 

General Surgery Department, University of Trieste.  

The patients were given a detailed explanation of aim of our study  and all patients gave 

their informed consent to participate. 

 

b. Variables evaluated 

We revised clinical and histopathologic documents and we compared F vs M as regards the 

following variables: age, extension of surgery, node dissection, TNM, mono/plurifocality, 

association with limphocitary chronic thyroiditis, BRAF mutations, and outcome. 

 

c. Reproductive factors analysed in women 

In the women, the hormonal variables, as: age of menarche, age and type of menopause, 

number and age of pregnancy, interruption of pregnancy, and the assumption of oral 

estrogen-progestin therapy, were investigated to determine the effective role of 

reproductive factors and hormonal effects in the pathogenesis of this tumor. 

All female patients investigated for the variables cited below, were divided in two groups: 

< 40 years (childbearing) old and age > 40 years old. For each stage the various variables 

were tested to determine if there were any correlation with a specific reproductive factor. 
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d. Evaluation of expression of ER- alpha and ER-beta receptors in thyroid tissue 

In a little series of patients, we prospectively analyzed the perioperative serum level of 

estrogens and the expression of ER-alpha receptors and ER – beta by 

immunohistochemical studies in the sections of formalin-fixed tissue , paraffin-embedded 

tumor of the thyroid. Then, the patients selected, all women, were divided in two groups: 

age < 40 years (childbearing) old and age > 40 years old. These two groups were compared 

regarding stage and outcome. 

 

e. Follow-up evaluation 

At follow up the patients underwent physician exam, thyroid function testing, serum 

Thyroglobulin (Tg) levels, and circulating anti-Tg antibodies, measured 4 weeks after 

operation before levothyroxine suppression therapy. 

The completeness of the operations was determined also by neck US exam and by iodine-

131 (
131

I)  whole body scan (WBS) 3 to 6 months after surgery. 

After total thyroidectomy, the treatment with 
131

I to ablate postsurgical thyroid remnant 

were performed, in hypothyroidism conditions (TSH > 30µUI/mL, obtained by 

withdrawing thyroid replacement hormone), on the basis of  stage and prognostic/risk 

factors according to the American Thyroid Association Guidelines [9]. 

WBS was repeated in these patients 4 days after 
131

I administration to visualize any thyroid 

remnant or metastases, followed by thyroid hormone supplementation. 

The mean period of time elapsed between the thyroidectomy and 
131

I administration for 

postsurgical remnant ablation was 3–4 months. Patients who did not receive radioiodine 

treatment underwent long-term follow-up at 6- to 12-month intervals, at which time 

ultrasonographic examinations were performed, and serum Tg levels were measured while 

the patients were on levothyroxine. Patients whose WBS revealed no thyroid remnants or 

metastases were also placed on this follow-up protocol. The criteria for successful thyroid 

ablation were defined as the disappearance of any visible area of uptake in the thyroid bed 

( ≤ 1%), and undetectable serum Tg levels off  levothyroxine (TSH >30µUI/mL). 
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f. Statistical analysis 

The statistical analysis was performed by using the following tests: the Mann-Whitney test 

for age, and  the χ
2
 test for gender, surgical procedure/extension of surgery, node 

dissection, TNM, mono/plurifocality, association with thyroiditis, BRAF mutations, and 

outcome. 

The software used was the “Statistica released 7”. 

A p value less than 0.05 was considered statistically significant. 
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RESULTS 

 

Comparing F vs. M there was a statistically significant difference with regard to sex, in 

fact, women were 74% while the male sex accounted for 26% of cases (p <0.015), the 

association with chronic autoimmune thyroiditis (more frequent in women), and the lateral 

cervical lymph node dissection (necessary in most men). 

Comparing females with men regarding the rate of recurrence, we did not find a significant 

difference.  

In our series BRAF
V600E

 mutation was identified in 29% of women and in 30.7% of men 

confirming the absence of significant difference among two sexes. 

In our series, regarding the reproductive factors in the women, relatively more advanced 

stage was correlated with early menarche, older age of first pregnancy, late menopause; 

moreover, a higher incidence of tumor was registered in childbearing age stressing the role 

of estrogen to promoting the PTC. 

Moreover, our data confirm that, comparing males vs females, there was a significant 

difference concerning the number of patients affected by PTC with a preponderance of 

women. Also the number of central node dissection performed was dissimilar among the 

two groups of patients, in fact it was performed  in only 12% of females and in 29% of 

males confirming the major aggressiveness of this tumor in the men. The association with 

thyroiditis was most important in the women confirming the better outcome in female 

gender, whereas the others characteristics as age, TNM stage, mono and plurifocality, 

BRAF mutations, and outcome were not statistically diverse between two sexes.  

Of the 658 patients considered in this study, the F was 489 (74%)  vs  169 M (26%) 

(p<0.015), the mean age was 46 years (range 11-86), in particular 46 years (range 11-86) 

in F vs 46 years (range 11-83) in M (p=<0.44), total thyroidectomy was realized in 635 

cases,  474 F (97%) vs 161 M (95%) (p<0.72), loboistmectomy was realized in 21 cases, 

13 F (3%) and 8 M (5%) (p<0.83), node dissection was realized in 519 cases, 387 (79%) F 

vs 132 (78%) M (p<0.99), central node dissection in 434 cases, 340 (88%) F vs 94 (71%) 

M (p<0.75), laterocervical node dissection in 85 cases, 47 (12%) F vs 38 (29%) M 

(p<0.011), stage I was defined in 402 cases, 315 (64%) F vs 87 (51.5%) M (p<0.19), stage 
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II in 19 cases, 15 (3%) F vs 4 (2.5%) M (p<0.51), stage III in 180 cases, 126 (26%) F vs 54 

(32%)M (p<0.249), stage IV in  57 cases, 33 (7%) F vs  24 (14%) M (p<0.223), 

monofocality was in 368 cases, 279 (57%) F vs 89 (52.7%) M (p<0.64), plurifocality was 

in 290 cases, 210 (43%) F vs 80 (47.3%) M (p<0.76), tumor size was 14.13 mm (range 

0.5-80), it was 13.97 mm (range 1-80) in F vs 14.62 (range 0.5-70) in M (p<0.42), 

association with thyroiditis was observed in 157 cases, in 132 (27%) F vs 25 (15%) M 

(p<0.001), BRAF – V600E mutation was identified in 195 cases, 143 (29%) F vs 52 

(30.7%) M (p<0.849). 

We revised the follow up in 395 cases (60%). The mean time of follow up was 38 months 

(range 1-137),  37 months (range 1-343) in F vs 45  (range 4-156) in M (p<0.24),  342 

patients  underwent 
131

I radioiodinetherapy,  251 (88%) F vs 91 (83%) M (p<0.74), the 

median dose was 134.33 mCi (50-500), 132.63 mCi  (range 50-500) in F vs 139.42 mCi 

(range 50-350) in M (p<0.27), the median postoperative value of serum Tg level was 10.5 

mU/L (range 0.1-593),  7 mU/L (range 0.1-485.3) in F vs 19.83 (range 0.1-593) in M 

(p<0.11), 376 patients was free of disease, 274 (96%) F vs 102 (93.5%) M (p<0.64), 2 

patients deceased , 1  (0.2%) F vs 1 (1%) M (p<0.24). 

