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Abstract: Background: Papillary thyroid carcinoma (PTC) is the most prevalent thyroid malignancy, and BRAF V600E
represents its most common genetic alteration. Immunohistochemistry (IHC) using the VEI antibody offers a cost-
effective alternative to molecular methods for mutation detection, particularly in resource-limited settings. Aims: To
estimate the immunohistochemical expression of BRAF V600E in all histological types of PTC and determine its
association with adverse prognostic factors. Methods: This cross-sectional analytical study included 67
histopathologically confirmed PTC cases from a tertiary care center over 18 months. BRAF V600E IHC was performed
using the VEI1 clone. Expression was correlated with clinicopathological parameters including tumor size, histological
subtype, lymph node metastasis, extrathyroidal extension, and capsular status. Receiver operating characteristic (ROC)
curve analysis evaluated predictive performance. Results: BRAF V600E positivity was observed in 37.3% of cases. The
cohort demonstrated female predominance (89.6%) with mean age of 44.9+14.7 years. Significant associations were
identified between BRAF V600E expression and classic variant histology (p<0.0001), larger tumor size (4.6 versus 2.6
cm; p<0.001), lymph node metastasis (69.2% versus 8.1%; p<0.0001), extrathyroidal extension (30.8% versus 5.4%;
p=0.014), and capsular involvement (53.8% versus 8.1%; p=0.001). ROC analysis demonstrated excellent predictive
performance for lymph node invasion (AUC=0.83; sensitivity 81.8%; specificity 84.1%) and classic PTC histology
(AUC=0.837; specificity 96.9%). Conclusion: BRAF V600E immunohistochemical expression significantly correlates
with adverse clinicopathological features in PTC, supporting its utility as a cost-effective tool for risk stratification and
treatment planning.
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INTRODUCTION

Papillary thyroid carcinoma (PTC) constitutes
the predominant histological subtype of thyroid
malignancy, accounting for 80-90% of all thyroid cancer
diagnoses worldwide [1, 2]. Global epidemiological data
indicate a progressive increase in thyroid cancer
incidence over the past three decades, with annual rates
documented at 5.4 per 100,000 in males and 6.5 per
100,000 in females, reflecting an estimated yearly rise of
6.2% [3]. In India, thyroid cancer represents
approximately 1-2% of all malignancies, with notable
regional heterogeneity; a recent analysis of 96 hospital-

based cancer registries (2012-2019) revealed that 57.5%
of PTC cases are concentrated in the South region,
whereas 15.3% originate from Western India [4]. Despite
rising incidence, PTC generally carries a favorable
prognosis, with five-year survival rates exceeding 95%
when appropriately managed [5]. However, a subset of
patients develops recurrent disease, locoregional lymph
node involvement, extrathyroidal extension, or distant
metastases, necessitating identification of molecular
biomarkers capable of predicting aggressive tumor
behavior and guiding therapeutic intensity [6, 7].
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The BRAF V600E mutation represents the most
prevalent genetic alteration in PTC, occurring in 38—-86%
of cases depending on geographic region, histological
subtype, and detection methodology [8, 9]. This somatic
missense mutation involves a thymine-to-adenine
transversion at nucleotide position 1799 within exon 15,
resulting in substitution of valine with glutamic acid at
codon 600 [10]. The resultant mutant protein exhibits
constitutive kinase activity approximately 300—500 fold
above wild-type levels, driving ligand-independent
activation of the mitogen-activated protein kinase
(MAPK) signaling cascade [11]. Extensive literature
demonstrates robust associations between BRAF V600E
positivity and adverse clinicopathological features,
including increased lymph node  metastasis,
extrathyroidal extension, advanced pathological stage,
multifocal disease, and radioiodine refractoriness [12—
14]. A landmark prospective multicenter study
encompassing 1849 patients across 13 institutions in
seven countries reported BRAF V600E positivity in
45.7% of cases, with mortality rates of 5.3% in mutation-
positive versus 1.1% in mutation-negative patients,
establishing its role as an independent adverse
prognosticator [15]. Current American Thyroid
Association guidelines accordingly incorporate BRAF
V600E status into risk stratification algorithms for PTC
management [16].

