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Background: Over the past several decades, there has been a rapid worldwide increase in the prevalence of papillary thyroid can-
cer (PTC) as well as a number of changes in the clinicopathological characteristics of this disease. BRAFY***| which is a mutation
of the proto-oncogene BRAF, has become the most frequent genetic mutation associated with PTC, particularly in Korea. Thus, the
present study investigated whether the prevalence of the BRAFY** mutation has increased over the past two decades in the Kore-
an population and whether various PTC-related clinicopathological characteristics have changed.

Methods: The present study included 2,624 patients who underwent a thyroidectomy for PTC during two preselected periods;
1995 to 2003 and 2009 to 2012. The BRAFY*** mutation status of each patient was confirmed using the polymerase chain reac-
tion-restriction fragment length polymorphism method or by the direct sequencing of DNA.

Results: The prevalence of the BRAFY**F mutation in Korean PTC patients increased from 62.2% to 73.7% (P=0.001) over the
last two decades. Additionally, there was a greater degree of extrathyroidal extension (ETE) and lymph node metastasis in 2009 to
2012 patients with the BRAFY*""* mutation and a higher frequency of thyroiditis and follicular variant-PTC in 2009 to 2012 pa-
tients with wild-type BRAF. However, only the frequency of ETE was significantly higher in 1995 to 2003 patients with the
BRAFY*E mutation (P=0.047). Long-term recurrence rates during a 10-year median follow-up did not differ based on BRAF"5"
mutation status.

Conclusion: The BRAFY*F mutation rate in Korean PTC patients has been persistently high (approximately 70%) over the past

two decades and continues to increase. The present findings demonstrate that BRAFY*""

-positive PTC was associated with more
aggressive clinicopathological features, especially in patients who were recently diagnosed, suggesting that BRAFY*"*¥ mutation

status may be a useful prognostic factor for PTC in patients recently diagnosed with this disease.
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INTRODUCTION

Papillary thyroid cancer (PTC) is the most commonly occur-
ring malignancy in the endocrine system and the incidence rate
of this disease is increasing annually worldwide [1,2]. In par-
ticular, there has been a significant rise in the incidence of PTCs
smaller than 1 cm, which are termed papillary thyroid microcar-
cinomas (PTMCs) [3]. To date, there is no clear explanation for
the overall increase of PTCs. However, because the rate of
PTCs with more aggressive pathological characteristics, such
as lymph node metastasis (LNM) and extrathyroidal extension
(ETE), has decreased over time, the overall increase in the oc-
currence of PTCs has primarily been attributed to advanced
screening techniques and the early detection of cancer [4-7]. In
contrast, the prevalence of distant metastases has increased,
which indicates that improved detection capabilities may not
be sufficient to explain the rising incidence of PTC [5,8]. These
findings suggest that other causal factors such as environmen-
tal, hormonal, or genetic influences may also be associated
with PTC [9-12].

The BRAFY°® mutation, which occurs in approximately
36% to 69% of PTC tumors, is the most common mutation ob-
served in PTC patients [13-15]. This genetic mutation changes
valine to glutamate in codon 600 of the BRAF protein, which
produces the BRAF" protein that activates serine/threonine
tyrosine kinase and its downstream protein kinase signaling

FY$°%F muta-

pathway resulting in oncogenesis [16]. The BRA
tion is associated with poor prognostic factors of PTC includ-
ing old age, LNM, ETE, loss of radioactive iodine (RAI) up-
take, distant metastasis, and disease recurrence [14,16].

There is a greater incidence of PTC in Korea than in other
countries and it continues to rapidly increase. The prevalence
of PTC has risen from 88.1% to 91.5% of all thyroid cancers over
the past 40 years and this increase is accompanied by changes in
the clinicopathological characteristics of these tumors [17].
The prevalence of BRAFY® in Korean PTC patients (81%) is
also higher than in other countries (58%) suggesting that this
mutation is associated with a greater possibility for pathophysi-
ological characteristics [18-20]. However, it is unclear whether
the frequency of the BRAFYF mutation has changed over
time. Thus, changes in the prevalence of the BRAFV*F muta-
tion over the last two decades were retrospectively investigated
using a relatively large cohort of Korean PTC patients and the
association of these rates with the clinicohistopathological
characteristics of PTC were also evaluated. Additionally, the
association between the presence of the BRAFV*"F mutation
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and the long-term clinical outcomes of PTC patients was as-
sessed.

