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Abstract Molecular evaluation of KRAS, BRAF, and
PIK3CA mutation has become an important part in colorectal
carcinoma evaluation, and their alterations may determine the
therapeutic response to anti-EGFR therapy. The current study
demonstrates the evaluation of KRAS, BRAF, and PIK3CA
mutation using direct sequencing in 204 samples. The fre-
quency of KRAS, BRAF, and PIK3CA mutations was 23.5,
9.8, and 5.9 %, respectively. Five different substitution
mutations at KRAS codon 12 (G12S, G12D, G12A, G12V, and
G12C) and one substitution type at codon 13 (G13D) were
observed. KRAS mutations were significantly higher in
patients who were >50 years, and were associated with mod-
erate/poorly differentiated tumors and adenocarcinomas. All
mutations in BRAF gene were of V60OE type, which were
frequent in patients who were <50 years. Unlike KRAS
mutations, BRAF mutations were more frequent in well-dif-
ferentiated tumors and right-sided tumors. PIK3CA-E545K
was the most recurrent mutation while other mutations detec-
ted were T5441, Q546R, H1047R, G1049S, and D1056N. No
significant association of PIK3CA mutation with age, tumor
differentiation, location, and other parameters was noted. No
concomitant mutation of KRAS and BRAF mutations was
observed, while, interestingly, five cases showed concurrent
mutation of KRAS and PIK3CA mutations. In conclusion, to
our knowledge, this is the first study to evaluate the PIK3CA
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mutation in Indian CRC patients. The frequency of KRAS,
BRAF, and PIK3CA was similar to worldwide reports. Fur-
thermore, identification of molecular markers has unique
strengths, and can provide insights into the pathogenic process
and help optimize personalized prevention and therapy.
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Introduction

Colorectal cancer (CRC) is the most common gastrointestinal
malignancy occurring fourth in males and third in females
across the globe associated with high mortality and morbidity
[1]. The incidence of CRC is relatively high in the western
countries. Furthermore, within Asia, the incidence of CRC
was reported to vary from lower in South Asian developing
countries and higher in developed Asian countries [2]. In
India, CRC stands fourth in males and fifth in females of the
number of patients living and diagnosed within the past
5 years [3]. While surgery is still the only curative method for
patients with localized tumors [4], with advanced disease
progression, several combinations of chemotherapeutic drugs
are used to extend the rate of overall and disease-free survival.

Activation of multiple signaling pathways specifically
RAS-RAF-MAPK and PI3K-PTEN-AKT pathway plays
an important role in regulating cell proliferation, angio-
genesis, cell motility, and apoptosis [5, 6]. Accumulation
of several mutations in the tumor suppressor genes and
proto-oncogenes in these signaling pathways plays key
roles in promoting CRC. Among these, mutations of
KRAS, NRAS, and BRAF genes have already been widely
studied in the past few years in CRC [7]. Oncogenic
mutations of KRAS, NRAS, and BRAF produce a
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constitutively active ras protein, leading in turn to EGFR-
independent activation of the MAPK pathway [8, 9].

Various studies have reported that about 30-45 % of
CRC tumors show the presence of KRAS mutation, indi-
cating that approximately 55 % of CRC patients might
respond to anti-EGFR therapy [10, 11]. On the other hand,
nearly 40-60 % of KRAS-negative tumors shows the fail-
ure of the therapy [12], indicating that additional genetic
alterations might be contributing to this non-responsive-
ness. Recent studies have suggested that the presence of
BRAF mutations in about 5-20 % of CRC tumors can also
affect the response to these agents, especially in patients
whose tumors lack KRAS mutations [13, 14].

Initiation of the PI3K/AKT/mTOR pathway is fre-
quently mediated by genetic alterations in the p110a sub-
unit of PIK3CA, with most mutations (>80 %) occurring
either in exon 9, which codes for the helical domain, or
exon 20, which codes for the kinase domain [5]. Further-
more, the literature survey suggests that mutations of the
PIK3CA are the most recurrent genetic alterations after
KRAS/BRAF mutation, and has been reported in the range
of 5-15 %, which may contribute to the non-responsive-
ness to anti-EGFR therapy [15, 16]. It is interesting to note
that PIK3CA mutations may coexist with either KRAS or
BRAF alterations within the same tumor [17], but KRAS
and BRAF mutations appear to be mutually exclusive [18].

