Huang et al. Diagnostic Pathology (2019) 14:74

https://doi.org/10.1186/s13000-019-0849-6 D| a gnostic P ath 0] | Ogy

Relevance and clinicopathologic ")
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mutations for papillary thyroid carcinoma
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Abstract

Background: To determine the relevance of the single or combination mutations of BRAF V600E, TERT, and NRAS
genes and the clinicopathologic relationship in papillary thyroid cancer (PTC).

Methods: Patients with PTC were enrolled into the study between February 2018 and April 2019. Based on the number
of mutant genes, we classified the participants into single BRAF V600E mutation group, double mutations group and no
mutation group. Single factor and multiple logistic regression analyses were applied to explore the independent factors.
Review Manager 5.3 was used for meta-analysis to review the clinical efficacy of gene co-mutations.

Results: Finally, 483 patients were enrolled into the study and 419 (86.7%) of them harbored BRAF V600E mutation. TERT
or NRAS mutation was likely to coexist with BRAF V6OOE mutation in PTC. BRAF V600E and NRAS promoter co-mutations
was identified in 6 patients, with a prevalence of 1.2%. Prevalence of BRAF V60OE and TERT coexistence in PTC was 2.1%.
Significant differences were found among age, pathology, multifocality, bilateral lesions, lymph node metastasis, and 1311
radiotherapy, P < 0.01. Multiple logistic regression analyses demonstrated that age [odds ratio (OR) = 1.044, 95% confidence
interval (Cl)=1.013-1.076; P=0.006], lymph node metastasis [OR = 0.094, 95% (/= 0.034-0.264; P < 0.001], 131l
radiotherapy [OR =7.628, 95% (/= 2.721-21.378; P < 0.001] were risk factors for BRAF V60OE mutation. Besides, age [OR =
1.135,95% Cl=1.069-1.205; P < 0.001], multiple leisions [OR =4.128, 95% (/= 1.026-16.614; P=0.046], pathology [OR =
3954, 95% Cl = 1.235-12.654; P=0.021] were independent factors for combination mutations. Meta-analysis showed
significant association of BRAF V60OE+/TERT+ co-mutations with lymph node metastasis, multifocality, distant metastasis,
tumor recurrence, extrathyroidal extension, and dead of disease.

Conclusions: Prevalence of BRAF V60OE mutation in Northwest China was higher than other areas. Age, multiple lesions,
and pathology were independent factors for double mutation of BRAF VEOOE/TERT or BRAF VEOOE/NRAS. Coexistence of
BRAF V60OE and TERT promoter mutations was significantly correlated with poor outcome.
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Introduction

Thyroid cancer is the most common endocrine malig-
nancy, and its global incidence has rapidly increased in
recent decades [1]. Papillary thyroid carcinoma (PTC),
which is derived from the follicular epithelium, repre-
sents 80 to 85% of thyroid malignancies. Although PTC
is highly curable in general, approximately 10% of
patients are destined as progressive disease [2]. Thus,
the molecular-based risk stratification has been empha-
sized to compare treatment-associated benefits. Recently,
improved understanding of the molecular pathogenesis
and the identification of molecular markers are of high
clinical significance, indicating the diagnosis and prog-
nosis of PTC.

Molecular markers have been focused so far, such as
BRAF V600E, telomerase reverse transcriptase (TERT)
and NRAS, which might be potential prognostic factors
for FTC. BRAF V600E mutation was correlated with
more aggressive and iodine-resistant phenotypes, provid-
ing valuable prognostic information for thyroid cancer
[3]. Similarly, TERT promoter mutation was associated
with aggressive thyroid tumor characteristics, tumor
recurrence, and patient mortality [4]. NRAS gene, the
most frequent mutant gene of the RAS gene family, was
related to increased risk of distant metastasis [5, 6].
However, features of gene mutation from different re-
gions are different. In Australian urban population, 68%
of PTC patients were identified with BRAF V600E muta-
tion [7]. In Middle Eastern, TERT promoter mutation
was harbored in 6.5% PTC patients [8]. For PTC patients
from Greek, low prevalence of TERT promoter (3.4%),
BRAF V600E (17%), and RAS mutations (3.4%) was de-
tected [9]. In China, data of gene mutation for PTC was
relatively limited. In 2018, Liang J et al. reported 72.4%
of BRAF V600E mutation and 2.8% of RAS mutation
among 355 Chinese PTC patients [10]. In China, it is
essential to achieve more evidence of genetic events as
trustworthy prognostic markers for risk stratification
and patient management.

