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Abstract. Metastatic melanoma is a fatal disease with poor 
prognosis. Ever since targeted therapy against oncogenic BRAF 
was approved, molecular profiling has become an integral part 
of the management of such patients. While molecular testing is 
not available in all pathology laboratories, immunohistochem‑
istry (IHC) is a reliable screening option. The major objective 
of the present study was to evaluate whether IHC detection 
of BRAF and the tumor (suppressor) protein 53 gene (TP53) 
are reliable surrogates for mutation detection. Formalin‑fixed 
paraffin‑embedded samples of melanomas for which molec‑
ular data were previously obtained by targeted next‑generation 
sequencing (NGS) between January 2014 and February 2019 
were immunostained with BRAF V600E and p53 antibodies. 
A blinded evaluation of the IHC slides was performed by two 
pathologists in order to evaluate inter‑observer concordance 
(discordant cases were reviewed by a third observer). The asso‑
ciations between the results of IHC and molecular profiling 
were evaluated. The study included a series of 37 cases of 
which 15 harbored a BRAF mutation and five a TP53 mutation. 
IHC had an overall diagnostic accuracy of 93.9% for BRAF 
V600E and 68.8% for TP53 compared to NGS. A statistically 
significant association between the two diagnostic methods 

was obtained for BRAF V600E (P=0.0004) but not for p53 
(P=0.3098) IHC. The κ coefficient for IHC assessment of p53 
was 0.55 and that for BRAF V600E was 0.72. In conclusion, 
the present results evidenced that IHC staining is a reliable 
surrogate for NGS in identifying the BRAF V600E muta‑
tion, which may become an efficient screening tool. Aberrant 
expression of p53 on IHC is at times associated with TP53 
mutations but it was not possible to establish a direct link.

Introduction

Melanoma represents a minority of skin cancers but it is 
associated with an increased risk of death compared with 
other skin malignancies (1‑4), being responsible for ~90% of 
mortalities reported in cutaneous tumors (5). The worldwide 
incidence has risen rapidly over the last five decades (1‑4). 
Among all newly diagnosed cancers, melanoma was the 17th 
most common type according to World Cancer Research 
Fund International in 2019 (6). Melanoma is a heterogeneous 
tumor with alterations in specific genes involved in pathways 
controlling cell proliferation, differentiation and survival (7). 
The major pathways involved are the cyclin‑dependent kinase 
inhibitor 2A (CDKN2A)‑dependent pathway and MAPK‑ and 
PI3K‑dependent pathways (8,9).

As ~50% of advanced melanomas [unresectable Stage III or 
metastatic Stage IV, according to the American Joint Committee 
on Cancer Staging Manual, 8th edition (3)] harbor a mutation 
in the BRAF gene and since the Federal Drug Administration 
and the European Institutions approved targeted therapy 
with BRAF and MAPK kinase inhibitors, molecular testing 
for codon V600 of the BRAF oncogene became an integral 
part of the management of such cases. Several approaches 
are available, from single gene testing for the BRAF V600 
mutation, such as PCR or immunohistochemistry (IHC) 
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using anti‑BRAF (mutated V600E) antibody (AB) [VE1 clone 
(BRAF VE1)], to whole‑genome sequencing. The targeted 
next‑generation sequencing (NGS) technique allows the detec‑
tion of abnormalities across multiples genes. The identification 
of multiple molecular aberrations provides several treatment 
targets. Despite the valuable provided data, NGS remains 
expensive and not widely distributed and requires sophisti‑
cated bioinformatics systems, fast data processing and large 
data storage capabilities. On the other hand, IHC has a shorter 
turnaround time (TAT), is cheaper and widely available, but it 
detects only specific antigens and false‑positive and ‑negative 
results may be obtained. IHC using BRAF VE1 has emerged as 
a powerful tool in assessing the BRAF V600E mutation status; 
validation studies performed to date reported high specificity 
(95.4‑100%) and sensitivity (94.4‑100%) (10‑14).

