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Dabrafenib plus trametinib combination treatment received 
approval and reimbursement for patients with serine/threonine-
protein kinase B-raf (BRAF) V600E–mutant advanced non–
small cell lung cancers (NSCLCs) in Korea [1]. Next-generation 
sequencing (NGS) is an approved test to select patients for 
BRAF V600E targeted therapy in Korea. The advantage of NGS 
is that it can detect low-frequency variants due to its high sensi-
tivity and can perform comprehensive genome-wide testing [1,2]. 
However, the high cost, long turnaround times, and the need for 
sophisticated equipment and skilled personnel limit the use of 

NGS in daily practice. Although the PNAClamp BRAF muta-
tion detection kit (Panagene, Daejeon, Korea) is approved in Ko-
rea, the test is currently not covered by the Korean health insurance 
system and detects the BRAF V600 mutation, so additional sanger 
sequencing or NGS should be performed to confirm V600E. 

Immunohistochemistry (IHC) is a rapid and relatively inexpen-
sive assay available in most laboratories. Anaplastic lymphoma 
kinase (ALK) D5F3 CDx assay (Ventana Medical Systems) is an 
approved IHC-based assay as a companion diagnostic for the iden-
tification of patients for treatment with ALK inhibitor [1]. IHC is 
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used as a screening test for NTRK and ROS1 fusions. BRAF 
V600E mutation-specific antibodies, VE1, are commercially 
available. VE1 antibody is mouse monoclonal and detects BRAF 
V600E–mutant amino acid sequence between codon amino acid 
596 to 606 (GLATEKSRWSG) [3,4]. The BRAF VE1 IHC can 
differentiate the V600E mutation from the wild-type and non-
V600E mutation in the BRAF protein [4-8]. 

The BRAF VE1 IHC was known to have a sensitivity of 86%–
100% and a specificity of 93–100% in detecting BRAF V600E 
mutation in papillary thyroid carcinomas (PTCs), melanomas, and 
colorectal cancers (CRCs) with moderate to perfect interobserver 
agreements [3,9-20]. Hence, National Comprehensive Cancer 
Network guidelines recommend the BRAF VE1 IHC as a screen-
ing test for the assessment of BRAF V600E status in melanomas 
and CRCs. In spite of this, there have been few studies on BRAF 
VE1 IHC in NSCLCs, which reported a sensitivity of 90%–100% 
and specificity of 92.3%–100% (Table 1) [7,8,21,22]. In addi-
tion, there is only one study for the interobserver agreement of 
BRAF VE1 IHC in NSCLC [22]. The use of BRAF VE1 IHC as 
a screening test in NSCLC requires further validation of sensitivity, 
specificity, and interobserver reproducibility. Therefore, in this 
study, we evaluate the usefulness of BRAF VE1 IHC in terms of 
predictive value and interobserver agreement in NSCLCs. 

MATERIALS AND METHODS

Materials

A total of 30 cases with known BRAF mutation status were se-
lected from the archives of the Department of Pathology of Sam-

sung Medical Center. Of these, 20 cases were lung adenocarcino-
mas (15 resections, 3 endobronchial ultrasound [EBUS]–guided 
biopsies, one needle biopsy, and one bronchoscopic biopsy), and six 
were colon adenocarcinomas, and four were PTCs (Table 2). The 
BRAF V600E mutation status was examined by real-time poly-
merase chain reaction using the Real-Q BRAF V600E detection 
kit (Biosewoom, Seoul, Korea) and a BRAF probe and primer 
mixture according to the manufacturer’s protocol. Twenty of 30 
cases had BRAF V600E mutation. Of 20 cases of lung adenocar-
cinoma, 10 cases were positive for BRAF V600E mutation, and 
others were negative. All six colon adenocarcinomas and four 
PTCs were positive for BRAF V600E mutation. 

Immunohistochemical staining and scoring

IHC for BRAF V600E was carried out using Ventana Bench-
Mark ULTRA IHC/ISH (Ventana Medical Systems, Tucson, AZ, 
USA) immunostainer. Unstained slides were prepared by cutting 
4-μm-thick sections. Antigen retrieval was performed using UL-
TRA Cell Conditioning Solution (Ventana Medical Systems). The 
sections were incubated with the VE1 primary antibody (mouse 
monoclonal, prediluted, Ventana Medical Systems) for 16 min-
utes at 36°C. The slides were visualized using OptiView DAB 
IHC Detection Kit (Ventana Medical Systems), followed by he-
matoxylin II counterstaining. PTCs with BRAF V600E muta-
tion were used as positive controls. To obtain whole slide images, 
the IHC slides were scanned with DP-200 (Roche Diagnostics, 
Risch-Rotkreuz, Switzerland). 

