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Abstract

The prognostic value of the BRAF V600E mutation in papillary thyroid carcinoma
(PTC) remains uncertain, partly because persistent disease and true recurrence have
often been combined and overlapping cohorts and effect measures have been handled
inconsistently. This systematic review and meta-analysis evaluated recurrence and
survival outcomes while distinguishing strict recurrence—new disease after a docu-
mented disease-free state—from broader persistent/recurrent endpoints. A systematic
search through 1 June 2026 identified 34 eligible publications, of which 25 contributed
to quantitative analyses. The exploratory strict-recurrence hazard ratio (HR) analy-
sis included three studies (674 patients) and was highly imprecise (HR 1.84; 95% ClI,
0.33-10.28; 12 = 53.6%). Nine cohorts (2393 patients; 152 recurrences) contributed to
the strict-recurrence risk ratio (RR) analysis, showing a higher observed recurrence
risk with BRAF V600E (RR 1.88; 95% CI, 1.33-2.66; I> = 0%). Restriction to structurally
confirmed recurrence yielded a less precise association (RR 1.56; 95% CI, 0.95-2.57).
Broad-outcome associations were weaker and attenuated after exclusion of persistence-
heavy endpoints (RR 1.03; 95% CI, 0.69-1.54). Disease-specific mortality evidence was
sparse and exploratory. Thirty-two of 36 model-specific QUIPS assessments met our
operational high-concern category. BRAF V600E is therefore associated with a higher
observed crude risk of recurrence after documented remission, but adjusted evidence
is insufficient to establish independent prognostic value. Clinically, isolated BRAF
status should be interpreted as contextual molecular information rather than a man-
agement directive: the available evidence does not show sufficient incremental value
beyond postoperative pathology and response-to-therapy assessment to alter surgery,
radioiodine treatment, or surveillance on its own.
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1. Introduction

Papillary thyroid carcinoma (PTC) is the predominant form of differentiated thyroid
carcinoma and the most common endocrine malignancy. Its incidence has increased sub-
stantially worldwide over recent decades, largely because of improvements in diagnostic
imaging and the increased detection of small thyroid tumors. Although PTC generally car-
ries an excellent prognosis, a clinically important subset of patients experiences persistent
disease, locoregional recurrence, distant metastasis, or thyroid cancer-specific mortality. Re-
liable prognostic biomarkers may therefore improve risk stratification beyond conventional
clinicopathological factors [1-3].

Current prognostic assessment of PTC relies primarily on clinicopathological character-
istics, including patient age, tumor size, extrathyroidal extension, lymph-node involvement,
distant metastasis, and histological subtype. These variables form the basis of staging and
risk-stratification systems such as the American Joint Committee on Cancer TNM classi-
fication and the American Thyroid Association risk-stratification framework. Although
these systems provide valuable prognostic information, they do not fully explain the het-
erogeneity in disease behavior among patients with apparently similar clinicopathological
profiles. Increasing attention has therefore been directed towards molecular markers that
may improve prognostic precision and guide individualized management [1,4-6].

Among the molecular alterations identified in PTC, the BRAF V600E mutation is the
most extensively studied. This activating point mutation results from a thymine-to-adenine
transversion at nucleotide 1799, leading to substitution of valine by glutamic acid at codon
600. The mutation constitutively activates the mitogen-activated protein kinase signaling
pathway, promoting cellular proliferation, tumor progression, and impaired differentiation.
Its reported prevalence varies substantially according to geographic region, histological
subtype, patient selection, and detection method [6-9].

Numerous investigations have examined the relationship between BRAF V600E and
adverse clinicopathological features. Associations have been reported with extrathyroidal
extension, lymph-node metastasis, advanced tumor stage, recurrence, radioiodine refrac-
toriness, and thyroid cancer-specific mortality. These findings support the hypothesis that
BRAF V600E may mark aggressive tumor behavior. Its clinical significance nevertheless
remains controversial: some studies have demonstrated an association with recurrent or
persistent disease, whereas others have found little or no independent prognostic value
after adjustment for established risk factors. Evidence regarding survival outcomes is
similarly inconsistent [9-18].

Several systematic reviews and meta-analyses have evaluated BRAF V600E in thyroid
cancer, but many focused primarily on clinicopathological characteristics, lymph-node
metastasis, staging variables, or treatment-related outcomes rather than longitudinal onco-
logical endpoints. The subsequent literature includes large contemporary cohorts, multi-
variable time-to-event analyses, and geographically diverse populations. An updated syn-
thesis focused specifically on recurrence and survival is therefore warranted [11-14,19,20].

The present systematic review and meta-analysis aimed to evaluate the association of
BRAF V600E with recurrence and survival outcomes in patients with PTC. By synthesizing
longitudinal evidence from observational studies, we sought to characterize both the overall
prognostic association of BRAF V600E and its association after adjustment for established
clinicopathological factors. In interpreting these findings, we also considered where muta-
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tion status might add clinically useful information across the PTC care pathway—Dbefore
surgery, after definitive pathological staging, and during response-based follow-up.

2. Materials and Methods
2.1. Study Design and Reporting

This systematic review and meta-analysis evaluated the association between the BRAF
V600E mutation and recurrence and survival outcomes in patients with papillary thyroid
carcinoma. Mixed differentiated thyroid carcinoma cohorts were considered only when
PTC-specific data were separately extractable. The review was prepared in accordance with
the PRISMA 2020 reporting framework [21].

The review was not prospectively registered, and a separate formal protocol was
not published. Eligibility criteria, outcome definitions, and the approach to overlapping
cohorts were established before the final quantitative synthesis. Amendments made during
full-text adjudication, particularly the separation of strict recurrence from persistent or
composite disease outcomes, were documented in the study screening log.

2.2. Information Sources and Search Strategy

A systematic literature search was conducted in PubMed, Embase (Elsevier), and
Web of Science Core Collection from database inception through 1 June 2026. Database-
specific strategies combined controlled vocabulary terms, including Medical Subject Head-
ings in PubMed and Emtree terms in Embase, with free-text terms searched in titles,
abstracts, and keywords.

The search was structured around three concepts: (1) differentiated thyroid carcinoma,
papillary thyroid carcinoma, and papillary thyroid microcarcinoma; (2) BRAF V600E;
and (3) recurrence, persistent disease, prognosis, disease-free survival, recurrence-free
survival, event-free survival, overall survival, disease-specific survival, and mortality.
Search syntax was adapted to each database. The complete search strategies are presented
in Supplementary File S1.

No filters based on study design or full-text availability were applied. Searches were
restricted to English-language publications. Original full-text studies were required for
final eligibility because adequate assessment of the study population, outcome definitions,
quantitative data, and potential cohort overlap was not possible from abstracts alone.
Conference abstracts and other abstract-only reports were therefore excluded during full-
text assessment rather than through an electronic search filter.

Reference lists of eligible articles, relevant systematic reviews, and previous meta-
analyses were screened manually. Backward reference screening and forward citation
tracking were also performed for major institutional cohorts and multicenter studies.

Records were exported with bibliographic information, abstracts, and unique identi-
fiers, merged into a single database, and deduplicated using DOI, PMID, title, first author,
publication year, and journal information. Potential duplicate publications with minor
differences in titles or online-first and final publication dates were reviewed manually.

2.3. Eligibility Criteria
Studies were eligible when they met all of the following criteria:

- Included patients with histologically confirmed PTC, including conventional PTC,
follicular-variant PTC, tall-cell PTC, or papillary thyroid microcarcinoma;

- Determined BRAF V600E status in the primary tumor or another representa-
tive tumor specimen using a molecular method or validated mutation-specific
immunohistochemistry;

- Reported clinical outcomes according to BRAF V600E status;
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- Evaluated at least one longitudinal oncological outcome, including recurrence,
recurrence-free survival, disease-free survival, disease-free interval, event-free sur-
vival, overall survival, disease-specific survival, overall mortality, or thyroid cancer-
specific mortality;

- Reported an effect estimate or sufficient numerical data to calculate one;

- Used an observational cohort, nested case—control, case—control, or comparable longi-
tudinal design;

- Provided sufficient information to assess the outcome definition, study population,
and potential overlap with other reports.

