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The BRAFV®°°E mutation in papillary thyroid microcarcinoma
with intermediate-risk to high-risk features: does the mutation
have an effect on clinical response to radioiodine therapy?
Guohua Shen, Ying Kou, Bin Liu, Rui Huang and Anren Kuang

Objectives Preclinical studies showed that BRAFV6°E

mutation significantly reduced radioiodine uptake and
decreased the sensitivity to radioactive iodine (RAI) therapy.
However, clinical data regarding its role in therapeutic
decision making with respect to RAI therapy are currently
insufficient. Thus, this study aimed to evaluate the effect of
BRAF mutation on the clinical response to RAI therapy for
papillary thyroid microcarcinoma (PTMC) with intermediate-
risk to high-risk features.

Patients and methods From January 2012 and October
2015, consecutive patients with PTMC with intermediate-
risk to high-risk features who underwent RAI therapy were
retrospectively included. The data about BRAF mutation
status were also obtained. The association between
clinicopathological characteristics and mutation was
investigated. After a median follow-up of 40 months, the
clinical response to RAI therapy was also compared
between positive and negative mutation groups.

Results A total of 236 patients were included, of whom 147
(62.3%) had positive mutation. The clinicopathological
features did not show significant correlation with BRAF
mutation status except the sex, extrathytoidal extension
and T stage. Patients with PTMC with BRAF mutation

Introduction

In recent years, the prevalence of papillary thyroid car-
cinoma (PTC) has significantly increased [1]. In parti-
cular, papillary thyroid microcarcinoma (P’ TMC), which is
defined by the WHO as PTCs with a maximum diameter
up to 10 mm, has increased faster than other types of
PTCs [1,2].

The vast majority of PTMC were inert carcinomas, and
for this entity, the clinical outcomes are excellent, with
disease-specific mortality rates less than 1%, loco-regional
recurrence rates of 2—-6%, and distant recurrence rates of
1-2% [3,4]. The newest guidelines in 2015 suggested
that radioactive iodine (RAI) therapy was not routinely
recommended after thyroidectomy for patients with
PTMC in the absence of other adverse features [5].
Conversely, a relatively small percentage of patients with
PTMC have reported to present with high-risk features
(e.g. extrathyroidal extension and macroscopic lymph
node metastases), even clinically significant distant
metastases [6,7]. These patients definitely fall within the
intermediate-risk or high-risk group of PTC, and RAI
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showed an increased likelihood of having advanced T stage
and extrathyroidal extension. In addition, this mutation did
not affect the clinical outcome of RAI therapy.

Conclusion The status of BRAF°°E mutation may not

affect the clinical response to RAI therapy for patients with
PTMC with intermediate-risk to high-risk features. More
trials examining the role of BRAF mutation in guiding
postoperative RAI therapy are needed. Nuc/ Med Commun
40:8-13 Copyright © 2018 Wolters Kluwer Health, Inc. All
rights reserved.
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therapy may be beneficial for decreasing the risk of
recurrence [8,9].

The BRAFY*" mutation is the most common genetic
alteration in PTC, occurring in ~45-60% of PTC cases
[10]. Many studies demonstrated that this mutation was
significantly associated with aggressive clinicopatho-
logical features such as extrathyroidal extension, larger
tumor size, lymph node metastases or advanced stage
[11-13]. As a subgroup of PTC, PTMC also showed a
significant correlation between BRAF mutation and
aggressive behaviors [14,15]. A meta-analysis of 2247
patients with PTMC showed that patients with positive
mutation had a higher likelihood for recurrence with odds
ratio of 2.09 [16]. The BRAFY*** mutation might help to
specifically identify patients with PTMC who will show
progression and have regional or distant metastases.

