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BRAF V600E mutation in differentiated thyroid carcinoma
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ABSTRACT

Background: The BRAFV600E mutation is a common genetic alteration in papillary thyroid carcinoma (PTC). This mutation
has been widely reported, more recentely, in north African population.

Our objectives were to determine the prevalence of BRAF VB0OE in a Tunisian population with differentiated thyroid
carcinoma and to investigate its association with aggressive clinicopathologic characteristics.

Methods: DNA was extracted from paraffin-embedded thyroid tumor specimens taken from 13 patients with PTC and 7
patients with follicular carcinoma. BRAF V600E mutation was determined using multiplex real-time polymerase chain reaction
(PCR) assay based on the TagMan MGB probe system. The fluorescence absorbance of probes was calculated separately.
Results: The BRAF mutation was present in 7 of 13 PTC (53,8%) but was not detected in follicular carcinoma. The age
distribution, tumor size, multifocality, lymph node metastasis and staging did not differ significantly between patients with and
without the BRAF(V600E) mutation.

Conclusion: The BRAF V600E mutation was detected in more than half Tunisian patients with PTC which in accordance
with the literature. However, its presence was not significantly associated with poor prognostic factors. Our findings need
confirmation by large Tunisian and African series.
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RESUME

But: La mutation BRAF V600E est une altération génétique fréquente dans le cancer papillaire de la thyroide (CPT). Cette
mutation a été identifiée dans différentes populations et récemment quelques études africaines.

Notre objectif est de déterminer la prévalence de la mutation BRAF dans une population tunisienne porteuse d’un cancer
différencié de la tyroide et d’évaluer son association avec des critéres d’agressivité clinico-pathologiques.

Matériel et Méthodes:

De I’ADN a été extrait a partir de tissu thyroidien tumoral paraffiné prélevé chez des 13 patients porteur d’'un CPT et 7
patients ayant un carcinome folliculaire. La mutation BRAF V600E a été détectée en utilisant la technique de réaction de
polymérisation en chaine en temps réel basé sur le systeme de sondes TagMan MGB. L’absorption de la fluorescence des
sondes a été calculée séparément.

Résultats: La mutation BRAF V600E a été identifiée dans 7 cas de CPT (53,8%) mais n’a pas été retrouvée dans les
cancers folliculaires. Il n’existait pas de différence statistiquement significative entre les patients porteurs de la mutation
BRAF V600E et les autres patients concernant I'age, la taille tumorale, la multifocalité, les métastases ganglionnaires et le
stade tumoral.

Conclusion: La mutation BRAF V600E a été retrouvée dans plus de la moitié de la population Tunisienne ayant un CPT,
ce qui rejoint les données de la littérature. Cependant, sa présence n’était pas significativement associée a des facteurs de
mauvais pronostic. Mais nos données nécessitent une validation par un échantillon plus large.

Mots clés: Tunisie; pronostic; marqueurs génétiques; analyse de mutations d’ADN; carcinome papillaire.

INTRODUCTION of approximately 85%-90% after five years [2]. However,
more than 10% of patients eventually die of DTC and an
even greater proportion faces the morbidity of recurrences
[2]. The recognition and evaluation of prognostic factors
combined with data from molecular factors that evaluate

The term differentiated thyroid carcinoma (DTC) defines
papillary (PTC) and follicular (FTC) thyroid carcinomas
and accounts for about 90% of all thyroid carcinomas [1].
DTC has usually a favorable course, with survival rates
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the risk of recurrence and may stratify DTC patients,
have been used for the selection of specific treatment
modalities [3].

BRAF V600E mutation (hereafter referred to as “BRAF
mutation”), the most potent activator of the mitogen-
activated protein kinase pathway, plays a central role in
the regulation of cell growth, division, and proliferation
[4,5]. It accounts for more than 90% of all mutations found
in the BRAF gene [6].

The reported prevalence of the BRAF mutation in PTC
ranges from 27,3 to 90,2% [7,8]. The average prevalence
rate was 56,3% [8]. In Middle Eastern population, only one
study analyzed the prevalence of BRAF mutation [9]. The
mutation was identified in 51,7% of studied PTC, and the
authors found a significant association between BRAF
mutation and either metastasis and disease-free survival
[9].