Traditional molecular approaches for BRAF
V600E detection, including Sanger sequencing and
polymerase chain reaction-based techniques, require
advanced laboratory infrastructure, specialized technical
expertise, and substantial financial resources, thereby
limiting accessibility in resource-constrained settings
[17]. Immunohistochemistry (IHC) utilizing the VEI
monoclonal antibody, which specifically recognizes the
mutant BRAF protein epitope spanning amino acids
596600, offers a practical and cost-effective alternative
[18]. This technique enables direct visualization of
mutated BRAF expression through cytoplasmic staining
within routine histopathological sections, obviating the
need for specialized molecular equipment. Meta-analytic
data from 4079 cases across 23 studies demonstrated
excellent  diagnostic ~ performance of  VEI
immunohistochemistry, with 100% sensitivity and 84%
specificity compared to DNA sequencing, and 98%
sensitivity with 89% specificity compared to polymerase
chain reaction [19]. A validation study of 514 specimens
further corroborated these findings, reporting 99.3%
sensitivity, 100% specificity, and positive and negative
predictive values of 100% and 96.4%, respectively [20].

Despite recognition of BRAF V600E positivity
for enhanced risk assessment in international guidelines,
standardized immunohistochemical protocols and
consistent scoring criteria remain variable across
institutions ~ [16].  Furthermore, = comprehensive
characterization of the correlation between BRAF
V600E  immunohistochemical = expression  and
pathological staging parameters across all PTC subtypes

remains inadequately defined, particularly within the
Indian population where region-specific epidemiological
data are limited [4-21]. Therefore, this study was
undertaken at a tertiary care center to systematically
estimate the prevalence of BRAF V600E expression via
immunohistochemistry across all PTC histological
variants and to determine its association with established
adverse prognostic factors in our patient population.

MATERIALS AND METHODS
Study Design and Setting

This cross-sectional analytical study was
conducted at Bharati Vidyapeeth Deemed to Be
University, Medical College, Hospital and Research
Centre, a tertiary care institution, over a period of 18
months.

Sample Size and Selection Criteria

A total of 67 cases were included based on
sample size estimation. Surgical specimens from patients
who underwent total thyroidectomy, near-total
thyroidectomy, or hemithyroidectomy with
histopathologically  confirmed papillary  thyroid
carcinoma (PTC), including all classical and variant
subtypes, were included. Cases diagnosed as follicular
adenoma, medullary carcinoma, and other papillary-like
lesions were excluded.

Clinical Data Collection and Specimen Processing

Relevant demographic and clinical data
including age, sex, and preoperative imaging findings
were retrieved from patient medical records. Data
collection was performed both retrospectively from
archived records and prospectively for recent cases. All
thyroidectomy specimens underwent systematic gross
examination with documentation of specimen type,
tumor size (maximum dimension in centimeters), tumor
site, focality, extrathyroidal extension, and lymph node
involvement. Representative sections from tumor,
adjacent thyroid parenchyma, surgical margins, and all
identified lymph nodes were processed for
histopathological examination.

Histopathological Evaluation and Staging

Hematoxylin and eosin (H&E) stained sections
were evaluated and reported according to the College of
American Pathologists (CAP) protocol for thyroid
carcinoma, documenting histological type and subtype,
tumor size, focality, extrathyroidal extension,
lymphovascular invasion, surgical margin status, and
lymph node metastasis. All cases were assigned
pathological TNM staging according to the American
Joint Committee on Cancer (AJCC) 8th edition criteria
[22].

Immunohistochemistry for BRAF V600E
Immunohistochemical staining was performed
on 4-um thick sections from selected formalin-fixed
paraffin-embedded tissue blocks using poly-L-lysine
coated slides. Heat-induced epitope retrieval was
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performed using citrate-based buffer (Dako Target
Retrieval Solution, 1:50 dilution) at 97°C for two cycles
of 10 minutes each. Endogenous peroxidase activity was
blocked with hydrogen peroxide for 30 minutes. Sections
were incubated with primary antibody against BRAF
V600E (clone VEI1) for 2 hours at room temperature,
followed by biotinylated secondary antibody for 1 hour.
Detection was performed using the avidin-biotin
complex (ABC) technique with 3,3'-diaminobenzidine
(DAB) as chromogen. Sections were counterstained with
Harris hematoxylin. Known BRAF V600E-positive PTC
tissue served as positive control, while normal thyroid
tissue served as negative control.

