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Abstract

Background: In Egypt, thereisarapid increasein Color-
ectal Cancer (CRC) incidence with more aggressive course
and younger age at presentation compared to western patients.

Aimof Sudy: This study aimed to examine BRAF V600E
mutation in Egyptian CRC patients.

Material and Methods: This study is done by collaboration
between Pathology and Clinical Oncology & Nuclear Medicine
Departments, Faculty of Medicine, Menoufia University
between January 2015 and August 2019 in which 81 CRC
patients were studied. Expression of BRAF V600E protein
was evaluated by immunohistochemistry. The results of the
studied marker were correlated with different clinicopatho-
logical parameters and survival data.

Results: The frequency of BRAF VV600E mutation was
51.9%. There was no statistical difference between different
studied clinicopathological parameters including sidedness
and BRAF V600E mutation. Regarding survival during this
follow-up duration, no significant statistical differences were
detected.

Conclusion: In Egyptian CRC patients, BRAF V600E
protein expression had no correlation with CRC prognosis.

However, validation of our resultsin alarger sample size
is necessary.
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Introduction

IN Egypt, gastrointestinal tract tumors constitutes
18.54% of all malignancies received in Pathol ogy
Department at National Cancer Institute (NCI)
during the years 2000 and 2011. They are the
second common malignancy in Egypt after breast
cancer. Colorectal Cancer (CRC) represent 35%
of all gastrointestinal tract tumors [1].
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Colorectal cancer isthe third most common
cancer worldwide and itsincidenceis still increas-
ing annualy [2].

Colorectal cancer is a heterogeneous disease
which has variable clinical, pathological, and mo-
lecular features [3]. However, the diversity of the
disease has made it difficult to accurately classify
and treat CRC patients [4].

Defining colorectal cancer molecular subtypes
based upon pathway-driven alterations has a po-
tential in segrgation of patients into groups having
different prognosis and guide targeted therapy [5].

Despite the progress that has been made towards
the identification of the molecular mechanisms
involved in CRC, currently there are many unclear
points [6] . Two pathways of colorectal tumorigen-
esisinclude Microsatellite Instability (MSI) and
chromosomal instability have been described [5].

Chromosomal instability reflects a separate
mechanism of colorectal cancer carcinogenesis.
Tumors with chromosomal instability have chro-
mosomal gains and losses, with or without struc-
tural rearrangements, possibly reflecting an in-
creased mutation rate and occurs in around 60%
of CRC cases [6].

V-rafmurine sarcomaviral oncogene homolog
B (BRAF) encodes a serine/threonine protein ki-
nase, a downstream effector of the KRAS protein.
Activating BRAF mutations occur in approximately
4%-20% CRCs [7]. Most frequent activating muta-
tions of BRAF found in colorectal cancer amost
invariably result in valine substituting glutamate
at residue 600 (BRAF V600E),accounts for approx-
imately 90% of BRAF mutations [8] and occur at
afrequency of 10-15% [9].
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The relationship between BRAF V600E muta-
tion and the clinicopathological characteristics of
CRC remains limited [10]. Although some previous
studies have shown that BRAF V600E mutations
confer poorer prognosisin CRC [11], others have
not [12].

The status of BRAF V600E is evaluated using
molecular technologies after genomic tumoral
DNA extraction [13] . Immunohistochemical detec-
tion of BRAF V600E mutations would appear to
be an attractive aternative for molecular technol-
ogies due to the high cost of equipment and reagents
for molecular pathology.

Theaim of this study was to examine correlation
between BRAF V600E mutation and different
studied clinicopathological parameters and survival
datain Egyptian CRC patients.

Material and M ethods

A retrospective study comprised formalin-fixed,
paraffin-embedded blocks of tissues from patients
with colorectal cancer retrieved from the archives
of Pathology Department, Menoufia Faculty of
Medicine, Menoufia University. A total of 81 spec-
imens of colorectal cancer were selected according
to the availability of paraffin blocks, clinical and
follow-up data. The cases received treatment in
Menoufia Cancer Institute during the period be-
tween January 2015 and August 2019. Staging was
carried out according to TNM staging system of
the American Joint Committee on Cancer (AJCC)
[14].

From each block, two sections of 4 micron
thickness were obtained. One section was stained
by Hematoxylin and Eosin (H & E) for reviewing
and to evaluate different studied histopathol ogical
parameters.

