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Abstract: Thyroid cancer represents the prominent endocrine cancer in children. Papillary thyroid
cancer (PTC) constitutes its most frequent (>90%) pediatric histological type. Mutations energizing the
mitogen-activated-protein kinase (MAPK) pathway are definitely related to PTC. Its most common ge-
netic alteration is in proto-oncogene B-Raf (BRAF). Mutated BRAF is proposed as a prognostic tool in
adult PTC. We conducted a systematic review and meta-analysis evaluating the association of mutated
BRAF gene and prognostic clinicopathological characteristics of PTC in children/adolescents. System-
atic search for relevant studies included PubMed, MEDLINE, Scopus, clinicaltrials.gov and Cochrane
Library. Pooled estimates of odds ratios for categorical data and mean difference for continuous
outcomes were calculated using random/fixed-effect meta-analytic models. BRAFV600E mutation
presents a pooled pediatric/adolescent prevalence of 33.12%. Distant metastasis is significantly asso-
ciated with mutated BRAF gene (OR = 0.32, 95% CI = 0.16-0.61, p = 0.001). Tumor size (MD = —0.24,
95% CI = —0.62-0.135, p = 0.21), multifocality (OR = 1.13, 95% CI = 0.65-2.34, p = 0.74), vascular inva-
sion (OR = 1.17, 95% CI = 0.67-2.05, p = 0.57), lymph node metastasis (OR = 0.92, 95% CI = 0.63-1.33,
p = 0.66), extra-thyroid extension (OR = 0.78, 95% CI =0.53-1.13, p = 0.19) and tumor recurrence
(OR =1.66, 95% CI = 0.68-4.21, p = 0.376) presented no association or risk with BRAF mutation among
pediatric/adolescent PTC. Mutated BRAF gene in children and adolescents is less common than in
adults. Mutation in BRAF relates significantly to distant metastasis among children/adolescents
with PTC.
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1. Introduction

Thyroid cancer represents the principal endocrine cancer in pediatric and adolescent
population, with a female predominance of 4:1 [1]. Although rare, accounting for about
4% of pediatric malignancies, a rapid increase in incidence has been documented, almost
globally [2]. The most common histological type recognized in >90% of cases is papillary
thyroid cancer (PTC) [3].

It has long been supported that pediatric and adult patients with thyroid cancer
have distinct characteristics in terms of initial presentation, clinical course, and mortality.
Children and adolescents are often diagnosed with more advanced disease, exhibiting an
increased rate of lymph node and distant metastases and often have persistent or recurrent
disease [4]. Paradoxically, the prognosis is more favorable in children than in adults, as
evidenced by the high overall survival rate of 97.70% from 1975 to 2005, which has been
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further advanced to 99.27% from 2006 to 2016, according to the Surveillance, Epidemiology
and End Results (SEER) database [5].

This phenomenon may be explained on a molecular basis, as the two populations
also have different genetic features. Point mutations activating the mitogen-activated
protein kinase (MAPK) pathway play an important role. Among them, the most common
genetic alteration of PTC in adults is located in the proto-oncogene B-Raf (BRAF) gene and
consists of a T to A transversion (T1799A), resulting in a valine to glutamate substitution at
residue 600 (V600E) of the BRAF protein. However, recorded mutation prevalence rates
range from 27% to 83% among different populations [4]. Since there is a lack of definitive
evidence on the clinicopathological significance of BRAF V600E in adult PTC, several
meta-analyses have been conducted to elucidate its role in the diagnosis, management and
prognosis of aggressive PTC cases. Various associations have been reported between the
presence of BRAF V600E mutation and demographic data or risk factors, such as tumor
size, multifocality, lymph node metastasis, vascular invasion, extra-thyroid extension, and
advanced stage of tumor node metastasis [6-10].

In the pediatric population, BRAF V600E, although prevalent, is recognized at a lower
rate compared to adults. In sporadic pediatric PTC, the BRAF V600E mutation ranged
between 0 and 63% in different studies [11-19]. Furthermore, the BRAF V600E mutation
is not clearly associated with distinct negative clinicopathological features and does not
predict an unfavourable course, in contrast to adult PTC [12,13,18,20]. In the recently
published European Thyroid Association Guidelines for the management of pediatric
thyroid nodules and differentiated thyroid cancer (DTC), the authors recommend that
the molecular gene analysis for the presence of BRAF V600E mutation in a fine-needle
aspiration (FNA) specimen may be useful for diagnosis of PTC and therefore may be
incorporated into the diagnostic work-up [21]. However, the use of BRAFV600E as a
molecular marker in pediatric and adolescent PTC remains controversial.

Mutant BRAF is proposed to serve as a diagnostic and prognostic tool and may be a
promising target for molecular therapy [22]. The real incidence and evidence of the actual
effect of BRAF mutation in pediatric PTCs remains controversial in different studies. In this
context, we conducted a systematic review of available evidence and a meta-analysis of data
published over the past two decades to evaluate the association of BRAF gene mutations
and PTC in children and adolescents, their prognostic role in terms of clinicopathological
characteristics, and relationship with survival outcome.

2. Materials and Methods

The current systematic review and meta-analysis was designed following a predefined
protocol, according to the Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) guidelines, which is registered in the PROSPERO database under the
identification number: PROSPERO 2022 CRD42022358663.

2.1. Eligibility Criteria

The present systematic review included all original studies that reported a molecular
study of proto-oncogene BRAF gene, in children and adolescents, aged up to 21 years, with
a histopathological diagnosis of PTC. Studies were included only if they reported clinical or
laboratory characteristics of PTC and/or assessed the overall survival of their participants.
According to our predefined eligibility criteria, the diagnosis of PTC needed to be confirmed
in all included individuals by either tumor biopsy or FNA biopsy, while BRAF genetic
analysis could be reported by any available molecular method, such as Sanger analysis or
direct sequencing. Relevant studies published in the last 20 years were identified. Language
was restricted to English. No limitation of publication status was implied.

Exclusion criteria, in order to minimize potential publication bias and duplication
of results, referred to studies including patients older than 21 years of age, data from
univariate analyses if the HR was the primary outcome, studies involving other than PTC
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carcinomas, review articles, case reports, presentations, conference proceedings, editorials,
expert opinions, research using big data (e.g., using SEER study data) and in vitro studies.