In the past decade, many groups have reported the frequency
of these mutations and their association to the non-respon-
siveness to anti-EGFR therapy through extensive cell line
studies, and various clinical trials across the globe [13, 14, 19].
In spite of so much of research, only limited studies have been
reported about KRAS and BRAF mutations in Indian CRC
patients [20-23], whereas no precise published data exist about
the presence of PIK3CA mutations, despite the fact that colon
cancer is one of the most common cancer associated with high
morbidity and mortality in India. There is a need to investigate
the presence of these markers in larger cohort, which will
enhance our knowledge in further understanding the genetic
heterogeneity of Indian CRC patients. Therefore, in the current
study, we aimed to assess the frequency and distribution pattern
of KRAS, BRAF, and PIK3CA mutations, and correlate these
mutations with clinicopathological features. To the best of our
knowledge, this is the first large study to evaluate the presence
of PIK3CA mutation and its correlation with other candidate
gene mutations in Indian CRC patients.

Materials and methods
Samples

The current study was performed at the Research and
Development Division of SRL Ltd., Mumbai, India. A total
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Table 1 Clinicopathological data of 204 colorectal carcinoma
patients

Clinicopathological Total samples n (%)
features n =204
Gender Male 120 (58.8)
Female 84 (41.2)
Age <50 67 (32.8)
>50 134 (65.7)
Missing 3(1.5)
Tumor differentiation Well 52 (25.5)
Moderate/poor 152 (74.5)
Tumor type Adenocarcinoma 152 (74.5)
Mucinous/signet ring cell 52 (25.5)
Tumor site Right 80 (39.2)
Left 68 (33.3)
Rectum 48 (23.5)
Missing 8 (3.9)
pT* T1 4 (1.9)
T2 25 (12.3)
T3 138 (67.7)
T4 37 (18.1)
pN* NO 74 (36.3)
N1 70 (34.3)
N2 48 (23.5)
N3 5(2.5)
NX 7 (3.4)

? Sixth edition of the AJCC/UICC TNM staging system was applied
[83]

of 204 formalin-fixed paraffin-embedded (FFPE) CRC tis-
sue samples were evaluated in the current study. These
samples were resected at various cancer hospitals and sent
to our center during October 2011 to May 2013. Tumor
sections from FFPE tissue samples were hematoxylin—eosin
(H&E)-stained and reviewed by two experienced histopa-
thologist for histopathological examination and ensuring
the presence of at least 50 % tumor cells at our center. From
each of the 204 FFPE tumor blocks, 45 sections of 5 pm
thickness (depending on the biopsy size) were obtained and
processed for genomic DNA extraction using QIAamp®
DNA Mini Kit (QIAGEN, Germany) as per the manufac-
turer’s instructions with slight modification. Treatment and
outcome were not evaluated, and the study was approved by
the institutional ethical committee. The tumors were clas-
sified following the Sixth edition of the AJCC/UICC TNM
staging systems, and the details of the clinical characteris-
tics of all patients are depicted in Table 1.

Mutation analysis for KRAS codons 12 and 13

Genomic DNA was amplified for the identification of
KRAS mutations by nested PCR as reported earlier with
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slight modification [24]. The primer sequences for first-
round PCR were as follows: KRAS Outer Forward 5'-
AGGCCTGCTGAAAATGACTGAATA-3’; KRAS Outer
Reverse 5'-CTGTATCAAAGAATGGTCCTGCAC-3/, and
for nested: KRAS Inner Forward 5'-AAAATGACTGAA
TATAAACTTGTGG-3’; KRAS Inner Reverse 5'-
CTCTATTGTTGGATCATATTCGTC-3'. The total vol-
ume of the reaction mixture for both first and nested PCR
was 25 pL containing 50 ng of starting genomic DNA,
1.5 mmol/L. MgCl,, 0.2 mM dNTPs, 10 pmol of forward
and reverse primers, and 1.5 units of Taq polymerase
(Sigma). The cycling conditions consisted of an initial
denaturation at 95 °C for 5 min, followed by 35 cycles of
denaturation at 94 °C for 30 s, annealing at 60 °C for 30 s,
extension at 72 °C for 1 min, and a final extension at 72 °C
for 10 min. In the nested PCR, 1 pL of the first-round PCR
product was added and the same cycling conditions were
applied, followed by the analysis of nested product on 2 %
agarose gel.

