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Abstract

Introduction. £pidermal growth factor receptor (EGFR) gene mutations are an important aspect in the
diagnosis and treatment of non-small cell lung cancer (NSCLC). Some studies suggest that serum CEA
levels may serve as a predictor of the outcome of EGFR mutations. Therefore, we conducted a study
to determine the prevalence of EGFR gene mutations and evaluate the prognostic value of serum CEA
levels in predicting the frequency of EGFR gene mutations in NSCLC.

Material and methods. From January 2018 to December 2022, a cross-sectional study was conducted
on 384 NSCLC patients at the Nghe An Oncology Hospital, in Vietnam. £EGFR mutations were analyzed
using the real-time PCR method to determine the sensitivity and specificity of CEA values in predict-
ing EGFR mutation traits by ROC curve analysis, and the association was assessed using univariate and
multivariate logistic regression analyses.

Results. The EGFR gene mutation rate in NSCLC is 41.9%. Among patients with genetic mutations,
50.9% had the del exon 19 mutation, 34.8% had the L858R exon 21 mutation, 3.7% had rare exon 18 mu-
tations, 5.6% had dual mutations, and 5.0% had exon 20 insertion mutations. The CEA cutoff value was
determined to be 8.95. The sensitivity and specificity of CEA were 76.4% and 47.5%, respectively, and
the area under the curve (AUC) was 0.627 (95% Cl 0.571-0.683; p < 0.01). The EGFR gene mutation was
found to be closely associated with the CEA subgroup > 8.95 ng/mL (OR 2.54; 95% Cl 1.57-4.13).

Conclusions. This study shows a high incidence of EGFR mutations in NSCLC and suggests that CEA

can aid in predicting the likelihood of these mutations.
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Introduction

In the past, chemotherapy was the main treatment
modality for advanced-stage non-small cell lung can-
cer (NSCLC). However, significant advancements
have been made, and epidermal growth factor recep-
tor (EGFR) tyrosine kinase inhibitors (TKIs) have
become the first-line treatment for advanced-stage
NSCLC with positive EGFR mutations [1, 2]. In-
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deed, the superior efficacy of targeted therapies in
NSCLC patients with EGFR mutations compared to
chemotherapy has been demonstrated in clinical trials
[3-6]. Furthermore, in a phase III clinical trial, os-
imertinib was found to have superior advantages over
erlotinib and gefitinib [7]. A study in Vietnam eval-
uated the excellent efficacy, favorable response rates,
and manageable adverse effects of Afatinibin NSCLC
patients with EGFR mutations [8].

The frequency of EGFR gene mutations in NSCLC
varies among different geographical regions. A 2015
meta-analysis reported the highest mutation rate in
the Asia-Pacific region at 47%, followed by South
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America at 36%, North America at 22%, Europe at
15%, and the lowest rate in Oceania at 12%. The fre-
quency of EGFR mutations is higher in females and
never-smokers [9]. When analyzing the mutation pro-
files of NSCLC patients in Vietnam, EGFR mutations
had the highest frequency at 32.3% [10]. Another
study conducted at the Bach Mai Hospital, Vietnam,
reported a mutation rate of 40.7% [11].

An epidemiological study in Asian countries re-
ported an overall EGFR mutation rate of 51.4%.
The mutation frequency was higher in females com-
pared to males, lower in Indian patients compared to
other regions, highest in the never-smoking group at
60.7%, and decreased with increasing tobacco con-
sumption. A multivariate logistic regression analysis
found a correlation between ethnic group, smoking
status, and mutation frequency. Specifically, within
the Vietnamese subgroup, the EGFR gene mutation
rate in this study was 64.2% [12]. Furthermore, an-
other meta-analysis reported an EGFR gene mutation
rate of 32.3%, with a higher rate in females, non-
-smokers, and adenocarcinoma patients [13].

Several studies in China have shown that elevated
carcinoembryonic antigen (CEA) levels are associated
with a higher frequency of EGFR mutations [14-16].
This finding may serve as a novel prognostic indicator
for the response to Tyrosine kinase inhibitors in cases
with high CEA levels.

