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Riassunto 

Ruolo dei marcatori molecolari nel trattamento dei noduli tiroidei   

Introduzione. I noduli tiroidei sono una patologia molto comune, ma solamente in pochi casi essi 

rivelano un fenotipo maligno. Insieme all’ecografia, l’agoaspirazione della lesione con ago sottile 

è uno dei principali strumenti utilizzati per comprendere la natura di un nodulo. Il materiale così 

prelevato viene osservato al microscopio per l’esame citologico, che però in circa il 22–30% dei 

casi non è sufficiente a raggiungere una diagnosi definitiva di benignità o malignità. In questi casi 

spesso il ricorso alla chirurgia per una lobectomia diagnostica rappresenta l’unica via percorribile. 

L’esame istologico sul nodulo rimosso potrebbe rivelare due possibili risultati: se si trattasse di 

una lesione benigna, l’intervento chirurgico avrebbe potuto essere evitato; se si rivelasse essere 

un tumore maligno, sarebbe necessario un altro intervento per rimuovere l’altro lobo, e ridurre 

così il rischio di recidive. 

Il ruolo dei test molecolari volti ad individuare mutazioni somatiche già a livello del materiale 

citologico è stato largamente studiato negli ultimi anni. Tuttavia, la loro utilità clinica è tuttora 

oggetto di dibattito.   

Obiettivo dello studio. Il presente è uno studio prospettico e unicentrico che si propone a) di 

stimare la distribuzione delle principali alterazioni molecolari riscontrate nelle lesioni tiroidee a 

livello delle diverse categorie diagnostiche citologiche e b) di valutare la loro utilità clinica in 

fase preoperatoria. 

Materiali e metodi. Sono stati raccolti in totale 680 campioni citologici. L’analisi molecolare per 

la valutazione di alterazioni sui geni BRAF, NRAS, HRAS e KRAS è stata condotta con PCR 

seguita da sequenziamento genomico diretto. L’analisi citologica è stata eseguita in cieco da due 

citopatologi in maniera indipendente. 

Risultati. In totale 630 campioni sono stati considerati idonei per le successive analisi. Secondo il 

sistema di classificazione della citologia tiroidea del gruppo SIAPEC, i noduli sono stati ripartiti 

nelle categorie diagnostiche come segue: 24 TIR1 (non diagnostico, 4%), 425 TIR2 (benigno, 
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67%), 114 TIR3 (indeterminato, 18%), 11 TIR4 (sospetto per malignità, 2%) e 56 TIR5 (maligno, 

9%). Complessivamente le alterazioni molecolari di BRAF sono state riscontrate in 36 noduli 

(5.7%), prevalentemente appartenenti al gruppo dei TIR5; le mutazioni a carico dei geni RAS 

sono state trovate in un totale di 47 noduli (7.5%), ed erano presenti perlopiù nei TIR2 (5.9%) e 

nei TIR3 (16.7%). 

Nel corso dello studio, 180 noduli sono stati chirurgicamente rimossi. Di questi 180, 96 sono 

risultati tumori maligni (52%). Nel 54% di questi era stata riscontrata almeno una alterazione 

molecolare a livello citologico. In particolare, le mutazioni di BRAF sono risultate specifiche al 

100% per la malignità. Inoltre, queste erano statisticamente associate a fattori di prognosi 

sfavorevoli del tumore. Questa associazione non è stata invece riscontrata per le mutazioni di 

RAS, che oltretutto erano presenti in due noduli risultati poi benigni. Nelle categorie citologiche 

TIR2 e TIR3, il rischio di malignità osservato (14% and 45% rispettivamente) era piuttosto 

elevato. In ogni caso la presenza di una mutazione di RAS sul campione citologico è risultata 

altamente indicativa di una neoplasia maligna ad architettura follicolare. 

Conclusioni. Con questo studio è stata ottenuta una stima affidabile della reale frequenza delle 

mutazioni a carico dei geni BRAF e RAS nei noduli tiroidei, e la loro relativa distribuzione nelle 

diverse categorie citologiche. Valutando i noduli con risultato istologico si è osservato che per i 

casi TIR4 e TIR5 la sola analisi citologica è sufficiente ad ottenere una elevata specificità. Nei 

noduli indeterminati, invece, un test molecolare può essere utile a definire la natura della 

neoplasia, anche se con una specificità non assoluta. In conclusione, questo studio dimostra che 

un protocollo che affianchi l’analisi molecolare a quella citologica non solo è applicabile come 

pratica routinaria, ma dovrebbe essere considerato attentamente in particolare per i noduli 

indeterminati. 



 

7 
 

Abstract 

The role of molecular markers in the management of thyroid nodules 

Background. Thyroid nodules are frequently encountered in the general population. In spite of 

this high incidence, the prevalence of thyroid cancer among thyroid nodules is rather low. Fine–

needle aspiration (FNA) cytology is the most widely used tool for determining the nature of a 

nodule, together with ultrasound examination. However, this test fails to reach reliable results in 

about 25–30% of cases, for which a diagnostic lobectomy represents the only applicable solution. 

Whenever the nodule turns out to be benign at histological examination, the surgical approach 

proves to be unnecessary. On the contrary, for a subset of patients with a diagnosis of malignancy 

a second step surgery is required to avoid the risk of tumor recurrence. The role of molecular 

markers in helping clinical decisions and triaging patients to the appropriate surgical approach 

has been investigating for the last ten years. However, the real prevalence of the most common 

genetic alterations in thyroid nodules as well as their clinical significance is still unclear.    

Objectives. This is a prospective single–institution study aimed to a) evaluate how the most 

frequent molecular alterations are distributed among the cytological categories of thyroid nodules 

and b) assess their preoperative utility in defining the nature of the nodule. 

Materials and methods. A series of 680 FNA biopsies were consecutively collected and analyzed 

for the presence of alterations in BRAF, NRAS, HRAS and KRAS genes by using a high resolution 

melt analysis followed by direct sequencing. For all cases the cytological diagnosis was made 

independently by the same two pathologists in a blind way.  

Results. A total of 630 cases were included in the final series. According to the Italian system for 

the classification of thyroid cytology, they were diagnosed as follows: 24 TIR1 (non diagnostic, 

4%), 425 TIR2 (benign, 67%), 114 TIR3 (indeterminate, 18%), 11 TIR4 (suspicious for 

malignancy, 2%) and 56 TIR5 (malignant, 9%). Overall, molecular alterations in BRAF were 

found in 36 cases (5.7%), and were prevalent in TIR5 group; BRAF mutations were also present 

in one TIR2 and in one TIR3 nodules. Mutations in RAS genes were detected in 47 nodules 

(7.5%), with a frequency of 5.9% and 16.7% in TIR2 and TIR3 respectively.  

During project duration, 180 nodules underwent surgical removal. On histology, 96 nodules 

(52%) resulted as malignant lesions. Among these, 54% had at least one of the tested molecular 
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alterations. BRAF mutations were 100% specific for malignancy, and their presence was 

statistically associated with poor prognostic factors. RAS genes did not show any correlation with 

tumors features of aggressiveness, on the contrary two of the benign cases were RAS–mutant. 

Malignancy rates in TIR2 and TIR3 categories were rather high (14% and 45% respectively). The 

preoperative detection of RAS mutations was of great value in predicting follicular–patterned 

malignant lesions, showing a satisfying positive predictive value. 

