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Abstract: Background: The role of the BRAF V6OOE mutation as an independent prognostic factors in papillary thy-
roid cancer (PTC) has not been fully quantified. To address this controversy, a meta-analysis was performed to deter-
mine the strength of associations between BRAF mutation status and PTC prognosis, focusing on the recurrence or
persistence of the PTC. Review Methods: PubMed, Web of Knowledge, Ovid’s database were searched from January
2000 to August 2015. 236 relevant studies were hand-searched. We selected 30 studies that included 5873 PTC
patients and calculated the pooled odds ratios (ORs) with 95% confidence intervals (Cls) for each study. Results: In
30 studies, compared with the patients who had the wild-type BRAF genes, the PTC patients with the BRAF V60OE
mutation had increased ORs of an older age (245 years) (OR, 1.51; 95% Cl, 1.17-1.94), an extrathyroidal invasion
(OR, 2.03; 95% CI, 1.76-2.34), a lymph node metastasis (OR, 1.59; 95% Cl, 1.40-1.81), an advanced TNM stage
(OR, 1.77; 95% Cl, 1.56-2.01). The BRAF mutation in PTC was not associated with multiplicity (OR, 1.06; 95% Cl,
0.91-1.23) or distant metastasis (OR, 0.88; 95% Cl, 0.55-1.42). In 8 studies, patients with the mutation had 3.34-
fold increased risk of recurrent and persistent disease (95% Cl, 2.36-4.73). The associations were generally con-
sistent across the different study populations. Conclusion: This meta-analysis demonstrates that the BRAF V60OE
mutation in PTC was significantly associated with PTC older age, extrathyroidal extension, lymph node metastasis,
advanced stage AJCC IlI/IV and recurrence. We recommend that patients with a suspected malignant thyroid nodule
undergo preoperative BRAF VB0OOE testing to guide the initial surgical treatment in PTC.
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Introduction In our study, we performed a comprehensive

meta-analysis to clarify the associations of the

Papillary thyroid carcinoma (PTC) is the most
usual endocrine malignancy [1]. The increasing
incidence of thyroid cancer, especially PTC
has been observed worldwide [2-4]. The prog-
nosis in PTC with 10-year survival rates is
approximately 80-90% [5]. But 10-15% patients
suffer from local or distant recurrences [6-8].
Several studies have found a close relationship
between BRAF mutation and aggressive clini-
copathologic characteristics of PTC, including
extrathyroidal extension, lymph node metasta-
sis, histologic subtypes, and advanced disease
stages, as well as disease recurrence/persis-
tence [9-12]. However, some authors indicated
that this mutation was not associated with poor
clinical outcome or with pathologic aggressive-
ness [13-16]. The clinical significance of BRAF
mutation in PTC was still controversial.

BRAF mutation with clinicopathological fea-
tures and prognosis.

Materials and methods
Selection criteria and search strategy

We conducted an electronic search of the
papers in the Medline database, the Web of
Knowledge from January 2003 to August 2015.
The search was restricted to English language
publications. Search term combinations were
“BRAF”, “papillary thyroid cancer”, and “PTC".
All of the reference lists from the main reports
and relevant reviews were checked for addition-
al eligible studies. The relevant unpublished
data that were presented at international meet-
ings were also included.
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236potentially relevant articles
identified in database searches

Figure 1. Flowchart of the results of
the literature search.

ences, none-relevant litera-
ture, and those that did not
satisfy inclusion criteria, 52

184 Excluded
120 Irrelevant
35 Outcomes not eligible
26 No appropriate control

3 Duplicate studies

candidate articles were con-
sidered for the meta-analysis.
After careful review of the full
text of these articles, 30 stud-
ies were included. The study
characteristics were summa-

52 Articles retrieved for detailed
assessment

rized in Table 1. The publica-
tion dates ranged from 2000

criteria

30 Articles included in Meta-
analysis

interested

22 Excluded
11 Not meet the inclusion

8 Meeting abstract short of data

3 Not English article

to 2015.

Outcome measures

For patients with older age
>45 vyears (Figure 2), the

We analyzed data extracted from these arti-
cles for the presence of following features:
recurrence/persistence, age, multiple nodules,
extrathyroidal extension, lymph node metasta-
sis, distant metastasis, and clinical AJCC stage.
We also explored the BRAF expression rate,
the study design, year, country, treatment
protocol, and criteria for defining recurrent/
persistent disease.

Statistical analysis

A formal meta-analysis was made for all stud-
ies. Odds ratios (ORs) and the 95% confidence
intervals (Cls) for each study were generated by
inputting number of BRAF mutation in case
group, total number of case group, number of
BRAF mutation in control group and total num-
ber of control group into the RevMan. Pooled
estimates of the complications were calculated
using a fixed-effects model, but a random-
effects model was used according to heteroge-
neity. The test of effect homogeneity was per-
formed using x? tests, with P<0.05 indicating
significant heterogeneity. When the hypothesis
of homogeneity was not rejected, the fixed-
effects model was used to estimate the pooled
effect of the outcomes; when the reverse was
true, the random-effects model was also
calculated.

