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Molecular Diagnostics of Fine Needle Aspiration for the Presurgical

Screening of Thyroid Nodules
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Abstract: “The incidence of thyroid cancer, the most common endocrine malignancy, is rising. The two most common
types of thyroid cancer are papillary and follicular” thyroid carcinomas. “Fine-needle aspiration (FNA) of thyroid nod-
ules” can permit to detect many genetic mutations and other molecular alterations, including RAS and BRAF point muta-
tions, PAX8/peroxisome proliferator-activated receptor (PPAR)y and “RET/PTC rearrangements, occurring in thyroid
papillary and follicular carcinomas” (more than 70% of cases), which can be used successfully to improve the diagnosis
“and the management of patients with thyroid nodules”. The most extensive experience has been accumulated with “the
diagnostic use of BRAF mutation”, which is highly specific for malignancy. “Testing FNA samples for a panel of muta-
tions” that typically includes RAS, BRAF, PAX8/PPARy and RET/PTC could permit to achieve the biggest diagnostic
impact. “The accuracy of cancer diagnosis in thyroid nodules could be improved significantly using these and other

emerging molecular markers”.
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INTRODUCTION

“The diagnosis of thyroid cancer is the fastest growing
among neoplastic diagnosis in the United States [1]”. Thy-
roid cancer accounts for 6% of women cancers and less than
3% of men cancers. It is estimated that 60,220 individuals
(45,310 women and 14,910 men) will receive a diagnosis of
thyroid cancer and 1,850 (810 men and 1,040 women) would
be dead of it in 2013.

Even if most of thyroid cancers are sporadic in nature [2],
the nuclear disasters and the resulting radiation exposure (for
instance, Chernobyl, 1986), represent significant risk factors
for thyroid cancer development [3, 4].

Papillary (PTC) and follicular (FTC) “thyroid cancers
derive from follicular cells” and represent the majority of
thyroid cancers (90%), while medullary thyroid cancers arise
from para-follicular C-cells, and are by far less common
(5%). Thyroid malignancies span from the well-
differentiated to the poorly differentiated or undifferentiated
(anaplastic) cancers [5].

Standard treatment for thyroid cancer usually includes
primary surgery (“total or near-total thyroidectomy and
lymph nodes dissection” if necessary), radioactive iodine
(RAI) treatment (based on the tumor stage) and thyroid-
stimulating hormone (TSH) suppressive therapy [6].

*Address correspondence to this author at the Department of Clinical and
Experimental Medicine, University of Pisa, Via Savi, 10, 56126, Pisa, Italy;
Tel: +39-050-992318; Fax: +39-050-553235;

E-mail: poupak@int.med.unipi.it

1875-5488/14 $58.00+.00

Follow-up consists of neck ultrasonography (US), basal
and after TSH-stimulated thyroglobulin assay [6-9].

Though thyroid cancer has generally a good prognosis,
however approximately 10-15% of patients with thyroid
cancer have recurrences, and about 5% will develop metas-
tatic disease not responsive to RAI, and eventually will die
from this disease [10-13].

For these reasons an early diagnosis of thyroid cancer is
needed in the patients who present thyroid nodules. US along
with fine-needle aspiration (FNA) cytology (FNAC) is de-
terminant in the discrimination of benign thyroid nodules
from malignant nodules [6].

In order to improve FNAC accuracy in detecting malig-
nancies, testing for oncogene mutations has been proposed
[14, 15], suggesting that it improves the performance of
FNA diagnosis when it is performed in indeterminate cy-
tologies, where it permits to obtain the diagnosis in many
cases. Testing for multiple mutations [BRAF, RAS,
RET/PTC, PAXS8/peroxisome proliferator-activated receptor
(PPAR)y] improves the performance and increases the speci-
ficity, but it does not increase the sensivity as well [14].

This study reviews the usefulness of screening thyroid
FNA samples for the presence of cancer-specific mutations
and prognostication of thyroid cancer.

MOLECULAR PATHWAYS INVOLVED IN THY-
ROID CANCER

BRAF

The activation of the mitogen-activated protein kinases
(MAPK) is determinant in the carcinogenesis of PTC [16].
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Mutations in the BRAF gene, a member of the RAF family
protein which binds RAS, lead to a constitutional phosphory-
lation of MEK and, in turn, of MAPK pathways. The exon
15 V600E mutation (T1799A) represents >90% of BRAF
mutations and is found in about a half of PTC (45%). The
BRAF V600E mutation is commonly linked to recurrent
disease, the absence of tumor capsule and the loss of 1311
avidity [16, 17]. “Other activating BRAF mutations have
been evidenced in other positions” (for instance, 599 and
601), but their prevalence is definitely lower than in 600 [18,
19]. Recently targeted therapies against BRAF have been
developed [20, 21].

RET

The RET (REarranged during Transfection) gene en-
codes a transmembrane receptor, located on chromosome
10q11.2, “whose intracellular domain contains two tyrosine
kinase regions, docking sites for adaptor proteins, that, in
turn, coordinate” cell differentiation, migration and prolifera-
tion [22, 23]. In PTC, chromosomal rearrangement between
the C-terminal “kinase domain of RET and the N-terminal
domain of” PTC can constitutively activate RET [13, 23]. To
date, at least 13 types of RET/PTC rearragements have been
described, in particular RET/PTC1 and RET/PTC3 [23, 24].
Up to 40% of sporadic PTC brings RET/PTC rearrangements
[24].

Recently new therapies targeting RET have been devel-
oped [25, 26].

RAS

RAS (“Rat sarcoma”) gene family encodes G-proteins
that activate MAPK and PI3K/AKT pathways. Point muta-
tions of N-RAS and “K-RAS at codon 12 or 13, and H-RAS
at codon 61” are the most common [27]. Unlike BRAF and
RET, RAS mutations are evidenced mostly in half of FTC
and less frequently in follicular adenomas (20-40%), in PTC
(10-15%), particularly “in the follicular variant of PTC”
[27]. “RAS mutations are associated with tumor aggressive-
ness and” they are found effectively in half of anaplastic
cancers and poorly differentiated cancers [27, 28].

PAXS8/PPARYy Rearrangements

Rearragements involving PAX8 and PPARy 1 gene
PAXS8/PPARY rearrangements are almost exclusively found
in follicular tumors (30-40% of FTC and 2-10% of follicular
adenomas) being rare in non-classical PTC (<5%) [29, 30].
The development of FTC seems to involve independently the
two pathways of PAX8/PPARy rearrangement and of RAS
mutations, “as tumors with PAX8/PPARYy rearrangement do
not usually carry any RAS mutation” [30]. “Tumors associ-
ated with PAX8/PPARYy usually carry a favorable prognosis”
[31].

