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Abstract: Objective: The objective of this study was to detect expression of carcinoembryonic antigen (CEA) level
in patients with advanced lung adenocarcinoma as well as its impact on overall survival. Method: A total of 270
advanced lung adenocarcinoma patients were enrolled in this study. Chest CT, MRI, whole body bone imaging, and
pathologic biopsy examination assessment were performed for tumor staging. Serum CEA level was detected to
investigate its correlation with clinical features and prognosis. Results: Serum CEA level was correlated with CEA
positive intensity in cancer tissue (r = 0.781, P = 0.009). Serum CEA level was positively related with TNM stage, M
status, and cell differentiation. Patients with late TNM stage, worse differentiation, and distant metastasis showed
higher CEA content (P < 0.05). The five-year survival rate in patients with elevated CEA (> 5 ng/ml) was lower than
that in patients with normal CEA level (42.5% vs 79.6%). Multivariate analysis showed that TNM stage, metastasis,
differentiation and whether serum CEA normal or not were independent risk factors that may affect prognosis.
Serum CEA elevation demonstrated the largest risk (β = 1.052, P = 0.012). Conclusion: Serum CEA elevation is an
independent prognostic factor for patients with non-small cell lung adenocarcinoma.
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Introduction
Lung cancer is one of the most common cancers in clinic with the highest related death
rate. About 80% of the patients were in advanced stage at the time of being diagnosed
accompanied with metastasis. Thus, clinical
survival prognosis is poor [1-3]. Lung adenocarcinoma belongs to non-small cell lung cancer
(NSCLC) accounting for about 40% of all types.
It originates from the bronchial mucosa epithelium that more likely appears in women who are
non-smokers. Different from small cell lung
cancer and central squamous cell carcinomas,
lung adenocarcinoma often distributes in the
peripheral lung. Due to less sensitivity to radiotherapy treatment, it is advocated to receive
surgery resection in early stage. The TNM staging system is the most important basis for
patient prognosis assessment. Some studies
also reported other related prognostic factors,
such as oncogene and/or tumor suppressor

gene, the dynamics of tumor cell proliferation,
and neovascularization. However, for patients
that require surgical treatment, the abovementioned factors are difficult to obtain in a short
time because of complications, expense, and
low positive rate [4, 5]. With the progress of the
research, lung cancer related tumor markers
have been identified, but none show high sensitivity and specificity [6]. Carcinoembryonic antigen (CEA) is one of the most commonly used
serum markers that are found in colorectal cancer [7], gastric cancer [8], pancreatic cancer
[9], and breast cancer [10]. Numerous studies
have shown that the high CEA level is associated with poor prognosis of advanced cancer [11,
12]. Other scholars thought that it is only a
marker for advanced cancer that cannot be
treated as an independent prognostic factor
[13-16]. Combining with the clinical significance
and low cost, the relationship between CEA
level and advanced lung adenocarcinoma was
investigated in this study, with the aim of pro-
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Table 1. TNM staging characteristics
Item
TNM stage

T2
T3
T4
pN0
pN1
pN2
M0
M1
IIB
III
IV

Cases
72 (26.7%)
123 (45.6%)
75 (27.7%)
148 (54.8%)
68 (25.2%)
54 (20%)
124 (45.9%)
146 (54.1%)
27 (10%)
189 (70%)
54 (20%)

viding reference for clinical treatment and improving prognosis.
Materials and methods
Objects of study
In total, 270 advanced lung adenocarcinoma
patients in The Affiliated Cancer Hospital of
Nanjing Medical University (Jiangsu Cancer
Hospital, Nanjing, China) were treated between
January 2007 and December 2009. The male/
female ratio was 11:16, and the mean age was
67.26 (20-89) years old. Patients together with
other tumors or received chemo-radiotherapy
were excluded. All patients were over stage IIB.
Considering the limited number of cases, advanced lung cancer was defined as lymph node
metastasis, pleural metastasis, and part of airway obstruction. Analyses were of 220 cases
(216 cases in stage IIB and III, and 4 cases in
stage IV) that received complete tumor resection, including lobectomy or pneumonectomy
with regional lymph node cleaning. The others
received partial tumor lobectomy or conservative treatment. Chest CT, MRI, whole body bone
imaging, and pathologic biopsy examination
assessment were performed for tumor staging
according to TNM stage standard published by
International Association for the Study of Lung
Cancer (IASLC) in 2009 (Table 1). This study obtained informed consent from objects or family
members and was approved by the Ethics
Committee of The Affiliated Cancer Hospital of
Nanjing Medical University (Jiangsu Cancer Hospital, Nanjing, China).
CEA detection
Tumor specimens were fixed in 4% paraformaldehyde and embedded for section. CEA expres5813