These findings are summarized on table 3. 

 

- Reproductive factors analyzed in women: 

Regarding hormonal profile in the women, relatively more advanced stage was correlated 

with early menarche, older age of first pregnancy, late menopause; moreover, a higher 

incidence of tumor was registered in childbearing age.  

These findings are summarized on table 4. 
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Table 3:  

Variables total Femaless Maless P value 

Number of patients 658 489 (74%) 169 (26%) p<0.015 

Age 46 (11-86) 46 (11-86) 46 (11-83) P<0.44 

Total thyroidectomy 635 474 (97%) 161 (95%) p<0.72 

Loboistmectomy 21 13 (3%) 8 (5%) p<0.83 

Node dissection 

Central compartment 

Lateral compartment 

519 

434 

85 

387 (79%) 

340 (88%) 

47 (12%) 

132 (78%) 

94 (71%) 

38 (29%) 

p<0.99 

p<0.75 

p<0.011 

TNM 

I 

II 

III 

IV 

 

402 

19 

180 

57 

 

315 (64%) 

15 (3%) 

126 (26%) 

33 (7%) 

 

87 (51,5%) 

4 (2,5%) 

54 (32) 

24 (14) 

 

p<0.19 

p<0.51 

p<0.249 

p<0.223 

monofocality 368 279 (57%) 89 (52,7) p<0.64 

plurifocality 290 210 (43%) 80 (47,3) p<0.76 

Tumor size in mm 14,13 

(0,5-80) 

13,97 (1-80) 14,62 (0,5-70) p<0.42 

Association with LCT 

(thyroiditis) 

157 132 (27%) 25 (15%) p<0.001 

BRAF mutation 

V600E 

WT 

 

195 

184 

 

143 (29%) 

142 ((29%) 

 

52 (30,7) 

42 (25%) 

 

p<0.849 

p<0.433 

Follow up 395(60%) 286 (58%) 109 (64%) p<0.18 

Time of follow up 38 (1-343) 37 months (1-

343) 

45 months (4-

156) 

p<0.24 

I
131

 radiotherapy 342 251 (88%) 91 (83%) p<0.74 

Dose 134,33 

mCi (50-

500) 

132,63 mCi (50-

500) 

139,42 mCi 

(50-350) 

p<0.27 

N° of radioiodine 

treatment 

1,13 (1-3) 1,09 (1-3) 1,23 (1-3) p<0.14 

TG levels 10,5 (0,1- 7 (0,1- 485,3) 19,83 (0,1- p<0.11 
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593) 593) 

Free of disease 376 274 (96%) 102 (93,5%) p<0.64 

Not free of disease 17 11 (3,8%) 6 (5,5%) p<0.76 

Deceased 2 1 (0,2%) 1 (1%) p<0.24 

  

 

Table 4: 

More aggressive stage was correlated with: (histotype and tumor diameter) 

Parameters 

Group A age <40 years 

Group B age > 40 years 

P value 

early menarche (stage III) P<0,026 

older age at first pregnancy (stage III) P<0,047 

late menopause (stage III) P<0.038 

> incidence of thyroid tumor in reproductive age (in group having < 40 years old)!!! 

 

Any correlation was found with the number f pregnancy, eventual interruption of 

pregnancy or with assumption of oral estrogen-progestin therapies. 
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- Evaluation of expression of ER- alpha and ER-beta receptors in thyroid tissue: 

In a little series of patients, we prospectively analyzed the perioperative serum level of 

estrogens and the expression of ER- alpha receptors and ER –beta by 

immunohistochemical studies in the sections of formalin-fixed tissue , paraffin-embedded 

tumor of the thyroid. 

We have immunohistochemically examined estrogen receptors (ER) on papillary thyroid 

carcinoma in 10 females. Of the specimens obtained from the 10 patients, 80% (8/10) 

showed positive staining for ER. 

Totally 10 patients, with a median age of 48 years (range: 31-77) were analyzed. Mean 

follow-up time was 3 months (range 1-12). Regarding the age, we have divided patients in 

two categories: young < 40 years old and > 40. 

We did not find any significant difference in the incidences of positive staining for E2 

between the two groups. 10 thyroid glands specimens have been examined using 

immunohistochemical assays with ERs alpha and beta antibodies. There was no expression 

of antibodies in non-neoplastic cells or in adjacent tissues.  

Tumor size ranged from 1,5 mm to 30 mm (median 13,5 mm).  Micro PTC (diameter < 

1cm) were found in 3 (30%) cases. BRAF mutation was present in 5 cases. 

Six patients underwent to central lymph node dissection (CLND). Of those, three (50%) 

had metastatic lymph nodes. Final histology showed the neoplasms to be in group A (<40 

years) 3 stage I and 2 stage III whereas in group B (>40 years old) there were 2 neoplasms 

stage I and three stage III  [p < 0,36]. 

The group A resulted composed by a more aggressive histological variants than group B 

(see table I)  and the tumor size was greater [p<0,0746].  

At the follow-up any neck recurrence occurred.  Mean serum postablative Tg levels after 

levothyroxine withdrawal resulted a little higher in group A (1,6 ng/mL vs 1,1 ng/mL) 

[p=N.S]. The mean radioactive iodine ablation doses was 142,63 mCi in group A vs 

139,42 mCi in group B [p= N.S]. 
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DISCUSSION 

 

Papillary thyroid carcinoma (PTC) is the most common type of thyroid cancer, accounting 

for approximately 80% of cases. Its incidence has nearly doubled over the last 30 years and 

is thought to be due in part to earlier diagnosis of subclinical disease [1- 6]. 

Diagnostic sensitivity and opportunities for detection have improved over the past decades 

with the introduction of thyroid ultrasound in the early 1980s and final-needle aspiration 

cytology in the late 1980s. Probably, these technologies could have potentially impacted 

the secular trends more in one gender than the other, but the gender disparities in PTC 

incidence is very high.  

Thyroid cancer incidence rates have increased worldwide for decades, although more for 

papillary carcinomas than other types and more for females than males.  

Cancer gender disparity in incidence, clinical presentation, disease aggressiveness, and 

prognosis has been observed for a variety of cancers [1-8]. 

There are few known thyroid cancer risk factors except female gender, and the reasons for 

the increasing incidence and gender differences are unknown. 

The pathogenesis of thyroid cancer is complex. Iodium deficiency, genetic factors, sex, 

older age, irradiation in childhood, thyroid growth stimulating antibodies and epithelial 

growth factor possibly affect its development. Recent reports, also epidemiological, have 

shown that differentiated thyroid cancer (papillary, follicular, oxyphillic) is dependent on 

sex hormones, especially estrogens. This has prompted research into the presence of 

estrogens and progesterone receptors (ER and PR), as well as androgen receptors (AR) in 

normal and neoplastic thyreocytes and estradiol content in thyroid tissue. The results of 

these investigations imply that thyroid cancers are estrogen-dependent. There is, however, 

no agreement in reports about correlation between tumor malignancy and ER, PR and AR 

expression. 