The tumor (suppressor) protein 53 gene (TP53), ‘the 
guardian of the genome’, is inactivated in ~90% of melanomas 
and only 10‑20% of cases are carrying disabling point muta‑
tions (15), but its role remains controversial in melanoma and 
melanoma progression. IHC is used routinely as a surrogate 
for TP53 mutation analysis, particularly in ovarian cancer (16), 
Barrett's esophagus (17) and other cancer types (18‑22). Its 
application in melanoma requires further study (23‑29).

In light of the importance of identifying the molecular 
profile for therapeutic purposes, the main objective of the 
present study was to evaluate whether BRAF VE1 and p53 
immunoexpression are reliable surrogates for mutation detec‑
tion. For this purpose, BRAF and TP53 status were analyzed 
by IHC in a series of melanoma cases for which molecular 
data were previously obtained by NGS. Furthermore, the 
inter‑observer concordance for the IHC assessment was 
assessed and a cost‑effectiveness analysis for the BRAF VE1 
AB was performed.

Materials and methods

Samples. Formalin‑fixed paraffin‑embedded (FFPE) 
samples of 37 melanomas from 37 patients were retrospec‑
tively analyzed, including 8 (21.6%) primary tumors and 
29 (78.4%) metastatic tumors. The samples were provided 
by the Pathology Department of Erasme University Hospital 
(Brussels, Belgium). All tumor sample sites are summarized 
in Table SI.

The selection criteria were as follows: Patients with 
melanoma for whom molecular testing was required and 
performed between January 2014 and February 2019. The 
sample types were either biopsies (n=6), cell blocks (n=3) or 
surgical resections (n=28). The samples were retrieved for 
the NGS results and subsequently, the FFPE blocks were 
checked to assess if there is sufficient residual tissue to 
perform IHC. Thus, the exclusion criterion was an insuf‑
ficient amount of residual tumor tissue as determined by 
the pathologist and the cases were further excluded from 
the statistical analyses.

NGS
DNA extraction. DNA extraction from FFPE samples was 
performed as previously described (30,31), using the QIAamp 
FFPE tissue kit (Qiagen GmbH), according to the manufac‑
turer's protocol. The obtained DNA was quantified using the 

Qubit® fluorometer in combination with the Qubit® dsDNA HS 
assay kit (Thermo Fisher Scientific, Inc.).

Library preparation, cluster amplification and sequencing. 
NGS was performed as previously described (30,31). DNA 
(10 ng) was amplified using the Cancer Panel (Ampliseq™; 
Thermo Fisher Scientific, Inc.). An amplicon library was gener‑
ated for sequencing 2,850 mutations in 50 genes, including 
the following: ABL1, AKT1, ALK, APC, ATM, BRAF, CDH1, 
CDKN2A, CSF1R, CTNNB1, EGFR, ERBB2, ERBB4, EZH2, 
FBXW7, FGFR1, FGFR2, FGFR3, FLT3, GNA11, GNAQ, 
GNAS, HNF1A, HRAS, IDH1, IDH2, JAK2, JAK3, KDR, KIT, 
KRAS, MET, MLH1, MPL, NOTCH1, NPM1, NRAS, PDGFRA, 
PIK3CA, PTEN, PTPN11, RB1, RET, SMAD4, SMARCB1, 
SMO, SRC, STK11, TP53 and VHL. Library construction was 
performed using the Ion AmpliSeq™ Library kit 2.0 and Ion 
Xpress™ barcode adapters kit (Thermo Fisher Scientific, Inc.), 
while the quantification was performed with the Qubit® fluo‑
rometer and the Qubit® dsDNA HS assay kit (Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol. The 
library was then quantified using the Qubit® fluorometer and 
the Qubit® dsDNA HS assay kit (Thermo Fisher Scientific, 
Inc.). Libraries were multiplexed and clonally amplified by 
emulsion PCR using the Ion One Touch 2 instrument with the 
Ion PGM™ template OT2 200 kit (Thermo Fisher Scientific, 
Inc.) and sequenced using a PGM™ sequencer with the Ion 
PGM™ sequencing 200 kit v2. Quality control was performed 
using the Ionsphere™ quality control kit (Thermo Fisher 
Scientific, Inc.). All steps were performed according to the 
manufacturer's protocols.