Conclusions. This project defined reliable esteems of the real prevalence of the main molecular 

alterations in thyroid cytology. Moreover, the surgical cohort revealed that for TIR4 and TIR5 

cytology alone had enough specificity and sensitivity, while molecular testing on cytology is 

effective in defining the risk of malignancy in indeterminate nodules. Therefore, the application 

of a such low–cost panel of markers on routine thyroid cytology should be considered. 
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1.Introduction 

Palpable thyroid nodules are frequently encountered in the general population, occurring in 

approximately 5% of women and 1% of men [1,2]. The prevalence of thyroid nodules raises the 

19–68% when population is screened with high–resolution ultrasound techniques [3,4]. Not all 

thyroid nodules represent a relevant entity from a clinical point of view, with a prevalence of 

cancer ranging from 7 to 15%, depending on numerous factors including mainly population, sex, 

age and history of radiation exposure [5,6]. Once a nodule is detected, the main objective of the 

clinician is to identify its nature, or in other words to exclude malignancy. According to the latest 

guidelines of the American Thyroid Association (ATA), ultrasound provides important 

information, including gland size, nodule size, location and sonographic features (solid or cystic 

components, echogenicity, margins, calcifications, vascularity); moreover, the presence of any 

suspicious cervical lymph nodes in the central or lateral compartments can be assessed. The 

results of ultrasound evaluation can be associated with a certain risk of malignancy [7,8], leading 

to a further evaluation of the nodule by fine–needle aspiration (FNA) biopsy. This test for the 

examination of thyroid nodules is cost–effective and highly reliable, particularly when performed 

under ultrasound guidance [9,10]. However, a definitive diagnosis can be made only after 

histological examination. Nevertheless, the aim of FNA cytology is to reduce the rate of surgery 

for benign disease, without missing any malignancy. For such reasons the results of FNA biopsies 

should be evaluated with all the clinical, laboratory and imaging data [11]. 

1.1.Follicular–derived thyroid cancer 

Thyroid cancer is the most common endocrine malignancy and its incidence is increasing. 

Thyroid cancer has generally a good clinical prognosis, with survival rates of more than 95% 

after 20 years from diagnosis. However, disease recurrence and persistence rates are quite high 

[12].  

Primary thyroid tumors are frequently epithelial tumors originating from follicular cells, and 

rather rarely they derive from parafollicular cells, resulting in medullary carcinomas [13]. The 



Introduction 

10 
 

follicular–derived thyroid tumors include benign forms, such as follicular adenoma (FA), 

malignant well–differentiated tumors, mainly papillary thyroid carcinoma (PTC) and follicular 

thyroid carcinoma (FTC), and malignant poorly differentiated (PDTC) and undifferentiated or 

anaplastic (ATC) carcinomas.  

PTC is the most common form of thyroid cancer, accounting for 85–90% of all thyroid 

carcinoma. Microscopically, conventional PTC has a papillary growth pattern, papillae with well–

developed central fibrovascular core lined by layers of cells with crowded, oval nuclei (Figure 1a, 

1b). Often PTC contain also a variable proportion of follicular areas. Tumor cells are usually 

cuboidal or columnar, with nuclei containing peculiar characteristics such as eosinophilic 

inclusions and grooves. 

PTC tend to invade lymphatic vessels, leading to regional node metastases. These are extremely 

common (50% of more) at initial presentation. Distant metastases to lungs and bones are rare, 

occurring in 5–7% of cases [13]. Poor prognostic factors in PTC are older age at diagnosis, male 

sex, large tumor size, extrathyroidal growth, presence of less differentiated or solid areas and 

vascular invasion.  

Some histological subtypes of PTC are thought to be associated with poor prognosis, but it is still 

controversial. Tall cell variant (TCV) PTC represents about 10% of all PTC (Figure 1c). These 

tumors have an extensive papillary pattern, and usually show extrathyroidal extension. The 

prognosis for this variant is less favorable than for conventional PTC [12]. 

Follicular variant (FV) PTC accounts for 15–20% of all PTC (Figure 1d). Its diagnosis is easier 

when nuclear features are well recognizable and tumor has an infiltrative growth pattern [14]. 

Encapsulated lesions, without signs of tumor capsule invasion, with unclear or imperfect nuclear 

features are the most controversial. Several studies demonstrated a poor diagnostic agreement for 

these lesions even among expert thyroid pathologists [15–17]. Differently from conventional and 

TCVPTC, FVPTC are difficult to be diagnosed at cytological examination, because they rarely 

show nuclear characteristics of PTC; often FVPTC are hidden into indeterminate category. 
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Figure 1. Histological images of PTC, hematoxylin/eosin stain. a) PTC nuclear features (X100) [13]; b) classical 
PTC (X100) [18]; c) tall cell variant PTC (X20); d) follicular variant PTC (X20). 

Form a clinical point of view, FVPTC generally show an indolent behavior. Anyway, it has been 

demonstrated that for FVPTC the invasion of tumor capsule represents a key factor in 

determining the prognosis [19]. In particular, encapsulated non–invasive FVPTC lack any 

evidence of lympho–vascular invasion and have an extremely low metastatic potential, being 

associated with a favorable outcome [19–22]. Considering this, to avoid over–diagnosis and 

overtreatment of these indolent tumors, their reclassification has been recently proposed [23], 

with the new nomenclature of “Non–invasive follicular thyroid neoplasm with papillary–like 

nuclear features” (NIFTP) (Figure 2).  
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Figure 2. Histological images of a NIFTP, hematoxylin/eosin stain [24]. a) the thin fibrous capsule is illustrated 
(X2); b) the same lesion shows nuclear features typical of PTC (X40). 

FTC represent 5–15% of all thyroid cancers. They show a follicular differentiation but lack 

peculiar nuclear characteristics. At presentation FTC is usually a solitary and encapsulated tumor, 

and its main diagnostic criteria is the invasion of the capsule and/or the vascular invasion. The 

latter is an indicator of poor prognosis [25]. The majority of FTC are minimally invasive, with a 

slight invasion of tumor capsule invasion; they rarely cause distant metastasis. On the other hand, 

widely invasive FTC is much less common, but about 80% of these tumors cause distant 

metastasis, leading to high mortality rate [12].  

PDTC and ATC account for approximately 5%–10% of thyroid cancers. Patients affected form 

these cancers have a mean survival of 3.2 and 0.5 years after presentation respectively [26]. They 

represent two well distinct entities, but it seems that most of them arise from preexisting PTC 

[27,28].  

1.2.Thyroid cytology 

The evaluation of FNA cytology is determined by specific criteria and follows a system of 

diagnostic categories, each one associated with a different risk of malignancy.  

The most widely used classification systems for the evaluation of FNA cytology are a) the 

Bethesda system (USA) [29] b) the Royal college of Pathology Guidance (UK) [30] and c) the 

Italian system for reporting of thyroid cytology [11]. 



Introduction 

13 
 

 A comparison among these three reporting systems is shown in Table 1: a close similarity among 

these schemes is evident.  

  Table 1. Comparison among cytology classification systems [11]. 

Expected risk of malignancy and suggested clinical actions for the Italian classification system 

are summarized in Table 2. The seven cytology categories of the Italian classification are 

explained in detail in the next few paragraphs. 

TIR 1 category includes either inadequate and non–representative specimens. The inadequacy 

usually depends on technical issues, such as staining artifacts, or on the presence of obscuring 

blood. On the other hand, a specimen is considered non–representative when an insufficient 

number of cells are collected from the nodule and the scarcity of material does not allow a 

reliable evaluation. It has been demonstrated that the institutional prevalence of TIR1 is strongly 

operator–dependent [31,32]; the overall rate of TIR1 per institution should remain below 10%. 

Whenever a specimen with a low cell representativeness is characterized by the presence of a 

cystic component, it is classified as TIR1C. 



Introduction 

14 
 

Table 2. Italian system for reporting of thyroid cytology [11]. 

TIR2 category comprises the major part of cytology specimens, accounting for approximately 

70–80% of cases. This category is consistent with benign nodules, including adenoma, 

colloid/hyperplastic nodules, and thyroiditis. Specifically, TIR2 samples show a good cell 

representativeness with varying proportions of colloid and normal follicular cells organized as 

macrofollicles. The false negative rate for a diagnosis of TIR2 is expected to not exceed 3%.  

TIR3 category includes 10–25% of nodules and it is the most discussed and controversial. Indeed, 

TIR3 nodules are characterized by a microfollicular pattern, and at histology they might be 

consistent with adenomatous hyperplasia, follicular adenoma but also with follicular carcinoma or 

follicular variant of papillary thyroid carcinoma. This is the main reason for which these nodules 

are often defined as “indeterminate”. The risk of malignancy associated with TIR3 nodules ranges 

from 5 to 30%. With the purpose of stratifying the risk rate and reduce that range among TIR3 

cases, a subclassification in TIR3A and TIR3B has been introduced in the latest guidelines. 