Many studies including meta-analyses have shown a
correlation between BRAF mutation and at least one poor
prognostic factor [8, 10]. Conversely, other investigations
were not able to confirm these correlations, even by
analyzing a large number of patients [11]. Therefore, the
clinical significance of BRAF V600E mutation in PTC is
still controversial.

The aim of the present study was to evaluate for the first
time in Tunisia, the prevalence of the BRAF mutation in
Tunisian patients diagnosed with DTC and to analyze
the association between high-risk clinicopathologic
characteristics and this mutation.

METHODS:

Patients

Under an institutional review board-approved protocol,
a retrospective study was conducted of a cohort of
patients with DTC, treated and followed up using the
same protocol at our hospital in 2010. The diagnosis of
DTC and histopathological classification of the tumours
were carried out according to the standards of the World
Health Organization [12]. The hospital records were
retrospectively reviewed in relation to various prognostic
factors, and the information was entered into the database.
The following data were collected for each patient:
-Demographic characteristics: age at diagnosis, gender,
family history of thyroid disease and/or DTC and personal
history of external head and neck radiotherapy.

-Tumor characteristics at diagnosis: main histological
type and histological subtype (if any) according to the
WHO classification; size, focality, number of tumors,
the presence of thyroiditis in the surgical specimen, the
existence of nodal metastases and distant metastases.
-Characteristics related to the treatment used: initial
surgery (total thyroidectomy, total thyroidectomy in two
stages), lymphadenectomy and its extent, the number of
doses of 1311 ablation therapy.

-All patients were staged based on the above data
using the staging system of the AJCC (American Joint
Committee on Cancer) based on the TNM classification
system (7th edition) and age [13].

-Date of the final follow-up and date and cause of death.
BRAF mutation analysis

The BRAF mutation analysis was performed in the
Laboratory of Histology in Medicine school of Sfax in
southern Tunisia.

Somatic DNA was extracted from two 15-mm thick
paraffin-embedded sections obtained from each sample,
using the QlAamp DNA Mini Kit (Qiagen; ref 51306, CA,
USA) according to the manufacturer’s instructions. Areas
of tumor were identified on hematoxylin and eosin stained
slides and marked by pathologists to determinate the
percentage of tumoral cells. It was between 10 % and 100
%.

Real-time PCR, endpoint genotyping, was performed using
the LightCycler 480 (Roche Diagnostics, Indianapolis,
IN, USA) in 384 template to detect the BRAFV600E
(1799T>A) somatic mutation of the BRAF oncogene in a
background of wild-type genomic DNA. It was determinate
using a multiplex real-time PCR assay based on the
TagMan MGB probe system.

The sequences of primers and probes are listed in (Table
[). The PCR conditions were as follows: denaturation at
95°C for 10 minutes, followed by 38 cycles of amplification
at 95°C for 15 seconds, 60°C for 1 minute 30 seconds,
and a cooling step at 40°C for 1 minute.

Table I: Primers and probes sequences

Forward primer | R e v e r s e | Reporter Reporter
primer 1VIC 2FAM

Bra CTACTGTTTTCCTTAC | ATCCAGACAACT | CTAGCTACA TAGCTACA
fVB00E TTACTACACCTCAGA | GTTCAAACTGATG | GTGAAATC GAGAAATC

In a final volume of 5 pl, the PCR mixture was composed
of 1 pl of extracted DNA at 10 ng/uL, 0.125ul of each
of mutation and control assay mix 40x designed by
Applied (USA) and 2.5ul of Tagman Genotyping Master
mix 2x from Applied (USA).

All samples were studied in duplicate. The BRAF mutation
assay was labeled with 6-carboxyfluorescein (FAM), and
contained a specific probe for the discrimination of the
V600E mutated allele. The internal control assay, labeled
with VIC (define acronym), was used for the wild type one.
The fluorescence absorbance of probes was calculated
separately. The result was displayed in the form of a scatter
plot as ordinate the fluorescence absorbance of mutant
assay FAM and as abscissa the fluorescence absorbance
of control assay VIC. Samples situated on median were
considered positive for the V60OE BRAF mutation as it is
heterozygosis.

