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An affordable immunohistochemical approach to estimate the 
prevalence of BRAFV600E in large cohort studies—establishing 
the baseline rate of BRAF mutation in an institutional series of 
papillary thyroid carcinoma from Thailand
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Background: Papillary thyroid carcinoma (PTC) accounts for the majority of diagnoses of thyroid carcinoma. 
BRAFV600E mutation is the most common genetic alteration in PTC, which has diagnostic and prognostic 
significance. The rate of BRAFV600E mutation in PTC from Thailand has not been reported. Our purpose was 
to estimate the prevalence of BRAF mutation in a large institutional series using an affordable approach, which 
combined mutation-specific immunohistochemistry (IHC) with VE1 antibody and tissue microarray (TMA).
Methods: A total of 476 PTC cases plotted on TMA were employed for determining the mutation status in 
this study. The cancer tissue of initial 100 cases (pilot study) were analyzed for BRAFV600E mutation by using 
both direct sequencing and VE1 immunostaining. For the subsequent PTC cases, VE1 IHC was used as 
an alternative to direct sequencing for the detection of mutation. Univariate and multivariate analyses were 
done to determine the association of clinicopathological variables with BRAFV600E mutation.
Results: In the pilot study, VE1 IHC showed excellent analytical performance (κ=0.884) for detecting 
BRAFV600E mutation in PTC TMA as compared to direct sequencing. The prevalence of BRAFV600E in 
the whole cohort was 60.9% by using VE1 IHC. The mutation was commonly seen in tall cell (92.9%) 
and classic (70.2%) variants of PTC. Multivariate analysis (P<0.05) showed association of BRAFV600E with 
histological type of tumor, extrathyroidal extension, and absence of Hashimoto’s thyroiditis. 
Conclusions: In conclusion, BRAFV600E mutation was detected in 60.9% of Thai PTC and it was associated 
with several aggressive clinicopathological variables of thyroid cancer. VE1 IHC proved as a reliable method 
able to replace direct sequencing for detection of the mutation. A combination of mutation-specific IHC and 
TMA allows conducting large cohort studies more labor-saving and cost-efficiently.
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Introduction

Thyroid cancer is the most common endocrine malignancy 
whose incidence has been increasing dramatically over the 
past three decades due to increased recognition of thyroid 
nodules harboring carcinoma (1,2). It is known to be the 
fastest-growing cancer in women worldwide, particularly 
in economically developed countries where high resolution 
imaging is widely available (1). The rate of thyroid cancer in 
Thailand is similar to average Asian and worldwide rates—
according to the recent estimates, thyroid carcinoma is one 
of the leading malignancies in Thai women, occupying the 
fourth rank by prevalence (3). 

Papillary thyroid carcinoma (PTC) is the major 
histological subtype, accounting for approximately 
85% of all thyroid cancers (4), which also holds true for 
Thailand (5). Compared to other human malignancies, 
PTC carries an excellent overall prognosis with a 10-year 
survival rate approaching 95% (4,6). There are several 
risk factors associated with the development of PTC, of 
which exposure to ionizing radiation has been the well-
documented environmental cause of PTC (2). Other factors 
include genetic predisposition, hormonal influence, dietary 
components, such as iodine, nitrates, and alcohol, and more 
modifiers (7-9).

BRAFV600E mutation is the most common somatic driver 
event in PTC (4,10). BRAFV600E is detected in almost half of 
PTC cases in Western cohorts (45–50%) (11). In contrast, 
Asian series of PTC have much higher variation of BRAF 
incidence, which was reported ranging 31–87% (12).  
The presence of BRAFV600E is known to be clinically relevant 
in terms of diagnosis, adverse prognosis, and treatment 
strategy (10,11,13), therefore establishing a rate of BRAF 
on the national and even institutional level is of practical 
significance. For example, preoperative BRAF testing in 
cytologic specimens is much effective in areas with high 
prevalence of BRAF mutation (14,15). To our knowledge, 
there are no well-established datasets or publications 
in international peer-reviewed journals available on the 
prevalence of BRAF mutation in Thai PTC till date. 