Several epidemiological studies have suggested a possible correlation between incidences 

of thyroid malignancies and hormones but the precise contribution of estrogen in thyroid 

proliferative disease initiation, and progression is not well understood [1-11] 

The rate of papillary thyroid cancer among woman is nearly three times higher than men, 
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with a widening gender gap over time [1,8].  

Kilfoy Briseis A. et Al [8] reported that the age-specific rates were higher among women 

than men across all age groups analyzed, and the female-to-male rate ratio declined quite 

consistently from more than five at ages 20–24 to 3.4 at ages 35–44 and approached one at 

ages 80+. These results confirmed that gender is an age-specific effect modifier for 

papillary thyroid cancer incidence. 

The less aggressive histologic subtypes of thyroid cancer are more common in women, 

whereas the more aggressive histologic subtypes have similar gender distribution. In 

females, the age-specific incidence rate rises sharply at the beginning of the reproductive 

years, with increasing age peaking at 40–49 years, while in men the peak is at 60–69 years 

[8]. The incidence rates equalize by 85 years of age [8,10-11]. Women have an earlier age 

of onset but men tend to have more aggressive disease at diagnosis. 

The gender disparity in incidence, aggressiveness and prognosis is well established for 

thyroid cancer but the origin of the disparity is poorly understood. 

Several causes as, radiation exposure, nutritional, genetic, molecular, reproductive, 

hormonal and environmental factors it has been hypothesized that may account for this 

difference [1-11]. 

As described by Rahbari R et al. [11] in the review of thyroid cancer gender disparity, 

regarding the ionized radiation exposure, it does not appear to play a role in the gender 

disparity of PTC, with both genders being at equal risk after exposure as demonstrated by 

Moysich Kb et al.[96]. 

As concerns the nutritional factors, in the San Francisco Bay Area Thyroid Cancer Study 

Group a protective effect of dietary iodine and phytoestrogens was found in women (608), 

but the study did not have any males subjects [13].  

Regarding the genetic factors, although some studies suggest BRAF - V600E mutation is 

more common in men [16] and this may be results in an more aggressive prognosis, a meta 

analysis of 12 studies with a total of 1168 patients didn’t show a significant difference in 

mutation rate by gender [18]. Basides, Sadetzki S et al. [97] described a higher rate of 

RET/PTC rearrangements in papillary thyroid cancer with male gender. About NTRK 

rearrangement, Brzezianska E. et al. analyzed the presence of an NTRK rearrangement and 

gender and no significant difference were found [98]. 

In our series BRAF - V600E mutation was identified in 29% of women and in 30.7% of 

men confirming the absence of significant difference among two sexes. 

In our series, although BRAF - V600E mutation was demonstrated to be an adverse 
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prognostic factor for the aggressiveness of the disease, but it not resulted independent from 

other clinical-pathological features in low-risk intrathyroid PTC patients, however it could 

be useful  in the workup of low-risk PTC patients, as supplementary prognostic factor to 

assess the preoperative risk stratification with the aim to avoid  unnecessary central neck 

node dissection and  complementary I
131

-terapy . 

Although thyroid cancer occurs much more frequently in females, the role of sex hormones 

in thyroid carcinogenesis is unknown.  

According to American Thyroid Association (ATA) [26], the incidences of thyroid 

proliferative diseases (TPD), which includes thyroid cancer, are four to five times more 

prevalent in women than in men. The risk of developing thyroid disorders in women is one 

in eight which is comparable to that of sporadic breast cancer in women, and is 

significantly enhanced with family history of endocrine-related diseases, age, use of oral 

contraceptives, autoimmune diseases and pregnancy. With respect to pregnancy, there is 

approximately 5% chance of developing a thyroid disorder in new mothers within 6 

months of birth. An increased risk is also noted with the use of estrogen for gynecological 

problems, with a noted decrease in the incidences of thyroid malignancies after menopause 

[11,30]. 

Several studies have been performed worldwide in an effort to investigate the role of 

estrogens in various cancers but the precise mechanism for estrogenopathies in TPDs 

remains poorly understood. 

There have been several studies looking at reproductive and hormonal factors and the risk 

of thyroid cancer with inconclusive results. The interpretation of these population-based 

studies is hampered by the fact that the rate of thyroid cancer varies dramatically among 

populations. The suggestion that the rates of thyroid cancer may differ due to reproductive 

and menstrual factors in these populations would support the hypothesis that these factors 

influence rates of thyroid cancer. However, based on clinical and epidemiology studies, 

there is no conclusive association between menstrual, reproductive or hormonal history 

with thyroid cancer risk. 

Hormonal differences are hypothesized to contribute to the approximately ≥2-fold higher 

thyroid cancer incidence rates among women compared with men worldwide [99]. As 

regards the hormonal factors, recently, several studies described the role of estrogens in the 

pathogenesis of thyroid cancer in women and it was confirmed that sex hormone effects 

are mediated by hormone specific nuclear receptors that regulate gene expression and 

tumor cell biology [27,28, 68 100 - 102].  
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Estrogen is known to promote the proliferation of thyroid papillary carcinoma cells. 

However, the molecular mechanism responsible is not well understood [68,70].  

The pattern of the subcellular localization of ER-alpha and ER-beta differs  between 

papillary and anaplastic cancer [68]. Upon E2 treatment, the level of ER-alpha increases in 

the nuclei of papillary cancer cells but ER-beta remains unchanged. The level of 

mitochondrial ER-beta surpassed that of ER-alpha in anaplastic cancer cells. The different 

locations of ER-alpha and ER-beta in PTC cells and in anaplastic carcinoma cells agreed 

with the finding that E2 promoted the proliferation of PTC but inhibited or did not affect 

that of ATC cells. Consequently, there are a differences  in epidemiology and responses to 

anti-tumour therapy between papillary and anaplastic cancer in terms of the subcellular 

localization of ER isoforms. 

Estrogen signaling is mediated primarily through two isoforms of the estrogen receptor 

(ER), ER-α and ER-β, which are members of a large ligand dependent nuclear receptor 

superfamily of transcriptional factors. 

The alpha and beta estrogen receptors (ER-α and ER-β) mediate the effect of estrogen and 

are expressed in PTC and it has been hypothesized that the polymorphism in estrogen 

receptors could be a risk factor for thyroid cancer [27,28, 68 100 - 102]. 

ER- α is predominantly expressed in breast, uterus, cervix, vagina, pituitary and several 

other organs including thyroid, while ER- β is predominantly expressed in ovary, prostate, 

testis, spleen, lung, hypothalamus, thymus. 

ER- α mRNA has also been reported in both non-neoplastic and neoplastic thyroid tissues. 