sion in tumor tissue was observed by immunohistochemistry. Rabbit antihuman CEA monoclonal antibody was purchased from Abcam.
After dewaxing, slices were blocked by 0.03%
H2O2 and FBS. Then the slice was incubated in
primary antibody at 4°C overnight and secondary antibody at room temperature for 60 minutes. The slices were detected after developed
by DAB-H2O2 for 20 minutes. CEA positive intensity judgement: -, no coloration; +, positive cell
< 15%; ++, positive cell at 15%~50%; +++, positive cell > 50%. A total of 2 ml peripheral blood
was extracted and the serum was separated
and stored at -80°C. Serum CEA level was
detected by two-site immune-enzymatic assay
(Tosoh Co. Yamaguchi, Japan). The normal upper threshold of the analysis was 10 ng/ml.
CEA level ≤ 5 ng/ml was considered as low or
normal expression, while it > 5 ng/ml was treated as high expression. The time interval between CEA detection and staging or resection
was less than one week. Follow-up data including cause of death and death time was obtained
from family member consult. Follow-up time
was 1 to 91 months. Correlation analysis was
performed according to serum CEA level and
CEA positive expression intensity in cancer
tissue.
Statistical analysis
Patients’ basic information was compared using student t-test or Mann-Whitney U test. The
relationship between serum CEA level and cancer tissue CEA positive expression intensity
was analyzed by Spearman rank correlation.
Serum CEA elevation was performed by Chisquare test. Survival curve was established
through Kaplan-Meier method and analyzed by
log rank test. Multivariate analysis was determined by Cox regression model to assess the
prognostic value of CEA on overall survival. All
statistical analysis was performed on SPSS
19.0 software. P < 0.05 was considered as statistically significant.
Results
Cancer tissue CEA expression positively correlates with serum CEA content
The patients were divided into a low group and
a high group according to serum CEA content
(Figure 1). Spearman rank correlation analysis
revealed that serum CEA content was positively
correlated with CEA expression intensity in tissue (r = 0.781, P = 0.009) (Table 2).
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Figure 1. Immunohistochemistry analysis of tissue CEA expression in patients with positive serum CEA (A) and negative serum CEA (B).

Table 2. Relationship between cancer tissue CEA expression and
serum CEA content
Group
Cases Mean rank Mann-Whitney U value P value
Low group (≤ 5 ng/mL) 100
105.15
3340.5
0.003
High group (> 5 ng/mL) 170
187.10

Serum CEA is associated with TNM stage, differentiation and metastasis
Since tissue CEA expression was found to be
positively correlated with serum CEA content,
and serum CEA detection had the advantage
of convenient, rapid, and cheap, it has more important clinical significance. Thus, the
relationship between serum CEA and basic
clinical features was analyzed. As shown in
Table 3, serum CEA level showed statistical
differences among stage II, III, and IV, differentiation degree, and metastasis (P < 0.05). Age,
gender, cancer tissue size, T stage, and N stage were lack of significant relationship with
serum CEA level. CEA detection positive rate
5814

also presented similar relationship as CEA content
with TNM stage, metastasis, and differentiation.
CEA level is associated with
overall survival