Considering the synergistic effects of mutant genes,
coexistence of gene mutation should be emphasized.
BRAF V600E promoter mutation, in combination with
TERT or RAS mutation, was recognized as clinically im-
portant diagnostic and prognostic genetic markers for
thyroid cancer. TERT, a predominant determinant for
controlling the activity of telomerase, was likely to coex-
ist with BRAF V600E mutation in thyroid cancer [11]. In
2016, Sun ] et al. found that 94.7% PTC patients with
TERT promoter mutation were detected with BRAF
V600E mutation [12]. In 2017, Vuong HG et al. claimed
that the combination of BRAF V600E and TERT pro-
moter mutations indicated increasing risk of aggressive-
ness of PTC than TERT or BRAF V600E mutation alone
[13]. In this study, we focused on the prevalence of
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BRAF V600E, TERT and NRAS mutations and their
association with clinicopathological features in PTC
patients from Northwest China.

Materials and methods

Participants

This retrospective study included 483 patients (127 men
and 356 women) admitted to Xijing Hospital, between
February 2018 and April 2019. The fundamental features
were shown in Table 1. All patients underwent preopera-
tive ultrasound and fine-needle aspiration biopsy tests.
Total or near-total thyroidectomy, cervical lymph node
dissection, and radioiodine therapy were pursued as clin-
ically determined. Pathological diagnosis was established
following the World Health Organization criteria and
confirmed by expert thyroid cancer pathologists. All
patients provided written informed consent. Ethical
approval for the study was provided by the Ethical Com-
mittees of Xijing Hospital.

Genomic DNA isolation

Formalin-fixed and paraffin-embedded (FFPE) tumor tis-
sue was achieved for human genomic DNA isolation,
using the AmoyDx® FFPE DNA Kit (Amoy Diagnostics
Co., Ltd., Xiamen, China). Selection of the most repre-
sentative areas was made by an experienced thyroid
pathologist. Before DNA isolation, paraffin was removed

Table 1 Baseline characteristics

Index Data (N=483)
Sex

Male 127 (26.3%)

Female 356 (73.7%)
Age

Average age 43.15+£11.25

Median age 43 (14-79)
Pathology

PTC 187 (38.7%)

PTMC 296 (61.3%)
Lesion number

Single lesion 342 (70.8%)

Multiple lesions 141 (29.2%)
Lesion location

Unilateral 404 (83.6%)

Bilateral 79 (16.4%)
Gene mutation

BRAF V600E mutation alone 419 (86.7%)

BRAF V600E/TERT co-mutation 10 (2.1%)

BRAF V60OE/NRAS co-mutation 6 (1.2%)

No mutations in BRAF V600E/TERT/NRAS 48 (9.9%)
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by xylene-ethanol extraction, and lysed overnight with
20 uL. proteinase K in a 56°C rotating incubator. DNA
purification was performed using the QIAamp DNA Mini
Kit (Qiagen GmBH, Hilden, Germany), according to the
manufacturer’s instructions. The yielded DNA with suffi-
cient quantity and quality was stored at — 40 °C.

Detection of the BRAF V600E mutation

BRAF V600E mutation was determined by polymerase
chain reaction (PCR) assay. The gene was performed in
a final volume of 50 pl using as template 100-300 ng of
genomic DNA, with 1x buffer including 1.5 mM MgCl,,
0.2mM dNTPs, 25 pmoles of each (Forward, Reverse)
primer and 1 unit of Taq polymerase (Kapa Biosystems).
PCR was run with a step-down protocol: 95°C for 5
min x 1 cycle, 95°C for 255, 64°C for 20's, and 72 °C for
20s x 15 cycles; 93°C for 255, 60 °C for 355, and 72 °C
for 20sx 31 cycles. DNA sequence was read on ABI
PRISM 3700 DNA Analyzer (Applied Biosystems). PCR
efficiency was assessed according to the Ct value of
FAM signal. BRAF V600E was regarded as positive when
Ct value lowered than 28.