TIR3A cases, defined as low–risk lesions, are characterized by an increased cellularity, 

microfollicular structures and scant colloid. Theoretically, the malignancy rate among TIR3A 

cases should remain below 10%. Samples with high cellularity, microfollicular pattern and 

scant/absent colloid (suggesting for a follicular neoplasm) are diagnosed as TIR3B, as well as 

nodules with mild and focal cyto–nuclear atypia. The risk of malignancy of TIR3B nodules is 
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estimate to reach 30%. According to the Italian guidelines, TIR3A should undergo repeat FNA, 

whereas TIR3B should be referred for diagnostic surgery, similarly to AUS/FLUS and FN/SFN 

of Bethesda system.  

TIR4 category accounts for about 5% of cases, and is consistent with a high risk of malignancy, 

reported as 60–80%. TIR4 nodules include highly suspected specimens with clear nuclear atypia, 

for which, however, the diagnosis of malignancy is not fully justifiable.   

Finally, TIR5 nodules have a definitive diagnosis of malignancy (Figure 3). A TIR5 cytology 

corresponds probably to a papillary thyroid carcinoma, or more rarely to medullary, poorly 

differentiated or anaplastic thyroid carcinoma. This category accounts for 4–8% of cases, with an 

associated risk of malignancy higher than 95%. 

Figure 3. Image of a cytological specimen with diagnosis of TIR5. (Papanicolaou stain, X40) [33]. 

Of note, the reported risk of malignancy associated with each category is an esteem which rarely 

is confirmed by real series of cases [34–37]. Indeed, the malignant rates are calculated on the 

basis of surgical outcomes, and surgical cohorts are necessarily biased by selection effects.  

Moreover, as FNA cytology fails to reach a definitive diagnosis in about 25–30% of cases [38], 

the indeterminate category has attracted much attention because of the necessity to better 

characterize these nodules before referring at surgery. This challenge concerns the presence of 

subtle cyto–morphological and cyto–nuclear features which are shared by several follicular 

patterned lesions, including either benign and malignant forms, such as hyperplastic nudules, 

follicular adenoma, follicular carcinoma, and the follicular variant of PTC [39]. Indeed, whenever 

a nodule proves to be benign at histology, surgery can be considered an overtreatment. On the 
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other hand, if a diagnostic lobectomy is performed and the nodule turns out as malignant, a 

completion thyroidectomy may be required to prevent the risk of recurrence, and patient is sent to 

a second–step surgery. To overcome this diagnostic issue, several molecular markers have been 

proposed as auxiliary instruments supporting and aiding cytology evaluation.  

1.3.Molecular markers and molecular tests for thyroid cytology 

In follicular–derived thyroid tumors, the most frequent molecular alterations occur in the MAP 

kinase (MAPK) and PI3K/AKT signaling pathways, including mainly BRAF and RAS point 

mutations, and RET/PTC and PAX8/PPARg translocations (Table 3). 

Table 3. Molecular alterations frequently detected in thyroid cancer [40–43]. 

These alterations are mutually exclusive, however they often coexist with additional mutations in 

other oncogenes such as PIK3CA, EIF1AX and the promoter of TERT gene, particularly in more 

advanced forms. Each molecular alteration detected on cytology can reach a certain degree of 

sensitivity and specificity. For instance, BRAF p.V600E mutation represents the most common 

alteration found in PTCs (mainly in conventional type), reaching the 45% of frequency [44]. Not 

Thyroid tumor Molecular alteration 

Papillary thyroid carcinoma BRAFV600E (classical and TCV) 
BRAFK601E (FV) 
H–, N–, K–RAS  
TERT promoter 

RET/PTC 
PAX8/PPARg 

Follicular thyroid carcinoma BRAFK601E 
H–, N–, K–RAS 
TERT promoter 
PAX8/PPARg 

Poorly differentiated 
and undifferentiated thyroid 
carcinoma 

BRAFV600E 
H–, N–, K–RAS 
TERT promoter 

PIK3CA 
EIF1AX 

Follicular thyroid adenoma BRAFK601E 
H–, N–, K–RAS 
PAX8/PPARg 
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only this mutation is highly specific for malignancy, but also it has been associated with a worse 

prognosis in terms of lymph node involvement, distant metastases and higher risk of recurrence 

[28,45–48]. However, its sensitivity is rather low, since a BRAF wild–type result on cytology can 

by no means certainly rule out malignancy [49]. On the other hand, mutations in RAS genes are 

not highly specific nor sensitive, occurring either in malignant and in benign neoplasms. 

Researchers have been discussing for many years about the role of RAS mutations in thyroid 

cytology, and the controversy involves especially their detection in indeterminate nodules. 

Nowadays, the introduction of innovative and promising technologies allows to extensively 

explore the molecular characteristics of a tumor, studying gene panels rather than single 

alterations. An ideal molecular test applied on cytology samples should be a) informative, 

providing reliable data able to rule in or rule out malignancy and b) feasible and cost–effective, in 

terms of nucleic acids input, costs and time [50]. 

Several molecular tests have been developed and commercialized for thyroid cytology: some of 

them detect mutations and some others analyze gene expression profiles. The performance of 

each test in terms of positive and negative predictive values (PPV and NPV) is not an intrinsic 

property, but should be calculated on the basis of the pretest probability of malignancy, which 

considerably varies among populations, institutions and cytology categories [51,52]. As a 

consequence, the test results obtained by a research group should not be extended to other 

conditions. Considering this premise, the characteristics and performance rates of three molecular 

tests among the most applied on indeterminate thyroid cytology are summarized in Table 4.  
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Table 4. Test characteristics. The table summarizes the main characteristics of Afirma, ThyraMIR/ThyGenX 
and ThyroSeq (v.2) molecular tests. 

*Information from a review by Nishino [50]  
adata obtained from a comparison among several studies on indeterminate cytology performed by Afirma 
[50,51,53,56,57] 
bfrom Labourier et al. [58] 
cfrom Nikiforov et al. [59] 

 

 

Test Afirma a ThyraMIR/ThyGenX b TyroSeqc 

Company Veracyte Interpace Diagnostics University of Pittsburg 

Method 

microarray technology analyzing 
167–gene mRNA expression 

ThyGenX: multiplex PCR;  
detection of mutations in a 7–
gene panel (BRAF and RAS 

genes,  
rearrangements of RET/PTC and 

PAX8/PPARg) 
ThyraMIR: miRNA expression 

analysis 

Next–generation 
sequencing platform 

detecting mutations in 
several genes (BRAF, RAS 
genes, CTNNB1, GNAS, 
TP53, TERT, TSHR and 

others) and rearrangements 
(RET, PPARg, NTRK, ALK) 

Sample* 2 dedicated FNA passes 1 dedicated FNA pass 1–2 drops from first pass 

Cost* $4875 Afirma GEC/MTC 
$975 Afirma MTC 
$475 Afirma BRAF 

$1675 for ThyGenX alone 
$3300 for ThyraMIR 

$3200 

Sensitivity 83–100% 69% 90% 

Specificity 7–52% 86% 93% 

PPV 14–57% 71% 83% 

NPV 75–100% 85% 96% 
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2.Aim 

The landscape in which the present study is placed is various and multi–sided. The value of 

cytological examination in the assessment of thyroid nodules is incomparable, nevertheless 

molecular biology finds easily its place as ancillary discipline aimed to overcome some important 

limitations of cytology. The common goal is to provide patients with an effective preoperative 

screening, thus giving a global idea of the pathology, able to guide diagnosis, surgical approach 

and therapy. This need becomes more evident when cytological specimens obtained by FNA 

biopsy yield a diagnosis of indeterminate. 

Advances in the understanding of molecular mechanisms underlying thyroid tumorigenesis [60] 

led to the development of molecular tests for thyroid cytology. Several studies demonstrated the 

importance of an integrated approach, combining either genotyping and gene expression analysis. 

