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Abstract The aim of this study was to evaluate the concor-
dance between the BRAFY*°F mutation test and immunohis-
tochemistry (IHC) and to evaluate the diagnostic accuracy of
BRAF IHC for colorectal cancer (CRC) through a systematic
review, meta-analysis, and diagnostic test accuracy review.
The current study included 1021 CRCs from eight eligible
studies. The concordance rates were investigated between
BRAF IHC and the mutation test. In addition, diagnostic test
accuracy review was conducted and calculated using the value
of'area under curve (AUC) on the summary receiver operating
characteristic (SROC) curve. The positive rate of BRAF THC
was 30.5 % (range; 13.2-66.2 %), and the BRAF mutation
was found in 30.2 % (range; 11.7-66.2 %). The overall con-
cordance rate between BRAF IHC and the mutation test was
0.944 (95 % confidence interval (CI) 0.873—0.977). In the
BRAF IHC-positive and -negative groups, the concordance
rates between BRAF THC and the mutation test were 0.895
(95 % CI 0.800-0.945) and 0.956 (95 % CI 0.878-0.985),
respectively. The pooled sensitivity and specificity were 0.94
(95 % CI 0.91-0.96) and 0.96 (95 % CI 0.95-0.98), respec-
tively. The diagnostic odds ratio was 272.86 (95 % CI1 46.11—
1614.88), and the value of AUC on SROC curve was 0.9846.
Taken together, our results suggest that BRAF THC is strongly
concordant with the BRAF mutation test and has high diag-
nostic accuracy in BRAF mutation analysis of CRCs. Further
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cumulative studies on detailed evaluation criteria are needed
before application in daily practice.
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Abbreviations

BRAF B-type Raf kinase

CRC Colorectal cancer (CRC)

IHC Immunohistochemistry

SROC Summary receiver operating characteristic
AUC  Area under the curve

OR QOdds ratio

Introduction

The protein kinase B-type Raf kinase (BRAF) is involved in
the RAS/RAF/MEK/ERK signaling pathway and regulates
cell growth and propagation in response to extracellular sig-
nals in human cancers [1]. Various BRAF mutations, such as
V600E, V600 K, V600 M, V60OR, V600D and V600G, have
been reported, and the BRAFY®F mutation is the most fre-
quent [2, 3]. BRAF mutations are found in various malignant
tumors, including colorectal cancer (CRC) [4—11], melanoma
[12], papillary thyroid carcinoma [1], and hairy cell leukemia
[13]. The prevalence and clinicopathological significance of
BRAF mutations are variable according to tumor type. BRAF'
mutation is found in 100 % of cases of hairy cell leukemia
[13]. However, BRAF mutation is identified in up to 60 % and
90 % of cases of malignant melanoma and papillary thyroid
carcinoma, respectively [1, 14, 15]. In CRCs, BRAF mutation
rates have been reported in the range of 5-25 % [16—18].
Detection of BRAF mutation is important to differentiate
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sporadic cases from Lynch syndrome. In addition, BRAF mu-
tation analysis could be useful for predicting prognosis and
response of anti-EGFR therapy in CRC [19].

The BRAF mutation is detected through various PCR-
based molecular tests. However, these methods are expensive,
multi-step, time-consuming, and require DNA extraction. In
addition, the impact of inclusion of non-tumoral cells on di-
agnostic accuracy should be considered. Because immunohis-
tochemistry (IHC) does not require DNA extraction or purifi-
cation, the effect of this non-tumoral component may be ig-
nored. Moreover, IHC is one of the most popular molecular
and morphologic methods in most pathologic laboratories.
Recently, BRAF THC using mouse anti-human BRAFYE
monoclonal antibody (clone VE1) was introduced, and detec-
tion of BRAF mutation using BRAF THC has been reported.
BRAF IHC in papillary thyroid carcinoma showed high con-
cordant rates with the BRAF mutation test and high diagnostic
accuracy for BRAF mutation [20].

Immunohistochemical staining is easily applicable in daily
practice; however, the diagnostic accuracy of BRAF THC in
CRC:s has not yet been verified. Therefore, for the application
of BRAF IHC in CRCs, the concordance between BRAF THC
and the mutation analysis test and the diagnostic accuracy of
BRAF IHC require investigation. The current study per-
formed a meta-analysis and diagnostic test accuracy review
to elucidate the diagnostic usefulness of BRAF IHC in CRCs.