Detection of the TERT mutations

TERT promoter C228T and C250T mutations were
identified on genomic tumor DNA using standard PCR.
Briefly, a 235-bp region of TERT promoter, containing
the hotspots of C228T and C250T mutations, was PCR-
amplified using primers 5'-AGTGGATTCGCGGGCA-
CAGA-3’ (sense) and 5'-CAGCGCTGCCTGAAACTC-
3’ (antisense). The thermal cycling conditions were as
follows: 95 °C for 5 min x 1 cycle, 95 °C for 25 s, 64-°C for
20, and 72°C for 20 s x 15 cycles; 93 °C for 255, 60 °C
for 355, and 72 °C for 20 s x 31 cycles. After quality con-
firmation by agarose gel electrophoresis, PCR products
were subjected to Sanger sequencing using ABI3500x]
Dx Genetic Analyzer (Thermo Fisher, USA). When
mutation was identified, an independent PCR amplifica-
tion/sequencing, both in forward and reverse directions,
was performed to confirm the result.

Detection of NRAS mutation by real-time PCR

When genomic DNA isolation was finished, the detec-
tion of NRAS mutation in exon 2~4 was performed by
AmoyDx® NRAS Mutation Detection Kit (Amoy Diag-
nostics, Xiamen, China). DNA (5 pL) was added to 35 pL
PCR master mix, which contained PCR primers, fluores-
cent probes, PCR buffer, and DNA polymerase. The
PCR cycling conditions were: 5min denaturation at
95 °C, followed by 15 cycles of 95°C for 255, 64°C for
20, 72°C for 20s, 31 cycles of 93°C for 255, 60 °C for
35s, and 72°C for 20s. The PCR experiment was per-
formed on ABI 7500 real-time instrument (Life Tech-
nologies, Carlsbad, CA, USA). Fluorescent signal was
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collected from FAM and HEX channels. NRAS mutation
assay was determined according to the FAM Ct value.

Statistical analysis

Quantitative data were expressed as means (+SD) for
normally distributed variables or as medians and percen-
tiles for non-normally distributed variables. The t-test
was applied for variables that were normally distributed.
Categorical variables were compared using x° tests. All P
values were 2-sided and P less than 0.05 was considered
significant. Analyses were performed using SPSS version
22.0 (SPSS Inc, Chicago, IL) and GraphPad Prism
version 5 (GraphPad Software Inc., San Diego, USA). Re-
view Manager 5.3 (Cochrane Collaborative, Oxford, UK)
was used for meta-analysis.

Results

BRAF V600E gene mutation alone

As shown in Fig. 1, 435 (90.1%) patients with PTC har-
bored BRAF V600E mutation, including 419 patients
with BRAF V600E mutation alone and 16 patients with
double mutations. Interestingly, TERT and NRAS muta-
tions were likely to coexist with BRAF V600E mutation
in PTC. BRAF V600E and NRAS promoter double mu-
tations were identified in 6 patients, with a prevalence of
1.2%. The mutant site of NRAS gene referred Exon2
G12D/G12S, Exon2 G12X/G13X and Exon3 Q61X. The
average Ct value of NRAS gene was 24.23+1.379.
Meanwhile, we identified 10 (2.1%) cases of patients with
TERT and BRAF V600E co-mutations, the most com-
mon mutant site of which was TERT C228T.

