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Abstract: An effective blood test is valuable to aid clinicians in making case management decisions. The present 
study was to analyze the value of four serum tumor markers for the diagnosis of pulmonary carcinoma. The case 
group consisted of 80 pulmonary carcinoma patients, which were compared to a control group of 30 patients with 
benign pulmonary disease and a control group of 30 healthy individuals. Serum levels of carcinoma embryonic an-
tigen (CEA), cytokeratin protein fragment 21-1 (CYFRA21-1), neuron-specific enolase (NSE), and human epididymis 
protein 4 (HE4) were detected using electrochemiluminescence. Serum CEA, NSE, CYFRA21-1, and HE4 levels were 
significantly higher in pulmonary carcinoma patients than those in both control groups (P < 0.05). Serum CEA and 
HE4 levels were significantly higher in adenocarcinoma patients, while serum CYFRA21-1 levels were significantly 
higher in squamous cell carcinoma patients and serum NSE levels were significantly higher in small cell lung cancer 
(SCLC) patients (P < 0.05). Analysis of area-under-the-receiver operating characteristic (ROC) curves (AUC) revealed 
that serum CYFRA21-1, CEA, and HE4 levels were valuable for squamous cell carcinoma, serum CEA and HE4 levels 
were valuable for adenocarcinoma, and serum NSE level was valuable for SCLC (P < 0.05). Serum CEA and HE4 
levels of pulmonary carcinoma patients with metastasis were higher than those with TNM stage I-II or III-IV disease 
without metastasis. In brief, detection of serum HE4 levels may be useful in auxiliary diagnosis and evaluation of 
the progression of pulmonary carcinoma.

Keywords: Carcinoma embryonic antigen, cytokeratin protein fragment 21-1, neuron specific enolase, human epi-
didymis 4, serum markers, pulmonary carcinoma

Introduction 

Pulmonary carcinoma is a malignant cancer 
with relatively high global incidence and fatality 
rates. The annual incidence of new pulmonary 
carcinoma cases is about 1.6 million world-
wide, comprising 13% of all malignant tumor 
cases. The annual mortality of pulmonary carci-
noma is about 1.4 million people worldwide, 
accounting for 18% of deaths attributed to 
malignant tumors [1]. According to the World 
Health Organization, the number of pulmonary 
carcinoma deaths in September 2011 exceed-
ed total deaths by mammary adenocarcinoma, 
prostatic carcinoma, and colorectal carcinoma 
[1]. Statistical data released by the China 
Cancer Center indicates that China’s annual 
incidence of new pulmonary carcinoma cases 
is about 0.6 million, and the country’s mortality 
is about 0.2 million. Pulmonary carcinoma has 
become a serious public health tissue [2, 3]. 

Pulmonary carcinomas are mainly classified 
into three pathological types: non-small-cell 
lung cancer (NSCLC), small-cell lung cancer 
(SCLC), and undifferentiated carcinoma. About 
80% of pulmonary carcinomas are NSCLC, 
which includes predominantly squamous cell 
lung carcinoma and pulmonary adenocarcino-
ma [4]. 

Statistical research indicates that the progno-
sis of pulmonary carcinoma is closely associat-
ed with clinical staging at diagnosis: postopera-
tive five-year survival rate of patients at stage 0 
is > 90%; postoperative five-year survival rate 
of patients at stage Ia is > 60%; and five-year 
survival rate of patients at stage II-IV is < 
5%-40% [2, 3]. However, pulmonary carcinomas 
present no specific early-stage symptoms, so 
there are no clinical measures to screen and 
diagnose early disease. Therefore, there is a 
relatively low early diagnosis rate. About 60% of 
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pulmonary carcinoma patients are diagnosed 
at advanced stage and thus miss the best time 
for treatment [5]. Although platinum-containing 
two-medicine combinations and targeted ther-
apy regimens somewhat improve treatment 
efficacy of advanced pulmonary carcinoma 
patients [6-8], overall survival rates remain 
unchanged and overall prognosis remains rela-
tively poor [9]. 

Therefore, better means of early diagnosis is 
important for improving prognosis of patients 
with pulmonary carcinoma. Histopathological 
biopsy by bronchoscope, mediastinoscope, or 
thoracentesis is the most reliable method to 
diagnose NSCLC, but such invasive examina-
tions cannot serve as main measures of early 
screening or continuous monitoring. Common 
early diagnosis methods include imaging, 
endoscopy, and molecular biology technolo-
gies, in addition to traditional methods such as 
chest X-ray, Nuclear Magnetic Resonance 
Imaging (MRI), Position emission tomography-
Computer tomography (PET-CT), High Re- 
solution CT (HRCT), low-dose CT (LDCT), auto-
fluorescence bronchoscopy (AFB), endobron-
chial ultrasonography (EBUS), Fibered Confocal 
Fluorescence Microscopy (FCFM), Elemental 
carbon (EC), Electromagnetic Navigation (ENB), 
Transbronchial Needle Aspiration (TBNA), 
exhaled air analysis, and serum tumor marker 
joint detection-have been gradually applied to 
clinical studies. 

