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Abstract

The goal of this study was to explore the relationship of the BRAF/¢%% mutation with
clinicopathologic factors and evaluate the effect of radioactive iodine (RAl) therapy in a
large group of intermediate- and high-risk papillary thyroid cancer (PTC) patients with the
BRAFY69% mutation and without distant metastases. We collected data for PTC patients
who underwent total or near-total thyroidectomy and RAI treatment in our hospital from
January 2014-December 2017. There were 1220 PTC patients who met the criteria, and the
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BRAFY69%%F mutation was observed in 979 of them (80.2%). Multivariate analysis identified
that the BRAF/69%F mutation remained independently associated with age at diagnosis,
and bilaterality (OR=1.023, 95% Cl =1.012-1.039, P<0.001; OR=1.685, 95% Cl =
1.213-2.341, P=0.002, respectively). In addition, the patients with bilateral PTCs had a
higher prevalence of extrathyroid invasion, capsular invasion and fusion of metastatic
lymph nodes than the unilateral PTC patients. The response to RAI therapy was evaluated
in both the entire series and the patients with a high recurrence risk; no significant
difference was discerned between the BRAF/$9% mutation and the wild-type groups
(P=0.237 and P =0.498, respectively). To summarize, our results confirmed that PTC
patients with the BRAFY69%F mutation exhibit more aggressive characteristics. In addition,
the patients with bilateral PTC have a higher incidence of extrathyroid invasion. Moreover,
BRAFY69% mutation PTC patients did not show a poorer clinical response after postsurgical

RAI therapy, suggesting that RAI therapy may improve the general clinical outcome of

these patients.
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Introduction

Papillary thyroid cancer (PTC) is a common endocrine
malignancy, accounting for approximately 90% of all
thyroid cancers. There are several histological variants of
PTC, with conventional PTC constituting the majority
of cases (1, 2). PTC incidence has increased rapidly in
recent years, largely due to improvements in healthcare
and diagnostic technology such as early detection with
ultrasonography and fine-needle aspiration biopsy (3, 4,
5). PTC generally has a high cure rate following initial

treatment, behaving in a relatively indolent manner and
responding well to therapy. However, a small number of
patients will experience recurrence during the follow-up
period, with reported recurrence rates varying from 1
to 40%, especially in patients with intermediate to high
recurrence risk (6, 7, 8, 9). Therefore, identifying the
specific features of PTC that correlate with tumor behavior
and prognosis has become an important consideration
in clinical management. Several previous studies have
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reported several clinicopathological characteristics
associated with increased aggressiveness and poor
prognosis, including gender, age at diagnosis, tumor size,
multifocality, extrathyroidal extension and lymph node
metastasis.

In recent years, an increasing number of molecular
genetic characteristics associated with invasiveness and
clinical management have been uncovered, including
the BRAFV®%F mutation, TERT promoter mutations,
RAS mutations and RET/PTC and PAX8/PPARy
rearrangements (10, 11). The BRAFV69F mutation has
drawn particular attention worldwide, given that it is
the most frequent and specific genetic alteration in PTC
and is involved in the tumorigenesis of PTC through
the constitutive activation of the mitogen-activated
protein kinase (MAPK) signaling transduction pathway
(12). In addition, some studies have demonstrated a
strong association between the BRAF mutation and
both PTC recurrence and PTC-related mortality (9, 13).
Nevertheless, several other studies have found that
BRAF status was not associated with negative prognostic
features and poorer outcome. For instance, Gandolfi
et al. (14) found that the occurrence and percentage
of the BRAFV®"E.mutated allele was not preferentially
associated with poor prognostic factors, based on the
observation of 132 cases of well-differentiated PTC
with follow-up periods ranging from 13-372 months.
Thus, they suggest reevaluating the role of the BRAFV60%E
mutation as a negative prognostic marker in PTC.
Therefore, there still exists controversy as to whether
the BRAFV60OE a negative prognostic
indicator. Furthermore, some studies (15) indicated that
the BRAFV9F mutation significantly reduces sodium-
iodide symporter (NIS) expression and radioiodine
uptake ability and influences RAI therapy to the point
of causing RAI-refractory PTC. Jiao et al. (16) designed
their research concerning RAI therapy and PTC with
the BRAFV6E mutation and without distant metastases
by following 228 PTC patients for 1.03-4.80 years. This
study demonstrated that RAI therapy may improve the
general clinical outcome in BRAFY%E mutation PTC
patients without distant metastases. It is worth noting,
however, that only 228 cases with few clinicopathological
characteristics were enrolled in their study. Therefore,
we expanded our study to more than 1000 patients with
PTC and added more clinicopathological characteristics.
In addition, in the subgroup analysis, we compared
the clinicopathologic and prognostic significance of
bilateral PTC with that of unilateral PTC.

mutation is

BRAFV69%F mutation and

radioiodine therapy in PTC

Materials and methods
Study design and samples

In total, 2012 consecutive patients with differentiated
thyroid carcinoma were selected in this retrospective
study. All patients had undergone total or near-total
thyroidectomy, RAI therapy and suppressive therapy
with thyroid-stimulating hormone (TSH) at the Zhujiang
Hospital of Southern Medical University (Guangzhou,
China) from January 2014 to December 2017. Among the
2012 patients, 792 were excluded for at least one of the
following reasons: (1) pathology types other than PTC;
(2) lack of detailed clinicopathological characteristics
or BRAFVS™E analysis result; (3) low recurrence risk
according to the 2015 guidelines of the American
Thyroid Association (ATA); (4) suspicion of distant
metastases due to elevated serum thyroglobulin (Tg)
level or radiological findings including RAI whole-body
scan (RI-WBS), '8F-fluorodeoxyglucose positron emission
tomography/computed tomography (PET/CT), chest CT
or histopathological biopsy and (5) loss to follow-up.
Following these exclusions, 1220 PTC patients remained
and were enrolled in this study.