BRAF mutation analysis for V60OE mutation

Molecular evaluation of BRAF V60OE mutation analysis
was done by PCR and direct sequencing as per previous
report [25]. The primer sequences were as follows: BRAF
Forward 5-GTGATTTTGGTCTAGCTACAGT-3’ and
BRAF Reverse 5-GGCCAAAATTTAATCAGTGG-3'.
PCR was performed in 25 pL reaction volume containing
50 ng of genomic DNA, 1.5 mmol/L MgCl,, 0.2 Mm
dNTPs, 10 pmol of forward and reverse primers, and 1.5
units of Taq polymerase (Sigma). The PCR conditions
were initial heating step at 95 °C for 5 min, followed by 40
cycles of 94 °C for 30 s, annealing at 58 °C for 30 s,
extension at 72 °C for 1 min, and a final extension at 72 °C
for 10 min. PCR products were verified on 2 % agarose gel
for amplification.

PIK3CA mutation analysis for exons 9 and 20

Mutation analysis of PIK3CA exon 9 and exon 20 was per-
formed using hemi-nested and nested PCR approach,
respectively, using primers as per previous report [26-28].
The primer sequences were as follows: PIK3CA Exon 9 Outer
Forward 5'-TTGCTTTTCTGTAAATCATCTGTG-3', Inner
Forward 5'- GGGAAAAATATGACAAAGAAAGC-3' and
Common Reverse 5'-GAATCTCCATTTTAGCACTTAC
CTGTGACT-3/, and for PIK3CA exon 20, the primers were
as follows: Outer Forward 5-TTTTCTCAATGATGC
TTGGC-3, Outer Reverse 5'-GGATTGTGCAATTCCT
ATGC-3' and Inner Forward 5-AATCTTTTGATGACA
TTGCATACATTCG-3', Inner Reverse 5-TCAGTTATC
TTTTCAGTTCAATGCATG-3'. The total volume for both
exon 9 and exon 20 PCR was 25 pL containing 50 ng of

starting genomic DNA, 1.5 mmol/L MgCI2, 0.2 Mm dNTPs,
10 pmol of forward and reverse primers, and 1.5 units of Taq
polymerase (Sigma). The PCR conditions were initial heating
step at 95 °C for 5 min, followed by 35 cycles at 94 °C for
30 s, annealing for exon 9 for both PCR rounds were 60 °C for
30 s and for exon 20, the first round was 55 °C, and the second
was 64 °C for 30 s, extension at 72 °C for 1 min, and a final
extension at 72 °C for 10 min. Nested PCR products were
verified on 2 % agarose gel for amplification.

Sequence analysis

The PCR products were sequenced bidirectionally by
automated ABI Prism 3100 Avant Genetic Analyzer
(Applied Biosystems, Foster City, Calif.) using ABI prism
BigDye Terminator version 3.1 Cycle Sequencing Kit. The
abnormal results were reconfirmed by at least two repeated
analysis right from PCR amplification.

Statistical analysis

The data were analyzed by chi-square or Fisher’s exact
tests to study the correlation between the clinicopatholog-
ical features and the occurrence of a particular mutation.
All the P values were two-tailed, and the statistical sig-
nificance was set at P < 0.05.

Result
Clinical characteristics of CRC patients

In the current study, we analyzed 204 tumor tissues from
Indian CRC patients. The frequency of CRC was found to
be elevated in males (58.8 %) as compared to females
(41.2 %) (Table 1). Also, the number of cases gradually
increased with the increase in the age of the patients with a
peak in the age group of 51-60 years of age (below
50 years: 32.8 %, 51-60 years: 29.4 %, above 60 years:
36.3 %). The median age of the patient cohort was
58 years, ranging from 6 to 85 years. Distribution across
various histological subtypes was as follows: adenocarci-
noma: 152 (74.5 %), mucinous adenocarcinoma: 34
(16.7 %), and signet ring cell adenocarcinoma: 18 (8.8 %).
The tumors were graded following the WHO criteria and
categorized according to the clinicopathological features
described as rectum, left-sided (including sigmoid colon
and splenic flexure), and right-sided (cecum, hepatic flex-
ure, transverse colon). Sixty-nine samples were located in
the left colon, eighty in the right colon, and forty-nine were
in the rectum. For eight samples, the tumor location within
the colon was unknown (Table 1).
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Table 3 Frequency and mutation type in colorectal carcinoma patients