MOLECULAR DIAGNOSIS OF THYROID NODULES

Thyroid nodules are very common, since 1% of men and
5% of women have palpable nodule in iodine-sufficient
countries. However, thyroid nodules are detectable by US
“in 19-67% of randomly selected individuals” [6]. “Depend-
ing on sex, age, radiation exposure history and family his-
tory, and other factors, thyroid cancer” appears in 5-15% of
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thyroid nodules [32]. Hence, the identification of the malig-
nant nodules among the vast majority of benign nodules is
important, as the major part “of thyroid nodules are benign
and most cases of thyroid cancer are curable by surgery if
detected early” [33]. “The standard preoperative diagnostic
tool for thyroid cancer” is represented by the combination of
FNA and cytological evaluation, but the cytological diagno-
sis is indeterminate for malignancy in 10-40% of cases [34].
“Since 2008, the general category of indeterminate cytology
has been divided into three subcategories: “follicular lesion
of undetermined significance”; “follicular or oncocytic
(Hiirthle cell) neoplasm™; “suspicious for malignancy”. The
three subcategories have a predicted probability for malig-
nancy of 5-10%, 15-30%, and 50-75%, respectively” [35].
“Molecular testing of FNA biopsies (FNABs), in particular
for BRAF, but also for a combination of markers (BRAF,
RAS, RET/PTC and PAX8/PPARY) is not only possible but
can significantly improve the accuracy of the preoperative
FNA diagnosis from cytology” [36-46]. “The ability of ge-
netic markers (BRAF, RAS, RET/PTC and PAX8/PPARY)
and protein markers (galectin-3) to improve the preoperative
diagnostic accuracy for patients with indeterminate thyroid
nodules” have been proved by recent large prospective stud-
ies [40-42, 47-49]. Furthermore, it is now formally advised
for indeterminate cytology “in the 2009 Revised American
Thyroid Association (ATA) Management Guidelines for
Patients with Thyroid Nodules and Differentiated Thyroid
Cancer (Recommendation rating: C) to use molecular mark-
ers, as BRAF, RAS, RET/PTC, PAX8/PPARY or galectin-3”

[6].
BRAF

A number of studies (Table 1, 40-44,48,50-56) have re-
ported that “the accuracy of cytologic diagnosis of thyroid
nodules is significantly improved by the molecular testing
for BRAF V600E in thyroid FNA samples”. Recently, a
meta-analysis of 18 studies about the results “of BRAF test-
ing in 2766 thyroid FNA samples evidenced that among 581
BRAF-positive samples”, 580 were papillary carcinomas
[57]. Only 1 “BRAF-positive sample, obtained as a research
aspiration of the nodule in a surgically removed thyroid
gland, appeared to be benign” [58]. Even if this case is con-
sidered false-negative, the rate of malignancy was 99.8% in
FNA-tested BRAF-positive nodules. “Importantly, several
studies have reported that 15-39% of BRAF-positive FNA
samples had a cytology indeterminate or” nondiagnostic di-
agnosis, demonstrating that testing for the presence of BRAF
mutation helps to establish a “definitive diagnosis of cancer
in nodules with indeterminate cytology” [42, 44, 50, 59-61].

BRAF V600E mutation in PTC is an important “prognos-
tic molecular marker” that improves FNAB diagnostic accu-
racy, but is complementary to cytology and US [45], as it
was “significantly associated with malignant US features
(solid composition, marked hypoechogenicity, irregular
margin, taller-than-wide shape and the presence of” micro-
calcification) [62], and also with poor prognostic factors and
increased tumor size [63].

As regards FTC, detection of BRAF mutation had limited
value, but in case of suspicious for malignancy FNABs can
be helpful and results are associated with risk of extra-
thyroidal extension and metastases after surgery [64].
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Table 1. Studies that evaluated BRAF mutation in preoperative FNAC of thyroid nodules.
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Author Year Markers Used
Salvatore et al. [44] 2004 BRAF RET
Xing et al. [51] 2004 BRAF
Domingues et al. [52] 2005 BRAF RET
Sapio et al. [53] 2007 BRAF GALE-3
Sapio et al. [54] 2007 BRAF RET TRK
Pizzolanti et al. [50] 2007 BRAF RET
Nikiforov et al. [42] 2009 BRAF RET RAS PAXS8
Moon et al. [55] 2009 BRAF
Cantara et al. [48] 2010 BRAF RET RAS TRK PAX
Moses et al. [40] 2010 BRAF RET RAS
Musholt ez al. [41] 2010 BRAF RET
Ohori et al. [43] 2010 BRAF RET RAS PAX
Marchetti et al. [56] 2012 BRAF

A perspective study [65] published in 2012 evaluated the
importance “of US-guided FNAB in the diagnostic assess-
ment of nodules with/without clinical/US features suggestive
for malignancy and investigated the additional contribution
of testing BRAF V600E mutation in the detection of differ-
entiated thyroid cancer. Thyroid cytoaspirates were per-
formed in 1856 patients (in 2421 nodules at least 4 mm in
diameter) who underwent cytological evaluation and bio-
molecular analysis. A high positive predictive value and
specificity for the diagnosis of malignant lesions was shown
by cytology. The presence of the BRAF V600E mutation
was found in 115 samples, 80 of which were also cytologi-
cally diagnosed as” PTC. The diagnostic value of cytology
was significantly enhanced by testing the presence of BRAF
mutation, “increasing FNAB diagnostic sensitivity for ma-
lignant nodules by approximately 28%” [65].

“A single-center, retrospective review of all patients who
had initial thyroidectomy for histologic PTC during 2010” was
published by Howell et al. [66]. “The correlation between the
presence of central compartment lymph node metastasis
(CLNM) and available preoperative clinical parameters, in-
cluding tumor size, gender, age, and BRAF mutation status”
was evaluated. “The BRAF V600E mutation was the only
independent predictor of CLNM in PTC” among the com-
monly used clinical parameters available preoperatively and
“could be used to guide the extent of initial surgery” [66].

In a recent paper, Kabaker et al. have confirmed that
BRAF-positivity is correlated with the most known suspi-
cious US findings, such as hypoechogenicity, ill-defined
margins, calcifications, taller-than-wide shape and absent
halo [67]. Moreover, the positive predictive value raised to
82% when three or more US such features were present,
while the negative predictive value (BRAF-negativity plus
no US features) was 88% [67].