Data analysis. The raw data analysis was performed as 
previously described (30,31), using Torrent Suite software 
v4.0.2‑v5.10.0 (Thermo Fisher Scientific, Inc.). The coverage 
analysis was performed using the Coverage Analysis plugin 
v4.0‑ v5.10. Cases for which the average base coverage 
was <500x were considered non‑informative. Detection of 
mutations was performed using the Variant Caller plugins 
v4.0‑v5.10 (Thermo Fisher Scientific, Inc.). Each mutation was 
verified in the Integrative Genome Viewer from the Broad 
Institute (http://www.broadinstitute.org/). Only mutations 
reported in the COSMIC database (http://cancer.sanger.ac.uk/) 
were taken into account, while silent or intronic mutations 
were not reported. Mutations were then classified into three 
categories based on data obtained from the literature and from 
the COSMIC database: Mutations with known clinical impact 
(with a targeted therapy on the market, e.g., BRAF V600 muta‑
tion); mutations with potential clinical impact (clinical trials 
are ongoing, e.g., NRAS, EZH2, BRAF nonV600E); and muta‑
tions with unknown clinical impact (e.g., TP53).

The cases with poor‑quality sequencing and/or insufficient 
material for IHC staining were considered non‑contributory.

IHC
IHC procedure. Sections (4 µm thick) of the original 
FFPE block used for molecular analysis were subjected to 
anti‑BRAF (mutated V600E) IHC staining (cat. no. ab228461; 
clone VE1; dilution, 1/100; Abcam) and anti‑p53 IHC 
staining (cat. no. M7001; clone DO‑7; dilution, 1/200; Agilent 
Technologies, Inc.) on a Dako Omnis (Agilent Technologies, 
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Inc.). Heat‑induced epitope retrieval was performed using 
Dako Target Retrieval Solution pH 9 (cat. no. GV804; 
Agilent Technologies, Inc.) 30 min at 97˚C, followed by 
primary antibody incubation 20 min at 32˚C and detection 
with Dako Envision Flex detection system (cat. no. GV800; 
Agilent Technologies, Inc.) according to the manufacturer's 
protocol. The sections were counterstained with hematoxylin 
(cat. no. GC808; Agilent Technologies, Inc.). Control tissues 
(tonsil for p53 IHC and BRAF V600E mutated tumor for 
BRAF IHC) and universal negative control antibody (negative 
control Mouse IgG1; cat. no. X0931; dilution, 1/200; Agilent 
Technologies, Inc.) were processed in parallel with tissues 
exposed to the primary as described above.

Pathology scoring. Immunostained slides were evaluated by 
two trainee pathologists (one and two years of experience) 
blinded to the molecular data. For discordant cases, a third 
pathologist (>10 years of experience) blinded to previous results 
re‑evaluated the p53 and/or BRAF V600E IHC staining.

A semi‑quantitative assessment of p53 IHC (Fig. 1) 
expression was performed by using a three‑tier score as 
previously described (32): 0‑no staining (loss of expression); 
1‑≤25% of cells with variable, heterogeneous cytoplasmic 
and nuclear staining (wild‑type); 2‑>25% of cells with 
high homogeneous nuclear staining (overexpression). This 
semi‑quantitative evaluation is similar to the ones used by 
Kastelein et al (17) in Barrett's esophagus or Guedes et al (20) 
in prostate cancer.

A qualitative assessment of BRAF VE1 (Fig. 2) was used 
as previously described (10‑13): Negative‑no cytoplasmic 
staining; positive‑presence of cytoplasmic staining.

