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ABSTRACT
Introduction. The BRAF V600E mutation is implicated in the tumorigenesis of differentiated thyroid cancer, and its
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Faculty of Medicine, University of Sriwijaya  role in cancer recurrence remains debated. This systematic review aims to assess the relationship between BRAF

Sudirman Street, 30126 Palembang, mutations and the recurrence of DTC and its impact on lymph node metastasis and mortality.

Indonesia Methods. Following PRISMA 2020 guidelines, a comprehensive search was performed across PubMed

e-mail: bimaindra26@gmail.com and ScienceDirect databases covering studies published up to September 2024. Eligible studies reported on
the association between BRAF V60OE mutation and recurrence in DTC. Data on patient characteristics, recurrence
rates, metastasis, and mortality were extracted for synthesis.

Results. A total of seven studies with 4660 patients were included. Most of the patients had papillary thyroid
carcinoma, and the mean age ranged from 40 to 54 years. Three studies found no significant association be-
tween BRAF V600E mutation and DTC recurrence, while two studies reported a significant association. Lymph
node metastasis was associated with BRAF mutation in three studies, without contradictory findings. Regarding
mortality, two studies found no significant association, whereas one study reported an increased mortality risk
with BRAF mutation.

Conclusions. The relationship between BRAF V600E mutation and recurrence in DTC is inconclusive, with mixed

o . findings across the studies. BRAF V600E mutation is more consistently linked to lymph node metastasis, though
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its role in predicting recurrence and mortality remains uncertain. Further research with standardized methodologies
is required to better understand the clinical implications of BRAF V60OE mutations in DTC.
Keywords: BRAF mutation, differentiated thyroid cancer, recurrence, metastasis, mortality.
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Introduction due to advancements in diagnostic imaging [3]. Despite

its rising incidence, DTC generally has a favorable

Thyroid cancer particularly differentiated thyroid
cancer (DTC), which includes papillary thyroid carci-
noma (PTC) and follicular thyroid carcinoma (FTC),
represents the majority of thyroid cancer cases, account-
ing for over 90% [1, 2]. The incidence of thyroid cancer
has significantly increased over recent decades, partly

prognosis, with 10-year survival rates exceeding 90%
for PTC and FTC [4, 5]. Treatment typically involves
surgery and radioactive iodine therapy, contributing to
high survival rates [6].

Despite the overall positive prognosis, recurrence
in DTC can occur in a subset of patients, influenced by
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several factors. Extrathyroidal extension, lymph node
metastasis (LNM), and larger tumor size have been
shown to significantly increase recurrence risk [7, 8].
Multifocality and bilaterality of tumors, particularly in
certain populations, also contribute to recurrence [9].
Molecular markers, such as BRAF and RAS mutations,
are associated with a more aggressive disease and higher
recurrence rates [10]. Postoperative treatment, espe-
cially the effectiveness of radioactive iodine (RAI)
ablation, further influences recurrence, with inadequate
treatment linked to higher risks [11].

The BRAF V600E mutation is a common genetic
alteration in PTC, activating the mitogen-activated
protein kinase (MAPK) signaling pathway, which drives
tumor growth and progression [12]. It is associated with
aggressive features, such as lymph node metastasis,
extrathyroidal extension, and recurrence [13]. The muta-
tion also contributes to the hypermethylation of tumor
suppressor genes, promoting malignancy [14]. Clinically,
the presence of the BRAF mutation is a marker of poor
prognosis, influencing treatment strategies and risk
stratification. Targeted therapies, including BRAF
inhibitors, have shown promise in treating BRAF-
mutant DTC, particularly in cases resistant to standard
treatments [15].

The role of BRAF V600E as a predictor of recurrence
and mortality in DTC remains controversial. Some stud-
ies report a strong association between BRAF mutation
and worse outcomes, including higher recurrence rates
and mortality [14]. However, other studies have found
no significant link between BRAF mutation and recur-
rence, suggesting that its prognostic value may be limited
[10]. The coexistence of other genetic mutations, such as
Telomerase Reverse Transcriptase (TERT), may also
influence the impact of BRAF, complicating its role as
an independent prognostic marker [16].

Despite numerous studies exploring the role of
the BRAF V600E mutation in DTC, there is no clear
consensus on its impact on recurrence and mortality.
While some research highlights a strong association
between BRAF mutation and aggressive tumor behav-
ior, others find no significant link, leading to confusion
regarding its prognostic value. Given these conflicting
findings, a systematic review is necessary to synthesize
available evidence, providing a clearer understanding
of the relationship between BRAF mutation and DTC
recurrence. This will aid in improving risk stratification
and guiding clinical decision-making. The objective of
this systematic review is to evaluate the association be-
tween the BRAF V600OE mutation and the recurrence,
lymph node metastasis, and mortality in patients with
differentiated thyroid cancer. By compiling and analyz-
ing existing studies, this review aims to provide clarity on
the prognostic significance of BRAF mutation in DTC
and its potential role in clinical management.