Materials and Methods
Published Studies Search and Selection Criteria

Relevant articles were obtained by searching the PubMed and
MEDLINE databases up to August 31, 2015. Searching was
performed using the following key words: ‘colon or colorectal
cancer,” ‘BRAF,” and ‘immunohistochemistry.” The title and
abstract of all searched articles were screened for exclusion.
Review articles were also screened to find additional eligible
studies. The search results were then reviewed according to
the following inclusion and exclusion criteria: (1) BRAF mu-
tation was investigated in human colorectal tissues, (2) the
correlation between BRAF IHC and mutation test was includ-
ed, (3) case reports or non-original articles were excluded, and
(4) all were English language publications.

Data Extraction

Data from all eligible studies were extracted by two authors.
The following data were extracted from each of the eligible
studies [4—11]: first author name, year of publication, study
location, type of specimen, manner of BRAFY*" mutation
test, dilution ratio of antibody, antibody clone and manufac-
turer, and number of patients analyzed. For the meta-analysis,
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we extracted all data associated with BRAF IHC results (pos-
itive and negative) and BRAF mutation test results (number of
mutation and wild type).

Statistical Analysis

To perform the meta-analysis, data were analyzed by the
Comprehensive Meta-Analysis software package (Biostat,
Englewood, NJ, USA). We investigated the BRAF mutation
rate according to immunohistochemical results for the meta-
analysis. Concordance rates were measured the rates of coin-
cidence results between BRAF IHC and the mutation test. The
weakly positive subgroup defined as an equivocal case with
weak intensity, like HER2 THC score 2+ cases in gastric and
breast cancers. To confirm the diagnostic role of weakly pos-
itive cases, subgroup analysis was conducted based on the
intensity of BRAF THC. Heterogeneity between studies was
checked using the Q and F* statistics, and presented using P-
values. Additionally, a sensitivity analysis was conducted to
assess the heterogeneity of eligible studies and the impact of
each study on the combined effect. For assessment of publi-
cation bias, Begg’s funnel plot and Egger’s test were per-
formed. The results were considered statistically significant
when P < 0.05. Moreover, diagnostic test accuracy review
was carried out using the Meta-Disc program (version 1.4)
(Unit of Clinical Biostatics, the Ramon y Cajal Hospital,
Madrid, Spain) [21]. The pooled sensitivity and specificity
were gathered sensitivity and specificity from each eligible
study, and of which, forest plots were obtained. The summary
receiver operating characteristic (SROC) curve was initially
constructed by plotting ‘sensitivity’ and ‘1-specificity’ of each
study and the curve fitting was performed through linear re-
gression using the Littenberg and Moses linear model [22].
Because heterogeneity by evaluation criteria was present, the
accuracy data were pooled by fitting a SROC curve and mea-
suring the value of the area under the curve (AUC) [21]. An
AUC close to 1 will be a perfect test and an AUC close to 0.5
will be considered as poor tests. In addition, the diagnostic
odds ratio (OR) was calculated by the Meta-Disc program.

Results
Selection and Characteristics of Studies

In the current systematic review and meta-analysis, 125 re-
ports were identified in the database search. Among the
searched reports, 108 were excluded due to lack of or insuffi-
cient information on the correlation between BRAF IHC and
the mutation test. In addition, nine reports focused on other
diseases (3) or were case reports (3), non-original articles (2),
or articles in a language other than English (1) and were ex-
cluded. Eight eligible studies were ultimately included, and a
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meta-analysis was performed for 1146 patients (Fig. 1 and
Table 1) [4-11]. Anti-human BRAFY*°°F monoclonal anti-
body (clone VEI1, Spring Bioscience, Pleasanton, CA, USA)
for IHC was used in all eligible studies.