Pathological data. The pathological data collected were 
sample type (biopsy/cell block/surgical resection), tumor 
sample site (skin/conjunctiva/brain/subcutaneous tissue/
liver/lymph node/adrenal glands/digestive tract/lung/
undetermined), IHC analysis (sufficient/insufficient material), 
IHC BRAF V600E (positive/negative), IHC p53 (no staining/
wild‑type/overexpression/non‑contributory), NGS analysis 
(contributory/non‑contributory), results of NGS (gene muta‑
tion, exon, coverage, % of mutated DNA, clinical impact). 
Non‑contributory IHC means lack of positive internal control, 
while non‑contributory NGS means that the sequencing 
quality was too poor to allow for analysis. Clinicopathological 
data, age and sex distributions were not available for the 
present study in line with the Ethics Committee consent.

Cost analysis. Information regarding the costs associated with 
IHC using BRAF VE1 AB Idylla™ (PCR‑based method) and 
NGS were retrieved. A comparison of the costs was performed 
between these three methods.

Statistical analysis. The results from IHC and NGS testing 
were cross‑tabulated and, using the online calculator provided 
by Medcalc (https://www.medcalc.org/calc/diagnostic_test.
php), the sensitivity, specificity, accuracy, positive predictive 

Figure 2. Qualitative assessment score for BRAF V600E immunohistochemistry. (A) Negative‑no cytoplasmic staining; (B) positive‑presence of cytoplasmic 
staining. Hematoxylin counterstaining was applied and positive staining is brown (original magnification, x200; scale bar, 20 µm).

Figure 1. Representative images for three‑tier score for immunohistochemical assessment of p53. (A) Score 0‑no staining (loss of expression); (B) score 
1‑≤25% of cells with variable, heterogeneous cytoplasmic and nuclear staining (wild‑type); (C) score 2‑>25% of cells with high homogeneous nuclear staining 
(overexpression). Hematoxylin counterstaining was applied and positive staining is brown (original magnification, x200; scale bar, 20 µm).
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value and negative predictive value were calculated. The asso‑
ciation between NGS and IHC was performed using Fisher's 
exact test with Statistica® (StatSoft). P<0.05 was considered to 
indicate statistical significance.

To assess the inter‑observer coefficient, Cohen's unweighted 
κ coefficient was calculated by running an online test, 
provided by Vassarstats (http://vassarstats.net/kappa.html). 
The scale used for the interpretation of the κ coefficient was 
the following: 0‑0.2, slight agreement; 0.21‑0.40, fair agree‑
ment; 0.41‑0.60, moderate agreement; 0.61‑0.80, substantial 
agreement; and 0.81‑1, almost perfect agreement.

Results

IHC results and inter‑observer concordance. The IHC 
staining was performed on 34 of 37 cases (three cases did 
not have sufficient material for immunostaining). A total of 
34 cases were further considered for statistical analyses. 
The IHC profile assessment for p53 and BRAF V600E is 
summarized in Table I.

Regarding p53, six of the 34 cases were discordant (17.6%) 
and were reviewed by a third pathologist, who agreed three 
times with the first pathologist and three times with the second. 
One case was not assessable due to the lack of internal posi‑
tive control. The κ coefficient for evaluating the inter‑observer 
concordance was 0.554, suggesting a moderate agreement.

Concerning BRAF V600E, two of 34 analyzed cases were 
discordant (5.90%) and were reviewed by a third patholo‑
gist, who agreed with the first pathologist in both cases. The 
Cohen unweighted κ coefficient was 0.717, which represents a 
substantial agreement.