DNA-based molecular testing methods, especially 
Sanger sequencing has been widely acknowledged as the 
gold standard for the detection of point mutations in solid 
tumors. However, molecular techniques are relatively 
expensive, time-consuming, and have certain limitations 
regarding specimen quality, sampling adequacy, tumor 
heterogeneity, and more (16,17). A novel approach to 
detect BRAFV600E by means of mutation-specific monoclonal 

antibody VE1 has been recently established (18). 
Immunohistochemistry (IHC) is a rapid, simple and cost-
effective method that doesn't require the establishment of 
the molecular laboratory. Numerous studies performed on 
PTC, colorectal carcinoma, melanoma, and other BRAF-
mutant tumors reported excellent concordance between 
VE1 IHC and molecular genotyping and suggested that 
VE1 IHC is a reliable method that can be used as an 
alternative to BRAF sequencing (18-24).

Considering a need to establish a baseline rate of BRAF 
mutation in PTC from Thailand, we designed an affordable 
approach combining advantages of VE1 IHC and tissue 
microarray (TMA). The latter technology allows multiple 
tissue samples to be arrayed into a single paraffin block, 
thus significantly reducing the costs of reagents (25). In 
addition to the main purpose above, we also aimed to 
validate the performance of VE1 immunostaining against 
molecular genotyping and to evaluate clinical relevance of 
BRAF mutation in the Thai series of PTC. We present the 
following article in accordance with the STROBE reporting 
checklist (available at http://dx.doi.org/10.21037/gs-20-388).

Methods

Case selection

King Chulalongkorn Memorial Hospital (KCMH), 
Bangkok, one of the largest tertiary referral centers for 
thyroid cancer in Thailand, served as a reference institution. 
This study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). We conducted 
retrospective cross-sectional study with the approval from 
the Human Research Ethics Committee of KCMH and 
Chulalongkorn University Institutional Review Board (IRB 
No. 050/61). 
Based on electronic database search, there were 1,038 
patients who underwent thyroidectomy at KCMH from 
January 2007 to December 2017. Among them, 733 cases 
were diagnosed by surgical pathologists as PTC. All 
specimen types (total thyroidectomy, hemithyroidectomy, 
subtotal or near total thyroidectomy, lobectomy, and tumor 
excision) of primary PTC were included. From 733 PTC 
cases, formalin-fixed paraffin-embedded (FFPE) blocks of 
113 cases and clinical information of 21 cases were missing 
from our archive and database, respectively. In addition, 
70 cases had tumor size insufficient for TMA preparation 
(<4 mm), and 53 cases had repeated hospital number, i.e., 
re-operated for the same tumor. Based on our inclusion 
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and exclusion criteria, the total number of PTC cases 
employed for this study was 467. The case selection process 
is summarized in Figure 1. 

Tumor characteristics and clinical information of 
each patient were retrieved from the hospital pathology 
database, including patient’s gender and age, histological 
variants, tumor size, laterality, multifocality, extrathyroidal 
extension, margins status, lymphovascular invasion, 
presence of Hashimoto’s thyroiditis, lymph node metastasis, 
distant metastasis, and pathological staging. FFPE tissue 
samples were retrieved from archives of the Department 
of Pathology, KCMH. All pathology slides were reviewed 
by two pathologists (S.C. and A.B.) and classified as per 
the terminology and diagnostic criteria of the WHO 
classification of Tumors of Endocrine Organs (2). Cancer 
staging was done as per the American Joint Committee on 
Cancer (AJCC) staging system, 8th edition (26). 

Tissue microarray construction

TMA MASTER (3D HISTECH Ltd.; Budapest, Hungary) 
tissue microarrayer was used for TMA construction. All 
hematoxylin and eosin (H&E) stained slides of PTC were 
reviewed and the slide with a representative tumor was 
selected from each case. A single representative area of tumor 
was encircled on the conventional H&E slide and the area 
corresponding to the selected area on the FFPE block was 
marked with the felt marker. One core from each case was 
then cored out with a 2-mm diameter needle and transferred 
to a recipient paraffin block for tissue microarray construction. 
A distance of 1-mm was kept between each core. 