2.2. Study Outcomes

The main outcome of the present study was to investigate the difference in the preva-
lence of known prognostic factors between children and adolescents with PTC and a
mutated BRAF gene compared to PTC patients without BRAF gene alterations. More
specifically, the primary outcomes combined differences in the prevalence of the following
tumor variables: multifocality, vascular invasion, extra-thyroid extension (ETE), presence
of lymph node metastasis (LNM), distant metastases, and tumor recurrence. Data on
differences in diametric tumor size and data regarding gender (male/female) distribution
were also compared between BRAF positive and negative patients. The secondary outcome
was the absolute overall survival difference of PTC patients with BRAF gene mutations
compared to PTC patients without BRAF gene mutations.

2.3. Information Sources

Relevant studies over the past 20 years, evaluating the association of BRAF mutations
with prognostic factors for PTC in children and adolescents, were identified by searching
the following databases: PubMed, Ovid Medical Literature Analysis and Retrieval System
Online (MEDLINE), SCOPUES, the US registry of clinical trials [www.clinicaltrials.com (ac-
cessed on 30 September 2022)] Cochrane Central Register of Controlled Trials and Cochrane
reviews. Search was performed on September 2022, using a combination of relevant terms

VZa7i

in the English language, such as “BRAF gene”, “B-raf gene”, “proto-oncogene B-raf gene”,
“papillary thyroid cancer”, “children”, “adolescents”, “young adults”. Two reviewers inde-
pendently selected studies according to the inclusion criteria, while a third independent
reviewer was available to address any discrepancies. Bibliographies from review articles
were thoroughly examined to identify relevant studies, ensuring that papers and articles

not selected in the initial search were also included.

2.4. Screening, Data Collection and Analysis

Conducted with a pilot-tested form by two reviewers and verified by a third using a
predefined datasheet, data collection was performed. Two authors, E.PK. and S.G., with
expertise in systematic review, screened all titles and abstracts for eligibility, in a completely
independent manner. Full texts were reviewed by the two reviewers and discrepancies
were resolved with the involvement of a third reviewer, A.G.T. Reasons for exclusion
were recorded for all studies excluded in the title, abstract or full text level of the review
process. Data were extracted from full texts of the studies on a predefined worksheet.
Two authors (A.P. and E.L.) extracted the following from the included articles: first author,
country, publication years, study type, recruitment period, sample size, sample origin,
method of BRAF analysis, BRAF V600E mutations, PTC-related risk factors. Age, gender,
tumor size, vascular invasion, LNM, ETE, lymph node metastasis and distant metastasis
were concluded as the predefined risk factors for PTC patients. The survival rate after
any timepoint in retrospective, or in the present in prospective, studies was also recorded.
Finally, funding sources and authors’ conflict of interest were recorded and included. Any
disagreements were resolved by a third investigator (E.P.K.).

2.5. Quality Assessment of Included Studies

Quality assessment of the included studies was conducted by two reviewers (E. S.
and V.R.T.) using the Critical Appraisal Checklist JBI Tool for Analytical Cross-Sectional
Studies, developed by the JBI, Faculty of Health and Medical Sciences at the University
of Adelaide [23]. The tool consists of eight different questions that assess the method-
ological quality of each study, determining the extent to which the possibility of bias has
been addressed in its design, conduction and analysis. Each question was rated by the
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two reviewers as green for “Yes”, red for “No”, or yellow for “Unclear”. Discrepancies
were resolved by discussion.

2.6. Measures of Effect

Effect measures used in the synthesis and presentation of results were set as follows:
continuous outcomes as mean difference and 95% CI; dichotomous outcomes as odds ratio
and 95% CI.

2.7. Data Synthesis

Data synthesis was performed with random-effects model, and two-tailed statistical
significance was defined as a p-value < 0.05. For statistical analysis, the Comprehensive
Meta-Analysis, v3.0 software (Biostat, Englewood, NJ, USA), was employed. The magni-
tude of the effect of each study was calculated by the OR, or briefly by the weighted mean
difference (WMD) of the 95% CI briefly. In addition, heterogeneity was quantified using the
I? statistic. When 12 < 50%, a fixed-effects model was applied; otherwise, a random-effects
model was used. The Begg funnel plot was used to control for potential publication bias.

3. Results
3.1. Study Selection and Characteristics

The initial systematic screening of the available evidence resulted in a total of 817 studies.
Among them, 267 records were excluded as duplicates; 12 records were excluded due to
language other than English; 22 records were excluded as reviews and editorials; 22 records
were excluded as case reports; 149 records were excluded as they concerned adult popu-
lations; 245 records were excluded since they reported mixed adult and child /adolescent
population data, without subgroup analyses; six records were excluded since they did not
mention the exact age of the population; 35 records were excluded as they did not report
any of the outcomes of the present review; nine records were excluded due to populations
with cancer type other than PTC; 13 records were excluded as basic science studies. Finally,
a total of 37 studies that met our selection criteria were included in our meta-analysis. The
selection flowchart of the research is presented in Figure 1.

‘ Identification of studies via databases and registers ‘

Records identified from
Databases (n=801)
Registers (1=16)

l

Identification

Records screened Records as

(n=817) (n=267)

Reports sought for retrieval Reports not retrieved

——>

(n=550) (n=12) due to language re-
2 strictions (non English reports)
s
]
2
S
@

Reports excluded:

Reports assessed for eli- Editorial & Reviews (n=22)

gibility Adult Population (n=149)

(n=538) Case reports (1=22)

Mixed adult and children population (n7=245)

Studies not mentioning population age (7=6)
Not reporting the outcomes (n=35)

Other type of cancer (n=9)

Basic science reports (n=13)
Studies included in review

(n=37)

‘ Included ‘

Figure 1. Systematic review flow chart of records identification and study screening.
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Basic characteristics of the included studies and the associated factors examined are
included in Table 1. Data regarding the methodology applied in the molecular analysis of
the BRAF gene in included studies are presented in Supplementary Table S1, in combination
with details regarding funding of the studies.