Nucleotide change No. of patients (%) Amino acid change Mutation type

KRAS codon 12
GGT>AGT 2 1.0 GI12S Substitution/missense
GGT>GAT 12 5.9 GI12D Substitution/missense
GGT>GCT 4 1.9 GI2A Substitution/missense
GGT>GTT 10 4.9 GI12V Substitution/missense
GGT>TGT 2 1.0 Gl12C Substitution/missense
Wild type 174 85.3

KRAS codon 13
GGC>GAC 18 8.8 GI13D Substitution/missense
Wild type 186 91.2

BRAF codon 600
GTG>GAG 17 8.3 V600E Substitution/missense
GTG>GAA 3 1.5 V600E Substitution/missense
Wild type 184 90.2

PIK3CA exon 9
ACT>ATT 1 0.5 T5441 Substitution/missense
GAG>AAG 7 34 E545K Substitution/missense
CAG>CGG 1 0.5 Q546R Substitution/missense
Wild type 195 95.6

PIK3CA exon 20
CAT>CGT 1 0.5 H1047R Substitution/missense
GGT>AGT 1 0.5 G1049S Substitution/missense
GAT>AAT 1 0.5 DI1056N Substitution/missense
Wild type 201 98.5

KRAS mutation type and its correlation
with clinicopathological findings

Among the 204 samples analyzed by direct sequencing, 48
cases (23.5 %) harbored KRAS mutations while the remain-
ing 156 cases were normal for both the codons. Of these 48
cases, codon 12 mutations were more frequently observed in
30(62.5 %) cases, while codon 13 mutations were detected in
18 (37.5 %) cases (Table 2). We identified five different
amino acid substitutions at codon 12 (G12S, G12D, G12A,
G12V, and G12C) and one substitution type at codon 13
(G13D) (Table 3) (Fig. la—f). As shown in Table 3, G12D
was the most recurrent codon 12 mutation (5.9 %) followed
by G12V (4.9 %), G12A (1.9 %), and 1.0 % each for G125
and G12C. All patients with different mutations were het-
erozygous and retained a wild-type allele. None of the cases
harbored concomitant mutations at both the codons.
Correlation of the KRAS mutation with clinicopathologi-
cal data indicated that KRAS mutations were predominantly
observed in females than their male counterparts (29.8 vs.
19.2 %, P = 0.079) (Table 2). Interestingly, KRAS muta-
tions were significantly higher in patients who were older than
50 years in comparison with patients <50 years of age (32.1
vs. 6 %, P < 0.0001), indicating that KRAS mutations are

uncommon in younger patients. On correlation with histopa-
thological data, KRAS mutation was found to be significantly
associated with moderate/poorly differentiated tumors in
comparison with well-differentiated tumors (27.0 %, 41/152
vs. 13.5 %, 7/52; P = 0.047). Likewise, KRAS mutations
were more prevalent in adenocarcinomas when compared to
some of a special histological subtype such as mucinous/sig-
net ring cell type of histology (27.0 %, 41/152 vs. 13.5 %,
7/52; P = 0.047). No significant association with tumor site
was noted, though a higher tendency of KRAS mutation
toward the left side of the colon was observed. Similarly, no
significant correlation of KRAS mutations with the TNM
staging system was observed, though a trend toward more
frequent KRAS mutation in NO designated cases in compar-
ison with others (N1-NX) (29.7 %, 22/74 vs. 20.0 %, 26/130;
P = 0.053) was observed (Table 2).