Mixed differentiated thyroid carcinoma cohorts were eligible only when PTC-specific
outcome data were separately extractable. No restrictions were applied according to age,
geographic region, tumor size, initial risk category, extent of surgery, radioiodine use, BRAF
detection method, or follow-up duration.

Studies were excluded when they were reviews, editorials, case reports, laboratory
or animal studies, or abstract-only reports without sufficient data; assessed only baseline
clinicopathological characteristics; reported only persistent or residual disease without
a longitudinal recurrence or survival component; did not report outcomes according to
BRAF status; lacked extractable quantitative data; or duplicated an overlapping cohort
without providing additional outcome information.

Studies reporting a combined persistent/recurrent endpoint were eligible only for the
broad adverse-disease analyses when recurrence during longitudinal follow-up was an
explicit component and quantitative results according to BRAF V600E status were available.
They were excluded from strict-recurrence analyses.

2.4. Outcome Definitions and Analysis Hierarchy

Because recurrence definitions varied considerably, endpoint labels alone did not
determine classification. Each endpoint was adjudicated according to its event definition,
time origin, requirement for a disease-free state, handling of persistent or baseline disease,
and censoring rules.

Strict recurrence was defined as newly detected structural or biochemical disease
after completion of initial treatment and a documented disease-free or no-evidence-of-
disease state. Disease present at diagnosis, residual after initial treatment, or continuously
persistent was not counted as recurrence. When a disease-free interval could not be
established, the endpoint was classified as broad rather than strict.

Broad outcomes included post-treatment recurrence without a clearly documented
preceding disease-free state and composite endpoints incorporating persistent disease,
non-remitting progression, or related adverse disease-status events. Persistent disease
alone was not treated as recurrence. Disease-specific mortality and all-cause mortality were
considered separately.

Hazard ratios, risk ratios, and odds ratios were not combined in the same model.
Hazard ratios were used for time-to-event analyses, risk ratios were calculated from co-
hort event counts, and odds ratios from case—control or logistic-regression analyses were
retained separately [22,23].

When multiple effect estimates were available from the same study, the estimate
most closely matching the final adjudicated endpoint was selected. For time-to-event
analyses, a clinicopathologically adjusted hazard ratio was preferred when interpretable
and adequately reported. Alternative adjustment models were retained for sensitivity
analyses. Unadjusted estimates were included when no adjusted estimate was available
and were examined in adjusted-only sensitivity analyses where possible [24].
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Strict recurrence was the primary clinical outcome. The strict-recurrence risk-ratio
model provided the main quantitative synthesis because it included the largest set of
independent cohorts with an explicitly documented disease-free state before recurrence.
Hazard ratios were preferred for time-to-event analyses because they incorporate event
timing and censoring; when adequately reported, multivariable HRs were preferred to
unadjusted estimates; however, because only three independent studies provided eligible
strict-recurrence HRs, this pooled analysis was considered exploratory. The broad recur-
rence or persistent—recurrent hazard-ratio and risk-ratio models were treated as secondary
analyses because they included less specific or composite outcome definitions. The disease-
specific mortality hazard-ratio model was also considered exploratory because only two
independent studies were available. When a publication reported both strict recurrence
and a broader composite endpoint, the relevant estimates could contribute to separate
outcome-specific models, but no patient cohort was assigned more than one independent
estimate within the same meta-analysis.

2.5. Study Selection and Data Extraction

Titles and abstracts were screened against the predefined eligibility criteria, and
potentially relevant publications underwent full-text assessment. A structured screening log
recorded bibliographic details, eligibility decisions, exclusion reasons, outcome availability,
quantitative usability, and potential cohort overlap. All final study-level decisions were
confirmed by the primary reviewer. Excluded full-text publications and their principal
reasons for exclusion are listed in Supplementary Table S1.

Data were extracted from eligible full-text publications using a standardized form
and verified against the source text before quantitative synthesis. Extracted items included
study design, setting, recruitment period, tumor population, sample size, BRAF-positive
and BRAF-negative groups, BRAF detection method, surgery, neck dissection, radioiodine
use, follow-up, outcome definitions, event counts, effect estimates and confidence intervals,
adjustment status, covariates, risk-of-bias information, cohort overlap, and the selected
role of each publication. Detailed study and endpoint characteristics are presented in
Supplementary Table S2. To further characterize clinical heterogeneity, reported surgical
extent, lymph-node dissection, radioiodine use and administered activity when available,
response-to-therapy definitions, and major clinicopathological characteristics were also
reviewed descriptively. Exploratory post hoc subgroup analyses according to treatment
or pathological characteristics were considered; however, they were not performed when
exposure categories and BRAF-stratified outcome data were not sufficiently comparable
across independent studies.

2.6. Management of Overlapping Cohorts

The independent patient cohort, rather than the publication, was treated as the unit
of analysis. Potential overlap was evaluated using recruitment center, calendar period,
eligibility criteria, cohort description, sample size, author group, treatment characteristics,
BRAF assay, event counts, and follow-up.

Overlap was resolved separately for each endpoint and effect measure. Only one esti-
mate from a potentially overlapping population was included in a given model. Selection
favored the clearest outcome definition, the most appropriate effect measure, the largest
relevant independent population, and the most informative adjustment for confounding.

The Xing multicenter consortium estimates were selected for the principal broad-
outcome and disease-specific mortality analyses in place of overlapping institutional com-
ponent cohorts. Enumah et al. was selected over the nested Prescott et al. cohort for strict
recurrence. Lin et al. was selected over the nested Henke et al. cohort when a BRAF
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V600E-specific estimate was required. Fraser et al. and O’Neill et al. were not entered
simultaneously in the same outcome model. Component publications were retained for
narrative synthesis and cohort-replacement sensitivity analyses. The complete overlap
assessment is provided in Supplementary Table S3 [15,17,18,25-29].

2.7. Risk-of-Bias Assessment

Risk of bias was evaluated with the Quality in Prognosis Studies (QUIPS) tool across
six domains: study participation, study attrition, prognostic-factor measurement, out-
come measurement, study confounding, and statistical analysis and reporting. Outcome-
measurement judgements were assigned according to the endpoint for which each study
was used; consequently, the same publication could receive different judgements in strict-
recurrence, broad-outcome, and mortality models [30].

Two reviewers independently assessed each study for the endpoint/model in which it
contributed. Study-level signaling information and supporting evidence were recorded
in a structured framework, and disagreements were resolved through discussion and
consensus. No study was excluded automatically from quantitative synthesis solely on the
basis of QUIPS.

Because QUIPS does not prescribe a numerical total score, domain-level judgements
remained the principal risk-of-bias results. An operational overall concern category was
used only to prioritize interpretation and sensitivity analyses: high concern required
at least two high-risk domains; moderate concern required one high-risk domain or at
least two moderate-risk domains; and low concern applied otherwise. This operational
category was not treated as an official QUIPS score. Confirmed assessments are provided
in Supplementary Table S4.

2.8. Effect-Size Calculation

Reported hazard ratios and risk ratios were transformed to the natural logarithmic
scale. Standard errors were derived from the 95% confidence limits as follows [22]:

SEin(effecty = [In(upper 95% CI) — In(lower 95% CI)]/3.92

For binary cohort data, risk ratios were calculated as the event proportion in the
BRAF V600E-positive group divided by the event proportion in the BRAF V600E-negative
group. An effect estimate greater than 1 indicated a higher risk or hazard among BRAF
V600E-positive patients.

When one comparison group contained no events, 0.5 was added to every cell of
the corresponding 2 x 2 table. Double-zero studies did not contribute an estimable rela-
tive effect. Data were reconstructed only when BRAF-stratified values could be derived
unambiguously from reported tables, figures, totals, percentages, or internally consis-
tent effect information; reconstructed datasets were identified explicitly and excluded in
dedicated sensitivity analyses. Study-level effect estimates, logarithmic transformations,
reconstructed datasets, and the corresponding derivation assumptions are provided in
Supplementary Table S5 [23].