Results
Study selection
We identified 236 potentially relevant articles

(Figure 1). After exclusion of duplicate refer-
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average OR from 11 studies

was 1.51 (95% Cl, 1.17-1.94).
The heterogeneity of the data was not signifi-
cant (P=0.11), and the I?> estimate of the vari-
ance between the studies was 36%. For the
cases of lymph node metastasis (Figure 3), 24
studies were included in the meta-analysis.
Despite the wide range of variance among
the studies, the overall OR was 1.59 (95% ClI,
1.40-1.81). The heterogeneity of the data
was significant (P=0.0001), and the I? estimate
of the variance between the studies was 59%.
For the presence of multiplicity (Figure 4), the
average OR from 17 studies was 1.06 (95%
Cl, 0.91-1.23). The heterogeneity of the data
was not significant (P=0.54), and the I? esti-
mate of the variance between the studies
was 0%. For extrathyroidal invasions (Figure 5),
the average OR from 21 studies was 2.03
(95% CI, 1.76-2.34). The heterogeneity of the
data was significant (P<0.00001), and the I?
estimate of the variance between the stu-
dies was 72%. For the presence of distant
metastasis (Figure 6), the average OR from 11
studies was 0.88 (95% Cl, 0.55-1.42). The het-
erogeneity of the data was not significant
(P=0.31), and the I?> estimate of the variance
between the studies was 14%. For the pres-
ence of an advanced TNM stage (Figure 7), the
overall OR from 25 studies was 1.77 (95% ClI,
1.56-2.01). The chi-square test and I? test of
heterogeneity revealed a considerable level of
heterogeneity in the risk estimates (P<0.0001,
1°=63%).

For recurrent and persistent disease (Figure 8),
8 studies were initially included in the meta-
analysis. Heterogeneity was not present
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Table 1. Overview of the reviewed studies

No. of Sex (male/ Mean age BRAF
Author, Year Country - Patient source " mutation
patients  female) years o
rate (%)
Liu 2014 [17] China 132 29/113 The First Affiliated Hospital of Xi’an Jiaotong P: 40.57 60.61
University N: 39.25
Park 2014 [18] Korea 688 135/553  Gangnam Severance Hospital P:45.2 69.2
N: 45.4
Henke 2015 [19] USA 508 125/383  Washington University School of Medicine P:45.5 66.9
N:45.1
Schulten 2015 [20] Saudi 25 7/18 King Abdulaziz University Hospital P:45.9 56
Arabia N:30.9
He 2014 [21] China 187 28/159 Anhui Medical University 42.57 63.64
Czarniecka 2015 [22] Poland 233 29/209 M. Sklodowska-Curie Memorial Institute P:51.1 54.5
N: 42.0
Howell 2011 [23] USA 219 — University of Pittsburgh, — 39.27
Xing 2005 [24] USA 219 58/161 The Johns Hopkins University School P: 43 48.9
N: 45
Xing 2009 [25] USA 190 53/137 The Johns Hopkins University School — 38.4
Elisei 2008 [26] Italy 102 20/82 The University Hospital of Pisa P:45.9 37.3
N: 41.0
O’Neill 2010 [27] Australia 101 19/82 Royal North Shore Hospital 61.7 59
Abubaker 2007 [28] Saudi 296 73/223 The King Faisal Specialist Hospital and Research - 48.3
Arabia Centre
Fugazzola 2006 [29] Italy 260 79/190 University of Milan and Fondazione Policlinico P: 42 38
N: 39
Sapio 2006 [30] Italy 43 5/32 the University of Naples P: 40.2 44.2
N:43.1
Yip 2009 [31] USA 206 49/157 University of Pittsburgh School of Medicine P:51.9 51.5
N: 49.4
Kim 2006 [32] Korea 203 35/168 University of Ulsan College of Medicine P: 44 73.4
N: 43
Riesco-Eizaguirre 2006 [33] Spain 67 12/55 Hospital Universitario La Paz — 41.7
Guan 2009 [34] China 1032 - The First Affiliated Hospital of China Medical - 62
University
Goutas 2007 [35] Greece 55 10/45 University of Athens 43.5 27.3
Lee 2006 [36] Australasia 100 10/90 Royal College of Pathologists P:49.4 58
N: 46.7
Ito 2009 [37] Japan 631 67/564 Kuma hospital P: 50.6 38.4
N: 50.2
Fugazzola 2004 [38] Italy 56 11/36 University of Milan - 321
Durante 2007 [39] Italy 93 27/66 University of Rome P:53.4 60.2
N: 43.9
Namba 2003 [40] Japan 126 30/96 Nagasaki University Graduate School - 30.2
Nakayama 2007 [41] Japan 40 11/29 Yokohama City University Hospital P:57.4 65
N:43.1
Abrosimov 2006 [42] Japan 40 6/34 Nagasaki University Graduate School P:52.1 57.5
N: 39.5
Jo 2006 [43] Korea 161 27/134 Chungnam National University School of P:45.1 63.4
Medicine N: 44.2
Rivera 2010 [44] USA - Memorial Sloan-Kettering Cancer Center -
Kim 2005 [45] Korea 79 11/68 Eulji University School of Medicine - 81.0
Liu 2005 [46] China 101 30/71 National Sun Yat-Sen University - 46.5