The conclusions of a more recent metanalysis are that the
BRAF mutation has presented extraordinary average values
of specificity (97.9%) and positive predictive value (99.9%)
resulting from the occurrence of only seven false positive
results identified in three investigations [58, 68, 69], among
the 2800 malignant and benign lesions used in the 26 inves-
tigations including BRAF. The different methods used in the
detection of marker do not seem to be a disadvantage, be-
cause of the fact that they present similar results [45-50, 57-
70] (Table 2, from Rodrigues et al. [71]).

RET/PTC

Testing for RET/PTC rearrangements can be helpful to
diagnose thyroid cancer. “The preoperative diagnosis of thy-
roid nodules can be improved by the detection of RET/PTC
in thyroid FNA samples, in particular in those samples that
are indeterminate by cytology or have an insufficient amount
of cells for cytologic evaluation” [38, 44, 50]. In 2 prospec-
tive studies [42, 48], it was demonstrated after surgery that
all 16 thyroid nodules positive for RET/PTC were papillary
carcinomas, and many of those nodules were indeterminate
by cytology. In another recent study [40] 5 of 6 nodules posi-
tive for RET/PTC in the FNA material were malignant, and
1 nodule was found to be benign after surgery.

Recently, Ferraz ef al. have shown the feasibility of test-
ing for RET/PTC rearrangements from routine FNA [72].

The conclusions of a more recent metanalysis [71] are
that the RET/PTC has presented average values of specificity
(18%) and positive predictive value (87%).

RAS

The importance of RAS mutation detection lies in the
fact that it is considered a marker of “the follicular variant of
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Table2. Several markers used in the preoperative evaluation of FNA from thyroid nodules. From Rodrigues ez al. [71].

Marker Average SN Average SP Average PV + Average PV - Average AC
BRAF mutations 52.35 97.92 99.85 51.62 70.54
RET rearrangements 18.20 88.73 87.00 59.60 55.30
RAS mutations 23.00 97.20 82.20 63.20 65.00
PPARy rearrangements 20.00 100.00 100.00 46.00 60.00

SN, sensibility; SP, specificity; PV +, predictive positive value; PV -, predictive negative value; AC, accuracy.

papillary carcinoma”, which is most difficult to diagnose,
especially by FNAC. “The second most common mutation
type detected in consecutive FNA samples from thyroid
nodules” is RAS mutation [73].

A retrospective study on 341 patients with thyroid cancer
showed an association between malignancy and N-RAS muta-
tion, as well as with tissue inhibitor of metalloproteinases-1
and FNAC result [74]. In several prospective studies [42, 48],
“RAS mutation had a 74-88% positive predictive value for
malignancy. RAS mutations were identified in those tumors
difficult to diagnose by cytology alone, as follicular variant of
papillary carcinoma and follicular carcinoma. The diagnosis of
some RAS-positive nodules was of benign follicular adeno-
mas”, formally contributing to a false-positive rate. However,
it seems that “RAS-positive follicular adenomas are precursor
lesions for RAS-positive follicular carcinomas or follicular
variant of papillary carcinomas, and RAS mutation apparently
predisposes the well-differentiated cancer to dedifferentiation
and a more aggressive behaviour” [75-80].

In a more recent metanalysis [71] RAS mutations has
presented average values of specificity (23%) and positive
predictive value (82%).

PAXS8/PPARYy

The detection of “the presence of PAX8/PPARy rear-
rangement in a follicular lesion is not completely diagnostic
for malignancy by itself, but it should lead the pathologist to
perform an exhaustive search for vascular or capsular inva-
sion. The invasion is found in many PAX8/PPARy-positive
follicular tumors after examination of the entire capsule in
multiple histologic levels”, although it may not be seen at the
beginning [30, 81, 82].

PAXS8/PPARY rearrangement can be detected in samples
obtained from thyroid FNA, and this is usually correlated
with the presence of malignancy, although only few positive
cases were evidenced so far in prospective studies [42, 43].

Recently, Ferraz et al. have shown also the feasibility of
testing for PAX8/PPARYy rearrangements from routine FNA
[72].

In a more recent metanalysis [71] PAX8/PPARy muta-
tions have presented average values of specificity (20%) and
positive predictive value (100%).

MULTIPLE TESTING

“The sensitivity of malignant diagnosis in FNA thyroid
nodules increased from 44% to 80%, comparing cytology

alone to cytology combined with molecular testing for
BRAF, RAS, RET/PTC and PAX8/PPARy [42]. The detec-
tion of any mutation was a strong predictor of malignancy,
as 31/32 (97%) of mutation-positive nodules were diagnosed
as malignant after surgery while only 1/32 nodule (3%) was
a RAS-positive follicular adenoma” [42]. In particular, mo-
lecular testing helped to identify 15/21 (71%) malignant
nodules after surgery in the indeterminate group of FNA
samples, “strongly indicating that molecular testing could
help to improve the diagnosis of indeterminate FNAs” [42].
“Another study [48] demonstrated that the sensitivity of ma-
lignant diagnosis in FNA increased from 60%, in the case
cytology was used alone, to 90%, when cytology was com-
bined with molecular testing for BRAF, RAS, RET, TRK,
and PPARy mutations [48]. Similarly to the previously re-
ported study, the presence of a mutation was a strong predic-
tor of malignancy, as the detection of mutations was associ-
ated with cancers in 91% of the cases (61/67 mutation-
positive cases) and with benign follicular adenoma in 9% of
the cases (6/67 mutation-positive cases). The prospective
evaluation of the clinical utility of preoperative testing for
these markers is still on-going” [48].

CONCLUSION

Many genetic mutations and other molecular alterations
occurring in PTCs and FTCs can be detected in FNA of thy-
roid nodules, and can be used successfully to “improve can-
cer diagnosis and the management of patients with thyroid
nodules”. In particular, experience has been accumulated
with the diagnostic use of BRAF mutation, strongly specific
for malignancy when detected using well-validated tech-
niques. Testing FNA samples “for a panel of mutations that
typically includes BRAF, RAS, RET/PTC, and PAXS/
PPARYy” can permit to achieve the biggest diagnostic impact.
Finding “any of these mutations in a thyroid nodule” pro-
vides strong indication for malignancy and helps to refine
clinical management for a significant proportion of patients
with indeterminate cytology. The “Revised Management
Guidelines for Patients with Thyroid Nodules and Differen-
tiated Thyroid Cancer, recently” published by ATA, report
“the accumulation of knowledge on diagnostic use of mo-
lecular markers” [6]. The guidelines recommend “the use of
molecular markers, as BRAF, RAS, RET/PTC, and
PAXS8/PPARY, for patients with indeterminate FNAC to help
guide management”. “The use of these and other emerging
molecular markers could improve significantly the accuracy
of cancer diagnosis in thyroid nodules” [57]. However other
prospective studies are needed to identify more accurate mo-
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lecular markers. Finally the knowledge of these molecular
pathways has permitted the development of new targeted
therapies for aggressive thyroid cancer [83, 84].
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ABBREVIATIONS