All patients undergoing RAI therapy or diagnostic
testing were prepared using levothyroxine (LT4)
withdrawal in combination with a strict low-iodine diet
for a minimum of 3-4 weeks, with the goal of reaching
an appropriate TSH level above 30mIU/L. A total of 832
patients received RAI therapy only once, while another
363 patients received two separate RAI treatments, and
25 patients received three treatments. Patients receiving
multiple RAI treatments either had a suspicious lesion
that was still visible on RI-WBS or an abnormal rise of
thyroglobulin with a negative finding on PET/CT during
the follow-up period after the initial RAI therapy. The
selection of the RAI therapy dose was based on the 2015
guidelines of the ATA. RAI activities of 35-100mCi were
administered to PTC patients with intermediate recurrence
risk but without either aggressive histology (e.g., tall
cell, insular cell or columnar cell carcinoma) or vascular
invasion for remnant ablation. The other patients with
an intermediate-high recurrence risk with more aggressive
features received 100-200mCi of RAI therapy (adjuvant or
for persistent disease). Thyroxine therapy was resumed on
the fourth day and a post-therapy whole-body scan was
performed 2-5 days after therapeutic RAI administration.

Follow-up began at the time of the initial RAI therapy
and ranged from 0.67-4.67 years (the mean follow-up
period was 2.67 years). During follow-up, the collected
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data included suppressed and stimulated Tg, TgAb,
RI-WBS, as well as cervical ultrasonography, chest CT,
bone scintigraphic imaging and PET/CT. Based on the
data, patients were classified using the AJCC/TNM 8th
Edition (17) and the ATA risk classification (18). Response
to initial therapy was assessed by the ATA and classified
as follows: (1) excellent response; (2) indeterminate
response; (3) biochemically incomplete response or (4)
structurally incomplete response (18).

The demographic and clinicopathologic
characteristics data were collected from our database. All
the clinicopathological characteristics and response to RAI
therapy were compared between the BRAFV®F mutation
and wild-type PTC patients. In addition, we designed a
subgroup analysis to compare the clinicopathologic and
prognostic significance of bilateral PTC with that of
unilateral PTC. The clinical outcomes in patients with
a high recurrence risk were analyzed separately. This
study was approved by the Institutional Review Board
of the Zhujiang Hospital of Southern Medical University
Ethics Committee and was conducted in accordance with
the Declaration of Helsinki and Good Clinical Practice
guidelines. Consent was obtained from each patient or
subject after a full explanation of the purpose and nature
of all procedures used.

Image analysis and serological assays

Patients meeting all of the following criteria were
diagnosed as having PTC without distant metastases:
(1) RI-WBS demonstrated no focal or diffuse RAI uptake
in the lungs or bones; (2) negative findings of other
imaging examinations, including plain radiography,
chest CT, bone scintigraphy and PET/CT and (3) negative
Tg and TgAD levels. All images were separately evaluated
by two experienced nuclear medicine physicians or two
radiologists who were unaware of the clinical findings
or any other diagnostic imaging data. During follow-up,
serological regularly performed,
generally involving the determination of Tg, TgAb and
TSH levels.

examinations were

Mutational testing

The immunohistochemistry (IHC) analysis was designed
to test for the BRAFVE mutation. THC testing for the
BRAFV%E mutation was performed on all postoperative
thyroidectomy specimens using mouse anti-BRAFV60%E
(clone VE1, 1:4 dilution, Ventana Medical Systems,
Tucson, AZ, USA) and the OptiView DAB IHC Detection Kit

BRAF/69% mutation and 8:6 756
radioiodine therapy in PTC

(Roche) on a Ventana BenchMark XT autoimmunostainer
(Ventana Medical Systems). Whole tissue sections (4 pm)
were transferred to poly-L-lysine-coated adhesive slides
and dried at room temperature for 10min. Antigen
retrieval was performed using the heat-induced epitope
retrieval method followed by 20min at 65°C in an
incubator. After incubation in CC1 solution (Roche) for
72min, primary antibody was added and incubated for
another 72min. A haptenated secondary antibody was
added and incubated for a further 12min. Alpha-hapten-
horseradish peroxidase was then added to the sections.
After incubation for 10 min, diaminobenzidine was added
and incubated for 10minutes. Negative controls were
performed by omitting the primary antibody. Positive
controls were melanoma tissue. Slides were evaluated by
an experienced pathologist who was blind to the BRAF
mutational status. Diffuse homogeneous cytoplasmic
staining in all tumor cells was considered as positive.
Non-specific staining of colloids and equivocally weak or
focal cytoplasmic staining was considered as negative.

Statistical analysis

Statistical analysis was performed using SPSS 20.0 for
Windows (IBM Corp.). The results were expressed as
either a percentage or mean#s.n. The clinicopathologic
features among groups that were categorical variables
were compared using Fisher’s exact test and Pearson’s
chi-squared test. A Student’s f test was used for normally
distributed continuous variables, and a Mann-Whitney
U test was used for non-normally distributed continuous
variables. A P<0.05 was considered statistically significant.

Results
Clinicopathological characteristics

Demographic data are listed in Table 1. The mean age at
diagnosis was 38.6+12.4 years (range 5-76 years); 68.0%
(830) of patients were female and 32.0% (390) were male.
The histologic cancer types included 1168 (95.7%) classic
PTCs, 36 (3.0%) follicular variant PTCs and 16 (1.3%)
other aggressive PTC variants (including oxyphilic,
diffuse sclerosing and solid). As detailed in Table 1, the
mean tumor size was 1.70+1.10cm (range 0.08-10cm),
with almost half the tumors ranging from 1-2cm in size,
close to 30% <1cm and the remainder >2cm. Among all
of the PTC patients, 1102/1220 (90.3%) presented lymph
node metastases. In addition, according to the AJCC/TNM
8th Edition, the distribution among the four tumor stages
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Table 1 Patient characteristics.

Characteristic No. (%)

Age at diagnosis (years)

Mean (s.p.), range 38.6(12.4), 6-76

Sex
Male/female 390 (32)/830 (68)
Histologic subtype
Classic PTC 1168 (95.7)
Follicular variant PTC 36 (3)
Other aggressive variants PTC? 16(1.3)
Tumor sizeP (cm)
Mean *s.p. 1.70£1.10

Median (range)
Tumor size, n (%)

1.50 (0.08-10)

<1cm 387 (31.7)

1-2cm 554 (45.4)

2-4cm 240 (19.7)

4cm 39 (3.2)
Lymph node metastases© 1102 (90.3)
BRAFV690F mutation 979 (80.2)
TNM stage, n (%)

| 1080 (88.5)

Il 89 (7.3)

1 40 (3.3)

I\ 11(0.9)
Recurrence risk, n (%)

Intermediate 844 (69.2)

High 376 (30.8)
Response to therapy, n (%)

Excellent response 713 (58.4)
Indeterminate response 54 (4.4)

Biochemical incomplete response 290 (23.8)
Structural incomplete response 163 (13.4)

aOther aggressive variants include oxyphilic, diffuse sclerosing, solid
variant. °Tumor size is recorded as the greatest tumor dimension. ‘Lymph
node metastasis at the completion of initial surgical treatment.