Several molecular mechanisms have been reported to
clarify the role of BRAFY*F mutation in the aggressive
behavior, including promoting upregulation of many
tumor-promoting genes and downregulation of tumor-
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suppressor genes, silencing the expression of iodine-
handling genes, and impairing the sensitivity to RAI
therapy [17,18]. A recent study showed that BRAF Y¢0F
mutation did not affect the clinical response to RAI
therapy in patients with P'TC without distant metastases
[19]; however, for patients with PTMC with high-risk
features, clinical data are currently insufficient. Thus, this
study aimed to evaluate the role of BRAF Y mutation
in guiding postoperative RAI therapy for patients with
PTMC with intermediate-risk to high-risk features.

Patients and methods

Patient enroliment

This study was approved by the ethical committee of
West China Hospital of Sichuan University, and written
informed consents were obtained. We retrospectively
screened a total of 3187 consecutive patients with dif-
ferentiated thyroid carcinoma who received thyroid sur-
gery and RAI therapy between January 2012 and October
2015. The inclusion criteria were as follows: (a) patients
with PTC with a maximum diameter up to 10 mm, (b)
patients aged 18 years or older, (c) patients who under-
went total thyroidectomy with bilateral central lymph
node dissection with or without lateral lymph node dis-
section, (d) patients who had available data of BRAFVO0OF
mutation analysis, and (e) patients divided into
intermediate-risk to high-risk category based on the
newest ATA guidelines [5]. Patients with distant metas-
tases or incomplete tumor resection at the time of PTMC
diagnosis were excluded. Patients with positive serum
thyroglobulin (T'g) antibody were also excluded from this
study. Eventually, 236 patients with PTMC were inclu-
ded in this study, with positive BRAF mutation in 147
patients.

Mutational testing

Thin-section paraffin-embedded tissues were used to
extract genomic DNA with a QIAamp DNA FFPE
Tissue Kit (cat. 56404; Qiagen, Hilden, Germany). Based
on the BRAF sequence, the PCR primers were designed,
including forward primer (5'-TGCTTGCTCTGATA-
GGAAAATG-3') and reverse primer (5-AGCCTCAA-
TTCTTACCATCCA-3'). The thermal cycling protocol
was set as follows: 94°C 3 min, 35 cycles of 94°C 30,
60°C 30s, and 72°C 30s, and 72°C for 5min. The
sequencing of PCR products was performed using a ABI
PRISM 3500 machine (Applied Biosystems, Foster City,
California, USA). Positive signals were detected by
intercalation of fluorescent dye, and the threshold cycle
value was obtained to evaluate the BRAF mutation
status.

Treatment and follow-up

All included patients underwent total thyroidectomy
(TT) with central lymph node dissection (CLND). The
lateral lymph node dissection was performed as clinically
indicated, such as biopsy-proven lymph node metastases,
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suspicious findings on preoperative neck ultrasound, or
macroscopic extension during surgery. With intermediate-
risk to high-risk features, all of our patients received RAI
therapy for remnant ablation or adjuvant therapy or
therapy based on postoperative Tg level and imaging
findings [neck ultrasound and chest computed tomo-
graphy (C'T)], followed by levothyroxine replacement. All
cases were followed up with clinical examinations
including thyroid-stimulating hormone, serum Tg, Tg
antibodies, diagnostic radioiodine whole-body scinti-
graphy and neck ultrasound every 6 months for the initial
2 years, and annually thereafter. When recurrence or
metastasis was suspected, additional examinations such as
neck and chest CT, '""F-FDG PET/CT, and fine needle
aspiration were performed. During follow-up, ongoing
risk stratification was used to assess the clinical response
to therapy [5]. Patients were divided into four categories
including excellent response (ER), biochemical incom-
plete response, structural incomplete response, and
indeterminate response [5].

Statistical analysis

T'umor size was expressed as mean+ SD, and the difference
between groups was compared using independent-sample
Student’s ~test. The association between BRAFYF
mutation and other clinicopathological characteristics was
evaluated using y*test or for small cell values, Fisher’s exact
test. The clinical response to RAI therapy between positive
and negative mutation groups was compared using
Mann-Whitney U-test. P value less than 0.05 was con-
sidered statistically significant. The statistical analysis was
performed using SPSS 13.0 (SPSS Inc., Chicago, Illinois,
USA).