VE1 immunohistochemistry

We performed immunohistochemistry for VE1 on 4 µm 
-thick TMA sections using an automated Ventana 
BenchMark Ultra autostainer (Ventana Medical Systems, 
Tucson, AZ). Tissues sections were incubated with 
the anti-BRAFV600E (VE1) mouse monoclonal antibody 
(Ventana Medical Systems, catalog number 790-4855) 
for 32 min at 37 ℃. Immunoreactivity of VE1 was 
visualized using an OptiView DAB IHC detection kit 
(Ventana Medical Systems) and then counterstained 
with Hematoxylin II and Bluing Reagent for 8 min. and 
4 min., respectively. We used human tonsil tissue as a 
negative control tissue for each staining run. The VE1 
immunoreactivity was assessed by two pathologists (S.C. 
and S.K.) using the H-scoring system and discrepancies 
were discussed till the consensus was reached. H-score 
is a semi-quantitative system which includes both the 
proportion (0–100%) and intensity of positive cells (0, 
absent; 1+, weak; 2+, moderate; 3+, strong staining). 
The range of H-score was obtained by combining 
intensity and proportion scores and hence, final scores 
obtained were ranging from 0 to 300, as described 
previously (16,27). Based on our previous study using 
the similar method (16), where H-score of >10 was  
considered as positive for mutation, we found out that 
there was no significant association between cutoff point 
of H-score against the BRAF mutation. Therefore, in 
the current study, positive H-score (any cytoplasmic 
positivity) was considered as indicative of BRAF on 
immunostaining.

Sanger sequencing of BRAF exon 15

Bidirectional Sanger sequencing of BRAF mutations was 
done for all cases from the pilot cohort at the outside 
facility (Department of Hospital Pathology, College 
of Medicine, The Catholic University, Seoul, Korea). 
Total DNA was extracted from 10 µm thick paraffin-
embedded whole tissue sections using RecoverAll™ Total 
Nucleic Acid Isolation Kit (Life Technologies, Carlsbad, 
CA, USA) as per the manufacturer’s instruction. PCR 
reaction was performed using a primer pair (forward, 
5'-TCATAATGCTTGCTCTGATAGGA-3' and reverse, 
5'-GGCCAAAAATTTAATCAGTGGA-3').  Sanger 
sequencing was performed using the same primers and 
BigDye Terminator sequencing kit (Applied Biosystems, 
Carlsbad, CA, USA) on a 3730xl DNA analyzer (Applied 
Biosystems) as previously described (16).

Figure 1 Cases selection flowchart. Inclusion criteria were 
surgically resected in 2007–2017 and morphologically verified 
PTCs of all histological variants archived at Department of 
Pathology, KCMH. PTC, papillary thyroid carcinoma.

Thyroidectomy
(n=1,038)

PTC (n=733)

Excluded:
- Non-PTC (n=305)

Excluded:
- Repeat surgery (n=53)
- Missing specimens (n=113)
- Tumor size <4 mm (n=70)
- Missing clinical info (n=21)

Final PTC cohort
(n=476)
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Statistical analysis 

All the statistical analyses were performed by using SPSS 
22.0 software (IBM, Armonk, NY, USA). By considering 
the direct sequencing as the gold standard for the detection 
of BRAFV600E mutation, we assessed the sensitivity, 
specificity, likelihood ratios, negative predictive value and 
positive predictive value of VE1 IHC in detecting BRAFV600E 
mutation in PTC. The agreement between IHC and 
direct sequencing results were evaluated using the Kappa 
coefficient (κ). Pearson’s chi-square-test and Fisher exact 
test were used to assess the differences between categorical 
variables as appropriate. Student t-test was used to compare 
the means of continuous variables. Data are reported as 
mean ± SD or number (%). The P value of less than 0.05 
was considered statistically significant.

Results

Analytical performance of VE1 in the pilot cohort

Based on sample size calculation, the minimum required 
sample size of our pilot cohort was 63 cases, which was 
further expanded to 100 PTCs (unselected continuous 
cohort 2009–2012) with an intention to increase the 
reliability of the pilot study. All PTC cases were initially 
assessed on H&E staining to assure the presence of tumor. 
VE1 immunostaining of different intensities, including 
weak (1+), moderate (2+) and strong (3+) intensities were 

observed in the cytoplasm of the tumor cells (Figure 2). 
Majority of the cases showed homogenous cytoplasmic 
staining. However, few cases showed heterogeneous 
distribution of stain with variable intensities and 
proportions. Hence, application of the H-scoring system 
was considered the optimal choice for evaluating staining in 
the pilot cohort.