Statistical analysis:

All statistical analyses were performed using PASW
Statistics ver. 18.0 (SPSS Inc., Chicago, IL, USA). The
chi-square test and Fisher exact test were used for
analysis of the relationship between the BRAF mutation
and clinicopathologic factors for univariate analysis. A
p<.05 was considered statistically significant.

RESULTS:

Thirty patients with primary DTC were treated in our
department during 2010. Seven were excluded due
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to incomplete data. In three cases, the DNA quality
of samples was deficient to analyze BRAF V600E
mutation. These patients were excluded from the
subsequent analysis resulting in a final study cohort of
20 patients.

BRAF V600E mutation was found in 7/20 (35%) DTC
(figure 1). Our cohort included 13 PTC and 7 FTC. As
expected, no BRAF mutation was observed in FTC
samples. Seven PTC samples contained the mutated
type allele (53,8 %) whereas 6 PTC samples contained
the wild type allele. Patients and tumor characteristics
of the final cohort are summarized in (Table I1).
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Figure 1: Endpoint fluorescence scatter plot: Encircled samples are
positive for BRAF V600E mutation.

Table II: Clinical and pathological characteristics of patients

Characteristics No. (%)
Age (yr)
<45 7 (53,8)
>45 6 (46,2)
Sex
Male 3(23)
Femal 10 (77)
Thyroidectomy
Total or near total 7 (53,8)
Completion 6 (46,2)
LN dissection
Central compartment dissection 12 (92,3)
Central + lateral neck dissection 3(23)
LN metastasis 6 (50)
Thyroiditis
None 11 (84,6)
Lymphocytic thyroiditis 2(15,4)
Hashimoto's thyroiditis 0
Focality
Unifocal 6 (46,2)
Multifocal 7 (53,8)
BRAF mutation
Negative 6 (46,2)
Positive 7 (53,8)
T category
pT1 8(61,6)
pT2 2(15,4)
pT3 3(23)
TNM stage
| 6 (66,7)
Il 2(22,2)
I 1(11,1)

70 J. TUN ORL - N° 48 NOVEMBRE 2022

The mean age was 41 +18 years old. Female
predominance was noted (F/M: 3/1). One female
patient had personal history of external head and neck
radiotherapy and familial history of thyroid cancer. No
suspected cervical lymph node metastasis or distant
metastasis at the time of initial presentation was noted
in our patients.

All of patients underwent surgery consisting of total
thyroidectomy. Papillary carcinoma was present in
13 cases. Patients had either pure (7 cases (53,8%))
or follicular variant of papillary carcinoma (4 cases
(30,7%)) or microcarcinoma (2 cases (15,3%)).

For the 17 patients who underwent cervical
lymphadenectomy, we could analyze the BRAF mutation
status in both primary tumor and lymph node metastasis
in only two cases. The BRAF mutation was present in
the two primary tumors. However, BRAF mutation was
detected in lymph node metastasis in only one case.
After surgery, 1311 ablation therapy was administered in
nine cases (69,2%). The mean dose was 210 mCl. For
patients who did not have 1311 therapy, one presented
a microcarcinoma without high risk clinicopathological
factors. For the remaining cases, the patients were lost
during the follow up after the surgery. Distant metastases
were found during the first dose of 131 | ablation therapy
in one patient. The metastases occurred in the lung.
Mean follow-up time was 47 months.

The univariate analysis showed no significant
association between BRAF mutation status and high
risk clinicopathological factors (including age of patients,
tumor size, multifocality, lymph node metastasis and
TNM stage) (table 3).