Table 1. Included studies’ characteristics.

Sample

No Authors, Year Study Recruitment Size Sample Age Gender BRAF Mutations
! Type (Country, Time) [ Origin (Years) (Boys/Girls) Prevalence (%)

BRAF
V600E Other

1 Alzahrani [17], 2017 RC Middle East, 1998-2015 79 registry 8-18 11/68 24

2 Ballester [24], 2016 RCrS USA, 2009-2014 25 clinical 10-19 6/19 40

3 Buryk [25], 2013 RCaS USA, 2009-2012 5 clinical 12-15 1/4 40

4 Cordioli [16], 2017 RC Brazil, NR 35 clinical 4-18 9/26 8.6

5 Espadinha [26], 2009 C Portugal, 2000-2007 15 clinical 5-21 4/11 7

6 Franko [27], 2022 RC USA, 1989-2019 122 clinical <18 NR 213 0.75 (T599del)

7 Geng [18], 2017 RC China, 1994-2014 48 clinical 3-14 19/29 354

8 Gertz [15], 2016 RCiS USA, 2008-2012 14 registry 8-18 5/9 31 7 (gggéklf‘n

9 Givens [13], 2014 RCrS USA, 1999-2012 19 registry 3-18 NR 36.8

10 Hardee [20], 2017 RCrS USA, 2003-2015 50 registry <21 15/35 48

11 Henke [12], 2014 RCrs USA, 1973-2005 27 registry 6-21 6/21 63

12 Hess [28], 2022 RCrS USA, 2010-2019 27 clinical 9.1-18.7 4/23 33.3

13 Kumagai [11], 2004 C Japan/Ukraine, 1962-1995 44 registry <17 NR 6.81 (T1796A)

14 Kure [29], 2019 RC Japan, 2009-2017 14 registry 13-21 0/14 14.3

15 Kurt [30], 2012 C Turkey, 1995-2010 2 registry 14-20 1/1 50

16 Lee [31], 2021 RCrS Korea, 1983-2020 106 clinical /registry 4.3-19.8 22/ 84 38.7

17 Li [7], 2022 RC China, 2018-2021 169 clinical 6-18 40/129 57.4

18 Macerola [32], 2021 RC Italy, 2014-2020 163 registry 8-18 47/116 36.2 0.6 (K5991)

19 Mitsutake [33], 2015 RC Japan, 2013-2014 67 clinical 9-22 NR 64.2

20 Mollen [34], 2022 RCrS USA, 2001-2017 62 clinical 4.2-189 47/15 30.6

21 Mostufi-Moab [19], 2018 RCrS USA, 1989-2012 62 registry 2-18 NR 194

22 Newfield [35], 2022 RC USA, 2001-2015 39 registry <18 NR 28.2 2.6 (K601E)

23 Nies [36], 2021 RC USA, 1946-2019 94 registry 10-16 NR 8.5

24 Oishi [37], 2017 CcC Japan, 1991-2013 81 registry 6-20 7/74 54

25 Onder [38], 2016 RC Turkey, 1995-2015 50 registry 6-18 9/41 30

26 Passon [39], 2015 RC Italy, NR 2 clinical 17-19 0/2 0

27 Pekova [40], 2019 RC Czech Rep, 2003-2017 83 clinical 142 +34 24/59 18.1

28 Pessoa-Pereira [41], 2019 RC Brazil, 2006-2012 5 registry 12-20 0/5 20

29 Poyrazoglu [42], 2017 RC Turkey, 1983-2015 75 clinical 1.3-17.8 24/51 25

30 Prasad ML [14], 2016 RCrS USA, 2009-2015 28 clinical 6-18 8/20 48

31 Rogounovitch [43], 2021 RC Belarus, 2001-2007 34 registry 4-14 12/22 14.7 0 (K601E)

32 Romittii [44], 2012 RCrS Brazil, NR 3 registry 10-18 0/3 0

33 Senyiirek [45], 2022 RC Turkey, 1995-2020 55 registry 5-18 15/55 33

34 Sisdeli L [46], 2019 RC Brazil, 1993-2017 80 registry <18 NR 15

35 Stenman [47], 2021 RC Sweden, 1992-2021 5 registry 9-15 2/3 20

36 Vasko V [48], 2005 RCrS Ukraine, 1999-2004 4 clinical 14-20 2/2 25

37 Zou M [49], 2014 RC Saudi Arabia, 1987-2006 6 clinical 12-21 1/5 16.7

NR: not reported, RC: retrospective cohort, C: cohort, RCaS: retrospective case series, RCrS: retrospective cross
sectional, CC: case control. Age in presented as min-max or mean =+ standard deviation.

3.2. Prevalence of BRAF Mutation

The most prevalent mutation of BRAF gene molecular analyses across all studies was
BRAF V600E mutation, with reported prevalence rates ranging from 0% to 64.2% among
pediatric and adolescent populations. Other reported genetic alterations of BRAF gene
were BRAF ¢.1799_1801delTGA, BRAF T1796A, BRAF T599del, BRAF K5991, and BRAF
K601E, with extreme modest frequency rates compared to V600E (Table 1).

Overall, BRAFV600E mutation was confirmed among a group of 596 individuals from
a totality of 1799 children and adolescents with PTC in this systematic review and meta-
analysis, resulting in a pooled BRAFV600E prevalence of 33.12% (Tables 1 and 2).
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Table 2. Tumor Characteristics among PTC patients according to BRAF analysis.

