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The EGFR R521K polymorphism has been shown to reduce the activity of EGFR; however, the association between EGFR R521K
polymorphism and the risk of cancer remains inconclusive; therefore we performed a meta-analysis to evaluate the relationship
between EGFR R521K polymorphism and susceptibility to cancer. Our results suggest that the EGFR R521K polymorphism is not
associated with risk of cancer, but the different chemosensitivity to anticancer drugs may need further investigation.

1. Introduction

Cancer is one of the leading causes of death in humansworld-
wide. It is not a single, well-defined, but a generalized term
of heterogeneous diseases including more than a hundred
types. Although each type presents an independent feature,
the essential pathological characteristics are referred to as
aberrant cell proliferation, invasion, and migration.

Many studies have investigated the role of human epi-
dermal growth factor receptor (EGFR, also known as HER1
or ErbB1) in cancer. Abnormal expression or activity of
EGFR observed in many types of cancer, like breast can-
cer, colorectal cancer, non-small-cell lung cancer, head and
neck squamous cell carcinoma, has been considered as an
important marker in tumorigenesis, which resulted in more
aggressive tumor phenotype, higher recurrence rate, and
poorer prognosis [1–4].

EGFR plays a crucial role in cancer because it is a receptor
for a wide variety of ligands including amphiregulin, beta-
cellulin, EGF, epigen, epiregulin, heparin binding EGF-like
growth factor (HB-EGF), and type 𝛼 transforming growth
factor (TGF-𝛼). The binding of ligand triggers the activation
of MAPK, PI3K/Akt/mTOR, and JAK/STAT downstream
signalling pathway, which are responsible for regulation of
numerous tumorigenic functions such as cancer cell prolif-
eration, antiapoptosis, and metastasis [5–8].

TheEGFRR521K polymorphism, also termed rs11543848,
rs2227983, R497K, or 142285G>A, has a guanine [G] to
adenine [A] mutation leading to an arginine [R] to lysine
[K] substitution at codon 521 located in the CR2 domain
and resulted in an attenuated activity of the receptor [9,
10]. Several reports have explored the involvement of R521K
polymorphism in risk of cancer, but these reports presented
inconclusive and controversial results. Therefore, we con-
ducted a meta-analysis on the published studies to evaluate
the effect of EGFR R521K polymorphism with the risk of
cancer.

2. Material and Methods

2.1. Publication Retrieval. A comprehensive search in
PubMed, Web of Science, OVID, and Cochrane Library
regarding R521K polymorphism was performed. The
following search words were used: “EGFR,” “ErbB1,”
“HER1,” “polymorphism,” “R497K,” “R521K,” “rs11543848,”
“rs2227983,” “142285G>A,” and “cancer.” We also traced
the references of the articles and reviews to include the
potentially eligible original reports.

2.2. Inclusion and Exclusion Criteria. All articles were
included in the meta-analysis if they were (1) case-control
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studies, (2) studies on the relationship of R521K polymor-
phism and cancer risk, (3) sufficient data for the frequencies
of alleles and genotypes in cases and controls.

Articles were excluded if they were (1) not related to
cancer, (2) of insufficient information, (3) animal, bacteria,
or cell line studies, (4) studies on the basis of family or
twins rather than random general ones, and (5) repeatedly
published data.

2.3. Data Extraction. Two investigators extracted the infor-
mation independently including first author, journal, year
of publication, country of origin, cancer type, genotyping
method, sample size, source of control groups, frequency of
genotypes and alleles in cases and controls, and the Hardy-
Weinberg equilibrium (HWE) of genotype distribution in
controls. Any disagreements between the two investigators
were resolved by consensus.

