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Lack of Association of B-type Raf Kinase V600E Mutation with
High-risk Tumor Features and Adverse OQutcome in Conventional
and Follicular Variants of Papillary Thyroid Carcinoma
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Introduction: Somatic B-type Raf kinase (BRAF) V600E mutation in exon 15 was frequently found in high frequencies associated with
papillary thyroid cancer (PTC). The phenotype of these cancers expressed aggressive clinical and pathological features. The present study
aimed to assess the prevalence of BRAF V600E mutation among conventional and follicular variants of PTC and its association with aggressive
tumor factors and outcome. Study Design: Patients who were operated and received further treatment for PTC during 2012 were included in
the study. BRAF V600E mutation analysis was done by extracting genomic DNA from tumor tissue. Results: Of the 59 patients included in the
study, 51% harbored BRAF V600E mutation, but the mutation status was not associated with aggressive tumor factors and adverse outcome.
Conclusion: BRAF V600E mutation was not significant predictor of aggressive tumor behavior in conventional and follicular variants of PTC.
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INTRODUCTION

Somatic activating mutation in the gene for the B-type Raf
kinase (BRAF) was found in melanomas initially and later in
many other human cancers.!!! Somatic BRAF V600E mutation
in exon 15 was described in papillary thyroid cancers (PTCs)
in 2002, and later, numerous studies had consistently shown a
high prevalence of BRAF mutation in thyroid cancer, ranging
from 29% to 83%.2% Genetic evidence indicates that thyroid
cell transformation to papillary cancers takes place through
constitutive activation of effectors along the RET/PTC-RAS-
BRAF signaling pathway and BRAF V600E mutations are
the most common abnormality in adult population. RET/PTC,
RAS, or BRAF mutations have independent effect with no
overlap among them.™

BRAF V600E mutations are specific for PTC and so genetic
study is useful as a diagnostic tool in suspicious aspiration
cytology. The prognostic relevance of the mutation was tested
in many observational studies. The recent systematic reviews
observed that PTC-harboring BRAF V600E mutations were
associated with increased prevalence of high-risk histological
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features and adverse outcome.P! It was observed that
PTC-harboring mutation showed decreased sodium/iodide
symporter function and hence decreased I'*! utility in treatment
options.l? However, few single institutional studies with large
sample size did not find any significant difference in tumor
characteristics or outcome.!’*

PTC is generally indolent with 93% cause-specific 10-year
survival. PTC includes a spectrum histological subtypes
differing markedly in biological behavior. The aggressive
subtypes of PTC include tall cell variant, columnar cell variant,
diffuse sclerosing variant, and hobnail variant.”? Conventional
and follicular variants account for 86%—-90% of all PTC. Most
common of aggressive subtype is tall cell variant accounting
for 1.3%—12% of all PTCs and has poor 5-year disease-specific
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survival of 81.9%.[' Recent data support that tall cell histology
alone remains a significant prognostic factor independent of
conventional high-risk clinicopathological features.!''! The
high expression of Mucl and type IV collagenase (matrix
metalloproteinase-2) in tall cell subtype may allow for
degradation of stroma and greater invasive properties.['? The
tall cell variant shows the highest prevalence of BRAF V600E
mutation.

A SEER database analysis showed an appreciable increase in
incidences of aggressive variants such as diffuse sclerosing
and tall cell variants.['3] The prevalence of BRAF V600E
mutations is less frequent with other aggressive variants as
33% in columnar cell variant, 50% in Hobnail variant, and
absent in diffuse sclerosing variant.['*16]

Conventional and follicular variants account for more than
80% of PTC and have favorable outcome. The present study
is designed to assess the biological behavior of conventional
and follicular variants of PTC with somatic BRAF V600E
mutation. We hypothesized that patients with conventional
and follicular variants of PTC with somatic BRAF V600E
mutation show significantly high rate of factors predictive of
adverse outcome and so have significantly low rate of disease-
free survival (DFS) despite adequate treatment.

Study design

Case records of differentiated thyroid cancer patients who
underwent treatment during January 2012 to December 2012
were reviewed. Patients with cytological diagnosis of Bethesda
V and VI and a histological diagnosis of conventional and
invasive follicular variant of PTC were included in the study.
Patients with papillary microcarcinoma, incidental cancers,
and collision tumors were excluded from the study.