Interpretation of Inmunohistochemistry

BRAF V600E immunohistochemical
expression was categorized as: positive (unequivocal
dark brown cytoplasmic staining in tumor cells),
negative (absence of cytoplasmic staining), or equivocal
(focal or weak cytoplasmic staining). All slides were
independently reviewed by two pathologists, with
consensus achieved through joint evaluation in
discordant cases.

Statistical Analysis

Statistical analyses were performed using IBM
SPSS Statistics Version 26.0 (IBM Corp., Armonk, NY,
USA). Categorical variables were expressed as
frequencies and percentages; continuous variables were
presented as mean =+ standard deviation. Chi-square test
or Fisher's exact test (when expected cell frequency <5)
was employed for categorical variables. One-way
ANOVA was used to compare means of continuous
variables among BRAF V600E-positive, equivocal, and
negative groups. Receiver operating characteristic
(ROC) curve analysis was conducted to evaluate
diagnostic performance of BRAF V600E expression in
predicting adverse prognostic features, with area under
the curve (AUC) and 95% confidence intervals
calculated. A p-value <0.05 was considered statistically
significant.

RESULTS
Demographic and Clinical Characteristics

A total of 67 patients with histopathologically
confirmed papillary thyroid carcinoma were included in
this study. BRAF V600E immunohistochemical
expression was positive in 25 cases (37.3%), equivocal
in 4 cases (6.0%), and negative in 37 cases (55.2%). The
overall prevalence of BRAF V600E positivity in this
cohort was 37.3%, which aligns with previously reported
frequencies from the Indian subcontinent ranging
between 33% and 58% [21].

The study cohort demonstrated a marked female
predominance, with 60 females (89.6%) and 7 males
(10.4%), yielding a female-to-male ratio of
approximately 8.6:1. No statistically significant
association was observed between gender and BRAF
V600E expression status (p=0.592). The mean age of the

entire cohort was 44.9 + 14.7 years. Patients with BRAF
V600E-positive tumors exhibited a higher mean age
(49.3 £ 15.1 years) compared to those with negative
expression (41.2 + 14.0 years), though this difference did
not attain statistical significance (p=0.081). The majority
of patients were distributed in the 41-60 years age group
(40.3%), followed by 21-40 years (35.8%), consistent
with the typical age distribution of PTC reported in
literature.

Histopathological Characteristics

The classic variant of papillary thyroid
carcinoma was the predominant histological subtype,
accounting for 35 cases (52.2%), followed by the
follicular variant in 25 cases (37.3%). A highly
significant association was observed between BRAF
V600E expression and histological subtype (p<0.0001).
Among BRAF V600E-positive cases, 96.2% (24/25)
were of the classic variant, whereas only 3.8% (1/25)
represented the follicular variant. Conversely, among
BRAF V600E-negative cases, the follicular variant
predominated at 62.2% (23/37), while the classic variant
constituted only 18.9% (7/37). These findings
corroborate the established molecular-morphological
correlation  wherein  BRAF  V600E  mutations
demonstrate preferential association with the classic
papillary architecture [23, 24].

Regarding tumor dimensions, BRAF V600E-
positive tumors exhibited significantly larger mean
tumor size (4.6 + 1.8 cm) compared to negative cases (2.6
+ 1.2 cm), with equivocal cases demonstrating the largest
mean size (5.3 = 2.5 cm). This difference was statistically
significant (p<0.001), consistent with previous reports
demonstrating BRAF V600E-driven constitutive MAPK
pathway activation promoting accelerated tumor growth
kinetics [25]. Multifocal disease was observed in 45
cases (67.2%) overall. Although a higher proportion of
BRAF V600E-positive cases demonstrated multifocality
(73.1%) compared to negative cases (59.5%), this
difference did not reach statistical significance
(p=0.180).