Table Ill: BRAF mutation and clinicopathologic factors:
Univariate analysis

Variable BRAF (+) BRAF (-) p-value

Mean Age (Yr) 43 38.8 0,53
MeanTumor size (cm) 2,45 2,3 0,44
Multifocality 0,28
Yes 5 2

No 2 4

T1 (low risk group) 4 4 1
T2 + T3 (high risk group) 3 2

NO 1 5 0,08
N1 5 1

TNM stage 0,52
142 4 2

3+4 1 2

The thyroid cancer is a relatively uncommon disease,
afflicting only 4 per 100 000 persons around the world.
However, this rate varies over the decades and among
different countries, with a higher incidence in Europe
and North America [14]. In North Africa, published
studies from Algeria showed an incidence of thyroid
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cancer of 1,4 per 100 000 for men and 6,2 per 100 000
for women between 2006 and 2010 [15]. In Morocco,
the incidence of thyroid cancer for men was 1,4 per 100
000 and 6,7 per 100 000 for women between 2005-2007
[16]. In Libya, the uptaded report from the Benghazi
cancer registry (Eastern Libya) showed a world age-
standardized incidence rate of 0,8 per 100 000 for men
and 3,8 per 100 000 for women [17]. In Tunisia, there
were 3 registers for cancer. One register accounts for
northern population in Tunisia, a second register for
the center (Sousse) and the last register for the south
(Sfax). For North Tunisia, the incidence was 1 for the
men and 3,26 for the women per 100 000 habitants
between 2004-2006 [18]. In Sousse province, the
incidence for the female was 2,8 per 100 000 between
1998 and 2006 [19]. For the south of Tunisia and
particularly in Sfax province, the incidence was 0,8 for
the men and 2,96 for female, per 100 000 habitants
between 2000-2002 (20).

In our Tunisian cohort, BRAF mutation was seen in
more than half of PTC samples studied (53,8%). This
is in accordance with previous reports [7] including
the only Arabic population study [9]. However,
unlike Abubaker et al. results study [9], we failed to
demonstrate a significant correlation between BRAF
mutation and PTC prognostic factors.

Actually, little information is known in PTC about
which molecular targets of the BRAF mutation and
its consequent downstream phosphor-MEK 1/2 and
phospho-ERK 1/2 kinases deregulation leads to this
worse prognosis. Until now, it is not clearly understood
how BRAF mutation leads to more aggressive PTCs.
Nucera et al. after analyzing 539 gene sets, identified
17 upregulated and one downregulated gene sets
exclusively linked to the genomic signature of BRAF
V600E positive PTCs [21]. These new genes are
involved in cellular signaling cross-talks and in the
regulation of the extracellular matrix remodeling. The
authors concluded that their findings may help to
explain how this single gene mutation triggers thyroid
tumor cell migration and invasion thus causing a worse
clinical picture for patients harboring the mutation [36].
Another  argument,  supporting the  clinical
aggressiveness of this mutation, is that the expression
of BRAF in thyroid cells in culture demonstrated a
strong oncogenic potential and increased matrix cell
invasion with respect to the proto oncogene RET
(rearranged during transfection)/PTC, the other most
frequent genetic alteration in thyroid cancer [22,23].
Experiments in animal models demonstrated the
pathogenetic role of BRAF mutations and its important
role in the aggressive behavior of PTCs [24]. Nucera
et al. showed that an orthotopic mouse model of
anaplastic thyroid carcinoma cells harboring BRAF
mutation displays tumor aggressiveness and lymph
node as well as lung metastases that recapitulate an
advanced human thyroid cancer [25].

Although the studies in favor of a correlation between
the BRAF mutation and more aggressive PTC prevail,

the results of many other studies [11,26-32], including
our study, did not confirm the association between
the BRAF mutation and high-risk clinicopathological
factors. Differences in the diagnostic criteria, clinical
data collection, methods to detect BRAF mutation,
genetic, geographical and environmental factors had
been suggested to explain these apparently conflicting
results [33]. However, there is no definitive explanation
for these inconsistent results.