Outline of treatment

Total thyroidectomy was the primary surgical treatment, but
therapeutic central compartment dissection was carried out
when suspicious lymph nodes (LMs) were found. Therapeutic
lateral neck node dissection was done based on sonological
and cytological evidence.

Patients were further categorized based on risk stratification
criterion (American Thyroid Association [ATA] guidelines;
2009).l'"1 Patients in intermediate- and high-risk category
received radioiodine remnant ablation.

All patients were followed at 6 monthly intervals with stimulated
thyroglobulin and thyroglobulin antibody estimation. Neck
ultrasonography was done routinely; I'*! whole-body scan and
fluorodeoxyglucose positron emission tomography were done
selectively. Patients who were diagnosed to have locoregional
or distant diseases were treated with metastatic doses of I'*! or
operative procedures as the case may be.

B-type Raf kinase V60OE mutation analysis

Genomic DNA was extracted from the tumor tissues
using the QIAamp DNA FFPE tissue kit according to the
manufacturer’s protocol (Qiagen, Germany). The DNA

obtained was quantified using the Multiskan GO Microplate
Spectrophotometer (Thermo Scientific, USA). For BRAF
V600E mutation analysis, a 223 bp region flanking the T1799A
mutation of the BRAF gene was amplified with the primers:
B-Rafl5F (5> CATAATGCTTGCTCTGATAGGA-3") and
B-Rafl5R (5’-GCCAAAAATTTAATCAGTGGA-3’) in a
50 pl PCR reaction solution using ~50 ng of the genomic
DNA isolated from the tumor tissues as template and
EmeraldAmp GT PCR Master Mix (Takara Bio Inc., Japan).
The thermocycling conditions for the amplification were 1
denaturing cycle at 94°C for 5 min followed by 40 cycles of
denaturing at 94°C for 30 s, annealing at 58°C for 1 min, and
extension at 72°C for 1 min. Final extension was at 72°C for 5
min. The PCR products obtained were electrophoresed in a 2%
agarose gel to assess PCR efficacy and product size. Before
sequencing, the PCR products were treated with ExoSAP-IT
(Affymetrix, USA) to remove excess primers and dNTPs. For
sequence analysis, cycle sequencing was performed with one
of the PCR primers using BigDye Terminator version 3.1
Cycle Sequencing Kit (Applied Biosystems, USA) where
5 pL of the purified PCR products served as template. The
thermocycling conditions for the cycle sequencing consisted
of 25 cycles of denaturing at 96°C for 10 s, annealing at 50°C
for 5 s, and extension at 60°C for 4 min. The resulting cycle
sequencing products were purified using the EDTA-ethanol
method and were analyzed on the ABI 3130 XL Genetic
Analyzer (Applied Biosystems, California, USA). The data
obtained were analyzed with Sequencing Analysis Software,
version 5.2 (Applied Biosystems, California, USA).

Outcome was measured based on ATA guidelines 2015.1"

e  Excellent response: No clinical, biochemical, or structural
evidence of disease

e Biochemical incomplete response: Abnormal
thyroglobulin or antithyroglobulin antibody levels in
the absence of localizable disease

e  Structural incomplete response: Persistent or newly
identified locoregional or distant metastases

e Indeterminate response: Nonspecific biochemical or
structural findings.

Statistics

The cohort was grouped based on BRAF V600E mutation status
and group to group analysis was done to estimate association
of aggressive features such as tumor size, multifocality (MF),
extra-thyroid invasion, vascular invasion, and LM metastasis.

The variables used for outcome analysis included
clinicopathological features, adequacy of primary surgery,
and BRAF V600E mutation status. Inadequate primary
surgery is defined as the presence of residual primary tumor
(recorded by surgeon or detected by neck ultrasound),
residual or incidental regional LM metastases, and residual
or incidental distant metastases detected by 1'*' whole-body
scan. For the comparison of categorical variables among the
different groups, Chi-square test was used. Multivariable
regression analysis was done if the univariate analysis showed
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significance (P <0.05). SPSS Statistics for Windows, Version
17.0. Chicago: SPSS Inc.