Association with Adverse Prognostic Factors

BRAF V600E expression demonstrated
significant associations with several established adverse
prognostic parameters. Lymph node metastasis was
present in 22 cases (32.8%) overall, with a highly
significant association with BRAF V600E status
(p<0.0001). Among BRAF V600E-positive cases, 69.2%
demonstrated lymph node involvement compared to only
8.1% among negative cases. Regional lymph node
staging analysis revealed that Nla disease (central
compartment metastasis) was present in 53.8% of BRAF
V600E-positive tumors versus 8.1% of negative tumors
(p=0.007). These findings are concordant with meta-
analyses demonstrating odds ratios of 1.5 to 2.8 for nodal
involvement in BRAF-mutated cases [12-26].
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Capsular status analysis revealed significant
differences across BRAF expression categories
(p=0.001). Capsular involvement was observed in 53.8%
of BRAF V600E-positive cases compared to only 8.1%
of negative cases. One case (3.8%) in the positive group
demonstrated frank capsular invasion.

Extrathyroidal extension, a critical prognostic
determinant affecting pathological staging, was present
in 10 cases (14.9%) overall. A statistically significant
association was identified between BRAF V600E
positivity and extrathyroidal extension (p=0.014), with
30.8% of positive cases demonstrating this feature
compared to 5.4% of negative cases. This finding
supports previous observations reporting two- to three-
fold higher rates of capsular breach in BRAF-mutated
tumors [13-27].

Angioinvasion was identified in 19 cases
(28.4%) but did not demonstrate significant association
with BRAF V600E status (p=0.34). Similarly, surgical
margin involvement was observed in 8 cases (11.9%)
without significant correlation to BRAF expression
(p=0.177). Associated lymphocytic thyroiditis was
documented in 8 cases (11.9%). Although a higher
proportion of BRAF V600E-positive cases demonstrated
associated thyroiditis (23.1%) compared to negative
cases (5.4%), this difference approached but did not
attain statistical significance (p=0.078).

Diagnostic Performance of BRAF V600E IHC
Expression

Receiver operating characteristic curve analysis
was performed to evaluate the discriminatory capacity of
BRAF V600E immunohistochemical expression for
predicting adverse clinicopathological parameters (Table
2). BRAF V600E expression demonstrated excellent
predictive performance for lymph node invasion with an
area under the curve (AUC) of 0.83 (95% CI: 0.717—
0.942; p<0.001), sensitivity of 81.8%, and specificity of
84.1%. For prediction of classic papillary thyroid
carcinoma histology, the AUC was 0.837 (95% CI:
0.735-0.940; p<0.0001) with 70.6% sensitivity and
notably high specificity of 96.9%.

Good  discriminatory  performance  was
observed for capsular invasion prediction (AUC=0.788;
95% CI: 0.662-0.915; p<0.0001) with sensitivity and
specificity both approximating 79%. Extrathyroidal
extension prediction yielded an AUC of 0.748 (95% CI:
0.586—0.910; p=0.013) with 80% sensitivity and 69.6%
specificity. In contrast, BRAF VO600E expression
demonstrated poor predictive capacity for angioinvasion
(AUC=0.583; p=0.3) and margin involvement
(AUC=0.64; p=0.2). The prediction of associated
thyroiditis yielded an AUC of 0.711 (95% CI: 0.522—
0.900) but did not achieve statistical significance
(p=0.054).