Of 100 PTC cases employed for pilot study, 69/100 
(69%) were positive for VE1 expression. Direct sequencing 
of BRAF exon 15 detected BRAFV600E mutation in 68/100 
(68%) cases and 32/100 (32%) cases were of wild type. 
There were 5 discordant cases. 2 cases were positive for 
mutation by direct sequencing but negative by VE1 (false 
negative), and 3 cases were negative for mutation by direct 
sequencing but VE1 positive on immunostaining (false 
positive). All of the discordant cases were of classic variant. 

By considering the direct sequencing as the gold standard 
method, VE1 IHC showed sensitivity and specificity of 
97.1% and 90.1% respectively. The receiver operating 
characteristic (ROC) curve demonstrated high validity 
of VE1 IHC in detecting BRAFV600E mutation in PTC 
specimens and found to be a comparable method with direct 
sequencing. This was corroborated with 93.1% area under 
the curve (Figure 3). The positive (9.80) and negative (0.03) 
likelihood ratios corresponded to the interpretation of 
VE1 IHC as “often useful” and “very useful”, respectively, 
test for detecting the mutation. The positive and negative 
predictive values were 95.7% and 93.5% respectively. 

Figure 2 Evaluation of VE1 immunostaining. Positive judgment included strong (A), moderate (B) and weak (C) intensity of cytoplasmic 
staining in tumor cells. Negative result showed no cytoplasmic staining (D). Scale bar, 50 µm.

A B

DC
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The VE1 IHC and direct sequencing results for detecting 
BRAFV600E mutation in PTC tissue showed almost perfect 
agreement (κ=0.884) with an overall percentage agreement 
of 95.0%. 

Prevalence of BRAFV600E mutation in Thai PTC 

We performed VE1 IHC to all of the subsequent PTC 
cases involved in our study as an alternative to direct 
sequencing. Since VE1 IHC showed excellent analytical 
performance in detecting BRAFV600E mutation, any 
cytoplasmic immunoexpression (positive H-score) was 
further considered as equivalent to BRAFV600E mutation. 
BRAFV600E mutation was detected in 286/476 (60.9%), by 
VE1 IHC.

Clinical and pathological characteristics 

Of the 476 included cases, 378/476 (79.4%) cases were 
females and only 98/476 (20.6%) cases were males. The age 
ranged from 8 to 87 years with a mean age of 44.9 years.  
Surgical  interventions included lobectomy,  total 
thyroidectomy, completion thyroidectomy, subtotal 
thyroidectomy, and excision, which were performed in 
132/476 (27.7%), 230/476 (48.3%), 7/476 (1.5%), 87/476 

(18.3%) and 5/476 (1.1%) cases respectively. Right lobe 
of the thyroid gland was the most common location of 
the tumor comprising 184/476 (38.7%) of the total cases, 
followed by left lobe comprising 134/476 (28.2%) of total 
cases. The tumor size ranged from 0.4 cm to 11 cm in the 
greatest dimension, with a mean size of 2.7 cm. Of the total 
cases involved, 25/476 (5.3%) had Hashimoto’s thyroiditis 
as the background of thyroid cancer. Most of PTCs were 
of classic variant 369/476 (77.5%), followed by follicular 
variant 59/476 (12.4%), and tall cell variant 14 /476 (2.9%). 
Among the follicular variant PTCs, 47 (9.8%) and 12 (2.5%) 
cases were infiltrative follicular and invasive encapsulated 
follicular subtypes, respectively. The vast majority of cases 
(82.8%) belonged to the clinical stage I (AJCC 8th edition). 
Interestingly, this was largely contributed not by the tumor 
size (10.7% of microcarcinomas in the whole cohort) but 
rather by the age < 55 years (67% patients).