NGS results and NGS‑IHC correlation. Sequencing was 
optimal in 36 out of 37 cases (97.3%). It failed in one sample 
(2.7%) due to poor quality of sequencing (non‑contributory). No 
mutation in the gene panel was detected for 5 of the 36 cases 
(13.9%), 15 (41.7%) harbored a BRAF mutation and 16 (44.4%) 
had other mutations than BRAF (potentially clinically action‑
able mutations or mutations with unknown impact). Of the 
15 cases harboring a BRAF mutation, eight were V600E (two 
cases had insufficient residual tissue for IHC staining, leading 
to six cases included for NGS‑IHC correlation analysis), 

followed by three V600 non‑E (two V600K and one V600R), 
two D594N, one K601E and one K601N. The most frequent 
mutations among the non‑BRAF mutations were NRAS (19.4%, 
7/36) and TP53 (13.9%, 5/36). BRAF V600E and TP53 muta‑
tions were not mutually exclusive and one case harbored BRAF 
V600E and TP53 mutations.

When performing the statistical analysis, loss of expression 
and overexpression of the p53 protein on IHC analysis was 
considered as a positive result (aberrant IHC result‑expression 
of mutation in the tumor suppressor gene TP53) and the 
non‑contributory cases were eliminated from the analysis. 
NGS was the reference technique for the analysis of both ABs. 
NGS and IHC results were available in 32 cases for the evalu‑
ation of TP53 protein expression and in 33 cases regarding 
BRAF V600E protein expression. The cross‑tabulated results 
of the NGS and IHC assessment are summarized in Table II.

Considering the NGS technique to be the reference for the 
TP53 mutation status, IHC had an overall diagnostic accuracy 
of 68.8% for the TP53 mutation with 31.2% of cases being 
misclassified (10/32). The overall sensitivity of IHC was 60% 
and two cases were false‑negative. The overall specificity of 

Table I. Results of immunohistochemical assessment of p53 and BRAF V600E by pathologists.

Protein/result 1st Pathologist 2nd Pathologist Final result

p53
  0 (loss of expression) 0 (0) 1 (3) 1 (3)
  1 (wild‑type) 23 (67.6) 25 (73.5) 22 (64.6)
  2 (overexpression) 10 (29.4) 7 (20.5) 10 (29.4)
  Non‑contributorya 1 (3) 1 (3) 1 (3)
BRAF V600E   
  Absence of staining 30 (88.2) 30 (88.2) 30 (88.2)
  Presence of staining 4b (11.8) 4b (11.8) 4 (11.8)

aNon‑contributory p53 IHC means absence of internal positive cells; bTwo of the cases were discordant and reviewed by the third pathologist. 
Values are expressed as n (%).
 

Table II. Cross‑tabulated results for tumor suppressor 
protein 53 gene and BRAF V600E mutation status determined 
by IHC and NGS.

 NGS result
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
IHC result Non‑mutated Mutated

p53
  Wild‑type 19 2
  Aberrant expression   8 3
BRAF V600E  
  No staining  27 2
  Presence of staining    0 4

Loss of expression and overexpression of the p53 protein were consid‑
ered as positive results (aberrant IHC result); physiological protein 
expression according to IHC indicated wild‑type p53 expression. 
IHC, immunohistochemistry; NGS, next‑generation sequencing.
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IHC was 70.4% and eight cases were false‑positive. The posi‑
tive predictive value of IHC for p53 was 27.3% (3/11), while the 
negative predictive value was 90.5% (19/21). No statistically 
significant association between the two diagnostic methods 
was obtained (P=0.3098).

Considering the NGS technique to be the reference for the 
BRAF V600E mutation status, IHC had an overall diagnostic 
accuracy of 93.9% for the BRAF V600E mutation with 6.1% 
of cases being misclassified (2/33). These two misclassified 
cases were cases harboring a BRAF V600E mutation and 
negative BRAF VE1 IHC staining. The overall sensitivity of 
IHC was 66.7% and two cases were false‑negative. The overall 
specificity for IHC was 100% with no false‑positive results 
obtained. The positive predictive value of BRAF VE1 was 
100%, while the negative predictive value was 93.1% (27/29). 
A statistically significant association between the two diag‑
nostic methods was determined (P=0.0004). All related results 
are summarized in Table III.