Other section was mounted on positively
charged slide, immunohistochemically stained with
antibody against BRAF V600E.

Immunohistochemistry:

Immunohistochemical staining of sections
mounted on positive charged glass slides were
performed as described elsewhere [15]. The method
used for immunostaining was Streptavidin-Biotin
staining method. Sections were incubated overnight
at 4°C with mouse monoclonal anti BRAF V600E
antibody (abcam, USA) at 1:100 dilution. Diffuse
Uniform granular cytoplasmic expression in ma-
lignant melanoma was used as a positive control
for BRAF V600E. Rabbit IgG isotype (Sigma
Aldrich, USA) was used instead of primary anti-

body in the immunohistochemical technique on
tissue sections as negative control.

Inter pretation of BRAF V600E immunohisto-
chemical staining:

All available tissue sections were assessed for
expression of BRAF V600E protein. Cases were
considered having positive BRAF V600E protein
expression (mutant) if unequivocal diffuse uniform
granular cytoplasmic staining of moderate or strong
intensity in 280% of malignant cells.

Cases were diagnosed as negative for BRAF
V600E immnuostaining (wild) if no or week cyto-
plasmic non granular, non uniform brown staining
was observed in malignant cells [16].

Satistical methods:

The 2 test was used to assess the relationships
between BRAF V600E expression and different
clinicopathological parameters. The overall survival
were calculated from the date of diagnosis of the
primary tumor till the date of last follow-up, death
or drop out. The student (t) test was used to assess
survival then data were confirmed by Kaplan Meier
survival curvesto differentiate survival between
compared groups using the log rank test. All p-
values were two-sided, and p<0.05 was considered
to be significant [17] . Statistical analyses were
performed using SPSS 21.00 software.

Results

The studied casesincluded 81 colorectal cancer
patients. Two cases (2.5%) were incisional biopsies
while 79 (97.5%) were totally resected (colectomy
specimens). The age of cases ranged between 30
and 85 years with amedian of 58 years and a mean
1 SD of 56.58%12.27. Forty eight out of 81 cases
(59.3%) were <58 years. Thirty three cases (40.7%)
were males and the other 48 cases (59.3%) were
females. Mgjority of cases (55.6%) had tumor
located in distal colon in comparison to 37% which
had tumor located in proximal colon and 7.4%
located in rectum. Thirteen out of 81 cases were
arising on top of adenoma while the remaining 68
cases weren't. Gross morphology of 61.7% were
of fungating type, while 12.3% of cases were of
ulcerative type and 25.9% were of infiltrative type.
Sixteen out of 81 cases were of mucinous adeno-
carcinoma variant while the remaining 65 cases
were adenocarcinoma, NOS. Five cases (6.2%)
were well differnitiated (G1), 54 (66.7%) were
moderately differnitiated (G2) and 22 cases (27.2%)
were poorly differnitated (G3).

According to the depth of invasion (data were
available for 79 colectomy specimens), 8/79
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(10.1%) of cases showed pT2 (tumor invade mus-
cularis propria), 48/79 cases (60.8%) were with
pT3 (tumor invade adventitia) and 23/79 cases
(29.1%) showed gross perforation or invasion up
to adjacent structure (pT4).

Thirty five out of 79 cases (44.31%) had lymph
node metastasis (data were available for 79 colec-
tomy specimens) and twenty two cases (39.3%)
were associated with distant metastasis (data were
available for 56 cases). Five cases out of 81 (6.2%)
were of stage group |, 33/81 (40.7%) were of stage
group 11 while stage group Il constituted 22/81
(27.2%) and stage group 1V constituted 21/81
(25.9%) (data were available for all cases asthe
two incisional biopsy cases were M1). Thirty eight
out of 81 cases (46.9%) were of Dueks B, 21/81
(25.9%) were of Dueks' C and 22/81 (27.2%) were
of dueks D (datawere available for all cases as
the two incisional biopsy cases were M1).

Necrosis was present in 25 out of 81 CRC cases
(30.9%). Ninteen out of 81 of the cases (23.5%)

(A)

(€) (D)
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showed Lymphovascular Invasion (LV1). Fifteen
out of 81 of the cases (18.5%) showed perineural
invasion.

Data about survival were available for 62 out
of the studied 81 cases. Mean * SD of overall
survival time was 15.89+ 10.98 months. Thirty five
out of the available 62 cases died.