2.4. Statistical Analysis. HWE that has not been reported
in the literatures was assessed with the De Finetti program
(http://ihg.gsf.de/cgi-bin/hw/hwa1.pl).The odds ratios (ORs)
and the corresponding 95% confidence intervals (CIs) were
used to assess the association between the R521K polymor-
phism and cancer risk. The pooled ORs were performed in
allelic genetic model (A versus G), codominant model (AA
versus GG and GA versus GG), recessive genetic model (AA
versus GA + GG), and dominant genetic model (AA + GA
versus GG). Subgroup analyses were also conducted based on
ethnicity and cancer type. Heterogeneity between studies was
checked by Chi-square based Q statistics, and the 𝐼2 index
which expresses the percentage of the total variation across
studies was also tested. If the𝑃 valuewas<0.05 or the 𝐼2 index
was ≥50%, the random-effect model was adopted; otherwise
the fixed-effect model was adopted [24]. Publication bias was
evaluated using Begg’s funnel plots and Egger’s test [25, 26].
Statistical analyses were performed with Review Manager
(version 5.2; Cochrane Collaboration, Oxford, UK) and Stata
software (version 12; Stata Corporation, College Station, TX,
USA).

3. Results

3.1. Characteristics of Included Studies. After a thorough scan
of the databases, 68 eligible studies related to EGFR R521K
polymorphism were identified. 30 of them were initially
excluded by title or abstract; 25 of them were excluded due
to case studies. As a consequence, 13 studies containing 7328
cases and 8455 controls were included in this meta-analysis
(Figure 1). Among the 13 studies, 4 studies were related to
breast cancer [12, 20, 22, 23], 3 studies were related to col-
orectal cancer [11, 18, 21], 2 studies each were related to gastric
carcinoma and hepatocellular cancer [13, 14, 16, 17], and
each related to lung cancer and thyroid cancer [15, 19]. The
ethnicities of subjects in 3 studies were Arabs and Caucasian,
respectively; 5 studies were Asian, 1 study was Mexican and
Indian, respectively. Nine studies recruited controls based
on population, 3 studies recruited controls with respect to
gender and age of cases, and 1 study took subjects as controls
in population based and matching-criteria based manner.

The distributions of the R521K polymorphism genotype in all
control groups of the studies were in accordance with HWE.
Detailed characteristics of the selected studies were shown in
Table 1.

3.2. Quantitative Synthesis. The summary of the results for
the association between EGFR R521K polymorphism and
cancer susceptibility was shown in Table 2. In the overall
analysis, no association between R521K polymorphism and
cancer risk was found in all genetic models (A versus G:
OR = 1.06, 95% CI: 0.95, 1.18, 𝑃

𝐻
< 0.0001, 𝐼2 = 69, and

𝑃 = 0.28; AA versus GG, OR = 0.85, 95% CI: 0.74, 0.99, 𝑃
𝐻

= 0.25, 𝐼2 = 19, and 𝑃 = 0.12; AA versus GA + GG: OR =
0.99, 95% CI: 0.91, 1.08, 𝑃

𝐻
= 0.84, 𝐼2 = 0, and 𝑃 = 0.80;

GA versus GG: OR = 1.04, 95% CI: 0.87, 1.25, 𝑃
𝐻
< 0.00001,

𝐼
2
= 74, and 𝑃 = 0.67; and AA + GA versus GG: OR = 1.02,

95% CI: 0.86, 1.21, 𝑃
𝐻
< 0.0001, 𝐼2 = 73, and 𝑃 = 0.84).

In subgroup analysis, only a significant association between
R521K polymorphism and reduced cancer risk was observed
in the allelic genetic model in gastric cancer, but not in other
genetic models (A versus G: OR = 1.43, 95% CI: 1.19, 1.72, 𝑃

𝐻

= 0.49, 𝐼2 = 0, and 𝑃 = 0.0001). No significant difference in
other types of cancer and ethnicities was found.

3.3. Sensitivity and Metaregression Analyses. There was only
low between-study heterogeneity in homozygote model (AA
versus GG) and recessive genetic model (AA versus GA
+ GG) both in overall and subgroup analyses, but high
heterogeneity was observed in allelic genetic model (A versus
G), heterozygote model (GA versus GG), and dominant
genetic model (AA + GA versus GG). Therefore the sensi-
tivity analysis andmetaregression analysis were performed to
clarify the source of heterogeneity. In the sensitivity analysis, a
single studywas omitted each time to investigate the influence
of the individual data on the pooled ORs. No significant
alteration occurred in this procedure. In the metaregression
analysis, neither cancer type nor ethnicity could explain the
significant between-study heterogeneity.