Cost‑effectiveness analysis for BRAF status testing. In our 
laboratory, the BRAF V600E status may be tested by IHC, 
Idylla™ (PCR‑based method) or NGS. It was decided to 
perform the cost analysis only based on the reagents' cost to 
ensure harmonized results. Amortization costs, maintenance or 
human resources were not considered, as these elements vary 
among laboratories. It should be noted that the fact that reagents' 
costs may also vary depending on the test volume, supplier 
or country, so that the present cost‑effectiveness analysis is 
only indicative. All of the costs per test for each technique 
are summarized in Tables SII and SIII. The cost per patient 
of an NGS analysis considering only the reagents is ~280 €, 
that of Idylla™ 120 € and BRAF VE1 IHC costs ~22 €. For 
the present case series, several simulations were performed and 
it was concluded that performing BRAF V600E IHC staining 
for all cases first followed by NGS for negative BRAF V600E 
IHC cases saves ~5% of costs compared to performing only 
NGS. Performing Idylla™ DNA‑testing only was revealed to 
cost less than performing BRAF V600E IHC staining for all 
cases first followed by Idylla™. However, in larger case series, 
IHC staining followed by a DNA‑based test for negative cases 
would cost less than only DNA‑based testing.

Discussion

Melanoma is the most aggressive form of skin cancer with 
~200,000 new cases diagnosed each year worldwide (33). The 
identification of BRAF mutations through DNA sequencing in 
the early 2000s led to a revolution in the treatment of melanoma, 
allowing the development of therapies targeting the BRAF 
oncogene and applications of other kinase inhibitors (34). The 
BRAF mutation status is critical for advanced‑stage melanoma 
and molecular testing should be performed routinely for 
stage III and IV (unresectable and metastatic) (35) to promptly 
start the therapy, particularly in melanomas with aggres‑
sive behavior. Several BRAF mutation tests are available: 
DNA‑based tests (including PCR and NGS) and one AB‑based 
test for mutant BRAF V600E protein using the mouse mono‑
clonal VE1 clone to detect the protein expression by IHC.

BRAF mutations are observed to occur in numerous different 
types of cancer, including thyroid, lung, colon cancers, glioblas‑
tomas and certain hematological malignancies (16‑22,34). BRAF 
mutations are identified in 40‑60% of melanomas (14,34,36). 
BRAF V600E is the most common mutation and it accounts for 
60‑90% of all BRAF mutations, followed by V600K mutation 
and V600D/R accounting for 10‑30 and 3%, respectively (37,38). 
The present results overlap with those described in the literature, 
as BRAF mutations were identified in ~40% of the present cases 
and among the mutated cases, V600E mutation accounts for 
53.3% of cases, followed by V600K mutation with 13.3%. The 
present study demonstrated a sensitivity of 66.7% and a speci‑
ficity of 100% for the BRAF VE1 IHC as the method of detection 
for BRAF V600E compared to NGS analysis (considered the 
gold standard) in FFPE tumor tissue samples. Specimens with 
the V600 non‑E mutation were not immunoreactive with the 
VE1 clone, as already described (10,11). The present results are 
comparable to previous validation studies in which a qualitative 
assessment scale for VE1 staining was employed regarding the 
specificity (95.4‑100%), but the sensitivity was inferior to previ‑
ously reported results (94.4‑100%) (10‑14).

Different scoring systems have been used for the evalu‑
ation of BRAF by IHC (two or more than two categories, 
based on the intensity of the IHC staining or based on the 
pattern of staining) in previous studies, leading to major 

Table III. NGS‑IHC correlation results for both genes tested.