Combined mutation of BRAF V600E with TERT or NRAS
Here we screened 16 (3.3%) patients with double muta-
tions. Among them, 14/16 (87.5%) were female. The
average age and BMI were 56.0 + 11.0 and 25.38 + 2.06,
respectively. Other clinical characteristics were listed in
Table 2. It seems like that PTCs with concurrent pro-
moter mutations were associated with increased tumor
aggressiveness. A majority of patients with double muta-
tions possessed multiple lesions, metastatic lymph
nodes, and achieved total thyroidectomy surgery.
Compared the thyroid function before and after sur-
gery (2.45 + 1.2 months) of these 16 patients, the TSH
[3.03 +£1.65 (uIU/mL) vs 19.77 + 39.7 (ulU/mL), F=17.328,
P<001], T4 [109.86 +12.45(nmol/L) vs 108.98 + 53.94
(nmol/L), F=9.410, P=0.005], FT4 [16.77 + 2.05 (pmol/L)
vs 20.01+9.26 (pmol/L), F=11.389, P=0.003], FT3
[4.63 £0.51 (pmol/L) vs 4.28 +1.68 (pmol/L), F=28.108,
P=0.009], Tg value [68.37 £ 137.06 (ng/mL) vs 1.25 + 2.50
(ng/mL), F=7.921, P=0.01] were significantly different.
The PTH [61.88 + 31.5 (pg/mL) vs 48.8 + 38.7 (pg/mL),
F=0.099, P=0.76], T3[1.97 + 0.23 (nmol/L) vs 1.51 £ 0.61
(nmol/L), F=3.432, P=0.076], TPO [54.01 +78.59
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419 (86.7%)

Notes:

Fig. 1 Distribution of BRAF V600E, TERT, NRAS mutations

Triple-negative mutation: no mutation in BRAF, TERT and NRAS genes
BRAF+TERT mutation: co-mutation in BRAF and TERT genes
BRAF+NRAS mutation: co-mutation in BRAF and NRAS genes

B BRAF mutation alone

® Triple-negative mutation

® BRAF+TERT mutation

BRAF+NRAS mutation

6 (1.2%)

J

(U/mL) vs 54.08 £ 61.16 (U/mL), F=0.129, P=0.722],
Atg [719.96 £ 1175.4(U/mL) vs 521.70 +778.51 (U/mL),
F=0.692, P=0.414] remained relatively stable. So far, no
recurrence, metastasis and mortality were observed.

Relationship of gene mutations with clinicopathological
outcomes of PTC

The risk factors for different gene mutations were ex-
plored. As Table 3 indicated, age (F = 16.704, P <0.001),
pathology (y* =6.207, P =0.045), number of lesions
(¥* =7.169, P = 0.028), location of lesion (° = 8.988, P = 0.011),
lymph node metastasis (y* =9.983, P =0.007), and
radiotherapy achievement (y° =7.463, P =0.024) were
significantly different between 3 groups.

Multiple logistic regression analyses demonstrated that
age [odds ratio (OR)=1.044, 95% confidence interval
(CI) =1.013-1.076; P=0.006], lymph node metastasis
[OR = 0.094, 95% CI=0.034—0.264; P<0.001], and '*'I
radiotherapy [OR =7.628, 95% CI =2.721-21.378; P < 0.001]
were significantly different between patients with or with-
out BRAF V600E mutation (Table 4). For double mutant
group, age [OR =1.135, 95% CI = 1.069-1.205; P < 0.001],
number of lesion (multiple/single) [OR =4.128, 95%
CI=1.026-16.614; P =0.046], and pathology (PTC/PTMC)
[OR =3.954, 95% CI=1.235-12.654; P =0.021] were inde-
pendent factors (Table 5).

Literature review of co-existence of BRAF V600E and TERT
promoter mutations

Systematic review was conducted to explore the impact
of double gene mutations on clinicopathological fea-
tures. Fifteen studies with 5057 participants, from incep-
tion to October 2018 were included [9, 12, 14-26].
Statistically meaningful association was found between
BRAF V600E /TERT promoter co-mutations and lymph

node metastasis (OR = 2.24, 95%CI = 1.53-3.29, P < 0.01,
P = 8%, Fig. 2a), multifocality (OR = 1.52, 95%CI = 1.07-2.16,
P=002, P =57%, Fig. 2b), dead of disease (OR =12.63,
95%CI = 6.85-23.27, P < 0.01, P = 22%, Fig. 2c), distant me-
tastasis (OR = 10.17, 95%CI = 5.39-19.22, P< 0.01, ¥ = 39%,
Fig. 3a), tumor recurrence (OR =8.20, 95%CI = 4.97-13.54,
P<001, P =66%, Fig. 3b), and extrathyroidal extension
(OR =5.02, 95%CI =3.32-7.59, P<001,  =0%, Fig. 3c).
Vascular invasion (OR =1.18, 95%CI = 0.61-2.28, P=0.61,
P =47%, Fig. 3d) was found without relationship with muta-
tion coexistence.

