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ABSTRACT

BACKGROUND: Thyroid cancer is the most common endocrine malignancy. There is a significant
overdiagnosis of thyroid carcinomas that would never clinically manifest, with consequent unnecessary
surgical treatment. The fine-needle biopsy and subsequent cytologic examination is of crucial importance
in the differential diagnosis of thyroid nodules. On the other hand, a significant portion of the results are

indeterminate.

OBJECTIVE: To assess the relationship of BRAF/RAS mutations in biopsy specimens to histological
characteristics of thyroid nodules in individuals who undergone fine-needle biopsy and surgery.
METHODS: This cross-sectional study involves 170 subjects with indeterminate cytology analyzed for BRAF/

RAS mutations.

RESULTS: Of all 170 patients with indeterminate cytological finding, 103 were indicated for surgery. Of these,
31 were BRAF and 25 RAS positive. Thyroid cancer was diagnosed in 59 patients, while 44 patients had
non-malignant thyroid lesions. The BRAF V600E mutation was detected in 30 patients, and the RAS (K-RAS,
N-RAS, and H-RAS) mutation in 13 patients with thyroid cancer. In all BRAF-positive nodules, thyroid cancer
was histologically confirmed. This means a 100 % positive predictive value of BRAF testing in our study.
CONCLUSION: stratification of thyroid lesions with uncertain results of fine-needle cytology using genetic
markers can help to deliver more tailored medical treatment (Tab. 6, Ref. 19). Text in PDF www.elis.sk
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Introduction

Thyroid cancer (TC) is the most common endocrine malig-
nancy (1). Well-differentiated papillary carcinoma (PTC) repre-
sents the vast majority of TC (80 %). PTC has a good prognosis.
Up to 95 % of patients are cured, while the rest usually achieve a
well-controlled state (2). Mortality is very low and 10-year sur-
vival reaches almost 100 %. Thyroid cancer usually manifests as
nodule. Thyroid nodules have a high prevalence, occurring in up
to 50 % of ultrasound examinations of individuals over 50 years
in the European population (3, 4). The majority of thyroid nodules
are benign, cancer is diagnosed in 5 % (5, 6). Fine-Needle Biopsy
(FNB) is the most effective and exact pre-operative modality for the
routine examination of thyroid nodules. Cytology can distinguish
between benign and malignant nodules in 60-80 % cases (6, 7).
20-30 % of FNB results are classified as indeterminate (neither
clearly benign nor clearly malignant) according to the Bethesda
System for Reporting Thyroid Cytopathology (Bethesda) 2017:
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Bethesda I1I - atypia of undetermined significance/follicular lesion
of undetermined significance (AUS/FLUS), Bethesda IV - fol-
licular neoplasia or suspicious for follicular neoplasm (FN/SFN)
and Bethesda V — suspicious for malignancy (SM). The optimal
clinical management for the diagnostic categories mentioned above
has not yet been established and ranges from observation through
repeated FNB to lobectomy (LT), and total thyroidectomy (TTE).
Recently, molecular genetic testing has demonstrated the ability
to better stratify thyroid lesions and estimate their malignant po-
tential and clinical behavior (8).

The recent guidelines of the European Thyroid Association re-
garding thyroid nodule molecular fine-needle aspiration cytology
diagnostics also call for an innovative approach — predictive testing
and the use of genetic markers in thyroid nodules management (9).

Molecular genetic testing in fine-needle thyroid biopsy

The risk of malignancy in the first two indeterminate cyto-
logical categories, Bethesda III and IV, ranges from 10 to 40 %,
while in Bethesda V it ranges between 50 % and 75 % (10). Be-
fore the introduction of molecular testing, most patients with
a cytological result of Bethesda III or Bethesda IV underwent
diagnostic LT. In many patients who underwent surgery, histo-
logical examination finally showed a benign disease. Currently,
there is progress in the possibility of examining genetic mar-
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kers, which provide relevant prognostic information for further
decision-making and choosing the most appropriate clinical
approach. The evaluation of uncertain FNB results using mo-
lecular testing provides better risk stratification and reduces in-
dications for unnecessary thyroid gland operations. However,
molecular testing remains limited by its availability and cost.

Genetic markers BRAF and RAS in thyroid carcinoma

Thyroid neoplasms originating from follicular cells are condi-
tioned by various genetic changes that contribute to the determi-
nation of their histological pattern, degree of differentiation and
clinical features. Genetic mutations can be specific to a given type
of tumor on the one hand, while on the other hand, a given muta-
tion can occur in various types and subtypes of tumors.