Methods

According to the PRISMA 2020 guidelines, a system-
atic literature search was conducted to identify studies
examining the relationship between BRAF mutation
and the recurrence of DTC. PubMed, ScienceDirect,
CINAHL, Web of Science, and Trip Database were
searched to find all relevant articles published until
September 2024. The reviewers independently searched for
combinations of “BRAF V600FE mutation”, “differentiated
thyroid cancer”, “recurrence”, “metastasis”, and “mortal-
ity.” Any disagreements were resolved through discussion.

The criteria were set to include original studies pub-
lished in English between the inception to September
2024 examining BRAF V600E mutations as indicators
of recurrence, metastasis, and mortality in patients with
DTC. The studies included both PTC and FTC. Studies
without relevant outcomes, case reports, and reviews
were excluded. The full-text articles were evaluated after
initial screening of titles and abstracts.

Each study was assessed for bias using the
ROBANS-2 (A Revised Risk of Bias Assessment Tool
for Nonrandomized Studies of Interventions) tool.
Confounders, selection bias, and outcome measure-
ment were evaluated using this tool. The data extraction
was performed independently by the reviewers. Data
extracted included study design, patient characteristics,
recurrence rates, lymph node metastasis, and mortal-
ity outcomes. Discrepancies were resolved through
discussion. A meta-analysis was not possible due to
heterogeneity across studies. This review summarizes
the association between BRAF mutations and key out-
comes in DTC. Mendeley References Manager’s web
version was used to manage references.

Results

In total, 1,140 articles were identified through data-
base searches, with 372 articles from PubMed, 751 articles
from ScienceDirect, and 17 articles from other sourc-
es. Following the removal of duplicates and screening of
titles and abstracts, 10 articles were determined to be po-
tentially relevant. Seven articles met the inclusion criteria
for this systematic review after full-text reviews. PRISMA
flowchart depicting identification, screening, and eligibil-
ity stages is shown in Figure 1.

ROBANS-2 was used to assess bias risk. Two studies
were judged to have a high level of bias due to concerns
about confounders and comparability of target groups.
Four studies had a moderate bias risk, while one study had
alow bias risk. All studies showed low risks of bias in blind-
ing, outcome measurement, and outcome data, with con-
founding factors and group selection as the most common
sources of bias. Table 1 shows the risk of bias assessment.
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Figure 1. PRISMA flowchart; *CINAHL, Web of Science, Trip Database

Table 1. Risk of bias assessment using ROBANS-2

No. Domain

Study index number

1 2 3 4 5 6 7
1 Comparability of the target group Low Low High Low High High High
2 Target group selection Low High Low Low Low Low Low
3 Confounders Low High High High Low Low Low
4 Measurement of exposure Low Low Low Low Low Low Low
5 Blinding of assessors Low Low Low Low Low Low Low
6 Outcome assessment Low Low Low Low Low Low Low
7 Incomplete outcome data Low Low Low Low Low Low Low
8 Selective outcome reporting Low Low Low Low Low Low Low
Overall results Low High High Moderate Moderate Moderate Moderate

Table 2 summarizes the studies included. A total
of 4,660 patients were included in the seven studies,
3,462 of whom were women and 1,178 of whom were
men. PTC was the most common type of cancer, ac-
counting for 4,640 cases, while FTC was rare. Study
participants ranged in age from 40 to 54 years. Studies
were conducted in a variety of countries, including China
(2 studies), Indonesia, Vietnam, India, Brazil, and one
multicenter study from the United States. Six studies
used cohort designs while one used a case-control design.

A variety of studies included in the analysis showed
inconsistent results regarding BRAF V600E mutations

and DTC recurrences. There was no significant associa-
tion between BRAF V600E mutation and thyroid cancer
recurrence in three studies [10, 17, 18]. The BRAF V600OE
mutation, however, was associated with higher recurrence
rates in three studies [19-21]. Even though a high propor-
tion of patients in these studies carried the BRAF muta-
tion, no recurrence was reported in the remaining study.