PTC

= Papillary thyroid cancer

FTC = Follicular thyroid cancer

RAI = Radioactive iodine

TSH = Thyroid-stimulating hormone

uUsS = Ultrasonography

FNA = Fine-needle aspiration

FNAC = FNA cytology

PPARy = Peroxisome proliferator-activated receptor

MAPK = Mitogen-activated protein kinase

FNAB = FNA biopsy

ATA = American Thyroid Association

CLNM = Central compartment lymph node metastasis

REFERENCES

[1] Siegel, R.; Naishadham, D.; Jemal, A. Cancer statistics, 2013. CA.
Canc. J. Clin., 2013, 63(1), 11-30.

[2] Detours, V.; Wattel, S.; Venet, D.; Hutsebaut, N.; Bogdanova, T.;
Tronko, M.D.; Dumont, J.E.; Franc, B.; Thomas, G.; Maenhaut, C.
Absence of a specific radiation signature in post-Chernobyl thyroid
cancers. Br. J. Canc., 2005, 92(8), 1545-1552.

[3] Spinelli, C.; Bertocchini, A.; Antonelli, A.; Miccoli, P. Surgical
therapy of the thyroid papillary carcinoma in children: experience
with 56 patients < or =16 years old. J. Pediatr. Surg., 2004, 39(10),
1500-1505.

[4] Antonelli, A.; Miccoli, P.; Derzhitski, V.E.; Panasiuk, G.; So-
lovieva, N.; Baschieri, L. Epidemiologic and clinical evaluation of
thyroid cancer in children from the Gomel region (Belarus). World.
J. Surg., 1996, 20(7), 867-871.

[5] Sherman, S.I. Thyroid carcinoma. Lancet, 2003, 361(9356), 501-
511.

[6] Cooper, D.S.; Doherty, G.M.; Haugen, B.R.; Kloos, R.T.; Lee,
S.L.; Mandel, S.J.; Mazzaferri, E.L.; Mclver, B.; Pacini, F.;
Schlumberger, M.; Sherman, S.I.; Steward, D.L.; Tuttle, R.M. Re-
vised American Thyroid Association management guidelines for
patients with thyroid nodules and differentiated thyroid cancer.
Thyroid, 2009, 19(11), 1167-1214.

[7] Antonelli, A.; Miccoli, P.; Ferdeghini, M.; Di Coscio, G.; Alberti,
B.; Iacconi, P.; Baldi, V.; Fallahi, P.; Baschieri, L. Role of neck ul-
trasonography in the follow-up of patients operated on for thyroid
cancer. Thyroid, 1995, 5(1), 25-28.

[8] Antonelli, A.; Miccoli, P.; Fallahi, P.; Grosso, M.; Nesti, C.;
Spinelli, C.; Ferrannini, E. Role of neck ultrasonography in the fol-
low-up of children operated on for thyroid papillary cancer. Thy-
roid, 2003, 13(5), 479-484.

[9] Antonelli, A.; Miccoli, P.; Fallahi, P.; Ferrari, S.M.; Grosso, M.;

Boni, G.; Berti, P. Thyrotropin-stimulated serum thyroglobulin
combined with neck ultrasonography has the highest sensitivity in
monitoring differentiated thyroid carcinoma in children. Surgery,
2006, 140(6), 1035-1041; discussion 1041-1032.

[13]

(18]

[22]

[27]

(28]

[29]

Current Genomics, 2014, Vol. 15, No. 3 175

Jemal, A.; Siegel, R.; Ward, E.; Hao, Y.; Xu, J.; Thun, M.J. Cancer
statistics, 2009. CA. Canc. J. Clin., 2009, 59(4), 225-249.

Robbins, J.; Merino, M.J.; Boice, J.D. Jr.; Ron, E.; Ain, K.B.; Al-
exander, H.R.; Norton, J.A.; Reynolds, J. Thyroid cancer: a lethal
endocrine neoplasm. Ann. Intern. Med., 1991, 115(2), 133-147.
Gilliland, F.D.; Hunt, W.C.; Morris, D.M.; Key, C.R. Prognostic
factors for thyroid carcinoma. A population-based study of 15,698
cases from the Surveillance, Epidemiology and End Results
(SEER) program 1973-1991. Cancer, 1997, 79(3), 564-573.
Antonelli, A.; Fallahi, P.; Ferrari, S.M.; Carpi, A.; Berti, P.;
Materazzi, G.; Minuto, M.; Guastalli, M.; Miccoli, P. Dedifferenti-
ated thyroid cancer: a therapeutic challenge. Biomed. Pharma-
cother., 2008, 62(8), 559-563.

Albarel, F.; Conte-Devolx, B.; Oliver, C. From nodule to differen-
tiated thyroid carcinoma: contributions of molecular analysis in
2012. Ann. Endocrinol. (Paris), 2012, 73(3), 155-164.

Nikiforova, M.N.; Nikiforov, Y.E. Molecular diagnostics and pre-
dictors in thyroid cancer. Thyroid, 2009, 19(12), 1351-1361.

Xing, M. BRAF mutation in thyroid cancer. Endocr. Relat. Canc.,
2005, 12(2), 245-262.

Xing, M.; Westra, W.H.; Tufano, R.P.; Cohen, Y.; Rosenbaum, E.;
Rhoden, K.J.; Carson, K.A.; Vasko, V.; Larin, A.; Tallini, G.; To-
laney, S.; Holt, E.H.; Hui, P.; Umbricht, C.B.; Basaria, S.; Ewertz,
M.; Tufaro, A.P.; Califano, J.A.; Ringel, M.D.; Zeiger, M.A.;
Sidransky, D.; Ladenson, P.W. BRAF mutation predicts a poorer
clinical prognosis for papillary thyroid cancer. J. Clin. Endocrinol.
Metab., 2005, 90(10), 6373-6379.

Namba, H.; Nakashima, M.; Hayashi, T.; Hayashida, N.; Maeda,
S.; Rogounovitch, T.L; Ohtsuru, A.; Saenko, V.A.; Kanematsu, T.;
Yamashita, S. Clinical implication of hot spot BRAF mutation,
V599E, in papillary thyroid cancers. J. Clin. Endocrinol. Metab.,
2003, 88(9), 4393-4397.