Total BRAF Sample per Vascular Tumor
No Author. Year Stud Mutation BRAF Tumor Size Multifocality Invasion LNM ETE DM Recurrence
4 Y Status Group (cm) or (f¥) (%) o (%) (%) (%) o
Sample (1) (+/—) ) (%) (%)
Alzahrani
1 [17], 2017 79 + 19 28+14 50 40 86.7 35.7 0 52.6
- 60 33+16 53.8 51.4 82.8 46.2 15 339
Ballester
2 [24], 2016 25 + 10 NR NR NR 50 NR NR NR
— 15 NR NR NR 46.7 NR NR NR
Buryk
3 [25], 2013 5 + 2 2.7 £ 0.56 NR NR 100 NR NR NR
- 3 1.7 +£0.17 NR NR 33.3 NR NR NR
Cordioli
4 [16], 2017 35 + 3 46+125 NR NR 100 0 0 NR
- 16 294148 NR NR 88.2 64.7 35.2 NR
Espadinha
5 [26], 2009 15 + 1 NR NR NR 0 NR NR NR
— 14 NR NR NR NR NR NR NR
Frank *<2cm=11,2-4
6 ranto 122 + 26 cm =5, NR 30.7 72 461 0 NR
[27], 2022 >4 cm = 10
— 96 NR NR NR NR NR NR NR
Gen *<2cm=2,24
7 g 48 + 17 cm =11, 20 NR 64.7 16.0 36.6 20
[18], 2017 Shem=4
* —
— 31 2_4C$;n=_1}l7’ >4 80 NR 80.6 84.0 634 80
Gertz
8 [15], 2016 14 + 4 1.7+12 NR 33.3 NR 25 0 NR
- 9 27+24 NR 33.3 NR 222 0 NR
Givens
9 [13], 2014 19 + 7 2.08 +£1.21 NR NR NR 60 0 16.7
— 12 222 +1.78 NR NR NR 62.5 41.7 12.5
Hordee * <Dem = 18, 2-4
10 50 + 24 cam =2, NR NR 58 0 NR 21
[20], 2017 g
*<2cm=13,2-4
. 26 cm =5, NR NR 69% 4 NR 8
>4dem=7
Henke
11 [12], 2014 27 + 17 NR NR NR 64.7 70.6 5.9 NR
— 10 NR NR NR 60 50 0 NR
12 Hess [28], 2022 27 + 9 1.37 £ 1.09 NR NR 428 NR NR NR
- 18 3.22 +2.04 NR NR 68.75 NR NR NR
Kumagai
13 [11], 2004 44 + 3 1.56 + 0.87 NR NR 33.3 NR 0 NR
— NR NR NR NR NR NR NR NR
14 Kure [29], 2019 14 + 2 1.25 £ 0.77 NR 50 33.3 0 0 NR
- 12 234 +£1.79 NR 50 66.6 8.3 8.33 NR
15 Kurt [30], 2012 2 + 1 NR NR NR 100 100 0 NR
— 1 NR 325 NR 0 0 0 NR
16 Lee [31], 2021 106 + 41 1.40 £+ 1.00 415 NR 68.4 60.5 25 16.2
- 65 2.10 £ 1.30 23.7 NR 76.2 75.8 43.18 46.6
17 Li[7], 2022 169 + 97 1.55 +1.03 50 NR 144 247 21 2
— 72 249 +£1.18 NR NR 8.3 36.1 41 8.3
Macerola
18 [32], 2021 163 + 59 NR NR NR NR NR NR NR
- 104 NR NR NR NR NR NR NR
Mitsutake
19 [33], 2015 67 + 43 1.22 £ 0.68 NR NR 14.2 58.1 0 NR
— 20 1.83 £ 0.95 NR NR 20 35 10.5 NR
Mollen
20 [34], 2022 62 + 19 NR NR NR NR NR NR NR
- 43 NR NR NR NR NR NR NR
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Table 2. Cont.

Total BRAF Sample per Vascular Tumor
Mutation BRAF Tumor Size Multifocality . LNM ETE DM
No Author, Year Study . o Invasion o o o Recurrence
s Status Group (cm) or (f¥) (%) o (%) (%) (%) o
ample (1) (%) (%)
/=) (n)
Mostufi-Moab
21 [19], 2018 62 + 12 1.10-4.00 NR NR 63.6 NR 0 NR
- 50 NR NR NR NR NR NR NR
Newfield
22 [35], 2022 39 + 11 2.67 +£1.98 NR 54.5 81.8 NR 0 NR
— 18 270 +£1.44 NR 50 50 NR 7.14 NR
23 Nies [36], 2021 94 + 8 e é_gé)z) NR NR 100 NR 100 NR
3.50
- 86 (2.3-5.5) NR NR NR NR 100 NR
24 Oishi 81 + 44 320+18 NR NR 98 36 0 NR
[37], 2017 : :
- 37 280+13 NR NR 81 44 8 NR
Onder
25 [38], 2016 50 + 15 2.12 £ NR 93.3 NR 60 13.3 0 33.3
— 35 2.26 = NR 57.14 NR 61.5 8.57 14.2 5.7
Passon
26 [39], 2015 2 + 0 NR NR NR 0 NR 0 NR
— 2 NR NR NR 0 NR 0 NR
27 Pekova [40], 2019 83 + 15 2.00 + 1.06 53.3 20 46.6 40 0 20
— 68 222 +1.36 55.8 243 7647 544 147 8.8
Pessba-Pereira
28 [41], 2019 5 + 1+0 0 0 0 0 0 NR
— 4 2.32 +£1.39 75 25 50 0 0 NR
Poyrazoglu *<lcm=3
29 [42], 2017 75 + 14 sTem=11 85.7 50 57.1 42.8 7.1 NR
* —
- © <lem =16 28 405 38 286 95 NR
>l ecm =26
Prasad ML
30 [14], 2016 28 + 13 1.44 +£1.04 23.1 23.1 384 7.7 0 NR
— 14 221 +1.13 50 NR 714 NR 14.3% NR
Rogounovitch
31 [13], 2021 34 + 5 144 +0.34 0 100 100 0 0 NR
— 29 1.6 £09 NR NR NR NR NR NR
Romittii
32 [44], 2012 3 * - - - - - - - -
- 1 105 £0 NR NR NR 0 NR
Senytirek .
33 [45], 2022 55 + 18 1.50 (0.6-5) 83.3 55.5 33.3 25 0 33.3
— 37 1.40 (0.4-5) 56.7 324 35.1 21.6 8.1 2.7
Sisdeli L
34 [46], 2019 80 + 12 3.35+1.38 NR NR 75 NR 25 NR
— 68 2.64 +1.58 NR NR NR NR NR NR
Stenman
35 [47], 2021 5 + 420+0 0 NR 100 100 NR 100
- 4 457 +£2.12 50 NR 100 75 25 50
Vasko V
36 [48], 2005 4 + 3 2.36 + 0.55 0 NR NR NR NR NR
- 1 150 £0 0 NR NR NR NR NR
ZouM
37 [49], 2014 6 + 1 NR NR NR 0 NR 0 NR
— 3 NR NR NR 44.4 NR 0 NR

NR: not reported, LNM lymph node metastasis, ETE extra-thyroid extension, DM distant metastasis. Tumor size
data are presented as mean =+ standard deviation or median (min-max) in most included studies. * Tumor size
data presented as categorical variable (f = number of participants per tumor size group).