3.4. Publication Bias. The results of the Begg funnel plots
indicated no evidence of obvious asymmetry. The results of
Egger’s test also suggested little evidence of publication bias
in the overall analysis (A versus G: 𝑃 = 0.285; AA versus GG:
𝑃 = 0.691; AA + GA versus GG: 𝑃 = 0.713; AA versus GA +
GG: 𝑃 = 0.419; and GA versus GG: 𝑃 = 0.319).

4. Discussion

It is well documented that the genetic polymorphism may
contribute to susceptibility to cancer. In the current study,
we reviewed all literatures regarding EGFR R521K polymor-
phism in cancer and conducted ameta-analysis to identify the
association between the R521K polymorphism and the risk
of cancer. The results revealed that no significant association
was observed between R521K polymorphism and risk of
cancer, except a statistical difference between A and G allele
frequency in gastric cancer. The difference may be of low
statistical power in view of the circumstance that there were
only two articles related to gastric cancer.
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bä
ı[
19
]

20
09

Tu
ni
sia

A
ra
b

Th
yr
oi
d
ca
nc
er

PC
R-
RF

LP
10
6

59
41

6
15
9

53
30
2

17
4

98
30

44
6

15
8

0.
06

Ab
dr
ab
oh

[2
0]

20
13

Eg
yp
t

Ca
uc
as
ia
n

Br
ea
st
ca
nc
er

PC
R-
RF

LP
64

11
50

3
72

56
86

48
36

2
13
2

40
0.
14

M
us
ta
fa
[2
1]

20
13

Sy
ria

A
ra
b

C
ol
or
ec
ta
lc
an
ce
r

PC
R-
RF

LP
47

19
27

1
65

29
48

20
21

7
61

35
0.
76

So
bt
i[
22
]

20
12

In
di
a

In
di
an

Br
ea
st
ca
nc
er

PC
R-
RF

LP
15
0

53
85

12
19
1

10
9

15
0

64
73

13
20
1

99
0.
27

H
on

g
[2
3]

20
09

Ch
in
a

As
ia
n

Br
ea
st
ca
nc
er

Ta
qM

an
29
87

74
7

14
60

78
0

29
54

30
20

29
16

63
0

15
16

77
0

27
76

30
56

0.
19



4 International Journal of Genomics

Ta
bl
e
2:
M
et
a-
an
al
ys
is
of

th
eR

52
1K

po
ly
m
or
ph

ism
w
ith

ris
k
of

ca
nc
er
.

𝑁
A
A
ve
rs
us

G
G

G
A
ve
rs
us

G
G

A
A
ve
rs
us

G
A
+
G
G

A
A
+
G
A
ve
rs
us

G
G

A
ve
rs
us

G
O
R
(9
5%

CI
)
𝑃
𝐻
𝐼
2
(%

)
𝑃

O
R
(9
5%

CI
)
𝑃
𝐻
𝐼
2
(%

)
𝑃

O
R
(9
5%

CI
)
𝑃
𝐻
𝐼
2
(%

)
𝑃

O
R
(9
5%

CI
)
𝑃
𝐻
𝐼
2
(%

)
𝑃

O
R
(9
5%

CI
)
𝑃
𝐻
𝐼
2
(%

)
𝑃

O
ve
ra
ll

13
0.
85

[0
.74

,0
.9
9]

0.
25

19
0.
12

1.0
4
[0
.8
7,
1.2

5]
1
∗
1
0
−
5

74
0.
67

0.
99

[0
.9
1,
1.0

8]
0.
84

0
0.
92

1.0
2
[0
.8
6,
1.2

1]
0.
00

01
69

0.
60

1.0
6
[0
.9
5,
1.1
8]

0.
00

01
69

0.
28

Ca
nc
er

ty
pe

Br
ea
st
ca
nc
er

4
0.
94

[0
.6
5,
1.3

8]
0.
22

32
0.
77

1.4
1[
0.
77
,2
.6
0]
1
∗
1
0
−
5

89
0.
27

0.
99

[0
.8
8,
1.1
0]