An imbalance between the expression of ER subtypes α and β has also been proposed to 

have significance with higher expression of ER- α promoting cell proliferation and growth 

while higher expression of ER- β promoting cell apoptosis in thyroid cancer cells. The 

presence of both ER- α and ER- β in thyroid tissue, similar to that observed in breast 

carcinoma, would suggest that the relative ratio of ER- α and ER- β in thyroid carcinoma 

could have an important role in the pathophysiology of thyroid cancer [61,65,68]. 

Kumar A et al. [68] demonstrated that the estradiol-induced proliferation of papillary and 

follicular thyroid cancer cells is mediated by ER-α and ER-β. 

Magri et al., using immunohistochemistry, evaluated ERα, ERβ, and AR expressions in 

thyroid tumors and in its correspondent extra-tumor parenchyma and concluded  that  ERα 

positivity, ERβ negativity, and Androgen Receptors expressions are associated with a more 

aggressive phenotype of small T1-differentiated thyroid carcinoma [103]. 

Hormonal differences are hypothesized to contribute to the approximately ≥2-fold higher 
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thyroid cancer incidence rates among women compared with men worldwide. Although 

thyroid cancer cells express estrogen receptors and estrogen has a proliferative effect on 

PTC cells in vitro, epidemiologic studies have not found clear associations between thyroid 

cancer and female hormonal factors. Schonfeld SJ et al. [99]  hypothesized that 

polymorphic variation in hormone pathway genes is associated with the risk of developing 

papillary thyroid cancer but the  pathway genes analyzed do not appeared to be strongly 

related to PTC risk. 

Concerning the reproductive factors, there have been few studies looking at reproductive 

and hormonal factors and the risk of thyroid cancer with inconclusive results [11,104]. 

Premenopausal women resulted at highest risk for papillary and follicular thyroid 

carcinoma, implicating a role for estrogens in thyroid cancer [68]. In our series, regarding 

the reproductive factors in the women, relatively more advanced stage was correlated with 

early menarche, older age of first pregnancy, late menopause; moreover, a higher incidence 

of tumor was registered in childbearing age stressing the role of estrogen to promoting the 

PTC. 

Moreover, our data confirm that, comparing males vs females, there was a significant 

difference concerning the number of patients affected by PTC with a preponderance of 

women. Also the number of central node dissection performed was dissimilar among the 

two groups of patients, in fact it was performed  in only 12% of females and in 29% of 

males confirming the major aggressiveness of this tumor in the men. The association with 

thyroiditis was most important in the women, whereas the others characteristics as age, 

TNM stage, mono and plurifocality, BRAF mutations, and outcome were not statistically 

diverse between two sexes.  

Recently, several studies aimed to evaluate the expression of estrogen receptors, α and β, in 

normal and malignant thyroid tissues and their effects on different molecular pathways 

involved in growth and function of the thyroid gland [101]. These studies opened up the 

possibility of developing alternative therapeutic treatments and preventive approaches 

which employ the use of antiestrogen to treat thyroid malignancies. 

Regarding the evaluation of  the expression of estrogen receptors, α and β, in normal and 

malignant thyroid tissues, we did not find any significant difference in the incidences of 

positive staining for E2 between the two groups of patients analyzed. 

In all specimen we find receptors ER-alpha and ER-beta. The presence of ER-alpha was 

major in patients who presented relative more aggressive stage but the results were non 
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statistically significant. It’s throw that we should consider that the time for evaluate the 

rate of recurrence was very low.  

Our preliminary results are in agreement with most available data. It seems, however, that 

the material so far examined by the investigators is too small. Furthermore, because of 

using various methods the results cannot be compared. Further studies are necessary to 

reveal if there is any true influence of sex hormones on the development of thyroid lesions 

and if the detection of sex hormone receptors may help in choosing adequate therapy. 

It was verified by Rajoria S. et al. that the estrogen induced metastatic modulators MMP-3 

and MMP-9 are targets of 3,3’diindolylmethane (DIM) in thyroid cancer. Furthermore, 

DIM, natural dietary compound found in cruciferous vegetables, displays anti-estrogenic 

like activity by inhibiting estradiol enhanced thyroid cancer proliferation [95].  

Moreover Rajora S. [30] in another review studied the estrogen activity as a preventive and 

therapeutic target in thyroid cancer. In this review there are the description of principal 

studies on estrogen receptors in thyroid tissue (table 5). 
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Table 5: Principal studies on estrogen receptors in thyroid tissue. [S. Rajora et Al. 

Biomedicine & Pharmacotherapy 66 (2012) 151–158]. 
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Family history of endocrine-related malignancies, such as breast cancer and goiter, are also 

known to predispose one to thyroid cancer. 

Somjen D. et Al., described the growth inhibition of human thyroid carcinoma and goiter 

cells in vitro by a novel isoflavone-derived anti-estrogenic compound developed in 

laboratory, the N-t-boc-hexylenediamine derivative of 7-(O)-carboxymethyl daidzein (cD-

tboc) [105].  

In this study we considered the clinical, histopathologic, molecular, and hormonal 

variables in our series of patients but our intention in the future is to evaluate the molecular 

and  genetic characteristics and the presence of estrogen receptors on  surgical specimens 

to identify also the possible medical targeted therapy for this type of tumor. 

A strong link between estrogen and thyroid cancer is still missing but the studies and 

findings reviewed here (summarized in table 6), open a potential new avenue and clinical 

utility for ER as a target for prevention and treatment of TPDs as well as a prototypical 

antiestrogen that can be used for therapeutic and preventive purposes of TPDs by not only 

suppressing the proliferation of thyroid cancer cells but also by inhibiting metastasis and 

angiogenesis associated events. This provides the foundation for multiple lines of 

investigation to elucidate estrogen’s biological functions in thyroid diseases, specifically in 

the evolution of an aggressive phenotype. The use of functional estrogen–ER antagonist 

that affects the multifaceted biological activity of estrogen in thyroid disease singly or in 

combination provide a reasonable therapeutic and secondary preventive option that is 

novel, effective and devoid of unwanted side effects. 
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Table 6: Molecular and cellular effects of estrogen on thyroid proliferative diseases. [S. 

Rajora et Al. Biomedicine & Pharmacotherapy 66 (2012) 151–158]. 
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CONCLUSIONS 

 

The incidence of thyroid cancer is increasing worldwide. Women of a reproductive age are 

at a threefold higher risk of developing thyroid cancer.  

Premenopausal women are at highest risk for papillary and follicular thyroid carcinoma, 

implicating a role for estrogens in thyroid cancer. 

The gender disparity in thyroid cancer incidence is age dependent. Although thyroid cancer 

is less common in men, they have a worse survival and more aggressive disease at 

presentation. 

The identification of mechanisms of carcinogenesis of PTC in women vs men is a really 

important and innovative step for the study of thyroid cancer. 

The rates of thyroid cancer differ across populations, yet the gender differences are 

uniformly observed among different regions and continents. Dietary and environmental 

factors do not appear to have a significant role in thyroid cancer gender disparity. Common 

somatic mutation in BRAF, RET/PTC and NTRK also do not account for the gender 

disparity in thyroid cancer.  

Clinical and epidemiologic studies show no consistent evidence in reproductive factors 

contributing to thyroid cancer gender disparity. 