This strategy is frequently precluded because of the scarcity of nucleic acids obtainable from 

cytology specimens. In addition, such methodologies are generally very expensive, and their 

efficiency depends on a series of factors which are peculiar of each specific population and 

institution.  

Therefore, in order to define the prevalence and the clinical role of the more frequent molecular 

alterations found in thyroid nodules, this project aims to molecularly characterize a rather 

homogeneous, consecutive series of cytological specimens from thyroid nodules.  

The molecular test is performed by a cheap technology commonly used in laboratories of 

molecular pathology, a real–time PCR followed by high resolution melting analysis and direct 

sequencing. The molecular alterations analyzed are mainly point mutations in genes belonging to 

the MAPK signaling pathway: BRAF, HRAS, NRAS and KRAS. Moreover, in a subset of cases, 

mutational status of the promoter of TERT gene is evaluated. 

The project is designed to have some important characteristics of strength, never found in 

previous studies: 
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- prospective, consecutive, non–selected series of cases, in order to obtain a real picture of 

the prevalence of molecular markers; 

- homogeneity of samples collection, since FNA is performed by the same operator; 

- homogeneity in cytology diagnoses, because microscopic evaluation is performed 

independently by the same two cytopathologists, and medical reports written accordingly; 

- molecular analysis performed blindly;  

- analysis performed on needle rinse material from FNA, obtained independently from 

slides preparation without waste of diagnostic material. 
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3.Materials and methods 

3.1.Patients population  

A total of 680 samples have been consecutively collected from patients with thyroid nodules 

undergoing routine FNA biopsy at the Unit of Endocrinology 1 of the Azienda Ospedaliero 

Universitaria Pisana (Pisa, Italy) between June 2013 and September 2014. No selection criteria 

have been adopted, all FNA biopsies were performed by the same operator. Information about 

size and location were collected for each nodule, as well as patients age and sex. Cytological 

diagnosis was formulated independently and blindly following the Italian system [11]. During 

this project, a subgroup of nodules have been surgically excised: information about histological 

outcome [61] and clinical–pathological characteristics have been collected, with the last update in 

September 2016.   

3.2.Samples collection and DNA purification  

After nodule aspiration and slides preparation, additional material has been recovered by rinsing 

the syringe with phosphate–buffered saline (PBS), flushing repeatedly the fluid into a 1.5 ml 

clean tube. Samples have been processed by a mild centrifugation (5x103 rpm for 15 minutes), 

and supernatant was discarded. Cell pellets were resuspended in a preservative and hemolytic 

solution (ThinPrep PreservCyt Solution, Hologic Inc., Marlborough, MA, USA) in order to 

remove blood components. Then, tubes were centrifuged again (5x103 rpm for 15 minutes), and 

supernatant was removed. Cell pellets were immediately used for DNA purification or stored at –

20°C until DNA extraction. DNA was purified using QIAamp DNA Mini kit (Qiagen, Hilden, 

Germany), following the manufacturer’s instructions. Cell pellet was resuspended in PBS, 200µl, 

before adding proteinase K and lysis buffer. Final elution volume was set at 45 µl. DNA quality 

and quantity were evaluated by a spectrophotometer (NanoDrop 1000, Thermo Fisher Scientific, 

Wilmington, DE, USA). Whenever the DNA concentration was higher than 10ng/µl, samples 

underwent dilution with nuclease–free water.   
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3.3.Molecular analysis.  

All samples have been analyzed for the presence of somatic molecular alterations in BRAF (exon 

15), NRAS (exon 3), HRAS (exon 3) and KRAS (exon 2) genes. A real–time PCR was set–up 

using a pre–prepared reaction mix (Hot StarTaq Master Mix, Qiagen), a DNA–binding dye 

(EvaGreen, Biotium Inc., Fremont, CA, USA) and specific primer pairs (Table 5). For all samples 

reactions were performed using 4µl DNA. After PCR reaction, products were evaluated by high 

resolution melt (HRM) analysis. Melt curves of samples were compared with that of known 

positive and negative controls, included in each experimental session together with a no template 

control. For samples with altered melt curves, PCR products were purified and analyzed by direct 

sequencing on a AbiPrism 3130 Genetic Analyzer (Applied Biosystem, Foster City, CA, USA).  

Table 5. Primer pairs. 

In a subset of cases (cases with TIR3, TIR4, TIR5 cytology and nodules of any category with 

BRAF or RAS mutations) the analysis of the promoter of TERT gene was also performed by PCR 

followed by direct sequencing [62].  

3.4.Statistical analysis. 

The presence of statistical correlations among the considered parameters was evaluated using 

Statistica Software (Dell Software, Round Rock, TX, USA) proceeding as follows: χ2 test to 

Gene [Ref Ensemble], exon Primer pairs 

BRAF [ENSG00000157764] 
exon 15 

F: 5’– TCC TTT ACT TAC TAC ACC TCA GAT –3’ 

R: 5’– AGT GGA AAA ATA GCC TCA AT –3’ 

NRAS [ENSG00000213281] 
exon 3 

F: 5’– TGG TGA AAC CTG TTT GTT GG –3’ 

R: 5’– TGG CAA ATA CAC AGA GGA AGC –3’ 

HRAS [ENSG00000174775] 
exon 3 

F: 5’– GGA AGC AGG TGG TCA TTG AT –3’ 

R: 5’– AGT ACA GGT GAA CCC CGT GA –3’ 

KRAS [ENSG00000133703] 
exon 2 

F: 5’– TCA TTA TTT TTA TTA TAA GGC CTG CTG –3’ 

R: 5’– AGA ATG GTC CTG CAC CAG TAA –3’ 
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compare categorical variables; t–test to compare quantitative variables (after assessment of the 

normal distribution of the continuous variables). Statistical significance was set at p–value <0.05. 

The performance of the molecular test was calculated for TIR3 nodules considering the following 

parameters: 

a) true positive (True P): cases positive for a mutation and histologically malignant; 

b) false positive (False P): cases with mutations and benign at histology; 

c) true negative (True N): cases without mutations and benign at histology; 

d) false negative (False N): cases without mutations and malignant; 

using the following formulae (where the prevalence (Prev) is calculated as the ratio between the 

malignant cases and all the cases): 
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4.RESULTS 

4.1.Cytological diagnosis, population  

Twenty–nine out of 680 FNA biopsies were negative lymphnode aspirates; nine nodules had a 

cytological pattern compatible with lymphocytic thyroiditis; three were diagnosed as lymphoma 

and one as schwannoma. Eight cases were TIR1C. Overall, these 50 cases have been excluded 

from the original series. The remaining 630 nodules, from 536 patients, formed the final series of 

cases. There were 120 men (22.4%) and 416 women (77.6%) (sex ratio 1:3.5); mean age was 48.7 

years. 

Nodules were distributed among the cytological categories as follows: 24 TIR1 (4%), 425 TIR2 

(67%), 114 TIR3 (18%, 79 TIR3A and 35 TIR3B), 11 TIR4 (2%) and 56 TIR5 (9%) (Figure 4).     

Figure 4. Cytological diagnosis of the 630 nodules.   

4.2.Molecular analysis. 

All the 680 cases have been evaluated with molecular analysis. The 50 nodules that have been 

subsequently excluded from this project were wild–type for all the considered markers, except for 

one sample, which was inadequate. 

Examples of altered melting curves and electropherograms obtained by direct sequencing are 

reported in Figures 5 and 6. 



 

Figure 5. HRMA curves. a) 
sample showing a curve with an
more evident that the sample with the altered curve (black arrow) has two populations of PCR products with diff

melting properties. This image represents the HRMA for 

Figure 6. Sequencing electopherograms
codon 600 of BRAF with the substitution A>
G>A in NRAS codon 61 (p.Q61R);

Among the remaining 630 nodules

mutations in 36 (5.7), HRAS

mutations in BRAF gene were p.V600E, except for one p.K601E (in a TIR2 nodule) and one 

T599R+V600E complex mutation (in a TIR5 nodule). The prevalent

codon 61 was the p.Q61R, in 32 cases, followed by the p.Q61K, in 

HRAS there were three 

were: two p.G12V, one p.

a) Normalized fluorescence decreases as temperature increases. 
curve with an altered melting profile; b) the same condition seen with the derivative graph. Here it is 

more evident that the sample with the altered curve (black arrow) has two populations of PCR products with diff
melting properties. This image represents the HRMA for NRAS codon 61. 

lectopherograms. a) The sequence of BRAF codons 599–601 does not show alterations;
the substitution A>T (p.V600E); c) wild–type sequence of NRAS 

codon 61 (p.Q61R); e) wild–type sequence of HRAS codon 61 and f) substitution G>A in codon 61 
(p.Q61R).   