As aresult of initiating mutations in the carcinogenesis of fol-
licular cells, well-differentiated thyroid tumors (DTC) most often
develop, namely follicular thyroid carcinoma (FTC) and PTC. The
gradual accumulation of mutations (increasing of the mutation load)
in the tumor can lead to dedifferentiation of a previously well-dif-
ferentiated tumor via forming of a poorly differentiated thyroid car-
cinoma (PDTC) to an undifferentiated anaplastic thyroid carcinoma
(ATC) (11). The pathomechanisms involved in the development of
different histological types of thyroid cancer — differentiated, poorly
differentiated and undifferentiated carcinomas, are alternative and
the gradual accumulation of key mutations seems to be decisive.

Thyroid cancer originating from follicular cells includes several
types of tumors with mutually exclusive driver mutations, such as tu-
mors with BRAF V600E mutation (60 %), BRAF mutations without
V600E mutation—including K601E, tumors with RAS mutation (15
%) and mutations or fusions of other receptor tyrosine kinases (12
%),suchas RET, NTRK and ALK (8). These driver genes are associ-
ated with different histological phenotypes. The histology of thyroid
carcinoma with BRAF V600E mutation includes classical PTC and
its tall cell variant (TCV), which is more aggressive than classical
PTC and manifests with more frequent extrathyroidal spreading and
lymph node metastases. Somatic RAS mutations can be observed
in FTC with more frequent hematogenous metastases. PTC with
BRAF V600E mutation and PTC with RET/PTC rearrangements
were more often associated with advanced-stage I1I/IV disease and
recurrence incidence, while RET oncogene rearrangement was ad-
ditionally associated with a higher incidence of distant metastases
(10). The gene rearrangements in follicular cells RET/PTC have
generally higher incidence in radiation-induced and younger age
TC and PAX8-PPARY presents mainly in conventional FTC (2).

BRAF mutations

The mutation in codon 600 of the BRAF gene, as the most com-
mon mutation in PTC, positively predicts tumor aggressiveness,
lymph node metastases, recurrence, severity of prognosis and high-
er TNM stage (Tumor-Node-Metastasis classification of malignant
tumors). It also occurs in papillary microcarcinoma, where it posi-
tively correlates with extrathyroidal spread and lymph node metas-
tasis. BRAF V600OE mutations are more frequently reported in the
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PTC subgroup with more aggressive clinical-pathological behav-
ior, and their higher malignancy potential is enhanced by tendency
towards dedifferentiation. This is also confirmed by the presence of
this mutation in poorly differentiated and anaplastic carcinoma (11).

The European Thyroid Association (ETA) recommends total thy-
roidectomy for BRAF V60OE type PTC innodes larger than 1 cm and
consideration of prophylactic dissection of central lymph nodes (9).

RAS mutations

RAS mutations were among the first to be recognized as
mandatory in thyroid oncogenesis (12). However, their presence
is not a reliable indicator of malignancy of a thyroid nodule, as
they also occur in other thyroid neoplasms such as benign follic-
ular adenomas or non-invasive follicular thyroid neoplasm with
papillary-like nuclear features (NIFTP). Of the 3 RAS isoforms
(H-RAS, K-RAS and N-RAS) present in thyroid cancer, N-RAS
and H-RAS are the most frequent (13, 14). RAS mutations are
more often present in well-differentiated TCs, especially the fol-
licular variant of PTC and FTC. Compared to PTC BRAF type,
this group of tumors behaves less aggressively, although distant
metastases are sometimes present. The RAS oncogene is probably
responsible for the gradual transformation of thyrocytes and pro-
gression from benign to malignant nodules, from differentiated to
dedifferentiated and anaplastic tumors.

The European Thyroid Association recommends less radical
surgical treatment for RAS type PTC — lobectomy (9).

Patients and methods

During a period of three years, an indeterminate result of cyto-
logical examination was found in 170 individuals. The indetermi-
nate result (Bethesda III— V) was analyzed by BRAF and RAS genes
mutations examination in relation to the histological characteristics
of biopsied lesions and the risk of malignancy (ROM). Sample for
BRAF and RAS mutations detection was gained by rinsing the bi-
optic needle into a small amount of physiological saline (0.5 ml).