METHODS

Study subjects

This was a retrospective study conducted at Seoul National Uni-
versity Hospital in which the records of 2,624 patients who un-
derwent thyroidectomy for PTC were retrospectively reviewed.
Of these patients, 193 underwent surgery between April 1995
and June 2003 and 2,431 underwent surgery between February
2009 and August 2012. Four patients were diagnosed with PTC
combined with follicular thyroid carcinoma and three patients
were diagnosed with PTC combined with poorly differentiated
carcinoma. The BRAFY*"* mutation status of each patient was
determined following surgical treatment in all cases and did not
affect the postoperative treatment plan.

All medical records, pathological reports, and clinical out-
comes were assessed via a review of the patient databases. The
present study aimed to identify any correlations between sex,
age, tumor size, LNM, multiplicity, thyroiditis, follicular variant
(FV)-PTC, ETE, family history of thyroid cancer, and the path-
ological characteristics of the cancer. This study was approved
by the Institutional Review Board (IRB No. 1207-124-420).

Treatment and follow-up

All patients were treated with one of three types of surgical re-
section: total thyroidectomy, subtotal thyroidectomy, or lobec-
tomy. Therapeutic neck dissections were conducted for stan-
dard indications, and empirical central or anterior lymph node
dissections have been performed since 2003. Postoperative
treatment included conventional thyroid stimulating hormone
suppression and RAT (**') ablation. The ablation was conduct-
ed in patients with LNM, ETE, or distant metastasis until no
further iodine uptake was detected on a postablation whole
body scan (WBS). The dose of RAI depended on the individual
pathological characteristics of the PTC. In patients with favor-
able pathological characteristics, 30 mCi of RAI was adminis-
tered whereas a higher dose of RAI (100 to 200 mCi) was used
for patients with aggressive pathological characteristics.

The follow-up period was defined as the time from the initial
surgical treatment to the most recent clinical visit or death from
any cause. A poor prognosis was defined as recurrent disease,
persistent disease, or PTC-related mortality. Recurrent and per-
sistent diseases were determined by the results of subsequent
surgery, serum thyroglobulin level, neck ultrasound or comput-
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ed tomography, "*'I WBS, bone scan, or F-fluorodeoxyglucose
positron emission tomography scan.

Histological evaluation of tissue specimens and DNA
extraction

The tumor areas were marked by an endocrine pathologist using
hematoxylin and eosin stained sections as a guide. Each marked
area was dissected from the paraffin-embedded tumor block and
transferred into Eppendorf tubes. All samples were digested
with proteinase K (Sigma, St. Louis, MO, USA) for more than
24 hours at 56°C and the DNA was then isolated from the di-
gested tissue using a Tissue SV Mini kit (General Biosystem
Inc., Seoul, Korea). The mutational status of BRAFY*F was
confirmed using the polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP) method for the pa-
tients underwent surgery in 1995 to 2003 or by direct sequenc-
ing for the patients underwent surgery in 2009 to 2012.

PCR-RFLP for the BRAFY*"* mutation

The PCR protocol for amplifying BRAF exon 15 used the fol-
lowing primers: forward, 5'-GCTTGCTCTGATAGGAAAAT-
GAG-3' and reverse, 5'-GATACTCAGC AGCATCTCAGG-3'.
The PCR analysis was conducted using the following amplifi-
cation protocol: initial denaturation at 95°C for 5 minutes, then
40 cycles of denaturation at 94°C for 20 seconds, annealing at
56°C for 20 seconds, elongation at 72°C for 20 seconds, and a fi-
nal extension at 72°C for 10 minutes. The denatured PCR prod-
ucts were digested with restriction endonuclease TspRI (New
England Biolabs, Beverly, MA, USA) and electrophoresed onto
an agarose gel. The digestion of the PCR products with TspRI
yielded three major bands at 125, 87, and 12 base pairs (bp) for
the wild-type allele. The T1799A mutation abolished the re-
striction site and resulted in a prominent 212 bp band from the
mutant allele and residual bands from the normal allele.

