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Abstract. Expression of lactate dehydrogenase (LDH) and 
carcinoembryonic antigen (CEA) in serum was investigated 
in the process of epidermal growth factor receptor‑tyrosine 
kinase inhibitor  (EGFR‑TKI) targeting for treating lung 
adenocarcinoma and the association between LDH, CEA 
and prognosis of patients was evaluated. A retrospective 
analysis of 89 patients with lung adenocarcinoma admitted 
to The First People's Hospital of Chuzhou from January 
2014 to February 2015 was performed. Fifty‑one patients 
who received resection were considered the operation 
group, while the other 38  patients received EGFR‑TKI 
targeted therapy and were considered the targeted group. 
Electrochemiluminescence and automatic biochemical 
analyzer were respectively used to detect the expression of 
CEA and LDH in serum. The therapeutic effective rates and 
the expression levels of LDH and CEA of the patients were 
compared. The patients in the targeted group were divided 
into LDH high‑expression group, LDH low‑expression 
group, CEA high‑expression group and CEA low‑expression 
group according to the median of the expression levels of 
LDH and CEA.  The therapeutic effective rate in LDH 
high‑expression group (65.00%) was significantly lower than 
that in LDH low‑expression group  (100.00%) (P=0.004). 
The therapeutic effective rate in CEA high‑expression 
group (64.71%) was significantly lower than that in CEA 
low‑expression group (95.24%) (P=0.016). The 3‑year overall 
mortality rate in LDH high‑expression group (47.37%) was 
significantly higher than that in LDH low‑expression group 

(11.11%) (P=0.034). The 3‑year overall mortality rate in CEA 
high‑expression group (56.25%) was significantly higher 
than that in CEA low‑expression group (4.76%) (P=0.020). 
The levels of CEA and LDH in serum were abnormally 
expressed in the process of the treatment of lung adenocar-
cinoma targeted by EGFR‑TKI, which had great significance 
for monitoring the efficacy and prognosis of the treatment of 
lung adenocarcinoma targeted by EGFR‑TKI.

Introduction

Lung cancer is one of the most common cancers in clinic, 
it is often found in mucosal epithelium of bronchus  (1). 
Studies showed that in 2016 new patients with lung cancer 
increased ~2.67 million worldwide, and the morbidity of 
lung cancer ranked the second among all cancers (2). Lung 
adenocarcinoma is a lung cancer where the age of onset 
tends to be younger (3). At present, the pathogenesis of lung 
adenocarcinoma is still unclear. Tumor metastasis easily 
occurs in lung adenocarcinoma and ~30% of patients with 
advanced lung adenocarcinoma have metastasis, which makes 
the fatality rate of lung adenocarcinoma the highest among 
all cancers  (4,5). It has been shown that without effective 
treatment, the median survival time of this type of patients is 
only 1 month (6). The most effective means of treating lung 
adenocarcinoma in clinic are resection, radiotherapy and 
chemotherapy (7). At present, with the development of the 
treatment of tumor diseases, lung cancer resection has been 
improved and nidus separation can be finished preferably in 
patients during resection (8), however, in the process of postop-
erative chemotherapy, side effects easily appear when normal 
lung tissue in the radiation field is injured (9). Patients with 
slight injury have difficulty in breathing and impairment of 
lung function, while in severe cases patients present extensive 
pulmonary fibrosis, which directly threatens their life (10). 
Therefore, the way to improve the therapeutic effective rate 
of lung adenocarcinoma is a major focus in current clinical 
research. Molecular targeted therapy has become a hotspot 
in research. Some data have demonstrated that AFAP1‑AS1, 
CDK4, CDK6 and NAT8L may become potential targets of 
future clinical treatment of lung cancer (11‑13). Epidermal 
growth factor receptor‑tyrosine kinase inhibitor (EGFR‑TKI) 
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has an extremely important influence on lung adenocarci-
noma (14). Cancer factors enhance the susceptibility of tumor 
tissue for programmed cell death protein 1 (PD‑1) blockade 
via EGFR pathway, and the key of EGFR‑TKI is inhibiting 
the combination of PD‑1 and EGFR (15). It has been proven 
that lung adenocarcinoma receives the largest beneficial effect 
when EGFR‑TKI is applied in the treatment of non‑small 
cell carcinoma  (16,17), but it is still controversial how to 
better predict the clinical efficacy and prognosis of patients. 
Carcinoembryonic antigen (CEA) is currently the most sensi-
tive tumor marker  (18), and lactate dehydrogenase (LDH) 
is a prognostic indicator that is closely related to tumor cell 
load and distant metastasis (19). There are few studies on the 
two in the targeted therapy of lung adenocarcinoma, there-
fore, this report retrospectively analyzed patients with lung 
adenocarcinoma who were admitted and treated in The First 
People's Hospital of Chuzhou (Chuzhou, China) since 2014 to 
investigate the significance of CEA and LDH in the targeted 
therapy of lung adenocarcinoma.