Results

Baseline characteristics of patients with papillary thyroid
microcarcinoma

We evaluated 236 patients with PTMC with intermediate-
risk to high-risk features at the time of patient enrollment.
"The baseline characteristics are shown in Table 1. Among
the included patients, 178 (75.4%) were women and 58
were men. The mean age was 42.33 year, and most patients
(89.8%) were younger than 55 years at the time of diagnosis.
A total of 174 patients underwent T'T + CLND, whereas 62
received T'T 4+ CLND +lateral lymph node dissection.
Multifocality was observed in 36.4% of patients, and 25% of
patients had extrathyroidal extension, with 17.4% divided
into T3b and 7.6% into T4 (T4a or T4b). Lymph node
metastasis was noted in 217 (92.0%) patients, including 168
(71.2%) patients in Nla and 49 (20.8%) in NIlb.
Approximately 99% of patients were classified as stage I or
IT (89.9 and 9.3%, respectively) whereas only two (0.9%)
patients as stage III. A total of 217 (91.9%) patients were
identified as having an intermediate-risk of recurrence, and
19 (8.1%) patients having a high-risk of recurrence. All
these patients underwent radioiodine therapy, of whom 31
patients received less than 100 mCi for remnant ablation,
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Table 2 The association of clinicopathological characteristics of
patients with papillary thyroid microcarcinoma with BRAF mutation

Table 1 Baseline clinicopathological characteristics of patients
with papillary thyroid microcarcinoma with high-risk features
n (%)
All of included patients 236 (100)
Sex
Male 58 (24.6)
Female 178 (75.4)

Age (years)

Mean+SD (range) 42.33+10.67 (19-77)

>55 24 (10.2%)

<55 212 (89.8%)
Tumor size (cm) 0.75+0.23 (0.1-1.0)
Multifocality 86 (36.4)
Bilaterality 58 (24.6)
Extrathyroidal extension 59 (25.0)
Surgery

TT+ CLND 174 (73.7)

TT+ CLND +LLND 62 (26.3)
T stage®

1 177 (75)

3b 41 (17.4)

4 18 (7.6)
N stage

0 19 (8)

1a 168 (71.2)

1b 49 (20.8)
TNM stage®

T3b-4NOMO 19 (8.1)

T1aN1MO 177 (75)

T3b-4N1MO 40 (16.9)
Risk of recurrence

Intermediate 217 (91.9)

High 19 (8.1)
AJCC stage®
|

212 (89.8)

1l 22 (9.3)

1] 2 (0.9)
Radioiodine dose (mCi)

<100 31 (18.1)

100 199 (84.3)

150 6 (2.6)
Follow-up (median) (months) 40 (15-60)

CLND, central lymph node dissection; LLND, lateral lymph node dissection; TT,
total thyroidectomy.
2AJCC Cancer Staging Manual, 8th edition.

199 received 100 mCi for remnant ablation or potential
adjuvant therapy, and six received 150 mCi for adjuvant
therapy.

The association of clinicopathological features with
BRAF mutation

There were 147 (62.3%) patients in BRAF-positive
mutation group, and 89 (37.7%) in BRAF-negative
group. The comparison of clinicopathological features
according to mutation status is presented in Table 2. Sex
was significantly associated with BRAF mutation, with
larger percentage of male in BRAF-positive group. A
significant correlation was observed between BRAF
mutation status and extrathyroidal extension and T stage
(P=0.05), that is, patients with PTMC with BRAF
mutation showed an increased likelihood of having
advanced T stage and extrathyroidal extension. Other
characteristics such as tumor size, age, lymph node
involvement, multifocality, or risk stratification showed
no significant correlation with the BRAF mutation status.