Discussion

In recent decades, the incidence of thyroid cancer has
increased significantly, raising an imperative need to ex-
plore its pathogenesis, diagnosis, and treatment [27].
Genetic abnormalities maybe crucial in the tumorigen-
esis of thyroid cancer. Many molecule therapeutics, such
as BRAF, has already undergone clinical trials, indicating
the need to discover other markers for diagnosis and
treatment prediction [28]. So far, the coexistence of gene
mutation was focused. In 2014, Xing MZ et al. claimed
firstly that the coexisting of BRAF V600E and TERT
C228T mutations present the worst clinicopathologic
outcomes [26]. Therefore, exploring the function of gen-
etic events as prognostic markers for risk stratification
and patient management is essential.

BRAF V600E mutation is the most frequent molecular
alteration detected in PTC. But the mutation rate varies
around the world. In 2015, Yip L et al. found the most
common mutations were BRAF V600E (644/1039, 62%)
in thyroid cancer patients from USA [29]. Identically,
62% BRAF V600E mutation was detected in Australia
[30]. For Argentinean, 77% of patients operated for PTC
harbored BRAF V600E mutation [31]. In 2017, Lee SE
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Table 3 Relationship between gene mutations and clinicopathologic features of PTC

No gene mutation BRAF V600OE mutation alone(N =419) Double mutations F P
(N=48) (N=16)
Sex
Male 13 (27.1%) 112 (26.7%) 2 (12.5%) 1.627 0443
Female 35 (72.9%) 307 (73.3%) 14 (87.5%)
Average age 379+126 432+107 560+ 11.0 16.704 <0.001
Average BMI 228 £3.57 249 £5.08 2538 +2.06 3.521 0316
Pathology
PTC 23 (47.9%) 154 (36.8%) 10 (62.5%) 6.207 0.045
PTMC 25 (52.1%) 265 (63.2%) 6(37.5%)
Lesion number
Single lesion 38 (79.2%) 293(69.9%) 7 (43.8%) 7.169 0.028
Multiple lesions 10 (20.8%) 126(30.1%) 9 (56.2%)
Lesion location
Unilateral 38 (79.2%) 353 (84.2%) 9 (56.2%) 8.988 0011
Bilateral 10 (20.8%) 66 (15.8%) 7(43.8%)
Surgery
Total thyroidectomy 39 (81.3%) 332 (79.2%) 13 (81.3%) 0.138 0933
Near-total thyroidectomy 9 (18.7%) 87(20.8%) 3 (18.7%)
LNM
Yes 31 (64.6%) 180 (43.0%) 10 (62.5%) 9.983 0.007
No 17 (35.4%) 239 (57.0%) 6(37.5%)
'*1) radiotherapy
Yes 24 (50.0%) 163(38.9%) 11 (68.8%) 7463 0.024
No 24 (50.0%) 256 (61.1%) 5(31.2%)

et al. reported the BRAF V600E mutation rate in Korean
PTC patients was 80.8% [32]. Presently, the prevalence
of BRAF V600E mutation of PTC patients was up to
88.2%, even higher than that in Korea. Hence, it is of
great significance to obtain more evidence-based support
of gene mutation in PTC patients.

