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Abstract: Lung cancer has the highest morbidity and mortality in malignant tumor worldwide. EGFR-TKI targeted
therapy is a type of treatment with low side effects. However, it needs to clarify EGFR mutation status. Limited
to sampling, EGFR mutation test cannot be widely applied. Finding other simple and practical markers to predict
EGFR mutation state is of great significance. This study aimed to evaluate the correlation between different tumor
biomarkers and EGFR mutation in advanced lung adenocarcinoma patients for targeted therapy determination,
including serum CEA, CA125, CA199, and CYFRA211. Venous blood and tumor tissue were collected from advanced
primary lung adenocarcinoma patients in a Guangzhou tumor hospital. Electrochemiluminescence immunoassay
was performed to detect serum CEA, CA125, CA199, and CYFRA211 levels. Sequencing was performed to test
EGFR gene fragment after PCR amplification. SPSS13.0 software was used for statistical analysis. Among 312
cases of advanced lung adenocarcinoma patients, 163 cases were wild type while 149 cases were mutation, and
the mutation rate was 47.76%. EGFR mutation rate in advanced lung adenocarcinoma patients was not related to
gender and age, while it was high in smokers (P < 0.05). Patients with elevated serum CEA, CA125, and CA199
showed higher EGFR gene mutation rate (P < 0.05). Serum CYFRA211 level was not correlated to EGFR mutation
rate (P > 0.05). Serum CEA, CA125, and CA199 levels could be used to predict EGFR gene mutation in advanced

lung adenocarcinoma.
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Introduction

Lung cancer is one of the most common malig-
nant tumors with increasing incidence. It has
become the main cause of cancer deaths
worldwide that seriously threats to human
health [1]. Lung cancer includes non-small cell
lung cancer (NSCLC) and small cell lung cancer,
of which NSCLC is the most common type
accounting for about 85% of the total number
of lung cancer. NSCLC could be divided into
squamous cell carcinoma, adenocarcinoma,
undifferentiated carcinoma, bronchioloalveolar
carcinoma, and large cell carcinoma according
to the cell origin [2]. It can be classified into
stage O~V according to the 2009 international
standard for lung cancer staging. The patients
in early and middle stages can receive surgical
treatment, while patients in advanced stage
can only choose chemotherapy or radiothe-
rapy.

With development of lung cancer molecular
biology, targeted therapy has become a re-
search hotspot because of its little side effect.
Epidermal Growth Factor Receptor (EGFR) sig-
naling pathway tyrosine kinase inhibitor re-
ceived the most in-depth investigation. EGFR
expressed in the stroma, epithelium and neuro-
genic tissues that is of great importance to reg-
ulate normal cell differentiation and hyperpla-
sia. It was found that EGFR targeted drug has
selectivity. EGFR gene mutation can increase
the sensitivity to small molecule tyrosine kinase
inhibitor (TKI) [3]. The efficacy of TKI was asso-
ciated with EGFR mutation [4], as TKI treatment
effectiveness on NSCLC patients with EGFR
mutation was significantly higher than patients
without mutation [5-7]. These studies showed
that EGFR gene mutation was a premise for
NSCLC patient’s targeted therapy, and also the
biomarker of predicting TKI curative effect.
Thus, EGFR mutation status should be tested
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Table 1. EGFR gene mutation and related
clinical characteristics in advanced lung
adenocarcinoma patients

Clinical Mutant Wild

characteristics type type X value P value
Gender
Female 82 70 4.55 0.03
Male 67 93
Age

<60 years old 72 75 0.17 0.68
> 60 years old 77 88

Smoking history
Yes 76 44 1896 <0.001
No 73 119

before choosing EGFR targeted therapy, and it
had been written to the NCCN guideline.
However, because of unable to obtain tumor
tissue and expensive testing, EGFR gene muta-
tion detection has not been widely carried out.
Therefore, searching simple and practical mark-
ers to predict EGFR mutation state is
important.