RESULTS AND OBSERVATIONS

Table 1: Clinicopathological Characteristics in Relation to IHC BRAFV600 Status

Characteristic Category BRAF V600E Expression
Positive Equivocal Negative Totaln (%) | P value
(N=25) n (%) (N=4) n (%) | (N=37) n (%)
Age distribution <20 years 0 (0.0) 1 (25.0) 4 (10.8) 5(7.5) 0.272
21-40 years 9 (34.6) 1 (25.0) 14 (37.8) 24 (35.8)
41-60 years 10 (38.5) 2 (50.0) 15 (40.5) 27 (40.3)
61-80 years 7(26.9) 0 (0.0) 4 (10.8) 11 (16.4)
Age (years) Mean + SD 493 +£15.1 493 +11.1 41.2+14.0 449 +14.7 0.081
Gender Female 24 (92.3) 4 (100.0) 32 (86.5) 60 (89.6) 0.592
Male 2(7.7) 0 (0.0) 5(13.5) 7(10.4)
Tumour focality Multifocal 19 (73.1) 4 (100.0) 22 (59.5) 45 (67.2) 0.186
Unifocal 7(26.9) 0 (0.0) 15 (40.5) 22 (32.8)
Lymph node No 3(75.0) 34 (91.9) 8(30.8) 45 (67.2) <0.0001
invasion Yes 1 (25.0) 3(8.1) 18 (69.2) 22 (32.8)
Angioinvasion No 16 (61.5) 3 (75.0) 29 (78.4) 48 (71.6) 0.34
Margins Yes 10 (38.5) 1 (25.0) 8 (21.6) 19 (28.4)
Free 21 (80.8) 3(75.0) 35 (94.6) 59 (88.1) 0.177
Involved 5(19.2) 1 (25.0) 2(54) 8(11.9)
Capsular status Capsular invasion 1(3.8) 0(0.0) 0(0.0) 1(1.5) 0.001
Free 11 (42.3) 3 (75.0) 34 (91.9) 48 (71.6)
Involved 14 (53.8) 1(25.0) 3(8.1) 18 (26.9)
Extrathyroidal No 18 (69.2) 4 (100.0) 35 (94.6) 57 (85.1) 0.014
extension Yes 8(30.8) 0(0.0) 2(54) 10 (14.9)
Nodal status Nla 14 (53.8) 1 (25.0) 3 (8.1) 18 (26.9) 0.007
N1b 1(3.8) 0 (0.0) 0 (0.0) 1 (1.5)
NA 9 (34.6) 3(75.0) 32 (86.5) 43 (64.2)
NE 0 (0.0) 0 (0.0) 1(2.7) 1 (1.5)
NFM 0 (0.0) 0(0.0) 1(2.7) 1 (1.5)
YA 2(7.7) 0 (0.0) 0 (0.0) 2 (3.0)
No 20 (76.9) 4 (100.0) 35 (94.6) 59 (88.1) 0.078
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Associated Yes 6(23.1) 0(0.0) 2(5.4) 8(11.9)
thyroiditis
Histological Anaplastic 0(0.0) 12.7) 1(1.5) <0.0001
subtype Classic 25 (96.2) 3(75.0) 7 (18.9) 35(52.2)
Follicular hyperplasia 0(0.0) 3(8.1) 3(4.5)
Follicular nodular disease 0(0.0) 3(8.1) 3(4.5)
Follicular variant 1(25.0) 23 (62.2) 25(37.3)
Tumour size (cm) Mean = SD 4.6+1.8 5325 26£1.2 3.6£1.9 <0.001
Table 2: ROC Curve Analysis for Prediction of Clinicopathological Parameters Using BRAFV600 IHC Expression
Predicted Outcome AUC 95% CI (Lower— | Sensitivity (%) | Specificity P value
Upper) (%)
Lymph node invasion 0.83 0.717-0.942 81.8 84.1 <0.001
Angioinvasion 0.583 0.426-0.741 50 66.6 0.3
Margin involvement 0.64 0.432-0.848 62.5 65.5 0.2
Capsular invasion 0.788 0.662-0.915 78.9 78.8 <0.0001
Extrathyroidal extension 0.748 0.586-0.910 80 69.6 0.013
Associated thyroiditis 0.711 0.522-0.900 75 67.2 0.054
Classic papillary thyroid carcinoma 0.837 0.735-0.940 70.6 96.9 <0.0001
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Figure 6: 4654/25 - H&E of Follicular nodular disease
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DISCUSSION

The present study evaluated
immunohistochemical expression of BRAF V600E in
papillary thyroid carcinoma at a tertiary care center in
Western India, revealing an overall prevalence of 37.3%.
This finding aligns with the lower end of the spectrum
reported in Indian studies, which ranges between 33%
and 58% [21-28]. The observed prevalence is
comparable to that reported by Kristiani et al., (34%) and
Kocheri et al., (38%), though lower than the 60-80%
frequencies documented in certain Asian and Western
cohorts [29, 30]. This variability likely reflects
differences in histological subtype distribution, detection
methodologies, and population-specific genetic factors
influencing BRAF mutation frequency across
geographic regions.