To confirm the reliability of the PCR-RFLP results, DNA
from 13 PTC samples were chosen at random and sequenced.
The sequencing was performed with a PTC-225 Peltier Thermal
Cycler (MJ Research, Waltham, MA, USA) using an ABI PRISM
BigDye Terminator Cycle Sequencing Kit and AmpliTaq DNA
polymerase (Applied Biosystems, Foster City, CA, USA). All 13
sequencing results confirmed the BRAFY"F mutation statuses
that were indicated by the PCR-RFLP method.

Direct sequencing of the BRAFY*""* mutation
The BRAFY*"* mutation was amplified with the PCR method
using genomic DNA. Following purification of the PCR prod-
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ucts, direct DNA bidirectional sequencing was conducted with
an ABI 3130XL Genetic Analyzer and a BigDye Terminator
cycle sequencing kit (Applied Biosystems).

Statistical analysis

All numeric data were expressed as meantSD. Continuous
variables were compared using a Student ¢ test, and nonnumer-
ic variables were analyzed with the chi-square test after exclud-
ing missing data. Chi-square tests were also performed to com-
pare the incidence rates of recurrent disease, persistent disease,
and PTC-related death in terms of BRAFY*F mutation status
in the 1995 to 2003 patients diagnosed with PTC. All statistical
analyses were conducted using SPSS version 20.0 (IBM Co.,
Armonk, NY, USA) and a P<0.05 was considered to be statis-
tically significant.

RESULTS

Prevalence of BRAFY*"" mutation status

There was not a linear increasing trend for the presence of the
BRAFY* mutation over the past two decades (Fig. 1) but the
mean rate of the BRAFY®® mutation was higher in 2009 to
2012 patients than in 1995 to 2003 patients (73.7% vs. 62.2%,
P=0.001) (Table 1). Because detection of the BRAFY*"* muta-
tion in the two groups was performed using two different tech-
niques, differences in the diagnostic accuracy of the detection
methods were adjusted for, based on previous reports (sensitiv-
ity of RFLP-PCR, 78.6%; and sensitivity of direct DNA se-
quencing, 83.0%). Even after adjusting for differences in the
diagnostic accuracy of the detection methods, there was still an
increase in the rate of the BRAFY*® mutation from 1995 to
2003 to 2009 to 2012. The BRAFY*"F mutation rates for PTMC
were 59.7% and 73.2% in 1995 to 2003 and 2009 to 2012, re-
spectively (P=0.011).

Clinical and pathological features of PTC over the past
two decades

The clinicopathological features of PTC during the two studied
time periods are provided in Table 1. The mean age at diagno-
sis increased from 45.3 years in 1995 to 2003 patients to 47.8
years in 2009 to 2012 patients (P=0.007) but there was no sig-
nificant difference in the distribution of male and female pa-
tients. The mean PTC tumor size was significantly larger in
1995 to 2003 patients (P<0.001) and the proportion of PTMC
increased from 37.3% in 1995 to 2003 patients to 71.8% in
2009 to 2012 patients (P<0.001). There was a higher frequen-
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Table 1. Clinicopathological Features of Papillary Thyroid Carcinomas over Two Decades

Characteristic 1995-2003 (n=193) 2009-2012 (n=2,431) P value
Age at diagnosis, yr 453+14.8 47.8+12.1 0.007°
Female 161 (83.4) 2,012 (82.8) 0.921
Tumor size, cm* 1.8+1.4 0.9+0.6 <0.001°
Extrathyroidal extension 108/157 (68.8) 1,455/2,428 (59.9) 0.029°
Lymph node metastasis 59/156 (37.8) 974/2,430 (40.1) 0.613
Multiplicity 61/158 (38.6) 881/2,426 (36.3) 0.552
Thyroiditis 11/153(7.2) 837/2,428 (34.5) <0.001°
Follicular variant 12/154 (7.8) 173/2,429 (7.1) 0.747
Family history 14/193 (7.3) 219/2,431 (9.0) 0.510
Overall BRAFY positivity 120/193 (62.2) 1,792/2,431 (73.7) 0.001
BRAFY positivity with tumor size <1 cm 43/72 (59.7) 1,277/1,745 (73.2) 0.011

Values are expressed as mean=+SD or number (%).