Regarding lymph node metastasis, two studies re-
ported a significant association with the BRAF mutation
[20, 21], and one study presented evidence contradicting
this finding [17]. One study found a higher mortal-
ity rate among patients with the BRAF mutation [14],
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Table 2. Summary of the included studies

No Study Details

Subject characteristics

Results

1 Harahap
etal. [10]
Indonesia, 2022

Case control

N = 20 cases (15 women, 5 men) with
recurrence of well-differentiated thyroid
cancer and 20 controls (no recurrence).
Mean age: 42.9-44.3 years

No significant difference between BRAF V600E expression
intensity and thyroid cancer recurrence

2 Minh et al. [19]
Vietnam, 2023

N = 102 patients (18 women, 84 men)
with thyroid carcinoma confirmed by
histopathology. Mean age: 45.1 years

The recurrence rate was significantly higher in BRAF V600E
mutation patients. Recurrence time: 12.39 + 7.44 months
(mutation) vs. 18.71 = 7.44 months

Cohort

3 Yan et al. [21] N = 2,048 patients (1,556 women, BRAF mutation was higher in patients > 45 years.
China, 2019 492 men) with PTC who underwent sur- No significant association was found between BRAFV600E
Cohort gery. Mean age: 43.14 = 11.01 years mutation and PTC persistence or recurrence, extrathyroi-

dal invasion, vascular invasion, lymph node metastasis,
and distant metastasis.

4 Barreno
etal. [17]
Brazil, 2022
Cross-sectional

N = 85 PTC samples
(73 women, 12 men) from pa-
tients > 45 years. Mean age: 54 years

No significant association with recurrence or lymph node
metastasis. Associated with tumors > 1 cm and extrathy-

roidal extension (p = 0.034)

5 Ramshankar et al. [20]
India, 2017
Cohort

N = 53 patients (33 women, 20 men)
with PTC. Median age: 40 years

BRAF V600E mutation is linked to poorer disease-free sur-
vival, regional lymph node metastasis, and recurrence

6 Xing et al. [14]
Multicenter, 2013

N = 1,849 patients (1,411 women,
438 men) treated with total thyroidec-
tomy and neck dissection. Median age:

Prevalence of BRAF V600E was 45.7%. The mortality rate
higher in BRAF-positive patients, but significance was re-
duced when metastasis was included

Cohort
46 years

7 Huang et al. [18]
China, 2019
Cohort

N = 483 patients (356 women,
127 men) with PTC. Mean age:
43.15 years

No recurrence or mortality was observed despite 90%
BRAF mutation prevalence. Lymph node metastasis was
higher in the non-BRAF mutation group

PTC — papillary thyroid carcinoma

whereas two studies found no significant association
between the BRAF V600E mutation and mortality [18,
21]. However, when adjusting for other factors such
as lymph node metastasis and extrathyroidal invasion,
the association between BRAF mutation and mortality
was no longer significant. According to the evidence,
there is a complex relationship between BRAF V600E
mutation and DTC outcomes, especially recurrence
and metastasis, with findings varying across populations
and study designs.

Discussion

Based on the findings of this review, BRAF V600OE
mutation is significantly associated with lymph node
metastasis and recurrence in DTC patients. In DTC,
particularly in PTC, BRAF V600E mutations play a criti-
cal role. Several interconnected mechanisms explain
its role in DTC recurrence and lymph node metasta-
sis. BRAF V60OE activates the MAPK pathway, which
contributes to recurrence through one of its primary
pathways. BRAF is constantly activated by this mutation,

resulting in uncontrolled proliferation and survival of
cells viathe MEK and ERK pathways [22, 23]. The muta-
tion also facilitates the epithelial-mesenchymal transi-
tion (EMT), which enables cancer cells to become more
invasive and metastatic, increasing the risk of recurrence
[24]. Additionally, the BRAF VV600E mutation is associ-
ated with the downregulation of genes involved in iodine
metabolism, such as the sodium-iodide symporter (NIS),
reducing the efficacy of RAI therapy, a key treatment for
DTC. This resistance to RAI therapy allows cancer cells
to survive, further elevating the risk of recurrence [25].