3.3. BRAF Mutation and Gender
A random-effects model was applied to analyze the data of relevance among mutated
BRAF and gender (p = 0.65, I? = 11.6%). Prevalence of BRAFV600E mutation in female PTC

patients was relatively higher than that in male PTC patients, without reaching significance
(OR =0.91, 95% CI = 0.62-1.33) (Figure 2).
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Association between gender and BRAF mutation

Study name Statistics for each study Weight (Randorm} Odds ratioand 95% CI
Odds lLower Upper Relative Relative
ratio limit limit 7 Value p-Value Male Female weight weight
Alzahrani et al 2017 0667 0.131 3.394 0.488 0625 2/11 17168 476 — e —
Ballester et al 2016 0222 0.022 2.280 1.266 0205 1/6 9/19 248 ———elr——
Buryk et al 2013 0.333 0.009 12815 0.590 0555 0/1 2/4 1.08 —&
Cordioli et al 2017 D3SS 0.017 7.518 0.667 0505 0/9 31/26 1.48
Espadinha et al 2009 0778 0.026 22976 0.145 0884 0/4 M 122
Geng etal 2017 1.108 0.332 3.703 0.167 0867 7/19 10/29 785 —'—
Gertz et al 2016 2333 0216 25.245 0697 0486 2/5 2/9 238 ————
Hardee etal 2017 0926 0276 d.112 0.124 0902 7/15 17135 780 —
Henke et al 2014 11870 0594 237367 1619 0106 6/6 b A 4] 154
Hess et al 2022 0625 0.056 7.031 0.381 0704 1/4 81723 M —_—
Kurl et al 2012 9.000 0097 831780 0951 0.341 11 0/1 069
Lee etal 2021 0525 0.187 1.476 1.222 0222 6/22 35/84 995 —.——
Lietal 2022 2365 1.089 5.135 2176 0.030 29/40 68/129 1468 +
Mitsutake et al 2015 2880 0823 10.072 1656 0098 18/22 25/41 7.40 e ff—
Oishi et al 2017 0305 0.056 1.673 1.367 0171 217 42/74 439 ——
Onder el al 2016 0615 0112 3.381 0.559 0576 21/9 13741 439 ———
Pekova et al 2019 0322 0.067 1.551 1.413 0158 2/24 131/59 5.05 —_—
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Figure 2. BRAF mutation and Gender correlation forest plot [7,12,14-18,20,24-26,28,30,31,33,37,38,
40,42,43,45,47-49].

3.4. BRAF Mutation and Tumor Size

A random-effects model on continuous data was applied to explore the effect of the
presence of BRAF mutation to the size of PTC as expressed by the actual tumor diame-
ter (p = 0.21, I = 72.06%). Meta-analysis revealed that tumor size was not significantly
associated with BRAF mutation in children and adolescent patients with PTC (Mean
Difference = —0.24, 95% CI = —0.62-0.135, St. error = 0.192) (Figure 3).
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Figure 3. BRAF mutation and tumor size forest plot [7,13-17,25,28,29,31,33,35,37,40,43,46].

3.5. BRAF Mutation and Multifocality

A random-effects model was applied to analyze dichotomous data on the presence of
multifocality in PTC (p = 0.74, I = 68.19%). According to our findings, tumor multifocality
was not associated with BRAF gene mutation in pediatric and adolescent PTC (Table 2,
OR =1.13, 95% CI = 0.65-2.34) (Figure 4).
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Association between multifocality and BRAF mutation
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Figure 4. BRAF mutation and Multifocality forest plot [7,14,17,18,31,38,40-42,45,47].
3.6. BRAF Mutation and Vascular Invasion
A fixed-effects model was applied to analyze the presence of vascular invasion in
PTC (p = 0.57, I? = 0%). Pooled data of the present meta-analysis prove that the presence
of vascular invasion in children and adolescents with PTC, does not exert a significantly
higher risk for BRAF mutation (OR = 1.17, 95% CI = 0.67-2.05) (Figure 5).
Association between vascular invasion and BRAF mutation
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Figure 5. BRAF mutation and Vascular invasion forest plot [15,17,29,35,40-42,45].

3.7. BRAF Mutation and Lymph Node Metastasis (LNM)

Data on the presence or not of Lymph Node Metastasis (LNM) upon diagnosis of PTC
in children and adolescents was analyzed after the application of a random-effects model
(p = 0.66, I? = 20.83%). LNM is not associated with mutated or absence of BRAF in PTC
children and adolescents (OR = 0.92, 95% CI = 0.63-1.33) (Figure 6).



Diagnostics 2023, 13, 1187

10 0of 18

Study name

Alzahrani et al 2017
Ballester etal 2016
Buryk etal 2013
Cordioli etal 2017
Geng etal 2016
Hardee etal 2017
Henke etal 2014
Hess et al 2022

Kure etal 2019

Lee et al 2021

Li etal 2022
Mitsutake et al 2015
Newfield et al 2022
Oishi etal 2017
Onder etal 2016
Pekova etal 2019
Pescoa-Pereira etal 2019
Poyrazoglu etal 2017
Prasad etal 2016
Senyurek et al 2022
Zou et al 2014

Pooled

Heterogeneity 1°=20.83%

Study neme

Geng etal. 2017

Gerizetal 2016

Henke etal. 2014

Kure etal 2019

Milsutske et al 2015

Oishi etal. 2017

Onder etal. 2016

Senyurek etal 2022

Stenman etal 2021

Odds

ratio
1.354
1.143
8.333
1.129
0.440
0.622
1.833
0.341
0.500
0677
1.855
0.667
4500
10.379
0.938
0.269
0.333
2.167
0.250
0.923
0.407
0.920