ResuLts

We analyzed the data of 59 patients (females n: 33; 56% and
males n: 26; 44%) with a mean age of 40.40 years (standard
deviation 12.282). Surgical procedures included total
thyroidectomy (n: 33, 56%), total thyroidectomy and Level
VI dissection (n: 19, 32%), and total thyroidectomy Level VI
and unilateral neck dissection (n: 7, 12%). One patient had
clinically evident bone metastasis before thyroidectomy.

The group included conventional variant (n: 43; 73.8%) and
infiltrating follicular variant (n: 16, 27.2%). When categorized
based on risk stratifications, the group contained 19 (32%) in low
grade, 36 (61%) in intermediary grade, and 4 (7%) in high grade.

We have analyzed samples that were pathologically characterized
as PTC for the presence of BRAF T1799A (V600E) mutation
by Sanger sequencing method. Of the 59 samples, 3 samples
were homozygous positive for the BRAF T1799A (V600E)
mutation, 27 samples were heterozygous positive, and 29 (49%)
samples did not harbor the mutation [Figure 1].

In one patient, we have observed three mutations, a homozygous
T1799A (V600E) missense mutation, a heterozygous nonsense
mutation at the codon 603 (CGA—TGA) wherein the codon
603 coding for Arginine is mutated to TGA a stop codon
(p-R603*/c.1807C>), and a third novel mutation A1757T
(E586V) [Figure 2]. The novel mutation A1757T observed is
a heterozygous A to T transversion at position 1757 affecting
the codon 586 (GAA—GTA) resulting in the substitution of
glutamic acid with valine (E586V).

The cohort was grouped based on BRAF V600E mutation
status and group to group analysis showed a trend toward

higher prevalence among male patients to harbor the mutation
(63.3% vs. 42%; P=0.112), [Table 1].

Pretherapy 3 millicurie (mCi) I'*' scan showed no significant
residual thyroid tissue in any patient but showed unsuspected
regional LM metastases in 15 (25.4%) and unsuspected
distant metastases in two patients. Patients were grouped
based on ATA guidelines (2009) [Table 2]. Forty-two patients
received radioiodine ablation, but there was no difference
in amount of I'* used in both groups (50.81 mCi vs. 51.31
mCi; P =0.230).

Mean duration of follow-up was 43.68 (36—48; median 48)
months. Fifty-one patients (90%) showed excellent response
and 6 (10%) had structural incomplete response [Table 3].
Untoward outcome was noted in 3 (10%) with mutation while 3
(10.3%) without mutation (P = 0.371). There was no difference
in DFS between the groups.

Tumor size, MF, and inadequate primary surgery showed
association with adverse outcome [Table 4], but multiple
regression model retained inadequate primary surgery as
significant predictor adverse outcome (B = 0.502; standard
error = 0.061; confidence interval 0.571-0.921; P =0.000).

Table 1: Distribution of pathological features in the
groups

Features Mutation Mutation P

positive (%) negative (%) value
Tumor size cm (SD) 3.45 (1.866) 3.08 (1.837) 0.449
MF 14 (46.7) 11 (37.9) 0.339
ETI 4(13.3) 9(31.9) 0.125
VI 13 (43.3) 8 (27.6) 0.299
LN metastases 11 (36.7) 15(51.7) 0.299
Associated HT 12 (40) 10 (34.5) 0.433
Total 30 (51) 29 (49)

SD: Standard deviation, LN: Lymph node, MF: Multifocality, ETI: Extra-
thyroid invasion, VI: Vascular invasion, HT: Hashimoto’s Thyroiditis

Table 2: Patients grouped based on risk stratification
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Figure 1: Sequence analysis of the exon 15 of the BRAF gene.
Representative electropherograms for the wild type BRAF codon 600
(@), homozygous B-type Raf kinaseBRAF codon V600E mutation (b),
and heterozygous B-type Raf kinaseBRAF codon V600E mutation (c)

Mutation Low grade (%) Intermediary (%) High (%) Total

status

Mutation 9 (47.4) 19 (53) 2 (50) 30

positive (51)

Mutation 10 (52.6) 17 (47) 2 (50) 29

negative (49)