Recent estrogen receptor-status studies in thyroid cancer cells demonstrate a difference in 

the receptor subtypes expressed based on the histology of thyroid cancer. Recent studies 

suggest estrogen and estrogen hormone receptor status in thyroid cancer cells may have a 

role in thyroid cancer progression. Moreover, the response to estrogen is dependent on the 

specific estrogen receptor expressed in thyroid cancer cells. 

In our opinion, oestrogen may play an important role as a promoting factor in the 

development of PTC. The role of estrogen in the progress of PTC, once identified the 

precise mechanisms and steps of tumorigenesis, could open up areas, as in breast cancer, of 

developing potential new medical antireceptorial therapies to prevent and treat thyroid 

malignancies. This indication needs further study. 

Our understanding of the environmental and genetic susceptibility for thyroid cancer will 

improve and can serve to help identify factors influencing thyroid cancer gender disparity. 



 
 

58 

 

 

Acknowledgements 

 

- Prof.ssa Maria Rosa Pelizzo – Clinica Chirurgica II, Università degli Studi di 

Padova 

 

- Prof. Nicolò de Manzini - U.C.O. Chirurgia Generale – Ospedale di Cattinara 

– Università degli Studi di Trieste  

 

- Dott.ssa Isabella Merante Boschin – Clinica Chirurgica II, Università degli 

Studi di Padova 

 

- Dott.ssa Mariangela Zane – Clinica Chirurgica II, Università degli Studi di 

Padova 

 

- Dott.ssa Ornella Lora – Medicina Nucleare, Università degli Studi di Padova 

 

- Dott. Eric Casal Ide - Clinica Chirurgica II, Università degli Studi di Padova 

 

- Dott. Gianmaria Pennelli – Dipartimento di Scienze Medico Diagnostiche e 

Terapie Speciali 

 

- Reparti di Anatomia Patologica dell’Università degli  Studi di Padova e di 

Trieste 



 
 

59 

 

 

REFERENCES 

 

1. Dal Maso L, Bosetti C, La Vecchia C, Franceschi S. Risk factors for thyroid cancer: 

an epidemiological review focused on nutritional factors. Cancer Causes Control. 

2009; 20:75–86. 

2. Hu MI, Vassilopoulou-Sellin R, Lustig R, Lamont JP "Thyroid and 

Parathyroid Cancers" in Pazdur R, Wagman LD, Camphausen KA, Hoskins 

WJ (Eds) Cancer Management: A Multidisciplinary Approach. 11 ed. 2008. 

3. Davies L, Welch HG. Increasing incidence of thyroid cancer in the United 

States, 1973–2002. JAMA 2006;295:2164. 

 

4. Dinets A, Hulchiy M, Sofiadis A, Ghaderi M, Höög A, Larsson C, Zedenius 

J (2012). "Clinical, Genetic and Immunohistochemical Characterization of 

70 Ukrainian Adult Cases with Post-Chornobyl Papillary Thyroid 

Carcinoma". Eur J Endocrinol 166: 1049–60. 

5. Lim II, Hochman T, BlumbergSN, Patel KN, Heller KS, Ogilvie JB. Disparities in 

the initial presentation of differentiated thyroid cancer in a large public hospital and 

adjoining university teaching hospital. Thyroid 2012 Mar;22(3):269-74. 

6. Boyd KD, Ross FM, Chiecchio L, Dagrada G, Konn ZJ, Tapper WJ, Walker BA, 

Wardell CP, Gregory WM, Szubert AJ, Davies FE, Morgan GJ. Gender disparities 

in the tumor genetics and clinical outcome of multiple myeloma. Cancer Epidemiol 

Biomarkers Prev. 2011 Aug;20(8):1703-7.  

7. Michael B. Cook,  Katherine A. McGlynn, Susan S. Devesa,  Neal D. Freedman, 

William F. Anderson. Sex Disparities in Cancer Mortality and Survival. American 

Association for Cancer Research. 

8. Kilfoy BA, Devesa SS, Ward MH, et al. Gender is an age-specific effect modifier 

for papillary cancers of the thyroid gland. Cancer Epidemiol. Biomarkers Prev. 

2009; 18:1092–1100. 



 
 

60 

 

9. Naugler WE, Sakurai T, Kim S, et al. Gender disparity in liver cancer due to sex 

differences in MyD88-dependent IL-6 production. Science. 2007; 317:121–124.  

 

10. Ortega J, Sala C, Flor B, Lledo S. Efficacy and cost–effectiveness of the 

UltraCision harmonic scalpel in thyroid surgery: an analysis of 200 cases in a 

randomized trial. J. Laparoendosc. Adv. Surg. Tech. A. 2004; 14:9–12.  

 

11. Rahbari R, Zhang L, Kebebew E. Thyroid cancer gender disparity. Future Oncol 

2010 Nov; 6 (11):1771-9. 

12. Horn-Ross PL, Morris JS, Lee M, et al. Iodine and thyroid cancer risk 

among women in a multiethnic population: the Bay Area Thyroid Cancer 

Study. Cancer Epidemiol. Biomarkers Prev. 2001; 10:979–985. 

13. Horn-Ross PL, Hoggatt KJ, Lee MM. Phytoestrogens and thyroid cancer 

risk: the San Francisco Bay Area thyroid cancer study. Cancer Epidemiol. 

Biomarkers Prev. 2002; 11:43–49. 

14. Shibru D, Chung KW, Kebebew E. Recent developments in the clinical 

application of thyroid cancer biomarkers. Curr. Opin. Oncol. 2008; 20:13–

18.  

15. Trovisco V, Soares P, Preto A, Castro P, Maximo V, Sobrinho-Simoes M. 

Molecular genetics of papillary thyroid carcinoma: great expectations. Arq. 

Bras. Endocrinol. Metabol. 2007; 51:643–653. 

16. Xu X, Quiros RM, Gattuso P, Ain KB, Prinz RA. High prevalence of BRAF 

gene mutation in papillary thyroid carcinomas and thyroid tumor cell lines. 

Cancer Res. 2003; 63:4561–4567. 

17. Kim TY, Kim WB, Rhee YS, et al. The BRAF mutation is useful for 

prediction of clinical recurrence in low-risk patients with conventional 

papillary thyroid carcinoma. Clin. Endocrinol. 2006 Sep;65(3):364-8. 

18. Lee JH, Lee ES, Kim YS. Clinicopathologic significance of BRAF V600E 

mutation in papillary carcinomas of the thyroid: a meta-analysis. Cancer. 

2007; 110:38–46. 



 
 

61 

 

19. Negri E, Dal Maso L, Ron E, et al. A pooled analysis of case–control studies 

of thyroid cancer. II. Menstrual and reproductive factors. Cancer Causes 

Control. 1999; 10:143–155. 

20. Brindel P, Doyon F, Rachedi F, et al. Menstrual and reproductive factors in 

the risk of differentiated thyroid carcinoma in native women in French 

Polynesia: a population-based case–control study. Am. J. Epidemiol. 2008; 

167:219–229.  