PTC, papillary thyroid carcinoma; s.o., standard deviation.

was I: 88.5%; II: 7.3%; I1I: 3.3% and IV: 0.9%. Based on the
2015 ATA risk classification, 39.8% of the patients were
high risk and 69.2% were intermediate risk. The various
responses to the initial therapy were excellent (713/1220,
58.4%), indeterminate (54/1220, 4.4%),
incomplete (290/1220, 23.8%) and structural incomplete
(163/1220, 13.4%).

biochemical

Clinical and pathologic differences in PTCs with the
BRAFV6%E mutation

Of the 1220 patients who were included in this
retrospective study, 979 (80.2%) had the BRAFV60E
mutation and 241 (19.8%) had the BRAF"%E wild type.
As shown in Table 2, the BRAF"99F mutation PTC patients
were older at the time of diagnosis (39.5+£12.2 years vs
34.9+12.6 years; P<0.001), had a higher prevalence of
bilateral PTC (36.3 vs 26.1%; P=0.003), had a greater

BRAFV69%F mutation and

radioiodine therapy in PTC

presence of nodular goiter (42.1 vs 34.4%; P=0.030) and
were diagnosed at a more advanced tumor stage (III/IV
vs I/11; P<0.001) than the BRAFV®%F wild-type group. The
BRAFV69% mutation was most often present in the classic
variant PTCs (97.2 vs 89.6%), and less frequently present
in the aggressive variant PTCs. In addition, our findings
also showed that the presence of Hashimoto’s thyroiditis
(P=0.037) and vascular invasion (P<0.001) were
negatively correlated to the presence of the BRAFV60F
mutation, whereas correlations with other variables
such as gender, extrathyroid invasion, lymph node
metastasis, multifocality and so on were not statistically
significant (Table 2). As shown in Table 3, multivariate
analysis results further indicated that the BRAFV6UE
mutation remained independently associated with age
at diagnosis, and area of primary lesion (OR=1.023,
95% CI=1.012-1.039, P<0.001; OR=1.685, 95% ClI=
1.213-2.341, P=0.002, respectively). In addition,
histologic variants exhibited a strong negative
relationship with the BRAFV®% mutation (OR=0.411,
95% CI=0.265-0.638, P<0.001).

Clinical and pathologic differences in bilateral PTC

In order to further investigate the clinical and pathologic
characteristics of bilateral PTCs, we compared the
differences between bilateral PTC and unilateral PTC.
As shown in Table 4, among the patients in our study,
418/1220 (34.3%) had bilateral PTC. Females were more
likely to present with bilateral PTC than with unilateral
PTC (73.0 vs 65.5%; P=0.008). Bilateral PTC had a higher
prevalence than unilateral PTC of extrathyroid invasion
(62.7 vs 53.2%; P=0.002), capsular invasion (72.7 vs
67.2%; P=0.048) and fusion of metastatic lymph nodes
(12.8 vs 7.9%; P=0.009). No other clinicopathological
features associated with bilaterality were found.

Association between response to RAI therapy and
BRAFV5%F mutation status in PTC patients

We also compared the response to RAI therapy between
PTC patients with the BRAF'5%E mutation and those with
the BRAFVYE wild type. As shown in Table 5, univariate
analysis demonstrated that the response to RAI therapy
had no significant association with BRAF'¢% status in the
overall cohort (P=0.237). Moreover, since the patients
with high recurrence risk accounted for 30.8% (376/1220)
of all patients, we designed a subgroup analysis for the
high recurrence risk group. Our results, however, revealed
that there was no significant difference in treatment
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Table 2 Comparison of various clinicopathologic features between the BRAF’®%% mutant and wild-type groups.

Variable BRAF'S°f mutant group BRAFV®°°F wild-type group P value
Number (%) of patients 979 (80.2) 241 (19.8)
Sex, n (%) 0.533
Male 317 (32.4) 73(30.3)
Female 662 (67.6) 168 (69.7)
Age at diagnosis (years), mean * s.D. 39.5+12.2 349+12.6 <0.001*
Family history 0.935
Yes 50 (5.1) 125 (5.0)
No 929 (94.9) 229 (95.0)
Histologic variants, n (%) <0.001*
Classic PTC 952 (97.2) 216 (89.6)
Follicular variant PTC 18 (1.8) 18 (7.5)
Other aggressive variants PTC? 9(0.9) 7(2.9)
Tumor size, cm 0.088
Mean +s.p. 1.66+£1.12 1.79+1.12
Range 0.10-10.00 0.08-8.00
Tumor size®, n (%) 0.137
<1cm 324 (33.1) 63 (26.1)
1-2cm 441 (45.0) 113 (46.9)
2-4cm 183(18.7) 57 (23.7)
4cm 31(3.2) 8(3.3)
Multifocality, n (%) 0.161
Yes 484 (49.4) 107 (44.4)
No 495 (50.6) 134 (55.6)
Area of primary lesion, n (%) 0.003*
Bilaterality 355 (36.3) 63 (26.1)
Unilateral 624 (63.7) 178 (73.9)
Capsular invasion, n (%) 0.700
Yes 674 (68.8) 169 (70.1)
No 305 (31.2) 72 (29.9)
Extrathyroidal invasion, n (%) 0.675
Yes 550 (56.2) 139 (57.7)
No 429 (43.8) 102 (42.3)
Vascular invasion, n (%) <0.001*
Yes 77 (7.9) 51(21.2)
No 901 (92.1) 190 (78.8)
Neurological invasion, n (%) 0.947
Yes 62 (6.3) 15(6.2)
No 916 (93.7) 226 (93.8)
Gross extrathyroidal extension, n (%) 0.124
Yes 280 (28.6) 57 (23.7)
No 699 (71.4) 184 (76.3)
With Hashimoto thyroiditis, n (%) 0.037*
Yes 229 (23.4) 72 (29.9)
No 749 (76.6) 169 (70.1)
With nodular goiter, n (%) 0.030*
Yes 412 (42.1) 83 (34.4)
No 566 (57.9) 158 (65.6)
Lymph node metastases (LNs), n (%) 0.432
Yes 879 (89.8) 223(92.5)
No 54 (5.5) 10 (4.1)
No neck dissection 46 (4.7) 8(3.3)
Extracapsular extension of metastatic lymph 0.406
nodes, n (%)
Yes 356 (41.4) 98 (44.5)
No 503 (58.6) 122 (55.5)
Fusion of metastatic lymph nodes, n (%) 0.199
Yes 77 (9.0) 26 (11.8)
No 782 (91.0) 194 (88.2)
(Continued)
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Variable BRAFV%°°f mutant group BRAFV¢°*f wiild-type group P value
ATA risk stratification, n (%) 0.197
Intermediate 669 (68.3) 175 (72.6)
High 310 (31.7) 66 (27.4)
The 8th AJCC TNM stage, n (%) 0.029*
1711 932 (95.2) 237 (98.3)
/v 47 (4.8) 4(1.7)
Cumulative iodine dose, (mCi) 0.089
Mean + s.p. 205.3+96.1 218.0+105.8
Range 35-630 35-628