Patients and methods

General data. Eighty‑nine patients with lung adenocarci-
noma, who were admitted to The First People's Hospital of 
Chuzhou from January  2014 to February  2015, were the 
study subjects and were analyzed retrospectively. Among the 
patients, there were 38 patients with EGFR sensitive mutation, 
accounting for 42.70% of all subjects. There were 34 males 
and 55 females, aged from 37 to 69 years, with an average age 
of 51.63±11.74 years.

Inclusion and exclusion criteria. Inclusion criteria: all patients 
who were diagnosed with lung adenocarcinoma via biopsy 
in the Pathology Department of The First People's Hospital 
of Chuzhou; patients who received lung tissue resection or 
EGFR‑TKI targeted therapy in The First People's Hospital 
of Chuzhou; patients with complete clinical data; patients 
40‑65 years of age. Exclusion criteria: patients with other 
abnormalities in cardiopulmonary functions before the preop-
erative diagnosis; with other tumor diseases, blood diseases, 
immune diseases, or physical disabilities; who were chroni-
cally ill; patients in gestation period; patients who had surgical 
contraindications; patients who had received chemotherapy 
before operation; patients pathologically diagnosed with local 
or distant metastasis after operation. The study was approved 
by the Ethics Committee of The First People's Hospital of 
Chuzhou. Patients had complete clinical data and signed 
informed consents were obtained from the patients and/or the 
guardians.

Methods. Among the 89 study subjects, 51 patients received 
resection in The First People's Hospital of Chuzhou and 
were set as the operation group; the other 38  patients 
received EGFR‑TKI targeted therapy in The First People's 
Hospital of Chuzhou, and were considered the targeted 
group. The operations were performed by the senior chief 
clinicians. The therapeutic drug was AZD9291, also known 
as Osimertinib, which is the third generation of EGFR‑TKI. 
This compound is an irreversible mutant selective EGFR‑TKI 
(exon 19 deletion type EGFRIC50=12.92 nM, L858R/T790M 

EGFR IC50=11.44 nM, wild‑type EGFR IC50=493.8 nM), oral 
administration, 80 mg, PO QD.

Venous blood of patients (5.0 ml) was taken before surgery, 
4 weeks after the targeted therapy, or 1 week after surgery. 
CEA electrochemiluminescence kit  (cat. no.  LT13001; 
Quanzhou Lantu Biotechnology Co., Ltd., Quanzhou, China) 
was used to detect the expression of CEA in serum with UniCel 
DxI 800 immunoassay system (Beckman Coulter, Inc., Brea, 
CA, USA), and an automatic biochemical analyzer (Beckman 
Coulter, Inc., Shanghai, China) was used to detect the expres-
sion of LDH in serum.

Observation indicators. The clinical data of patients in the 
two groups included sex, age, weight, and course of disease. 
The therapeutic effective rate was calculated using the 
Response Evaluation Criteria in Solid Tumors  (RECIST) 
of  2012 as a reference  (20) and the patients were sepa-
rated into four stages, based on complete response  (CR), 
partial response (PR), stable disease (SD) and progressive 
disease (PD). All patients took imageological examination 
at the 5th week after the treatment, and the imageological 
results were used for the evaluation and reference of the final 
efficacy. Therapeutic effective rate = (the number of patients 
who were graded in CR+PR)/total number x100%. Patients in 
the targeted group were given a 3‑year prognostic follow‑up 
in the form of call, letter, hospital review and visit. The dead-
line of the follow‑up was April 2018 and the ultimate event 
was the death of the patient. The 3‑year survival rate of the 
patients was recorded.