21. Mack WJ, Preston-Martin S, Bernstein L, Qian D, Xiang M. Reproductive 

and hormonal risk factors for thyroid cancer in Los Angeles County 

females. Cancer Epidemiol. Biomarkers Prev. 1999; 8:991–997. 

22. Pham TM, Fujino Y, Mikami H, et al. Reproductive and menstrual factors 

and thyroid cancer among Japanese women: the Japan Collaborative Cohort 

Study. J. Womens Health (Larchmt). 2009; 18:331–335. 

23. Sakoda LC, Horn-Ross PL. Reproductive and menstrual history and 

papillary thyroid cancer risk: the San Francisco Bay Area thyroid cancer 

study. Cancer Epidemiol. Biomarkers Prev. 2002; 11:51–57.  

24. Truong T, Orsi L, Dubourdieu D, Rougier Y, Hemon D, Guenel P. Role of 

goiter and of menstrual and reproductive factors in thyroid cancer: a 

population-based case–control study in New Caledonia (South Pacific), a 

very high incidence area. Am. J. Epidemiol. 2005; 161:1056–1065. 

25. Lee ML, Chen GG, Vlantis AC, Tse GM, Leung BC, van Hasselt CA. 

Induction of thyroid papillary carcinoma cell proliferation by estrogen is 

associated with an altered expression of BclxL. Cancer J. 2005; 11:113–

121. 

26. Rebai M, Kallel I, Charfeddine S, Hamza F, Guermazi F, Rebai A. Association of 

polymorphisms in estrogen and thyroid hormone receptors with thyroid cancer risk. 

J. Recept. Signal Transduct. Res. 2009; 29:113–118. 

27. Inoue H, Oshimo K, Miki H, Kawano M, Monden Y. Immunohistochemical study 

of estrogen receptors and the responsiveness to estrogen in papillary thyroid 

carcinoma. Cancer. 1993; 72:1364–1368. 



 
 

62 

 

28. Zeng Q, Chen GG, Vlantis AC, van Hasselt CA. Oestrogen mediates the growth of 

human thyroid carcinoma cells via an oestrogen receptor-ERK pathway. Cell Prolif. 

2007; 40:921–935. 

29. Zeng Q, Chen G, Vlantis A, Tse G, van Hasselt C. The contributions of oestrogen 

receptor isoforms to the development of papillary and anaplastic thyroid 

carcinomas. J. Pathol. 2008; 214:425–433. 

30. Rajoria S, Suriano R, George AL, Shanmugam A, Jussim C, Shin EJ, Moscatello 

AL, Geliebter J, Carpi A, Tiwari RK. Estrogen activity as a preventive and 

therapeutic target in thyroid cancer. Biomed Pharmacother. 2012 Mar;66(2):151-8. 

31. Yoshimura M, Hershman JM. Thyrotropic action of human chorionic gonadotropin. 

Thyroid. 1995; 5:425–434.  

32. Knudsen N, Laurberg P, Perrild H, Bulow I, Ovesen L, Jorgensen T. Risk factors 

for goiter and thyroid nodules. Thyroid. 2002; 12:879–888. 

33. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun MJ. Cancer statistics. CA 

Cancer J Clin 2009;59:225–49. 

34.  Levi F, Franceschi S, Gulie C, Negri E, La Vecchia C. Female thyroid 

cancer: the role of reproductive and hormonal factors in Switzerland. 

Oncology 1993;50:309–15. 

35. Enewold L, Zhu K, Ron E, Marrogi AJ, Stojadinovic A, Peoples GE, et al. 

Rising thyroid cancer incidence in the United States by demographic and 

tumor characteristics, 1980–2005. Cancer Epidemiol Biomarkers Prev 

2009;18:784–91. 

36. American Thyroid Association (ATA) Guidelines Taskforce on Thyroid Nodules 

and Differentiated Thyroid Cancer, Cooper DS, Doherty GM, Haugen BR, Kloos 

RT, Lee SL, Mandel SJ, Mazzaferri EL, McIver B, Pacini F, Schlumberger M, 

Sherman SI, Steward DL, Tuttle RM. Revised American Thyroid Association 

management guidelines for patients with thyroid nodules and differentiated thyroid 

cancer. Thyroid. 2009 Nov;19(11):1167-214. 

37. Giretti MS, Fu XD, De Rosa G, Sarotto I, Baldacci C, Garibaldi S, et al. 

Extranuclear signalling of estrogen receptor to breast cancer cytoskeletal 

remodelling, migration and invasion. PLoS One 2008;3(5):e2238. 



 
 

63 

 

38. Cook MB, Dawsey SM, Freedman ND, Inskip PD, Wichner SM, Quraishi 

SM, et al. Sex disparities in cancer incidence by period and age. Cancer 

Epidemiol Biomarkers Prev 2009;18:1174–82. 

39. Ron E, Kleinerman RA, Boice Jr JD, LiVolsi VA, Flannery JT, Fraumeni Jr 

JF. A population-based case-control study of thyroid cancer. J Natl Cancer 

Inst 1987;79:1–12. 

40.  Persson I, Yuen J, Bergkvist L, Schairer C. Cancer incidence and mortality 

in women receiving estrogen and estrogen-progestin replacement therapy–

long-term follow-up of a Swedish cohort. Int J Cancer 1996;67:327–32. 

41. Ben-Rafael Z, Struass JF, Arendash-Durand B, Mastroianni L, Flickinger 

GL. Changes in thyroid function tests and sex hormone binding globulin 

associated with treatment by gonadotropin. Fertil Steril 1987;48:318–20. 

42. Arafah BM. Increased need for thyroxine in women with hypothyroidism 

during estrogen therapy. N Engl J Med 2001;344:1743–9. 

43. Gustafsson JA. What pharmacologists can learn from recent advances in 

estrogen signalling. Trends Pharmacol Sci 2003;24:479–85. 

44. Heldring N, Pike A, Andersson S, Matthews J, Cheng G, Hartman J, et al. 

Estrogen receptors: how do they signal and what are their targets. Physiol 

Rev 2007;87:905-31. 

45. Lord RS, Bongiovanni B, Bralley JA. Estrogen metabolism and the diet-

cancer connection: rationale for assessing the ratio of urinary hydroxylated 

estrogen metabolites. Altern Med Rev 2002;7:112–29. 

46. Meilahn EN, De Stavola B, Allen DS, Fentiman I, Bradlow HL, Sepkovic 

DW, et al. Do urinary estrogen metabolites predict breast cancer? Follow-up 

of the Guernsey III cohort. Br J Cancer 1998;78:1250–5. 

47. Schneider J, Huh MM, Bradlow HL, Fishman J. Antiestrogen action of 2- 

hydroxyestrone on MCF-7 human breast cancer cells. J Biol Chem 1984; 

259:4840–5. 

48. Kuiper GG, Carlsson B, Grandien K, Enmark E, Haggblad J, Nilsson S, et 

al. Comparison of the ligand binding specificity and transcript tissue 

distribution of estrogen receptors alpha and beta. Endocrinology 1997;138: 

863–70. 