Hezerogenerty 12=20.36%

Association between LNM and BRAF mutation

Statistios for each study Weight (Random) 0dds ratio and 95% CI
Lower Upper LNM INM  Relative Relatve

limit limit  ZValue pValue (Yes) (No) weight  weight

0.263 6.961 0.363 0.717 13/61 2/12 430 k

0.230 5.670 0.163 0.870 5/12 5/13 4.48

0.217 320.383 1.139 0255 2/3 0/2 1.01 — ——— —
0.044 29,129 0.073 0.942 3/18 0/2 1.26

0.116 1673 1.205 0.228 11/36 6/12 5.93 —_—

0.195 1.990 0.800 0.424 14/32 10/18 7.26 - 1

0.374 8.984 0.747 0.455 11/17 5/10 451 )

0.055 2.131 1.161 0.250 3/14 4/9 3.56 - 1

0.024  10.251 0.450 0.653 1/9 115 1.44

0.276 1.660 0.852 0.394 26/74 12/27 10.13 ——

0.676 5.092 1.200 0.230 14/20 83/149 8.77 1

0.165 2.691 0.569 0.569 6/10 36/52 5.55 JENESE T—

0.821 24,679 1.732 0.083 9/23 2/16 4,03 | S .

1.212 88.888 2.135 0.033 43/72 1/8 2.70 S —
0.255 3.442 0.097 0.923 9/25 6/16 6.17 +

0.084 0.858 2.219 0.026 7/59 8/24 7.29 E =

0.009 12.815 0.530 0.555 0/2 173 1.01

0.634 7.399 1.234 0.217 8/24 6/32 6.71 1 m

0.050 1251 1 887 0.092 5/15 8/12 4.42 - S—

0.324 2.629 0.150 0.881 9/22 18/42 837 —q—

0.013  12.636 0.512 0.608 0/4 116 1.13

0.633 i.338 0.435 0.663 199/552 215/464 +

001 01 1 10 100
LNM (Yes) LNM (No)

Figure 6. BRAF mutation and LNM forest plot [7,12,14,16-18,20,24,25,28,29,31,33,35,37,38,40-42,45,49].

3.8. BRAF Mutation and Extrathyroidal Extension (ETE)

A random-effects model was applied in order to meta-analyze categorical data on
the presence or not of extrathyroidal extension of the PTC tumor in our study pooled
population (p = 0.19, I? = 20.36%). ETE is not significantly related to a higher rate of carrying
a mutated BRAF gene among pediatric and adolescent patients with PTC (OR = 0.78,
95% CI = 0.53-1.13) (Figure 7).
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Figure 7. BRAF mutation and ETE forest plot [7,12,13,15-18,20,29,31,33,37,38,40,42,45 47].

3.9. Distant Metastasis in BRAF Mutation

A fixed-effects model was selected to analyze the correlation between the presence
of BRAF mutation and the emerge of distant metastasis after PTC (p = 0.001, I? = 0%). It
was found that distant metastasis is significantly associated with the presence of a mutated
BRAF gene in children and adolescents with PTC (OR = 0.32, 95% CI = 0.16-0.61) (Figure 8).
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Association between distant metastasis and BRAF mutation
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Figure 8. BRAF mutation and Distant Metastasis Forest plot [7,12-14,16-18,29,31,33,35,37,38,40,42,45].
3.10. Tumor Recurrence and BRAF Mutation
A random-effects model was utilized to analyze data regarding tumor recurrence rates
and the presence of a mutated BRAF gene in children and adolescents with PTC (p = 0.376,
12 = 69.27%). It was found that BRAF mutation is not associated with tumor recurrence in
the studied population (OR = 1.66, 95% CI = 0.68—4.21) (Figure 9).
Association between BRAF mutation and tumor recurrence
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Figure 9. BRAF mutation and Tumor Recurrence Forest plot [7,13,17,18,20,31,38,40,45,47].

3.11. BRAF Mutation and Survival Rate

Survival rate appeared as a variable reported in very few pediatric and adolescent
studies. According to the present analyses, only a few records were identified as measuring
survival at different time-points. Nies et al. report an overall 5-year survival rate of 98.5%
in their small BRAF mutated cohort group [36]. In the same study, follow-up time ranged
from 0.8-65 years, and thus authors report a 20-, 25-, and 30-year overall survival rate at
93.5%, 90.6%, and 86.8%, respectively [36]. Hardee et al. report a 100% survival rate in their
cohort, with a follow- up time frame ranging from 10 to 42 years, as they recorded survival
in year 2015 [20]. Mollen et al. reported a 100% survival rate in a median follow-up time of
6-years [34]. Finally, Henke et al. also report 100% overall survival during a 13.4 year study



Diagnostics 2023, 13, 1187

12 0f 18

period [12]. It is obvious that, in pediatric protocols, recording survival is of poor scientific
interest and is largely expected to reach the maximum (100%). The ten-year survival rate,
usually reported in adult oncology, constitutes an outcome that was fairly reported in the
childhood or adolescent cohorts, reflecting its difficulty in interpretation.

3.12. Assessment of Quality and Biases of the Included Studies

Quality assessment of included studies was performed using the JBI tool, consisting
of eight different items, each of which scored 1 if the statement was ‘Yes’ (green sign)
and 0 if the statement was ‘No’ (red sign), or “Unclear’ or ‘Not applicable’ (yellow sign)
(Figure 10). The vast majority of studies assessed were considered as high quality (54.5%).
More precisely, 35.13% scored seven out of eight points and 18.91% were graded with
eight out of eight points, based upon the JBI quality assessment tool. Fifteen studies out of
thirty-seven were at moderate risk related to quality assessment (40.53%), scoring five out
of eight points (21.62%) and six out of eight (18.91%). Only a small percentage of studies
(5.4%) recorded as low quality [13,24], since they confronted issues with domains regarding
the criteria used for measurement of condition, identification of confounding factors and
strategies to deal with them.
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Figure 10. Risk of bias summary; authors’ judgements on each risk of bias item for each included
study [7,11-20,24-49].