Among the remaining 630 nodules, BRAF mutations were found in 36 case

HRAS mutations in 7 (1.1%) and KRAS mutations in 4 cases (0.6%). 

gene were p.V600E, except for one p.K601E (in a TIR2 nodule) and one 

T599R+V600E complex mutation (in a TIR5 nodule). The prevalent mutation 

was the p.Q61R, in 32 cases, followed by the p.Q61K, in four

 p.Q61R and four p.Q61K mutations. Mutation in 

p.G12D and one p.G13D.  
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Normalized fluorescence decreases as temperature increases. The black arrow indicates a 
the same condition seen with the derivative graph. Here it is 

more evident that the sample with the altered curve (black arrow) has two populations of PCR products with different 
codon 61.  

601 does not show alterations; b) the 
NRAS codon 61; d) substitution 
substitution G>A in codon 61 

mutations were found in 36 cases (5.7%), NRAS 

mutations in 4 cases (0.6%). All 

gene were p.V600E, except for one p.K601E (in a TIR2 nodule) and one 

mutation found in NRAS 

four cases. In codon 61 of 

p.Q61K mutations. Mutation in KRAS codons 12/13 
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According to the cytological category, BRAF mutations were prevalent in TIR5 group, as well as 

mutations in RAS genes were more frequent in TIR3 category. The results of genotyping are 

schematized in Figure 7 and reported in detail in Table 6. 

Figure 7. Distribution of the detected molecular alterations according to the cytological categories.  

On TIR3, TIR4 and TIR5 nodules the genotype analysis was extended also to the promoter of 

TERT gene. TERT promoter mutation was found in eight cases out of 181 (4.4%). All these cases 

had the C228T substitution (C>T at –124 bases from the ATG start site); they were one TIR3A, 

one TIR4 (also mutated for NRAS p.Q61R), and six TIR5 (three of which were also mutated 

BRAF p.V600E). Later, the analysis of TERT promoter was extended also to the nodules mutated 

for BRAF or RAS genes, independently from their cytological class, but no further mutations in 

TERT promoter have been found among these cases. 

Table 6. Cytological group of all cases and their molecular status. 

*BRAF p.K601E mutation  

 

Cytology  BRAF 
n, (%) 

NRAS 
n, (%) 

HRAS 
n, (%) 

KRAS 
n, (%) 

All RAS 
n, (%) 

wild–type 
n, (%) 

TIR1 
n=24 

 
 

1 (4.1) 1 (4.1) 0 0 1 (4.1) 22 (91.7) 

TIR2 
n=425 

 
 

1* (0.2) 22 (5.2) 3 (0.7) 0 25 (5.9) 399 (93.9) 

TIR3 
n=114 

 
 

1 (0.9) 11 (9.7) 4 (3.5) 4 (3.5) 19 (16.7) 94 (82.4) 

TIR4 
n=11 

 
 

3 (27.3) 2 (18.2) 0 0 2 (18.2) 6 (54.5) 

TIR5 
n=56 

 
 

30 (53.6) 0 0 0 0 26 (46.4) 

All 
n=630 

 
 

36 (5.7) 36 (5.7) 7 (1.1) 4 (0.6) 47 (7.5) 547 (86.8) 
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4.3.Follow–up and histology.  

During this project, a total of 40 patients (8.9%) underwent repeat FNA, obtaining the following 

results: 32 nodules with the same cytological report (21 TIR2, ten TIR3A, one TIR3B); four 

nodules with a worse diagnosis (two from TIR2 to TIR3A, one from TIR3A to TIR3B and one 

from TIR3A to TIR4); four nodules with a better diagnosis (from TIR3A to TIR2). 

Moreover, 180 nodules out of 630 have been surgically excised (28.6%). After histological 

examination, the 180 nodules have been diagnosed as follows: 86 benign nodules (48%), among 

which 24 follicular adenoma (27.9%) and 62 nodules in nodular goiter (72.1%), and 94 cases 

(52%) diagnosed as malignant, 71 PTC (75.5%), nine FTC (9.6%), one ATC (1.1%) and 13 

metastatic lesions from PTC (13.8%). 

In the group of 86 benign nodules, microcarcinomas have been found during histological 

examination in 20 cases (23.3%) (Table 7).  

Table 7. Clinical pathological characteristics of incidental microcarcinomas. 

Of these microcarcinomas, three were found incidentally in the contralateral lobe; 13 were found 

in the parenchyma of the same lobe of the nodule; four were detected in the context of the nodule. 

Mean size of unifocal carcinomas was 4.4 ± 3.1 mm. Four microcarcinomas showed 

extrathyroidal infiltration, and two caused regional node metastases.    

Tables 8 and 9 indicate how malignant and benign lesions were distributed among cytological 

categories.  

Characteristics of microcarcinomas n, (%) 
Site extra–nodule 

parenchyma 
16 (80%) 

 in nodule 4 (20%) 
Histology FVPTC 11 (55%) 

 CV/TCVPTC 8 (40%) 
 MTC 1 (5%) 

Multifocality multifocal 5 (25%) 
 unifocal 15 (75%) 

Extrathyroidal 
invasion 

yes 4 (20%) 
no 16 (80%) 

Lymphnode 
metastasis 

yes 2 (10%) 
no 18 (90%) 
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Table 8. Surgical outcome of 180 nodules. 

Table 9. Histological outcome according to cytological categories. 

All the nodules belonging to TIR4 and TIR5 groups had a malignant outcome. Considering the 

histological diagnoses, the observed risk of malignancy in TIR2 and TIR3 categories was 14% 

and 45% respectively. Of note, almost all PTC in TIR2 and TIR3 categories were FVPTC. The 

distribution of PTC variants among TIR2, TIR3, TIR4 and TIR5 nodules is showed in Table 10. 

 

 

 

 

 

Cytology 
Surgical cohort 

n, (%) 
Malignant outcome 

n, (%) 
Benign outcome 

n, (%) 
TIR1 
n=24 

8 (33.3) 2/8 (25) 6/8 (75) 

TIR2 
n=425 

57 (13.4) 8/57 (14) 49/57 (86) 

TIR3 
n=114 

56 (49.1) 25 (44.6) 31 (55.4) 

TIR4 
n=11 

10 (90.9) 10/10 (100) 0 

TIR5 
n=56 

49 (87.5) 49/49 (100) 0 

All 
n=630 

180 (28.6) 94/180 (52.2) 86/180 (47.8) 

Histology 
Cytology 

TIR1 
n=8 

TIR2 
n=57 

TIR3 
n=56 

TIR4 
n=10 

TIR5 
n=49 

All 
n=180 

BENIGN (n=86)       
Nodule in goiter 6 42 14 0 0 62 (72.1%) 

Follicular Adenoma 0 7 17 0 0 24 (27.9%) 
MALIGNANT  (n=94) 

     
 

PTC 0 8 18 7 38 71 (75.5%) 
FTC 0 0 7 2 0 9 (9.6%) 
ATC 0 0 0 1 0 1 (1.1%) 

Metastasis 2 0 0 0 11 13 (13.8%) 
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Table 10. Distribution of PTC variants according to cytological category. 
asix classical PTC had tall–cell areas  
bsolid variant  
cmacrofollicular variant 

 

From a molecular standpoint, 51 out of 94 malignant nodules (54.3%) had at least one mutation, 

while there were only two mutated cases (both in KRAS gene, p.G12D and p.G13D, and both 

were TIR3) among the 86 benign nodules (2.3%). The presence of any type of mutation in 

cytology specimens was highly predictive of malignant tumors (p–value 0.00001). Either BRAF 

mutations alone (p–value 0.00001) and RAS family mutations alone (p–value 0.0002) had a great 

power in predicting malignancy. Sensitivity, specificity and predictive power of the molecular 

test are discussed in detail in the next paragraph. 