Woyach, J.A.; Shah, M.H. New therapeutic advances in the man-
agement of progressive thyroid cancer. Endocr. Relat. Canc., 2009,
16(3), 715-731.

Antonelli, A.; Ferri, C.; Ferrari, S.M.; Sebastiani, M.; Colaci, M.;
Ruffilli, I.; Fallahi, P. New targeted molecular therapies for dedif-
ferentiated thyroid cancer. J. Oncol., 2010, 2010, 921682.
Antonelli, A.; Bocci, G.; Fallahi, P.; La Motta, C.; Ferrari, S.M.;
Mancusi, C.; Fioravanti, A.; Di Desidero, T.; Sartini, S.; Corti, A.;
Piaggi, S.; Materazzi, G.; Spinelli, C.; Fontanini, G.; Danesi, R.; Da
Settimo, F.; Miccoli, P. CLM3, a multitarget tyrosine kinase inhibi-
tor with antiangiogenic properties, is active against primary
anaplastic thyroid cancer in vitro and in vivo. J. Clin. Endocrinol.
Metab., 2014, 99(4), E572-81.

Anders, J.; Kjar, S.; Ibanez, C.F. Molecular modeling of the ex-
tracellular domain of the RET receptor tyrosine kinase reveals mul-
tiple cadherin-like domains and a calcium-binding site. J. Biol.
Chem., 2001, 276(38), 35808-35817.

de Groot, J.W.; Links, T.P.; Plukker, J.T.; Lips, C.J.; Hofstra, R. M.
RET as a diagnostic and therapeutic target in sporadic and heredi-
tary endocrine tumors. Endocr. Rev., 2006, 27(5), 535-560.
Santoro, M.; Chiappetta, G.; Cerrato, A.; Salvatore, D.; Zhang, L.;
Manzo, G.; Picone, A.; Portella, G.; Santelli, G.; Vecchio, G.;
Fusco, A. Development of thyroid papillary carcinomas secondary
to tissue-specific expression of the RET/PTC1 oncogene in trans-
genic mice. Oncogene, 1996, 12(8), 1821-1826.

Antonelli, A.; Fallahi, P.; Ferrari, S.M.; Mancusi, C.; Colaci, M.;
Santarpia, L.; Ferri, C. RET TKI: potential role in thyroid cancers.
Curr. Oncol. Rep., 2012, 14(2), 97-104.

Antonelli, A.; Bocci, G.; La Motta, C.; Ferrari, S.M.; Fallahi, P.;
Fioravanti, A.; Sartini, S.; Minuto, M.; Piaggi, S.; Corti, A.; Alj,
G.; Berti, P.; Fontanini, G.; Danesi, R.; Da Settimo, F.; Miccoli, P.
Novel pyrazolopyrimidine derivatives as tyrosine kinase inhibitors
with antitumoral activity in vitro and in vivo in papillary dediffer-
entiated thyroid cancer. J. Clin. Endocrinol. Metab., 2011, 96(2),
E288-E296.

Handkiewicz-Junak, D.; Czarniecka, A.; Jarzab, B. Molecular
prognostic markers in papillary and follicular thyroid cancer: Cur-
rent status and future directions. Mol. Cell. Endocrinol., 2010,
322(1-2), 8-28.

Nikiforova, M.N.; Nikiforov, Y.E. Molecular genetics of thyroid
cancer: implications for diagnosis, treatment and prognosis. Expert.
Rev. Mol. Diagn., 2008, 8(1), 83-95.

Marques, A.R.; Espadinha, C.; Catarino, A.L.; Moniz, S.; Pereira,
T.; Sobrinho, L.G.; Leite, V. Expression of PAX8-PPAR gamma 1



176

[31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[42]

[46]

Current Genomics, 2014, Vol. 15, No. 3

rearrangements in both follicular thyroid carcinomas and adeno-
mas. J. Clin. Endocrinol. Metab., 2002, 87(8), 3947-3952.
Nikiforova, M.N.; Lynch, R.A.; Biddinger, P.W.; Alexander, E.K.;
Dorn, G.W. 2"; Tallini, G.; Kroll, T.G.; Nikiforov, Y.E. RAS point
mutations and PAX8-PPAR gamma rearrangement in thyroid tu-
mors: evidence for distinct molecular pathways in thyroid follicular
carcinoma. J. Clin. Endocrinol. Metab., 2003, 88(5), 2318-2326.
Sahin, M.; Allard, B.L.; Yates, M.; Powell, J.G.; Wang, X.L.; Hay,
1.D.; Zhao, Y.; Goellner, J.R.; Sebo, T.J.; Grebe, S.K.; Eberhardt,
N.L.; Mclver, B. PPARgamma staining as a surrogate for
PAX8/PPARgamma fusion oncogene expression in follicular neo-
plasms: clinicopathological correlation and histopathological diag-
nostic value. J. Clin. Endocrinol. Metab., 2005, 90(1), 463-468.
Hegedus, L. Clinical practice. The thyroid nodule. N. Engl. J. Med.,
2004, 351(17),1764-1771.

Mahar, S.A.; Husain, A.; Islam, N. Fine needle aspiration cytology
of thyroid nodule: diagnostic accuracy and pitfalls. J. Ayub. Med.
Coll. Abbottabad, 2006, 18(4), 26-29.

Gharib, H.; Papini, E. Thyroid nodules: clinical importance, as-
sessment, and treatment. Endocrinol. Metab. Clin. North. Am.
2007, 36(3), 707-735, vi.

Baloch, Z.W.; LiVolsi, V.A.; Asa, S.L.; Rosai, J.; Merino, M.J.;
Randolph, G.; Vielh, P.; DeMay, R.M.; Sidawy, M.K.; Frable, W.J.
Diagnostic terminology and morphologic criteria for cytologic di-
agnosis of thyroid lesions: a synopsis of the National Cancer Insti-
tute Thyroid Fine-Needle Aspiration State of the Science Confer-
ence. Diagn. Cytopathol., 2008, 36(6), 425-437.

Xing, M.; Clark, D.; Guan, H.; Ji, M.; Dackiw, A.; Carson, K.A.;
Kim, M.; Tufaro, A.; Ladenson, P.; Zeiger, M.; Tufano, R. BRAF
mutation testing of thyroid fine-needle aspiration biopsy specimens
for preoperative risk stratification in papillary thyroid cancer. J.
Clin. Oncol., 2009, 27(18),2977-2982.