2.9. Statistical Analysis

Separate meta-analyses were conducted for strict-recurrence hazard ratios, strict-
recurrence risk ratios, broad recurrence or persistent-recurrent hazard ratios, broad recur-
rence or persistent-recurrent risk ratios, and disease-specific mortality hazard ratios.

All effects were pooled on the logarithmic scale using inverse-variance weighting and
exponentiated for presentation. Random-effects models were used because clinical and
methodological heterogeneity was expected. Between-study variance was estimated using
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restricted maximum likelihood, and pooled confidence intervals were calculated using
Hartung—Knapp inference with a t distribution and k — 1 degrees of freedom. Hartung-
Knapp intervals were treated as the principal inference even when conventional normal
random-effects intervals were narrower [31,32].

Because only three independent studies contributed eligible strict-recurrence HRs,
the strict-recurrence time-to-event synthesis was designated exploratory and interpreted
primarily in terms of direction and precision rather than as a definitive pooled estimate.
For disease-specific mortality, only two independent studies were available; this pooled
estimate was likewise designated exploratory. For the mortality analysis, both standard
and modified Hartung-Knapp intervals were examined, and individual study estimates
were emphasized.

Heterogeneity was evaluated using Cochran’s Q, T2, and I2. I? was interpreted descrip-
tively rather than according to rigid thresholds. Ninety-five per cent prediction intervals
were calculated for principal models containing at least four independent studies. Two-
sided p values below 0.05 were considered statistically significant, but interpretation also
considered effect magnitude, precision, prediction intervals, endpoint definition, risk of
bias, and sensitivity analyses [33,34].

2.10. Sensitivity Analyses

Sensitivity analyses evaluated reconstructed data, continuity corrections, endpoint
specificity, follow-up duration, event sparsity, overlap decisions, adjustment strategy,
and influential studies. Strict-recurrence RR analyses excluded reconstructed datasets,
continuity-corrected studies, nonstructural outcomes, studies with follow-up below
24 months, studies with fewer than 10 events, and the O’Neill cohort, and included leave-
one-out analyses. Strict-recurrence HR analyses used alternative Xing adjustment and
substituted Prescott for Enumah.

Broad-outcome HR analyses were restricted to adjusted estimates, excluded mixed
event-free-survival endpoints and severely overfitted models, restricted follow-up, used
alternative Xing adjustment, substituted Henke for Lin, and replaced the Xing consor-
tium with non-overlapping component cohorts. Broad-outcome RR analyses excluded
persistence-heavy composites, reconstructed datasets, mixed distant-metastasis composites,
short-follow-up and sparse-event studies, replaced the consortium with component cohorts,
included the Tabriz mixed endpoint, and used leave-one-out analyses. Disease-specific
mortality analyses compared minimally and fully adjusted Xing estimates and substituted
Henke for Lin. Full results are provided in Supplementary Table S6.

2.11. Assessment of Small-Study Effects

Formal assessment was restricted to the broad recurrence or persistent-recurrent RR
analysis because it was the only quantitative model containing at least 10 independent
studies. A contour-enhanced funnel plot displayed study-specific risk ratios against the
standard error of the log risk ratio, with 95% pseudo-confidence limits centered on the fixed-
effect estimate and contours for two-sided p values of 0.10, 0.05, and 0.01. Egger regression
was performed by regressing the standardized normal deviate on precision. Funnel-plot
asymmetry was not interpreted as synonymous with publication bias because asymmetry
may result from heterogeneity, methodological differences, selective outcome reporting,
or chance. Kendall’s rank-correlation test was performed as a secondary nonparametric
assessment of the association between effect magnitude and study precision [35-37].
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2.12. Certainty of Evidence

No formal certainty-of-evidence rating framework was applied. Interpretation consid-
ered QUIPS risk of bias, consistency, precision, directness of outcome definitions, robustness
in sensitivity analyses, and potential reporting bias.

2.13. Software

Data preparation, effect-size calculation, random-effects meta-analysis, sensitivity anal-
yses, and graphical output were performed in a Python-based computational environment
using Python (version 3.13.5), NumPy (version 2.3.5), SciPy (version 1.17.0), statsmodels
(version 0.14.6), and Matplotlib (version 3.10.8). Analysis-ready datasets, overlap decisions,
transformations, study weights, pooled results, and sensitivity analyses were retained in
auditable spreadsheets.

2.14. Ethical Considerations

This systematic review and meta-analysis used published aggregate data and did not
involve direct patient contact or identifiable individual-level information. Institutional
ethics committee approval and individual informed consent were therefore not required.

3. Results
3.1. Study Selection

The database searches identified 1196 records from PubMed, 1327 from Embase, and
546 from Web of Science Core Collection. An additional 94 records were identified through
reference-list screening, citation tracking, and examination of previous systematic reviews
and meta-analyses. After removal of 1506 duplicate records, 1657 unique titles and abstracts
were screened.

Of these, 1473 records were excluded during title and abstract screening, and
184 publications were assessed in full text. Following full-text evaluation, 150 publica-
tions were excluded: 42 lacked an eligible longitudinal outcome; 28 reported persistent
disease without separately extractable recurrence; 24 used a composite endpoint without a
longitudinally interpretable recurrence component; 21 lacked quantitative data according to
BRAF V600E status; 12 lacked an eligible BRAF comparison; 10 were ineligible publication
types or abstract-only reports; and 13 represented duplicate or substantially overlapping
populations without additional outcome information.

Thirty-four publications were retained in the systematic review. Twenty-five con-
tributed directly to at least one principal quantitative synthesis, while nine were retained
for narrative interpretation, sensitivity analyses, alternative cohort-selection analyses, or
clarification of overlapping patient populations. Publications were excluded for cohort
overlap only when they provided no additional eligible outcome or methodological in-
formation; overlapping publications that contributed distinct information were retained
but were not assigned simultaneous statistical weight within the same meta-analysis. The
study-selection process is shown in Figure 1.
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Identification through databases and registers

Records identified from databases
PubMed (n = 1,196)
Embase (Elsevier) (n = 1,327)
Web of Science Core Collection (n = 546)
Total (n = 3,069)

Identification

Identification through other methods

Records identified through other methods

Reference-list screening, citation tracking,
and previous systematic reviews and meta-analyses

(n=94)

e

Total records identified
(n=3,163)

v

Records removed before screening

Records screened by title and abstract
(n=1,657)

Duplicate records removed (n = 1,506)
Marked ineligible by automation (n = 0)
Removed for other reasons (n = 0)

v

Records excluded

Reports sought for retrieval
(n=184)

(n=1,473)

Reports not retrieved

Screening

v

v ¥y

(n=0)

Full-text reports assessed for eligibility
(n=184)

Full-text reports excluded (n = 150)
« No eligible longitudinal outcome (n = 42)

L

« Persistent disease without extractable recurrence (n = 28)
« Composite without interpretable recurrence (n = 24)

« No quantitative BRAF V60OE data (n = 21)

« No eligible BRAF comparison (n = 12)

« Ineligible/abstract-only report (n = 10)

« Duplicate or overlapping population (n = 13

Publications included in the systematic review
(n=34)

°
2
k-l
5 v v
2
b Publications contributing to at least one Publications retained for narrative interpretation,
principal quantitative synthesis sensitivity analyses, alternative cohort selection,
- or overlap clarification
n=
(¢ ) (n=9)

Counts are reported at the publication/report level because potentially overlapping cohorts were adjudicated separately by endpoint and effect measure.
Adapted from the PRISMA 2020 flow-diagram framework (Page et al., BMJ 2021:372:n71)

Figure 1. PRISMA 2020 flow diagram of study identification, screening, eligibility assessment, and
inclusion. Adapted from the PRISMA 2020 flow-diagram framework [21].

3.2. Study Characteristics

The included publications were published between 2005 and 2025 and represented
cohorts from North America, Europe, Asia, South America, and multinational collaborative
datasets. The evidence base consisted predominantly of retrospective observational cohorts,
with additional prospectively maintained databases, nested case—control designs, and
secondary analyses of multicenter datasets.

Study populations varied substantially in sample size, treatment era, histological
eligibility, baseline disease severity, surgical management, radioiodine use, and follow-
up. Most included PTC broadly, whereas several were restricted to papillary thyroid
microcarcinoma, classic PTC, follicular-variant PTC, intrathyroidal disease, older patients,
or selected risk groups.