The demographic profile of our cohort
demonstrated a marked female preponderance (89.6%)
and mean age of 44.9 years, consistent with established
epidemiological patterns of PTC [2]. Although BRAF
V600E-positive cases exhibited higher mean age
compared to negative cases (49.3 versus 41.2 years), this
difference did not attain statistical significance,
corroborating findings from several prior investigations
that reported inconsistent age-mutation correlations [26].
Similarly, the absence of significant gender-based
differences in mutation status aligns with the majority of
published literature, though some studies have suggested
marginally higher mutation frequencies in males [15].

A striking finding of this study was the near-
exclusive association of BRAF V600E positivity with
the classic variant of PTC, wherein 96.2% of positive
cases demonstrated this histology compared to only
18.9% of negative cases. Conversely, the follicular
variant predominated among BRAF-negative tumors
(62.2%). This robust molecular-morphological
correlation has been consistently documented across

Figure 7: 4654/25 IHC negative for Follicular nodular disease

diverse populations and reflects the distinct oncogenic
pathways operative in different PTC subtypes, with
follicular variants characteristically harboring RAS
mutations or gene fusions rather than BRAF alterations
[23, 24]. The significant association between BRAF
V600E expression and larger tumor size (4.6 versus 2.6
cm; p<0.001) observed in our study supports the
biological premise that constitutive MAPK pathway
activation drives accelerated cellular proliferation and
tumor growth kinetics [25].

The principal clinical significance of our
findings lies in the demonstrated associations between
BRAF V600E positivity and established adverse
prognostic parameters. Lymph node metastasis was
present in 69.2% of BRAF-positive tumors compared to
only 8.1% of negative cases, yielding excellent
predictive performance on ROC analysis (AUC 0.83;
sensitivity  81.8%; specificity 84.1%). Similarly,
extrathyroidal extension occurred in 30.8% of positive
versus 5.4% of negative cases, and capsular involvement
demonstrated comparable disparity (53.8% versus
8.1%). These findings substantiate meta-analytic data
reporting odds ratios of 1.5-2.8 for nodal involvement
and two- to three-fold increased rates of extrathyroidal
extension in BRAF-mutated PTC [12-26]. Such
associations underscore the clinical utility of BRAF
V600E immunohistochemistry in preoperative risk
stratification, potentially informing decisions regarding
surgical extent and necessity for prophylactic central
compartment lymph node dissection.

The absence of significant associations with
angioinvasion, surgical margin involvement, and
multifocality in our cohort merits consideration. While
some investigators have reported correlations between
BRAF status and vascular invasion, others, including
Koperek et al., found no significant relationship between
mutation presence and parameters of aggressiveness in
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microcarcinomas, suggesting that BRAF V600E may not
universally predict aggressive behavior across all tumor
size categories [31].

This study has certain limitations, including the
relatively modest sample size, single-institution design,
and absence of molecular confirmation of
immunohistochemically equivocal cases. Additionally,
clinical outcome data including recurrence and survival
were not evaluated. Nevertheless, the high specificity
(96.9%) of BRAF V600E immunohistochemistry for
identifying classic PTC histology and its strong
predictive value for lymph node metastasis support its
utility as a cost-effective screening tool in resource-
limited settings where molecular testing facilities are
unavailable.

CONCLUSION

BRAF V600E immunohistochemical
expression demonstrates significant associations with
adverse clinicopathological features in PTC, including
lymph node metastasis, extrathyroidal extension,
capsular involvement, and larger tumor size. These
findings support incorporation of BRAF V600E
immunohistochemistry  into routine pathological
evaluation to facilitate risk-adapted treatment planning
and surveillance strategies.

REFERENCES

1. Lam AK. Papillary Thyroid Carcinoma: Current
Position in Epidemiology, Genomics, and
Classification. Methods Mol Biol. 2022;2534:1-15.
doi:10.1007/978-1-0716-2505-7 1

2. Sung H, Ferlay J, Siegel RL, et al. Global Cancer
Statistics 2020: GLOBOCAN Estimates of
Incidence and Mortality Worldwide for 36 Cancers
in 185 Countries. CA Cancer J Clin.
2021;71(3):209-249. doi:10.3322/caac.21660

3. Kilfoy BA, Zheng T, Holford TR, et al. International
patterns and trends in thyroid cancer incidence,
1973-2002. Cancer Causes Control.
2009;20(5):525-531. doi:10.1007/310552-008-
9260-4

4. Aleyamma M, Sara GP, Kondalli Lakshminarayana
S, et al. Region-wise pattern of demographic,
clinicopathological and treatment profile of thyroid
cancers from 96 hospital-based cancer registries in
India. 2025;19.