The domain “inclusion criteria definition” was the only item of the JBI tool which
all studies succeeded in scoring. Most of the studies met difficulties in scoring the items
“identification of confounding factors” and “strategies statement to deal with cofounding
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factors”. Accordingly, the least scored domain was “strategies to deal with confounding
factors”, in which 20 out of 37 studies scored zero (54%).

4. Discussion

The discrete clinical behaviour of pediatric and adult PTC seems also to derive from
distinct differences at the molecular level. An essential factor promoting the factor of
tumorigenesis is the activation of the MAPK pathway through genetic alterations of its
components. Among them, BRAF gene holds a key role, almost exclusively through the
V600E mutation, which is recognized as the most frequent oncogenic variant in adult
PTC. Due to its high prevalence, BRAF V600E has gained special research interest as
to whether it could serve to identify patients with a potential for an aggressive clinical
course. This research query has been extensively explored by meta-analyses of studies
concerning adult PTC cases [6-10]. The present study consists of the first coordinated
attempt to systematically review and meta-analyse all available evidence on pediatric
and/or adolescent PTC, in order to elucidate any association of BRAF gene mutations with
the clinicopathological features and the long-term outcome in the age of interest (<21 years).
Except for the profoundly lower frequency of BRAF V600E in children and adolescents
with PTC compared to adults, only distant metastasis upon diagnosis was as unfavourable
prognostic factors that was associated with the BRAF V600E mutation. Furthermore, the
excellent prognosis can only be hypothesized, due to the scarce data on survival rate, not
allowing further analysis.

The mutation of great interest in the literature was BRAF V600E, which has consis-
tently emerged as the most prevalent alteration of the BRAF gene. The predominance of
V600E mutation in the longitudinal analyses of BRAF is recorded both during the first years
of the specific loci study, two decades ago, through classical molecular techniques [11], and
recently through advanced techniques such as high-resolution melt analysis [32] and next
generation sequencing [27,35]. The widely varying prevalence from 0% [39] to 64.2% [33] in
different protocols, resulted in a pooled prevalence of 33.12% among individuals < 21 years
of age. Thus, it is shown that pediatric cohorts exhibit a lower frequency of BRAF V600E mu-
tation frequency than adult series, where the overall estimated prevalence was 74.63% [10],
almost 2-fold more, ranging between 25.4-89% [50,51]. The great difference in mutation
rates among studies may be attributed to the variable heterogenous proportion of children
and adolescents included. Two studies found that patients with BRAFV600E mutation
positive tumors were significantly older than the BRAF V600E negative patients [20,46]. In
contrast, Geng et al. [18] reported that the presence of BRAFV600E mutation was associated
with age at diagnosis of less than ten years. However, most studies failed to support any as-
sociation between age and BRAFV600E [12,13,38]. It seems reasonable to hypothesize that,
in studies including more adolescents than children, the prevalence increases, to “catch up”
with that series of adult patients only. It is questionable whether this significantly different
frequency of BRAF V600E between pediatric and adult populations may be implicated in
their distinct clinicopathological characteristics and prognosis.

The gender distribution among PTC patients presents a well-known dimorphism, both
in adults and in children or adolescents. Girls are more frequently diagnosed with PTC than
boys by a ratio of 4:1. On the other hand, the BRAF V600E mutation is found more prevalent
in male PTC patients. However, the relationship between BRAF V600E mutation and gender
did not reach the level of statistical significance in this pooled data (p = 0.06). This finding is
in accordance with the results of several other protocols [17,18,20,37,38,42,45,52]. Only two
studies describe an association of the BRAF V600E mutation with the male gender [7,12].
It seems clear that the great female predominance among PTC patients in all age groups,
opposed to the association of the BRAF V600E mutation with male gender in some studies,
cannot be attributed to this genetic alteration according to the currently available data.

Regarding the intrinsic morphological features of a tumor, the diametrical tumor size,
expressed in metric data, was not found to be significantly associated with a mutated
BRAF variant. Our finding is in accordance with the vast majority of studies investigat-
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ing the relationship between the presence of BRAFV600E mutation presence and tumor
size [12,13,17,18,20,37,42,45]. Sisdelli et al. [46] supported an association of BRAF V600E
mutation with larger tumor diameter, while Li et al. found the BRAFV600E mutation more
frequent in patients with smaller tumor size [7]. Tumor size is the first element that guides
the management algorithm of a thyroid nodule management and, thus, appears as an im-
portant variable in the risk stratification of a PTC by TNM grading. Diameters larger than
1 cm are defined as the precursor for a more aggressive oncogenic behaviour [1,21], indepen-
dently of the BRAF V600E mutation. It is obvious that differences in the reporting of tumor
size over time are significantly correlated with the improvement of ultrasound diagnostic
ability, combined with higher qualifications and awareness among health professionals.

Multifocality, as another aggressive locoregional prognostic factor, was not found
to be associated with BRAF gene mutation. Eleven studies were included in the meta-
analysis and the data are not only scarce but also divergent. Our results are in agreement
with those of three studies [17,45], while two other studies found a negative correlation
with BRAFV600E mutations identified more frequently in patients lacking multifocal
tumor [7,18]. Only in the study by Onder et al. was BRAFV600E mutation more frequently
present in cases with multifocal tumors [38], while Senytirek et al. [45] reached a borderline
positive association (p = 0.052).

Turning to parameters indicative of extra-thyroid disease, we did not demonstrate any
association of BRAF gene mutation with vascular invasion, as did other researchers [12,13,17,42].
High quality data on the effect of BRAF gene mutation on vascular invasion is lacking in
the literature, perhaps due to the limited recording of vascular invasion as an independent
prognostic parameter by investigators. ETE did not exhibit any difference in rate based
on the presence or absence of the BRAF mutation. Similarly, previous studies reported no
effect of BRAF V600E alteration on ETE [13,17,37,38,42]. Paradoxically, Geng et al. reported
a negative correlation of BRAF V600E variant with ETE [18]. Furthermore, BRAF V600E
mutation status was not associated with LNM. According to our results, most studies failed
to support any association [13,17,18,20,38,42]. BRAF V600E was significantly more frequent
in the BRAF V600E positive PCT patients, studied only by Li et al. and Oishi et al. [7,37].