0.
88

0
0.
80

1.4
0
[0
.7
8,
2.
50
]
1
∗
1
0
−
5

89
0.
26

1.1
8
[0
.8
4,
1.6

4]
0.
00

07
83

0.
33

C
ol
or
ec
ta
lc
an
ce
r

3
0.
81

[0
.4
2,
1.5

8]
0.
18

42
0.
98

0.
85

[0
.4
7,
1.5

5]
0.
03

70
0.
60

1.0
4
[0
.8
3,
1.3

1]
0.
97

0
0.
72

0.
85

[0
.52

,1
.3
8]

0.
08

61
0.
51

0.
92

[0
.7
2,
1.1
8]

0.
21

35
0.
78

G
as
tr
ic
ca
nc
er

2
0.
94

[0
.5
5,
1.5

9]
0.
26

21
0.
56

0.
91

[0
.6
1,
1.3

4]
0.
26

21
0.
48

0.
97

[0
.7
2,
1.3

0]
0.
43

0
0.
82

0.
90

[0
.52

,1
.5
6]

0.
11

60
0.
71

1.4
3
[1
.19

,1
.7
2]

0.
49

0
0.
00

1
H
ep
at
oc
el
lu
la
rc

ar
ci
no

m
a
2

1.0
1[
0.
66

,1
.5
7]

0.
12

58
0.
95

0.
95

[0
.5
7,
1.5

9]
0.
05

73
0.
85

1.0
5
[0
.8
5,
1.3

0]
0.
70

0
0.
65

0.
98

[0
.6
1,
1.5

7]
0.
06

73
0.
92

1.0
3
[0
.9
0,
1.1
8]

0.
18

45
0.
68

O
th
er

ca
nc
er
s

2
0.
93

[0
.6
1,
1.4

0]
0.
27

17
0.
75

1.1
2
[0
.8
9,
1.4

0]
0.
64

0
0.
33

0.
91

[0
.6
8,
1.2

1]
0.
23

30
0.
52

1.0
7
[0
.8
7,
1.3

2]
0.
96

0
0.
52

1.0
1[
0.
87
,1
.17

]
0.
67

0
0.
90

Et
hn

ic
ity

A
ra
b

3
0.
65

[0
.3
4,
1.2

6]
0.
29

19
0.
13

1.0
5
[0
.7
8,
1.4

2]
0.
45

0
0.
74

0.
58

[0
.3
4,
1.0

1]
0.
91

0
0.
06

0.
97

[0
.7
3,
1.2

8]
0.
76

0
0.
83

0.
90

[0
.7
2,
1.1
2]

0.
87

0
0.
35

A
sia

n
5

0.
91

[0
.7
9,
1.0

5]
0.
32

15
0.
20

0.
91

[0
.76

,1
.10

]
0.
06

57
0.
35

0.
99

[0
.9
0,
1.0

9]
0.
96

0
0.
85

0.
91

[0
.76

,1
.0
9]

0.
04

60
0.
30

1.0
6
[0
.9
1,
1.2

5]
0.
00

04
80

0.
44

Ca
uc
as
ia
n

3
1.1
8
[0
.5
7,
2.
45
]

0.
13

50
0.
66

1.3
4
[0
.4
3,
4.
19
]
1
∗
1
0
−
5

92
0.
62

1.0
5
[0
.8
4,
1.3

2]
0.
75

0
0.
65

1.4
0
[0
.4
8,
4.
09
]
1
∗
1
0
−
5

92
0.
54

1.2
1[
0.
68
,2
.15

]
0.
00

05
87

0.
51

O
th
er

et
hn

ic
iti
es

2
1.1
5
[0
.5
9,
2.
27
]

0.
46

0
0.
68

1.3
3
[0
.9
1,
1.9

6]
0.
72

0
0.
14

1.0
9
[0
.5
7,
2.
07
]

0.
50

0
0.
79

1.3
3
[0
.9
2,
1.9

2]
0.
86

0
0.
13

1.1
8
[0
.9
0,
1.5

5]
0.
83

0
0.
22

𝑁
:n

um
be
ro

fs
tu
di
es
,O

R
(9
5%

CI
):
od

ds
ra
tio

(9
5%

co
nfi

de
nc
e
in
te
rv
al
),
an
d
𝑃
𝐻
:𝑃

va
lu
es

of
𝑄
-te

st
fo
rh

et
er
og
en
ei
ty

te
st.