Complete follow-up data was obtained from
221 of 270 cases. As shown in Figure 2, fiveyear survival rate in patients with low (< 5 ng/
ml) and high CEA level (> 5 ng/ml) was 79.6%
and 42.5%, respectively (P < 0.001). Multivariate analysis including age, gender, tumor size,
differentiation, T stage, N stage, TNM stage,
and serum CEA level in the Cox regression analysis model showed that TNM stage, metastasis, differentiation, and whether serum CEA
normal or not were independent risk factors
that may affect prognosis (Table 4). Serum CEA
elevation demonstrated the largest risk (β =
1.052 P = 0.012). The death risk of patients
with distant metastasis was 1.977 times of
Int J Clin Exp Med 2019;12(5):5812-5819
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Table 3. Relationship between serum CEA and basic clinical features
Age (year)
Gender
Tumor size (cm)
Differentiation

TNM stage

≤ 60
> 60
Male
Female
≤2
>2
Well
Middle
Poor
T2
T3
T4
N0
N1
N2
M0
M1
Stage II
Stage III
Stage IV

Cases
115
155
110
160
66
204
82
104
84
72
123
75
148
68
54
195
75
110
85
75

Serum CEA
23.6 ± 15.1
25.6 ± 15.7
25.3 ± 14.5
22.5 ± 13.1
21.5 ± 13.7
24.0 ± 16.3
18.7 ± 10.2
22.8 ± 13.7a
33.5 ± 16.8a,b
25.1 ± 17.6
29.8 ± 18.7
31.6 ± 19.4
28.1 ± 19.6
31.2 ± 18.9
33.3 ± 19.1
20.1 ± 12.4
35.2 ± 16.9
15.4 ± 8.9
26.1 ± 14.2c
36.1 ± 17.5c,d

P value
0.294
0.106
0.262
< 0.001

0.090

0.198

< 0.001
< 0.001

Cases (positive rate)
74 (64.3%)
96 (61.9%)
76 (69.1%)
94 (58.8%)
35 (53.0%)
135 (66.2%)
48 (52.5%)
58 (55.7%)
64 (76.2%)
42 (58.3%)
74 (60.2%)
54 (72.0%)
91 (61.5%)
42 (61.8%)
37 (68.5%)
112 (57.4%)
58 (77.3%)
57 (51.8%)
54 (63.5%)
59 (78.7%)

χ2
0.165

P value
0.685

2.989

0.084

3.696

0.055

9.299

0.010

3.702

0.157

0.895

0.639

9.196

0.002

13.802

0.001

Compared with Well, ap<0.05; Compared with Middle, bp<0.05; Compared with Stage II, cp<0.05; Compared with Stage III,
p<0.05.

d

Discussion

Figure 2. Survival curve related to serum CEA.

which without distant metastasis (P = 0.026).
Later TNM stage represented poor prognosis
(OR = 1.855, P = 0.040).
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NSCLC accounts for the majority of lung cancer. The development of surgical resection technique, chemo-radiotherapy, and targeted therapy technology has significantly improved patients’ prognosis [17, 18]. However, the
prognosis of advanced NSCLC patients is still poor even after clinical intervention.
According to the report, the
five-year survival rate for
patients in stage III was only
about 15% [19]. An American
survey showed that there
are more than 200,000 newly diagnosed lung cancer patients every year, and
150,000 deaths are associated with lung cancer. Therefore, early diagnosis becomes the most important
measure for effective treatment and improving
patient’s prognosis and survival [20-23]. As an
acid glycoprotein, CEA is a human embryo antiInt J Clin Exp Med 2019;12(5):5812-5819
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Table 4. Multivariate analysis of related influencing factors for overall survival prognosis
Parameter
Regression coefficient (B) Standard error (S.E) Wald
Age
1.035
0.589
1.94
Gender
1.521
1.664
2.956
Tumor size
1.112
0.222
12.271
Differentiation
1.468
1.011
1.113
T
1.104
1.217
3.344
N
1.211
1.565
0.434
M
1.864
0.665
1.221
TNM stage
1.256
0.927
1.165
Serum CEA elevation
2.562
0.145
2.021