Positive BRAF Negative BRAF

(n=147) [0 0)]  (h=89) [n (%)] 2ot P
Sex
Male 43 (29.3) 15 (16.9) 4597 0.032
Female 104 (70.7) 74 (83.1)
Age
>55 18 (12.2) 6 (6.7) 1.838 0.175
<55 129 (87.8) 83 (93.3)
Tumor size (cm) 0.77+0.23 0.72+0.23 —1.722 0.086
Multifocality
Yes 55 (37.4) 31 (34.8) 0.160 0.689
No 92 (62.6) 58 (65.2)
Extrathyroidal extension
Yes 43 (29.3) 16 (18.0) 3.758 0.050
No 104 (70.7) 73 (82.0)
T stage®
1 104 (70.7) 73 (82.0) 3.758 0.050
3+4 43 (29.3) 16 (18.0)
N stage®
0 12 (8.2) 7 (7.9) 0.254 0.881
1a 106 (72.1) 62 (69.7)
1b 29 (19.7) 20 (22.5)
Risk of recurrence
Intermediate 134 (91.2) 83 (93.3) 0.331 0.630
High 13 (8.8) 6 (6.7)
AJCC stage®
| 129 (87.8) 83 (93.3) 2418 0.298
1l 17 (11.6) 5 (5.6,
1] 1 (0.7) 1(1.1)
Radioiodine dose (mCi)
<100 144 (98.0) 86 (96.6) 0.396 0.529
>100 3 (2.0 3 (3.4)

2AJCC Cancer Staging Manual, 8th edition.

Table 3 Response to radioiodine therapy between positive and
negative BRAF mutation groups at the end of follow-up

Clinical BRAF-positive BRAF-negative

response mutation [n (%)] mutation [n (%)] z P
ER 131 (89.1) 81 (91) —0.413 0.680
IR 12 (8.2) 4 (4.5)

BIR 3(2.0) 4 (4.5)

SIR 1(0.7) 0 (0)

BIR, biochemical incomplete response; ER, excellent response; IR, indeterminate
response; SIR, structural incomplete response.

Effect of BRAF mutation on clinical outcome of
radioiodine therapy

As shown in Table 3, during median follow-up of
40 months, disease-related mortality was not noted, and
only one patient with positive-BRAF mutation had dis-
ease recurrence. The recurrent lesion was localized to the
right lateral lymph node. Most patients in both groups
achieved ER, with 131 (89.1%) patients in positive-
BRAF group and 81 (91%) patients in negative-BRAF
group. In fact, 97.3% (143/147) of positive mutation
patients initially classified as intermediate-risk/high-risk
shifted to ER or indeterminate response, whereas 95.5%
(85/89) of negative mutation patients had the same trend
(Fig. 1). In addition, the univariate analysis demonstrated
no significant association between BRAF mutation status
and clinical response to RAI therapy (P =0.680).
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Comparison of response to RAI therapy based on ongoing risk stratification between positive and negative mutation groups, showing risk estimates
evolvement over time (from initial risk stratification at receiving RAI therapy to ongoing risk stratification at the end of follow-up). BIR, biochemical
incomplete response; ER, excellent response; IR, indeterminate response; RAI, radioactive iodine; SIR, structural incomplete response.

Discussion

During the past 20 years, the incidence of thyroid cancer
has showed a dramatic increase [20], and up to 50% of the
increase is mainly owing to the identification of PTMC
[21,22]. Current theories demonstrate that increased
identification of P'I'MC is attributable to more sensitive
imaging methods and increased access to healthcare as
well as the increased exposures from environment [23].
The appropriate management of PTMC cases has
become a crucial issue. PI'MC has been reported to
consist of two biologically different subtypes, that is,
most of PTMC are indolent tumors that barely have
disease progression whereas a relatively small number of
PTMGCs have aggressive behaviors with clinically sig-
nificant regional or distant metastases [24]. For asymp-
tomatic PTMC or low-risk PTMC without clinically
evident metastases or local invasion, an active surveil-
lance management can be considered as an alternative to
immediate surgery based on the newest guidelines,
although there is still controversy about this issue [5].
However, both strategies are not applicable to patients
with PTMC with high-risk features such as extrathyroidal
extension or lymph node metastases that are always
associated with a poor prognosis. They may require more
aggressive treatment including total thyroidectomy with
lymph node dissection as well as postoperative RAI
therapy [5]. Unfortunately, no clinical features can reli-
ably differentiate the relatively small percentage of
patients with PTMC who will show disease progression
from the larger population of PTMC with indolent tumor
[25-27].