BRAF V600E was assessed using sequencing, allele-specific PCR, pyrosequencing,
restriction-fragment methods, mutation-specific immunohistochemistry, or combinations
of these methods. Follow-up ranged from less than two years in several recent cohorts to
more than ten years in historical institutional series.

Initial management also varied substantially across cohorts. Surgical strategies ranged
from lobectomy or selective thyroidectomy approaches to near-universal total or near-total
thyroidectomy, while the extent of central and lateral neck dissection differed according
to institution, disease extent, and treatment era. Radioiodine use ranged from selective
risk-adapted treatment to near-universal postoperative administration, with substantial
variation in administered activity and number of treatments where these data were reported.
Response-to-therapy assessment likewise ranged from clinical or structural disease-free
definitions to formal biochemical and structural response categories. In many retrospective
cohorts, BRAF status was not available when initial treatment decisions were made; conse-
quently, treatment exposure was closely linked to baseline clinicopathological risk rather
than to mutation status. The available publications did not provide sufficiently standard-
ized BRAF-stratified recurrence estimates within comparable surgical, radioiodine-dose,
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response-to-therapy, or pathological strata to support reliable pooled treatment-specific
subgroup analyses [25,29,38—40].

Outcome definitions also varied. Some studies required a documented disease-
free state before recurrence, whereas others reported post-treatment recurrence without
establishing initial remission. Several combined recurrences with persistent biochemi-
cal or structural disease, progression of baseline metastatic disease, or distant metasta-
sis. Principal study characteristics and detailed endpoint information are presented in
Supplementary Table S2.

3.3. Outcome Classification and Overlapping Cohorts

Strict recurrence was separated from broad recurrence and persistent-recurrent com-
posite outcomes before synthesis. Hazard ratios and risk ratios were analyzed separately,
and odds ratios from case—control or logistic-regression analyses were not combined with
risk ratios. Disease-specific and all-cause mortality were also considered separately.

Potential overlap was resolved separately for each outcome and effect measure.
Enumah et al. was selected instead of Prescott et al. for principal strict-recurrence analyses.
Lin et al. was selected instead of Henke et al. when a BRAF V600E-specific estimate was
required. Fraser et al. and O’Neill et al. were not entered together. For broad outcomes
and disease-specific mortality, the relevant Xing multicenter estimates replaced overlap-
ping institutional component cohorts. The complete overlap assessment is reported in
Supplementary Table S3 [15,17,18,25-29]. Elisei et al. provided long-term outcome and
mortality information but overlapped with the Xing mortality consortium [41]. Pelttari
et al. contributed to narrative assessment of strict recurrence rather than quantitative
pooling [42]. Pelizzo et al. and Sykorova et al. informed cohort-overlap assessment and
component-cohort replacement sensitivity analyses [43,44]. These study-specific decisions
are documented in Supplementary Tables S2, S3 and Sé.

3.4. Risk of Bias

Confirmed QUIPS assessments are shown in Figure 2 and Supplementary Table S4.
Frequent concerns involved study participation, study attrition, control of clinicopatho-
logical confounding, and statistical analysis and reporting. Selection based on archival
tissue availability, successful genotyping, referral-center testing practices, or availability of
longitudinal follow-up was common.

Prognostic-factor measurement was generally the strongest domain because most
studies used mutation-specific molecular methods or validated immunohistochemical
assays. Several studies nevertheless had few outcome events relative to the number of
covariates, incompletely described missing-data procedures, unstable late Kaplan-Meier
estimates, or no adjusted BRAF-specific estimate.

Outcome-measurement concern depended on the model. Studies requiring docu-
mented remission and objective confirmation of new disease generally had lower concern
in strict-recurrence analyses, whereas studies combining persistence, biochemical disease,
progression, and recurrence had moderate or high concern in broad-outcome analyses.

Methodological concern was substantial across all quantitative models. Of the three
model-specific strict-recurrence HR assessments, two were classified as high operational
concern and one as moderate concern. For strict-recurrence RR, eight of nine assessments
were high concern and one was moderate. Six of seven broad-outcome HR assessments and
14 of 15 broad-outcome RR assessments were high concern, whereas both disease-specific
mortality assessments were high concern. Overall, 32 of 36 model-specific assessments
were therefore classified as high operational concern and four as moderate concern. No
study was excluded automatically because of QUIPS. These operational categories were
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used to structure interpretation and sensitivity analysis and were not treated as an official
aggregate QUIPS score. Principal quantitative findings are summarized in Table 1.

Study Study Prognostic Outcome Study Statistical Overall
Study participation attrition factor measurement confounding  analysis concern*
Strict recurrence - HR
Enumah 2020 (D) (O) () ® (O) (O) ()
Ulisse 2012 (H) () ® (M) (H) ® (H)
Xing 2005 ® ® ® (w) () () ®

Strict recurrence - RR

Enumah 2020 . @ . . @ @ @
Kim 2005 (O) () ® ® (] ® ®
Kowalska 2017 (O) () () ® (] (D) ()
Lee 2013 (W) (D) ® (O] (] ® ®
Nechifor-Boils 2023 (O) () (@) (m) () Q) ()
O'Neill 2010 () () (O] (1] (] ® ()
Russo 2014 () (@) ®© () ® () ®
Ulisse 2012 ) ® @ () (] (] ®
Xing 2005 ® (D) (@) (m) () ® ®
Broad outcomes - HR
Brumfield 2025 () (O] () () () ® ®
Ivkovié 2023 ® (O) ® ® Q) ® ®
Lin 2019 (W) (M) (w) ® ® (] ®
Nechifor-Boils 2023 () () (™) ®) ® ® ®
Stanojevic 2011 () () ® ® (] ® ®
Xing 2015 (] () () () O] O] (w)
Ye 2022 ® ® © () ® (] ®
Broad outcomes - RR
Quiroa Barreno 2022 . @ . . . . .
Brumfield 2025 () (O] ® W () ([ ) (@)
Chai 2014 () O) © (w) (] ) ()
Gan 2020 ® () (m) ® ® ® ®
Hong 2014 . . @ . . . .
Howell 2011 () ® (™) ® ® (0] ®
Ito 2009 () () ® ® ® ® ()
Ivkovié 2023 () () ® ® ® ® 0]
Kwak 2015 ® (D) () ® ® ® ®
Lee 2013 (O} ® ®© ® () () ®
Nasirden 2016 ) (O] (@) O] ® 0] 0}
Nechifor-Boils 2023 ® () ® ® ® ® ®
Russo 2014 () ® ® (m) Q) () ()
Takacsova 2017 @ @ . . ‘ . .
Xing 2015 ) () () () O] (w) (W)
Disease-specific mortality - HR
Xing 2013 ® ® () () ) (w) ®
Lin 2019 ® (w) (m) ® ® (@) C)
© Low() () Moderate (M) @ High(H)

Figure 2. Model-specific risk-of-bias assessments using the Quality in Prognosis Studies (QUIPS) tool
for studies included in quantitative analyses [16-18,25,27,29,38-40,45-60]. Circles indicate low (L),
moderate (M), or high (H) concern across six domains. Outcome-measurement judgements were
assigned separately for each analytical model. Detailed assessments are provided in Supplementary
Table S4. HR, hazard ratio; RR, risk ratio.

https://doi.org/10.3390/1ife16111819


https://doi.org/10.3390/life16111819

Life 2026, 16, 1819 12 of 25

Table 1. Principal meta-analysis results.