*The largest diameter; ®P<0.05 after adjusting for BRAFY*"*® mutation status.
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Fig. 1. Changes in the prevalence of BRAFY*F mutational status in patients with papillary thyroid carcinoma over two decades in Korea.

cy of ETE in 1995 to 2003 patients with PTC but the frequency
of thyroiditis was higher in 2009 to 2012 patients. There were
no significant differences between the two groups for the fre-
quency of LNM, multiplicity, FV, or family history of thyroid
cancer. After adjusting for BRAFY*"°" mutation status, tumor
size and the frequency of ETE remained significantly higher in
1995 to 2003 patients but only the frequency of thyroiditis re-
mained significantly higher in 2009 to 2012 patients.
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Clinicopathological features of PTC in relation to
BRAFY"* mutation status

The associations between BRAFYF mutation status and the
clinicopathological features of PTC for the two time periods
were analyzed (Table 2). In 1995 to 2003 patients, the frequency
of ETE was significantly higher in patients with the BRAFV*’®
mutation (P=0.047) but there were no significant differences
in mean age at diagnosis, proportion of females, tumor size,

Copyright © 2014 Korean Endocrine Society
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Table 2. Clinicopathological Features of Papillary Thyroid Carcinomas in Relation to BRAFY*"® Mutation Status
1995-2003 (n=193) 2009-2012 (n=2,431)
Characteristic BRAFYO! BRAFYO"E BRAFVO"E BRAFYO"
positive (n=120) negative (n=73) [value positive (n=1,792) negative (n=639) [value

Age at diagnosis, yr 46.4+14.4 43.5+15.5 0.191 48.24+12.0 46.8+12.4 0.013
Female 102 (85.0) 59 (86.9) 0.550 1,460 (81.5) 552 (86.4) 0.005
Tumor size, cm* 1.8x1.5 1.8+1.4 0.781 0.9+0.8 0.9+0.6 0.900
Extrathyroidal extension  76/102 (74.5) 32/55 (58.2) 0.047 1,177/1,791 (65.7)  278/637 (43.6) <0.001
Lymph node metastasis ~ 39/101 (38.6) 20/55 (36.4) 0.863 743/1,791 (41.5)  231/639 (36.2) 0.019
Multiplicity 42/103 (40.8) 19/55 (34.5) 0.495 664/1,790 (37.1)  217/636 (34.1) 0.195
Thyroiditis 9/100 (9.0) 2/53 (3.8) 0.331 541/1,791 (30.2)  296/637 (46.5) <0.001
Follicular variant 8/100 (8.0) 4/54 (7.4) 0.583 69/1,791 3.9)  104/638 (16.3) <0.001
Family history 7/120 (5.8) 7173 (9.6) 0.394 167/1,792 (9.3) 52/639 (8.1) 0.421
Follow-up, yr 10.8 (0.1-16.0) 9.5 (0.3-18.0) 0.571
Recurrence (%)

Overall 10/98 (10.2) 10/56 (17.9) 0.639

Syr 3/98 (3.1) 6/56 (10.7) 0.073

10 yr 7/98 (7.1) 9/56 (16.1) 0.101
Values are expressed as mean=®SD, number (%), or median (range).
*The largest diameter.

family history, frequency of LNM, multiplicity, thyroiditis, or ~ DISCUSSION

FV. The median follow-up duration was 10.8 years in patients
with the BRAFY*°! mutation and 9.5 years in patients with the
wild-type gene (P=0.571). Recurrent disease, persistent dis-
ease, and PTC-related mortality were found in 15 of the 98 pa-
tients with the BRAFY*"" mutation (n=10, 4, and 1, respec-
tively) and 12 of the 56 patients without a BRAFY**F mutation
(recurrent disease, n=10; and PTC-related mortality, n=2). The
recurrence rates for patients positive for the BRAFY*"* muta-
tion and for the wild-type gene were 10.2% and 17.9%, respec-
tively (P=0.639). There was no difference in the overall prog-
nosis by BRAF Y*F mutation status in 1995 to 2003 patients
diagnosed with PTC (P=0.381).