Guerraetal.[34] were thefirstto use the pyrosequencing
analysis to quantify the occurrence of the BRAF
mutation in the cancer cells. They demonstrated that
the correlation with the disease outcome is not a
feature of any PTC harboring the BRAF mutation but
that this correlation is instead restricted to PTC with
a high percentage of BRAFVG00E alleles [35]. They
also proved that the direct sequencing of BRAF using
the BigDye Terminator method was less sensitive than
pyrosequencing, indicating that samples with a lower
percentage of mutant alleles (less than 20%) were
considered wild type by direct sequencing. Guerra et
al. concluded that their results might explain why even
some large studies failed to find a correlation between
BRAF V600E and clinicopathological features [35].
These results were confirmed by Kim et al. on the
Korean patients [36]. However, Gandolfi et al. using the
pyrosequencing analysis to investigate the impact of the
V600E mutation on the metastasis tendency of primary
PTCs, found no correlation between the occurrence or
the percentage of the BRAF V600E mutated alleles at
the primary site with the development of either distant
or lymph node metastases (LNM) [32].

Concerning the correlation between the BRAF
mutation and LNM [32,37,38], literature results are still
conflicting. Lu et al. [38] found a high concordance in
BRAF V600E mutational status in primary and matched
metastatic lesions. However, in 3 cases the mutation
was positive in primary lesions while their matched LNM
were wild type. They assumed that whether it's BRAF
mutant or not, certain cells were preferentially selected
by factors other than BRAF V600E mutation during
microevolution and invaded regional lymph nodes,
grew faster or became multifocal [38,39]. The authors
concluded that BRAF V600E mutation was not involved
in the process of LNM and that BRAF V600E functions
solely as an initiator in tumorgenesis of PTC [38]. In the
current study, we analyzed the mutation status of both
primary tumor and the lymph node metastasis in only
2 patients. We found that BRAF mutation was present
in the two primary tumors. However, the mutation was
lost in one case and present in lymph node metastasis
in the other sample. Others previously published works
reported this phenomenon, who accounts between 6
and 20% of the described cases [30,32,40].

CONCLUSION:

This is the first African study that investigates the
BRAF mutation status in DTC. The prevalence of this
mutation was 53,8% of Tunisian patients with PTC. No
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correlation was found between BRAF mutation and poor
prognostic factors. However, this study had limitations
including the small size of our cohort. We couldn’t also
perform the analysis between the association of the
presence and percentage of BRAFV600E alleles with
recurrence and survival data due to lack of resources.
But despite these limitations, we think that our results
offer some valuable data about this part of the world.
Another well-designed study with long-term follow up

REFERENCES:

would be required to clarify the associations of the
BRAF mutation with the aggressiveness of PTC in the
Tunisian population.

Compliance with ethical standards

Conflict of interest: The authors stated that there is
no conflict of interest.
Funding Statement: The authors received no specific
funding for this work.

1. Lam AK. Papillary Thyroid Carcinoma: Current Position
in Epidemiology, Genomics, and Classification. Methods
Mol Biol. 2022;2534:1-15.
2. Abdullah MI, Junit SM, Ng KL, Jayapalan JJ, Karikalan
B, Hashim OH. Papillary Thyroid Cancer: Genetic
Alterations and Molecular Biomarker Investigations. Int J
Med Sci. 2019 Feb 28;16(3):450-460.
3. Mazzaferri EL. Papillary thyroid carcinoma: factors
influencing prognosis and current therapy. Semin Oncol
1987;14: 315-32
4. Mercer KE, Pritchard CA. Raf proteins and cancer: B-Raf
is identified as a mutational target. Biochim Biophys Acta
2003;1653: 25-40
5. Fagin JA. Genetics of papillary thyroid cancer initiation:
implications for therapy. Trans Am Clin Climatol Assoc
2005;116: 259-69
6. Garnett MJ, Marais R. Guilty as charged: B-RAF is a
human oncogene. Cancer Cell 2004;6: 313-9
7. Xu X, Quiros RM, Gattuso P, et al. High prevalence of
BRAF gene mutation in papillary thyroid carcinomas and
thyroid tumor cell lines. Cancer Res 2003;63: 4561-7
8. Liu X, Yan K, Lin X, et al. The association between BRAF
(V600E) mutation and pathological features in PTC. Eur
Arch Otorhinolaryngol 2014;271: 3041-52
9. Abubaker J, Jehan Z, Bavi P, et al. Clinicopathological
analysis of papillary thyroid cancer with PIK3CA alterations
in a Middle Eastern population. J Clin Endocrinol Metab
2008;93: 611-8
10. Xing M. BRAF mutation in papillary thyroid cancer:
pathogenic role, molecular bases, and clinical
implications. Endocr Rev 2007;28: 742-62