gen specific decision factor belonging to nonspecific tumor associated antigen. Its content
is very few in normal circulation, and its elevation prompts tumor cell proliferation. At present, it has been used in a variety of tumors
detection [24, 25]. It was reported that the CEA
level in lung adenocarcinoma was significantly
higher than that in squamous cell cancer and
small-cell lung cancer, suggesting that CEA
might be one of the most valuable markers for
lung adenocarcinoma [26]. In previous studies,
elevated serum CEA level was not always associated with TNM staging [27-31]. These results
revealed that serum CEA was significantly correlated with TNM stage. It was in accordance
with Molina study [32]. For N stage, Takamochi
reported that elevated serum CEA level was a
promotive factor for N2 disease [33]. However,
these results failed to find significant difference in serum CEA level between N0-1 and N2
stages. CEA is a cell adhesion molecule belonging to the immunoglobulin superfamily with
homogeneous and heterogeneous adhesion
function. Homogeneous adhesion can promote
tumor cell aggregation and tumor embolus formation, while heterogeneous adhesion promotes distant metastasis [34]. In this study,
patients with distant metastasis had significantly higher serum CEA levels than those without metastasis, suggesting that elevated serum CEA may be treated as an important factor
to evaluate lung cancer metastasis. In addition,
the relationship between serum CEA content
and TNM stage observed by this research is
likely to be affected by M state, as we failed to
discover correlation between serum CEA with T
and N state. It was found that CEA on tumor
cell surface can inhibit tumor cell differentiation and make cells maintaining in poor-differentiation status, thus promoting tumor devel-
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P
0.181
0.323
0.065
0.022
0.096
0.314
0.026
0.040
0.012

OR
0.915
0.882
3.154
1.613
1.232
1.544
1.977
1.855
2.863

95% CI
0.678-5.221
0.231-3.201
0.656-8.412
1.437-5.632
0.564-3.127
0.478-3.462
1.263-6.231
1.156-5.268
1.931-8.219

opment and deterioration [35]. This study observed that serum CEA level was higher in
patients with poor differentiation, which was in
accordance with Okada [36]. Salgia et al. [37]
found that serum CEA content had a certain
relationship with tumor size, but analysis failed
to observe a similar phenomenon.
The results show that TNM stage is an important factor that may affect NSCLC patients’ survival and prognosis, whereas it’s OR value was
lower than that of M stage, indicating distant
metastasis had more significant impact on
patients’ prognosis than TNM stage. Muley et
al. [38] confirmed that patients with high CEA
level showed poor prognosis. These results
demonstrate that serum CEA elevation was an
independent prognostic factor for lung adenocarcinoma patient, which was in accordance
with Tomita results [39]. It suggested that patients with high serum CEA level may have poor
prognosis. Therefore, although the mechanism
of serum CEA elevation in NSCLC patients is
still unclear, current results considered that
CEA is an important index for cancer patient
evaluation. Some researchers have also reported that serum CEA is an effective predictor to
evaluate tumor recurrence [30].
Except lung adenocarcinoma, lung squamous
cell carcinoma is mostly found in male patients.
A study showed that serum CEA level was significantly higher in patients with lung adenocarcinoma than that in lung squamous cell carcinoma, which was reported to relate to tumor
morphological heterogeneity. Part of lung squamous cell carcinoma can present the basic features of lung adenocarcinoma. Hence, it was
assumed that CEA elevation in squamous carcinoma tissue was different from the lung adenocarcinoma part. Therefore, serum CEA level
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was not reported to be associated with patient’s
prognosis [40]. In view of the mechanism of
CEA elevation in NSCLC not having been elucidated, it is necessary to do further investigation to uncover the mechanism.
Previously reported biological prognostic evaluation was often based on the specimen in the
operation, which is not able to obtain preoperatively. Some of these factors were only treated
as research tools. This study confirmed that
serum CEA can be used as a routine assessment factor. It can effectively assess the prognosis of patients with non-small cell lung adenocarcinoma in combination with traditional
pathological staging. At the same time, there
are some limitations in this research. First, for
the basic level of subjects was different, including distant metastasis, lung cancer progress
degree, and differentiation degree, the conclusion was limited in analyzing the direct correlation relationship between CEA expression and
prognosis. Hierarchical analysis is needed to
increase the conclusion accuracy. Second, the
number of subjects enrolled was small and the
loss of follow up rate was high. Therefore, a
larger scale study is required in the future to
confirm these findings.
In conclusion, serum CEA elevation is an independent prognostic factor for patients with
non-small cell lung adenocarcinoma. Patients
with high CEA level presented shorter long-term
survival and high mortality. It has a certain reference and application value because of it is a
convenient and cheap detection method.
Disclosure of conflict of interest
None.
Address correspondence to: Dr. Lin Xu, Department
of Thoracic Surgery, The Affiliated Cancer Hospital of
Nanjing Medical University, Jiangsu Cancer Hospital,
No. 42, Baiziting, Xuanwu District, Nanjing 210009,
Jiangsu, P. R. China. Tel: +86-025-83283598; Fax:
+86-025-83283598; E-mail: diyang@njmu.edu.cn