aOther aggressive variants include oxyphilic, diffuse sclerosing, solid variant. °Tumor size is recorded as the greatest tumor dimension. ‘Lymph node
metastasis at the completion of initial surgical treatment. *Represents the P value <0.05.

PTC, papillary thyroid carcinoma; s.o., standard deviation.

response after RAI therapy between those with and
without the BRAF"%F mutation (P=0.498; Table 6).

Discussion

PTC is generally an indolent disease that usually has
a favorable prognosis. Nonetheless, a small number of
PTC patients will experience local recurrence, distant
metastasis or mortality. According to several previous
studies, PTC recurrence develops in up to 20% of patients
at the 10-year follow-up and is associated with increased
morbidity and possible mortality, although this remains
quite controversial (13, 19, 20, 21). Thus, developing
methods to predict PTC recurrence has become a research
focusinrecentyears. Numerous reports have demonstrated
that some postoperative clinicopathological features,
including male gender, extrathyroidal extension, lymph
node metastasis, relatively large tumor size and vascular
invasion exhibit a strong association with PTC recurrence
or mortality (7, 20, 22). Moreover, regarding the risk of
recurrence, on the basis of intraoperative findings and
the relevant postoperative assessment results, including
pathological features and imaging findings, the new 2015
ATA guidelines further divide PTC patients into three
types: low, intermediate or high recurrence risk (18).

Table 3 Multivariate logistic regression analysis of BRAF/69%F
mutation in patients with papillary thyroid carcinoma.

Characteristics OR (95% Cl) P value
Age at diagnosis 1.025(1.012-1.039) <0.001*
Histologic variants 0.411 (0.265-0.638) <0.001*
Vascular invasion 0.790 (0.569-1.096) 0.158
Area of primary lesion 1.685 (1.213-2.341) 0.002*
The 8th AJCC TNM stage 1.748 (0.586-5.499) 0.39

*Represents the P value <0.05.
OR, odds ratio; Cl, confidence interval.

This categorization could help to improve the choice
of treatment plan and the clinical management of
PTC, especially in patients with intermediate or high
recurrence risk.

Recently, gene research at the molecular level has
drawn the attention of more and more researchers.
Among other findings, their investigations have indicated
that the BRAFVF mutation, which, with an incidence
ranging from 48.5-75.3% is the most common genetic
alteration in PTC, is strongly related to poor prognosis
and aggressive clinicopathological characteristics (11,
23, 24, 25). In the current study, our results revealed that
the BRAFV®"E mutation is prevalent in PTC (present in
approximately 80.5% of the patients we investigated),
especially in classic PTC. This incidence rate is higher than
that found in previous studies, something that may be
explained by the fact that most of the participants were
from the eastern coastal area of China, where residents
have relatively high iodine intake from a diet rich in
seafood. High dietary iodine intake is strongly associated
with the BRAFV%E mutation (26). The current study found
that the BRAFYE mutation was correlated with older
age, histologic variants, bilaterality, less vascular invasion,
less Hashimoto’s thyroiditis, nodular goiter and relatively
advanced TNM stage. Multivariate logistic regression
analysis also demonstrated that the association of the
BRAF mutation with older age, bilaterality, and histologic
variants remained independently significant. We did not,
however, observe significant differences between the
BRAF"6%E mutation and known unfavorable prognostic
indicators, such as extrathyroidal extension, lymph node
metastasis, and relatively large tumor size, which had
been revealed in most previous studies (23, 24, 27). These
inconsistent results may be partly due to the heterogeneity
of the BRAFY6? mutation within a tumor and the
variability of the detection methods. In addition, several
recent studies failed to corroborate the above observations,
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Table 4 Comparison of various clinicopathologic features between patients with bilateral and unilateral papillary thyroid

carcinoma.

Variable Bilateral PTCs group Unilateral PTCs group P value

Number (%) of patients 418 (34.3) 802 (65.7)

Sex, n (%) 0.008*
Male 113 (27.0) 277 (34.5)
Female 305 (73.0) 525 (65.5)

Age at diagnosis (years), mean ts.p. 39.3+£12.0 38.3+125 0.186

Family history 0.947
Yes 21(5.0) 41 (5.1)
No 397 (95.0) 761 (94.9)

Histologic variants, n (%) 0.209
Classic PTC 401 (95.9) 767 (95.6)
Follicular variant PTC 9(2.2) 27 (3.4)
Other aggressive variants PTC? 8(1.9) 8(1.0)

Tumor size®, cm 0.289
Mean +s.p. 1.73+£1.24 1.66+1.06
Range 0.20-9.00 0.08-10.00

Tumor size, n (%) 0.298
<lcm 128 (30.6) 259 (32.3)
1-2cm 199 (47.6) 355 (44.3)
2-4cm 74 (17.7) 166 (20.7)
4cm 17 (4.1) 22 (2.7)

Capsular invasion, n (%) 0.048*
Yes 304 (72.7) 539 (67.2)
No 114 (27.3) 263 (32.8)

Extrathyroidal invasion, n (%) 0.002*
Yes 262 (62.7) 427 (53.2)
No 156 (37.3) 375 (46.8)

Vascular invasion, n (%) 0.229
Yes 50 (12.0) 78 (9.7)
No 368 (88.0) 723 (90.3)

Neurological invasion, n (%) 0.882
Yes 27 (6.5) 50 (6.2)
No 391 (93.5) 751 (93.8)

Gross extrathyroidal extension, n (%) 0.120
Yes 127 (30.4) 210 (26.2)
No 291 (69.6) 592 (73.8)