The coexistence of BRAF V600E with other ge-
netic mutations, particularly TERT promoter mutations,
exacerbates the aggressiveness of the disease. This
combination enhances tumor growth, invasiveness,
and recurrence potential [6]. Moreover, BRAF V600E
increases the production of pro-tumorigenic factors like
vascular endothelial growth factor (VEGF) and matrix
metalloproteinases (MMPs), which facilitate tumor an-
giogenesis and invasion [14]. These factors contribute to
amore aggressive tumor phenotype, increasing the like-
lihood of both local recurrence and metastasis. In terms
of lymph node metastasis, BRAF V600E plays a crucial
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role through similar mechanisms. The mutation acti-
vates the MAPK pathway, leading to increased expres-
sion of proteins involved in cell motility and invasion,
such as MMPs, which degrade the extracellular matrix
and enable cancer cells to migrate to lymph nodes [26].
Furthermore, BRAF V600E-induced EMT enhances
the invasive capabilities of thyroid cancer cells, making
them more likely to metastasize to lymph nodes [27].
Tumors harboring this mutation often exhibit aggressive
features like larger size, multifocality, and extrathyroidal
extension, all of which are associated with higher rates
of lymph node metastasis [28]. Additionally, the BRAF
V600E mutation creates a pro-inflammatory tumor mi-
croenvironment, increasing the production of cytokines
and growth factors that promote lymphangiogenesis,
further facilitating the spread of cancer cells to regional
lymph nodes [29]. Studies have consistently shown that
the BRAF V600OE mutation is correlated with a higher
incidence of both central and lateral lymph node me-
tastasis in PTC [30].

This systematic review is the first to specifically
focus on the relationship between the BRAF V600E
mutation and recurrence in DTC. By synthesizing
current evidence from diverse studies, this review pro-
vides valuable insights into the mutation’s role in DTC
progression, particularly in recurrence and lymph node
metastasis. One strength of this review is its inclusion of
studies from various geographical regions and different
study designs, offering a broad and nuanced perspective
on the prognostic implications of the BRAF mutation.
Additionally, the use of PRISMA guidelines ensures
a systematic, transparent, and unbiased approach, fur-
ther enhancing the credibility of the findings. The risk of
bias assessment across included studies also strengthens
the reliability of the conclusions drawn.

While this systematic review offers important in-
sights into the relationship between BRAF V600E mu-
tation and recurrence in DTC, several limitations must
be noted. First, there is significant heterogeneity across
the included studies in terms of study design, population
characteristics, and assessment methods for recurrence
and metastasis, which may limit the comparability of
results, and a meta-analysis could not be performed,
limiting the ability to quantitatively assess the overall im-
pact of the BRAF mutation on recurrence and mortality
in DTC. Additionally, most of the included studies were
assessed as having a moderate to high risk of bias. This
raises concerns about the reliability of the findings in
some cases. Another limitation is the possibility of publi-
cation bias, as studies with negative or inconclusive find-
ings may be underreported. Despite these limitations,
this review identifies key trends and areas for future
research to better understand the clinical implications
of BRAF mutations in DTC.

In terms of clinical practice, the findings have sig-
nificant implications. While the BRAF V600E mutation
is consistently associated with more aggressive features,
such as lymph node metastasis, its predictive value for re-
currence remains uncertain. Clinicians should therefore
be cautious in using BRAF status as a sole prognostic
marker and consider it in conjunction with other factors,
including tumor size, extrathyroidal extension, and ad-
ditional mutations like TERT. Moreover, the findings
suggest that BRAF-positive tumors may demonstrate
resistance to RAI therapy, highlighting the potential for
targeted therapies to improve outcomes in this patient
subgroup. As molecular testing becomes more common
in thyroid cancer management, this review underscores
the need for a comprehensive, individualized approach
to risk stratification and treatment, particularly for
patients with BRAF V600E-positive DTC.

Given the mixed findings regarding the relationship
between BRAF VV600E mutation and DTC outcomes,
further research is crucial. Future studies should focus
on addressing the limitations identified in this review,
including the need for larger, multicenter trials with
standardized methodologies to reduce heterogeneity.
Consistent patient selection criteria, uniform follow-up
periods, and comprehensive data on coexisting mu-
tations are essential to clarify the true prognostic
significance of BRAF V600E. Additionally, the role of
BRAF in resistance to RAI therapy should be explored
more thoroughly, as this has important implications for
treatment strategies. Studies incorporating the latest
targeted therapies and their effects on BRAF-positive
patients are also needed to determine the best ap-
proaches to managing this mutation. Ultimately,
well-designed, large-scale research will help refine
risk stratification models, enabling clinicians to make
more personalized and effective treatment decisions
for patients with DTC.

Conclusions

Differentiated thyroid cancer recurrence and BRAF
V600E mutations are inconsistently linked in this
systematic review. BRAF V600E mutation has been
associated with recurrence in some studies, but not
in others. Although its role in predicting mortality is
unclear, BRAF V600E mutation is more consistently
linked to lymph node metastasis. The mixed findings
suggest that further large-scale, well-designed stud-
ies are needed to determine the exact clinical impact
of BRAF V600E mutation on DTC prognosis. The
standardization of study methodologies will be crucial
to clarifying these associations and guiding future
clinical practice.
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