References
[1]

[2]

5817

Wang J, Shi G, Zhang S, Wang Q, Yang X, Li X,
Wang H, Zhang H, Song C. [Clinical value of serum TPS, CEA, Pro-GRP and CYFRA21-1 in patients with lung cancer]. Zhongguo Fei Ai Za Zhi
2010; 13: 500-505.
Huang J, Chen F, Wu Y, Yang J. [Expression and
clinical significance of ADAM8 and CEA in se-

rum of patients with non-small cell lung cancer.]. Zhongguo Fei Ai Za Zhi 2008; 11: 789792.
[3] Lo Russo G, Franchi F, Seminara P. Is CEA better than CYFRA 21-1 in the monitoring of squamous cell lung cancer progression? Med Princ
Pract 2011; 20: 200.
[4] Molina R, Auge JM, Escudero JM, Marrades R,
Vinolas N, Carcereny E, Ramirez J, Filella X.
Mucins CA 125, CA 19.9, CA 15.3 and TAG72.3 as tumor markers in patients with lung
cancer: comparison with CYFRA 21-1, CEA,
SCC and NSE. Tumour Biol 2008; 29: 371-380.
[5] Hanagiri T, Sugaya M, Takenaka M, Oka S,
Baba T, Shigematsu Y, Nagata Y, Shimokawa
H, Uramoto H, Takenoyama M, Yasumoto K,
Tanaka F. Preoperative CYFRA 21-1 and CEA as
prognostic factors in patients with stage I nonsmall cell lung cancer. Lung Cancer 2011; 74:
112-117.
[6] Blankenburg F, Hatz R, Nagel D, Ankerst D,
Reinmiedl J, Gruber C, Seidel D, Stieber P.
Preoperative CYFRA 21-1 and CEA as prognostic factors in patients with stage I non-small
cell lung cancer: external validation of a prognostic score. Tumour Biol 2008; 29: 272-277.
[7] Li M, Li JY, Zhao AL, He JS, Zhou LX, Li YA, Gu J.
Comparison of carcinoembryonic antigen prognostic value in serum and tumour tissue of patients with colorectal cancer. Colorectal Dis
2009; 11: 276-81.
[8] Han SU, Kwak TH, Her KH, Cho YH, Choi C, Lee
HJ, Hong S, Park YS, Kim YS, Kim TA, Kim SJ.
CEACAM5 and CEACAM6 are major target
genes for Smad3-mediated TGF-beta signaling. Oncogene 2008; 27: 675-83.
[9] Kelly KJ, Wong J, Gladdy R, Moore-Dalal K, Woo
Y, Gonen M, Brennan M, Allen P, Fong Y, Coit D.
Prognostic impact of RT-PCR-based detection
of peritoneal micrometastases in patients with
pancreatic cancer undergoing curative resection. Ann Surg Oncol 2009; 16: 3333-9.
[10] Nicolini A, Tartarelli G, Carpi A, Metelli MR,
Ferrari P, Anselmi L, Conte M, Berti P, Miccoli P.
Intensive post-operative follow-up of breast
cancer patients with tumour markers: CEA,
TPA or CA15.3 vs MCA and MCA-CA15.3 vs
CEA-TPA-CA15.3 panel in the early detection of
distant metastases. BMC Cancer 2006; 6:
269.
[11] Cho WK, Choi DH, Park HC, Park W, Yu JI, Park
YS, Park JO, Lim HY, Kang WK, Kim HC, Cho YB,
Yun SH, Lee WY. Elevated CEA is associated
with worse survival in recurrent rectal cancer.
Oncotarget 2017; 8: 105936-105941.
[12] Wen Z, Si A, Yang J, Yang P, Yang X, Liu H, Yan
X, Li W, Zhang B. Elevation of CA19-9 and CEA
is associated with a poor prognosis in patients
with resectable gallbladder carcinoma. HPB
(Oxford) 2017; 19: 951-956.