Fifteen pathologists independently evaluated the whole slide im-
ages using Roche uPath enterprise software (Roche Diagnostics). 

Table 1. Literature review of BRAF V600E immunohistochemistry in lung cancers

Study
No. of 
cases

Cases with BRAF 
V600E mutation 

Manufacturer Platform Molecular testing Positive criteria
Sensitivity 

(%)
Specificity 

(%)

Sasaki 
et al. [5]

26a   5 Dako EnVision FLEX system RT-PCR ≥ 50% of tumor cells, 
any intensity

100   95.2

Ilie et al. [6] 450b 21 Ventana BenchMark XT Direct sequencing, 
pyrosequencing 

All tumor cells, strong and 
homogenous staining 

  90.5 100

Gow 
et al. [7]

99a 29 Ventana Benchmark XT Direct sequencing, 
RT-PCR

≥ 50% of tumor cells, 
any intensity

  96.55   98.57

Karbel 
et al. [22]

53c   5 Bio SB PolyDetector 
Detection Systems

SSCP-PCR ≥ 50% of tumor cells, 
any intensity

  97.9 100

Seto 
et al. [4] 

219d 14 Ventana Benchmark XT Luminex GENOSEARCH 
BRAF,  RT-PCR

N/A   92.9 100

Hofman 
et al. [21]

1,317c 32 Ventana Benchmark ULTRA NGS, pyrosequencing ≥ 80% of tumor cells, strong 
and 
homogenous staining

100 100

Hwang 
et al. [8]

39e 20 Ventana Benchmark ULTRA NGS At least weak and focal 
staining

  90.0   92.3

RT-PCR, reverse transcription polymerase chain reaction; SSCP, single-stranded conformation polymorphism; N/A, not available; NGS, next-generation se-
quencing.  
aAdenocarcinomas; bEGFR, KRAS, PI3KCA, Her2, and ALK wild-type non–small cell lung cancers (NSCLCs); cNSCLCs; d218 NSCLC cases and one small 
cell lung cancer case; eConfirmed BRAF-mutated NSCLCs by NGS.
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Nine of 15 were pulmonary pathology specialists and six were 
surgical pathology fellows. Pathologists scored both the staining 
intensity and the percentage of tumor cell staining of any inten-
sity (0%–100%, 5% increments). Tumor cell staining was defined 
as any perceptible cytoplasmic staining of viable tumor cells. The 
intensities were scored as “0” (negative staining), “1+” (weak stain-
ing), “2+” (moderate staining), and “3+” (strong staining) (Fig. 1).

Statistical analysis

Interobserver agreement for the percentage of tumor cell stain-
ing was evaluated by the intraclass correlation coefficients (ICCs). 
Interobserver agreement for staining intensity was evaluated by 
the Kendall concordance coefficient. ICC and Kendall concordance 
coefficient are interpreted as follows: < 0.5 indicates poor agree-
ment, between 0.5 and 0.75 indicates moderate agreement, be-
tween 0.75 and 0.9 indicates good agreement, and above 0.9 indi-
cates excellent agreement. Differences in the concordance between 
the specialist group and fellow group were assessed by the Wil-
coxon rank sum test.

The receiver operating characteristic (ROC) curve was used to 

determine the cutoff value for the BRAF VE1 IHC analysis. ROC 
curves were analyzed based on the average percentage of tumor 
cell staining of 15 pathologists for each case. The cutoff value or 
more was interpreted as positive for BRAF VE1 IHC. The sensi-
tivity, specificity, positive predictive value, and negative predictive 
value for detecting BRAF V600E mutation were calculated 
based on the consistent interpretation results of more than eight 
of 15 pathologists (Table 2). Interobserver agreement for the in-
terpretation was evaluated by the Fleiss kappa coefficient. A kappa 
coefficient of < 0.20 indicates poor, 0.21 to 0.40 indicates fair 
agreement, 0.41 to 0.60 indicates moderate agreement, 0.61 to 
0.80 indicates substantial agreement, and greater than 0.80 indi-
cates almost perfect agreement. Statistical analysis was performed 
with SPSS ver. 25 (IBM Corp., Armonk, NY, USA). 