Correlation of BRAF mutation with clinicopathological 
variables

The correlation between clinicopathological variables 
and BRAFV600E mutation in PTC are presented in Table 1.  
BRAFV600E mutation was mostly seen in older patients, 
tumors of larger size, and multifocality. However, these 
variables showed no significant association with BRAF 
mutation. The study showed no significant difference 
between the BRAFV600E rates in male and female patients. 
Microcarcinomas showed the rate of BRAFV600E (57%) 
comparable to that in the whole PTC cohort. Although the 
majority of the histological types involved in this study was 
of conventional variant, BRAFV600E was frequently seen in 
tall cell variant (13/14, 92.9%), followed by classic variant 
(259/368, 70.2%). The influence of histological variants is 
well demonstrated by the higher rate of BRAFV600E in the 
pilot series compared to the whole cohort (69% vs. 60.9%), 
which was influenced by the higher prevalence of classic 
PTC in the former set. Eight of 9 cases with perineural 
invasion were positive for BRAFV600E mutation (88.9%). 
Only one case had distant metastasis (bone metastasis) at 
the time of diagnosis, which turned out to be positive for 
BRAFV600E mutation in the primary tumor. On univariate 
analysis, BRAFV600E was significantly associated with margin 
positivity (P=0.022), extrathyroidal extension (P<0.0001), 
classic variant (P<0.001), and absence of Hashimoto’s 
thyroiditis (P=0.009). 

Variables showing a tendency of association with VE1 
(P<0.25) in the univariate analysis were included in the 

Figure 3 ROC curve of sensitivity and specificity of VE1 IHC 
in detecting BRAFV600E mutation with respect to gold standard 
direct sequencing method in PTC tissue specimen. ROC, receiver 
operating characteristic; IHC, immunohistochemistry; PTC, 
papillary thyroid carcinoma.
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Table 1 Correlation of VE1 with clinicopathological variables 

Clinicopathological variables PTC total, 476 (100.0%) VE1+, 290 (60.9%) VE1–, 186 (39.1%) P

Age at diagnosis (yr), mean ± SD 44.95±16.06 47.22±15.83 47.22±15.84 0.314

<55, n (%) 319 (67.0) 186 (58.3) 133 (41.7) 0.058

≥55, n (%) 157 (33.0) 104 (66.2) 53 (33.8)

Sex, n (%) 0.34

Male 98 (20.6) 62 (63.3) 36 (36.7)

Female 378 (79.4) 228 (60.3) 150 (39.7)

Tumor size (cm), mean ± SD 2.7±1.86 2.6±1.78 2.87±1.98 0.467

≤1, n (%) 51 (10.7) 28 (54.9) 23 (45.1) 0.379

>1, n (%) 403 (84.7) 250 (62) 153 (38)

Cannot be determined, n (%) 22(4.6) 12 (54.5) 10 (45.5)

Histological variants, n (%) <0.0001

1. Classic 369 (77.3) 259 (70.2) 110 (29.8)

2. Encapsulated 14 (2.9) 4 (28.6) 10 (71.4)

3. Follicular 59 (12.4) 10 (16.9) 49 (83.1)

Infiltrative 47 (9.8) 9 (19.1) 38 (80.9)

Invasive encapsulated 12 (2.5) 1 (8.3) 11 (91.7)

4. Diffuse sclerosing 5 (1.1) 2 (40.0) 3 (60.0)

5. Tall cell 14 (2.9) 13 (92.9) 1 (7.1)

6. Other† 15 (3.2) 2 (13.3) 13 (86.7)

Multifocality, n (%) 0.184

Absent 346 (72.7) 204 (59) 142 (41)

Present 99 (20.8) 64 (64.6) 35 (35.4)

Cannot be determined 31 (6.5) 22 (71.0) 9 (29.0)

Margin, n (%) 0.022

Negative 358 (75.2) 209 (58.4) 149 (41.6)

Positive 106 (22.3) 74 (69.8) 32 (30.2)

Cannot be determined 12 (2.5) 7 (58.3) 5 (41.7)

Lymphovascular invasion, n (%) 0.198

Absent 411 (86.3) 254 (61.8) 157 (38.2)

Present 65 (13.7) 36 (55.4) 29 (44.6)

Extrathyroidal extension, n (%) <0.0001

Absent 292 (61.3) 152 (52.1) 140 (47.9)

Present 184 (38.7) 138 (75.0) 46 (25.0)

Hashimoto’s thyroiditis, n (%) 0.009

Absent 451 (94.7) 281 (62.3) 170 (37.7)

Table 1 (continued)
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multivariate logistic regression model. Bivariate analysis 
showed association of BRAFV600E mutation with older age 
of patients, absence of Hashimoto’s thyroiditis, perineural 
invasion, extrathyroidal extension, margin positivity, classic 
variant and tall cell variants of PTC. Multivariate analysis 
showed association of BRAFV600E mutation with classic and 
tall cell variants of PTC, extrathyroidal extension, and 
absence of Hashimoto’s thyroiditis (Table 2). The ROC 
curve analysis further demonstrated that the combined 
pathological variables listed above have a fair chance of 
predicting the presence of BRAFV600E mutation in our series, 
which was corroborated by 75.03% area under the curve.