Serum tumor biomarkers have the advantage
of convenient detection that can help diagno-
sis. Studies had found that serum CEA level
was associated with EGFR mutation rate in
NSCLC patients [8, 9]. In addition, serum CEA
and CA242 were also associated with EGFR
mutation in lung adenocarcinoma patients [10,
11], suggesting that serum tumor marker can
be used to evaluate EGFR mutations potential-
ly. At present, related studies all focused on
tumor marker CEA while the other serum bio-
markers were still lack of research. Thus, we
selected CA125, CA199, and CYFRA211 as the
research target. Studies revealed that EGFR
gene mutation rate was high in lung adenocar-
cinoma patients [12]. For advanced lung ade-
nocarcinoma patients unable to undergo sur-
gery treatment, targeted drugs was mainly
used in these patients. Currently, there were
still lack of report about the relationship
between EGFR gene mutation and serum tumor
markers in advanced lung adenocarcinoma
patients. Through detecting EGFR mutation
and serum CEA, CA125, CA199 and CYFRA211
levels, we aimed to evaluate the correlation
between tumor markers and EGFR mutation. It
may provide simple method to predict EGFR
mutation, and searching potential feasible
index for targeted therapy judgment.
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Materials and methods
Main reagents and instruments

Electrochemical luminescence automatic im-
munity analyzer (Roche Elecsys 2010). CEA,
CA125, CA199 and CYFRA211 detection kit
(Roche). PCR kit (Takara, Japan). Microplate
reader (Thermo Fisher Multiskan FC, USA).

Research objects

312 cases of primary lung adenocarcinoma
needs surgery in Ruikang Hospital of Guangxi
traditional Chinese Medicine University Affiliat-
ed between Jan 2011 and Jun 2015 were
enrolled. No patients received chemotherapy
or radiotherapy before surgery. All the subjects
were diagnosed by pathology and staged in I1IB
or IV according to TNM staging. There were 312
cases including 160 males and 152 females
with mean aged 61.70 + 8.68 (49-78) years
old. All patients had signed the informed con-
sent. Cancer tissue and fasting venous blood
were collected for the experiment. Smoking
was defined as at least one daily and sustained
for more than one year.

Serum tumor biomarker concentration detec-
tion

3 ml fasting venous blood were collected to the
heparin anticoagulant vacuum tube and let
stand at room temperature for 20 min. It was
then centrifuged at 3000 RPM for 10 min to
separate serum. Electricity chemiluminescence
immunoassay (ECLIA) method was performed
to detect serum CEA, CA125, CA199 and
CYFRA211 content according to the instrument
and reagent kit instructions. The reference
value of tumor markers in clinic was as follows:
CEA < 5.0 ng/ml, CA125 < 35 U/ml, CA199 <
37 U/ml, CYFRA211 < 3.3 ng/ml.

EGFR gene mutation detection

Salt fraction was adopted to extract the whole
genome DNA. DNA purity and content was
determined by protein nucleic acid detector.
The sample with absorbance A260/A280
between 1.8~2.0 can be used in the subse-
quent experiment. PCR amplification was used
to detect EGFR gene 19 and 21 exon mutation.
Amplification primers were referred to J. B.
Pan’s report [10]. Exon 19: forward, 5-GCAA-
TATCAGCCTTAGGTGCGGCGC-3’, reverse, 5-CA-
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Table 2. Serum tumor marker comparison between EGFR gene mutation and wild type

Tumor marker EGFR wild type EGFR mutation type T or t’ value P value
CEA (ng/ml) 16.38+7.56 50.27+30.28 13.04 <0.001
CA125 (U/ml) 60.78+28.34 120.29+70.29 9.49 <0.001
CA199 (U/ml) 46.25+12.35 100.89+40.54 15.52 <0.001
CYFRA211 (ng/ml) 8.76+3.48 9.19+3.86 1.03 0.15
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Figure 1. EGFR gene mutation rate in different concentration of tumor marker.