Xing, M. BRAF mutation in papillary thyroid cancer: pathogenic
role, molecular bases, and clinical implications. Endocr. Rev.,
2007, 28(7), 742-762.

Cheung, C.C.; Carydis, B.; Ezzat, S.; Bedard, Y.C.; Asa, S.L.
Analysis of ret/PTC gene rearrangements refines the fine needle
aspiration diagnosis of thyroid cancer. J. Clin. Endocrinol. Metab.,
2001, 86(5), 2187-2190.

Eszlinger, M.; Paschke, R. Molecular fine-needle aspiration biopsy
diagnosis of thyroid nodules by tumor specific mutations and gene
expression patterns. Mol. Cell. Endocrinol., 2010, 322(1-2),29-37.
Moses, W.; Weng, J.; Sansano, I.; Peng, M.; Khanafshar, E.; Ljung,
B.M.; Duh, Q.Y.; Clark, O.H.; Kebebew, E. Molecular testing for
somatic mutations improves the accuracy of thyroid fine-needle as-
piration biopsy. World. J. Surg., 2010, 34(11), 2589-2594.

Musholt, T.J.; Fottner, C.; Weber, M.M.; Eichhorn, W.; Pohlenz,
J.; Musholt, P.B.; Springer, E.; Schad, A. Detection of papillary
thyroid carcinoma by analysis of BRAF and RET/PTC1 mutations
in fine-needle aspiration biopsies of thyroid nodules. World. J.
Surg., 2010, 34(11),2595-2603.

Nikiforov, Y.E.; Steward, D.L.; Robinson-Smith, T.M.; Haugen,
B.R.; Klopper, J.P.; Zhu, Z.; Fagin, J.A.; Falciglia, M.; Weber, K.;
Nikiforova, M.N. Molecular testing for mutations in improving the
fine-needle aspiration diagnosis of thyroid nodules. J. Clin. Endo-
crinol. Metab., 2009, 94(6), 2092-2098.

Ohori, N.P.; Nikiforova, M.N.; Schoedel, K.E.; LeBeau, S.O.;
Hodak, S.P.; Seethala, R.R.; Carty, S.E.; Ogilvie, J.B.; Yip, L.; Ni-
kiforov, Y.E. Contribution of molecular testing to thyroid fine-
needle aspiration cytology of "follicular lesion of undetermined
significance/atypia of undetermined significance". Canc. Cytopa-
thol., 2010, 118(1), 17-23.

Salvatore, G.; Giannini, R.; Faviana, P.; Caleo, A.; Migliaccio, L.;
Fagin, J.A.; Nikiforov, Y.E.; Troncone, G.; Palombini, L.; Basolo,
F.; Santoro, M. Analysis of BRAF point mutation and RET/PTC
rearrangement refines the fine-needle aspiration diagnosis of papil-
lary thyroid carcinoma. J. Clin. Endocrinol. Metab., 2004, §9(10),
5175-5180.

Zatelli, M.C.; Trasforini, G.; Leoni, S.; Frigato, G.; Buratto, M.;
Tagliati, F.; Rossi, R.; Cavazzini, L.; Roti, E.; degli Uberti, E.C.
BRAF V600E mutation analysis increases diagnostic accuracy for
papillary thyroid carcinoma in fine-needle aspiration biopsies. Eur.
J. Endocrinol., 2009, 161(3), 467-473.

Guo, F.; Hou, P.; Shi, B. Detection of BRAF mutation on fine
needle aspiration biopsy specimens: diagnostic and clinical impli-
cations for papillary thyroid cancer. Acta. Cytol., 2010, 54(3), 291-

[47]

[52]

[56]

[57]

[58]

[59]

[60]

Fallahi et al.

295.

Bartolazzi, A.; Orlandi, F.; Saggiorato, E.; Volante, M.; Arecco, F.;
Rossetto, R.; Palestini, N.; Ghigo, E.; Papotti, M.; Bussolati, G.;
Martegani, M.P.; Pantellini, F.; Carpi, A.; Giovagnoli, MR
Monti, S.; Toscano, V.; Sciacchitano, S.; Pennelli, G.M.; Mian, C.;
Pelizzo, M.R.; Rugge, M.; Troncone, G.; Palombini, L.; Chiap-
petta, G.; Botti, G.; Vecchione, A.; Bellocco, R. Galectin-3-
expression analysis in the surgical selection of follicular thyroid
nodules with indeterminate fine-needle aspiration cytology: a pro-
spective multicentre study. Lancet. Oncol., 2008, 9(6), 543-549.
Cantara, S.; Capezzone, M.; Marchisotta, S.; Capuano, S.; Buson-
ero, G.; Toti, P.; Di Santo, A.; Caruso, G.; Carli, A.F.; Brilli, L.;
Montanaro, A.; Pacini, F. Impact of proto-oncogene mutation de-
tection in cytological specimens from thyroid nodules improves the
diagnostic accuracy of cytology. J. Clin. Endocrinol. Metab., 2010,
95(3), 1365-1369.

Franco, C.; Martinez, V.; Allamand, J.P.; Medina, F.; Glasinovic,
A.; Osorio, M.; Schachter, D. Molecular markers in thyroid fine-
needle aspiration biopsy: a prospective study. Appl. Immunohisto-
chem. Mol. Morphol., 2009, 17(3),211-215.

Pizzolanti, G.; Russo, L.; Richiusa, P.; Bronte, V.; Nuara, R.B.;
Rodolico, V.; Amato, M.C.; Smeraldi, L.; Sisto, P.S.; Nucera, M.;
Bommarito, A.; Citarrella, R.; Lo Coco, R.; Cabibi, D.; Lo Coco,
A.; Frasca, F.; Gulotta, G.; Latteri, M.A.; Modica, G.; Galluzzo, A.;
Giordano, C. Fine-needle aspiration molecular analysis for the di-
agnosis of papillary thyroid carcinoma through BRAF V600E mu-
tation and RET/PTC rearrangement. Thyroid., 2007, 17(11), 1109-
1115.

Xing, M.; Tufano, R.P.; Tufaro, A.P.; Basaria, S.; Ewertz, M.;
Rosenbaum, E.; Byrne, P.J.; Wang, J.; Sidransky, D.; Ladenson,
P.W. Detection of BRAF mutation on fine needle aspiration biopsy
specimens: a new diagnostic tool for papillary thyroid cancer. J.
Clin. Endocrinol. Metab., 2004, 89(6), 2867-2872.