 TP53 BRAF V600E
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
NGS‑IHC correlation Value (%) 95% CI Value (%) 95% CI

Diagnostic accuracy 68.8 50.0‑83.9 93.9 79.8‑99.3
Overall sensitivity 60.0 14.7‑94.7 66.7 22.3‑95.7
Overall specificity 70.4 49.8‑86.3 100.0 87.2‑100.0
Positive predictive value 27.3 13.0‑48.5 100.0 51.0‑100.0
Negative predictive value 90.5 76.0‑96.6 93.1 81.3‑97.7
P‑value 0.3098  0.0004

The NGS technique served as the reference technique (gold standard). The table summarizes all of the values obtained for diagnostic accuracy, 
overall sensitivity, overall specificity and positive and negative predictive value for each antibody. TP53, tumor (suppressor) protein 53 gene; 
IHC, immunohistochemistry; NGS, next‑generation sequencing.
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difficulties in comparing the results. For instance, Lo et al (10), 
Long et al (11), Colomba et al (12) and Boursault et al (13) used 
the same evaluation method as that employed in the present 
study, while Marin et al (39) and Pearlstein et al (40) scored 
BRAF IHC expression in more than two categories. The 
establishment of an objective and widely accepted consensus 
scoring system will lead to the uniformization of results and a 
decrease in interpretation discrepancies and bias.

The inferior sensitivity may be explained by the small 
number of cases harboring BRAF V600E included in the 
present study. Immunostaining with BRAF VE1 AB did not 
produce any false‑positive final result. At the first assessment, 
one pathologist misclassified a negative case as positive on 
IHC. This false‑positive result may be explained by the lack 
of experience of the trainee pathologist and may be remedied 
by providing training programs to correctly evaluate IHC 
profiles. In the present study, two false‑negative results 
occurred, characterized by the absence of IHC staining but 
BRAF V600E mutation on NGS. In one of the cases, the 
interpretation of immunostaining was difficult due to the pres‑
ence of a high quantity of melanin. In order to increase the 
specificity of the test, the brown chromogen may be replaced 
with red chromogen (40). Discordance between pathologists in 
assessing the BRAF VE1 IHC was determined in two of the 
34 cases where a third pathologist's opinion was required. The 
Cohen's κ coefficient obtained (0.717) indicates a substantial 
agreement between the two pathologists. Although molecular 
testing is considered the gold standard for the detection of 
BRAF mutations, the monoclonal VE1 AB is emerging as a 
reliable option (10‑14,40‑42). In the present study, a statisti‑
cally significant association was demonstrated between the 
IHC and NGS analysis (P=0.0004), which confirmed the 
hypothesis that IHC may be used as a surrogate in the evalu‑
ation of the BRAF V600E mutation status. The advantages of 
IHC are as follows: Shorter TAT, lower cost, small quantity 
of tumor tissue required for detection and the service may 
be offered by more histopathology departments than the 
genomics analysis. Relying on the results obtained, the algo‑
rithm incorporating both IHC and DNA‑based analysis, as 
previously proposed by Pearlstein et al (40) or the Anglian 
Cancer Network Protocol (10), may be considered to be used 
in current clinical practice (Fig. 3). In this algorithm, BRAF 
VE1 IHC analysis is performed in all cases of unresectable or 
metastatic melanoma, providing a quick and inexpensive way 
to detect BRAF V600E mutations. Furthermore, it is the only 
modality of BRAF mutation detection in cases with limited 
tumor tissue that may otherwise not be tested by DNA‑based 
analysis due to insufficient material. Afterwards, cases with 
negative BRAF VE1 staining should be tested by a DNA‑based 
test in order to identify a possible false‑negative result or a 
BRAF mutation other than V600E. The use of the proposed 
algorithm would offer a cost‑saving of ~5% compared to the 
NGS test in all cases. However, testing only by Idylla™ in 
the present case series compared to prior BRAF VE1 testing 
followed by Idylla™ was more economical, but this is highly 
dependent on the number of cases. Concerning DNA‑based 
testing, the NGS technique provides information beyond 
BRAF, revealing more ‘actionable’ mutations leading to other 
therapeutic options. However, NGS is not widely available, its 
interpretation requires highly trained staff and it has a longer 

TAT. The Idylla™ test is a PCR‑based test and an alternative 
to IHC or NGS for BRAF V600 mutation, with the following 
advantages: It is less laborious, faster and allows the detection 
of BRAF V600 non‑E mutations; however, it has a higher cost 
and it is not as widely available as IHC (43).