Discussion

The BRAFV600E mutation has been reported to be prevalent 
in PTC and is associated with adverse prognostic factors 
in this tumor (4,6,10). It can also act as a diagnostic marker 
for PTC among various types of thyroid cancer (14).  
In this series, we report our institutional experience on 
the detection of BRAFV600E mutation on TMA of PTC 
specimens by using VE1 IHC and also the association of 
BRAFV600E mutation with clinicopathological variables. 

To validate the performance of VE1 IHC before using 
it for detection of BRAFV600E mutation in this study, we 

initially selected 100 PTC cases to compare IHC results 
with the direct sequencing study. As compared to direct 
sequencing, VE1 IHC showed a sensitivity of 97.1% and 
the specificity of 90.1%, which is concordant with previous 
studies (18-24). There were 5 discordant cases in our pilot 
cohort, which included 2 cases negative for BRAFV600E by 
VE1 IHC but positive by direct sequencing (false negative 
result) and 3 cases positive for BRAFV600E by VE1 IHC but 
was negative by direct sequencing (false positive result). 
We repeated IHC on the whole tissue section of all these 
discordant cases but the results were persistently the same 
as initially. 

Although direct sequencing has been widely regarded as 
the gold standard method for detection of point mutation 
(16,28), it has been reported to have relatively lower 
sensitivity, requiring higher percentage of tumor cells within 
the samples (28) and produced more false negative results 
when it is used as a solo validation method (16). In our 
case, the tumor size of one of the initial false positive cases 
was 0.4 cm and moreover, we couldn't adopt additional 
molecular workup for our discordant cases since resolving 
discordant cases was not our objective. However, we believe 
that employing cases with adequate tumor size and using 
a combination of molecular methods for validation might 
produce lower false negative rates. The possible explanation 

Table 1 (continued)

Clinicopathological variables PTC total, 476 (100.0%) VE1+, 290 (60.9%) VE1–, 186 (39.1%) P

Present 25 (5.3) 9 (36.0) 16 (64.0)

Lymph node metastasis, n (%) 0.455

Absent (N0) 37 (7.8) 24 (64.9) 13 (35.1)

Present (N1) 137 (28.8) 85 (62.0) 52 (38.0)

Unknown (NX) 302 (63.4) 181 (59.9) 121 (40.1)

Distant metastasis, n (%) n/a

Absent 475 (99.8) 289 (60.8) 186 (39.2)

Present 1 (0.2) 1 (100.0) 0 (0.0)

Staging (AJCC 8th edition), n (%) n/a

Stage I+II 461 (96.8) 279 (60.5) 182 (39.5)

Stage III+IV 3 (0.6) 3 (100.0) 0 (0.0)

Cannot be determined 12(2.5) 8 (66.7) 4 (33.3)
†, includes columnar cell variant, cribriform-morular variant, solid variant, oncocytic variant, and Warthin-like variant. PTC, papillary thyroid 
carcinoma; IFV, infiltrative follicular variant; EFV, encapsulated follicular variant; AJCC, American Joint Committee on Cancer; SD, standard 
deviation; n/a, not applicable.
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Table 2 Bivariate and multivariate logistic regression analysis for clinical significance of VE1 expression

Variable Bivariate analysis, crude OR (P value) Multivariate analysis, adjusted OR (P value)

Age

<55 Reference

≥55 1.403 (0.096) 1.147 (0.564)

Sex

Female Reference

Male 1.133 (0.594)

Histological variant

1. Classic 15.305 (<0.001) 27.631 (0.002)

2. Encapsulated 2.600 (0.321) 6.103 (0.134)

3. Follicular 1.327 (0.735) 2.672 (0.372)

4. Diffuse sclerosing 4.333 (0.217) 9.964 (0.100)

5. Tall cell 84.50 (0.001) 107.675 (0.002)

6. Other† Reference

Margin

Negative Reference

Positive 1.649 (0.035) 0.970 (0.915)