Finally, in addition to the extent of the disease at diagnosis, another important param-
eter that determines long-term outcome is tumor recurrence. However, only one study
described a positive association between BRAF mutation status and risk for recurrence [38].
The absence of an association between tumor recurrence and mutated BRAF is also only
supported by scarce data [17,18]. Pooling of the available evidence in this study did not
confirm any relevance between recurrence and BRAF mutations, due to very few and
heterogenous data.

In the present meta-analysis, mutated BRAF was significantly associated with the
presence of distant metastasis at diagnosis. Distant metastasis at diagnosis is usually
considered an indicator of rapid growth of the primary tumor and a consistent reflection
of poor disease prognosis. Data regarding the relation between BRAF mutation and the
presence of distant metastasis are reported to be largely contradictory in the literature for
both children and adults. In the majority of the cohorts investigated in the present meta-
analysis, the prevalence of distant metastasis at diagnosis was low, as the total metastatic
PCT events at diagnosis were pooled at the raw number of only 120 individuals.

According to our finding, the probability of detecting a mutated BRAF allele at diag-
nosis was significantly lower (OR:0.316) among patients with distant metastasis compared
with those without metastatic disease. In adult PCT, it has been demonstrated by meta-
analyses that BRAF mutation is also emerging as negatively associated with the presence
of metastasis, but without reaching significance [10]. The validity of our finding is further
firmly supported by the fact that heterogeneity was not evident in the pool of the avail-
able pediatric data (0%). It is highly significant that an emerging value for the molecular
status BRAF is apparent, in terms of predicting the clinical course of PCT in children
and adolescents.
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An end point in the management of patients with PCT is the assessment of long-term
survival, even in the pediatric population. The positive or negative effect of a prognostic
factor ideally reflects the survival rate. The analysis of survival rates as a mathematic
outcome is characterized by a specific burden, in order to obtain a reliable to estimate
when based on retrospective data. The population subject to “loss of follow-up” dur-
ing transition to adult health care professionals also complicates the derived survival
outcomes, as systematic, long-term follow-up of pediatric patients with PTC is prone
to missing data, especially when research in conducted out of a registry. In the avail-
able literature, the overall survival rate is estimated >98.5% and reached 100% in the
four studies that conducted follow-up for 5.8-19.5 (4.5-52.8), 5.5-38.8, 1042 and 6 years,
respectively [12,20,34,36]. Interestingly, Hanke et al. did not find any difference in
progression-free survival (PFS) at 10 years based on BRAF V600E mutational status [12].

Furthermore, Nies et al. observed that extrapulmonary metastatic disease was recorded
in all cases that died, hypothesizing that BRAF V600E positive patients had smaller tumor
sizes and a delayed diagnosis of metastasis due to the poor sensitivity of radioactive iodine
(RAI) scans [36]. However, it is noteworthy that, even in the presence of metastatic disease,
in a large series of 1433 pediatric patients with PTC, long-term follow-up has shown 5-, 15-,
and 30-yr survival rates of 98%, 97%, and 91%, respectively [53]. It is obvious that future
high quality cohort data, through registry implementation, could longitudinally address
the question of the association between BRAF status and distinct survival rates among
pediatric PTC survivors.

The meta-analytic approach to adult PTC data [6—10] has reached conclusions which
are not parallel to the findings of the present study and, thus, may seem unexpected. It is
noteworthy that, in the present analysis, BRAF mutation was not associated with potential
aggressive prognostic factors or the overall survival rate of pediatric PTC patients, except
for the presence of distant metastasis. In contrast to our findings, adult data suggest that
the presence of BRAF V600E is significantly associated with a cluster of tumor prognostic
factors (tumor diameter, lymph node metastasis, multifocality, vascular invasion and extra-
thyroid extension) [10]. Applying the rationale that children “are not just small adults”, this
study provides evidence that BRAF gene analysis could also be applied during childhood
PCT, as a marker for the prognosis of distant metastatic disease.

Thus, this meta-analysis could support the hypothesis that BRAF mutation status may
provide part of the explanation for the different biomolecular behaviour of PTC in adult
and pediatric populations. Moreover, it also justifies the increased interest in the study
of fusions that are found to be more prevalent and associated with aggressive potential
and unfavorable events. Franco et al. found that patients with RET/NTRK fusions had
exhibited worse outcomes than those with BRAF-mutant disease [27]. Even BRAF fusions,
reported in 2.7% of PTC pediatric cases [4], were associated with younger age [46] and
aggressive disease, as implied by more frequent ETE, LNM and DM, as well as with
requirement for higher RAI treatment doses [40].

Although this meta-analysis included 37 studies, and a total of 1799 PTC pediatric
patients with PTC, to investigate all PTC prognostic factors in relation to BRAF mutational
status on risk stratification of pediatric patients, there were some limitations that should
be acknowledged. The studies included populations of different demographic and racial
characteristics, affected by a wide spectrum of environmental factors, and who received a
variety of methods of diagnosis and molecular analysis. All these parameters increased
the heterogeneity of the sample and reflected the burden of drawing firm conclusions in
mathematical random effects models. In addition, several studies were performed in a small
number of patients, analysing only some of the outcomes reviewed here. Furthermore, the
present study did not analyze different therapeutic strategies in PTC and the evaluation of
different treatment approaches in pediatric and adolescent PTC was out of the scope of the
present protocol. Finally, most of the data meta-analyzed in the present study originated
from cross-sectional and retrospective previous studies, thus complicating the ability to
demonstrate causality.
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5. Conclusions

In conclusion, BRAF V600E mutation is less common in children and adolescents
than in adults. Its prognostic potential lies in its significant negative relationship with
the presence of distant metastasis. No significant correlation between BRAF mutational
status and gender, tumor size, multifocality, lymph node metastasis, extrathyroidal exten-
sion, vascular invasion, tumor recurrence or survival rate is evident among children and
adolescents with PTC. Further research is needed in order to describe in more detail its
role in the risk stratification and management of pediatric and adolescent patients with
PTC, and to establish guidelines. However, it remains a target for molecular therapy and
immunomodulation with BRAF inhibitors.
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