P: Positive, N: Negative.
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mutant BRAF wt BRAF 0dds Ratio 0dds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed.$5%Cl M-H. Fixed. 95% Cl
Abubaker 2007 5 143 63 153 384%  0.84 [0.53,1.34] LB
Fugazzola 2004 9 18 1329 50%  1.23[0.38,4.00] -1
Goutas 2007 9 15 20 40 44%  1.50([045,5.00] T
He 2014 58 119 17 68 111%  2.85[148,5.50] -
Kim 2005 33 64 315 24%  4.26[1.10,16.54) -
Liu 2005 22 41 21 54 104%  1.38[0.63,3.05] T
Liu 2014 26 80 15 52 123%  1.19[0.55 2.54] T
Namba 2003 33 38 70 88 56%  1.70[0.58,4.97) I
Riesco-Eizaguirre 2006 15 28 16 39 62%  1.66[0.62,4.42 RREE
Rivera 2010 K 43 8 18 32% 3.23[1.03,10.14] _'_
Schulten 2015 7 14 2 11 11%  450[0.70,28.79) T
Total (95% Cl) 609 567 100.0%  1.51[1.17,1.94] 4

Total events 296 248
Heterogeneity: Chiz = 1551, df = 10 (P = 0.11); I? = 36%
Test for overall effect: Z =3.20 (P = 0.001)

; L
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Figure 2. Fixed effect model of the odds ratios (ORs) with 95% confidence
intervals (Cls) of the patients age 245 years associated with the BRAF V6OOE

mutation is shown.

mutant BRAF wt BRAF
Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% CI
Abrosimov 2006 10 n 117 20%
Durante 2007 16 55 1237 28%
Elisei 2008 17 37 23 63 25%
Fugazzola 2004 12 16 13 23 07%
Fugazzola 2006 41 99 69 161 85%
Goutas 2007 2 15 8 40 1.0%
Guan 2009 198 515 81 284 17.8%
He 2014 91 19 55 68 4.6%
Henke 2015 169 340 59 168 11.0%
Howell 2011 23 63 1482 21%
Jo 2006 49 102 27 59 49%
Kim 2005 24 64 7 15 20%
Kim 2006 16 149 37 54 33%
Lee 2006 14 58 10 42 24%
Liu 2005 17 47 24 54 3.9%
Liu 2014 46 80 32 52 46%
Nakayama 2007 23 26 8 14 03%
Namba 2003 21 38 54 88 4.0%
Park 2014 200 476 49 212 109%
Riesco-Eizaguirre 2006 9 28 9 39 14%
Schulten 2015 9 14 6 11 0T%
King 2005 58 107 24 112 3.0%
Xing 2009 28 I 21 17T 28%
Yip 2009 42 83 18 69 27%
Total (95% CI) 2627 1881 100.0%

Total events 1235 671
Heterogeneity: Chi* =56.71, df = 23 (P = 0.0001); I* =59%
Test for overall effect: Z = 6.97 (P < 0.00001)
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Figure 3. Random effect model of the odds ratios (ORs) with 95% confidence
intervals (Cls) of the presence of lymph node metastasis associated with the

BRAF V600E mutation is shown.

(P=0.84, 1>=0%). The overall OR of developing
recurrent and persistent disease from the 8

ing systems.

studies including 1312 follow-up cases was

3.34 (95% Cl, 2.36-4.73).

Discussion

The BRAF mutation was detected over 40
malignant neoplasm, of which the BRAF V60OOE
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mutation was more than 90%
[47]. In our study, we demon-
strated that the BRAF V60OE
mutation of PTC was related
to the clinicopathological fea-
tures of PTC and poor clinical
outcome. To evaluate the
strength of association of the
BRAF V600OE mutation with
adverse clinical and patholog-
ical outcomes, we performed
a meta-analysis of 30 stu-
dies which evaluated 5873
patients.

Within the studies included,
the highest BRAF mutation
rate was 81.0% in a study
conducted in the Korean
reported by Kim et al [45]. The
lowest mutation rate was
27.3% in a study completed in
Greece by Goutas et al [35].
The BRAF VG600E mutation
rate was significantly different
between these two studies,
which may be attributable
to the different ethnicities of
the study populations.