A different research study discovered that lower
SUVnax values and higher CEA levels were linked to
mutations in the EGFR gene, which could be a fac-
tor in predicting the response to EGFR TKI medi-
cations. The rate of EGFR gene mutations tends to
increase as the CEA value increases. Analysis of the
receiver operating characteristic (ROC) curve estab-
lished a CEA cutoff of 9.6 ng/mL with sensitivity of
67.0%, specificity of 68.1%, and an area under the
curve (AUC) of 0.632 [95% confidence interval (CI)
0.546-0.719] [17].

Epidermal growth factor receptor TKI drugs have
become increasingly prevalent in Vietnam in recent
years. Therefore, doctors must understand the impor-
tance of EGFR mutations in clinical practice. Apart
from well-established factors such as sex, histopathol-
ogy, and smoking status that can predict the presence
of EGFR gene mutations, knowing the association be-
tween serum CEA levels and EGFR gene mutations
can be helpful. This understanding can aid in the diag-
nosis and treatment of patients. Thus, this study aimed
to determine the rate of EGFR gene mutations and the
prognostic value of serum CEA levels in predicting
this mutation in patients with NSCLC.

Material and methods
Study location and patients

This study was conducted at the Nghe An Oncology
Hospital, a specialized cancer center in the North Cen-

tral region of Vietnam. With a capacity of 1300 beds,
it is the largest hospital specializing in cancer treat-
ment in the North Central region. The study protocol
was approved by the hospital’s ethics committee. Be-
fore performing the EGFR gene test, the doctor ex-
plained CEA and EGFR in lung cancer and conducted
the test only after obtaining the patient’s consent, es-
pecially for squamous carcinoma. The diagnosis of
EGFR gene mutations was performed using the real-
-time polemerase chain reaction (PCR) method.

The study included patients aged > 18 years who
were diagnosed with NSCLC based on histopathology
and underwent EGFR testing using the real-time PCR
method. Patients with small cell histology or samples
that did not meet the criteria for mutation testing were
excluded.

Study design and sample size

A cross-sectional study was conducted on NSCLC pa-
tients from January 2018 to December 2022.

The sample size was calculated using the World
Health Organization’s estimation formula for a sin-
gle proportion with absolute precision [18]. We used
a significance level of 0.05, absolute precision of 0.05,
and an estimated EGFR mutation rate of 51.4% (based
on the previous PIONEER study) [12]. A total of 384
NSCLC patients were included in the analysis.

Variables

The outcome variable of this study was positive or
negative EGFR gene mutation status in NSCLC pa-
tients. Additionally, we determined specific EGFR
mutation subtypes (Del exon 19, L858R exon 21, exon
20 insertions, point mutations in exon 18, or other dual
mutations). EGFR mutations were determined using
the real-time PCR method.

Independent patient-related variables included age
group (<60 and > 60), sex (male and female),
smoking status (yes or no), histological type (non-
-squamous or squamous), and CEA subgroup (with
subgroups above and below cutoff).

Statistical analysis
Quantitative variables were presented as means and
standard deviations.

Categorical variables were presented as frequen-
cies and percentages. The chi-square test was used for
categorical variables to compare differences between
groups to determine the sensitivity and specificity of
CEA values in predicting EGFR mutation traits by
ROC curve analysis. We evaluated the association
between CEA and EGFR gene mutations using uni-
variate and multivariate logistic regression analyses.

Statistical analysis was performed using SPSS
25.0. A p-value < 0.05 was considered statistically sig-
nificant.
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Results

From January 2018 to December 2022, a total of
384 patients with NSCLC were recruited to the study.
Table 1 presents the characteristics of the study popu-
lation. The mean age was 64.2 + 10.4 years (range:
26-91), with the majority of patients being over
60 years old (66.4%). Female patients were the major-
ity, and non-squamous histology accounted for 94.0%
of cases. A higher proportion of patients had CEA val-
ues > 8.95 ng/mL (62.5%), and 61.5% of cases had
a history of smoking.

Figure 1 presents the EGFR gene mutation rate and
the rate of mutation subgroups. The rate of EGFR mu-
tations is 41.9%. The most common mutations happen
in exon 19 deletion (50.9%) and exon 21 L858R
(34.8%). Mutations in exon 20 insertion, double muta-
tions, and point mutations at exon 18 are less common,
with rates of 5.0%, 5.6%, and 3.7%, respectively.