BRAF mutation type and its correlation
with clinicopathological findings

In our sample cohort, a total of 20 (9.8 %) BRAF codon 600
mutations were detected out of 204 tumor tissues. Sequencing
analysis revealed that GTG>GAG (85 %, 17/20) was the most
frequent alteration observed affecting codon 600 of the BRAF
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Fig. 1 Partial electropherograms of KRAS and BRAF mutations: a—e KRAS codon 12 mutations (G12D, G12V, G12A, G12S, G12C; f KRAS

codon 13 mutation (G13D); g, h BRAF codon 600 mutation (V600E)

gene, followed by GTG>GAA (15 %, 3/20) (Table 3;
Fig. 1g, h). Both of these nucleotide changes resulted in the
V600E mutation, thereby suggesting that other codon 600
variants were not present in this cohort. None of the BRAF
mutation-positive cases showed concomitant KRAS muta-
tion, indicating that both of them were mutually exclusive. Itis
interesting to note that a trend toward increased frequency of
BRAF mutation was observed in patients who were <50 years
(14.9 %, 10/67) as compared to the older-aged patients
(7.5 %,10/134) (P = 0.096) (Table 2). This indicates that the
mutation of BRAF occurs at a lower rate in older patients.
Additionally, right-sided tumors possessed more BRAF
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mutations (12.5 %, 10/80) than the tumors on the left side
(5.9 %, 4/68) or rectum (10.4 %, 5/48) (P = 0.39). However,
these differences were not significant. Furthermore, no sig-
nificant association of BRAF mutation was present with any
clinicopathological features like gender, tumor differentia-
tion, tumor type, and TNM staging.

PIK3CA mutation type and its correlation
with clinicopathological findings

The presence of PIK3CA mutations was noted in 12 cases
(5.9 %), while the remaining 192 cases demonstrated normal
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G1049S, and D1056N); g, h Exon 20 silent mutation and polymorphism (H1047H and T1025T)

wild-type alleles. PIK3CA mutations were predominantly
found in exon 9 (9/12,) as compared to exon 20 (3/12)
(Table 3). All mutations in exon 9 were substitution mutation
with E5S45K (GAG>AAG) as the most recurrent type observed
in seven cases, followed by T5441 (ACT>ATT) (n = 1) and
Q546R (CAG>CGG) (n = 1) (Table 3; Fig. 2a—). Similarly,
all the three mutations of exon 20 were substitution type, one
case each of HI047R (CAT>CGT), G1049S (GGT>AGT),
and D1056N (GAT>AAT) (Table 3; Fig. 2d—f). In addition to
point mutations in exon 20, silent mutations (H1047H) and
polymorphisms (T1025T) were also found (Fig. 2g, h).

It is worth noting that PIK3CA mutation was present in
5 of 48 (10.4 %) patients with KRAS mutations, when
compared with only 7 of 156 (4.5 %) patients with KRAS
wild type (P = 0.12). Similarly, KRAS mutation was
detected in 5 of 12 (41.7 %) patients with PIK3CA muta-
tions in comparison with 43 of 192 (22.3 %) patient with
PIK3CA wild type. Interestingly, PIK3CA exon 9 muta-
tions were significantly associated with KRAS mutations
(10.4 %, 5/48 vs. 2.6 %, 4/156; P = 0.02), thereby sug-
gesting that PIK3CA and KRAS gene mutation represents
partially overlapping subgroups in colon cancer. In
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contrast, no concurrent mutation of BRAF mutation was
observed, thereby suggesting that PIK3CA and BRAF
mutations were mutually exclusive. No significant associ-
ation between PIK3CA mutations and patients’ character-
istics such as age, gender, tumor location, and tumor
differentiation was observed (Table 2).

Discussion

Colorectal cancer (CRC) is one of the most common cancer
responsible for cancer-related mortality and morbidity
worldwide [29]. The 5-year survival rate of patients with
CRC remains up to 90 % if diagnosed at an early stage
[30]. The survival rate declines as the disease spreads, i.e.,
35-60 %, when the lymph nodes are involved, and less
than 10 %, when metastatic [31]. Therefore, the survival
rate of CRC patients depends on the clinical and patho-
logical staging of the disease at diagnosis.

Recently, significant improvements have been made in
the treatment for metastatic CRC patients with the aid of
monoclonal antibody therapy that targets the EGFR.
Despite the advancements in therapeutics, a considerable
amount of patients do not benefit from the anti-EGFR
therapy because of the frequent activation of EGFR sig-
naling pathway by oncogenic mutations of KRAS, BRAF,
and PIK3CA that activates both the RAS/RAF/MAPK
signaling pathway and the PIK3/AKT/mTOR pathway
[8, 9].