This meta-analysis revealed
that the BRAF mutation was
significantly associated with
older age, advanced TNM
stage, extrathyroidal invasion,
lymph node metastasis, which
was consistent with previous
reports [48, 49]. The results
presented here alert surgeons
to patients that may be at
increased risk of carrying a
BRAF mutant tumor as the
focus for screening. No corre-
lation was found between
BRAF mutation and the pres-
ence of multiplicity and the

presence of distant metastasis in clinical stag-

Several mechanisms are involved in the aggres-
sive phenotype of PTC that is promoted by the
BRAF mutation [50]. The activating mutation is
located in exon 15 of the B isoform of the Raf

kinase gene, which results in a constitutive
activated state of kinase activity and promotes

Int J Clin Exp Med 2016;9(7):13259-13267



mutant BRAF Wt BRAF
_Study or Subgroup  Events Total Events Total Weight
Abrosimov 2006 6 2 10 17
Czamiecka 2015 40 127 37106
Elisei 2008 14 35 23 61
Fugazzola 2004 8 18 1% 29
Fugazzola 2006 38 99 63 161
Henke 2015 153 340 80 168
Kim 2006 58 149 2 54
Liu 2005 28 47 3 54
Liu 2014 24 80 1 52
O'Neill 2010 23 60 12 4
Park 2014 165 476 61 212
Riesco-Eizaguirre 2006 4 28 12 39
Sapio 2006 4 19 5 M
Schulten 2015 " 14 5 N
Xing 2005 45 107 2 12
Xing 2009 34 1K a1 17
Yip 2009 59 99 5 100

Total (95% CI) 1794

Total events 704 530
Heterogeneity: Chit = 14.76, df = 16 (P = 0.54); I = 0%
Test for overall effect: Z =0.70 (P = 0.48)
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Figure 4. Fixed effect model of the odds ratios (ORs) with 95% confidence
intervals (Cls) of the presence of multiplicity associated with the BRAF V60OE

mutation is shown.

Odds Ratio

M-H. Fixed. 95% Cl

mutant BRAF  wt BRAF 0dds Ratio

Study or Subgroup Events Total Events Total Weight M-H. Fixed.$5%Cl
Abrosimov 2006 12 23 7 17 14% 156044 553
Abubaker 2007 0 143 77 153 143%  0.95[0.60,149)
Czamiecka 2015 391277 32 106 91%  1.02[059,1.80]
Durante 2007 14 56 1236 41%  067[0.27,1.67)
Elisei 2008 5 35 762 16%  131[0.38449
Guan 2009 7 515 22284 91%  209[1.27,344]
Howell 2011 44 86 13 133 19%  9.67[4.75,19.70]
Jo 2006 68 112 3159 6.0%  140[0.74,264)
Kim 2005 33 64 8 15 24%  093[0.20,287)
Kim 2006 107 149 M 54 48% 1.89[0.99, 3.61]
Lee 2006 32 58 14 42 27% 246 [1.08, 5.61]
Liu 2005 26 47 26 54 41% 1.33[0.61,2.92)
Liu 2014 49 80 22 52 39% 2.16 [1.06, 4.39]
Nakayama 2007 20 26 5 14 06% 6.00[144,2492)
Namba 2003 14 38 24 88 34%  156[0.69,349
O'Neill 2010 8 60 74 27%  0.75[0.25,2.25)
Park 2014 305 476 93 212 174%  228[1.64,3.17)
Riesco-Eizaguirre 2006 18 28 1139 12% 458[1.62,1298]
Xing 2005 44 107 18 112 39%  3.65([1.936.88]
Xing 2009 17 3 13 117 29%  243[1.10,5.36]
Yip 2009 56 99 15 100 24% 7.38[3.75,14.53]
Total (95% Cl) 2402 1790 100.0%  2.03[1.76, 2.34]
Total events 1058 488

Heterogeneity: Chi? =71.85, df = 20 (P < 0.00001); I* =72%
Test for overall effect: Z = 9.68 (P < 0.00001)
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Figure 5. Random effect model of the odds ratios (ORs) with 95% confidence
intervals (Cls) of the presence of an extrathyroidal invasion associated with
the BRAF V600E mutation is shown.

tumorigenesis through the mitogen-activated
protein kinase (MAPK) pathway [51]. The ex-
pression of RAS, BRAF and phosphorylated
MEK, in papillary thyroid cancer is higher than
benign tissues. The expression of phosphory-
lated ERK in nuclear was increased and the
RAS-BRAF-MEK-ERK signaling pathway may be

activated in PTC [52].
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This meta-analysis demon-
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was significantly correlated
with adverse pathological
features of PTC and could be
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nostic marker for PTC.
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