p53 is a transcription factor with a powerful tumor 
suppressor function. Wild‑type p53 is a potent inducer of 
apoptosis, of cell cycle arrest and of cellular senescence (14). 
A review published by Lu et al (44) in 2013 highlights the 
potential role of targeting p53 in melanoma treatment, stating 
that reactivation of p53 by simultaneously blocking the p53 E3 
ubiquitin ligase, MDM2 and inhibitor of apoptosis‑stimulating 
protein of p53, together with BRAF V600E inhibition, induces 
apoptosis and suppresses melanoma growth in cell lines and 
animal models. Furthermore, a novel hypothesis regarding the 
importance of the p53 status emerges, stating that TP53 muta‑
tion is a potential negative predictor of metastatic melanoma 
treated by CTLA‑4 blockade (45,46). Thus, it may be worth‑
while to routinely evaluate the TP53 status. The frequency 
of TP53 mutation in melanoma reported in the literature is 
~20% (9,47). A slightly inferior rate (14%) was obtained in 
the present cohort. The association between TP53 mutations 
and p53 nuclear accumulation remains to be fully elucidated. 
IHC is used routinely as a surrogate for TP53 mutation analysis 
in several types of cancer (17‑22,48), but its interpretation is 
at times difficult (48). In the present study, the κ coefficient 
obtained was 0.554, suggesting a moderate inter‑observer 
concordance, underlining the difficulty in interpreting p53 
protein expression. The IHC‑NGS association was not statisti‑
cally significant, indicating that the use of p53 IHC to replace 
a DNA‑based test should not be considered for routine use. In 
the present study, false‑negative (two identified in the present 

Figure 3. Algorithm proposed for the diagnosis of advanced‑stage melanoma. 
BRAF V600E IHC is routinely applied for all unresectable and metastatic 
melanomas. In the case of a positive result, targeted therapy may be initiated. 
DNA‑based analysis should be employed when a negative result is obtained 
in order to further guide the treatment. IHC, immunohistochemistry.
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cohort) and false‑positive (eight identified) results were 
obtained. The false‑negative results harbored different TP53 
mutations. Furthermore, not all the mutations are leading 
to corresponding transcriptional or translational changes 
in p53 protein products (28). The false‑positive results may 
be explained by the fact that p53 IHC expression may result 
from malfunction of other components of the p53 pathway 
other than the gene mutation or the fact that targeted NGS 
focuses on genomic regions of particular interest, with various 
regions of the TP53 gene remaining unsequenced. Besides 
these, the tumors also exhibit genetic heterogeneity (29). Other 
studies (23‑27) also reported no correlation between the protein 
expression and the TP53 mutational status, suggesting that a 
direct link between aberrant protein expression of p53 and the 
presence of TP53 mutation was not able to be established.

As at the present time, determination of the TP53 status 
is not a standard of care for patients with melanoma in 
contrast to the BRAF status, expanded molecular testing is not 
required for all patients. Considering that IHC analysis of p53 
is not highly sensitive or specific, when determination of the 
TP53 mutation will be warranted, it should be assessed by a 
molecular method.

In conclusion, molecular profiling has become a key 
piece of information in the management of advanced‑stage 
melanoma with the introduction of ‘personalized medicine’. 
The results obtained demonstrated that IHC staining with 
BRAF VE1 AB is a reliable surrogate for NGS in identifying 
the BRAF V600E mutation, becoming an efficient screening 
tool prior to DNA‑based analysis. Loss of p53 expression/over‑
expression determined by IHC is at times associated with TP53 
gene mutations, but it was not possible to establish a root‑cause 
relationship. Aside from that, BRAF VE1 allows the detection 
of a specific hotspot mutation, while p53 expression on IHC is 
related to protein expression that may be wild‑type but may 
also mirror a large spectrum of TP53 mutations.
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