5. Sherman SI.  Thyroid
2003;361(9356):501-511.
6736(03)12488-9

6. Toniato A, Boschin I, Casara D, et al. Papillary
thyroid carcinoma: factors influencing recurrence
and survival. Ann Surg Oncol. 2008;15(5):1518-
1522. doi:10.1245/510434-008-9859-4

7. Sipos JA, Mazzaferri EL. Thyroid cancer
epidemiology and prognostic variables. Clin Oncol
(R Coll Radiol). 2010;22(6):395-404.
doi:10.1016/j.clon.2010.02.004

carcinoma. Lancet.
d0i:10.1016/s0140-

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Ito Y, Hirokawa M, Uruno T, et al. Prevalence and
biological behaviour of variants of papillary thyroid
carcinoma: experience at a single institute.
Pathology. 2008;40(6):617-622.
doi:10.1080/00313020802320630

Cong R, Ouyang H, Zhou D, et al. BRAF V600E
mutation in thyroid carcinoma: a large-scale study in
Han Chinese population. World J Surg Oncol.
2024;22:259. doi:10.1186/s12957-024-03539-7
Lupi C, Giannini R, Ugolini C, et al. Association of
BRAF V600E mutation with poor
clinicopathological outcomes in 500 consecutive
cases of papillary thyroid carcinoma. J Clin
Endocrinol Metab. 2007;92(11):4085-4090.
doi:10.1210/j¢c.2007-1179

Kimura ET, Nikiforova MN, Zhu Z, et al. High
prevalence of BRAF mutations in thyroid cancer:
genetic evidence for constitutive activation of the
RET/PTC-RAS-BRAF  signaling pathway in
papillary  thyroid carcinoma. Cancer Res.
2003;63(7):1454-1457.

Li C, Lee KC, Schneider EB, Zeiger MA. BRAF
V600E mutation and its association with
clinicopathological features of papillary thyroid
cancer: a meta-analysis. J Clin Endocrinol Metab.
2012;97(12):4559-4570. doi:10.1210/jc.2012-2104
Xing M, Westra WH, Tufano RP, et al. BRAF
mutation predicts a poorer clinical prognosis for
papillary thyroid cancer. J Clin Endocrinol Metab.
2005;90(12):6373-6379. doi:10.1210/jc.2005-0987
Liu C, Chen T, Liu Z. Associations between
BRAFV600E and prognostic factors and poor
outcomes in papillary thyroid carcinoma: a meta-
analysis. World J Surg Oncol. 2016;14(1):241.
doi:10.1186/512957-016-0992-4

Xing M, Alzahrani AS, Carson KA, et al
Association between BRAF V600E mutation and
mortality in patients with papillary thyroid cancer.
JAMA. 2013;309(14):1493-1501.
doi:10.1001/jama.2013.3190

Haugen BR. 2015 American Thyroid Association
Management Guidelines for Adult Patients with
Thyroid Nodules and Differentiated Thyroid
Cancer: What is new and what has changed? Cancer.
2017;123(3):372-381. doi:10.1002/cncr.30360
Begum S, Rosenbaum E, Henrique R, et al. BRAF
mutations in anaplastic thyroid carcinoma:
implications for tumor origin, diagnosis and
treatment. Mod Pathol. 2004;17(11):1359-1363.
doi:10.1038/modpathol.3800203

Ritterhouse LL, Barletta JA. BRAF V600E
mutation-specific antibody: A review. Semin Diagn
Pathol. 2015;32(5):400-408.
doi:10.1053/j.semdp.2015.02.007

Parker KG, White MG, Cipriani NA. Comparison of
Molecular Methods and BRAF
Immunohistochemistry (VE1 Clone) for the
Detection of BRAF V600E Mutation in Papillary
Thyroid Carcinoma: A Meta-Analysis. Head Neck

© 2026 | South Asian Research Publication

113



Rinkie Ranjan & Reena Bhardadwaj; SAR J Pathol Microbiol; Vol-7, Iss- 2 (Mar-Apr, 2026): 104-114

20.