Ra
nd

om
eff
ec
ts
m
od

el
w
as

us
ed

w
he
n
𝑃
𝐻
<
0
.0
5
or
𝐼
2
≥
5
0
%
;o
th
er
w
ise

fix
ed

eff
ec
t

m
od

el
w
as

us
ed
.



International Journal of Genomics 5

68 relevant studies were identified
through database searching

15 were irrelevant either to
cancer or R521K polymorphism

53 studies were selected by title
 and abstract

4 were animal, cell line, or bacteria studies
5 were reviews or meta-analyses
3 were meeting abstracts or comments

41 studies were considered for
further evaluation

13 studies were included in 
the meta-analysis

28 were case studies

Figure 1: The flow diagram of the identification of studies.

EGFR is a member of the ErbB transmembrane receptors
tyrosine kinase (RTK) family, whose members share a highly
conserved extracellular ligand binding domain, a single-helix
transmembrane segment, a tyrosine kinase juxtamembrane
segment, and a regulatory carboxyterminal tail.The extracel-
lular region of EGFR is composed of four domains:Domains I
(L1), II (S1 or CR1), III (L2), and IV (S2 or CR2). L1 and L2 are
members of the leucine-rich repeat family and are responsible
for ligand binding. CR1 and CR2 are homologous cysteine-
rich domains. In the absence of ligand, a ∼25 Å 𝛽-hairpin
loop extends from CR1 to contact the juxtamembrane region
of CR2 and forms a tether structure. When ligand binds, the
CR1/CR2 complex separates and the L1/CR1 composes a new
binding site [27, 28]. The CR1/CR2 complex plays a role in
determining the relative position of the EGFR dimers during
ligand binding [29].

The R521K polymorphism is located in the CR2 domain
and presents a lower affinity to TGF-𝛼, a ligand which is
related to cell proliferation, differentiation, and invasion after
binding to EGFR. However, another study demonstrated
that the CR1/CR2 tether structure exerted only a limited
effect on EGF binding, EGFR activation, and cell signalling
[30]. Take our result into consideration, we infer that the
R521K polymorphism of EGFR may not be a critical factor
in determining susceptibility to cancer; this conclusion is
consistent with another meta-analysis indicating that the
R521K polymorphism is not associated with risk of breast
cancer [31]. Nevertheless, several studies have reported that
the R521K polymorphism alone or in combination with a
longer (CA)

𝑛
repeat polymorphism is associated with a better

survival rate in cancer [32–36], while others report a negative
relevance [37]. Furthermore, some studies have reported that
the R521K polymorphism is associated with favorable out-
comes in cetuximab-based and 5-FU-based chemotherapy
[32, 35, 38–41] but shows negative correlation in gefitinib-
based chemotherapy [37, 42, 43]. Not only indicate these
results a complex mechanism in gene-gene interaction in
regulating the function of EGFR, but also the different
profiles of clinical response to chemotherapy suggest that
the R521K polymorphism may be involved in the field of
pharmacogenetics. In addition, the results also adduce a new
evidence for the evolutionary mechanism of cancer; that is,
single nucleotide polymorphism in individual gene, whether
it would affect cancer cell proliferation or not, may exercise
only a little influence on chromosome instability (CIN),
and for this reason, the cancer progression is not altered
remarkably [44, 45].

Studying heterogeneity was a considerable problem in
ourmeta-analysis.The heterogeneity existed in allelic genetic
model (A versus G), heterozygote model (GA versus GG),
and dominant geneticmodel (AA+GA versus GG) in overall
and subgroup analysis. The metaregression analysis did not
identify the source of heterogeneity. In sensitivity analysis,
heterogeneity reduced after one literature was excluded, but
the pooled ORs did not alter remarkably, implying that the
results were statistically stable and reliable. The Begg funnel
plot and Egger’s test were also negative for publication bias.