In 2009 to 2012, the BRAFY*** mutation was more frequent-
ly found in PTC patients with ETE and LNM. Patients with the
BRAFY*F mutation were significantly older than those with-
out the BRAFY** mutation, and the predominance of female
patients was lower. Thyroiditis and FV were more frequently
found in patients without the BRAFV*® mutation (P<0.001
for both). When the clinicopathological features of PTC based
on BRAFYF mutation status were compared according to tu-
mor size (=1 cm vs. >1 cm), there were no significant differ-
ences (data not shown).

Copyright © 2014 Korean Endocrine Society

Since 1995, the prevalence of the BRAFV*F mutation in Kore-
an patients with PTC has been approximately 70%. The present
findings demonstrate that from 1995 to 2003 only ETE was

FV()OOE muta-

more frequently observed in patients with the BRA
tion and that the clinical outcomes of PTC, including recur-
rence and PTC-related mortality, did not differ according to
BRAFY*® mutation status. However, patients with the BRAFY*"F
mutation who were treated from 2009 to 2012 had a higher fre-
quency of the more aggressive pathological features of PTC,
including ETE and LNM, while the favorable features of PTC,
such as thyroiditis and FV, were observed less frequently. There-
fore, these findings suggest that the BRAFY*"* mutation status
may be a useful prognostic factor of PTC in recently diagnosed
patients.

Because the statistical differences between the two groups
of patients may have been due to the difference in the number
of subjects (193 patients in 1995 to 2003 versus 2,431 patients
in 2009 to 2012), the associations between BRAFY*""* muta-
tion status and the clinicopathological features of PTC were
analyzed using all of the subjects (n=2,624). Patients with the
BRAFYE mutation were significantly older (48.0 years vs.
46.4 years) and exhibited a lower predominance of female pa-
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tients than patients with wild-type BRAF. ETE and LNM were

FVGOOE muta-

more frequently found in patients with the BRA
tion and the rates of thyroiditis and FV in these patients were
significantly lower than in patients without the BRAFY*F mu-
tation. Tumor size and the frequency of multiplicity did not
significantly differ based on BRAFY*"* mutation status for the
overall population (data not shown).

In the present study, there was a trend for an increase in the
mean rate of the BRAFY*** mutation from 62.2% to 73.7%
over the two time periods (Fig. 1). In the subgroup analysis of
PTMCs, the mean rate of the BRAFY*"F mutation significantly
increased from 59.7% to 73.2% over the two time periods. How-

FY$°F mutation between the

ever, the increased rate of the BRA
two time periods may be attributed to differences in the diag-
nostic accuracy of the detection methods. The sensitivity of
RFLP-PCR is 78.6% whereas the sensitivity of direct DNA
sequencing is 83.0% [21]; and thus, direct DNA sequencing is
more reliable for detection of the BRAFY*** mutation. Re-
gardless, even after adjusting for differences in diagnostic ac-
curacy, the rate of the BRAFY*"F mutation still increased over
the past two decades although it remains unclear why this trend
has occurred. Considering that a point mutation is generated
by mutagens such as environmental toxins there are any num-
ber of possible continuous environmental factors that may have
influenced the prevalence of this mutation. As yet, data re-
garding this issue are not available.

A recent study demonstrated that the BRAFY** mutation
rate in the United States was stable at approximately 46% from
1974 to 2009 whereas the RAS mutation rate increased from
18% to 44% over the past four decades [22]. The frequency of
the BRAFV*"F mutation in that study was lower than that ob-
served in the present study. Thus, the recent increase in the
rates of PTC and PTMC do not seem to be pathogenically as-
sociated with the BRAF*°F mutation in the United States.