Concordant Analysis between BRAF IHC
and the Mutation Test

The overall BRAF mutation rate was 30.2 % in 1021 CRC
patients. The range of BRAF mutation rates was 11.7 %—
62.2 %. The overall BRAF IHC-positive rate was 30.5 %
(312 of 1021) and ranged from 13.2 % to 62.2 % in eligible
studies. The overall concordance rate, including the BRAF
IHC-positive and -negative cases, was 0.944 (95 % CI
0.873-0.977). In the IHC-positive and -negative groups, the
concordance rate between BRAF THC and the mutation test
was 0.895 (95 % CI 0.800—0.948) and 0.956 (95 % C10.878—
0.985), respectively (Table 2). To elucidate the cause of the
lower concordance of BRAF IHC-positive group compared to
the IHC-negative group, subgroup analysis was conducted
based on the intensity of BRAF IHC. In the subgroup analysis,
the concordance rate was 0.386 (95 % CI 0.159-0.677) in the
weakly positive subgroup. Sensitivity analysis showed that
eligible studies had no effect on the pooled concordance rates
in either the IHC-positive (range; 0.880—0.914) or -negative
group (range; 0.934-0.968). In the assessment of publication
bias, Egger’s test showed no evidence of publication bias, and
no definite asymmetry was identified in Begg’s funnel plots.

Diagnostic Test Accuracy Review of BRAF IHC

We evaluated the diagnostic accuracy of BRAF IHC in CRCs
using a diagnostic test accuracy review. The pooled sensitivity
and specificity were 0.94 (95 % CI10.91-0.96) and 0.96 (95 %
CI10.95-0.98), respectively (Fig. 2). The ranges of sensitivity
and specificity were 0.71 to 1.00 and 0.65 to 1.00, respective-
ly. The pooled diagnostic OR was significantly high at 272.86

125 studies identified through
database searching

l

Primary selection through
browsingthe retrieved titles and
abstracts

113 studies excluded
105: no inclusion or insufficientinformation
3: non-humanstudy
2: study for other disease
2: non-original articles
1: non-Englisharticle

12 full-text articles assessed for
eligibility

4 studies excluded
> 3: noinclusion or insufficientinformation
1: study for other disease

Y

8 studiesincluded in the meta-
analysis

Fig. 1 Flow chart of study search and selection methods

(95 % CI 46.11-1614.88). The value of AUC on the SROC
curve was 0.9846, nearing 1 (Fig. 3).

Discussion

Various personalized treatments based on molecular analysis
have been applied among CRC patients. The BRAF mutation
test in CRC is useful for differentiation between Lynch syn-
drome and sporadic cases and for prediction of response to
anti-EGFR therapy [19]. Although the BRAF VEI1 antibody
has been recently introduced and studied for its usefulness in
daily practice, it is not yet fully understood. The current study
is the first meta-analysis and diagnostic test accuracy review
of published studies of the diagnostic accuracy of BRAF IHC
in CRC. There were three major findings in the current study.
First, the concordance rate between the BRAF mutation test
and THC was high (0.944). Second, the concordance rate of
the BRAF THC weakly positive subgroup was significantly
lower than the concordance rate of overall BRAF IHC posi-
tive cases, like HER2 equivocal cases of breast and stomach
cancers [23, 24]. Third, in the diagnostic test accuracy review,
there was no difference in diagnostic accuracy between BRAF
IHC and the mutation test.

BRAF mutation rates have been reported in the range of 5—
25 % [16-18]. However, in our systematic review and meta-
analysis, the overall BRAF mutation rate was 30.2 %. This
discrepancy may be caused by the composition of patients
and differences in detection methods. At present, the gold
standard for BRAF mutation analysis is PCR-based molecular
testing with DNA extraction. These PCR-based BRAF muta-
tion tests are more expensive, require multiple steps, and are
time-consuming. However, unlike PCR-based tests, IHC is
easily and widely used in daily practice in most pathologic
laboratories. Recently, the anti-human BRAFY*°°F mutation
monoclonal antibody VEI, which directly detects the BRAF
V600E mutated amino acid sequence from amino acids 596 to
606 (GLATEKSRWSG), was introduced, and studies of
BRAF IHC in various cancers have been conducted [7, 12].
Individual studies have been investigated for BRAF IHC VEI1
using various types of samples and methods. However, the
established methods and evaluation criteria of BRAF THC
have not been fully elucidated. In our previous study, we re-
ported that BRAF THC using clone VEI is well concordant
with PCR-based BRAF mutation tests in papillary thyroid car-
cinoma [20]. In CRCs, a meta-analysis and diagnostic test
accuracy review are needed for evaluation of the usefulness
of this new testing method.