In recent years, BRAFY**" mutation as a well-known

thyroid cancer oncogene has been evaluated in the
tumorigenesis, progression and aggressiveness of PTMC,
especially for PTMC with high-risk characteristics. The
prevalence of BRAF mutation in aggressive PTMC with
lymph node metastases or tumor recurrence was higher
than that in nonaggressive PTMC (77 vs. 32%, P=0.001)
[26]. Then, several studies further found that PTMCs
with BRAF-positive mutation were more likely to man-
ifest aggressive behaviors (extrathyroid extension and
lymph node metastases) [14,28]. Two recent meta-
analyses with large samples showed that BRAF muta-
tion status was significantly associated with the aggres-
siveness and recurrence of PTMC [16,29]. This study
suggested the similar results that patients with PTMC in
the positive mutation group have more likelihood to
present extrathyroidal extension and advanced T stage.

In fact, preclinical studies revealed that BRAFY0F
mutation is associated with loss of radioiodine uptake by
silencing of thyroid iodine-handing genes and impairing
the sensitivity to RAI therapy [30]. Then, some clinical
studies also found that this mutation was highly prevalent
in radioiodine-refractory PTC [31,32]. In the study of
Xing et al. [32], 54% of patients with recurrent PTC with
positive mutation (7/13) lacked radioiodine avidity in
their recurrent lesion, whereas none of negative mutation
group (0/7) lacked radioiodine avidity, indicating that
BRAF mutation was more frequently associated with
absence of radioiodine avidity in loco-regional lesions.
Similarly, Yang ez a/. [33] reported that in the mutation
group, 84.2% (16/19) of patients had non-iodine-avid
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distant lesions, whereas in the wild-type group, only 5.6%
had the same situation, suggesting the value of
BRAFY®Y mutation in predicting the status of radio-
iodine uptake in distant metastases. So, whether the
BRAF mutation status in PTC may affect the clinical
response or outcome of radioiodine therapy? In a recent
subgroup analysis of 282 patients with T1-T2NOMO
treated with RAI therapy, after 5 years of follow-up, the
rate of biochemical recurrence in positive mutation
groups was 9.3% (9/97), whereas the rate was 2.2%
(4/185) in negative group [13]. The rate of macroscopic
structural recurrence was also higher in positive mutation
group (8.2%, 8/97) than in negative group (1.6%, 3/185)
[13]. The findings indicated that BRAF mutation pre-
dicted a poor therapeutic efficacy of RAI therapy in
patients with PTC with low risk. In contrast, another
recent study showed no significant difference regarding
clinical response to timely postsurgical RAI therapy
between positive and negative mutation groups for
patients with PTC without distant metastases [19].
Consistent with their findings, for patients with PTMC
with high risk, the BRAF mutation status did not affect
the clinical response of RAI therapy in our study. One
possible reason is that the therapeutic efficacy of radio-
iodine might be stronger than the role of BRAF mutation
in aggressiveness. Several studies and the newest
guidelines have showed the benefit of RAI therapy for
patients with PTMC with high-risk features [5,8,34].

Our study has several notable limitations. The sample
was small, especially the number of patients with high-
risk features. In fact, only a very small percentage of
patients with PTMC showed high-risk features. In
addition, the median follow-up time of 40 months might
be too short to capture sufficient recurrence events.
Finally, owing to insufficient data, we did not further
investigate the effect of the combination of BRAF
mutation with other genetic mutations on the RAI
therapy.