11. Fugazzola L, Puxeddu E, Avenia N, et al. Correlation
between B-RAFV600E mutation and clinico-pathologic
parameters in papillary thyroid carcinoma: data from
a multicentric Italian study and review of the literature.
Endocr Relat Cancer 2006;13: 455-64

12. De Lellis RA, Lloyd RV, Heitz PU, Eng C.(Eds.).
World Health Organization Classification of Tumours.
Pathology and Genetics of Tumors of Endocrine Organs.
Lyon, France: IARC Press; 2004.

13. Edge SB, Byrd DR, Compton CC, et al. AJCC Cancer
Staging Manual. 7th ed. Springer, New York 2010

14. Ferlay J, Soerjomataram I, Ervik M, et al. GLOBOCAN
2012 v1.0, Cancer Incidence and Mortality Worldwide:
IARC Cancer Base No. 11 [Internet]. Lyon, France:
International Agency for Research on Cancer; 2013.
[Accessed on 25/July/2015]. Available from: http://
globocan.iarc.fr

72 J. TUN ORL - N° 48 NOVEMBRE 2022

15. Hamdi Cherif M, Serraino D, Mahnane A, et al. Time
trends of cancer incidence in Setif, Algeria, 1986-2010:
an observational study. BMC Cancer 2014;14: 637.

16. Bouchbika Z, Haddad H, Benchakroun N, et al. Cancer
incidence in Morocco: report from Casablanca registry
2005-2007. Pan Afr Med J 2013;16: 31.

17. El Mistiri M, Salati M, Marcheselli L, Attia A, Habil S,
Alhomri F, et al. Cancer incidence, mortality, and survival
in Eastern Libya: updated report from the Benghazi
Cancer Registry. Ann Epidemiol. 2015;25:564-8.

18. Ben Abdallah M, Hizem Ben Ayoub W, Hsairi M, et al.
Registre des cancers Nord-Tunisie. Données 2004-
2006. [monograph on the internet]. Ministére de la santé
publique. Ministére de I'enseignement supérieur et de
la recherche scientifique et de la technologie. Unité de
recherche en épidémiologie des cancers en Tunisie.
Available from: www.insp.rns.tn/doc/cancer/cancer17.
pdf

19. Missaoui N, Trabelsi A, Parkin DM, et al. Trends in the
incidence of cancer in the Sousse region, Tunisia, 1993-
20086. Int J Cancer 2010;127: 2669-77

20. Sellami A, Sellami Boudawara T, Hsairi M, et al.
Incidence des cancers dans le gouvernorat de Sfax
2000-2002. [monograph on the internet]. Ministére de
la santé publique. Hopital universitaire Habib Bourguiba
Sfax. Institute national de la santé publique. Registre
du cancer du Sud Tunisien 2007. Available from: www.
insp.rns.tn/doc/cancer/cancer18.pdf

21. Nucera C, Porrello A, Antonello ZA, et al. B-Raf(V600E)
and thrombospondin-1 promote thyroid cancer
progression. Proc Natl Acad Sci USA 2010;107: 10649-
54

22. Wang J, Knauf JA, Basu S, et al. Conditional expression
of RET/PTC induces a weak oncogenic drive in thyroid
PCCL3 cells and inhibits thyrotropin action at multiple
levels. Mol Endocrinol. 2003;17: 1425-36

23. Mesa Jr C, Mirza M, Mitsutake N, et al. Conditional
activation of RET/PTC3 and BRAFVG600E in thyroid
cells is associated with gene expression profiles that
predict a preferential role of BRAF in extracellular matrix
remodeling. Cancer Res 2006;66: 6521-9

24. Knauf JA, Ma X, Smith EP, et al. Targeted expression of
BRAFVB600E in thyroid cells of transgenic mice results in
papillary thyroid cancers that undergo dedifferentiation.
Cancer Res 2005;65: 4238—-45

25. Nucera C, Nehs MA, Mekel M, et al. A novel orthotopic
mouse model of human anaplastic thyroid carcinoma.
Thyroid 2009;19: 1077-84



O. TRABELSI, ET AL
I

26.