In the present study, we have evaluated the frequency of
KRAS, BRAF, and PIK3CA somatic mutations in a cohort
of 204 Indian CRC patients. Additionally, we also assessed
the correlation of these gene mutations with clinicopatho-
logical features. The total frequency of the cases with at
least one mutation present was 36.8 % and the remaining
63.2 % were wild type for all the genes analyzed.

KRAS

It is evident from the previous studies that there lies a
strong correlation between the KRAS mutation and non-
responsiveness to anti-EGFR therapies [32-34]. The fre-
quency of KRAS mutations varies considerably across the
globe ranging between 13 and 53 % (Table 4) [35-68].
The frequency of KRAS mutation (23.3 %) in the current
study was in accordance with the previous published data
from Japan, France, Portugal, Korea, Italy, Malaysia,
Thailand, and Morocco (20-25 %), higher than those from
China, USA, Pakistan, and Portugal (12-19 %) as well as
lower than USA, United Kingdom, Germany, France,
Belgium, China, Greece, Taiwan, Japan, Egypt, and Aus-
tralia (31-53 %) (Table 4). In comparison with Indian
studies, the frequency of KRAS mutation tallies with
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previous report from our group [20] as well as study
from Patil and colleagues (2013) [21] (20-24 %),
although few studies have stated a higher occurrence of
26—66 % [22, 23], which may be attributed to the small
sample set, and or clinically selected cases. However, the
variations in the frequency of KRAS mutation across the
globe can be credited to the ethnicity, geographical
distribution as well as use of sensitive techniques in
some studies [37, 41, 46, 53].

Studies from western nations reported KRAS G12D as
the most recurrent transitions followed by G12 V, G12C,
G12S, and GI2A [69, 70]. However, in our study, the
corresponding order is G12D, G12 V, G12A, GI12S, and
G12C. Among KRAS codon 13 mutations, the majority of
them were G13D, followed by G13C and G13R in western
populations [69, 70]. However, in the current study, pre-
dominantly only G13D and rarely G13C mutations were
observed, while none of the cases showed G13R. These
data suggest that there may be some racial discrimination
in the patterns of KRAS mutations. Furthermore, in
agreement with the previous findings, none of the KRAS
mutation cases harbored concurrent BRAF mutations,
indicating that these mutations were mutually exclusive
which is in line with the previous findings [13, 18].

Our findings suggested that KRAS mutations occurred
more frequently in females when compared to their male
counterpart, which is in agreement with the previous report
[26] Similarly, patients above 50 years of age tend to show
significantly higher KRAS mutations 32.1 % (43/134) than
patients below 50 years of age, while tumors with KRAS
mutations were significantly associated with moderate/
poorly differentiated tumors as compared to well-differ-
entiated tumors (moderate/poor 27.0 % vs. well 13.5 %,
P = 0.04). Interestingly, tumors with a KRAS mutation
tend to occur more in adenocarcinoma as compared to the
special histological subtypes such as mucinous/signet ring
cell type, which further supports previous findings [71].
Other clinicopathological findings such as tumor location
and staging system did not show any association with the
KRAS mutation, which is in agreement with a recent report
of China [26].

BRAF

The BRAF V600E mutation is the most commonly
observed genetic alterations after KRAS mutation in
human cancers including CRC. Similar to KRAS, even
BRAF gene encodes proteins that act in the EGFR sig-
naling pathway. The distribution of BRAF mutations varies
largely from 2 % to 25 % across the globe (Table 4). In the
present study, we identified frequency of 9.8 % (V600E)
mutation, which remains consistent when compared to
European studies (7-9 %) [48, 56] and inconsistent with
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Table 4 Worldwide distribution pattern of KRAS, BRAF, and PIK3CA mutation