Statistical analysis. SPSS 24.0 statistical software (Shanghai 
Yuchuang Network Technology Co., Ltd., Shanghai, China) 
was used to analyze and process all data; the enumeration data 
were expressed in the form of rate, and Chi‑square (χ2) test was 
used for their comparison between groups; the measurement 
data were expressed as the mean ± standard deviation, and 
paired t‑test was used for their comparison between groups. 
Kaplan‑Meier survival analysis was used for the survival 
curves and log‑rank test was used for the comparison of the 
survival rates. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Comparison of the clinical data. There were no significant 
differences concerning age, weight, course of disease, sex, 
smoking, drinking, place of residence, tumor metastasis and 
differentiated degree of patients between the two groups 
(P>0.050). This proves that there was comparability between 
the patients of the two groups. Details are shown in Table I.

Comparison of the therapeutic effective rate. In the targeted 
group, 52.63% of the cases were CR, 28.95% were PR, 13.16% 
were SD, and 5.26% were PD; the therapeutic effective rate 
was 81.58%. In the operation group, 56.86% of the cases 
were CR, 25.49% were PR, 9.80% were SD, and 5.88% were 
PD; the therapeutic effective rate was 82.35%. The differ-
ences were found to be statistically not significant when the 
therapeutic effective rates of the two groups were compared 
(P>0.050) (Table II).
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Comparison of the expression levels of LDH and CEA. The 
expression levels of LDH in the targeted group before and 
after treatment were 224.56±12.67 and 163.75±9.24  U/l, 
respectively; the expression levels of LDH in the operation 
group before and after treatment were 230.64±13.08 and 
160.54±9.87  U/l, respectively. There was no significant 
difference in the LDH of the patients in the two groups 
before or after treatment (P>0.050). The expression level 
of LDH after treatment was lower than that before treat-
ment (P<0.050) in both groups. The expression levels of 
CEA in the targeted group before and after treatment were 
20.77±3.68 and 3.54±0.62 ng/ml, respectively; the expres-
sion levels of CEA in the operation group before and after 
treatment were 21.34±3.92 and 3.27±0.70 ng/ml, respectively. 

There was no significant difference in CEA of patients in the 
two groups before or after treatment (P>0.050). The expres-
sion level of CEA after treatment was lower than that before 
treatment (P<0.050) in both groups (Figs. 1 and 2).

Difference of efficacy of the targeted groups. According to the 
medians of LDH and CEA expression levels in patients of the two 
groups before treatment, 20 cases were in LDH high‑expression 
group (LDH≥224.56 U/l); 18 patients were in LDH low‑expres-
sion group (LDH<224.56  U/l); 17  patients were in CEA 
high‑expression group (CEA≥20.77 ng/ml); and 21 patients 
were in CEA low‑expression group (CEA<20.77  ng/ml). 
The therapeutic effective rate of LDH high‑expression group 
was 65.00%, which was significantly lower than that of 

Table I. Comparison of the patients' clinical data between the two groups [n (%)].

Characteristics	 Targeted group (n=38)	 Operation group (n=51)	 χ2 or t	 P‑value

Age (years)	 51.67±12.33	 50.84±11.96	 0.320	 0.750

Weight (kg)	 72.96±15.68	 74.24±16.07	 0.376	 0.708
Course of disease (weeks)	   3.52±1.66	   3.70±1.54	 0.528	 0.599
Sex			   0.045	 0.831
  Male	 15 (39.47)	 19 (37.25)
  Female	 23 (60.53)	 32 (62.75)
Smoking			   0.163	 0.686
  Yes	   8 (21.05)	   9 (17.65)
  No	 30 (78.95)	 42 (82.35)
Drinking			   0.112	 0.738
  Yes	   5 (13.16)	   8 (15.69)
  No	 33 (86.84)	 43 (84.31)
Place of residence			   0.362	 0.547
  City	 31 (81.58)	 44 (86.27)
  Countryside	   7 (18.42)	   7 (13.73)
Tumor metastasis			   0.056	 0.813
  Yes	   9 (23.68)	 11 (21.57)
  No	 29 (76.32)	 40 (78.43)
Differentiated degree			   0.159	 0.924
  High	 13 (34.21)	 16 (31.37)
  Middle	 20 (52.63)	 29 (56.86)
  Low	   5 (13.16)	   6 (11.76)

Table II. Comparison of the therapeutic effective rate [n (%)].

Items	 Targeted group (n=38)	 Operation group (n=51)	 χ2	 P‑value

CR	 20 (52.63)	 29 (56.86)	 0.787	 0.375
PR	 11 (28.95)	 13 (25.49)	 0.132	 0.716
SD	 5 (13.16)	 5 (9.80)	 0.246	 0.620
PD	 2 (5.26)	 4 (7.84)	 0.016	 0.900
Effective rate (%)	 81.58	 82.35	 0.009	 0.925

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
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LDH low‑expression group (100.00%) (P=0.004). The thera-
peutic effective rate of CEA high‑expression group was 
64.71%, which was also significantly lower than that of CEA 
low‑expression group (95.24%) (P=0.016). Details are shown 
in Tables III and IV.