Domingues, R.; Mendonca, E.; Sobrinho, L.; Bugalho, M.J.
Searching for RET/PTC rearrangements and BRAF V599E muta-
tion in thyroid aspirates might contribute to establish a preoperative
diagnosis of papillary thyroid carcinoma. Cytopathology, 2005,
16(1),27-31.

Sapio, M.R.; Guerra, A.; Posca, D.; Limone, P.P.; Deandrea, M.;
Motta, M.; Troncone, G.; Caleo, A.; Vallefuoco, P.; Rossi, G.;
Fenzi, G.; Vitale, M. Combined analysis of galectin-3 and
BRAFV600E improves the accuracy of fine-needle aspiration bi-
opsy with cytological findings suspicious for papillary thyroid car-
cinoma. Endocr. Relat. Canc., 2007, 14(4), 1089-1097.

Sapio, M.R.; Posca, D.; Raggioli, A.; Guerra, A.; Marotta, V.;
Deandrea, M.; Motta, M.; Limone, P.P.; Troncone, G.; Caleo, A.;
Rossi, G.; Fenzi, G.; Vitale, M. Detection of RET/PTC, TRK and
BRAF mutations in preoperative diagnosis of thyroid nodules with
indeterminate cytological findings. Clin. Endocrinol. (Oxf), 2007,
66(5), 678-683.

Moon, H.J.; Kwak, J.Y.; Kim, E.K.; Choi, J.R.; Hong, S.W.; Kim,
M.J.; Son, E.J. The role of BRAFV600E mutation and ultrasono-
graphy for the surgical management of a thyroid nodule suspicious
for papillary thyroid carcinoma on cytology. Ann. Surg. Oncol.,
2009, /6(11),3125-3131.

Marchetti, I.; Iervasi, G.; Mazzanti, C.M.; Lessi, F.; Tomei, S.;
Naccarato, A.G.; Aretini, P.; Alberti, B.; Di Coscio, G.; Bevilac-
qua, G. Detection of the BRAF(V600E) mutation in fine needle as-
piration cytology of thyroid papillary microcarcinoma cells se-
lected by manual macrodissection: an easy tool to improve the pre-
operative diagnosis. Thyroid. 2012, 22(3), 292-298.

Nikiforov, Y.E. Molecular diagnostics of thyroid tumors. Arch.
Pathol. Lab. Med., 2011, 135(5), 569-577.

Chung, K.W.; Yang, S.K.; Lee, G.K.; Kim, E.Y.; Kwon, S.; Lee,
S.H.; Park, do J.; Lee, H.S.; Cho, B.Y.; Lee, E.S.; Kim, S.W. De-
tection of BRAFV600E mutation on fine needle aspiration speci-
mens of thyroid nodule refines cyto-pathology diagnosis, especially
in BRAF600E mutation-prevalent area. Clin. Endocrinol. (Oxf),
2006, 65(5), 660-666.

Jo, Y.S.; Huang, S.; Kim, Y.J.; Lee, 1.S.; Kim, S.S.; Kim, J.R.; Oh,
T.; Moon, Y.; An, S.; Ro, HK.; Kim, J.M.; Shong, M. Diagnostic
value of pyrosequencing for the BRAF V600E mutation in ultra-
sound-guided fine-needle aspiration biopsy samples of thyroid in-
cidentalomas. Clin. Endocrinol. (Oxf), 2009, 70(1), 139-144.
Cohen, Y.; Rosenbaum, E.; Clark, D.P.; Zeiger, M.A.; Umbricht,
C.B.; Tufano, R.P.; Sidransky, D.; Westra, W.H. Mutational analy-



Molecular Diagnostic in Thyroid Nodules

[61]

[62]

[63]

[64]

[67]

[68]

[69]

[70]

[71]

[72]

sis of BRAF in fine needle aspiration biopsies of the thyroid: a po-
tential application for the preoperative assessment of thyroid nod-
ules. Clin. Canc. Res., 2004, 10(8), 2761-2765.

Kim, S.K.; Kim, D.L.; Han, H.S.; Kim, W.S.; Kim, S.J.; Moon,
W.J.; Oh, S.Y.; Hwang, T.S. Pyrosequencing analysis for detection
of a BRAFV600E mutation in an FNAB specimen of thyroid nod-
ules. Diagn. Mol. Pathol., 2008, 17(2), 118-125.

Nam, S.Y.; Han, B.K.; Ko, E.Y.; Kang, S.S.; Hahn, S.Y.; Hwang,
J.Y.; Nam, M.Y.; Kim, J.W.; Chung, J.H.; Oh, Y.L.; Shin, J.H.
BRAF V600E mutation analysis of thyroid nodules needle aspirates
in relation to their ultrasongraphic classification: a potential guide
for selection of samples for molecular analysis. Thyroid, 2010,
20(3),273-279.

Lee, EJ.; Song, K.H.; Kim, D.L.; Jang, Y.M.; Hwang, T.S.; Kim,
S.K. The BRAF(V600E) mutation is associated with malignant
ultrasonographic features in thyroid nodules. Clin. Endocrinol.
(Oxf), 2011, 75(6), 844-850.

Patel, A.; Klubo-Gwiezdzinska, J.; Hoperia, V.; Larin, A.; Jensen,
K.; Bauer, A.; Vasko, V. BRAF(V600E) mutation analysis from
May-Grunwald Giemsa-stained cytological samples as an adjunct
in identification of high-risk papillary thyroid carcinoma. Endocr.
Pathol., 2011, 22(4), 195-199.

Rossi, M.; Buratto, M.; Bruni, S.; Filieri, C.; Tagliati, F.; Tras-
forini, G.; Rossi, R.; Beccati, M.D.; Degli Uberti, E.C.; Zatelli,
M.C. Role of ultrasonographic/clinical profile, cytology, and
BRAF V600E mutation evaluation in thyroid nodule screening for
malignancy: a prospective study. J. Clin. Endocrinol. Metab., 2012,
97(7), 2354-2361.

Howell, G.M.; Nikiforova, M.N.; Carty, S.E.; Armstrong, M.J.;
Hodak, S.P.; Stang, M.T.; McCoy, K.L.; Nikiforov, Y.E.; Yip, L.
BRAF V600E mutation independently predicts central compart-
ment lymph node metastasis in patients with papillary thyroid can-
cer. Ann. Surg. Oncol., 2013, 20(1), 47-52.

Kabaker, A.S.; Tublin, M.E.; Nikiforov, Y.E.; Armstrong, M.J.;
Hodak, S.P.; Stang, M.T.; McCoy, K.L.; Carty, S.E.; Yip, L. Suspi-
cious ultrasound characteristics predict BRAF V600E-positive pap-
illary thyroid carcinoma. Thyroid, 2012, 22(6), 585-589.