BRAF V600E immunostaining results:

BRAF V600E mutation was detected in 42/81
(51.9%) of studied colorectal cancer cases while
the remaining cases 39/81 (48.1%) were wild Fig.

(2).

Correlation of wild and mutant BRAF VV600E
colorectal cancer cases with different clinicopatho-
logical parametrs were clarified in (Table 1) and
survival data (Table 2).

Unfortunately, no significant difference was
noted between wild and mutant BRAF V 600E
colorectal cancer cases with any of clinicopatho-
logical variables or survival data (p>.05).

(B)

(E)

Fig. (1): A- Colorecta carcinoma case with strong positive uniform granular cytoplasmic staining >80% of tumor cells for
BRAF V600E IHC considered as mutant. B- Another case with strong positive granular cytoplasmic staining considered
as mutant. C- Colorectal carcinoma case with moderate positive uniform granular cytoplasmic staining >80% of tumor
cellsfor BRAF V600E IHC considered as mutant. D- Another case with mild cytoplasmic staining for BRAF VV600E
IHC considered as wild E- Colorectal carcinoma case with mild heterogenous cytoplasmic staining for BRAF V600E

IHC considered as wild. (IHC X100 for all).
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Table (1): Differences between wild and mutant BRAF VV600E colorectal cancer cases regarding clinico-
pathological variables (n=81).

Colorectal cancer cases

; Wild BRAFVE00E  Mutant BRAF V600E Test of p-
Variable =39 =42 Totdl Sig. vaue
No. % No. %
Clinical data
Age: 2
<58 22 45.8 26 54.20 48 X =25 p=.62
>58 17 515 16 48.50 33
Sex: 2
Male 18 54.50 15 45.50 33 X =91 p=34
Female 21 43.80 27 56.20 48
Colonic side: 2
Proximal 14 46.70 16 53.30 30 X =.05 p=.98
Distal 22 48.90 23 51.10 45
Rectum 3 50.00 3 50.00 6
Arising within adenoma: 2
Yes 5 38.50 8 61.50 13 X =58 p=.45
No 34 50.00 34 50.00 68
Gross description: 2
Fungating mass 28 56 22 44 50 X =335 p=.19
Malignant ul cer 4 40 6 60 10
Infiltrating mass 7 333 14 66.7 21

Histopathol ogical
Histopathological type: Istopathological deta

Adenocarcinoma 31 47.70 34 52.30 65 X 2:.03 p=.87
Mucoid adenocarcinoma 8 50.00 8 50.00 16

Grade: 2
Gl& G2 27 45.80 32 54.20 59 X =49 p=.48
G3 12 54.50 10 45.50 22

Depth of invasion (n=79): 2
T2& T3 28 50.00 28 50.00 56 X =77 p=.38
T4 9 39.10 14 60.90 23

N stage (n= 79): 2
NO 17 38.60 27 61.40 44 X =268 p=1
N1 & N2 20 57.10 15 42.90 35

M stage (n=56): 2
MO 16 47.10 18 52.90 34 X =.29 p=.58
M1 12 54.5 10 45.50 22

Stage grouping: 2
&l 15 39.50 23 60.50 38 X =216 p=14
& 1v 24 55.80 19 44.20 43

Dukes stage: 2
B 15 39.5 23 60.5 38 X =219 p=34
C 12 57.1 9 42.9 21
D 12 54.5 10 455 22

Necrosis: >
Present 12 48 13 52 25 X =000 p=.99
Absent 27 48.20 29 51.80 56

LVI: 2
Present 10 52.60 9 47.40 19 X =.20 p=.66
Absent 29 46.80 33 53.20 62

Perineural invasion: 2
Present 10 66.7 5 333 15 X =253 p=11
Absent 29 43.90 37 56.10 66

Overall survival (n=62): Survival data
Mean * SD 15.21+9.29 16.44+12.3 62 t=.44 p=.67

* : Percentage were calculated from raw. LVI : Lymphovascular Invasion. XZ : Chi-sguare test.

SD : Standard Deviation. t : Student t-test
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Table (2): Univariate overall survival analysisfor studied
colorectal cancer cases regarding BRAF V600E
mutation (n=62).

: Overall survival Log p-
Varisble No mean (95% Cl) SE rank value
BRAF V600E
mutation:

Wild 28 19.24(14.35-24.14) 249 156 .21
Mutant 34 25.38(18.84-31.92) 3.34

SE: Standard Error.