There were some limitations in our meta-analysis. First,
our meta-analysis was based on only 13 studies including
a small sample size; this may lead to a relatively low
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statistical power, especially in subgroup analysis. Second,
not all the sources of controls were population based;
this may induce deviations from the overall population.
Third, no gene-environment or gene-gene interactions were
considered which may be involved in the susceptibility to
cancer. Fourth, the relation between R521K polymorphism
and the chemosensitivity of anticancer drugs remains to be
elucidated.

In conclusion, there is no significant association between
EGFR R521K polymorphism and risk of cancer. However,
further studies based on larger, stratified case-control pop-
ulations and the effect of gene-gene, gene-environment, and
the chemosensitivity of anticancer drugs are still needed to be
evaluated.
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[19] M. Rebäı, I. Kallel, F. Hamza et al., “Association of EGFR and
HER2 polymorphisms with risk and clinical features of thyroid
cancer,”Genetic Testing andMolecular Biomarkers, vol. 13, no. 6,
pp. 779–784, 2009.

[20] N. R. Abdraboh, H. H. Shehata, M. B. Ahmed, and F. A.
Bayoumi, “HER1 R497K and HER2 I655V polymorphisms are
linked to development of breast cancer,” Disease Markers, vol.
34, no. 6, pp. 407–417, 2013.

[21] O. H. Mustafa, A. R. Hamzeh, L. Ghabreau, N. Akil, A.-
E. Almoustafa, and A. Alachkar, “Allele frequencies of the
epidermal growth factor receptors polymorphism R521K in
colorectal cancer patients and healthy subjects indicate a risk-
reducing effect of K521 in Syrian population,” North American
Journal of Medical Sciences, vol. 5, no. 3, pp. 202–206, 2013.

[22] R. C. Sobti, M. Askari, M. Nikbakht, N. Singh, S. C. Sharma,
and A. M. Abitew, “Genetic variants of EGFR (142285>A) and
ESR1 (2014>A) gene polymorphisms and risk of breast cancer,”
Molecular and Cellular Biochemistry, vol. 369, no. 1-2, pp. 217–
225, 2012.

[23] Y.-S. Hong, S. L. Deming, Y.-T. Gao et al., “A two-stage case-
control study of EGFR polymorphisms and breast cancer risk,”
Cancer Epidemiology Biomarkers & Prevention, vol. 18, no. 2, pp.
680–683, 2009.

[24] R. DerSimonian and N. Laird, “Meta-analysis in clinical trials,”
Controlled Clinical Trials, vol. 7, no. 3, pp. 177–188, 1986.

[25] C. B. Begg and M. Mazumdar, “Operating characteristics of a
rank correlation test for publication bias,” Biometrics, vol. 50,
no. 4, pp. 1088–1101, 1994.



International Journal of Genomics 7

[26] M. Egger, G. D. Smith, M. Schneider, and C. Minder, “Bias
in meta-analysis detected by a simple, graphical test,” British
Medical Journal, vol. 315, no. 7109, pp. 629–634, 1997.

[27] K. M. Ferguson, “Structure-based view of epidermal growth
factor receptor regulation,” Annual Review of Biophysics, vol. 37,
pp. 353–373, 2008.

[28] A. Arkhipov, Y. Shan, R. Das et al., “Architecture andmembrane
interactions of the EGF receptor,” Cell, vol. 152, no. 3, pp. 557–
569, 2013.

[29] P. Liu, T. E. Cleveland IV, S. Bouyain, P. O. Byrne, P. A. Longo,
and D. J. Leahy, “A single ligand is sufficient to activate EGFR
dimers,” Proceedings of the National Academy of Sciences of the
United States of America, vol. 109, no. 27, pp. 10861–10866, 2012.

[30] D.Mattoon, P. Klein, M. A. Lemmon, I. Lax, and J. Schlessinger,
“The tethered configuration of the EGF receptor extracellular
domain exerts only a limited control of receptor function,”
Proceedings of the National Academy of Sciences of the United
States of America, vol. 101, no. 4, pp. 923–928, 2004.

[31] Q. Zheng, R. Chen, L. Luan, J. Li, and S. Gao, “The polymor-
phism of EGFR 142285G > A exerts no risk effect on breast
cancer,” Tumor Biology, vol. 35, no. 3, pp. 2383–2389, 2014.