Table 2 presents the mutation rate of EGFR in pa-
tients with NSCLC according to various factors. The
overall the EGFR mutation rate is 41.9%; there is
a statistically significant difference in the mutation
rate of the EGFR gene between males and females
(26.4% vs. 66.4%, p < 0.01); smoking status (26.7%
vs. 66.2%, p < 0.01); and the rate of EGFR gene
mutations in the CEA > 8.95 ng/mL subgroup is
higher than the CEA < 8.95 ng/mL subgroup (51.2%
vs. 26.4%), with a statistically significant difference
p < 0.01.

Figure 2 presents an ROC curve to select a cut-
-off value for the CEA level, which is used to iden-

Table 2. Mutation rate of the EGFR gene in patients with non-
-small cell lung cancer according to various factors

Table 1. Characteristics of non-small cell lung cancer patients in-

cluded in the study by factors

Variables Number (%)
Age (mean £ SD)
64.2 +10.4
Age [years]
> 60 255 (66.4)
<60 129 (33.6)
Sex
Male 235(61.2)
Female 149 (38.8)
Smoking
Yes 236 (61.5)
No 148 (38.5)
Histopathology
Squamous cell carcinoma 23(6.0)
Non-squamous cell carcinoma 361 (94.0)
CEA [ng/mL]
<895 144 (37.5)
> 895 240 (62.5)

CEA — carcinoembryonic antigen; SD — standard deviation

Double mut
5.6%

Exon 18
3,7%
Exon 20
5.0 %

y =
Del Exon 19
50.9%

Figure 1. Mutation rate of the EGFR gene and its subgroups

Variables EGFR mutation p value
number (%)
Total 161 (41.9) NA
Age [years]
> 60 108 (42.4) 0.81
<60 53 (41.1)
Sex
Male 62 (26.4) <0.01
Female 99 (66.4)
Smoking
Yes 63 (26.7) <001
No 98 (66.2)
CEA [ng/mL]
<895 38(26.4) <001
> 895 123(51.2)
1.04
ROC Curve B
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Figure 2. Receiver operating characteristic (ROC) curve analyses:
sensitivity and specificity of the carcinoembryonic antigen (CEA)
value for predicting the presence of EGFR mutations in patients
with non-small cell lung cancer (NSCLC)
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Table 3. Association between carcinoembryonic antigen (CEA)
status and the £GFR gene mutation in non-small cell lung cancer:
univariate and multivariate logistic regression analysis

Variables Rate of EGFR mutation
OR crude p value OR adjustment p value
(95% Cl) (95% Cl)
CEA [ng/mL]
<895 1 1 <001
> 895 293 (1.87-4.59) <001 254 (1.57-4.13)

Cl — confidence interval; OR — odds ratio

tify patients with increased risk of EGFR mutations.
A cut-off value of 8.95 was determined, and ROC
analysis of CEA levels indicated sensitivity of 76.4%,
a specificity of 47.5%, and an AUC of 0.627 (95% CI
0.571-0.683).

Table 3 presents the association between CEA sta-
tus and the EGFR gene mutation in NSCLC. The
adjusted model finds the association between CEA
and EGFR gene mutations according to the following
factors: age, sex, histopathology, and smoking status.
The mutation status of the EGFR gene is associated
with the CEA value > 8.95 ng/mL group [odds ratio
(OR) =2.54; 95% CI 1.57-4.13; p < 0.01].

Discussions

This is the first study to determine the mutation rate
of the EGFR gene and its association with CEA sta-
tus in non-small cell cancer patients in Vietnam. We
found that the mutation rate of EGFR in NSCLC is
41.9%, with the highest rate being exon 19 deletion
mutation at 50.9%. Furthermore, we determined the
prognostic value of serum CEA levels in predicting
the frequency of EGFR gene mutations. This un-
derstanding will provide clinicians with information
crucial for decision-making in treatment interventions
and may lead to further study on this issue.