With Hashimoto thyroiditis, n (%) 0.783
Yes 101 (24.2) 200 (24.9)
No 316 (75.8) 602 (75.1)

With nodular goiter, n (%) <0.001*
Yes 135(32.4) 360 (44.9)
No 282 (67.6) 442 (55.1)

Lymph node metastases (LNs)<, n (%) 0.695
Yes 374 (89.5) 728 (90.8)
No 25 (6.0) 39 (4.9)
No neck dissection 19 (4.5) 35(4.4)

Extracapsular extension of metastatic lymph nodes, n (%) 0.132
Yes 166 (45.2) 288 (40.4)
No 201 (54.8) 424 (59.6)

Fusion of metastatic lymph nodes, n (%) 0.009*
Yes 47 (12.8) 56 (7.9)
No 320(87.2) 656 (92.1)

ATA risk stratification, n (%) 0.112
Intermediate 277 (66.3) 567 (70.7)
High 141 (33.7) 235 (29.3)

The 8th AJCC TNM stage, n (%) 0.874
171 400 (95.7) 769 (95.9)
/v 18 (4.3) 33(4.1)

aOther aggressive variants include oxyphilic, diffuse sclerosing, solid variant. "Tumor size is recorded as the greatest tumor dimension. ‘Lymph node
metastasis at the completion of initial surgical treatment. *Represents the P value <0.05.
PTC, papillary thyroid carcinoma; s.o., standard deviation.
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Table 5 Association between response to RAI therapy and
BRAFY69% status in all PTC patients.

BRA FVEME BRA FVEME
Response to therapy mutant group wild-type group P value
Excellent response 572 (58.4%) 141 (58.5%) 0.237

Indeterminate 134 (13.7%) 29 (12.0%)
response

Biochemical 48 (4.9%) 6 (2.5%)
incomplete response

Structural incomplete 225 (23.0%) 65 (27.0%)

response

and the significance of the BRAFV®%F mutation in PTC
remains debatable (14, 28). Thus, it may be more helpful
to identify some additional markers associated with the
BRAF6%E mutation in order to predict the outcome of
patients with PTC. Some recent publications have reported
that coexisting TERT and BRAF mutations were even
more commonly and more significantly associated with
clinicopathological aggressiveness, and might form a novel
genetic background defining cases of PTC having the worst
clinicopathologic outcomes (9, 11). A recent meta-analysis
(29), which included 13 eligible studies incorporating
4347 patients with PTC, 283 of whom had coexistent
BRAFV®%E and TERT promoter mutations, corroborated
this association. Moreover, PTC-related mortality was
significantly higher when these coexistent mutations were
present than in the presence of BRAF"%’E alone (HR=20.07,
CI=8.37-48.09). Despite continuing controversy, it is clear
that the disease in the BRAF"%F mutation group in our
study was more aggressive than in the wild-type group.
Moreover, our data indicated that bilateral PTC is
actually different from unilateral PTC. Bilateral PTC is
generally more prevalent in females and is more likely
to exhibit extrathyroidal invasion, capsular invasion
and fusion of metastatic lymph nodes. It is worth noting
that bilateral PTC has a higher incidence of extrathyroid
invasion. Similarly, Wang et al. (30) investigated more
than 2000 consecutive patients with PTC and reported
that patients with bilateral PTC have more aggressive

Table 6 Association between response to RAI therapy and
BRAFY59% status in PTC patients with high recurrence risk.

BRA Fvsaas BRA FVGME

Response to therapy mutant group wild-type group P value
Excellent response 148 (47.7%) 32 (48.5%) 0.498
Indeterminate 42 (13.5%) 5(7.6%)

response
Biochemical 19 (6.1%) 3 (4.5%)

incomplete response
Structural incomplete 101 (32.6%) 26 (39.4%)

response

BRAFV69%F mutation and 8:6 761

radioiodine therapy in PTC

disease features, a higher frequency of the BRAF mutation
and lower 10-year DFS rates than those with unilateral-
multifocal and solitary PTC. The authors also suggested
that bilaterality should be regarded as a more progressive
state of the disease and should therefore be considered in
risk stratification, management guidelines and subsequent
follow-up of PTC patients. Although our study did not
further distinguish unilateral-multifocal PTC from solitary
PTC, which is one of its limitations, we also demonstrated
a significant association between the BRAFV6%F mutation
and bilaterality. This finding implies the need for further
research in order to investigate this relationship.

PTC is a relatively indolent cancer, even though
it tends to recur. Consequently, in recent years, more
attention has been focused on the BRAFY®E mutation,
which has been found to be an independent predictor of
recurrence (25, 31, 32, 33). A retrospective multicenter
study performed by Xing et al. (25), including 2099 PTC
patients from 16 medical centers in eight countries,
indicated that a significant association between the
BRAFV®%F mutation and PTC recurrence exists in patients
with conventionally low-risk disease stage I or II and
micro-PTC, as well as those with various subtypes of
PTC. In addition, the BRAFV®® mutation was associated
with poorer recurrence-free probability in Kaplan-Meier
survival analyses in various clinicopathologic categories.
Thus, the author suggested that the BRAF"% mutation
should be regarded as an independent prognostic
predictor of PTC recurrence. Moreover, in a meta-analysis
of 81 studies that included 25,241 PTC patients, Qing et al.
(34) also demonstrated that the BRAFV°9F mutation was a
significant predictor of recurrence/persistence (OR=2.33;
95% CI=1.71-3.18). Furthermore, several studies have
also found that the BRAF'S%F mutation is correlated with
mortality in patients with PTC (13, 35). Therefore, it is
relatively clear that the BRAFV®"F mutation is associated
with a poorer clinical prognosis in PTC patients.