In our diagnostic test accuracy review, the value of AUC on
SROC was 0.9846, nearing 1. In addition, the diagnostic OR
was significantly high, at 272.86 (95 % CI 46.11-1614.88).
However, Adackapara CA et al. reported that the sensitivity
and specificity of BRAF THC for BRAF mutation were 71 %
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Table 1 Main characteristics of the eligible studies

Study Country  Period of study Typeof N  Criteria IHC BRAF False False BRAF

sample Positive Mutation IHC positive IHC negative mutation in

rate rate weak positive

Adackapara et al. 2013 [4] USA 2006-2012 Whole 34 ND 529 % 50.0%  6/18 5/16 6/12

Affolter et al. 2013 [5] USA 2008-2012 Mixed® 31 ND 452 % 452 % 014 0/17 2/2

Day et al. 2015 [6] Australia ND TMA 477 ND 132 % 11.7%  8/63 1/413 -

Dvorak et al. 2014 [7] Australia ND T™A 279 8% 319% 308 % 5/89 2/190 -

Lasota et al. 2014 [8] Poland ND TMA 55 ND' 40.7 % 41.6 %  4/46 5/67 1/12

Nolan et al. 2014 [9] Canada  1995-2009 T™A 16 80% 27.7% 241% 6/23 3/60 3/8

Roth et al. 2015 [10] USA 2009-2013 Mixed® 55 ND 509 % 582 %  0/28 4/27 -

Sinicrope et al. 2013 [11] USA ND Whole 74 70% 662 % 662 %  0/49 0/25 -

N Number of patients, /HC immunohistochemistry, Whole Whole section, TMA Tissue microarray, ND No description

#Mixed; included biopsied, whole section and tissue microarray specimens

® Used 4-tiered system

and 74 %, respectively [4]. Although the impact of different
immunohistochemical methods on this discrepancy is not de-
finitive, that study used different methods for antigenicity re-
trieval and staining compared to other eligible studies.
However, in our sensitivity analysis, there was no effect of
removal of the Adackapara et al. study [4] on the pooled
estimates. The current diagnostic test accuracy review showed
higher pooled sensitivity (0.94, 95 % CI 0.91-0.96) and spec-
ificity (0.96, 95 % CI 0.95-0.98) for prediction of BRAF mu-
tation through BRAF IHC. Thus, the possibility of BRAF
mutation is significantly higher in BRAF IHC-positive cases
than in BRAF IHC-negative cases, and BRAF IHC can re-
place the PCR-based BRAF mutation test.

Basically, in BRAF IHC using the VEI antibody, cytoplas-
mic expression, regardless of nuclear expression, is consid-
ered to be positive. However, there are no known or detailed
criteria for interpretation of BRAF IHC in CRC. In addition,
there has been no conclusive information on the discrepancy
of BRAF THC between small biopsied specimens and surgi-
cally resected specimens. In small biopsied specimens, the
sampling error should consider tumor heterogeneity. When
the tissue microarray specimen was a small biopsied speci-
men, the concordance between BRAF IHC and mutation test

was 0.954 (95 % CI 0.895-0.981, data not shown), slightly
higher than the overall concordance rate. However, the impact
of specimen type could not be determined in the present study
due to lack of definitive information on specimen type in most
eligible studies. Although the accuracy of BRAF mutation
analysis can be affected by non-tumoral components due to
DNA extraction, there is no effect of non-tumoral components
in BRAF IHC staining. In a previous study, nuclear expression
of BRAF VEI was reported and found to be a common feature
in CRCs [4]. However, in other eligible studies, no clinico-
pathological significance of nuclear expression was found.
Several technical issues, such as tissue preservation and fixa-
tion, may have an effect on BRAF VEI nuclear staining [7].
Technically, because the BRAF VEI antibody binds to a spe-
cific site, nuclear staining of BRAF VE1 may be considered to
be a non-specific finding.