Prognosis. Among the 38  patients in the targeted group, 
37 patients were successfully followed up, and the success rate 
of the follow‑up visit was 97.37%. There were 19 patients in 
LDH high‑expression group, 18 patients in LDH low‑expression 

group, 16 patients in CEA high‑expression group and 21 patients 
in CEA low‑expression group. The 3‑year total mortality of 
LDH high‑expression group was 47.37%, which was signifi-
cantly higher than that of LDH low‑expression group (11.11%) 
(P=0.034). The 3‑year total mortality of CEA high‑expression 
group was 56.25%, which was significantly higher than that of 
CEA low‑expression group (4.76%) (P=0.020). When the data 
of all the deceased patients were compared, it was concluded 
that 14 patients (77.78%) had high‑expression of LDH and 
CEA (Figs. 3 and 4).

Figure 1. Comparison of the expression level of LDH between the targeted and 
the operation group before and after treatment. The level of LDH in the serum 
of the patients was detected by using an automatic biochemical analyzer. The 
results showed that there was no significant difference in the expression level 
of LDH between the two groups before or after treatment. The expression 
level of LDH after treatment decreased in both groups when compared to that 
before treatment. *P<0.050, compared with the expression level of LDH in the 
same group before treatment. LDH, lactate dehydrogenase.

Figure 2. Comparison of the expression level of CEA between the targeted 
and the operation group before and after treatment. The level of CEA in the 
serum of the patients was detected by electrochemiluminescence. The results 
showed that there was no significant difference in the expression level of 
CEA between the two groups before or after treatment. The expression level 
of CEA after treatment decreased in both groups when compared to that 
before treatment. *P<0.050, compared with the expression level of CEA in 
the same group before treatment. CEA, carcinoembryonic antigen.

Table III. Therapeutic effective rate of LDH high and low‑expression groups [n (%)].

Items	 LDH high‑expression group (n=20)	 LDH low‑expression group (n=18)	 χ2	 P‑value

CR	 5 (25.00)	 14 (77.78)
PR	 8 (40.00)	 4 (22.22)
SD	 5 (25.00)	 0 (0.00)
PD	 2 (10.00)	 0 (0.00)
Effective rate (%)	 65.00	 100.00	 8.485	 0.004

LDH, lactate dehydrogenase; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.

Table IV. Therapeutic effective rate of CEA high and low‑expression groups [n (%)].

Items	 CEA high‑expression group (n=17)	 CEA low‑expression group (n=21)	 χ2	 P‑value

CR	 5 (29.41)	 15 (71.43)
PR	 6 (35.29)	 5 (23.81)
SD	 4 (23.53)	 1 (4.76)
PD	 2 (11.76)	 0 (0.00)
Effective rate (%)	 64.71	 95.24	 5.828	 0.016

CEA, carcinoembryonic antigen; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
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Discussion

The morbidity and mortality of lung adenocarcinoma are 
extremely high in clinic (21). The scheme of diagnosis and 
treatment of lung adenocarcinoma has long been a research 
hotspot in clinic, and targeted therapy has gradually become 
popularized in recent years. Compared with traditional resec-
tion, radiotherapy and chemotherapy, the targeted therapy is 
safer in ensuring the effective remission of patients' tumors, 
and it achieves the purpose of treating tumors by regulating 
one or more factors directly related to tumors (21,22). While 
EGFR‑TKI is applied in lung adenocarcinoma, the mecha-
nism is using the combination between gefitinib or erlotinib 
and EGFR in lung adenocarcinoma cells, and disrupting the 
signal transduction of the downstream cells by inhibiting the 
activation of tyrosine kinase, thereby preventing the spread, 
infiltration and metastasis of cancer cells (23). However, some 
related drug resistance usually appears in most patients in the 
process of targeted therapy, which weakens the therapeutic 
effect of targeted drugs (24). So it is particularly important to 
monitor the therapeutic effect and estimate the condition of 
prognosis in the process of targeted therapy.