Extrathyroidal extension

Absent Reference

Present 2.763 (<0.001) 2.026 (0.004)

Hashimoto’s thyroiditis

Absent Reference

Present 0.340 (0.012) 0.390 (0.045)
†, includes columnar cell variant, cribriform-morular variant, solid variant, oncocytic variant, and Warthin-like variant.

for VE1 IHC false negative in our study could be due to 
the loss of mutation antigen. It has been reported that 
the long-term storage of tissue sections suffers from loss 
of antigenicity (29,30). Another cause of false negative is 
heterogeneity of tumor lesion (31,32). This may explain 
why VE1 immunoreactivity is not detected in some TMA 
tissue samples (31,33). Nevertheless, VE1 IHC in our study 
produced excellent analytical performance with overall 
percentage agreement of 95.0% in detecting BRAFV600E 
mutation in PTC as compared to direct sequencing. 

We performed clinicopathological correlations with 
BRAFV600E mutation (VE1+) and found that BRAFV600E was 
associated with classic and tall cell variants of PTC, margin 
positivity (on univariate and bivariate analysis), presence 
of extrathyroidal extension, and absence of Hashimoto’s 

thyroiditis. Several studies have shown the role of BRAFV600E 
in tumor aggressiveness and inferior clinical outcome in 
PTC patients (10,28). Our findings were in accordance 
with previous publications, which defined extrathyroidal 
extension, tall cell morphology, and positive surgical 
margin as predictors of aggressive behavior of PTC, while 
the association of Hashimoto’s thyroiditis with outcome 
of differentiated thyroid cancer in currently debated (34). 
BRAF mutation has been recently introduced to the risk 
stratification chart of patients with differentiated thyroid 
cancer as a factor conveying a higher chance of tumor 
recurrence (34,35). Since our access to clinical data was 
limited only to the records provided in the laboratory 
information system, we could not evaluate further 
correlation with such important endpoints of PTC outcome 
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as recurrence and mortality in this series. Additional studies 
are warranted to prove association of BRAFV600E mutation 
with outcome of thyroid cancer in Thai patients.

This is the first large-scale study on BRAF rate in PTC 
from Thailand, and we believe that our series collected 
at the major tertiary referral cancer center could be 
representative of the whole country. A similar approach has 
been successfully employed recently to establish a baseline 
rate of human papillomavirus in head-neck cancer (36). 
Our study reports the rate of BRAFV600E mutation in Thai 
PTC as 60.9%. This is relatively lower than BRAFV600E 

prevalence in PTC reported by the close neighbors like 
Vietnam (83%) and the Philippines (70.6%); however, 
number of the cases enrolled in these studies was as low 
as 53 and 17, respectively—this is definitely not sufficient 
to draw meaningful conclusions about the nationwide rate 
(37,38). Reports from other Asian countries, such as Japan, 
and South Korea are much more abundant and consistently 
showed the high prevalence of BRAFV600E mutation (> 70%) 
in PTC (12,39). 

It is not surprising to see such a scarce amount of data 
from the Southeast Asian countries, because most of them 
cope with limited resources. One of the limitations of our 
study was we could not adopt additional molecular study for 
our discordant cases in pilot cohort and also we could not 
perform molecular study to all of the cases involved due to 
limited budget and time period but the major purposes of 
our project was to develop a low-cost testing alternative to 
estimate the prevalence of BRAFV600E in large cohort studies. 
IHC to substitute genotyping was one way to reduce costs. 
Importantly, this step required initial validation with a 
reference molecular test in a well-powered pilot series. 
Another approach to significantly minimize expenses was 
a using of small-sized specimens instead of whole-tissue 
sections (25,40). Finally, by combining VE1 IHC and TMA, 
we could afford performing a large cohort study in limited 
resource settings. We believe that our approach can serve as 
a model for other institutions. 

Conclusions

BRAFV600E mutation was detected in 60.9% of Thai 
PTC and it was associated with several aggressive 
clinicopathological variables of thyroid cancer. VE1 IHC 
is a reliable method and may serve as alternative to direct 
sequencing for the detection of mutation within resource-
limited and healthcare-cost-containment environments. A 
combination of mutation-specific IHC and TMA allows 

conducting large cohort studies more labor-saving and cost-
efficiently.
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