Several studies have reported the coexistence of BRAF
V600E and TERT gene mutations. However, it is still un-
clear why TERT promoter mutations most likely occur
in cooperation with BRAF V600E mutation. In 2018,
Ren H et al. found 3.5% PTC patients with co-existence
of BRAF V600E and TERT promoter mutations [22]. In
2019, Colombo C et al. demonstrated that the double

aggressive PTC was 12% [33]. In this study, we observed
2.1% patients with BRAF V600E and TERT double
mutations, lower than reported data around the world.
Importantly, conflicting results were reported involving
the clinical effects of BRAF V600E/TERT coexistence. In
2018, Jin A thought that patients with combined muta-
tions were more likely to have a poor prognosis and out-
come [11]. On the contrary, Nasirden A et al. found
TERT/BRAF V600E double mutant tumors showed
lower disease-free survival rate than BRAF V600E mu-
tant tumors [21]. Presently, our meta-analysis provided
strong evidence that BRAF V600E/TERT promoter
mutations were significantly correlated with lymph node

mutation rate of BRAF V600E and TERT promoter in  metastasis, multifocality, distant metastasis, tumor
Table 4 Logistic regression analyses between BRAF V6OOE mutation group and BRAF V60OOE wild group
Index B SE Wals Sig. HR 95%C!

upper lower
Lymph node metastasis —2.363 0.526 20.154 <0.001 0.094 0.034 0.264
131 radiotherapy 2032 0526 14930 <0001 7628 2721 21378
Pathology -0418 0334 1.564 0211 0.659 0.342 1.267

(PTC/PTMC)
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Table 5 Logistic regression analyses between BRAF V60OE mutation alone and double mutant group
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Index B SE Wals Sig. HR 95%C!
upper lower
Age 0.126 0.031 17.008 <0.001 1.135 1.069 1.205
Location of leision (bilateral/unilateral) 0616 0.710 0.754 0.385 1.852 0461 7443
Number of leision (multiple/single) 1418 0.710 3.983 0.046 4128 1.026 16614
Lymph node metastasis -0.711 1427 0.248 0619 0491 0.030 8.058
131 radiotherapy 0.840 1487 0319 0572 2315 0.126 4270
Pathology (PTC/PTMCQ) 1.375 0.594 5.365 0.021 3954 1.235 12,654
N
Odds Ratio
| ight M M-H, Fixed, 95% Cl
Arqyropoulou ] 201 8 2 2 7 10  1.4% 2. 33 llJ 09 62.68)
Gandolfi G 2015 9 12 30 42 89% 1.20[0.28,5.21) B M
Hahn SY 2017 13 13 81 104 1.8% 7.79(0.45,135.91)
JinL 2016 17 22 267 394 171% 1.62[0.58, 4.48) T
LiuX2014 7 23 49 137 26.1% 0.79(0.30, 2.04) —.—
Marques IJ 2017 3 5 3 17 1.5% 7.00([0.79,61.98) T
Melo M 2017 8 9 54 64 3.9% 1.48[0.17,13.18) -1
Nasirden A 2016 4 4 26 50 1.3% 8.32(0.43,162.66)
RenH 2018 6 12 79 0 Not estimable
Rusinek D 2018 7 7 19 53 0.8% 26.54(1.44,490.13)
Song YS 2016 7 12 83 239 8.8% 2.63[0.81,8.55) T
SunJ 2016 17 18 244 325 3.8% 5.64 [0.74, 43.07) .
Xing M 2014 21 35 64 159 246% 2.23(1.06,4.70) .
Total (95% CI) 174 1594 100.0% 2.24[1.53,3.29]
<
Total events 12 1006
Heterogeneity: Chi*= 12.01, df= 11 (P = 0.36); F= 8% =0 001 o 1 14 7 00
Test for overall effect: Z= 4.14 (P < 0.0001) : Favours [BRAF+) Favours [BRAF+/TERT]
Odds Ratio
L& 1al al eight : M;H..El!g,ddiﬁc'
Hahn SY2017 8 1 13 104 1.4% 18. 67 [4 38 79 47]
JinL 2016 1 22 118 394 128%  2.34(0.99,554] |
Marques IJ 2017 1 5 8 17 6.0% 028[0.03,3.07]
Nasirden A 2016 3 4 26 50 20% 277(0.27,28.47)
RenH 2018 5 12 78 258 83% 1.65[0.51,5.35) N
Rusinek D 2018 1 7 12 53 49%  057(0.06,5.20 I R
Shen X 2017 12 28 89 197 26.0%  0.91[0.41,2.02 —
SunJ 2016 8 18 93 325 11.2%  2.00(0.76,5.21]
Xing M 2014 12 35 56 159 27.3%  0.96(0.44,2.07] -
otal ( ) I . 07,21
Total (95% CI 142 1557 100.0%  1.52[1.07,2.16] L 4
Total events 61 493
Heterogeneity: Chi*= 18,68, df= 8 (P = 0.02); F=57% t f t t
o - 0.005 0.1 1 10 200
Testfor overall effect: Z= 2.33 (P = 0.02) Favours [BRAF+] Favours [BRAF+/TERT+]
Odds Ratio
Gandolﬁ G 2015 5 12 5 42 287% 5. 29 [1 20 23.21) —_—
Hahn SY 2017 4 1 0 104 1.4% 125.40(6.16,2554.80) —_—*
LiuR 2016 15 66 70292 441% 11.97 [4.65, 30.82) ——
Marques IJ 2017 1 5 0 17 42%  11.67(0.40,337.25)
ShenX 2017 5 28 4 189 188% 10.05(2.52, 40.14) —_—
Song YS 2016 4 12 2 239 28%  59.25(9.43,372.25)
otal (95% Cl) 134 883 100.0% 12.63 [6.85, 23.27]
T &>
Total events 34 18
Heterogeneity. Chi*= 6.40, df = 5 (P = 0.27); F= 22% b t t i
o 0.001 0.1 1 10 1000
Test for overall effect Z= 8.13 (P < 0.00001) Favours [BRAF+] Favours [BRAF+/TERT+]
Fig. 2 Systematic analysis of the association of BRAF promoter mutation alone or BRAF/TERT coexistence with clinicopathological features in
thyroid cancer. a Lymph node metastasis, b Multifocality, ¢ Dead of disease