Discussion

In Egypt, gastrointestinal tract tumors are the
second common malignancy in Egypt after breast
cancer [1] . Colorectal cancer isthe third most
common cancer diagnosed in both men and women
in the United States [2].

Mutation of BRAF is one of the important
molecular aternation in CRC patients [10] . The
mutation of BRAF V600E oncogene accounts for
up to 80% of all BRAF mutations [18].

Some studies have reported near to complete
concordance between immunohistochemically iden-
tified BRAF V600E mutant expression and detec-
tion of V600E mutation in colon carcinomas with
perfect sensitivity (100%) and specificity (100%0)
[19,20] . However, other studies concluded that im-
munohistochemistry with BRAF V600E antibody
is not a useful alternative for genotyping in color-
ectal carcinomas [21].

In this study, BRAF V600E mutation was de-
tected by immunohistochemistry techniquein
51.9% of studied colorectal cancer cases slightly
near to Kanik P et al., [22] who detected mutation
in 63% of patients. Comparatively, Lasotaet al.,
[23] detected |lower incidence of BRAF VV600E
mutation (24%) and Smeby et a., [24] who used
PCR technique found BRAF V600E mutation in
16% of patients.

This study performed on Egyptian patient didn't
detect any statistical difference between presence
or absence of BRAF V600E mutation and different
studied clinicopathological parameters similar to
Gir'ldez et al., [25] who detected BRAF V600E
mutation by PCR in early onest CRC. Gir'ldez et
a., [25] didn't detect any statistical difference except
that the the presence of the BRAF V600E mutation
was associated with proximal tumor location.

However, many studies demonstrated associa-
tion of BRAF V600E mutant CRC patients with
dismal clinicopathological parameters as right-
sided location, lymphovascular invasion, larger
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tumor size, and higher TNM stage at diagnosis
than did patients with BRAF wild type CRC [10,26-
28] . Some of these studies used IHC technique [26],
others used PCR [28] and others were meta-analysis
as [10,27] .

Koperek et a., [33] also detected that no signif-
icant correlation of BRAF V600E expression with
clinicopathologic parameters of aggressivenessin
papillary thyroid carcinoma such as lymph node
metastasis, peritumoral infiltration, or perithyroidal
infiltration. Additionally, BRAF V600E protein
expression was significantly more common in
tumorswith tall cell or oncocytic features but was
less common in tumors with follicular growth
pattern. Diffuse sclerosing, solid and follicular
variants did not show the mutated BRAF V 600E
protein.

Several explanation to our results may include
different BRAF V600E mutation assays which
affect the accuracy and precision of the pooled
estimates [29] . The discordances between IHC and
sequencing results for BRAF V600E in colorecta
carcinoma may be due to that protein product
expression is also influenced by other factors, as
regulatory noncoding RNASs and posttranslational
modifications, thereby providing a biologic, rather
than a purely methodol ogic, explanation of some
of those discordances [30].

Additionally, the mgjority of the BRAF mutant
cancers (70%) grouped into consensus molecular
subtype 1 (CMS 1) which was enriched with cancers
positive for MSI, methylation, activated immune
pathways, and a high propensity for females pre-
dicting better prognosis. The next highest propor-
tion of BRAF mutant cancers (17%) were grouped
with CM$4 which consists of Microsatellite Stable
(MSS) cancers with upregulation of genesinvolved
in Epithelial-to-Mesenchymal Transition (EMT)
and worse prognosis [31].

Also, Barras et al., [32] divided BRAF mutant
cancers into two distinct molecular entities (BM1
and BM2) and suggested that BRAF VV600E mutant
patients should not be considered as having a
unique biology. This heterogeneity of BRAF V600E
mutant cases might explain our results.

This study also didn't detect any statistical
survival difference regarding presence or absence
of BRAF V600E mutation similar to other studies
[22,30,34] .

Contradictory, other studies demonstrated strong
correlation of BRAF V600E mutated CRC cases
with shorter overall survival [16,33].
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Dicrepancy between this study and other studies
seems to be because of association between BRAF
V600E mutation (a poor prognostic factor) with
mismatch repair deficiency (a good prognostic
factor) through the somatic hypermethylation path-
way [35].

However, further studies with larger sample
size and longer follow-up duration are needed to
better understand the prognostic role of BRAF
V600E protein expression in CRC, which would
aid in determination of new therapeutic modalities
and prognosis of patients.
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