 
 

64 

 

49. Mangelsdorf DJ, Thummel C, Beato M, Herrlich P, Schutz G, Umesono K, 

et al. The nuclear receptor superfamily: the second decade. Cell 1995;83: 

835–9. 

50. Warner M, Nilsson S, Gustafsson JA. The estrogen receptor family. Curr 

Opin Obstet Gynecol 1999;11:249–54. Jensen EV, Jacobson HI. Basic 

guides to the mechanism of estrogen action. Rec Prog Horm Res 

1962;18:387–414. 

51. Jensen EV, Jacobson HI. Basic guides to the mechanism of estrogen action. 

Rec Prog Horm Res 1962;18:387–414. 

52. Greene GL, Gilna P, Waterfield M, Baker A, Hort Y, Shine J. Sequence and 

expression of human estrogen receptor complementary DNA. Science 

1986;231:1150–4. 

53. Kuiper GG, Enmark E, Pelto-Huikko M, Nilsson S, Gustafsson JA. Cloning 

of a novel receptor expressed in rat prostate and ovary. Proc Natl Acad Sci 

U S A 1996;93:5925–30. 

54. Hall JM, Couse JF, Korach KS. The multifaceted mechanisms of estradiol 

and estrogen receptor signaling. J Biol Chem 2001;276:36869–72. 

55. Nilsson S, Makela S, Treuter E, Tujague M, Thomsen J, Andersson G, et al. 

Mechanisms of estrogen action. Physiol Rev 2001;81:1535–65. 

56. Rosenfeld MG, Glass CK. Coregulator codes of transcriptional regulation 

by nuclear receptors. J Biol Chem 2001;276:36865–8. 

57. Bjornstrom L, Sjoberg M. Mechanisms of estrogen receptor signaling: 

convergence of genomic and nongenomic actions on target genes. Mol 

Endocrinol 2005;19:833–42. 

58. O’Lone R, Frith MC, Karlsson EK, Hansen U. Genomic targets of nuclear 

estrogen receptors. Mol Endocrinol 2004;18:1859–75. 

59. Simoncini T, Mannella P, Fornari L, Caruso A, Varone G, Genazzani AR. 

Genomic and non-genomic effects of estrogens on endothelial cells. 

Steroids 2004;69:537–42. 

60.  Song RX, Santen RJ. Membrane initiated estrogen signaling in breast 

cancer. Biol Reprod 2006;75:9–16. 

61. Chen GG, Vlantis AC, Zeng Q, van Hasselt CA. Regulation of cell growth 

by estrogen signaling and potential targets in thyroid cancer. Curr Cancer 

Drug Targets 2008;8:367–77. 



 
 

65 

 

62. Losel R, Wehling M. Nongenomic actions of steroid hormones. Nat Rev 

Mol Cell Biol 2003;4:46–56. 

63. Molteni A, Warpeha RL, Brizio-Molteni L, Fors EM. Estradiol receptor-

binding protein in head and neck neoplastic and normal tissue. Arch Surg 

1981;116:207–10. 

64. Yane K, Kitahori Y, Konishi N, Okaichi K, Ohnishi T, Miyahara H, et al. 

Expression of the estrogen receptor in human thyroid neoplasms. Cancer 

Lett 1994;84:59–66. 

65. Sotoca AM, Van den Berg H, Vervoort J, van der Saag P, Stro¨m A, 

Gustafsson JA, et al. Influence of cellular ERa/ERb ratio on the ERa-agonist 

induced proliferation of human T47D breast cancer cells. J Toxicol Sci 

2008; 105:303–11. 

66. Rajoria S, Suriano R, Shanmugam A, Wilson YL, Schantz SP, Geliebter J, 

et al. Metastatic phenotype is regulated by estrogen in thyroid cells. Thyroid 

2010;20:33–41. 

67. Rajoria S, Suriano R, George A, Shanmugam A, Schantz SP, Geliebter J, et 

al. Estrogen induced Metastatic Modulators MMP-2 and MMP-9 are targets 

of 3,3’-diindolylmethane in thyroid cancer. PLos ONE 2011;6:e15879. 

68. Kumar A, Klinge CM, Goldstein RE. Estradiol-induced proliferation of 

papillary and follicular thyroid cancer cells is mediated by estrogen 

receptors a and b. Int J Oncol 2010;36:1067–80. 

69. Cho MA, Lee MK, Nam KM, Chung WY, Park CS, Lee JH, et al. 

Expression and role of estrogen receptor a and b in medullary thyroid 

carcinoma: different roles in cancer growth and apoptosis. J Endocrinol 

2007;195:255–63. 

70. Zeng Q, Chen GC, Vlantis AC, Van Hasselt CA. Oestrogen mediates the 

growth of human thyroid carcinoma cells via an oestrogen receptor-ERK 

pathway. Cell Prolif 2007;40:921–35. 

71. Vaiman M, Olevson Y, Habler L, Eviatar E, Zehari S, Sandbank J, et al. The 

estrogen receptors in the papillary carcinoma of the thyroid gland. Oncol 

Res 2010;18:537–40. 

72.  Ceresini G, Milli B, Morganti S, Maggio M, Bacchi-Modena A, Sgarabotto 

MP, et al. Effect of estrogen therapy for 1 year on thyroid volume and 

thyroid nodules in postmenopausal women. Menopause 2008;15:326–31. 



 
 

66 

 

73. Di Vito M, De Santis E, Perrone GA, Mari E, Giordano MC, De Antoni E, 

et al. Overexpression of estrogen receptors-a in human papillary thyroid 

carcinomas studied by laser-capture microdissection and molecular biology. 

Cancer Sci 2011. doi: 10.1111/j.1349-7006.2011.02017.x. 

74. Banu SK, Govindarajulu P, Aruldhas MM. Developmental profiles of TSH, 

sex steroids, and their receptors in the thyroid and their relevance to thyroid 

growth in immature rats. Endocr Res 2001;27:447–63. 

75. Furlanetto TW, Nguyen LQ, Jameson JL. Estradiol increases proliferation 

and down-regulates the sodium/iodide symporter gene in FRTL-5 cells. 

Endocrinology 1999;140:5705–11. 

76. Furlanetto TW, Nunes RB, Sopelsa AMI, Maciel RMB. Estradiol decreases 

iodide uptake by rat thyroid follicular FRTL-5 cells. Braz J Med Biol Res 

2001;34:259–63. 

77. Lima LP, Barros IA, Lisboa PC, Arajo RL, Silva AC, Rosenthal D, et al. 

Estrogen effects on thyroid iodide uptake and thyroperoxidase activity in 

normal and ovariectomized rats. Steroids 2006;71:653–9. 

78.  Hanahan D, Weinberg RA. The hallmarks of cancer. Cell 2000;100:57–70. 

79. Woodhouse EC, Chuaqui RF, Liotta LA. General mechanisms of metastasis. 

Cancer 1997;80:1529–37. 

