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Genetic Testing in Differentiated
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Thyroid carcinoma is the most common endocrine cancer representing 1-1.5% of all cancers diagnosed
annually. Differentiated thyroid carcinoma (DTC) with the 2 main subtypes, papillary (PTC) and follicular
(FTC), is the most common. DTC incidence has increased significantly in recent years, mainly due to
increased and early use of imaging techniques (thyroid ultrasonography) and fine needle biopsy of thyroid
nodules. Although after radical treatment, DTC is considered to be curable, histologic and clinical presentation
is very diverse, the recurrence rate being 10-30%, while 5% of patients are resistant to conventional therapy,
and some are even incurable. In recent years, there has been progress in terms of describing genetic
changes in thyroid carcinoma, genetic testing providing important information that may influence therapeutic
decision. The practical importance of these genetic mutations (for example, BRAF V600E, RAS, etc.) and
their roles in tumorigenesis, the clinical features, treatment and prognosis of thyroid carcinoma is still
controversial and incompletely elucidated.The increase knowledge of molecular pathogenesis and
tumorigenesis in thyroid cancer lead to the emergence of new therapies with targeted antitumor effect and
minimal toxicity. Patient selection should be made taking into account the risk stratification and tangible
benefits, molecular tests being expensive and inaccessible.
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Thyroid carcinoma is the most common endocrine
cancer, representing 1-1.5% of all cancers diagnosed
annually and 5-10% of all thyroid nodules [1,2]. Papillary
and follicular carcinomas are the two differentiated tumor-
derived entities of follicular cells [3]. The incidence of small
differentiated thyroid carcinomas (DTCs) (<2 cm) has
increased significantly in recent years, mainly due to the
intensive and early use of imaging screening techniques
(thyroid ultrasound) and fine needle biopsy of thyroid
nodules [3,4]. The histological appearance of papillary
thyroid carcinoma (PTC) is vast, with multiple forms being
described: papillary microcarcinoma (< 1 cm), classical
PTC, follicular infiltrative type, high cells type, diffuse
sclerosing, solid, columnar cell type, Hobnail variant,
Hurthle cells, Warthin-like, cribriform and morular type. The
increasing incidence is mainly due to the follicular variant
of PTC (FVPTC). The encapsulated variant of FVPTC
(EFVPTV) represents between 10-20% of all thyroid
cancers. Due to its indolent character and genetic
differences to infiltrating tumors, this form of cancer has
been renamed and reclassified as non-invasive thyroid
follicular neoplasia with papillary features (NIFTP) [3,5].

The diagnosis of certainty in thyroid carcinoma is
performed by fine needle biopsy (FNAB), and the
cytological results are classified according to the Bethesda
system, which includes 6 categories by which cancer risk
can be estimated (table 1) [6,7].

Main genetic mutations in DTC
RET/PTC rearrangements

RET (rearranged during transfection) protooncogene
represents a 21 exon gene located on chromosome 10q11-
2 encoding a tyrosine kinase membrane receptor [3]. It is
the most common genetic modification in papillary

carcinoma, having at least 10 subtypes, of which RET /
PTC1 and RET / PTC3 represent > 90%. These
rearrangements are found with a higher frequency in
patients with radiation exposure history. RET / PTC1 is
associated with papillary microcarcinomas with favorable
evolution, and RET / PTC3 with the solid variant of PTC and
a more aggressive tumor phenotype [8,9].

TRK rearrangements
TRK (tyrosine receptor kinase) protooncogene is located

on chromosome 1 and encodes a membrane receptor for
nerve growth factor (NGF). These rearrangements are
found in 1-5% of PTC cases with a higher frequency in
case of exposure to radiation [3]. TrkA, TrkB and TrkC
kinase proteins are encoded by NTRK1, NTRK2 and NTRK3,
respectively. The association between RET and NTRK in
PTC is considered to have an unfavorable prognosis,
suggesting the need for targeted therapy in this situation
[10].

ALK rearrangements
The ALK (anaplastic lymphoma kinase) gene is found

in 9% of poorly differentiated thyroid cancers, 4% of
anaplastic and 1% papillary carcinomas. This mutation is
considered more common in the diffuse sclerosing variant
of PTC but does not predict the degree of tumor aggression
[3, 11].