In the current meta-analysis, the discordance rate in BRAF
IHC-positive cases was 0.105. The causes for discordance
between BRAF THC and the mutation test are variable, includ-
ing tumor type, technical issues, and interpretation discrepan-
cy. In Vakiani’s report, one discordant case between BRAF
mutation test and IHC was a signet ring cell type tumor [25],
which could be an example of discordance by tumor type. In

Table 2  Concordant analysis between BRAF immunohistochemistry and mutation test

Stratified analysis Number of studies ~ Number of patients ~ Fixed effect Heterogeneity  Random effect Egger’s
[95 % CI] [P-value] [95 % CT] test
Overall 8 1021 0.933[0.913,0.950] < 0.001 0.944[0.873,0.977]  0.592
IHC positive 8 330 0.873 [0.823, 0.910] 0.004 0.895 [0.800, 0.948]  0.183
Weakly positive only 4 34 0.401 [0.234, 0.595] 0.119 0.386 [0.159, 0.677]  0.954
Weakly positive excluded 8 296 0.913 [0.867, 0.944] 0.153 0.925[0.863, 0.960]  0.118
IHC negative 8 816 0.930 [0.894, 0.955] < 0.001 0.956 [0.878,0.985]  0.135

IHC Immunohistochemistry, C/ Confidence interval

@ Springer



Diagnostic Accuracy of BRAF IHC in Colorectal Cancer

835

a
Sensitivity (95% Cl)
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Specificity

Fig.2 The sensitivity (a) and specificity (b) of BRAF immunohistochemistry
in colorectal cancer

addition, Dvorak et al. reported that fixation time affected the
intensity of the BRAF signal in xenograft [7]. In the current
systematic review, some eligible studies used a higher positive
criterion of 70-85 % [7, 9, 11]. Because the criterion for BRAF
THC positivity was higher than in other eligible studies, more
false negative or equivocal cases may have occurred in that
study. In daily practice, consideration of false negative cases
may be more important in treatment applications. An effort to
decrease the false negative rate is needed. Furthermore,

intratumoral heterogeneity of BRAF IHC could have an effect
on the false negative rate, especially in small biopsied speci-
mens. Therefore, more detailed evaluation criteria should be
developed prior to the application of BRAF IHC in daily
practice.

The initial test for HER2 status in breast and stomach can-
cer is IHC. For equivocal cases in HER2 IHC, an additional
test, in situ hybridization, is recommended. In our previous
meta-analysis, the concordance rate of the HER2 IHC 2+ sub-
group between IHC and in situ hybridization was 0.393 (95 %
CI 0.331-0.458) [24]. Also, in BRAF IHC, the concordance
rate in the weakly positive subgroup was significantly lower
than that in the remaining positive cases (0.386, 95 % CI
0.159-0.677 vs. 0.915, 95 % CI 0.861-0.950). According to
our results, in weakly positive cases in BRAF IHC, an addi-
tional BRAF mutation analysis is recommended to confirm
mutation status. When weakly positive cases were excluded,
the overall concordance rate increased from 0.895 to 0.915.
Similar to the recommended algorithm for HER THC of breast
and gastric cancers, the BRAF mutation test can be applied to
weakly positive or equivocal cases but not to all cases.

There are a number of limitations to the current study. First,
BRAF IHC using clone VELI is specific for the BRAF V600E
mutation. However, other BRAF mutations, such as V600 K,
V600 M, V600OR, V600D and V600G, could not be detected
by BRAF IHC using VE1 in CRCs. Thus, false-negative cases
in BRAF THC using VE1 might have been caused by other
BRAF mutations. Second, subgroup analysis for specimen
type could not be performed due to insufficient information
in eligible studies. To elucidate the usefulness of BRAF IHC
based on specimen type, further studies are needed. Third, in

Fig. 3 The summary receiver Sensitivity SROC Cuwve
operating characteristics ®
(SROC) curve of BRAF - iyn('l:megiggfgoc
. . . . UC =
1mmunoh1stochemlstry n Py b SE(AUC)=0.0123
colorectal cancer ! Q" =0.9463

08 SE(Q") = 0.0256

07 °

06

05

04

03

02

0.1

° % 04 06 08 1

1-specificity
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some patients with metastatic lesion, the specimen for evalu-
ation of BRAF mutation can only be obtained from a metasta-
tic lesion, not a primary lesion. However, the correlation of
BRAF mutation between primary and metastatic lesions has
not yet been fully elucidated in CRC [26]. Our meta-analysis
was confined to primary lesions, regardless of metastasis. To
elucidate the usefulness of BRAF IHC for BRAF mutation
status, the concordance between BRAF mutation analysis
and IHC in various metastatic foci should be evaluated.
Last, our meta-analysis performed subgroup analysis for
BRAF IHC weakly positive cases, and the concordance rate
was lower than for overall positive cases. However, the num-
ber of included weakly positive cases was small (34), com-
pared to the number of overall cases (n = 1021). As recom-
mended in a previous study, an evaluation system, similar to
the evaluation systems for HER2 status in breast and gastric
cancer, would be useful for evaluation of BRAF mutation
status [9, 27].