Int J Clin Exp Med 2019;12(5):5812-5819

CEA in lung adenocarcinoma
[13] Scagliotti GV, Micela M, Gubetta L, Leonardo E,
Cappia S, Borasio P, Pozzi E. Prognostic significance of Ki67 labelling in resected non small
cell lung cancer. Eur J Cancer 1993; 29: 363365.
[14] Macchiarini P, Fontanini G, Hardin MJ, Squartini F, Angeletti CA. Relation of neovascularisation to metastasis of non-small-cell lung cancer. Lancet 1992; 340: 145-146.
[15] Niu Y, Wang H, Zhang G, Ma J, Wei B, Ma Z.
[Thyroid transcription factor-1 level is associated with epidermal growth factor receptor mutation status in patients with advanced lung
adenocarcinoma]. Zhonghua Jie He He Hu Xi
Za Zhi 2014; 37: 919-923.
[16] Zhu H, Min X, Li S, Feng M, Zhang G, Yi X.
Amebic lung abscess with coexisting lung adenocarcinoma: a unusual case of amebiasis. Int
J Clin Exp Pathol 2014; 7: 8251-8254.
[17] Chen Z, Liu X, Zhao J, Yang H, Teng X. Correlation of EGFR mutation and histological subtype according to the IASLC/ATS/ERS classification of lung adenocarcinoma. Int J Clin Exp
Pathol 2014; 7: 8039-8045.
[18] Schaller A, Beau-Faller M, Mennecier B, Renaud-Picard B, Weingertner N, Massard G, Quoix
E. Lung adenocarcinoma with pulmonary miliary metastases and complex somatic heterozygous EGFR mutation. Case Rep Oncol 2014; 7:
769-773.
[19] Schwartz AG, Cote ML. Epidemiology of lung
cancer. Adv Exp Med Biol 2016; 893: 21-41.
[20] Suzuki H, Hirashima T, Kobayashi M, Okamoto
N, Matsuura Y, Tamiya M, Morishita N, Okafuji
K, Shiroyama T, Morimura O, Morita S, Kawase
I. Carboplatin plus paclitaxel in combination
with bevacizumab for the treatment of adenocarcinoma with interstitial lung diseases. Mol
Clin Oncol 2013; 1: 480-482.
[21] Korta DZ, Lewin JM, Meehan SA, Ramachandran SM. Metastatic squamous cell carcinoma
presenting as an erythematous nodule in a
man with lung adenocarcinoma. J Drugs
Dermatol 2014; 13: 1277-1279.
[22] Liang AL, Zhang TT, Zhou N, Huang DN, Liu XG,
Liu YJ, Tu ZG. Fused polypeptide with DEF induces apoptosis of lung adenocarcinoma cells.
Asian Pac J Cancer Prev 2013; 14: 73397344.
[23] Kirita K, Ishii G, Matsuwaki R, Matsumura Y,
Umemura S, Matsumoto S, Yoh K, Niho S, Goto
K, Ohmatsu H, Ohe Y, Nagai K, Ochiai A.
Identification of biological properties of intralymphatic tumor related to the development of
lymph node metastasis in lung adenocarcinoma. PLoS One 2013; 8: e83537.
[24] Aokage K, Yoshida J, Ishii G, Matsumura Y,
Haruki T, Hishida T, Nagai K. Identification of
early t1b lung adenocarcinoma based on thin-