Huang et al. Diagnostic Pathology

(2019) 14:74

Page 8 of 10

-

A Experimental Control Odlds Ratio Odds Ratio
Study or Subgroup _Events _ Total Events Total Weight M.H, Fixed, 95% CI M.H, Fixed, 95% CI
Gandolfi G 2015 7 12 8 42 315%  5.95(1.49, 23.70) ——
Marques IJ 2017 1 5 0 17 40% 11.67(0.40,337.25)
Melo M 2017 4 9 1 64 29% 50.40[4.70, 540.76)
Nasirden A 2016 2 4 5 50 78%  9.00(1.03 7857 —
ShenX2017 3 17 8 103 397%  2.54(0.60,10.75) T
Song YS 2016 3 12 2 238 31% 39.50[5.86, 266.48)
Xing M 2014 10 35 2 159 11.0% 31.40[6.50,151.80) e —
Total (95% C1) 94 674 100.0% 10.17 [5.39, 19.22] <<
Total events 30 26
Heterogeneity: Chi*= 8.80, df = 6 (P = 0.13); F=33% =0 007 0:1 110 1000:

Testfor overall effect: Z= 7.15 (P < 0.00001)

Favours [BRAF+] Favours [BRAF+/TERT+]

Experimental Comol Odds Raﬁo Odds Ratio
: Lol )tal : M.H, Fixed, 95% Cl
HahnSY2017 B 1" 0 104 04% 507.57 l2417 1065910] _—
Marques IJ 2017 2 5 3 17 98% 3.11 [0.35, 27.55) I
Shen X2017 7 19 22 154 367% 3.50[1.24,9.886) —
Song YS 2016 4 12 23 233 176% 4.70[1.31,16.80) —
Xing M 2014 24 35 26 159 355% 11.16 [4.88, 25.55) ——
Total (95% CI) 82 673 100.0% 8.20 [4.97, 13.54) &>
Tolal events 45 74
Heterogeneity: Chi*= 11.68, df= 4 (P=0.02), P= 66% 0 001 0' 50 1000
Tastfor overall effect: Z= 8.23 (P < 0.00001) " Favours [BRAF+] Favours [BRAF+/TERT+]
C Experimental Control 0dds Ratio Odds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
Argyropoulou M 2018 2 2 0 10  0.2% 105.00 [1.65, 6687.38] *
Hahn 8Y 2017 11 1 75 104 32% 888 [0.51,157.43) -
JinL 2016 12 22 68 394 16.4% 5.75[2.39,13.86] —
Liux2014 9 23 18 137 158% 4.25[1.61,11.29) —_—
Marques I 2017 4 5 1" 17 5.0% 2.18[0.20, 24.21)
ShenX 2017 17 28 63 193 34.4% 2.781.23,6.27] —.—
Song Y8 2016 12 12 162 238 32%  11.82[0.70, 204.00] n
Xing M 2014 23 35 35 158 211.7% 6.79[3.07,15.00] —=
Total (95% Cl) 138 1253 100.0% 5.02 [3.32,7.59] *
Total events 90 438 . . . ,
Heterogenelty: Chi*= 583, df= 7 (P = 0.56); I*= 0% P y v Y
Test for overall effect: Z= 7.64 (P < 0.00001) 0.001 Favourg.:a RAFY) Favou r; ?BRAF«»ITERTl ?00
D Expenmental Control Odds Ratlo Odds Ratio
3 t M-H. Fix M-H, Fixed, 95% CI
Gandom G 2015 4 12 15 42 27. 8% 0 a0 (O 23 3.49] ——
Marques U 2017 2 5 0 17  08% 25.00[0.97,642.19)
Nasirden A 2016 0 4 22 50 226% 0.14(0.01,2.79) b
Rusinek D 2018 0 0 0 0 Nol estimable
Xing M 2014 8 35 28 158 48.7% 1.39(0.57,3.37]
Total (95% CI) 56 268 100.0% 1.18 [0.61, 2.28]
Total events 14 65