In conclusion, BRAF IHC using clone VE1 was strongly
concordant with the BRAF mutation test in colorectal cancer.
BRAF IHC in daily practice may come to replace BRAF" **F
mutation analysis. However, further cumulative studies re-
garding a standardized method and evaluation system for
BRAF IHC are needed before application in daily practice.

Compliance with Ethical Standards
Funding None.

Contflict of Interest
interest.

The authors declare that they have no conflict of

References

1. PyoJS, Kang G, Kim DH, Chae SW, Park C, Kim K, et al. (2013)
Activation of nuclear factor-kB contributes to growth and aggres-
siveness of papillary thyroid carcinoma. Pathol Res Pract 209:228—
232

2. Cantwell-Dorris ER, O’Leary JJ, Sheils OM (2011) BRAFV600E:
implications for carcinogenesis and molecular therapy. Mol Cancer
Ther 10:385-394

3. Rubinstein JC, Sznol M, Pavlick AC, Ariyan S, Cheng E,
Bacchiocchi A, et al. (2010) Incidence of the V600 K mutation
among melanoma patients with BRAF mutations, and potential
therapeutic response to the specific BRAF inhibitor PLX4032. J
Transl Med 8:67

4. Adackapara CA, Sholl LM, Barletta JA, Hornick JL (2013)
Immunohistochemistry using the BRAF V600E mutation-specific
monoclonal antibody VEI is not a useful surrogate for genotyping
in colorectal adenocarcinoma. Histopathology 63:187-193

5. Affolter K, Samowitz W, Tripp S, Bronner MP (2013) BRAF
V600E mutation detection by immunohistochemistry in colorectal
carcinoma. Genes Chromosom Cancer 52:748-752

6. Day F, Muranyi A, Singh S, Shanmugam K, Williams D, Byrme D,
et al. (2015) A mutant BRAF V600E-specific immunohistochemi-
cal assay: correlation with molecular mutation status and clinical
outcome in colorectal cancer. Target Oncol 10:99-109

@ Springer

10.

11.

12.

13.

14.

15.

18.

19.

20.

21.

22.

23.

24.

Dvorak K, Aggeler B, Palting J, McKelvie P, Ruszkiewicz A,
Waring P (2014) Immunohistochemistry with the anti-BRAF
V600E (VE1) antibody: impact of pre-analytical conditions and
concordance with DNA sequencing in colorectal and papillary thy-
roid carcinoma. Pathology 46:509-517

Lasota J, Kowalik A, Wasag B, Wang ZF, Felisiak-Golabek A,
Coates T, et al. (2014) Detection of the BRAF V600E mutation in
colon carcinoma: critical evaluation of the imunohistochemical ap-
proach. Am J Surg Pathol 38:1235-1241

Nolan S, Arnason T, Drucker A, Huang WY (2014) The utility of
BRAFV600E mutation-specific antibody for colon cancers with
microsatellite instability. Appl Immunohistochem Mol Morphol
22:e8-el3

Roth RM, Hampel H, Arnold CA, Yearsley MM, Marsh WL,
Frankel WL (2015) A modified Lynch syndrome screening algo-
rithm in colon cancer: BRAF immunohistochemistry is efficacious
and cost beneficial. Am J Clin Pathol 143:336-343

Sinicrope FA, Smyrk TC, Tougeron D, Thibodeau SN, Singh S,
Muranyi A, et al. (2013) Mutation-specific antibody detects mutant
BRAFVG600E protein expression in human colon carcinomas.
Cancer 119:2765-2770

Long GV, Wilmott JS, Capper D, Preusser M, Zhang YE, Thompson
JF, et al. (2013) Immunohistochemistry is highly sensitive and spe-
cific for the detection of V60OE BRAF mutation in melanoma. Am J
Surg Pathol 37:61-65