DNA was isolated from cells using the QlAamp DNA Micro
Kit (Qiagen) and then the concentration was determined using
the Quantus fluorometer (Promega). The analysis was performed
using the EasyPGX ready Thyroid kit (Diatech Pharmacogenet-
ics), which detects mutations in codons 12, 13, 61 of K-RAS, N-
RAS and H-RAS genes and in codons 600 and 601 of BRAF gene
by Real-Time PCR method. The Real-Time PCR reaction in the
EasyPGX qPCR instrument 96 analyzer (Diatech Pharmacogenet-
ics) for one sample takes place in 8 tubes (each tube determines a
different set of mutations, and each tube also determines the pres-
ence of a control gene to control sample validity), 5-10 ng DNA
is added to each tube. After the analysis is completed, the result
is evaluated using EasyPGX analysis software.

Results

The average age of the observed individuals was 49 + 14 years,
of which 136 were women aged 16 to 81 years and 34 men aged
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Tab. 1. Demographic characteristics of individuals with an indeterminate result of cytological examination and distribution according to the

presence of BRAF/RAS mutations.

Bethesda I11 - V Bethesda III Bethesda IV Bethesda V BRAF V600E + RAS +
Total 170 (100%) 98 (58%) 35 (20%) 37 (22%) 31 (18%) 25 (15%)
Gender (count) Women 136 (80%) 81 (48%) 27 (16%) 28 (16%) 23 (14%) 18 (11%)
Men 34 (20%) 17 (10%) 8 (5%) 9 (5%) 8 (5%) 7 (4%)
Total 49+14 50 48 47 48 44
Age (years) Women 48+13 49 46 46 45 43
Men 55+14 58 53 51 55 49

Tab. 2. Overview of patients with TC divided by molecular-genetic
examination according to the presence of BRAF/RAS mutation.

Tab. 5. Molecular stratification of thyroid nodules according to ma-
lignancy status.

TC BRAF V600E + RAS +
Bethesda I11 - V 59 30 (51%) 13 (22%)
Bethesda I1I 18 (30%) 9 (15%) 2 (3%)
Bethesda IV 14 (24%) 5 (8%) 5 (8%)
Bethesda V 27 (46%) 16 (27%) 6 (10%)

Tab. 3. Representation of BRAF/RAS mutations across malignancies
of follicular origin.

TC PTC FTC PDTC
Total 59 55(93%) 3(5%)  1(2%)
BRAF V600E + 30 29(97%)  1(3%) 0
RAS + 13 12(92%)  1(8%) 0
BRAF V600E/RAS — 16 14(88%) 1(6%)  1(6%)

30 to 77 years. Cytological examination with the conclusion of
Bethesda II1 had 98, Bethesda IV 35 and Bethesda V 37 individu-
als. The BRAF V600E mutation was present in 31 cases, in 23
women and 8 men. The RAS mutation was detected in 25 cases,
in 18 women and 7 men (Tab. 1).

Histopathological examination was performed in 103 individu-
als, 66 were not indicated for surgery based on negative result of
molecular genetic testing. TC was diagnosed in 59 patients (43
women and 16 men), 44 individuals had a benign result. BRAF
mutation was present in 30 (22 women, 8 men) and the RAS mu-
tation in 13 patients (7 women, 6 men) with carcinoma (Tab. 2).
1 patient with a present BRAF V600E mutation refused surgery.

Three patients had FTC, one PDTC and the rest PTC (Tab. 3).
73 % of patients with TC had a BRAF/RAS mutation present, in 16
the contribution of these mutations in the carcinogenesis process
was not confirmed (Tab. 4). BRAF PTC was shown in 53 % and
RAS PTC in 22 % of all cases of papillary carcinomas.

Tab. 4. Typing of diagnosed tumors according to their BRAF/RAS status.

a ftz?tslzlrl;ry Benign Malignant — TC
Total 103 44 59
BRAF + 30 (29%) 0 30 (50%)
BRAF — 73 (71%) 44 (100%) 29 (50%)
RAS + 22 (21%) 9 (20%) 13 (22%)
RAS — 81 (79%) 35 (80%) 46 (78%)

In the group with a benign finding, a RAS mutation was pres-
ent in 9 individuals, a BRAF mutation did not occur (Tab. 5).
The BRAF mutation was shown in half and the RAS mutation in
slightly over one fifth of all TC cases.

TC with a present BRAF/RAS mutation were most often de-
tected in the lowest T category of the TNM classification of ma-
lignant tumors 8th edition (Tab. 6).

Of'the 48 patients with autoimmune thyroiditis (AIT), 19 had con-
comitant TC, of which BRAF V600E and RAS mutation were detected
in almost every second or third patient (10 and 5 cases, respectively).

Discussion

When obtaining uncertain cytology, it is useful to perform
additional molecular testing, which can be helpful in considering
the indication and extent of surgical treatment.