Heterogeneily. Chi*= 5,64, df=3 (P = 0.13), F=47% =0 o001 0=1 H p 10001

Test for overall effect: Z= 0.51 (P = 0.61)

1
Favours [BRAF+] Favours [BRAF+/TERT+]

Fig. 3 a Meta-analysis results of the relationship between BRAF V60OE/TERT promoter mutations and distant metastasis. b Meta-analysis results of
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V60OE/TERT promoter mutations and extrathyroidal extension. d Meta-analysis results of the relationship between BRAF V60OE/TERT promoter
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recurrence, extrathyroidal extension, and dead of dis-
ease. The meta-analysis by Vuong HG et al. achieved the
same results. The combination of BRAF V600E and
TERT promoter mutations could classify PTCs into four
distinct risk groups with decreasing aggressiveness as
follows: coexisting BRAF V600E and TERT > BRAF
V600E alone > no mutations [13].

There are limited studies about NRAS gene mutation
in PTC, still less about BRAF V600E and NRAS gene
co-mutation. In 2017, Melo M et al. reported 1.2% mu-
tation frequency of NRAS in primary PTCs [20]. Tobids
B et al. found 3.1% NRAS mutation in Hungarian Pa-
tients with PTC [34]. In 2018, NRAS promoter muta-
tions were identified in 2 PTC cases, with a prevalence
of 3.4% in the Greek Population [9]. In this study, the
prevalence of NRAS mutation was 1.2%. NRAS pro-
moter mutation was also likely to coexist with BRAF
V600E mutation in PTC. However, the limited number
of NRAS mutation interfered the research of its clinico-
pathological relationship. Because of the small number
of NRAS mutation, we could not perform the clinico-
pathological relationship analysis. With the enlargement
of mutant participants, we could obtain more promising
evidence in the near future.

In conclusion, prevalence of BRAF V600E mutation in
Northwest China was higher than other areas. Age,
lymph node metastasis, and '*'I radiotherapy were risk
factors for BRAF V600OE mutation. Age, multiple lesions,
and pathology were independent factors for combination
mutations. Coexistence of BRAF V600E and TERT pro-
moter mutations were significantly correlated with
lymph node metastasis, multifocality, distant metastasis,
tumor recurrence, extrathyroidal extension, and dead of
disease. The predictive value of NRAS combinational
mutation with BRAF V600E needs more evidence.

Abbreviations
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