RESULTS

Interobserver agreement for IHC scoring 

In the entire study group (n = 30), the percentage of tumor cell 
staining and staining intensity showed good interobserver agree-

Fig. 1. BRAF VE1 expression was observed in the cytoplasm of tumor cells. Negative (A), weak (1+) (B), moderate (2+) (C), and strong (3+) 
(D) VE1 expression.
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Fig. 2. Receiver operating characteristic curve. AUC, area under 
the curve; CI, confidence interval.

ments (percentage of tumor cell staining, ICC = 0.878 [95% con-
fidence interval (CI), 0.813 to 0.930]; staining intensity, kappa = 

0.804). The results in the lung adenocarcinoma subset (n = 20) 
also displayed good interobserver agreements for the percentage 
of tumor cell staining and staining intensity (percentage of tumor 
cell staining, ICC = 0.869 [95% CI, 0.786 to 0.935]; staining in-
tensity, kappa = 0.849). Only the staining intensity exhibited a 
discrepancy between specialists and fellows (p = 0.029). VE1 stain-
ing tended to be weaker and more heterogeneous in lung adeno-
carcinomas than PTCs and colon adenocarcinomas. 

Diagnostic performance of BRAF VE1 IHC

Fig. 2 shows the ROC curve for the estimated diagnostic perfor-
mance of the percentage of tumor cell staining in detecting BRAF 
V600E mutation. The area under the ROC curve was 0.950 (95% 
CI, 0.877 to 1.000). The 42.5% cutoff value maximized both 
sensitivity and specificity for the BRAF V600E mutation. Since 
the percentage of tumor cell staining was measured in increments 
of 5%, the cutoff value positive for BRAF VE1 IHC was defined 
as 40%. When 40% or more was considered positive for BRAF 
VE1 IHC, the sensitivity, specificity, positive predictive value, and 
negative predictive value of BRAF VE1 IHC were 90.0%, 90.0%, 
94.7%, and 81.8%, respectively, for the entire study group. For 
the lung adenocarcinoma subset, sensitivity, specificity, positive 

predictive value, and negative predictive value of BRAF VE1 IHC 
were 80.0%, 90.0%, 88.9%, and 81.8%, respectively. False-neg-
ative results for BRAF VE1 IHC were shown in two resected lung 
adenocarcinoma cases (cases 7 and 14) (Table 2). Case 7 was inter-
preted as negative by 10 of 15 pathologists (Fig. 3A). Case 14, 
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Table 2. Summary of IHC interpretation

Case No.

Negative (non-V600E) Positive (V600E)

Lung ADC Lung ADC PTC Colon ADC

8 11 15 20 26 28 17 4a 24 22b 14 7c 6 1 5b 9 12 19 29 30b 10 13 21 16 2 3 23 25 27 18

IHC N N N N N N N N N P N N P P P P P P P P P P P P P P P P P P
Specialist

1 N N N N N N N N N P N P P P P P P P P P P P P P P P P P P P
2 N N N N N N N N P P N P P P P P P P P P P P P P P P P P P P
3 N N N N N N N N P P N N P P P P P P P P P P P P P P P P P P
4 N N N N N N N N P P N P P P P P P P P P P P P P P P P P P P
5 N N N N N N N N N P N N P P P P P P P P P P P P P P P P P P
6 N N N N N N N N P P N N P P P P P P P P P P P P P P P P P P
7 N N N N N N N N N P N P P P P P P P P P P P P P P P P P P P
8 N N N N N N N P P P N P P P P P P P P P P P P P P P P P P P
9 N N N N N N N N N P N N P P P P P P P P P P P P P P P P P P

Fellow
1 N N N N N N N N N P N N N P P P P P P P P P P P P P P P P P
2 N N N N N N N N N N N N P P P P P P P P P P P P P P P P P P
3 N N N N N N P N P P N N P P P P P P P P P P P P P P P P P P
4 N N N N N N N P N P N N N P P P P P P P P P P N P P P P P N
5 N N N N N N N N N P N N P P P P P P P P P P P P P P P P P P
6 N N N N N N N N N P N N N P P P P P P P P P P P P P P P P P

IHC, immunohistochemistry; ADC, Adenocarcinoma; PTC, papillary thyroid carcinoma; N, negative; P, positive.
aNeedle biopsy; bEndobronchial ultrasound-guided biopsy; cBronchoscopic biopsy.



https://jpatholtm.org/ https://doi.org/10.4132/jptm.2022.08.22

338     •  Chang S et al.

interpreted as negative by all pathologists, showed weak cyto-
plasmic staining in less than 5% of tumor cells (Fig. 3B). False-
positive result for BRAF VE1 IHC was shown in one EBUS-guid-
ed biopsy specimen (case 22), which was interpreted as positive 
by 14 of 15 pathologists. Case 22 showed weak but diffuse cyto-
plasmic staining, but it turned out to be negative for the BRAF 
V600E mutation test (Fig. 3C). 