In our current study, since all patients underwent
postsurgical RAI therapy, we had the opportunity to further
comprehensively evaluate the relationship between the
BRAFV%E mutation and response to therapy. Unlike the
aforementioned studies, however, we did not observe a
significant association between the BRAFV®F mutation
and poorer clinical outcomes in the overall cohort. In
addition, we separated all patients into a subgroup that
only included the high recurrence risk PTC patients. The
results of our subgroup analysis were similar to those of
the entire cohort, i.e., the response to RAI therapy in the
subgroup was not inferior to that of the wild-type group.
One possible reason for this unexpected finding might
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be that all patients received postsurgical RAI therapy in
our study. According to previous research, radioactive
iodine (RAI) therapy, as an important adjuvant treatment
following thyroidectomy, could improve overall survival
and reduce the likelihood of disease recurrence (36, 37,
38). For example, a large sample cohort study, involving
a total of 32,119 patients, showed that RAI therapy
following thyroid lobectomy was associated with
improved survival at both the 5- and 10-year follow-up
(37). Therefore, regarding our unexpected research results,
RAI therapy might play a significant role in improving
the clinical outcome of BRAFV®%E mutation PTC patients,
especially those with a high recurrence risk. The findings
of another study (16) were similar to ours, although a
major drawback of their research was a relatively small
sample size, consisting of only 228 PTC patients. By
contrast, our research cohort was significantly larger (1220
PTC patients), which presumably would be advantageous.
The current study has the following limitations. First,
the major shortcoming is that it was a retrospective,
single-institution study. Second, since PTC is typically a
slowly-progressing disease, our follow-up time (the mean
follow-up period was 2.67 years) may not have been long
enough to uncover the true prognostic significance of
the BRAFVS9F mutation. Thus, prognostic factors related
to the BRAFY®0%F mutation, such as tumor recurrence and
survival, have not been adequately examined. Third,
since only patients with PTC were enrolled, this study
cannot be applied to other types of thyroid cancer, such
as medullary thyroid carcinoma, anaplastic thyroid
carcinoma and follicular thyroid carcinoma. Therefore, in
future analyses, we plan to extend the follow-up time in
order to confirm the research results described earlier.

Conclusions

In summary, this large retrospective study confirms that
PTC patients with the BRAF'®"F mutation are more
likely to have aggressive characteristics, including older
age, tumor bilaterality and more advanced TNM stage.
In addition, patients with bilateral PTC have a higher
incidence of extrathyroid invasion. Nevertheless, poor
clinical outcomes were not observed in intermediate
or high recurrence risk PTC patients with the BRAFV60F
mutation and without distant metastases, suggesting that
RAI therapy could improve the general clinical outcome
in this patient group. Thus, additional studies with larger
patient cohorts and long-term follow-up are warranted in
order to confirm these findings.

BRAFV69%F mutation and 8:6 762

radioiodine therapy in PTC

Declaration of interest
The authors declare that there is no conflict of interest that could be
perceived as prejudicing the impartiality of the research reported.

Funding
This research did not receive any specific grant from any funding agency in
the public, commercial or not-for-profit sector.

References

1 Siegel RL, Miller KD & Jemal A. Cancer statistics, 2018. CA: A Cancer
Journal for Clinicians 2018 60 277-300. (https://doi.org/10.3322/
caac.21442)

2 Shi X, Liu R, Basolo F, Giannini R, Shen X, Teng D, Guan H,

Shan Z, Teng W, Musholt T, et al. Differential clinicopathological
risk and prognosis of major papillary thyroid cancer variants.
Journal of Clinical Endocrinology and Metabolism 2015 101 264-274.
(doi:10.1210/j¢.2015-2917)

3 Chen AY, Jemal A & Ward EM. Increasing incidence of differentiated
thyroid cancer in the United States, 1988-2005. Cancer 2009 115
3801-3807. (https://doi.org/10.1002/cncr.24416)

4 Mao Y & Xing M. Recent incidences and differential trends of
thyroid cancer in the United States. Endocrine-Related Cancer 2016 23
313-322. (https://doi.org/10.1530/ERC-15-0445)

5 Lindsey E, Kangmin Z, Elaine R, Marrogi A, Alexander S, Peoples G
& Devesa S. Rising thyroid cancer incidence in the United States
by demographic and tumor characteristics, 1980-2005. Cancer
Epidemiology, Biomarkers and Prevention 2009 18 784-791. (https://
doi.org/10.1158/1055-9965.EPI-08-0960)

6 Tuttle RM, Ball DW, Byrd D, Dilawari RA, Doherty GM, Duh QY,
Ehya H, Farrar WB, Haddad RI, Kandeel F, et al. Thyroid carcinoma.
Journal of the National Comprehensive Cancer Network 2010 8
1228-1274. (https://doi.org/10.6004/jnccn.2010.0093)

7 Lango M, Flieder D, Arrangoiz R, Veloski C, Yu JQ, Li T, Burtness B,
Mehra R, Galloway T & Ridge JA. Extranodal extension of metastatic
papillary thyroid carcinoma: correlation with biochemical endpoints,
nodal persistence, and systemic disease progression. Thyroid 2013 23
1099-1105. (https://doi.org/10.1089/thy.2013.0027)

8 Brown RL, de Souza JA & Cohen EE. Thyroid cancer: burden of
illness and management of disease. Journal of Cancer 2011 2 193-199.
(https://doi.org/10.7150/jca.2.193)

9 Xing M, Liu R, Liu X, Murugan AK, Zhu G, Zeiger MA, Pai S &
Bishop J. BRAF V60OE and tert promoter mutations cooperatively
identify the most aggressive papillary thyroid cancer with highest
recurrence. Journal of Clinical Oncology 2014 32 2718-2726. (https://
doi.org/10.1200/JC0O.2014.55.5094)

10 Zou M, Baitei EY, Alzahrani AS, BinHumaid FS, Alkhafaji D,

Al-Rijjal RA, Meyer BF & Shi Y. Concomitant RAS, RET/PTC, or BRAF
mutations in advanced stage of papillary thyroid carcinoma. Thyroid
2014 24 1256-1266. (https://doi.org/10.1089/thy.2013.0610)

11 Liu X, Qu S, Liu R, Sheng C, Shi X, Zhu G, Murugan A, Guan H,

Yu H, Wang Y, et al. Tert promoter mutations and their association
with BRAF V60OE mutation and aggressive clinicopathological
characteristics of thyroid cancer. Journal of Clinical Endocrinology and
Metabolism 2014 99 1130-1136. (https://doi.org/10.1210/jc.2013-
4048)

12 Xing M. BRAF mutation in thyroid cancer. Endocrine-Related Cancer
2005 12 245-262. (https://doi.org/10.1677/erc.1.0978)

13 Xing M, Alzahrani AS, Carson KA, ER VD, Bendlova B, Yip L, Mian C,
Vianello F, Tuttle RM, Robenshtok E, et al. Association between
BRAF V600E mutation and mortality in patients with papillary
thyroid cancer. JAMA 2013 309 1493-1501. (https://doi.org/10.1001/
jama.2013.3190)

© 2019 The authors
Published by Bioscientifica Ltd

https://ec.bioscientifica.com
https://doi.org/10.1530/EC-19-0045

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0
International License.