. . . Pooled Effect 2 2 95% Prediction
Outcome Measure  Studies Participants  Events/Deaths 95% CI) I T Interval
Strict recurrence HR 3 674 Notuniformly ) ¢/ 43 1008)  53.6% 0.243 Not estimated
reported
Strict recurrence RR 9 2393 152 1.88 (1.33-2.66) 0% <0.001 1.25-2.83
Broad recurrence/ HR 7 4181 >543 1.48 (0.90-2.43)  36.4% 0.070 0.65-3.39
persistent-recurrent
Broad recurrence/ RR 15 7326 707 141 (1.02-1.97)  59.2% 0.178 0.54-3.73
persistent-recurrent
Disease-specific HR 2 2080 65 2.74 (0.96-7.79) 0% <0.001 Not estimated
mortality
Notes: All pooled estimates used randome-effects restricted maximume-likelihood models with
Hartung-Knapp inference. The strict-recurrence HR and disease-specific mortality syntheses were
exploratory because only three and two independent studies, respectively, were available. CI, confi-
dence interval; HR, hazard ratio; RR, risk ratio; T2, between-study variance.
3.5. Exploratory Strict-Recurrence Time-to-Event Analysis
Three independent studies comprising 674 patients contributed adjusted hazard ratios
for recurrence after an initial disease-free state: Enumah et al., Ulisse et al., and Xing
etal. [25,38,45].
The random-effects REML model with Hartung—Knapp inference yielded a pooled HR
of 1.84 (95% CI, 0.33-10.28; Figure 3). Heterogeneity was moderate (I> = 53.6%; T2 = 0.243;
Q =4.31; p = 0.116). Because only three independent studies were available and the
95% confidence interval was extremely wide, this synthesis was considered exploratory
and was not interpreted as definitive evidence of an independent time-to-event effect.
Strict recurrence after an initial disease-free state: hazard ratios
Study : Hazard ratio (95% ClI) Weight
Enumah 2020 _ 2.81 (1.34-5.89) 38.8%
Ulisse 2012 . :r 0.75 (0.26-2.14) 28.2%
Xing 2005 —.— 2.40 (0.97-5.90) 32.9%

Random-effects model *— 1.84 (0.33-10.3)

0.25 0.5 1 2 5 10
Hazard ratio (log scale)

Lower effect Higher effect

Random-effects REML with Hartung-Knapp inference; I = 53.6%; 12 = 0.243; Q = 4.31, p = 0.116. All three study estimates are adjusted.

Figure 3. Forest plot of the exploratory pooled analysis of adjusted hazard ratios for strict recurrence
after an initial disease-free state according to BRAF V600E status. The random-effects model used
restricted maximum likelihood and Hartung-Knapp inference. Values greater than 1 indicate a higher
recurrence hazard among BRAF V600E-positive patients [25,38,45].

The point estimate was compatible with an increased recurrence hazard, but the
confidence interval was extremely wide. Using the less-adjusted Xing estimate yielded a
pooled HR of 2.00 (95% CI, 0.29-13.58), and replacing Enumah with the nested Prescott
estimate yielded an HR of 1.74 (95% CI, 0.35-8.66). Neither sensitivity analysis materially
improved precision [25,26,38].
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3.6. Strict-Recurrence Binary Analysis

Nine independent cohort estimates comprising 2393 patients and 152 recurrence
events contributed to the strict-recurrence RR analysis: Enumah et al., Kim et al., Kowalska
et al., Lee et al., Nechifor-Boila et al., O’Neill et al., Russo et al., Ulisse et al., and Xing
et al. [25,29,38-40,45-48].

BRAF V600E positivity was associated with a higher risk of strict recurrence (random-
effects RR, 1.88; 95% CI, 1.33-2.66; Figure 4). Heterogeneity was negligible (1> = 0%;
2 <0.001; Q = 6.01; p = 0.646), and the 95% prediction interval was 1.25-2.83.

Strict recurrence after an initial disease-free state: risk ratios

BRAF+ BRAF—

Study Risk ratio (95% Cl) Weight
Enumah 2020 48260 15/151 s 1.86 (1.08-3.20) 30.0%
'
Kim 2005 2131 0/29 o 4.69 (0.23-93.7) 1.3%
1
Kowalska 2017 5/475 2/248 —_— 1.31 (0.26-6.68) 4.3%
Lee 2012 2/403 0/202 R 2.51(0.12-52.1) 1.3%
]
Nechifor-Boila 2023 4/67 2/60 _—r 1.79 (0.34-9.43) 4.2%
i
O'Neill 2010 7/60 3/41 _— 1.59 (0.44-5.81) 6.9%
:
Russo 2014 12/57 2/46 — 4.84 (1.14-20.6) 5.5%
Ulisse 2012 7/35 9/40 —m— 0.89 (0.37-2.14) 15.0%
]
Xing 2005 23/92 9/96 —.— 2.67 (1.30-5.45) 22.5%
Random-effects model H )’\ 1.88 (1.33-2.66)
0.050.1 0.250.5 1 2 5 10 25 100
Risk ratio (log scale)
Lower effect Higher effect
Random-effects REML with Hartung-Knapp inference; 2 = 0.0%; T2 = 0.000; Q = 6.01, p = 0.646. Prediction interval is shown behind the pooled diamond. A 0.5 continuity correction was applied only to zero-event cells.

Figure 4. Forest plot of risk ratios for strict recurrence after an initial disease-free state accord-
ing to BRAF V600E status. The random-effects model used restricted maximum likelihood and
Hartung—Knapp inference. The horizontal interval behind the pooled diamond represents the 95%
prediction interval. A continuity correction of 0.5 was applied only to studies containing a zero-event
cell [25,29,38-40,45-48].

Because structural and biochemical recurrence differ in clinical significance, a sensitiv-
ity analysis was restricted to structurally confirmed recurrence. The pooled effect remained
directionally adverse but was less precise and did not exclude the null (RR, 1.56; 95% CI,
0.95-2.57). This contrasts with the overall strict-recurrence RR of 1.88 (95% CI, 1.33-2.66),
showing that both the magnitude and precision of the pooled estimate changed when the
analysis was restricted to structural events.

The association remained after exclusion of Russo’s reconstructed counts (RR, 1.78;
95% CI, 1.28-2.47), exclusion of both reconstructed datasets from Russo and Xing (RR,
1.57; 95% CI, 1.12-2.19), and exclusion of continuity-corrected studies (RR, 1.85; 95% ClI,
1.22-2.81). Restriction to studies with at least 24 months of follow-up yielded an RR of 1.98
(95% CI, 1.35-2.88) [39,40].

Exclusion of O'Neill et al. as an overlap-conservative sensitivity analysis yielded an
RR of 1.91 (95% CI, 1.27-2.86). Leave-one-out pooled RRs ranged from 1.70 to 2.15, and the
direction of association was unchanged after omission of any single study.
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3.7. Broad Recurrence or Persistent—Recurrent Time-to-Event Analysis

Seven independent cohorts comprising 4181 patients contributed to the broad-outcome
HR analysis: Brumfield et al., Ivkovi¢ et al., Lin et al., Nechifor-Boila et al., Stanojevic et al.,
Xing et al., and Ye et al. Six studies reported adjusted HRs; the estimate from Lin et al. was
unadjusted [18,27,48-52].

The pooled HR was 1.48 (95% CI, 0.90-2.43; Figure 5). Heterogeneity was moderate
(I? = 36.4%; > = 0.070; Q = 9.44; p = 0.150), and the prediction interval was 0.65-3.39. The
conventional normal randome-effects interval was narrower and excluded the null (95% CI,
1.03-2.12), but the Hartung—Knapp interval was retained as the principal inference.

Broad recurrence or persistent-recurrent outcomes: hazard ratios

Study Hazard ratio (95% CI) Weight
Brumfield 2025 _ 0.71 (0.31-1.65) 13.4%
Ivkovi¢ 2023 = 3.82 (1.04-14.0) 6.6%
Lin 2018 (unadjusted) ——— 1.56 (0.68-3.59) 13.5%
Nechifor-Boila 2023 o 1.02 (0.27-3.61) 6.7%
Stanojevic 2011 _— 1.15 (0.42-3.19) 10.0%
Xing 2015 - 1.38 (1.07-1.80) 38.5%
Ye 2022 —_— . 3.73 (1.46-9.55) 11.3%
Random-effects model I -y 1.48 (0.90-2.43)
0.2 0.5 1 2 5 10 20
Hazard ratio (log scale)
Lower effect Higher effect

Random-effects REML with Hartung-Knapp inference; I> = 36.4%; ? = 0.070; Q = 9.44, p = 0.150. Prediction interval is shown behind the pooled diamond. All estimates are adjusted except Lin 2018.