Conclusion

The status of BRAFY*°F mutation may not affect the
clinical response to RAI therapy for patients with PTMC
with high-risk features. More research examining the role
of BRAF mutation in guiding postoperative RAI therapy
is needed.

Acknowledgements
This study was supported by National Natural Science
Foundation of China (grant no. 81471692).

Conflicts of interest
There are no conflicts of interest.

References
1 Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer
statistics in China, 2015. CA Cancer J Clin 2016; 66:115-132.

20

21

22

23

24

25

26

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017. CA Cancer J Clin
2017; 67:7-30.

Mazzaferri EL. Management of low-risk differentiated thyroid cancer. Endocr
Pract 2007; 13:498-512.

Hay ID. Management of patients with low-risk papillary thyroid carcinoma.
Endocr Pract 2007; 13:521-533.

Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE,
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.

Yu XM, Wan Y, Sippel RS, Chen H. Should all papillary thyroid
microcarcinomas be aggressively treated? An analysis of 18,445 cases.
Ann Surg 2011; 254:653-660.

Arora N, Turbendian HK, Kato MA, Moo TA, Zarnegar R, Fahey TJ 3rd.
Papillary thyroid carcinoma and microcarcinoma: is there a need to
distinguish the two? Thyroid 2009; 19:473-477.

Xue S, Wang P, Liu J, Chen G. Radioactive iodine ablation decrease
recurrences in papillary thyroid microcarcinoma with lateral lymph node
metastasis in chinese patients. World J Surg 2017; 41:3139-3146.

Gao M, Ge M, Ji Q, Cheng R, Lu H, Guan H, et al. 2016 Chinese expert
consensus and guidelines for the diagnosis and treatment of papillary thyroid
microcarcinoma. Cancer Biol Med 2017; 14:203-211.

Xing M. BRAF mutation in thyroid cancer. Endocr Relat Cancer 2005;
12:245-262.

Xing M, Alzahrani AS, Carson KA, Shong YK, Kim TY, Viola D, et al.
Association between BRAF V600E mutation and recurrence of papillary
thyroid cancer. J Clin Oncol 2015; 33:42-50.

Park AY, Son EJ, Kim JA, Youk JH, Park YJ, Park CS, et al. Associations of the
BRAF(V600E) mutation with sonographic features and clinicopathologic
characteristics in a large population with conventional papillary thyroid
carcinoma. PLoS One 2014; 9:e110868.

Elisei R, Viola D, Torregrossa L, Giannini R, Romei C, Ugolini C, et al. The
BRAF(V600E) mutation is an independent, poor prognostic factor for the
outcome of patients with low-risk intrathyroid papillary thyroid carcinoma:
single-institution results from a large cohort study. J Clin Endocrinol Metab
2012; 97:4390-4398.

Zheng X, Wei S, Han Y, Li Y, Yu Y, Yun X, et al. Papillary microcarcinoma of
the thyroid: clinical characteristics and BRAF(V600E) mutational status of
977 cases. Ann Surg Oncol 2013; 20:2266-2273.

Shi C, Guo Y, Lv Y, Nanding A, Shi T, Qin H, et al. Clinicopathological
features and prognosis of papillary thyroid microcarcinoma for surgery and
relationships with the BRAFV600E mutational status and expression of
angiogenic factors. PLoS One 2016; 11:e0167414.

Chen Y, Sadow PM, Suh H, Lee KE, Choi JY, Suh YJ, et al. BRAF(V600E) is
correlated with recurrence of papillary thyroid microcarcinoma: a systematic
review, multi-institutional primary data analysis, and meta-analysis. Thyroid
2016; 26:248-255.

Liu D, Liu Z, Condouris S, Xing M. BRAF V600E maintains proliferation,
transformation, and tumorigenicity of BRAF-mutant papillary thyroid

cancer cells. J Clin Endocrinol Metab 2007; 92:2264-2271.