@)oo


https://doi.org/10.3322/caac.21442
https://doi.org/10.3322/caac.21442
10.1210/jc
https://doi.org/10.1002/cncr.24416
https://doi.org/10.1530/ERC-15-0445
https://doi.org/10.1158/1055-9965.EPI-08-0960
https://doi.org/10.1158/1055-9965.EPI-08-0960
https://doi.org/10.6004/jnccn.2010.0093
https://doi.org/10.1089/thy.2013.0027
https://doi.org/10.7150/jca.2.193
https://doi.org/10.1200/JCO.2014.55.5094
https://doi.org/10.1200/JCO.2014.55.5094
https://doi.org/10.1089/thy.2013.0610
https://doi.org/10.1210/jc.2013-4048
https://doi.org/10.1210/jc.2013-4048
https://doi.org/10.1677/erc.1.0978
https://doi.org/10.1001/jama.2013.3190
https://doi.org/10.1001/jama.2013.3190
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1530/EC-19-0045
https://ec.bioscientifica.com

G Zhu, Y Deng, L Pan et al.

Endocrine
W CONNECTIONS

14 Gandolfi G, Sancisi V, Torricelli F, Ragazzi M, Frasoldati A, Piana S
& Ciarrocchi A. Allele percentage of the BRAF V60OE mutation
in papillary thyroid carcinomas and corresponding lymph node
metastases: no evidence for a role in tumor progression. Journal of
Clinical Endocrinology and Metabolism 2013 98 E934-E942. (https://
doi.org/10.1210/jc.2012-3930)

15 Yang K, Wang H, Liang Z, Liang J, Li F & Lin Y. BRAFV600E mutation
associated with non-radioiodine-avid status in distant metastatic
papillary thyroid carcinoma. Clinical Nuclear Medicine 2014 39
675-679. (https://doi.org/10.1097/RLU.0000000000000498)

16 Jiao L, Jun L, Teng Z & Yansong L. Noninferior response in BRAF
V600E mutant nonmetastatic papillary thyroid carcinoma to
radioiodine therapy. European Journal of Nuclear Medicine and
Molecular Imaging 2016 43 1034-1039. (https://doi.org/10.1007/
500259-015-3305-1)

17 Lamartina L, Grani G, Arvat E, Nervo A, Zatelli MC, Rossi R,
Puxeddu E, Morelli S, Torlontano M & Massa M. 8th edition of AJCC/
TNM staging system of thyroid cancer: what to expect. Endocrine-
Related Cancer 2018 25 L7-L11. (https://doi.org/10.1530/ERC-17-
0453)

18 Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel §J,
Nikiforov YE, Pacini F, Randolph GW, Sawka AM, Schlumberger M,
et al. 2015 American Thyroid Association management guidelines
for adult patients with thyroid nodules and differentiated thyroid
cancer: the American Thyroid Association guidelines task force on
thyroid nodules and differentiated thyroid cancer. Thyroid 2016 26
1-133. (https://doi.org/10.1089/thy.2015.0020)

19 Jonklaas J, Sarlis ND, Ain K, Bigos S, Brierley J, Cooper D, Haugen B,
Ladenson P, Magner ], Robbins J, et al. Outcomes of patients with
differentiated thyroid carcinoma following initial therapy. Thyroid
2006 16 1229-1242. (https://doi.org/10.1089/thy.2006.16.1229)

20 Lundgren CI, Hall P, Dickman PW & Zedenius J. Clinically significant
prognostic factors for differentiated thyroid carcinoma: a population-
based, nested case-control study. Cancer 2006 106 524-531. (https://
doi.org/10.1002/cncr.21653)

21 Podnos Y, Smith D, Wagman L & Ellenhorn J. Survival in patients
with papillary thyroid cancer is not affected by the use of radioactive
isotope. Journal of Surgical Oncology 2010 96 3-7. (https://doi.
01g/10.1002/j50.20656)

22 Wang E Zhao S, Shen X, Zhu G, Liu R, Viola D, Elisei R, Puxeddu E,
Fugazzola L, Colombo C, et al. BRAF V600E confers male sex
disease-specific mortality risk in patients With papillary thyroid
cancer. Journal of Clinical Oncology 2018 36 2787-2795. (https://doi.
org/10.1200/JC0O.2018.78.5097)

23 Lim JY, Hong SW, Lee YS, Kim BW, Park CS, Chang HS & Cho JY.
Clinicopathologic implications of the BRAF(V600E) mutation in
papillary thyroid cancer: a subgroup analysis of 3130 cases in a
single center. Thyroid 2013 23 1423-1430. (https://doi.org/10.1089/
thy.2013.0036)

24 Kim SK, Lee JH, Woo J, Park I, Choe J, Kim J & Kim JS. BRAF V600OE
mutation: differential impact on central lymph node metastasis by
tumor size in papillary thyroid carcinoma. Head and Neck 2016 38
E1203-E1209. (https://doi.org/10.1002/hed.24192)

25 Xing M, Alzahrani AS, Carson KA, Shong YK, Kim TY, Viola D,

Elisei R, Bendlové B, Yip L, Mian C, et al. Association between

BRAF V600E mutation and recurrence of papillary thyroid cancer.
Journal of Clinical Oncology 2015 33 42-50. (https://doi.org/10.1200/
JCO.2014.56.8253)

26 Wang F, Wang Y, Wang L, Wang X, Sun C, Xing M & Zhao W. Strong
association of high urinary iodine with thyroid nodule and papillary

BRAFV69%F mutation and 8:6 763

radioiodine therapy in PTC

thyroid cancer. Tumour Biology 2014 35 11375-11379. (https://doi.
01g/10.1007/513277-014-2397-8)

27 Bastos AU, Oler G, Nozima BH, Moyses RA & Cerutti JM. BRAF
V600E and decreased NIS and TPO expression are associated with
aggressiveness of a subgroup of papillary thyroid microcarcinoma.
European Journal of Endocrinology 2015 173 525-540. (https://doi.
0rg/10.1530/EJE-15-0254)

28 Alzahrani AS, Murugan AK, Qasem E, Alswailem M, Al-Hindi H &
Shi Y. Single point mutations in pediatric differentiated thyroid
cancer. Thyroid 2017 27 189-196. (https://doi.org/10.1089/
thy.2016.0339)