Figure 5. Forest plot of hazard ratios for broad recurrence or persistent-recurrent outcomes according
to BRAF V600E status. All estimates were adjusted except Lin et al. The 95% prediction interval is
shown behind the pooled diamond [18,27,48-52].

Adjusted-only analysis yielded an HR of 1.50 (95% CI, 0.77-2.94). Excluding the mixed
event-free-survival endpoint from Nechifor-Boila yielded 1.55 (95% CI, 0.84-2.86), and
excluding studies with the greatest overfitting concerns yielded 1.41 (95% CI, 0.76-2.63).
Replacing the Xing consortium with Fraser and the Johns Hopkins component estimate
yielded 1.64 (95% CI, 1.02-2.62). Restriction to studies with at least 24 months of follow-up
yielded 1.41 (95% CI, 1.07-1.86) [18,28,48,61].

3.8. Broad Recurrence or Persistent—Recurrent Binary Analysis

Fifteen independent cohorts comprising 7326 patients and 707 adverse disease
events contributed to the broad binary analysis. Endpoints included broadly defined re-
currence, structural recurrence without a documented initial disease-free state, and
persistent-recurrent composites. Contributing cohorts included those reported by
Quiroa Barreno et al., Chai et al., Gan et al.,, Hong et al., Howell et al., Kwak et al,,
and Takacsova et al. [53-59].

The pooled RR was 1.41 (95% CI, 1.02-1.97; Figure 6). Heterogeneity was substantial
(I2 =59.2%; 2 = 0.178; Q = 34.36; p = 0.0018), and the prediction interval was 0.54-3.73.
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Broad recurrence or persistent-recurrent outcomes: risk ratios

BRAF+

Study events/total events/t;tal i Risk ratio (95% CI) Weight
Barreno 2022 9/57 228 _x—.— 2.21 (0.51-9.56) 3.2%
Brumfield 2025 36/237 8/64 —.— 1.22 (0.59-2.48) 7.7%
Chai 2014 035 1/102 .-, 0.95 (0.04-22.9) 0.8%
Gan 2020 18/219 10219 -.—.— 1.80 (0.85-3.81) 7.3%
Hong 2014 10/98 10/56 + 0.57 (0.25-1.29) 6.8%
Howell 2011 11/86 3133 — 5.67 (1.63-19.7) 4.1%
Ito 2009 18/240 33/384 —.— 0.87 (0.50-1.51) 9.3%
Ivkovi¢ 2023 12/71 75 ——— 1.81 (0.76-4.34) 6.3%
Kwak 2014 23/1537 6/408 _-— 1.02 (0.42-2.48) 6.2%
Lee 2012 30/403 7/202 + 2.15(0.96-4.81) 6.9%
Nasirden 2016 /55 14/89 + 0.81 (0.35-1.88) 6.6%
Nechifor-Boila 2023 16/67 4/60 —_—— 3.58 (1.27-10.1) 5.2%
Russo 2014 20/57 7146 —.— 2.31(1.07-4.97) 7.2%
Takacsova 2017 20/103 27/96 —.-}- 0.69 (0.42-1.15) 9.7%
Xing 2015 213/1017 125/1082 . 1.81 (1.48-2.22) 12.6%
Random-effects model k -‘ { 1.41 (1.02-1.97)
0.05 0.1 0.25 0.5 1 2 5 10 25
Risk ratio (log scale)
Lower effect Higher effect
Random-effects REML with Hartung-Knapp inference; I = 59.2%; T2 = 0.178; Q = 34.36, p = 0.0018. Prediction interval is shown behind the pooled diamond. Endpoints include broad recurrence and persistent-recurrent i ion is endp

Figure 6. Forest plot of risk ratios for broad recurrence or persistent-recurrent outcomes according
to BRAF V600E status. Endpoints included broad recurrence, structural recurrence without a docu-
mented initial disease-free state, and persistent-recurrent composites. The 95% prediction interval is
shown behind the pooled diamond [16,18,40,47-50,53-60].

The result was strongly endpoint-dependent. After exclusion of persistence-heavy
composites, the pooled estimate fell to 1.03 (95% CI, 0.69-1.54), with low heterogeneity
(I? = 6.4%). Thus, the positive broad association was not reproduced when the analysis was
restricted to recurrence-only broad endpoints.

Exclusion of reconstructed datasets yielded an RR of 1.38 (95% CI, 0.94-2.02), exclusion
of mixed recurrence-distant-metastasis endpoints yielded 1.39 (95% CI, 0.99-1.97), and
restriction to follow-up of at least 24 months yielded 1.25 (95% CI, 0.85-1.84). Replacing the
Xing consortium with component cohorts yielded 1.63 (95% CI, 1.17-2.26). Inclusion of the
Tabriz mixed endpoint yielded 1.38 (95% CI, 1.01-1.89). Leave-one-out RRs ranged from
1.33 to 1.52 [18,28,61,62].

3.9. Disease-Specific Mortality

Two independent cohorts comprising 2080 patients and 65 disease-specific deaths
reported mortality HRs. Xing et al. reported a minimally adjusted HR of 2.66 (95% CI,
1.30-5.43), whereas Lin et al. reported an unadjusted HR of 3.48 (95% CI, 0.43-27.90) [17,27].

The exploratory random-effects estimate was HR 2.74 (standard Hartung—Knapp
95% CI, 0.96-7.79; Figure 7). The Xing consortium contributed approximately 89.5% of the
weight. No heterogeneity was detected (I2 =0%; Q=0.06; p = 0.811), although heterogeneity
estimates were not informative with only two studies.
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Study

Xing 2013 (adjusted; 56 deaths)

Lin 2018 (unadjusted; 9 deaths)

Disease-specific mortality: hazard ratios
Hazard ratio (95% ClI) Weight

+ 2.66 (1.30-5.43) 89.5%

L 3.48 (0.43-27.9) 10.5%

Random-effects model (exploratory) ‘ 2.74 (0.96-7.79)

0.25 0.5 ik 2 5 10 20 40
Hazard ratio (log scale)

Lower effect Higher effect

Exploratory random-effects REML model with standard Hartung-Knapp inference; I = 0.0%; Q = 0.06, p = 0.811. Only two independent studies were available. The modified Hartung-Knapp 95% Cl was 0.03-219.27;
study-specific estimates should be emphasized.

Figure 7. Forest plot of hazard ratios for disease-specific mortality according to BRAF V600E status.
Because only two independent studies were available, the pooled estimate is exploratory and the
individual study estimates should be emphasized [17,27].

A modified Hartung-Knapp safeguard produced a 95% CI of 0.03-219.27, whereas
the conventional normal random-effects interval was 1.39-5.38. Given the small number
of studies and dominance of the Xing consortium, individual estimates were considered
more informative than the pooled result. Using the fully pathology-adjusted Xing estimate
attenuated the pooled HR to 1.40 with extreme imprecision; replacing Lin with the larger
but non-V600E-specific Henke cohort yielded 2.70 [15,17,27].

All-cause mortality data were sparse, were generally available only as unadjusted
counts, and could not be assembled into a sufficiently comparable set of independent
time-to-event estimates; they were therefore retained for narrative interpretation and were
not quantitatively pooled.

3.10. Small-Study Effects

Formal assessment was restricted to the broad recurrence or persistent-recurrent RR
analysis because it was the only quantitative model with at least 10 independent studies.
Visual inspection of the contour-enhanced funnel plot did not show a compelling one-sided
pattern of missing studies (Supplementary Figure S1).

Egger regression provided no statistical evidence of funnel-plot asymmetry (intercept,
—0.33;95% CI, —1.88 t0 1.23; t = —0.45; df = 13; p = 0.659). The fixed-effect estimate (RR, 1.51)
was similar to the random-effects estimate (RR, 1.41). These findings did not indicate a de-
tectable small-study effect, although they do not exclude publication or selective-reporting
bias given the substantial heterogeneity and varied endpoint definitions. Kendall’s rank-
correlation test was also nonsignificant (t = 0.238; p = 0.239).