27.

28.

29.

30.

31.

32.

BRAF V600E MUTATION IN DIFFERENTIATED THYROID CARCINOMA e

Ahn D, Park JS, Sohn JH, et al. BRAFV600E mutation
does not serve as a prognostic factor in Korean patients
with papillary thyroid carcinoma. Auris Nasus Larynx
2012;39: 198-203

Nam JK, Jung CK, Song BJ, et al. Is the BRAF(V600E)
mutation useful as a predictor of preoperative risk in
papillary thyroid cancer? Am J Surg 2012;203: 436—41
Lee KC, Li C, Schneider EB, et al. Is BRAF mutation
associated with lymph node metastasis in patients with
papillary thyroid cancer? Surgery 2012;152: 977-83
Trovisco V, Soares P, Preto A, et al. Type and prevalence
of BRAF mutations are closely associated with papillary
thyroid carcinoma histotype and patients’ age but not
with tumour aggressiveness. Virchows Arch 2005;446:
589-95

Trovisco V, Couto JP, Cameselle-Teijeiro J, et al.
Acquisition of BRAF gene mutations is not a requirement
for nodal metastasis of papillary thyroid carcinoma. Clin
Endocrinol (Oxf) 2008;69: 683-5

Sancisi V, Nicoli D, Ragazzi M, et al. BRAFV600E
mutation does not mean distant metastasis in thyroid
papillary carcinomas. J Clin Endocrinol Metab 2012;97:
E1745-9.

Gandolfi G, Sancisi V, Torricelli F, et al. Allele percentage
of the BRAF V600E mutation in papillary thyroid
carcinomas and corresponding lymph node metastases:
no evidence for a role in tumor progression. J Clin
Endocrinol Metab 2013;98: E934—42

33.

34.

35.

36.

37.

38.

39.

40.

Scheffel RS, Dora JM, Maia AL. BRAF mutations in
thyroid cancer. Curr Opin Oncol. 2022 Jan 1;34(1):9-18.
Guerra A, Sapio MR, Marotta V, et al. The primary
occurrence of BRAF(V600E) is a rare clonal event in
papillary thyroid carcinoma. J Clin Endocrinol Metab
2012;97: 517-24

Guerra A, Fugazzola L, Marotta V, et al. A high
percentage of BRAFV600E alleles in papillary thyroid
carcinoma predicts a poorer outcome. J Clin Endocrinol
Metab 2012;97: 2333-40

Kim MH, Bae JS, Lim DJ, et al. Quantification of
BRAF V600E alleles predicts papillary thyroid cancer
progression. Endocr Relat Cancer 2014;21: 891-902
Tufano RP, Teixeira GV, Bishop J, et al. BRAF mutation
in papillary thyroid cancer and its value in tailoring initial
treatment: a systematic review and meta-analysis.
Medicine (Baltimore) 2012;91: 274-86

Lu J, Gao J, Zhang J, Sun J, et al. Association between
BRAF V600E mutation and regional lymph node
metastasis in papillary thyroid carcinoma. Int J Clin Exp
Pathol 2015;8: 793-9

Ito Y, Yoshida H, Kihara M, et al. BRAF(V600E) mutation
analysis in papillary thyroid carcinoma: is it useful for all
patients? World J Surg 2014;38: 679-87

Vasko V, Hu S, Wu G, et al. High prevalence and
possible de novo formation of BRAF mutation in
metastasized papillary thyroid cancer in lymph nodes. J
Clin Endocrinol Metab 2005;90: 5265—9

J. TUN ORL - N° 48 NOVEMBRE 2022 73