Kim, S.K.; Hwang, T.S.; Yoo, Y.B.; Han, H.S.; Kim, D.L.; Song,
K.H.; Lim, S.D.; Kim, W.S.; Paik, N.S. Surgical results of thyroid
nodules according to a management guideline based on the
BRAF(V600E) mutation status. J. Clin. Endocrinol. Metab., 2011;
96(3), 658-664.

Kim, S.W.; Lee, J.I; Kim, JJW.; Ki, C.S.; Oh, Y.L.; Choi, Y.L.;
Shin, J.H.; Kim, H.K.; Jang, HW.; Chung, J.H. BRAFV600E mu-
tation analysis in fine-needle aspiration cytology specimens for
evaluation of thyroid nodule: a large series in a BRAFV600E-
prevalent population. J. Clin. Endocrinol. Metab., 2010, 95(8),
3693-3700.

Jin, L.; Sebo, T.J.; Nakamura, N.; Qian, X.; Oliveira, A.; Majerus,
J.A.; Johnson, M.R.; Lloyd, R.V. BRAF mutation analysis in fine
needle aspiration (FNA) cytology of the thyroid. Diagn. Mol.
Pathol., 2006, 15(3), 136-143.

Rodrigues, H.G.; de Pontes, A.A.; Adan, L.F. Use of molecular
markers in samples obtained from preoperative aspiration of thy-
roid. Endocr. J., 2012; 59(5), 417-424.

Ferraz, C.; Rehfeld, C.; Krogdahl, A.; Precht Jensen, E.M.; Bosen-

(73]

[74]

[75]

[76]

[77]

(78]

[79]

(82]

Current Genomics, 2014, Vol. 15, No. 3 177

berg, E.; Narz, F.; Hegedus, L.; Paschke, R.; Eszlinger, M. Detec-
tion of PAX8/PPARG and RET/PTC rearrangements is feasible in
routine air-dried fine needle aspiration smears. Thyroid, 2012,
22(10), 1025-1030.

Gupta, N.; Dasyam, A.K.; Carty, S.E.; Nikiforova, M.N.; Ohori,
N.P.; Armstrong, M.; Yip, L.; LeBeau, S.0.; McCoy, K.L.; Coyne,
C.; Stang, M.T.; Johnson, J.; Ferris, R.L.; Seethala, R.; Nikiforov,
Y.E.; Hodak, S.P. RAS mutations in thyroid FNA specimens are
highly predictive of predominantly low-risk follicular-pattern can-
cers. J. Clin. Endocrinol. Metab., 2013, 98(5), E914-E922.

Mehta, V.; Nikiforov, Y.E.; Ferris, R.L. Use of molecular biomark-
ers in FNA specimens to personalize treatment for thyroid surgery.
Head. Neck., 2013, 35(10), 1499-1506.

Basolo, F.; Pisaturo, F.; Pollina, L.E.; Fontanini, G.; Elisei, R.;
Molinaro, E.; Iacconi, P.; Miccoli, P.; Pacini, F. N-ras mutation in
poorly differentiated thyroid carcinomas: correlation with bone me-
tastases and inverse correlation to thyroglobulin expression. 7hy-
roid, 2000, 10(1), 19-23.

Fagin, J.A. Minireview: branded from the start-distinct oncogenic
initiating events may determine tumor fate in the thyroid. Mol
Endocrinol., 2002, 16(5), 903-911.

Garcia-Rostan, G.; Zhao, H.; Camp, R.L.; Pollan, M.; Herrero, A.;
Pardo, J.; Wu, R.; Carcangiu, M.L.; Costa, J.; Tallini, G. ras muta-
tions are associated with aggressive tumor phenotypes and poor
prognosis in thyroid cancer. J. Clin. Oncol., 2003, 21(17), 3226-
3235.

Hara, H.; Fulton, N.; Yashiro, T.; Ito, K.; DeGroot, L.J.; Kaplan,
E.L. N-ras mutation: an independent prognostic factor for
aggressiveness of papillary thyroid carcinoma. Surgery, 1994,
116(6),1010-1016.

Saavedra, H.I.; Knauf, J.A.; Shirokawa, J.M.; Wang, J.; Ouyang,
B.; Elisei, R.; Stambrook, P.J.; Fagin, J.A. The RAS oncogene in-
duces genomic instability in thyroid PCCL3 cells via the MAPK
pathway. Oncogene, 2000, 19(34), 3948-3954.

Zhu, Z.; Gandhi, M.; Nikiforova, M.N.; Fischer, A.H.; Nikiforov,
Y.E. Molecular profile and clinical-pathologic features of the follicu-
lar variant of papillary thyroid carcinoma. An unusually high preva-
lence of ras mutations. Am. J. Clin. Pathol., 2003, 120(1), 71-77.
French, C.A.; Alexander, E.K.; Cibas, E.S.; Nose, V.; Laguette, J.;
Faquin, W.; Garber, J.; Moore, F. Jr.; Fletcher, J.A.; Larsen, P.R.;
Kroll, T.G. Genetic and biological subgroups of low-stage follicu-
lar thyroid cancer. Am. J. Pathol., 2003, 162(4), 1053-1060.
Nikiforova, M.N.; Biddinger, P.W.; Caudill, C.M.; Kroll, T.G.;
Nikiforov, Y.E. PAX8-PPARgamma rearrangement in thyroid tu-
mors: RT-PCR and immunohistochemical analyses. Am. J. Surg.
Pathol., 2002, 26(8), 1016-1023.

Antonelli, A.; Fallahi, P.; Ferrari, S.M.; Ruffilli, I.; Santini, F.;
Minuto, M.; Galleri, D.; Miccoli P. New targeted therapies for thy-
roid cancer. Curr. Genomics, 2011, 12(8), 626-631.

Antonelli, A.; Bocci, G.; La Motta, C.; Ferrari, S.M.; Fallahi, P.;
Ruffilli, I.; Di Domenicantonio, A.; Fioravanti, A.; Sartini, S.;
Minuto, M.; Piaggi, S.; Corti, A.; Ali, G.; Di Desidero, T.; Berti, P.;
Fontanini, G.; Danesi, R.; Da Settimo, F.; Miccoli, P. CLM94, a
novel cyclic amide with anti-VEGFR-2 and antiangiogenic proper-
ties, is active against primary anaplastic thyroid cancer in vitro and
in vivo. J. Clin. Endocrinol. Metab., 2012, 97(4), ES28-E536.