Molecular stratification of papillary thyroid carcinoma has ad-
ditional prognostic value (15), allowing for personalized therapeu-
tic approach in terms of preventing overtreatment, but also choosing
amore radical approach where the benefit of more aggressive treat-
ment for the patient’s quality of life outweighs its iatrogenic potential.

Molecular-genetic analysis of 170 cases of nodular goiter iden-
tified the presence of BRAF V600OE mutation in 31 individuals, 30
had subsequently histologically confirmed
thyroid carcinoma originating from follicu-
lar cells, 1 refused surgery. The presence of

BRAF a RAS + BRAF V600E + RAS + BRAF V600E a RAS — BRAF point mutations is thus a clear benefit
TC 59 43 (73%) 30 (51%) 13 (22%) 16 (27%) in predicting ROM. Testing for RAS did not
PTC 55 41 (55%) 29 (53%) 12 (22%) 14 (45%) yield such convincing results, as the number
FIC 3 2 (66%) 1 (33%) 1 (33%) 1 (33%) Findividuals with histologically malienant
PDTC 1 1 (100%) 1 (100%) 0 0 of individuals with histologically malignan

Tab. 6. Presence of BRAF/RAS mutation and extent of primary tumor (T).

nodes only moderately exceeded the number
of those with benign histological findings (13

3 T4 versus 9 cases). Determining RAS mutations

T — total (100%) Tl T2 : . : :
Total TC 59 39 (67%) 9 (16%) 10 (17%) 0 remains controversial, as in the population of
BRAF V600E + 30 18 (60%) 3 (10%) 9 (30%) 0 individuals with this mutation, it is often as-
RAS + 13 5 (38%) 4 (31%) 4 (31%) 0 sociated with benign follicular lesions such
BRAF V600E/RAS — 16 14 (88%) 2 (12%) 0 0

as benignadenoma. On the other hand, some
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studies have pointed to the role of RAS mutation in the process of
tumorigenesis and as an early transformational event associated
with the transition from adenoma to carcinoma — the so-called
histological continuum from benign to malignant lesions (16, 17).

The positivity of RAS mutations plays beneficial role in the
presence of mutations of other oncogenes when it increases the
risk of tumor aggressiveness.

Despite the demonstrated positive predictive value of BRAF
mutation, it was associated with a smaller extent of tumor accord-
ing to TNM (8th edition). The cause is probably the use of more
intensive and enhanced diagnostic methods - especially the avail-
ability and high-resolution sensitivity of ultrasound examination.

The presence of AIT was associated with a higher prevalence
of TC, while BRAF mutations were as common among these car-
cinomas as in carcinomas without AIT. This observation supports
the hypothesis that different underlying mechanisms of carcinogen-
esis are involved in the development of PTC in AIT patients (18).

Due to the high positive predictive value of molecular-genetic
testing of BRAF V600E mutation, the presence of a positive re-
sult can weigh in clinical decision-making in favor of TTE as a
first-choice therapeutic approach. On the other hand, almost every
third carcinoma from follicular cells of the thyroid gland does not
contain either BRAF/RAS mutation, so the absence of mutation
cannot exclude malignancy, which points to a low negative predic-
tive value of testing.

Radioiodine treatment is more effective in PTC with RAS
mutation than in tumors with BRAF mutation, probably because
BRAF mutation reduces the expression of genes that are neces-
sary for the transport and metabolism of iodine, which ultimately
reduces the uptake of radioiodine (19).

Stratification of thyroid lesions using genetic markers provides
a direct impact on the extent of oncological treatment such as total
thyroidectomy, subsequent adjuvant radioiodine treatment and sup-
pressive thyroxine treatment in clinical management. Such complex
treatment was usually indicated in all patients with DTC. Genetic
markers thus appear to be beneficial parameters determining the
extent not only of surgical treatment of small differentiated carci-
nomas without clinically evident nodal metastases (T1,2 NO) with
low risk of recurrence.

Conclusion

The use of genetic markers of thyroid gland carcinogenesis
represents new horizons in the diagnosis and treatment of thyroid
tumors. Such innovative molecular-genetic approaches will be use-
ful especially in cases of indeterminate results of fine-needle cytol-
ogy, whose positive predictive value is significantly increased. In
combination with traditional diagnostic procedures, they could shift
towards more tailored therapeutic approach, particularly the extent
of surgical treatment. For example, to perform TTE without the need
for prior diagnostic LT in histologically malignant lesions. Applying
BRAF/RAS mutation detection in the diagnostic-therapeutic process
ofnodular goiter can contribute to more effective management of pa-
tients with thyroid carcinoma and to more rational use of financial re-
sources in healthcare, mainly in the conditions of specialized centers.