Tiacci E, Trifonov V, Schiavoni G, Holmes A, Kern W, Martelli
MP, et al. (2011) BRAF mutations in hairy-cell leukemia. N Engl J
Med 364:2305-2315

Pakneshan S, Salajegheh A, Smith RA, Lam AK (2013)
Clinicopathological relevance of BRAF mutations in human
cancer. Pathology 45:346-356

Grisham RN, lyer G, Garg K, DeLair D, Hyman DM, Zhou Q, et al.
(2013) BRAF mutation is associated with early stage disease and
improved outcome in patients with low-grade serous ovarian can-
cer. Cancer 119:548-554

Vaughn CP, Zobell SD, Furtado LV, Baker CL, Samowitz WS
(2011) Frequency of KRAS, BRAF, and NRAS mutations in colo-
rectal cancer. Genes Chromosom Cancer 50:307-312

Toon CW, Walsh MD, Chou A, Capper D, Clarkson A, Sioson L,
et al. (2013) BRAFV600E immunohistochemistry facilitates uni-
versal screening of colorectal cancers for lynch syndrome. Am J
Surg Pathol 37:1592-1602

Barras D (2015) BRAF mutation in colorectal cancer: an update.
Biomark Cancer 7(Suppl 1):9-12

Parsons MT, Buchanan DD, Thompson B, Young JP, Spurdle AB
(2012) Correlation of tumour BRAF mutations and MLH1 methyl-
ation with germline mismatch repair (MMR) gene mutation status:
a literature review assessing utility of tumour features for MMR
variant classification. J Med Genet 49:151-157

Pyo JS, Sohn JH, Kang G (2015) BRAF immunohistochemistry
using clone VEI is strongly concordant with BRAF (V600E) mu-
tation test in papillary thyroid carcinoma. Endocr Pathol 26:211—
217

Zamora J, Abraira V, Muriel A, Khan K, Coomarasamy A (2006)
Meta-DiSc: a software for meta-analysis of test accuracy data.
BMC Med Res Methodol 6:31

Moses LE, Shapiro D, Littenberg B (1993) Combining independent
studies of a diagnostic test into a summary ROC curve: data-
analytic approaches and some additional considerations. Stat Med
12:1293-1316

Bahreini F, Soltanian AR, Mehdipour P (2015) A meta-analysis on
concordance between immunohistochemistry (IHC) and fluores-
cence in situ hybridization (FISH) to detect HER2 gene overexpres-
sion in breast cancer. Breast Cancer 22:615-625

Pyo JS, Sohn JH, Kim WH (2016) Concordance rate between
HER2 immunohistochemistry and in situ hybridization in gastric



Diagnostic Accuracy of BRAF IHC in Colorectal Cancer

837

25.

carcinoma: systematic review and meta-analysis. Int ] Biol Markers
31:el-10

Vakiani E, Yaeger R, Brooke S, Zhou Y, Klimstra DS, Shia J (2015)
Immunohistochemical detection of the BRAF V600E mutant pro-
tein in colorectal neoplasms. Appl Immunohistochem Mol Morphol
23:438-443

26.

27.

Capper D, Voigt A, Bozukova G, Ahadova A, Kickingereder P, von
Deimling A, et al. (2013) BRAF V600E-specific immunohisto-
chemistry for the exclusion of lynch syndrome in MSI-H colorectal
cancer. Int J Cancer 133:1624-1630

Kim YH, Choi SE, Yoon SO, Hong SW (2014) A testing algorithm
for detection of the B-type Raf kinase V60OE mutation in papillary
thyroid carcinoma. Hum Pathol 45:1483—-1488

@ Springer



	Diagnostic Accuracy of BRAF Immunohistochemistry �in Colorectal Cancer: a Meta-Analysis and Diagnostic Test �Accuracy Review
	Abstract
	Introduction
	Materials and Methods
	Published Studies Search and Selection Criteria
	Data Extraction
	Statistical Analysis

	Results
	Selection and Characteristics of Studies
	Concordant Analysis between BRAF IHC and the Mutation Test
	Diagnostic Test Accuracy Review of BRAF IHC

	Discussion
	References