80. Kousidoua OC, Berdiakib A, Kletsasc D, Zafiropoulosb A, Theocharisa AD, 

Tzanakakis GN, et al. Estradiol–estrogen receptor: a key interplay of the 

expression of syndecan-2 and metalloproteinase-9 in breast cancer cells. 

Mol Oncology 2008;2:223–32. 

81. Nilsson U, Garvin S, Dabrosin C. MMP-2 and MMP-9 activity is regulated 

by estradiol and tamoxifen in cultured human breast cancer cells. Breast 

Cancer Res Treat 2007;102:253–61. 

82. Nikiforov YE. Thyroid carcinoma: molecular pathways and therapeutic 

targets. Mod Pathol 2008;21:S37–43. 

83. Suster S. Thyroid tumors with a follicular growth pattern: problems in 

differential diagnosis. Arch Pathol Lab Med 2006;130:984–8. 

84. Roudabush FL, Pierce KL, Maudsley S, Khan KD, Luttrell LM. 

Transactivation of the EGF receptor mediates IGF-1-stimulated shc 

phosphorylation and ERK1/2 activation in COS-7 cells. J Biol Chem 

2000;275:22583–9. 



 
 

67 

 

85. Song RXD, Zhang Z, Chen Y, Bao Y, Santen RJ. Estrogen signaling via a 

linear pathway involving insulin-like growth factor I receptor, matrix 

metalloproteinases, and epidermal growth factor receptor to activate 

mitogen-activated protein kinase in MCF-7 breast cancer cells. 

Endocrinology 2007;148: 4091–101. 

86. O-charoenrat P, Modjtahedi H, Rhys-Evans P, Court WJ, Box GM, Eccles 

SA. Epidermal growth factor-like ligands differentially up-regulate matrix 

metalloproteinase in head and neck squamous carcinoma cells. Cancer Res 

2000;60:1121–8. 

87. Yeh MW, Rougier JP, Park JW, Duh QY, Wong M, Werb Z, et al. 

Differentiated thyroid cancer cell invasion is regulated through epidermal 

growth factor receptor-dependent activation of matrix metalloproteinase 

(MMP)-2/gelatinase. Endocr Relat Cancer 2006;13:1173–83. 

88. MacGregor JI, Jordan VC. Basic guide to the mechanisms of antiestrogen 

action. Pharmacol Rev 1998;50:151–96. 

89. Peng J, Sengupta S, Jordan V. Potential of selective estrogen receptor 

modulators as treatments and preventives of breast cancer. Anticancer 

Agents Med Chem 2009;9:481–99. 

90. Sarkar FH, Li Y. Harnessing the fruits of nature for the development of 

multitargeted cancer therapeutics. Cancer Treat Rev 2009;35:597–607. 

91. Tiwari RK, Guo L, Bradlow HL, Telang NT, Osborne MP. Selective 

responsiveness of human breast cancer cells to indole-3-carbinol, a 

chemopreventive agent. J Natl Cancer Inst 1994;86:126–31. 

92. Ashok BT, Chen YG, Liu X, Garikapaty VP, Seplowitz R, Tschorn J, et al. 

Multiple molecular targets of indole-3-carbinol, a chemopreventive 

antiestrogen in breast cancer. Eur J Cancer Prev 2002;2:S86–93.  

93. Ashok BT, Tiwari RK. Cruciferous vegetables and cancer chemoprevention. 

Recent Res Dev Nutr 2004;6:83–94. 

94. Safe S, Wormke M. Inhibitory aryl hydrocarbon receptor-estrogen receptor 

and cross-talk and mechanisms of action. Chem Res Toxicol 2003;16: 807–

16. 

95. Rajoria S, Suriano R, Parmar SP, Wilson LW, Megwalu U, Moscatello A, et 

al. Pilot study: 3,3’-diindolylmethane (DIM) modulates estrogen 



 
 

68 

 

metabolism in patients with thyroid proliferative disease. Thyroid 

2011;21:299–304. 

96. Moysich KB, Menezes RJ, Michalek AM. Chernobyl-related ionising radiation 

exposure and cancer risk: an epidemiological review. Lancet Oncol. 2002; 3:269–

279. 

97. Sadetzki S, Calderon-Margalit R, Modan B, Srivastava S, Tuttle RM. Ret/PTC 

activation in benign and malignant thyroid tumors arising in a population exposed 

to low-dose external-beam irradiation in childhood. J. Clin. Endocrinol. Metab. 

2004; 89:2281–2289.  

98. Brzezianska E, Pastuszak-Lewandoska D, Wojciechowska K, et al. Investigation of 

V600E BRAF mutation in papillary thyroid carcinoma in the Polish population. 

Neuro. Endocrinol. Lett. 2007; 28:351–359.  

99. Schonfeld SJ, Neta G, Sturgis EM, Pfeiffer RM, Hutchinson AA, Xu L, Wheeler 

W, Guénel P, Rajaraman P, de Vathaire F, Ron E, Tucker MA, Chanock SJ, 

Sigurdson AJ, Brenner AV. Common genetic variants in sex hormone pathway 

genes and papillary thyroid cancer risk. Thyroid. 2012 Feb;22(2):151-6.  

100. Manole D, Schildknecht B, Gosnell B, Adams E, Derwahl M. Estrogen 

promotes growth of human thyroid tumor cells by different molecular mechanisms. 

J Clin Endocrinol Metab. 2001 Mar;86(3):1072-7. 

101. Santin AP, Furlanetto TW. Role of estrogen in thyroid function and growth 

regulation. J Thyroid Res. 2011;2011:875125.  

102. Rajoria S, Suriano R, George AL, Shanmugam A, Jussim C, Shin EJ, 

Moscatello AL, Geliebter J, Carpi A, Tiwari RK. Estrogen activity as a preventive 

and therapeutic target in thyroid cancer. Biomed Pharmacother. 2012 

Mar;66(2):151-8. 

103. Magri F, Capelli V, Rotondi M, Leporati P, La Manna L, Ruggiero R, 

Malovini A, Bellazzi R, Villani L, Chiovato L. Expression of estrogen and 

androgen receptors in differentiated thyroid cancer: an additional criterion to assess 

the patient's risk. Endocr Relat Cancer. 2012 Jun 18;19(4):463-71.  

104. Geoffrey C. Kabat, Mimi Y. Kim,  Jean Wactawski-Wende,  Dorothy Lane,  

Sylvia Wassertheil-Smoller, Thomas E. Rohan. Menstrual and reproductive factors, 



 
 

69 

 

exogenous hormone use, and risk of thyroid carcinoma in postmenopausal women. 

Cancer Causes & Control . December 2012, Volume 23, Issue 12, pp 2031-2040. 

105. Somjen D, Grafi-Cohen M, Weisinger G, Izkhakov E, Sharon O, Kraiem Z, 

Fliss D, Zikk D, Kohen F, Stern N. Growth inhibition of human thyroid carcinoma 

and goiter cells in vitro by the isoflavone derivative 7-(O)-carboxymethyl daidzein 

conjugated to N-t-boc-hexylenediamine. Thyroid. 2012 Aug;22(8):809-13.  

 