TAGAAAGTGAACATTTAGGATGTG-3; Exon 21:
forward: 5-CTAACGTTCGCCAGCCATAAGTCC-3’,
reverse, 5-GCTGCGAGCTCACCCAGAATGTCTGG-
3. PCR reaction system was prepared accord-
ing to the instruction. The reaction condition
was as follows: 95°C predegeneration for 10
min, continued by 30 cycles of 95°C degenera-
tion for 15 s, 56°C anneal for 30 s, and 72°C
extension for 30 s. 5 pl PCR products were
identified by agarose gel electrophoresis. The
product was sequenced by Genomics technol-
ogy co., LTD.

Statistical analysis

All statistical analysis was performed on
SPSS13.0 software. Chi-square test, t test, and
logistic regression analysis were used for data
comparison. P < 0.05 was considered as statis-
tically significant.
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Results
EGFR gene mutation results

All of the 312 cases received EGFR gene detec-
tion, 163 cases were wild type while 149 cases
were mutation, and the mutation rate was
47.76%. Among them, 72 cases showed exon
21 mutation. The relationship between EGFR
gene mutation and clinical characteristics were
listed in Table 1. More EGFR gene mutation
appeared in female and smokers (P < 0.05),
but not related to age (P > 0.05).

Serum tumor marker comparison between
EGFR gene mutation and wild type

T test was used to compare the serum tumor
biomarker level in EGFR gene mutation and
wild type advanced lung adenocarcinoma
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Table 3. EGFR gene mutation rate comparison among

different concentration of tumor marker

EGFR gene mutation rate showed mark-
edly difference among CEA, CA125 and

CA199 in different concentration gradient.

Wild Mutation ) . . ;
Tumor marker N ype type X value Pvalue It increased following concentration gradi-
CEA ent elevation (P < 0.05). CYFRA211 in dif-
<5.0 ng/ml 101 63 38 0.68 0.008 fgrer\'_c conce_ntrat|on gradient showed .no
5~30 ng/ml 108 58 50 significant difference of EGFR mutation
¢ rate (P > 0.05).
> 30 ng/ml 103 42 61
CA125 EGFR gene mutation logistic regression
<35 U/ml 172 114 58 18.58 < 0.001 analysis
35~100U/ml 74 33 41
> 100 66 26 40 The gbove results showed that EQFR
CA199 mutation rate was affected by multiple
factors. To exclude the confounding factor,
<37 U/mi 184 119 65 28.01 <0.001 .

EGFR gene mutation was set as depen-
37~80 U/ml 60 22 38 dent variable, while age, gender, smoking
>80 68 22 46 history, and serum tumor marker level

CYFRA211 were set as independent variable for logis-
<33ng/m 121 61 60 0.52 0.77 tic regression analysis. As shown in Table
3.3~7ng/ml 80 41 39 4, smoking, CEA, CA125, and CA199 level
> 7 ng/ml 111 61 50 increase EGFR gene mutation rate (P <

0.05).

Table 4. EGFR gene mutation logistic regres- Discussion

sion analysis

Influence factor OR value 95% ClI P value
Gender 0.58 0.17~1.97 0.38
Age 1.03 0.96~1.11 0.39
Smoking history 5.26  1.46~18.97 0.01
CEA 0.85 0.79~0.91 <0.001
CA125 0.96 0.94~0.98 <0.001
CA199 0.92 0.87~0.95 <0.001
CYFRA211 0.98 0.81~1.18 0.817

patients (Table 2). Serum CEA, CA125, and
CA199 level showed significant difference
between EGFR gene mutation and wild type
patients. EGFR gene mutation patients pre-
sented obviously higher serum CEA, CA125,
and CA199 levels than that of wild type patients
(P < 0.001). CYFRA211 was lack of statistical
difference between EGFR gene mutation and
wild type patients (P > 0.05).