The interobserver agreement for the interpretation using the 
cutoff of 40% was almost perfect in the entire study group and the 
lung adenocarcinoma subset (entire study group, kappa = 0.845 
[95% CI, 0.810 to 0.880]; lung adenocarcinoma subset, kappa = 

0.815 [95% CI, 0.772 to 0.858]). The interpretations of all 15 
observers were consistent in 22 of 30 cases (73%), which includes 
16 of 20 BRAF V600E–mutant cases (80%) and six of 10 BRAF 
V600E-negative cases (60%). Among the eight discrepant cases, 
cases 7 and 24 showed the greatest interobserver discrepancy (Ta-
ble 2). Case 7 showed very faintly, questionable cytoplasmic 
staining. Thus, the percentage of tumor cell staining varied from 
0% to 90% (mean 24%, standard deviation 34), depending on 

Fig. 3. BRAF expression in the discrepant cases. (A) Case 7 showing questionable cytoplasmic staining of faint intensity. (B) Case 14 show-
ing no cytoplasmic staining. (C) Case 22 showing weak but diffuse cytoplasmic staining. (D) Case 24 showing heterogeneous weak to mod-
erate staining within individual glands. 

whether the observer considered the faint staining to be significant 
(Fig. 3A). Case 24, interpreted as negative by nine of 15 patholo-
gists, showed heterogeneous weak to moderate staining within 
individual glands (Fig. 3D). Thus, the percentage of tumor cell 
staining was varied from 5% to 50% (mean 25%, standard devi-
ation 20). In case 6, interpreted as positive by 12 of 15 patholo-
gists, the percentage of tumor cell staining varied from 30% to 
90% (mean ± standard deviation, 56% ± 20%) due to heterogenous 
zonal staining with weak to moderate intensity. The other five 
cases showed discrepancies in one or two observers. 

Considering the presence of moderate to strong granular cyto-
plasmic staining in any tumor cells as positive criteria, sensitivity, 
specificity, positive predictive value, and negative predictive value 
were 85.0%, 90.0%, 94.4%, and 75.0% in the entire study group 
and 70.0%, 90.0%, 87.5%, and 75.0% in the lung adenocarci-
nomas. Complete agreement for all observers was obtained in four 
cases of 10 non-BRAF V600E mutant cases (40%) and eight of 
20 BRAF V600E cases including one false-negative case (40%).

A
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B
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DISCUSSION

This study shows that interobserver agreement for BRAF VE1 
IHC interpretation was almost perfect (kappa = 0.815) in lung 
adenocarcinoma, similar to the results of previous studies. Karbel 
et al. [22] reported almost perfect agreement (kappa = 1.0) for 
BRAF VE1 IHC interpretation with three pathologists in 53 
lung cancers. Previous studies on the interobserver agreement for 
BRAF VE1 IHC interpretation in PTCs, melanomas, and CRCs 
reported moderate to perfect agreement (kappa=0.554–1.0) [12-
20]. But, in most studies, two or three pathologists interpreted 
the results of IHC. The study by Marin et al. [14] involved the 
largest number of pathologists and showed almost perfect agree-
ment (kappa=0.81) for seven pathologists in 67 cases of mela-
noma. Fifteen pathologists were involved in this study, which is 
the largest number of pathologists to our knowledge. This study 
also evaluated interobserver agreement for the percentage of tu-
mor cell staining and staining intensity and showed good agree-
ment. The interobserver disagreement resulted from discrepan-
cies in the interpretation of heterogeneous staining patterns and 
tumor cells showing weak staining intensity. 

In this study, the sensitivity and specificity of BRAF VE1 IHC 
were 80.0% and 90.0% in the lung adenocarcinomas, which are 
slightly lower than those reported in other studies on lung cancer 
(Table 1) [7,8,21,22]. This is probably because our study had a 
smaller sample size with a variety of types of specimens such as 
resection, biopsy, and EBUS specimens. 

The positive criteria for BRAF VE1 IHC have not yet been 
established. This study used a 40% cutoff for the interpretation of 
BRAF VE1 IHC irrespective of staining intensity according to 
the ROC curve. Previous studies reported false-positives in cases 
with heterogeneous non-diffuse cytoplasmic staining of variable 
intensity [3,14,16]. Dvorak et al. [3] recommended that cases 
showing heterogeneous cytoplasmic staining should be interpreted 
with caution. In melanomas, the unequivocal (≥ 1+) cytoplasmic 
staining of most tumor cells was used as positive criteria [10]. In 
lung cancers, Ilie et al. [6] used strong, homogenous staining as 
positive criteria. Hofman et al. [21] used at least 80% of tumor 
cells showing strong and homogenous staining as positive criteria, 
similar to Ilie et al. [6]. Our wild-type BRAF/VE1 positive case 
showed weak (1+) but diffuse cytoplasmic staining without nuclear 
staining. Nevertheless, if weak-stained cases are considered to be 
negative, the sensitivity decreases from 80.0% to 70.0% in lung 
adenocarcinoma. In consideration of the role of BRAF VE1 IHC 
as a screening test, the case with weak but diffuse cytoplasmic 
staining on BRAF VE1 IHC should be considered to be positive, 