5818

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

section computed tomography findings. J Thorac Oncol 2013; 8: 1289-1294.
Lu TP, Chuang EY, Chen JJ. Identification of reproducible gene expression signatures in lung
adenocarcinoma. BMC Bioinformatics 2013;
14: 371.
Hiasa A, Nakase K, Fukutome K, Nomura H,
Ueno S, Mizuno T, Katayama N, Takeuchi T.
Lung adenocarcinoma in a patient with plasmacytoma. Case Rep Hematol 2013; 2013:
726437.
Atherly AJ, Camidge DR. The cost-effectiveness
of screening lung cancer patients for targeted
drug sensitivity markers. Br J Cancer 2012;
106: 1100-1106.
Chang S, Dai M, Ren JS, Chen YH, Guo LW.
[Estimates and prediction on incidence, mortality and prevalence of lung cancer in China in
2008]. Zhonghua Liu Xing Bing Xue Za Zhi
2012; 33: 391-394.
Ferrigno D, Buccheri G, Biggi A. Serum tumour
markers in lung cancer: history, biology and
clinical applications. Eur Respir J 1994; 7:
186-197.
Foa P, Fornier M, Miceli R, Seregni E, Santambrogio L, Nosotti M, Cataldo I, Sala M, Caldiera
S, Bombardieri E. Tumour markers CEA, NSE,
SCC, TPA and CYFRA 21.1 in resectable nonsmall cell lung cancer. Anticancer Res 1999;
19: 3613-3618.
Hammarstrom S. The carcinoembryonic antigen (CEA) family: structures, suggested functions and expression in normal and malignant
tissues. Semin Cancer Biol 1999; 9: 67-81.
Molina R, Auge JM, Bosch X, Escudero JM,
Vinolas N, Marrades R, Ramirez J, Carcereny E,
Filella X. Usefulness of serum tumor markers,
including progastrin-releasing peptide, in patients with lung cancer: correlation with histology. Tumour Biol 2009; 30: 121-129.
Zhou Q, Suzuki K, Anami Y, Oh S, Takamochi K.
Clinicopathologic features in resected subcentimeter lung cancer--status of lymph node metastases. Interact Cardiovasc Thorac Surg
2010; 10: 53-57.
Thompson JA, Grunert F, Zimmermann W. Carcinoembryonic antigen gene family: molecular
biology and clinical perspectives. J Clin Lab
Anal 1991; 5: 344-366.
Ilantzis C, Jothy S, Alpert LC, Draber P, Stanners
CP. Cell-surface levels of human carcinoembryonic antigen are inversely correlated with colonocyte differentiation in colon carcinogenesis.
Lab Invest 1997; 76: 703-716.
Okada M, Sakamoto T, Nishio W, Uchino K,
Tsubota N. Characteristics and prognosis of
patients after resection of nonsmall cell lung
carcinoma measuring 2 cm or less in greatest
dimension. Cancer 2003; 98: 535-541.

Int J Clin Exp Med 2019;12(5):5812-5819

CEA in lung adenocarcinoma
[37] Salgia R, Harpole D, Herndon JE 2nd, Pisick E,
Elias A, Skarin AT. Role of serum tumor markers CA 125 and CEA in non-small cell lung cancer. Anticancer Res 2001; 21: 1241-1246.
[38] Muley T, Dienemann H, Ebert W. CYFRA 21-1
and CEA are independent prognostic factors in
153 operated stage I NSCLC patients. Anticancer Res 2004; 24: 1953-1956.
[39] Tomita M, Matsuzaki Y, Edagawa M, Shimizu T,
Hara M, Onitsuka T. Prognostic significance of
preoperative serum carcinoembryonic antigen
level in lung adenocarcinoma but not squamous cell carcinoma. Ann Thorac Cardiovasc
Surg 2004; 10: 76-80.

5819

[40] Damle NA, Tripathi M, Singhal A, Bal C, Kumar
P, Kandasamy D, Jana M. Association of nontraumatic complex regional pain syndrome
with adenocarcinoma lung on 99mTc-MDP
bone scan. Indian J Nucl Med 2012; 27: 249251.

Int J Clin Exp Med 2019;12(5):5812-5819