Although it remains unclear why the prevalence of the
BRAFY*"F mutation is higher in Korea than in other countries,
the increasingly high rate of this mutation indicates that there
are unique pathophysiological characteristics present in Korean
PTC patients [18]. Iodine-rich diets or chronic thyroiditis in the
Korean population may be associated with genetic alterations,
including the BRAFY*" mutation. For example, there is a pos-
itive correlation between Hashimoto’s thyroiditis and the de-
velopment of PTC [23,24]. Because the prevalence of Hashi-
moto’s thyroiditis is high in Korea, this positive correlation
may provide an explanation for the high incidence of PTC in
this country. However, in the present study, patients with the
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BRAFY® mutation were less likely to have underlying Hashi-
moto’s thyroiditis than patients with the wild-type gene. More-
over, Hashimoto’s thyroiditis is associated with genetic altera-
tions other than BRAFY*"F mutation such as rearrangements of
RAS, ERK, and RET-PTC [25,26]. Therefore, the relationship
between the BRAFY®** mutation in PTC and chronic thyroid-
itis requires further assessment.

The frequency of thyroiditis was significantly higher in 2009
to 2012 patients than in 1995 to 2003 patients in the present study.
The presence of thyroiditis was determined using the histo-
pathological report after thyroidectomy rather than by the pres-
ence of thyroid auto-antibodies such as the antimicrosome anti-
body. Recent pathological reports have become more detailed
and, thus, it was possible that in the past only prominent thy-
roiditis was described and any observed thyroiditis-likelihood
features may not have been mentioned. Therefore, a direct
comparison of the rate of thyroiditis between these two periods
would be difficult.

Although there is controversy regarding whether the various
histological variants or subtypes of PTC are associated with ad-
verse outcomes, the tall cell variant is more frequently observed
than FV in Korean PTC patients with the BRAFY*F mutation
[27,28]. The present findings are consistent with these data in
that the proportion of FV-PTC was significantly lower in pa-
tients with the BRAFY*F mutation than in those with the wild-
type gene.

The BRAFY®*! mutation is associated with the aggressive
pathological features of PTC as well as a poor prognosis [14,29].
However, this association was not prominent in the Korean pa-
tients in the present study, which may be explained by the high
rate of the BRAFY*"® mutation in Korea [30-32]. In the present
study, only the frequency of ETE differed significantly accord-
ing to BRAFY®® mutation status in 1995 to 2003 patients
whereas all other pathological features and the recurrence and
mortality rates were not associated with BRAFY*F mutation
status. However, although long-term patient outcomes were not
evaluated in this study due to the relatively short duration of
the follow-up period, 2009 to 2012 patients with the BRAFY*"®
mutation more commonly exhibited the aggressive features of
PTC, such as ETE and LNM, while the favorable features of
PTC, such as FV and thyroiditis, were less commonly ob-
served. These findings demonstrate that a relationship exists
between the BRAFY*F mutation and the prognosis of PTC.

A possible explanation for this poor prognostic correlation in
1995 to 2003 patients may be that the prognostic power of the
BRAFY mutation was lower than, and thus overshadowed by,
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other aggressive pathological features because most PTCs are di-
agnosed in the more advanced stages. By contrast, the predictive
power of the BRAFY*™ mutation may have been better in 2009
to 2012 patients because the rate of PTCs that were smaller and
had more favorable pathological characteristics increased due to
improved early detection techniques. To test this hypothesis, the
clinicopathological characteristics of the PTCs were compared
according to tumor size (<1 cm vs. >1 cm) but there were no
significant differences. Thus, it remains unclear why the predic-
tive power of the more recent BRAFYF mutation is better.
Based on the findings of a worldwide meta-analysis [14], there is
a strong association between the BRAFY*""* mutation and the ag-
gressive features of PTC, including ETE, LNM, and advanced tu-
mor node metastasis stages, after the year 2000 [33-39].

In conclusion, the present findings demonstrate that the
prevalence of the BRAFY*F mutation was higher in Korea
than in other countries and that it has been increasing over the
last two decades. The clinical outcomes associated with PTC
did not differ based on BRAFYF mutation status in 1995 to
2003 patients but the BRAFY*"F mutation was associated with
the more aggressive features of PTC in 2009 to 2012 patients.
This suggests that BRAFY*F mutation status may be a more
useful prognostic factor for PTC in patients who have been
more recently diagnosed, using early detection methods. Fur-
ther study with long-term follow-up periods is required to more
fully address this issue.
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