In cases that turned out as malignant, mutations were distributed among cytological categories as 

shown in Table 11. 

Table 11. Molecular alterations in malignant cases of the surgical cohort and their distribution among 
cytological groups. 

*TERT promoter mutation coexisted with NRAS mutation  
**two out of 5 cases had coexistence of TERT promoter and BRAF mutations  

PTC Variant 

Cytology 

TIR2 

n=8 

TIR3 

n=18 

TIR4 

n=7 

TIR5 

n=38 

All 

n=71 

Classical 1 2 4 30a 37 (52.1%) 

Follicular 7 14 2 3 26 (36.6%) 

Tall cell 0 0 0 4 4 (5.6%) 

Others 0 2b 1c 1b 4 (5.6%) 

Molecular marker 
Cytology  

TIR1 
n=2 

TIR2 
n=8 

TIR3 
n=25 

TIR4 
n=10 

TIR5 
n=49 

All 
n=94 

BRAF 1 0 1 3 26 31 
NRAS 0 4 6 2 0 12 
HRAS 0 1 2 0 0 3 
KRAS 0 0 1 0 0 1 

TERT promoter 0 0 1 1* 5** 7 
wild–type 1 3 14 5 20 43 
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Among the 52 TIR2 cases that underwent surgery, 8 nodules resulted as malignant, and they were 

7 FVPTC and one cystic CVPTC. Five out of 7 FVPTCs had a RAS mutation (71%). Moreover, 

among RAS positive cases, two were invasive FVPTC and 4 presented multiple foci.  

For TIR3 category, 56 nodules have been removed, and there were 31 benign and 25 malignant 

tumors on histology. The 25 carcinomas included seven FTCs and 18 PTCs: two conventional 

PTCs, 14 FV, two solid variant PTCs. Two FTCs out of seven had a RAS mutation (29%), and 

one had TERT promoter mutation (14%). RAS mutations have been found also in seven out of 18 

PTCs (39%), and all of them were FV. Moreover, one of the two CVPTCs had BRAF mutation. 

All TIR4 nodules of the surgical cohort resulted as malignant: seven PTC, two FTC and one 

ATC. The latter had the coexistence of TERT promoter and NRAS p.Q61R mutations. Three out 

of four CVPTC had BRAF p.V600E mutation (75%) and the macrofollicular variant PTC had 

NRAS mutation. 

In the same way, all TIR5 nodules that underwent surgical removal were malignant tumors. 

Eleven out of 49 cases resulted as metastatic lesions; four of these had BRAF mutation (36.4%). 

Almost all TIR5 nodules turn out as CVPTC (30 cases), and 17 of them (57%) were BRAF 

mutated. In addition, all TCVPTC (100%) and one infiltrative FVPTC (33%) had the BRAF 

p.V600E mutation. 

FVPTCs deserve a particular mention. Overall, in the surgical cohort there were 26 FVPTCs:  

- 5 infiltrative (19.2%) (two TIR3B, one TIR4 and two TIR5 at cytology); 

- 7 encapsulated with invasion of tumor capsule (26.9%) (four TIR2 and three TIR3A at 

cytology); 

- 14 encapsulated non–invasive (53.9%) (three TIR2, eight TIR3A, one TIR3B, one TIR4 

and one TIR5 at cytology). 

Given the advent of NIFTP as a new pathological entity, the 14 encapsulated non–invasive 

FVPTCs have been carefully revised by two pathologists independently. Only four of them 

(28.6%) met the cyto–nuclear requirements for the diagnosis of NIFTP. The mutational status of 

all FVPTCs is schematized in Figure 8.   
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Figure 8. Relationship between invasiveness, cytological group and molecular markers in FVPTCs. Among 
the non–invasive encapsulated tumors, four can be defined as NIFTP (black arrows). 

4.4.Statistical analysis and test performance  

Clinical–pathological characteristics of the malignant nodules are reported in detail in Table 12, 

together with the results of the statistical analysis; the 13 metastatic lesions have been excluded 

from this evaluation. Moreover, three groups have been made up: BRAF mutant, RAS genes 

mutant (HRAS, NRAS and KRAS considered all together) and wild–type cases; then, statistical 

comparisons have been performed between BRAF mutant and wild–type and between RAS mutant 

and wild–type. 

BRAF mutant nodules were generally smaller (mean tumor size 21.1 mm) than wild–type (mean 

26 mm) and RAS mutant tumors (mean 30.3 mm). Patients’ age was higher in nodules with BRAF 

mutations, but there were not statistical differences. Mutations in RAS genes were not 

significantly associated with pathological characteristics of tumors, while BRAF mutations 

correlated with: infiltration of tumor capsule (p–value 0.03), invasion of thyroid parenchyma (p–

value 0.0005), invasion of thyroid capsule (p–value 0.000001), infiltration of perithyroidal soft 

tissue (p–value 0.0003), multifocality (p–value 0.02) and regional lymphnode involvement at 

presentation (p–value 0.004).  

 

 

 



Results 

32 
 

Table 12. Statistical analysis. Associations between the main clinical pathological tumor characteristics and 
mutations in BRAF or RAS genes. 

Since only seven cases had TERT promoter mutations, this molecular marker has not been 

considered as a parameter in the statistical analysis. Patients with TERT promoter mutant nodules 

were considerably older (mean age 57.3 years) than other ones. Moreover, all TERT mutant 

tumors had pathological features of aggressiveness, except for one FTC (a TIR3 nodule on 

cytology, without known concomitant mutations), which was minimally invasive and did not 

caused metastases. In the entire surgical cohort, only one nodule had a coexistence of TERT 

promoter and RAS mutations: it was an ATC. In addition, two nodules had either TERT promoter 

and BRAF mutations: they both were CVPTCs; one of these two patients developed disease 

recurrence after 18 months from initial surgery. 

For TIR3 group, the performance of molecular test was calculated in terms of specificity, 

sensitivity, PPV and NPV, considering that in the surgical cohort the prevalence of malignancy 

among TIR3 nodules was 44.6%. Specificity was 94%, sensitivity 44%, PPV and NPV were 

85.5% and 67.6%, respectively. A graph representing how PPV varies according to the 

Clinical–pathological characteristics 
BRAF All RAS 

All cases 
(n=81) mut wt p–value mut wt 

p–
value 

Age (mean) [years] 43.6 40.2 ns 39.9 40.2 ns 41.3 ± 14.8 

Sex Male 11 12 
ns 

5 18 
ns 

23 (28.4%) 

 
Female 15 43 11 47 58 (71.6%) 

Tumor size (mean) [mm] 21.1 26.0 ns 30.3 26.0 ns 25.3 ± 16.9 

Tumor capsule invasion Yes 25 39 
0.03 

9 55 
ns 

64 (79.0%) 

 
No 1 16 7 10 17 (21.0%) 

Thyroid parenchyma invasion Yes 23 22 
0.001 

4 41 
ns 

45 (55.6%) 

 
No 3 33 12 24 36 (44.4%) 

Thyroid capsule invasion Yes 23 15 
0.000 

3 35 
ns 

38 (46.9%) 

 
No 3 40 13 30 43 (53.1%) 

Extrathyroidal extension Yes 17 9 
0.000 

1 25 
ns 

26 (32.1%) 

 
No 9 46 15 40 55 (67.9%) 

Multifocality Yes 20 28 
0.02 

9 39 
ns 

48 (59.3%) 

 
No 6 27 7 26 33 (40.7%) 

Lymphnode metastases Yes 15 11 
0.004 

1 25 
ns 

26 (32.1%) 

 
No 11 44 15 10 55 (67.9%) 



 

prevalence has been built 

(Figure 9).  

Figure 9. Molecular test performance.