21.

22.

23.

24.

25.

Pathol. 2020;14(4):1067-1079.
doi:10.1007/s12105-020-01155-z

Choden S, Keelawat S, Jung CK, Bychkov A. VEI
Immunohistochemistry Improves the Limit of
Genotyping for Detecting BRAFV600E Mutation in
Papillary Thyroid Cancer. Cancers. 2020;12(3):596.
doi:10.3390/cancers12030596

Chakraborty A, Narkar A, Mukhopadhyaya R, et al.
BRAF V600E mutation in papillary thyroid
carcinoma: significant association with node
metastases and extra thyroidal invasion. Endocr
Pathol. 2012;23(2):83-93. doi:10.1007/s12022-011-
9184-5

Tuttle RM, Haugen B, Perrier ND. Updated
American Joint Committee on Cancer/Tumor-Node-
Metastasis Staging System for Differentiated and
Anaplastic Thyroid Cancer (Eighth Edition): What
Changed and Why? Thyroid. 2017;27(6):751-756.
doi:10.1089/thy.2017.0120

Rivera M, Ricarte-Filho J, Knauf J, et al. Molecular
genotyping of papillary thyroid carcinoma follicular
variant according to its histological subtypes reveals
distinct BRAF and RAS mutation patterns. Mod
Pathol. 2010;23(9):1191-1200.
doi:10.1038/modpathol.2010.118

Trovisco V, Soares P, Preto A, et al. Type and
prevalence of BRAF mutations are closely
associated with papillary thyroid carcinoma
histotype and patients' age but not with tumour
aggressiveness. Virchows Arch. 2005;446(6):589-
595. doi:10.1007/s00428-005-1236-6

Knauf JA, Ma X, Smith EP, et al. Targeted
expression of BRAFV600E in thyroid cells of
transgenic mice results in papillary thyroid cancers
that undergo dedifferentiation. Cancer Res.

26.

27.

28.

29.

30.

31.

2005;65(10):4238-4245.
5472.CAN-04-4258
Kim TH, Park YJ, Lim JA, et al. The association of
the BRAF(V600E) mutation with prognostic factors
and poor clinical outcome in papillary thyroid
cancer: a meta-analysis. Cancer. 2012;118(7):1764-
1773. doi:10.1002/cncr.26500

Adeniran AJ, Zhu Z, Gandhi M, et al. Correlation
between genetic alterations and microscopic
features, clinical manifestations, and prognostic
characteristics of thyroid papillary carcinomas. Am
J Surg Pathol. 2006;30(2):216-222.
doi:10.1097/01.pas.0000176432.73455.1b
Harikrishnan V, Kumari S, Ramkumar S, et al.
Correlation of the Expression of BRAF V600E
Mutation With Various Phenotypic Expressions of
Thyroid Neoplasms. Cureus. 2021;13:¢15927.
doi:10.7759/cureus.15927

Kristiani E, Hardjolukito E, Harahap A, Makes B.
BRAF V600E Immunoexpression in Papillary
Thyroid Carcinoma and Its Association with
Prognostic Factors and Histopathologic Variant.
Medicinus. 2021;8:12. doi:10.36497/8280

Kocheri N, Chatterjee P, Agarwal S, et al
Elucidating the Prognostic Role of BRAFV600E
and the Activation Status of the Downstream MAPK
Pathway in PTC: A Study from a Tertiary Centre in
India. Indian J Endocrinol Metab. 2024;28(6):617.
doi:10.4103/ijem.ijjem_587 23

Koperek O, Kornauth C, Capper D,
Immunohistochemical detection of the BRAF
V600E-mutated protein in papillary thyroid
carcinoma. Am J Surg Pathol. 2012;36(6):844-850.
doi:10.1097/PAS.0b013e31824£2597

doi:10.1158/0008-

et al

© 2026 | South Asian Research Publication

114