Sr. no  Geographical location Country Year Total patients KRAS % BRAF % PIK3CA % References
1 Western countries Portugal 2005 150 31 (20.7) 18 (12) 14 (9.3) [35]
2 France 2008 586 198 (33.8) 78 (13.3) 98 (16.7) [36]
3 Italy 2008 80 42 (52.5) 4/79 (5.06) 14/79 (17.7) [37]
4 USA 2008 62 24 (38.7) 4 (5.6) 2 (3.2) [33]
5 Italy 2008 116 50 (43) 11 9.5) 20 (17.2) [38]
6 Portugal 2008 17 6 (35.3) 5(29.4) 1(5.9) [39]
7 Italy 2009 32 7/29 (24.1) 3/31 (9.67) 4/31 (12.9) [40]
8 USA 2009 450 160/448 (35.7) 69/438 (15.8) 82 (18.2) [41]
9 United Kingdom 2009 168 62 (36.9) 13 (7.7) 26 (15.47) [42]
10 USA 2011 717 268/709 (37.7) 109/706 (15.4) 108/642 (16.8) [43]
11 Germany 2010 100 41 (41) 7(7) 21 (21) [44]
12 Belgium 2010 1,022 299/747 (40) 36/761 (4.7) 108/743 (14.5) [45]
13 France 2010 42 19 (45.2) 1(2.38) 6 (14.28) [34]
14 Germany 2010 294 119/245 (48.6) 13/245 (5.3) 32/245 (13.1)  [46]
15 Italy 2010 23 10 (43.5) 0 1(2.3) [47]
16 USA 2011 504 69/367 (18.8)  31/361 (8.6) 54 (11) [17]
17 Greece 2011 112 37 (33.0) 8 (7.1) 11 (9.8) [48]
18 USA 2011 29 10 (34.5) 3(10.3) 3 (10.3) [49]
19 USA 2012 964 336/959 (35.0) 131/959 (13.7) 161/964 (16.7) [50]
20 Sardina 2012 478 145/478 (30.3) 1/384 (0.26) 67/384 (17.44) [51]
21 Italy 2012 209 90 (43) 13/117 (11.1) 7 (3.3) [52]
22 Portugal 2013 201 26 (12.9) 11 (5.5) 22 (10.9) [53]
23 Germany 2013 171 70 (40.9) 19 (11.1) 20 (18.7) [54]
24 France 2013 98 23 (23.5) 2(2) 4 (4) [55]
25 United Kingdom 2013 1,976 836 (42.3) 178 (9.0) 251 (12.7) [56]
26 Russia 2013 195 70 (35.9) 8 (4.1) 24 (12.3) [57]
27 Australia 2013 757 215 (28.4) 120 (15.9) 105 (14) [58]
28 Asian Countries China 2010 181 58 (32.0) 29 (16.0) 7 (3) [59]
29 China 2010 61 12 (19.7) 3 (4.9 3 4.9 [60]
30 Korea 2011 92 19 (20.7) 3(3.3) 1(1.1) [61]
31 Japan 2011 134 41 (30.6) 1 (0.75) 18 (13.4) [62]
32 Taiwan 2012 182 61 (33.5) 2 (1.1) 13 (7.1) [63]
33 China 2012 331 137/311 (44.1) 9/156 (5.8) 4/156 (2.6) [64]
34 China 2012 69 25/57 (53.9) 15/59 (25.4) 5/56 (8.9) [26]
35 India 2012 100 23 (23) 17 (17) Not done [20]
36 Japan 2013 82 21 (25.6) 4 (4.9) 4 (4.9) [65]
37 Malaysia 2013 44 11 (25.0) 1(2.3) Not done [66]
38 Japan 2013 254 85 (33.5) 17 (6.7) Not done [67]
39 Japan 2013 43 12 (27.9) 2 (4.7) 2 (4.7) [68]
40 India 2013 1,323 271 (20.5) Not done Not done [21]
41 India 2013 62 41 (66.1) Not done Not done [22]
42 India 2013 30 8 (26.7) Not done Not done [23]
43 India 2014 204 48 (23.5) 20 (9.8) 12 (5.9) Current Study

some of the Asian studies [59-61]. However, the variations
in the mutation frequency point toward that geographical
distribution, genetic makeup, and diverse ethnicity play
and participate in deciding the gene mutation pattern.