Total 19 36 4 59

Table 3: Details of follow-up

Features Mutation Mutation P
positive (%) negative (%) value

Local recurrence 2 (6.6) 2 (6.8)

Persistent distant metastases 1(3.3) 1(34)

Overall adverse outcome 3(10) 3(10.3) 0.371

Cured 27 (90) 26 (89.7) 0.965

Total 30 29
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Figure 2: (a) Sequence of the exon 15 of the B-type Raf kinaseBRAF
gene depicted with the amino acid translation. Nucleotides affected
by mutations as observed in this study are depicted as bold and
underlined. (b) Electropherogram of the novel mutation A1757T (E586V).
(c) Electropherogram of the heterozygous nonsense mutation (p.R603*
/¢.1807C>) at the codon 603 (CGA®®TGA). * Indicates stop codon

Discussion

The age and gender distribution of the cohort are comparable
to reported series."” We included patients with cytological
reports of Bethesda V and VI categories to avoid possible
primary surgery-related bias and to ensure that all patients
received uniform pattern of treatment. The overall cure rate
is lower than expected that could be explained by the fact that
the cohort included 67.7% patients with intermediary and
high-risk features.

The overall prevalence of BRAF V600E mutation in the present
cohort is comparable to the previous reports.’-! The mean
age of mutation positive patients was high but did not show
statistical significance. The cohort did not have participants
of pediatric age group. Follicular variant harbors BRAF
V600E mutation infrequently,?® but the high prevalence of
the mutation in the present series may be due to infiltrating
histology of all patients in this subgroup.

Many systematic reviews concluded that positive mutation
status was a determinant factor of aggressive characteristics
and adverse outcome. These studies analyzed pooled data of
PTC encompassing all histological subtypes who underwent
different treatment protocols.'*! Observations contradicting
the negative influence of BRAF V600E mutation were blamed
to have inadequate sample size.

Two single-center studies with high sample size from Japan
and USA did not appreciate significant correlation between
mutation status and high-risk features.”* Gouveia et al. studied
a cohort of 429 PTC patients among which 73.2% showed
BRAF V600E positivity but was not significantly associated
with aggressive clinicopathologic features.” Ito et al.
concluded in their experience of 766 patients with 37% BRAF
V600E positivity with average follow-up of 130 months that
mutations’ positivity was associated with poor cause-specific
survival only with high- risk patients but not with low-risk
category.?!! Niederer-Wiist et al. did not find correlation of

Table 4: Association between clinicopathologic features
and outcome

Features Within the Within group with P
cohort adverse outcome (%) value
Male gender 17 3 (50) 0.379
Age >45 17 2(33.3) 0.796
Mutation positive 30 3 (50) 0.965
Conventional 43 4 (66.7) 0.718
variant
Mean size (SD) 3.27 (1.845) 5.15(3.313) 0.002
MF 25 5(83.3) 0.032
ETI 13 2(33.3) 0.397
Vascular 21 4 (66.7) 0.093
LN positive 26 3 (50) 0.757
Inadequate primary 20 5(83.3) 0.001
surgery
Total 59 6 (10)

LN: Lymph node, SD: Standard deviation, MF: Multifocality, ETI: Extra-
thyroid invasion

BRAF V600E mutation status with clinical risk scores and
survival.??! Henke et al. analyzed 506 patients with 70%
mutation positivity but was not correlated with recurrence-free
survival or DFS.™*¥! However, recently concluded multicenter
study to address the prognostic value of BRAF V600E mutation
found strong association BRAF V600E mutation with PTC-
associated patient mortality.*¥

There are no valid explanations to these conflicting
observations other than possible heterogeneity of sample
regarding tumor variants and treatment protocol. In the present
study, we found completeness of thyroidectomy was the
significant predictor of DFS. The tumor characteristics such
as size and multifocal lesions were associated negatively with
DFS but lost significance in multivariable regression model.
We did not find association between positive mutation status
and adverse tumor characteristics.

ConcLusioN

The prevalence of BRAF V600E mutation is comparable to
reported series from other geographical region. The mutation
status was not significantly associated with aggressive features
of conventional and follicular variants of PTC. The mutation
status was not a predictor of adverse outcome.
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