872

References

1. Sung H, Ferlay J, Siegel RL et al. Global Cancer Statistics 2020: GLO-
BOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers
in 185 Countries. CA Cancer J Clin 2021; 71: 209-249.

2. Podoba J et al. Zhubné nadory §titnej zl'azy. (Malignant tumors of the
thyroid gland). In: Kaugitz J, Ondrug D (Eds). Specidlna onkoldgia. (Special
oncology). Bratislava: Solen, 2020.

3. McLeod DS, Sawka AM, Cooper DS. Controversies in primary treat-
ment of low-risk papillary thyroid cancer. The Lancet 2013; 381: 1046—1057.

4. Agretti P, Niccolai F, Rago T et al. BRAF mutation analysis in thyroid
nodules with indeterminate cytology: our experience on surgical manage-
ment of patients with thyroid nodules from an area of borderline iodine de-
ficiency. J Endocrinol Invest 2014; 37: 1009-1014.

5. Haugen BR, Alexander EK, Bible KC et al. 2015 American Thyroid
Association Management Guidelines for Adult Patients with Thyroid Nod-
ules and Differentiated Thyroid Cancer: The American Thyroid Associa-
tion Guidelines Task Force on Thyroid Nodules and Differentiated Thyroid
Cancer. Thyroid 2016; 26: 1-133.

6. BongiovanniM, SpitaleA, FaquinWCetal. The Bethesda System for Report-
ing Thyroid Cytopathology: A Meta-Analysis. Acta Cytol 2012; 56: 333-339.

7. Ohori NP, Schoedel KE. Variability in the Atypia of Undetermined Sig-
nificance/Follicular Lesion of Undetermined Significance Diagnosis in the
Bethesda System for Reporting Thyroid Cytopathology: Sources and Rec-
ommendations. Acta Cytol 2011; 55: 492—498.

8. Duffek M, Skerenova M, Halasova E et al. Risk genetic polymorphism and
haplotype associated with papillary thyroid cancer and their relation to associated
diseases in Slovak population. Bratislava Medical Journal 2022; 123: 475-448.

9. Paschke R, Cantara S, Crescenzi Aet al. European Thyroid Association
Guidelines regarding Thyroid Nodule Molecular Fine-Needle Aspiration
Cytology Diagnostics. Eur Thyroid J 2017; 6: 115-129.

10. Cibas ES, Ali SZ. The 2017 Bethesda System for Reporting Thyroid
Cytopathology. Thyroid 2017; 27: 1341-1346.

11. Podoba J. Anaplasticky karcinom $titnej zl'azy — najmalignejsie onko-
logické ochorenie. (Anaplastic thyroid cancer — the most malignant on-
cological disease). Interna medicina (Internal medicine) 2019; 19: 11-14.

12. Suarez HG, Du Villard JA, Caillou B et al. Detection of activated
ras oncogenes in human thyroid carcinomas. Oncogene 1988; 2: 403-406.
13. Nikiforov YE. Molecular Diagnostics of Thyroid Tumors. Arch Pathol
Lab Med 2011; 135: 569-577.

14. Nikiforov YE. Role of Molecular Markers in Thyroid Nodule Manage-
ment: Then and Now. Endocrine Practice 2017; 23: 979-989.

15. Takacsova E, Kralik R, Waczulikova | et al. A different prognostic
value of BRAFV600E mutation positivity in various age groups of patients
with papillary thyroid cancer. Neoplasma 2017; 64: 156—164.

16. Haroon Al Rasheed MR, Xu B. Molecular Alterations in Thyroid Car-
cinoma. Surg Pathol Clin 2019; 12: 921-930.

17. Carneiro TNR, Bim LV, Buzatto VC et al. Evidence of Cooperation
between Hippo Pathway and RAS Mutation in Thyroid Carcinomas. Cancers
(Basel); 13. DOI: 10.3390/cancers13102306.

18. Grigerova M, Kasko M, Mojtova E et al. Influence of autoimmune
thyroiditis on the prognosis of papillary thyroid carcinoma. Bratisl Med J
2022; 123: 885-890.

19. Mishra P, Laha D, Grant R et al. Advances in Biomarker-Driven Tar-
geted Therapies in Thyroid Cancer. Cancers (Basel) 2021; 13: 6194.

Received May 24, 2023.
Accepted June 26, 2023.