29 Moon S, Song Y, Kim Y, Lim J, Cho S, Moon J, Hahn S, Park D
& Park Y. Effects of coexistent BRAF(V600E) and TERT promoter
mutations on poor clinical outcomes in papillary thyroid
cancer: a meta-analysis. Thyroid 2017 27 651-660. (doi:10.1089/
thy.2016.0350)

30 Wang W, Su X, He K, Wang Y, Wang H, Wang H, Zhao Y, Zhao W,
Zarnegar R, Fahey TJ, et al. Comparison of the clinicopathologic
features and prognosis of bilateral versus unilateral multifocal
papillary thyroid cancer: an updated study with more than 2000
consecutive patients. Cancer 2016 122 198-206. (https://doi.
org/10.1002/cncr.29689)

31 Huang F, Fang W, Ye L, Zhang X, Shen L, Han R, Wei Q, Fei X,
Chen X, Wang W, et al. BRAF mutation correlates with recurrent
papillary thyroid carcinoma in Chinese patients. Current Oncology
2014 21 740-747. (doi:10.3747/c0.21.2029)

32 Ignacio JF, Fernandez I, Piccin O, Sciascia S, Cavicchi O,

Repaci A, Vicennati V & Fiorentino M. Clinical significance
of BRAF mutation in thyroid papillary cancer. Otolaryngology:
Head and Neck Surgery 2013 148 919-925. (https://doi.
01rg/10.1177/0194599813481942)

33 Daglar-Aday A, Toptas B, Oztiirk T, Seyhan F, Saygili N, Eronat AP,
Akadam-Teker B, Yilmaz-Aydogan H, Aksoy F & Oztiirk O.
Investigation of BRAF V60OE mutation in papillary thyroid
carcinoma and tumor-surrounding nontumoral tissues. DNA and Cell
Biology 2013 32 13-18. (https://doi.org/10.1089/dna.2012.1776)

34 Qing Z, Shaozheng L, Qing Z, Yanxing G, Qingjie C & Qinyao Z.
Meta-analyses of association btween BRAF'*%F mutation and
clinicopathological features of papillary thyroid carcinoma.
Cellular Physiology and Biochemistry 2016 38 763-776. (https://doi.
org/10.1159/000443032)

35 Fraser S, Go C, Aniss A, Sidhu S, Delbridge L, Learoyd D, Clifton-
Bligh R, Tacon L, Tsang V, Robinson B, et al. BRAF V600E mutation
is associated with decreased disease-free survival in papillary thyroid
cancer. World Journal of Surgery 2016 40 1618-1624. (https://doi.
0rg/10.1007/s00268-016-3534-x)

36 Yang Z, Flores J, Katz S, Nathan CA & Mehta V. Comparison of
survival outcomes following post-surgical radioactive iodine versus
external beam radiation in stage IV differentiated thyroid carcinoma.
Thyroid 2017 27 944-952. (https://doi.org/10.1089/thy.2016.0650)

37 Kiernan CM, Parikh AA, Parks LL & Solérzano CC. Use of
radioiodine after thyroid lobectomy in patients with differentiated
thyroid cancer: does it change outcomes? Journal of the American
College of Surgeons 2015 220 617-625. (https://doi.org/10.1016/j.
jamcollsurg.2014.12.014)

38 Ruel E, Thomas S, Dinan M, Perkins JM, Roman SA & Sosa JA.
Adjuvant radioactive iodine therapy is associated with improved
survival for patients with intermediate risk papillary thyroid cancer.
Journal of Clinical Endocrinology and Metabolism 2015 100 1529-1536.
(https://doi.org/10.1210/jc.2014-4332)

Received in final form 16 April 2019
Accepted 9 May 2019
Accepted Preprint published online 9 May 2019

© 2019 The authors
Published by Bioscientifica Ltd

https://ec.bioscientifica.com
https://doi.org/10.1530/EC-19-0045

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0
International License.

©0Ele


https://doi.org/10.1210/jc.2012-3930
https://doi.org/10.1210/jc.2012-3930
https://doi.org/10.1097/RLU.0000000000000498
https://doi.org/10.1007/s00259-015-3305-1
https://doi.org/10.1007/s00259-015-3305-1
https://doi.org/10.1530/ERC-17-0453
https://doi.org/10.1530/ERC-17-0453
https://doi.org/10.1089/thy.2015.0020
https://doi.org/10.1089/thy.2006.16.1229
https://doi.org/10.1002/cncr.21653
https://doi.org/10.1002/cncr.21653
https://doi.org/10.1002/jso.20656
https://doi.org/10.1002/jso.20656
https://doi.org/10.1200/JCO.2018.78.5097
https://doi.org/10.1200/JCO.2018.78.5097
https://doi.org/10.1089/thy.2013.0036
https://doi.org/10.1089/thy.2013.0036
https://doi.org/10.1002/hed.24192
https://doi.org/10.1200/JCO.2014.56.8253
https://doi.org/10.1200/JCO.2014.56.8253
https://doi.org/10.1007/s13277-014-2397-8
https://doi.org/10.1007/s13277-014-2397-8
https://doi.org/10.1530/EJE-15-0254
https://doi.org/10.1530/EJE-15-0254
https://doi.org/10.1089/thy.2016.0339
https://doi.org/10.1089/thy.2016.0339
10.1089/thy.2016.0350
10.1089/thy.2016.0350
https://doi.org/10.1002/cncr.29689
https://doi.org/10.1002/cncr.29689
10.3747/co.21.2029
https://doi.org/10.1177/0194599813481942
https://doi.org/10.1177/0194599813481942
https://doi.org/10.1089/dna.2012.1776
https://doi.org/10.1159/000443032
https://doi.org/10.1159/000443032
https://doi.org/10.1007/s00268-016-3534-x
https://doi.org/10.1007/s00268-016-3534-x
https://doi.org/10.1089/thy.2016.0650
https://doi.org/10.1016/j.jamcollsurg.2014.12.014
https://doi.org/10.1016/j.jamcollsurg.2014.12.014
https://doi.org/10.1210/jc.2014-4332
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1530/EC-19-0045
https://ec.bioscientifica.com

	Abstract
	Introduction
	Materials and methods
	Study design and samples
	Image analysis and serological assays
	Mutational testing
	Statistical analysis

	Results
	Clinicopathological characteristics
	Clinical and pathologic differences in PTCs with the BRAFV600E mutation
	Clinical and pathologic differences in bilateral PTC
	Association between response to RAI therapy and BRAFV600E mutation status in PTC patients

	Discussion
	Conclusions
	Declaration of interest
	Funding
	References