[32] W.-S. Wang, P.-M. Chen, T.-J. Chiou et al., “Epidermal growth
factor receptor R497K polymorphism is a favorable prognostic
factor for patients with colorectal carcinoma,” Clinical Cancer
Research, vol. 13, no. 12, pp. 3597–3604, 2007.

[33] E. Bandrés, R. Barricarte, C. Cantero et al., “Epidermal growth
factor receptor (EGFR) polymorphisms and survival in head
and neck cancer patients,”Oral Oncology, vol. 43, no. 7, pp. 713–
719, 2007.

[34] H. Sasaki, K. Okuda, S. Shimizu et al., “EGFR R497K polymor-
phism is a favorable prognostic factor for advanced lung cancer,”
Journal of Cancer Research and Clinical Oncology, vol. 135, no. 2,
pp. 313–318, 2009.

[35] Y.-Y. Hsieh, C.-H. Tzeng, M.-H. Chen, P.-M. Chen, and W.-
S. Wang, “Epidermal growth factor receptor R521K polymor-
phism shows favorable outcomes in KRAS wild-type colorectal
cancer patients treated with cetuximab-based chemotherapy,”
Cancer Science, vol. 103, no. 4, pp. 791–796, 2012.

[36] M. S. Leite, L. C. Giacomin, D. N. Piranda et al., “Epidermal
growth factor receptor gene polymorphisms are associated with
prognostic features of breast cancer,” BMC Cancer, vol. 14,
article 190, 2014.

[37] F.Ma, T. Sun, Y. Shi et al., “Polymorphisms of EGFRpredict clin-
ical outcome in advanced non-small-cell lung cancer patients
treated with Gefitinib,” Lung Cancer, vol. 66, no. 1, pp. 114–119,
2009.

[38] L. Dahan, E. Norguet, M.-C. Etienne-Grimaldi et al., “Phar-
macogenetic profiling and cetuximab outcome in patients with
advanced colorectal cancer,” BMC Cancer, vol. 11, article 496,
2011.

[39] G. Lurje, F. Nagashima, W. Zhang et al., “Polymorphisms in
cyclooxygenase-2 and epidermal growth factor receptor are
associated with progression-free survival independent of K-
ras in metastatic colorectal cancer patients treated with single-
agent cetuximab,” Clinical Cancer Research, vol. 14, no. 23, pp.
7884–7895, 2008.

[40] C.-Y. Lai, F.-C. Sung, L.-L. Hsieh et al., “Associations between
genetic polymorphisms of epidermal growth factor receptor
(EGFR) and survival of colorectal cancer (CRC) patients treated
with 5-fluorouracil-based chemotherapy,” Annals of Surgical
Oncology, vol. 20, no. 3, pp. S599–S606, 2013.

[41] W. Zhang, D. J. Park, B. Lu et al., “Epidermal growth fac-
tor receptor gene polymorphisms predict pelvic recurrence
in patients with rectal cancer treated with chemoradiation,”
Clinical Cancer Research, vol. 11, no. 2I, pp. 600–605, 2005.

[42] G. Liu, S. Gurubhagavatula, W. Zhou et al., “Epidermal growth
factor receptor polymorphisms and clinical outcomes in non-
small-cell lung cancer patients treated with gefitinib,” Pharma-
cogenomics Journal, vol. 8, no. 2, pp. 129–138, 2008.

[43] M. Shitara,H. Sasaki, K. Yokota et al., “Polymorphisms in intron
1 of the EGFR gene in non-small cell lung cancer patients,”
Experimental and Therapeutic Medicine, vol. 4, no. 5, pp. 785–
789, 2012.

[44] S. D. Horne, S. A. Pollick, and H. H. Q. Heng, “Evolutionary
mechanism unifies the hallmarks of cancer,” International Jour-
nal of Cancer, 2014.

[45] H. H. Heng, S. W. Bremer, J. B. Stevens et al., “Chromosomal
instability (CIN): what it is and why it is crucial to cancer
evolution,” Cancer and Metastasis Reviews, vol. 32, no. 3-4, pp.
325–340, 2013.