3.11. Summary of Quantitative Findings

The exploratory adjusted strict-recurrence time-to-event analysis suggested an in-
creased recurrence hazard but was based on only three studies and was highly imprecise.
The larger strict-recurrence binary analysis showed a statistically significant association
between BRAF V600E and recurrence after an initial disease-free state, with a pooled RR of
1.88 and negligible heterogeneity. Restriction to structurally confirmed recurrence remained
directionally adverse but was less precise and did not exclude the null.

Broad-outcome analyses were less consistent. The broad HR analysis did not exclude the
null under Hartung—Knapp inference, whereas the broad RR analysis showed an increased
risk but substantial heterogeneity. The broad binary association was attenuated to the null after
removal of persistence-heavy composite endpoints. Disease-specific mortality estimates were
directionally adverse, but the evidence was insulfficient for a stable pooled inference.
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4. Discussion
4.1. Clinical Meaning of the Main Findings

The clinically relevant message of this review is not that BRAF V600E defines a uniformly
high-risk group, but that its prognostic meaning changes with the disease state being measured
and with the clinical information already available. Among patients who had achieved a
documented disease-free state, BRAF V600E was associated with a higher crude recurrence risk
(RR 1.88, 95% CI 1.33-2.66). However, the structural-only estimate was smaller and imprecise
(RR 1.56, 95% CI 0.95-2.57), and the adjusted strict-recurrence time-to-event synthesis was
based on only three studies (HR 1.84, 95% CI 0.33-10.28). In the broad binary model, the
association disappeared after persistence-heavy endpoints were removed (RR 1.03, 95% CI
0.69-1.54). These findings are more consistent with BRAF V600E being a contextual marker of
adverse tumor biology than a stand-alone determinant of recurrent disease.

This distinction matters clinically because the value of a prognostic marker depends
on when it is known. Before surgery, molecular information may be available before the
full pathological phenotype is established. After surgery, tumor size, nodal burden, ex-
trathyroidal extension, histological subtype, margin status, and other pathological features
become available. After initial treatment, thyroglobulin, imaging, and response-to-therapy
classification further refine risk. The question therefore changes from whether BRAF is
associated with adverse outcome to whether it adds enough information beyond these in-
creasingly informative clinical variables to change management. The present evidence does
not establish such incremental utility for isolated BRAF V600E. The clinical implications
are summarized in Table 2.

Table 2. Clinical interpretation of BRAF V600E across the PTC care pathway based on the
present synthesis.

Clinical Setting

Evidence from This Review Practical Interpretation

BRAF V600E is associated in several cohorts with Mutation status may provide contextual risk

Preoperative assessment

extrathyroidal extension, nodal disease, advanced
stage, and recurrence, but these associations
attenuate with clinicopathological
adjustment [38,47].

information when already available, but isolated
BRAF does not justify changing surgical extent or
prophylactic nodal surgery on its own [1].

Postoperative risk stratification

Strict recurrence RR 1.88 (95% CI 1.33-2.66) was
based mainly on crude counts; the adjusted
strict-recurrence HR synthesis was sparse and
imprecise. Some individual models retained
residual BRAF associations [18,25,26,38].

BRAF may add information in selected models,
but independent incremental value beyond
definitive pathology is not sufficiently established
for management decisions.

Response to therapy and surveillance

Kowalska et al. found no significant association
with ATA response-to-therapy categories;
structural-only recurrence was less precise (RR
1.56, 95% CI 0.95-2.57), and broad recurrence
attenuated after persistence-heavy endpoints
were removed [39].

Dynamic response, thyroglobulin/imaging
findings, and structural versus biochemical
disease are more directly actionable than isolated
BRAF status [1,4].

Radioiodine and treatment

RAl indication and activity varied markedly and

were generally risk-adapted; Enumah, Kowalska,

and O'Neill illustrate confounding by indication
and treatment heterogeneity [25,29,39].

The available evidence does not define a
BRAF-specific indication for RAI, a BRAF-specific
RAI activity, or a BRAF-directed surgical strategy.

Mortality and molecular context

Mortality evidence was limited to two
independent studies; in Xing et al., HR 2.66
attenuated to 1.21 after additional pathological
adjustment. BRAF-TERT combinations appear
more adverse than isolated BRAF [17,60,61,63].

Isolated BRAF should not be used for
mortality-based treatment escalation; integrated
molecular and clinicopathological profiles are
more promising but require validation.

4.2. Preoperative and Postoperative Relevance of BRAF V600E

In the preoperative setting, BRAF V600E can be detected in cytological or molecular
material and has been associated in several cohorts with an adverse pathological phenotype.
Xing et al. reported associations with extrathyroidal invasion, nodal metastasis, advanced
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stage, and recurrence, while Lee et al. similarly found stronger associations with extrathy-
roidal invasion, nodal disease, and advanced stage as tumor size increased [38,47]. These
observations support BRAF as a biological risk signal when the complete postoperative
phenotype is not yet known.

They do not, however, establish mutation status as a surgical directive. In Xing
et al. 2005, some associations between BRAF and adverse pathological characteristics lost
statistical significance after histological subtype was included, and the recurrence Cox
estimate attenuated from HR 3.2 (95% CI 1.3-7.7) to HR 2.4 (95% CI 0.97-5.9) after addi-
tional adjustment for extrathyroidal invasion, nodal metastasis, and advanced stage [38].
Consistent with this uncertainty, the 2025 ATA guideline notes insufficient evidence for
molecular testing to stratify active surveillance in cT1la PTC and calls for further evidence
before molecular profiles are used to guide the extent of surgery in clinically selected
cases [1]. Accordingly, the present synthesis does not support choosing total thyroidectomy
or prophylactic lymph-node dissection solely because isolated BRAF V600E is present.

After surgery, the clinically relevant question is incremental prognostic value beyond
pathology. Some individual studies suggest residual information: Enumah et al. reported
BRAF V600E as an independent predictor of long-term recurrence (HR 2.81, 95% CI 1.34—
5.89) and reported improved discrimination when BRAF was added to established risk
models, while Prescott et al. similarly reported incremental value when BRAF was added
to conventional classifications [25,26]. The large Xing multicenter recurrence study also
retained an association after adjustment for tumor size, extrathyroidal invasion, nodal
metastasis, multifocality, and PTC subtype (HR 1.38, 95% CI 1.07-1.80), but its endpoint
combined recurrent and persistent disease and therefore belongs to the broader outcome
framework used in this review [18]. Taken together with the sparse and highly imprecise
strict-recurrence HR synthesis, these findings suggest possible residual prognostic infor-
mation in selected models, but not sufficiently validated incremental value to replace or
independently modify postoperative clinicopathological risk assessment.

Adjustment itself also requires clinical interpretation. Nodal metastasis, extrathyroidal
extension, and other adverse pathological features may lie partly on the biological pathway
through which BRAF contributes to aggressive tumor behavior. Extensive adjustment can
therefore attenuate a true biological association. From a postoperative decision-making
perspective, however, these features are already known and actionable. The clinically rele-
vant question is consequently not whether BRAF has a total biological effect, but whether
knowing BRAF changes risk estimation after the pathological phenotype is available [24].

4.3. Response to Therapy, Recurrence Phenotype, and Surveillance

Response to initial treatment is a particularly important clinical transition. The strict-
recurrence framework used in this review required an initial disease-free or no-evidence-
of-disease state, whereas endpoints containing persistent or incomplete response were
assigned to the broad outcome framework. This mirrors the clinical distinction between a
patient who never achieved remission and a patient who later develops new disease after
an excellent response [1,4].

Kowalska et al. provide direct evidence for this distinction. In 723 patients, BRAF
V600E correlated with several unfavorable clinicopathological features but did not correlate
significantly with excellent, biochemical incomplete, structural incomplete, or indetermi-
nate response categories. Recurrence and persistent biochemical or structural disease were
also not significantly associated with BRAF status [39]. Contemporary response-based
risk assessment is therefore clinically important because the patient’s observed response
to treatment may be more informative than a static molecular marker measured in the
primary tumor [1,4,39].
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The present sensitivity analyses reinforce this point. Restricting strict recurrence to
structurally confirmed events reduced the pooled estimate to RR 1.56 (95% CI 0.95-2.57),
while removal of persistence-heavy composites reduced the broad RR to 1.03 (95% CI
0.69-1.54). Structural recurrence is also more directly actionable than an isolated biochemi-
cal abnormality and is less dependent on assay thresholds and surveillance intensity. These
results do not support intensifying surveillance solely because BRAF V600E is present.
Follow-up should remain anchored in response-to-therapy category, thyroglobulin and
antibody trends, imaging findings, and whether disease is biochemical or structural [1,4].