In 2015, a systematic review and global map by eth-
nicity showed that the rate of EGFR gene mutations
varies across different regions, with a higher rate of-
ten observed in Asia compared to Europe, Africa, and
the Americas [9]. The mutation frequency of EGFR in
our study is consistent with studies on the Asian pop-
ulation [9, 19-21]. A study at the Bach Mai Hospital,
Vietnam, also reported an EGFR gene mutation rate
of 40.7%, and the most common mutation was dele-
tion exon 19 [11]. The data in this study indicate that
in Vietnam the mutation rate of EGFR is high in the
patient population with NSCLC. Although this rate
is lower than the mutation rate of EGFR in the Viet-
namese patient subgroup in the PIONEER study, there
may have been different criteria for sample selection
[12]. Our hospital is a leading hospital in the field of
oncology in the central region of Vietnam, and the use

of Food and Drug Administration (FDA)-approved
standard testing methods, along with a large number
of patients and sufficient time, gives us confidence that
these results are representative of the NSCLC popu-
lation in central Vietnam.

Our study found a higher incidence of EGFR gene
mutations in non-smoking patients (66.2%), women
(66.4%), and those with high CEA levels (51.2%).
Similar results have been reported in previous stud-
ies, with factors such as female sex, non-smoking, and
adenocarcinoma being predictors of a higher likeli-
hood of having EGFR mutation [12, 22].

Currently, serum CEA is widely used to diagnose
NSCLC. A study in Japan suggested that CEA lev-
els can predict response to EGFR TKI [23]. Data
in our study found different rates of EGFR gene al-
terations among CEA subgroup values, in which the
alteration rate was higher in the CEA group with val-
ues > 8.95 ng/mL at 51.2% compared to 26.4% in the
CEA < 8.95 ng/mL group, and this was highly statisti-
cally significant (p < 0.01). The relationship between
EGFR gene mutation status and CEA value subgroups
is consistent through univariate and multivariate lo-
gistic regression analysis. Some previous studies have
also reported that high CEA values may be a prog-
nostic factor for a higher likelihood of EGFR gene
mutations [17, 24, 25]. A study on a Chinese patient
population reported that EGFR gene mutations and
CEA are related when performing multivariate logis-
tic regression analysis [15].

In our study, a cutoff value of 8.95 was determined
and ROC analysis of CEA levels indicated sensitiv-
ity of 76.4 %, specificity of 47.5%, and an area under
the curve (AUC) of 0.627 (95% CI 0.571-0.683; p <
0.01). The study conducted by Pan et al. [16] indi-
cated a significant correlation between serum CEA
levels and EGFR gene mutations. The AUC of CEA
was 0.724 (95% CI 0.598-0.850; p < 0.05) [16]. The
study conducted by Gu and colleagues [24] found that
sex, histopathology, serum CEA concentration, and
SUVnax are important predictors of EGFR gene muta-
tions. The CEA > 7 ng/mL subgroup has a higher rate
of EGFR gene mutations compared to the < 7 ng/mL
subgroup (40.4% vs. 27.6%). Combining these four
factors resulted in a higher AUC (0.80) on the ROC
curve [24]. However, another study [26] reported that
pleural fluid CEA concentration, but not serum CEA,
was an independent factor associated with EGFR mu-
tation status. The pleural fluid CEA threshold value
was 107.2 ng/mL with an AUC of 0.668 (95% CI
0.569-0.767; p = 0.025), and the serum CEA value
threshold was 87 ng/mL with an AUC of 0.59 (95%
CI 0.485-0.696; p = 0.097) [26]. In a study in China,
Wu et al. [27] found that combining serum ferritin
with CEA increased sensitivity to 91.1% in diagnos-
ing EGFR mutation.
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The results of this study and some previous studies
show that serum CEA levels are significantly related
to EGFR gene mutations in NSCLC. They may be one
of the factors that can predict the patient’s ability to re-
spond to EGFR TKI drugs, guiding clinicians during
diagnosis and treatment.

Limitations of our study include it being conducted
at a single hospital unit; the results can be used as
a reference for other hospitals, but the data will have
limited applicability when extrapolating to the entire
community of patients with NSCLC. Additionally,
this was a descriptive study, so there will be many lim-
itations in determining causal relationships.

Conclusions

The NSCLC population exhibits a high rate of EGFR
gene mutations. CEA is a significant predictor of
EGFR gene mutation outcomes. Further research is
required to reach a definitive conclusion on this mat-
ter.
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