Xing M. Molecular pathogenesis and mechanisms of thyroid cancer. Nat Rev
Cancer 2013; 13:184-199.

Li J, Liang J, Zhao T, Lin Y. Noninferior response in BRAF(V600E) mutant
nonmetastatic papillary thyroid carcinoma to radioiodine therapy. Eur J Nucl
Med Mol Imaging 2016; 43:1034—1039.

Davies L, Welch HG. Current thyroid cancer trends in the United States.
JAMA Otolaryngol Head Neck Surg 2014; 140:317-322.

Davies L, Welch HG. Increasing incidence of thyroid cancer in the United
States, 1973-2002. JAMA 2006; 295:2164-2167.

Chen AY, Jemal A, Ward EM. Increasing incidence of differentiated thyroid
cancer in the United States, 1988-2005. Cancer 2009; 115:3801-3807.
Vigneri R, Malandrino P, Vigneri P. The changing epidemiology of thyroid
cancer: why is incidence increasing? Curr Opin Oncol 2015; 27:1-7.
Sugitani |, Toda K, Yamada K, Yamamoto N, lkenaga M, Fujimoto Y. Three
distinctly different kinds of papillary thyroid microcarcinoma should be
recognized: our treatment strategies and outcomes. World J Surg 2010;
34:1222-1231.

Roh JL, Kim JM, Park Cl. Central cervical nodal metastasis from papillary
thyroid microcarcinoma: pattern and factors predictive of nodal metastasis.
Ann Surg Oncol 2008; 15:2482-2486.

Niemeier LA, Kuffner Akatsu H, Song C, Carty SE, Hodak SP, Yip L, et al.
A combined molecular-pathologic score improves risk stratification of thyroid
papillary microcarcinoma. Cancer 2012; 118:2069-2077.

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.



27

28

29

30

Ito Y, Miyauchi A, Inoue H, Fukushima M, Kihara M, Higashiyama T, et al.
An observational trial for papillary thyroid microcarcinoma in Japanese
patients. World J Surg 2010; 34:28-35.

Lin KL, Wang OC, Zhang XH, Dai XX, Hu XQ, Qu JM. The BRAF mutation is
predictive of aggressive clinicopathological characteristics in papillary thyroid
microcarcinoma. Ann Surg Oncol 2010; 17:3294-3300.

Li F, Chen G, Sheng C, Gusdon AM, Huang Y, Lv Z, et a. BRAFV600E
mutation in papillary thyroid microcarcinoma: a meta-analysis. Endocr Relat
Cancer 2015; 22:159-168.

Liu D, Hu S, Hou P, Jiang D, Condouris S, Xing M. Suppression of BRAF/
MEK/MAP kinase pathway restores expression of iodide-metabolizing genes
in thyroid cells expressing the V6OOE BRAF mutant. Clin Cancer Res 2007;
13:1341-13409.

31

32

33

34

BRAF mutation impact on RAIl in PTMC Shen et al. 13

Elisei R, Ugolini C, Viola D, Lupi C, Biagini A, Giannini R, et al. BRAF(V600E)
mutation and outcome of patients with papillary thyroid carcinoma: a 15-year
median follow-up study. J Clin Endocrinol Metab 2008; 93:3943-3949.
Xing M, Westra WH, Tufano RP, Cohen Y, Rosenbaum E, Rhoden KJ, et al.
BRAF mutation predicts a poorer clinical prognosis for papillary

thyroid cancer. J Clin Endocrinol Metab 2005; 90:6373-6379.

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. Clin Nucl Med 2014; 39:675-679.

Jonklaas J, Sarlis NJ, Litofsky D, Ain KB, Bigos ST, Brierley JD, et al.
Outcomes of patients with differentiated thyroid carcinoma following initial
therapy. Thyroid 2006; 16:1229-1242,

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.