Several studies have reported that V60OE mutation existed
only in KRAS wild-type tumors, which is similar to our
findings [13, 18]. In contrast, a recent Chinese study
reported concurrent mutation of BRAF and KRAS
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mutation in as high as 24 % of their study group [26]
Furthermore, V60OE was the only mutation type that was
observed in this large cohort of patients, which is in con-
trast to a recent small Chinese study wherein apart from
V600E, other mutation type such as V600Q, V600L, and
V600 V was reported [26]. The exact reason for this var-
iation is still not known; however, it can be attributed to
racial difference and environmental factors that may exist
between these populations. In agreement with the previous
findings, no significant association of BRAF mutation with
clinicopathological data was observed [26, 71]. Further-
more, a holistic consensus on the predictive role of BRAF
mutations in the anti-EGFR therapy of metastatic colon
carcinoma is yet to be establish, since some of the study
found that V60OE mutation was associated with worse
outcome in metastatic CRC patients [72], while others
demonstrated that V60OE was just a general poor prog-
nostic marker rather than a predictive markers for anti-
EGFR therapy, because its relationship with poor prognosis
is independent from the given treatment [73].

PIK3CA

Several studies have reported the somatic mutations of
phosphoinositide-3-kinase catalytic alpha; PIK3CA gene
plays an important role in carcinogenesis and disease
progression in many cancers including CRC [74]. Litera-
ture survey suggests a wide range of variation in PIK3CA
mutation rates, ranging from 7 to 30 % [75, 76] of CRC
cases presenting a mutated PIK3CA. In the present study,
the frequency of PIK3CA mutation was found to be 5.9 %,
which is consistent with Asian (4.7-4.9 %) [60, 68] and
European studies (4-5.9 %) [39, 55], while it was lesser
than some western studies (11-18 %) [17, 41, 43]. This
discrepancy may be attributed to several factors like dif-
ferent diagnostic techniques (HRM, SSCP, direct
sequencing, arms PCR, pyrosequencing, etc. [41, 44, 53],
in addition to the difference in lifestyle pattern, ethnicity,
genetic factors, geographical distribution.

Interestingly, we observed increased mutations in exon 9
(kinase domain) than exon 20 (helicase domain), which is
consistent with western studies [S1] but quite different
from the results of Chinese studies, wherein exon 20 was
more frequently mutated [26, 71]. It is important to note
that exon 9 and exon 20 mutations may differ to a great
extent in affecting the response to anti-EGFR therapy. In
fact, a recent meta-analysis reported that mutations of
PIK3CA exon 20 are associated with lower response rates
and overall survival, thereby suggesting it to be a potential
molecular marker for resistance to anti-EGFRs in KRAS
wild-type metastatic CRC; however, no such role for exon
9 mutation has been seen yet [76]. One of the largest
European study reported that among all PIK3CA

@ Springer

mutations, E542K, E545K, and Q546K mutations at exon 9
accounted for 15.6, 26.8, and 4.2 %, respectively, while the
H1047R and H1047L mutations at exon 20 accounted for
20.5 and 3.8 % of all the mutations [45]. However, in our
cohort, E5S45K was the most recurrent mutation followed
by T5441 and Q546R, none of the cases showed E542K and
Q546K in exon 9. Similarly, in exon 20, apart from
H1047R, we also detected G1049S and D1056N.

Several studies in the past have reported the coexistence
as well as a significant association of mutations of PIK3CA
and KRAS in CRC tumors [17, 35, 45]. Notably, we found
that PIK3CA mutation was present in 10.4 % patients with
KRAS mutations, when compared with only 4.5 % patients
with KRAS wild type. In fact, PIK3CA exon 9 mutations
were found to be significantly associated with KRAS
mutations, indicating that PIK3CA and KRAS gene
mutation represents partially overlapping subgroups in
colon carcinomas. In addition, we also found one case with
KRAS GI2A mutation and polymorphism (H1047H) of
PIK3CA exon 20 in colorectal carcinomas. Furthermore,
the PIK3CA mutation of exon 9 (codons 542, 545, 546) and
exon 20 (codon 1047) has been previously reported to be
oncogenic in nature by various cell line studies [6, 77-82].
No significant association between PIK3CA mutations and
clinical characteristics was observed in the present study,
which tallies with earlier studies [16, 26]; nevertheless, a
recent study from Rosty et al. [58] reported a significant
association with proximally located tumors and mucinous
type of differentiation.

In conclusion, to our knowledge, this is the first com-
prehensive study to evaluate PIK3CA mutation in Indian
CRC patients. The fact that these genetic markers play a
crucial role in predicting drug response, their inclusion in
the genetic evaluation of CRC patients may play a pivotal
role in tailoring the therapy, and will certainly provide the
necessary advance for true personalized medicine.
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