PAX8/PPARγ  rearrangements
This rearrangement consists of a fusion of the Pax-8

coding region (Paired Box 8), an important transcription
factor in thyroid ontogenesis and the Peroxisome
Proliferator-Activated gamma receptor (PPARγ) coding
region, a transcription factor belonging to the nuclear
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receptors family. PAX8/PPARγ  was described in 30-35%
of follicular carcinomas but also with a lower incidence in
the follicular variant of PTC and follicular adenomas
[12,13]. Therefore, preoperative detection of PAX8/PPARγ
provides an increased risk of malignancy in a thyroid
nodule, particularly well-differentiated thyroid carcinoma
suggesting the need for total thyroidectomy. However, a
small proportion of positive tumors may be benign and
amenable to lobectomy, especially in small nodules or
those without ultrasonography invasion signs [14].

RAS mutation
It is the second frequent mutation in thyroid carcinoma.

The RAS gene encodes three isoforms: NRAS, HRAS and
KRAS. These 21-kDa membrane proteins are essential in
the transducing signals from G protein-coupled tyrosine
kinase receptors to MAPK (mitogen-activated protein
kinase) and PI3K-AKT (Phosphatidylinositol-3-Kinase)
signaling pathway effectors that mediate cellular
differentiation, proliferation and survival. RAS gene
mutations occur in 30-45% of follicular thyroid carcinomas,
in a proportion of 30-45% in the follicular variant of papillary
carcinoma, 20-40% of poorly differentiated thyroid
carcinomas, 10-20% in the anaplastic and rare in classical
PTC. The RAS mutation is also described in 20-25% of
benign follicular adenomas [15,16]. Regarding RAS utility
as a molecular prognostic factor, it was not associated
with tumor aggression. Even when the malignancy of the
RAS-positive tumor has been histologically demonstrated,
it has not been associated with extra-thyroid extension
with regional or remote lymphatic metastasis, these
tumors having an excellent rate of curability and excellent
prognosis. Aggressiveness for RAS mutation is given by
association with BRAF V600E or TERT (Telomerase reverse
transcriptase)[15-17].

BRAF mutation (v-raf murine sarcoma viral oncogene
homolog B)

It is the most frequent genetic mutation in patients with
PTC, recurring in 45% of cases. It is located on chromosome
7 and represents the most potent activator of MAPK. The
BRAF V600E mutation at nucleotide position 1799 consists

of a change of valine in glutamate. Studies on the utility of
this mutation as a prognostic factor are controversial.
Carrier patients are prone to more aggressive forms of
thyroid cancer, extra-thyroidal invasion, lymphatic
metastases, the presence of BRAF V600E being associated
with PTC mortality, invasive phenotype, and the progression
of papillary carcinoma [18,19].

Results and discussions
There is increased evidence that different carcinomas

(e.g. neuroendocrine tumors, ovarian cancer etc),
including the thyroid carcinoma, remained underdiagnosed
because of the enhanced number of their variants types
[20-24]; additionally, the association of various
comorbidities, such as diabetes mellitus, osteoporosis,
renal impairment (including peritoneal dialysis and
hemodialysis population) can influence the overall outcome
in this group of patients [25-30].

Thyroid nodules are very common, being found in about
50% of adults. Biopsy is performed to exclude thyroid
cancer. However, in 10-20% of cases cytology is
undiagnosed and the decision of surgery becomes difficult.
The risk of thyroid cancer in a nodule with such a FNAB
result is between 10-75% [31].

When DTC is diagnosed by biopsy (Bethesda VI), the
amplitude of surgery (total hemithyroidectomy or
thyroidectomy) must be determined. This decision is based
on the risk factors associated with tumor aggression such
as the patient’s sex, tumor size and the presence of
lymphatic or metastatic metastases. Some genetic
mutations are considered aggression markers (e.g. RAS,
PIK3CA, ALK and BRAF). Once genetic testing has been
performed, the results have to be taken into account in
establishing the subsequent therapeutic course, although
there are no specific recommendations from this point of
view [6,32].

Conclusions
Due to the increasing incidence of DTC, additional

information is needed regarding the molecular
pathogenesis of thyroid carcinoma in order to develop new
strategies, respectively, to improve those available for its

Table 1
BETHESDA CLASSIFICATION [6,7]
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management. Further studies are needed to establish
consistency between genetic diagnosis, treatment, and
clinical outcome.
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