Moreover, in order to make a comparison between the performance of the present molecular test 

and that of ThyroSeq and Afirma commercial tests

graph was obtained by using 

studies (Figure 10).  

Figure 10. Comparison of molecular tests performance. 
prevalence of malignancy in the studied population; the blue curve refers to ThyroSeq results
belongs to the test proposed in the present 

prevalence has been built using the values of sensitivity and specificity observed

. Molecular test performance. The curve indicates how PPV varies according to the prevalence of 
malignancy in the studied population. 

n order to make a comparison between the performance of the present molecular test 

and that of ThyroSeq and Afirma commercial tests on indeterminate nodules

obtained by using data of sensitivity and specificity already

. Comparison of molecular tests performance. The curves indicates how PPV varies according to the 
prevalence of malignancy in the studied population; the blue curve refers to ThyroSeq results
belongs to the test proposed in the present study (showed also in Figure 9); the light–

performance reported for Afirma test [50].  
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sensitivity and specificity observed in TIR3 group 

The curve indicates how PPV varies according to the prevalence of 

n order to make a comparison between the performance of the present molecular test 

terminate nodules, a comparative PPV 

data of sensitivity and specificity already available in previous 

PPV varies according to the 
prevalence of malignancy in the studied population; the blue curve refers to ThyroSeq results [59]; the red curve 

–blue curve represents the 
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Considering the prevalence of malignancy in TIR3 group observed in this study, the PPV would 

have been of 90% with ThyroSeq and 49.5% with Afirma. 
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5.Discussion 

The preoperative evaluation of thyroid nodules represents a real clinical challenge. Indeed, 

thyroid nodules are frequently detected in the general population, but only 5% of all nodules turn 

out as malignant [63]. The challenge for a clinician is therefore to determine the best clinical 

strategy for each patient, avoiding either over– and under–diagnosis. The FNA biopsy allows the 

stratification of about 60–80% of nodules, which can be effectively classified as benign or 

malignant [38]. The remaining nodules are difficult to be approached, and often a diagnostic 

lobectomy represents the only practicable solution [64].   

Recently, many studies investigating thyroid cancer genetics led to the application of molecular 

biomarkers in the clinical management of this nodules. The role of molecular tests as ancillary 

instruments in the perioperative decision making is becoming increasingly accepted [65,39,66]. 

One of the main limitations to the application of these molecular tools is the high cost [67,68], 

which sometimes involves controversy related to cost–effectiveness issues. Another crucial point 

limiting a wide use of molecular tests on thyroid cytology is the fact that the performance of each 

test is deeply influenced by the prevalence of malignancy within a specific cytology category in 

each different institution. 

In this project a total of 630 thyroid nodules have been evaluated for a panel of molecular 

markers by using a quite cheap technique, namely a standard direct sequencing. The main aim 

was to describe the prevalence of each genetic alteration in a non–selected series of cases, and 

then to investigate whether and how these alterations could support the clinical management of 

thyroid nodules.  

Taking into consideration the results of cytological examination (Figure 4), the frequency of each 

category observed among the 630 nodules is perfectly in line with the ranges indicated by the 

Italian group in the paper introducing the latest cytology classification [11]. Indeed, the incidence 

of TIR1 nodules is much lower than 10%, benign cytology represents about 70% of cases and 

TIR3 nodules are below 20%. Also the nodules diagnosed as suspicious (TIR4) are below 5%, as 
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indicated by the Italian group. The indicated range for malignant nodules is 4–8%, and in this 

series it reaches 9%. 

From a molecular standpoint, the general frequency of BRAF mutation was to 5.7% and RAS 

genes were mutated in 7.5% of cases. This is consistent with Moses and collaborators [69], which 

reported an overall frequency of 5.8% for BRAF mutations and 5.3% for NRAS mutations in a 

series of 400 thyroid nodules. It is not easy to find in the published literature data obtained from 

non–selected series of FNA biopsies, and in particular there are few information about how 

mutational rates are distributed among cytological categories. For instance, BRAF mutations have 

been found in 81% of malignant, 59% of suspicious nodules and in none follicular neoplasm by 

Collet et al. [70]; in 69% of malignant and in 10.5% of suspicious/indeterminate nodules by 

Pizzolanti et al. [71]. 

Interestingly, the only BRAF mutation found in a TIR2 nodule was a p.K601E; the patient did not 

undergo surgery, according to the low–risk associated with this specific mutation and in absence 

of other clinical indications [72,73]. Indeed, this nodule does not represent necessarily a false 

negative of cytology, since BRAF p.K601E mutation has been found also in benign thyroid 

tumors [42,74]. As a consequence, a conservative approach con be considered for cytologically 

benign lesions harboring this molecular alteration [72,74].   

In the present study, RAS mutations showed an incidence of 5.9% in TIR2 and 16.7% in TIR3 

nodules. Up to our knowledge, this is the first appraisal of the prevalence of RAS mutations in 

these specific cytological groups obtained in the context of a truly unselected cohort of patients.  

Among the 40 patients who underwent repeat FNA biopsy, the majority (80%) maintained the 

same cytological diagnosis; the 10% of patients had a downgraded diagnosis, while another 10% 

had a worsened pathological condition.  

During this study, 180 nodules have been surgically removed: after histological analysis, 86 

(48%) turned out as benign and 96 (52%) as malignant.  

Literature data report that microcarcinomas are detected after surgery for benign thyroid disease 

with an incidence of about 12–13% [75]; Gürleyik et al. reported a prevalence rate of 9.4% in 395 

patients undergoing thyroidectomy [76]; Askitis et al. found 33 microcarcinomas reviewing a 
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cohort of 228 patients treated with surgery for various benign thyroid diseases (14.5%) [77]. In 

the present study, microcarcinoma have been incidentally found at histological examination in 20 

out of 86 benign nodules (23.3%). The majority of microcarcinomas were PTCs (95%) and 

presented as unifocal lesion (75%) in the extra–nodule parenchyma (80%) (Table 7). Even if 

microcarcinomas were indolent and patients underwent surgery because of a benign nodule, 4 out 

of 20 microcarcinomas (20%) had extrathyroidal invasion, and two of them caused also regional 

lymphnode metastases. Previous studies on incidental microcarcinomas conducted retrospectively 

showed lower incidences of extrathyroidal invasion as well as lower rates of local lymphnode 

involvement [76].  

Evaluating the correlations between cytology and histology in the surgical cohort, all suspicious 

and malignant cases were malignant on final histology. Besides this, in TIR2 group the malignant 

outcome was higher than expected (14%); this is probably due to the presence of clinically 

suspicious conditions that unbalanced the decisions of clinicians toward a surgical approach, 

independently from the cytological diagnosis. This issue constitutes a bias that likely causes a 

misrepresentation of the real risk of malignancy found among benign cytology. Similarly, the 

malignancy rate among cytologically indeterminate nodules reached the 45%: comparable results 

have been obtained by other researchers [34–37,78]. A balanced strategy could be to render the 

risk of malignancy observed for each category as a range, where the lowest value is obtained 

considering all non–operated nodules as benign, and the higher one is the malignancy rate 

obtained from the surgical cohort. In this way, the risk of malignancy observed would be of 2–

14% for TIR2 and 22–45% for TIR3. 

Another important point of discussion is that the vast majority of malignancies hidden into TIR2 

and TIR3 categories were follicular–patterned neoplasm, namely FTC and FVPTC. Moreover, the 

eight TIR2 nodules that resulted as malignant were seven FVPTCs and one CVPTC, which was 

likely misdiagnosed on cytology because of an extensive cystic component. RAS mutations were 

detected in five out of seven FVPTCs (71.4%), thus indicating a high correlation between RAS 

positivity and this specific histological type, as previously reported [79]. Indeed, it has been 

demonstrated that FNA cytology has a lower sensitivity than RAS testing in detecting FVPTC, 

independently from their histological subtype (non–invasive, invasive or infiltrative) [80]. 
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Considering the indeterminate group, the 25 nodules diagnosed as malignant were CVPTC (two, 

8%), FVPTC (14, 56%), solid variant PTC (two, 8%) or FTC (seven, 28%). RAS mutations were 

detected in two FTCs (29%) and in seven FVPTCs (50%). Also in these cases, the detection of 

RAS mutations on cytology was predictive of FTC or FVPTC histotypes. The only two RAS 

positive indeterminate cases that proved benign on histology were KRAS–mutant. This is 

consistent with previous findings demonstrating that KRAS mutations detected on cytology are 

less likely to label malignant lesions than H– and NRAS mutations [81].    