4.4. Radioiodine and Treatment Heterogeneity

There is a biological rationale for linking BRAF V600E with radioiodine response
because BRAF-associated signaling can impair expression of genes involved in iodine
metabolism [10]. The clinical evidence assembled here, however, cannot determine a
BRAF-specific indication for radioiodine or an optimal BRAF-specific administered activity.

The included studies illustrate why. In Enumah et al., 81.5% of patients received
radioiodine and RAI exposure was itself associated with recurrence in the multivariable
model (HR 3.38, 95% CI 1.03-11.1); because BRAF status was unknown when treatment
decisions were made and higher-risk patients were preferentially treated, this is best under-
stood as confounding by indication rather than evidence that RAI increased recurrence [25].
Kowalska et al. used risk-adapted RAI activities of approximately 1100-3700 MBq accord-
ing to TNM stage, again with BRAF status unknown at initial treatment [41]. Conversely,
O’NEeill et al. studied a more uniformly treated cohort in which 98% underwent total or
completion thyroidectomy, 89% received RAl—usually approximately 6 GBq—and 56%
underwent nodal dissection; the authors explicitly suggested that this aggressive initial
treatment may have moderated the adverse prognostic influence of BRAF [29].

These are clinically different treatment strategies, not interchangeable RAI exposures.
Because treatment was risk-adapted and the publications did not provide comparable
BRAF-stratified recurrence estimates within harmonized treatment strata, a pooled analysis
by RAI use, activity, or surgical extent would be vulnerable to ecological bias and con-
founding by indication. The present review therefore supports neither withholding nor
escalating RAI, nor changing surgical extent, solely on the basis of isolated BRAF V600E.

4.5. Disease-Specific Mortality and Molecular Context

The mortality evidence further illustrates the difference between association with an
aggressive phenotype and independent clinical prognostic value. In the Xing multicenter
mortality study, BRAF V600E was associated with PTC-specific mortality after adjustment
for age, sex, and center (HR 2.66, 95% CI 1.30-5.43), but the association was no longer
significant after additional adjustment for lymph-node metastasis, extrathyroidal invasion,
and distant metastasis (HR 1.21, 95% CI 0.53-2.76) [17]. With only two independent
mortality studies in the present synthesis, isolated BRAF status should not be used to infer
an individual patient’s mortality risk or to justify treatment escalation.

Molecular context may be more important than BRAF alone. Coexisting TERT pro-
moter mutations have repeatedly been associated with more aggressive behavior, and
BRAF-TERT combinations may identify a substantially higher-risk subgroup than isolated
BRAF V600E [60,61,63]. These interaction studies often overlapped with larger BRAF
cohorts and could not be entered as independent estimates in the principal models, so this
review cannot quantify their incremental value. Nevertheless, the distinction supports a
broader clinical principle: an isolated common driver mutation is unlikely to provide the
same prognostic information as an integrated molecular and clinicopathological profile.
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4.6. Relation to Previous Evidence and Contribution of This Review

Previous meta-analyses generally reported an adverse association between BRAF
V600E and recurrent or persistent disease, but many combined endpoint definitions or
effect measures that answer different clinical questions [11-14,19,20]. The present review
does not negate the association of BRAF V600E with adverse tumor behavior. Rather, it
shows that the clinical meaning of that association depends on what is being predicted: per-
sistent disease after initial treatment, true recurrence after remission, structural recurrence,
or mortality.

Two methodological choices were especially important to this interpretation. First,
persistent disease and recurrence after remission were adjudicated separately; the broad
binary association largely disappeared after persistence-heavy composites were removed.
Second, overlapping institutional and multicenter cohorts were not allowed to contribute
duplicate statistical weight. These choices produce a more conservative but clinically
more specific conclusion: BRAF V600E is associated with adverse disease behavior, yet
the evidence that isolated mutation status independently changes risk after pathology and
treatment response are known remains limited.

4.7. Strengths and Limitations

The main strengths of this review are the explicit separation of recurrence after remis-
sion from persistent disease, separate synthesis of HRs and RRs, systematic management of
overlapping cohorts, use of random-effects REML models with Hartung—Knapp inference,
and extensive sensitivity analyses. These methodological choices are clinically relevant
because they prevent patients with residual disease, patients with genuinely new disease,
and duplicate cohorts from being treated as equivalent evidence [21-23,30-37].

The principal limitations arise from the primary literature. Most studies were retro-
spective, surveillance and treatment were not standardized, and the strict binary analysis
relied predominantly on unadjusted event counts. Only three studies contributed ad-
justed strict-recurrence HRs, making the pooled time-to-event estimate highly imprecise.
Surgery, lymph-node dissection, RAI indication and activity, response-to-therapy defi-
nitions, pathological staging, molecular assays, and follow-up protocols differed across
cohorts. Treatment was generally risk-adapted, and comparable BRAF-stratified treat-
ment subgroups were rarely reported, precluding reliable pooled estimates by surgery or
RAI strategy.

Risk of bias was also substantial: 32 of 36 model-specific QUIPS assessments met
the operational high-concern category. No formal certainty-of-evidence framework was
applied, but the combination of retrospective design, residual confounding, endpoint
heterogeneity, and sparse adjusted evidence limits confidence in translating the pooled
association into management decisions. The current synthesis is therefore better suited to
define the boundaries of BRAF’s prognostic role than to prescribe BRAF-directed treatment.

4.8. Implications for Future Research

Future studies should be designed around clinical decision points rather than
mutation—outcome association alone. Preoperative studies should test whether BRAF
or broader molecular profiles improve selection between surveillance, lobectomy, and total
thyroidectomy beyond ultrasound, cytology, tumor size, and nodal assessment. Postop-
erative studies should test incremental value beyond pathological risk using prespecified
multivariable models and should report discrimination, calibration, reclassification, and
decision-curve measures rather than statistical significance alone [1,64,65].

After initial treatment, studies should report excellent response, biochemical incom-
plete response, structural incomplete response, persistent disease, and recurrence after
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remission separately. Structural and biochemical recurrence should not be merged, and
recurrence models should state the time origin and disease-free requirement explicitly.
Treatment reporting should include surgical extent, nodal dissection, RAI indication and
activity, and BRAF-stratified outcomes within clinically comparable treatment groups [1,4].

Finally, molecular prognostic research should move beyond isolated BRAF V600E
toward integrated models that combine clinicopathological variables, dynamic response,
and higher-risk molecular combinations such as BRAF V600E with TERT promoter al-
terations. Such models require independent validation and demonstration that they
change clinically meaningful decisions or outcomes before routine management should be
altered [60,61,63-65].

5. Conclusions

BRAF V600E is associated with a higher observed risk of recurrence after documented
remission, but the clinical interpretation is context-dependent. The strongest pooled result
is derived predominantly from unadjusted binary data; adjusted strict-recurrence evidence
is sparse and highly imprecise, structural-only recurrence does not exclude the null, and
broad associations are strongly influenced by persistent-disease endpoints. The available
evidence therefore supports BRAF V600E as a marker of adverse tumor biology more
strongly than as an independently validated predictor of recurrence or mortality.

Clinically, isolated BRAF V600E should be regarded as contextual molecular infor-
mation rather than a management-directing biomarker. Before surgery it may signal a
phenotype more often associated with adverse pathology, but this review does not support
changing surgical extent solely on mutation status. After surgery and initial therapy, es-
tablished pathology and dynamic response-to-therapy assessment provide more directly
actionable information, and current evidence does not establish sufficient incremental value
of isolated BRAF to alter radioiodine treatment or surveillance. Future clinical utility is more
likely to come from integrated models combining molecular profiles, clinicopathological
risk, and treatment response than from BRAF V600E alone.
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