EGFR gene mutation rate comparison among
different concentration of tumor marker

EGFR gene mutation rate with tumor markers in
different concentration gradient was shown in
Figure 1. Chi square test was performed for
EGFR gene mutation rate comparison among
different concentration gradient (Table 3).
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EGFR gene belongs to the type I growth factor
family. Its encoded protein has the tyrosine
kinase activity. Its tyrosine kinase functional
domain is encoded by exon 18-24, and EGFR
gene mutation can affect the enzyme activity.
Clinical trials pointed out that EGFR gene muta-
tion is an efficacy predictor of EGFR-TKI treat-
ment in advanced NSCLC. EGFR mutation has
been treated as the precondition of EGFR-TKI
first line application [13, 14]. However, how to
detect EGFR mutation is a problem to be solved.
For the specimen is difficult to obtain, and stud-
ies found that some serum tumor markers have
a close relationship with EGFR mutation [15],
applying serum tumor markers detection
instead of testing EGFR mutation directly
became a good research direction. Current
studies were still not enough to change EGFR
gene mutation to tumor marker detection, and
most focused on the relationship between
serum CEA and EGFR mutation rate in NSCLC
patients. EGFR mutation had a high incidence
in lung adenocarcinoma [16]. Therefore, this
study selected the advanced lung adenocarci-
noma patients that most likely need EGFR-TKI.
Meanwhile, we detected serum CEA, CA125,
CA199 and CYFRA211 levels to clarify their
relationships to the EGFR mutation rate.
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For most EGFR mutations were concentrated in
exon 19 and 21 [12, 17, 18], this study tested
their mutations. It was found that the gene
mutation rate of exon 19 and 21 was 47.76%.
In 2010, the PIONEER study showed that the
EGFR gene mutation rate in Chinese lung ade-
nocarcinoma patients was 50.2%, which was
slightly higher than our results. It might be
caused that our study only detected two exons.
Our results were in accordance with K. Wang’s
report as 48.6% [19]. In addition, it was found
that smokers had higher EGFR gene mutation
rate. Univariate analysis showed that EGFR
gene mutation was related to gender, while
logistic regression analysis presented they had
no association. It might be caused that univari-
ate analysis did not take into account the
impact of smoking history in patients with dif-
ferent gender. In addition, age was also unre-
lated to EGFR mutation rate. C. D. Wang found
that EGFR gene mutation showed no significant
association with age, gender, or smoking histo-
ry [20]. However, J. Gao revealed that EGFR
gene mutation in Chinese NSCLC patients was
related to gender and smoking history [21]. M.
J. Fan demonstrated that female patients with-
out smoking history had higher mutation rate
[16]. Different conclusion may be caused by
the different selected subjects and sample
size. The impact of gender and smoking on
EGFR gene mutation still needs further
investigation.

Study about the relationship between serum
tumor markers level and EGFR mutation rate
showed that, EGFR gene mutation rate
increased following the elevation of serum CEA,
CA125, CA199 levels in advanced lung adeno-
carcinoma, but not associated with CYFRA211
level. Currently, there was still lack of reports
about the relationship between serum tumor
markers level and EGFR mutation rate in
advanced lung adenocarcinoma. Z. M. Yang
found that serum CEA level was associated
with EGFR mutation rate in NSCLC patients [8].
B. Jin [11] discovered that EGFR mutation was
related to CEA but not CA125 or CA199 in lung
adenocarcinoma, which was similar to our
results. It may be due to our study only selected
the advanced lung adenocarcinoma patients,
while J. B. Pan enrolled lung adenocarcinoma
patients in stage II-IV.

To sum up, our study first found that CEA,
CA125, and CA199 were related to EGFR muta-
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tion in advanced lung adenocarcinoma, sug-
gesting that CEA, CA125, and CA199 can eval-
uate EGFR gene mutation in advanced lung
adenocarcinoma to some extent. Serum CEA,
CA125, and CA199 could be treated as the
potential indicators of advanced lung adeno-
carcinoma targeted therapy, while its applica-
tion in clinic still needs larger study.
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