All in all, as schematized in the diagram in Figure 11, the RAS mutant indeterminate nodules had 

a considerably higher probability to hide a cancer than RAS wiltype cases. Indeed, malignancy 

rates observed in the two group are outstandingly different: in the mutant arm, the indeterminate 

nodules hiding malignancy on histology were nine out of 11 (82%), in contrast to what observed 

in wild–type arm, where 14 out of 43 nodules (33%) were malignant.  

Figure 11. Diagram showing the results obtained for RAS testing in indeterminate nodules. On the top, the nodule 
harboring BRAF mutation and the one with TERT promoter mutation; the remaining 112 nodules have been divided 

into RAS mutated (on the left) and RAS wild–type (on the right). 
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In our cohort, only four out of 14 encapsulated non–invasive FVPTCs (28.6%) met the cyto–

nuclear characteristics for the diagnosis of NIFTP (Figure 8). This is consistent with the findings 

by Jiang et al, who reclassified only eight cases as NIFTPs among 25 FVPTC potentially suitable 

(32%) [82]. Moreover, all NIFTP were indeterminate nodules at cytology (three TIR3A and one 

TIR3B). To date, the molecular landscape of NIFTPs has been barely investigated; we found that 

two out of four NIFTP had a RAS mutation.    

The role of alterations in RAS genes in thyroid cytology has been largely discussed during the last 

decade [83]. In particular, they are detected in 30–45% of FVPTC and FTC, but their specificity 

for malignancy is considered quite low, because RAS mutations are also present in 20–25% of 

benign thyroid neoplasms [84]. The main issues supporting the role of RAS testing in thyroid 

cytology are the following: 

- RAS mutations have a widely recognized oncogenic role in human cancers; 

- several studies demonstrated that RAS positive nodules on cytology have a high 

probability to turn as malignant after surgery [65,79,85], as shown also in the present 

study; 

- RAS mutations occur more frequently in malignant thyroid tumors than in follicular 

adenoma; 

- thyroid nodules harboring RAS mutations that prove benign on histology are mainly 

follicular adenomas, which are likely to progress to FTC or FVPTC [86]; 

- the RAS mutational rates reported for PDTC and ATC are of 20–40% and 10–20% 

respectively: it is reasonable hypothesize that they originate from well–differentiated 

tumors acquiring additional oncogenic alterations, thus leading to tumor progression.  

All these points suggest that a surgical approach for RAS positive nodules may represent the best 

strategy to avoid disease progression and local involvement.  

However, there are also evidences that promote the opposite strategy: 

- given that RAS mutated nodules are more likely to result as malignant tumors, these are 

usually low–risk lesions, without aggressive behavior; also in the present study, RAS 
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mutations did not show statistical correlations with pathological features of 

aggressiveness (see Table 12); 

- RAS mutated tumors maintain generally a normal expression of thyroid iodide–handling 

genes [60];  

- a recent study by the group of Alexander [87] underlined the low–risk nature of a series 

of cytologically benign, non–excised RAS positive nodules that showed an indolent 

behavior during a long–term radiographic follow–up (over 8 years). 

A recent commentary by Mingzhao Xing summarizes the main findings obtained in the latest 

publications about the clinical role of RAS testing in cytology [84]. He concludes, also on the 

basis of the results by Alexander’s group, that RAS positive benign nodules can be safely 

managed with a non–surgical approach. On the other hand, RAS–mutant indeterminate nodules 

should undergo hemithyroidectomy, and then, if additional molecular tests are negative (and here 

Xing cites Afirma test), they can be conservatively followed.  

Of note, the results by the group of Alexander are based on the observation of only five cases 

[87]. Moreover, the statements by Xing are partially in contrast with the current literature 

affirming the importance of tumor capsule invasion as a parameter strongly affecting the risk of 

recurrence observed in FVPTC [23,88]. Two studies conducted by our group on miRNA and 

mRNA expression in follicular–patterned thyroid tumors clearly demonstrate that a phenotypic 

signature exists discriminating infiltrative–like tumors from adenoma–like ones: RAS mutated 

tumors (as well as BRAF p.K601E–mutant) are grouped among the infiltrative–like lesions, 

independently from their histological identity [24,89,90]. This leads to the hypothesis that RAS–

mutant FVPTC have intrinsically a phenotype prone to progression, and it is unknown whether 

(and how long) it will remain silent or it will flare up. Long–term follow–up of large series of 

molecularly characterized nodules will be needed to demonstrate this hypothesis.  

In addition, the results obtained from the present study deny that a conservative strategy could 

have been suitable for patients health. Indeed, two out of five RAS–mutant TIR2 nodules resulted 

as invasive FVPTCs, and four showed multiple tumor foci: invasiveness and multifocality are 

both parameters increasing the risk of disease recurrence [88,91]. Moreover, of the seven FVPCT 

which were RAS–mutant indeterminate nodules, only two have been reclassified as NIFTP, and 
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thus, on the basis of current knowledge [23], the remaining five patients would have taken benefit 

from completion thyroidectomy after the initial hemithyroidectomy.  

In conclusion, the genotype analysis conducted on a large series of thyroid cytology specimens 

revealed that: 

a) the general prevalence of RAS mutations in TIR2 and TIR3 nodules was 5.9% and 6.7%, 

respectively; 

b) BRAF mutation was found in 27.3% of TIR4 and in 53.6% of TIR5 nodules; in addition, 

it was detected in one TIR2 (p.K601E) and in one indeterminate nodule; 

c) TERT promoter mutations, tested only in TIR3, TIR4 and TIR5 specimens, showed a 

rather low frequency (4.4%); despite this low mutational rate, its detection helped to 

identify a TIR3 malignant nodule; 

d) among the 180 nodules that were surgically removed, 86 (48%) were diagnosed as benign 

and 94 (52%) as malignant; 

e) all TIR4 and TIR5 nodules turned out as malignant on histology; the risk of malignancy 

observed in TIR2 (14%) and TIR3 (45%) categories was exceedingly high due to 

clinical/surgical selection biases; 

f) more than a half of malignant tumors had a preoperative detection of a genetic alteration 

(54.3%); the presence of any mutation was strongly associated with a malignant outcome, 

and BRAF mutations played a key role in this evaluation;  

g) as expected, BRAF mutations were associated with clinical–pathological features of 

tumor aggressiveness, on the contrary for RAS mutations no correlations have been 

observed;  

h) malignant lesions hidden into TIR2 and TIR3 groups were mainly follicular–patterned 

lesions, namely FTC and FVPTC; the preoperative detection of RAS mutations was of 

great value in predicting these pathologies (Figure 11), showing a high specificity; 

i) in TIR3 category the mutational panel gave promising results in supporting clinical 

decisions, mainly in terms of PPV (Figure 9). 

To sum up, this study shed light on the possible application of a basic molecular panel in routine 

cytology evaluation, and it showed encouraging results even using a cheap technology. Indeed, 
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making a comparison between the performance of the mutational panel proposed in the present 

project in indeterminate nodules and two well–known commercial molecular tests (Figure 10), it 

becomes evident that it can represent an effective and valuable tool supporting cytology 

assessment. A rough cost–effectiveness analysis highlights that a thorough molecular evaluation 

of all TIR2 specimens would not be worthwhile; this is true also for TIR4 and TIR5 nodules, for 

which cytology alone showed high specificity. For these categories, clinical indication could still 

represent the main criteria for performing molecular analysis on well selected cases. On the 

contrary, molecular testing could be convenient and clinically useful for indeterminate nodules 

that still constitute a real clinical challenge and deserve a characterization as complete as possible 

in order to provide patients with the best clinical treatment. 
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