In this study, the difference of the efficacy between 
EGFR‑TKI targeted therapy and traditional resection for the 
patients with lung adenocarcinoma, and the expression levels  
of LDH and CEA were investigated. The significance of the 
expression levels of LDH and CEA and the effect of prognosis 
of LDH and CEA in patients with lung adenocarcinoma who 
were treated with EGFR‑TKI targeted therapy were also inves-
tigated. Results showed that there is no significant difference 
in the therapeutic effective rates and the expression of LDH 
and CEA between the targeted and the operation group, which 
suggests that EGFR‑TKI targeted therapy has an extremely 
high application value for treating lung adenocarcinoma. LDH 
mainly belongs to the enzyme in the glycolytic pathway and 
plays a great role in facilitating the formation of lactic acid, 
which originates from pyruvate (25). In general, LDH exists 
in almost every cell of the organisms, and its activity is gener-
ally high in human body. Therefore, LDH does not have high 
specificity for the early diagnosis of diseases, and it is often 
used as a reference to prognostically monitor and estimate the 
state of the disease of patients (26). CEA is a glycoprotein that 
only exists in cancer and embryonic tissues, and directly acts on 
the adhesion reaction between tumor cells, which has a strong 
regulatory ability on the differentiation, apoptosis, infiltration 
and metastasis of cancer cells (27). In this study, there was 
no difference between the targeted and the operation group, 
which proves that EGFR‑TKI targeted therapy could effectively 
improve the condition of tumor nidus of lung adenocarcinoma 
in patients, reduce the tumor volume in patients, and achieve the 
purpose of treating tumors. In addition, there was no difference 
in the expression of CEA and LDH before or after treatment 
between the two groups, which preliminarily suggests that these 
indicators could be generally applied for the treatment of lung 
cancer, and errors in expression levels would not be caused by 
traumatic surgery. However, more in‑depth research is required 
for comparison in order to obtain most accurate experiment 
results. The contingency could not be excluded due to the small 
sample size in this study. Analysis of the efficacy and the differ-
ence of prognosis of patients in CEA high‑expression group, 
CEA low‑expression group, LDH high‑expression group and 
LDH low‑expression group in the targeted group showed that 
CEA and LDH high‑expression groups were both significantly 
worse than CEA and LDH low‑expression groups. This suggests 
that CEA and LDH both have a high application value for 
monitoring the efficacy and prognosis of patients who receive 
EGFR‑TKI targeted therapy. Tumor cells can perform unlimited 
aerobic glycolysis with the support of enough nutrition, while 
the main substance that provides nutrition for them is LDH (28). 
It is speculated that due to the incomplete elimination of tumor 
nidus, cancer cells consume a large amount of oxygen in patient's 
body, thus the patient's body is chronically in a state of hypoxia, 
which induces the enhancement of glycolysis and raises the 
level of LDH, allowing tumor cells to get enough energy again 
to further metastasize and invade. So, the prognosis of LDH 
high‑expression group is significantly worse than that of LDH 
low‑expression group. CEA, a tumor marker, reflects the active 
ability of tumors. The higher its expression is, the stronger the 
activation ability of tumors is, thereby, the prognosis is worse.

In this study, the difference of efficacy between EGFR‑TKI 
targeted therapy and traditional resection in the treatment of 
patients with lung adenocarcinoma and the expression of LDH 

Figure 3. The survival curves of LDH high and low‑expression groups at 
3 years after prognosis. The total mortality of LDH high‑expression group 
at 3 years was 47.37%, which was significantly lower than that of LDH 
low‑expression group (11.11%, P=0.034). LDH, lactate dehydrogenase.

Figure 4. The survival curves of CEA high and low‑expression groups at 
3 years after prognosis. The total mortality of CEA high‑expression group 
at 3 years was 56.25%, which was significantly lower than that of CEA 
low‑expression group (4.76%, P=0.020). CEA, carcinoembryonic antigen.
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and CEA were investigated, and the significance of the expres-
sion and the effect of prognosis of LDH and CEA in patients 
with lung adenocarcinoma treated with EGFR‑TKI targeted 
therapy were also investigated. There were some limitations 
because of the lack of experimental conditions. For example, 
the sample size was small, and the experimental population 
was uniform. Also, the time of the follow‑up was short. LDH 
and CEA are both reactants with low specificity, and the 
abnormal expression of them could occur in patients with 
severe infections and organ damage.

In conclusion, the levels of CEA and LDH in serum are 
abnormally expressed in the process of EGFR‑TKI targeted 
therapy of lung adenocarcinoma, which is of great significance 
for monitoring the efficacy and prognosis of the therapy of 
lung adenocarcinoma targeted by EGFR‑TKI.
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