and recommend further molecular tests for BRAF V600E muta-
tion [3,16]. Sasaki et al. [5], Gow et al. [7], and Karbel et al. [22] 
used at least 50% of tumor cells with positive staining irrespec-
tive of staining intensity as positive criteria in lung cancers. In 
this study, even when the cutoff value was increased from 40% 
to 50%, the overall sensitivity and specificity were the same in lung 
adenocarcinoma. But, sensitivity to each pathologist decreased 
slightly in four out of 15 pathologists. Hwang et al. [8] interpreted 
cases showing at least weak and focal staining as positive. In this 
study, If Hwang’s criteria [8] are adopted, the sensitivity increases 
from 80% to 90%, but the specificity decreases from 90% to 
50%. Further studies to validate the positive cutoff and/or staining 
intensity of BRAF VE1 IHC in the sensitive prediction of BRAF 
V600E mutation will be required. 

Various pre-analytical and analytical factors may affect the sen-
sitivity and specificity of BRAF VE1 IHC. It is controversial 
whether there is a difference in sensitivity depending on the plat-
form [3,10,23]. The Ventana platform can produce more optimal 
staining than the Dako or Leica platforms [16,23-25]. However, 
Sasaki et al. [5] (Dako platform) and Karbel et al. [22] (BioSB 
platform) reported similar results to other studies using Ventana 
platforms in lung cancers (Table 1). Antigen retrieval methods 
may affect the sensitivity of IHC [3,23]. Acidic buffers such as 
citrate buffer or Bond Epitope Retrieval Solution 1 (pH 6) may 
result in suboptimal staining [23,26,27]. Tris or EDTA buffers 
(pH 8) were recommended for retrieval agents [3,23]. As reported 
by Hwang et al. [8] in this study, lung adenocarcinomas showed 
more heterogeneous staining patterns and staining intensity than 
PTC and colon adenocarcinomas. The NordiQC data for BRAF 
VE1 IHC recommends the OptiView amplification kit–based 
protocol based for optimal results [23]. OptiView amplification 
kits, used to improve the visualization of ALK D5F3 IHC, could 
be also helpful in BRAF VE1 IHC in NSCLC. Rigorous antibody 
validation and protocol optimization, and quality control are re-
quired for the clinical application of BRAF VE1 IHC [9,16-18].

The cross-reactivity of the VE1 antibody to non-V600E muta-
tions, different BRAF point mutations, or unknown epitopes may 
cause false-negative results. In lung cancer, VE1 positivity has been 
reported in two of 72 cases with non-V600E mutations across 
previous studies to date [4-8]. Low tumor cell content may be 
attributed to false positivity [4,7,14]. Our false-positive case (case 
22) was an EBUS biopsy sample with adequate tumor purity 
(20%). However, the total trimming-out of tumor cell contents 
from the sections for molecular tests is possible in a small biopsy 
sample and may affect the false-positive results. Decalcifying 
agents containing strong acids can affect DNA yield and protein 
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expression and cause false-positive or false-negative results [1]. 
Cryofixation may cause false-negative results due to low expres-
sion of target proteins from tissue damage [10,11,28]. Our false-
positive or -negative cases did not undergo decalcification or cryo-
fixation. Signet ring cell morphology has been reported as common 
pitfall of VE1 interpretation in CRCs [16,17]. Signet ring cells can 
cause false-negative results due to minimal cytoplasm, which 
was almost entirely replaced by mucin [17]. On the other hand, 
the VE1 antibody could cross-react with intracellular mucin and 
result in false positivity [18]. This study had no signet ring cell 
component in false-positive or false-negative cases. 

The limitation of our study is the relatively small sample size 
and potential selection bias. Nevertheless, together with previous 
reports, this study suggests that BRAF VE1 IHC could be a 
screening test for further molecular testing of BRAF V600E mu-
tation. 

BRAF VE1 IHC could be a screening test for the detection of 
BRAF V600E mutation in NSCLC. However, to introduce 
BRAF VE1 IHC into clinical practice, further studies are needed 
to optimize the protocol and to establish and validate interpreta-
tion criteria for BRAF VE1 IHC.
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