Serum marker detection has various advantag-
es, such as technical facility, low detection 
price, noninvasiveness, easy access to sam-
ples, and continuous monitoring; therefore, it is 
a high-profile topic in auxiliary diagnosis of early 
pulmonary carcinoma [10]. Current serum 
tumor markers have expanded the previous 
range, with over 200 kinds of tumor antigens, 
hormones, enzymes, isozymes, oncogenes, 
anti-oncogenes, and corresponding products 
now available. Markers’ roles have expanded 
from pure tumor diagnosis to the prediction of 
tumor recurrence and metastasis, assessment 
of efficacy and prognosis, and mass survey. 

Clinical studies have successively analyzed and 
explored a variety of tumor markers, such as 
carcino-embryonic antigen (CEA), cytokeratin 
fragment 21 (CYFRA21-1), neuron specific eno-
lase (NSE), carbohydrate antigen (CA-199), 

cytokeratin 5/6 (CK 5/6), cytokeratin HMW 
(CK-HWM), thyroid transcription factor-1 (TTF-
1), and cytokeratin 8/18 (CK 8/18), but no reli-
able serum indicators are independently appli-
cable for early diagnosis of pulmonary carcino-
ma [11]. Investigators currently improve the 
efficiency of serum markers in early diagnosis 
of pulmonary carcinoma mainly by means of 
joint detection [12]. 

Human epididymis protein 4 (HE4) is a recently 
identified serum tumor marker. Studies have 
verified high expression in multiple tumors, 
making HE4 a potential marker for early diagno-
sis and recurrence monitoring of malignant 
tumors, such as ovarian cancer, endometrial 
carcinoma, and mammary adenocarcinoma 
[13-16]. In addition, HE4 is closely associated 
with occurrence, development, and prognosis 
of pulmonary carcinoma [17]. Therefore, this 
study further analyzed the value of HE4 com-
pared to conventional serum markers for diag-
nosis of pulmonary carcinoma.

Methods

Study population 

The case group included 80 patients with  
pulmonary carcinoma admitted into Affiliated 
Yancheng Hospital, School of Medicine, South- 
east University (Yancheng, China) from January-
April 2015. All patients were verified to have 
pulmonary carcinoma by imaging examination, 
such as CT and MRI, and the diagnosis was 
confirmed by pulmonary tissue biopsy or post-
operative pathological examination. The group 
included 55 men and 25 women, 49-84 years 
old with a mean age of 65.2±9.8 years. 
Regarding pathological types, 29 patients had 
squamous carcinoma, 21 had adenocarcino-
ma, 16 had SCLC, and 14 had undifferentiated 
carcinoma. 

The benign control group included 30 patients 
with benign pulmonary disease that visited our 
hospital during the same period. The group 
included 21 men and 9 women, aged 44-81 
years old with a mean age of 63.8±8.7 years. 
Twenty-five patients had pneumonia and 5 had 
tuberculosis. 

The healthy control group included 30 individu-
als who were healthy as verified by physical 
examination in Affiliated Yancheng Hospi- 
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tal, School of Medicine, Southeast University 
(Yancheng, China) during the same period. The 
group included 20 men and 10 women, 41-79 
years old with a mean age of 62.2±8.6 years. 
Clinical examination ruled out lesions in all 
major vital organs. 

Differences among the three groups in terms of 
age and gender composition were not statisti-
cally significant (P > 0.05). All study subjects 
provided written informed consent. This study 
protocol was approved by the Medical Ethic 
Committee of Affiliated Yancheng Hospital, 
School of Medicine, Southeast University.

Serum measurements 

Morning fasting peripheral blood samples were 
collected from study subjects of the three 
groups. For patients in case and benign control 
groups, collection time was before the patients 
received relevant treatment. Samples were 
retained for 1 hour at room temperature, then 
serum was isolated by centrifugation at 4000 
rpm. Isolated serum was stored at -20°C. 

The levels of HE4, CEA, NSE, and CYFRA21-1 
were detected in serum samples by Ele- 
ctrochemiluminescence. The matched reagents 
and purchased from Roche (Basel, Switzerland) 
and used as directed. All detection was con-
ducted according to protocols. 

Statistical methods

SPSS 13.0 statistical package was used to 
establish a database and perform statistical 
analyses. Measurement data were expressed 
as mean ± standard deviation. Single factor 
analysis of variance was adopted for intergroup 
comparison, and LSD method was utilized for 
pairwise comparison. Area-under-the-receiver 
operating characteristic (ROC) curve (AUC) was 
used to compare serum marker diagnostic effi-
ciency. P < 0.05 was considered statistically 
significant.

Results 

Comparison of serum marker levels

Serum levels of CEA, NSE, CYFRA21-1, and HE4 
significantly differed among case, benign con-
trol, and healthy control groups (F = 18.901, 
21.122, 16.428, 21.883, respectively). Serum 
marker levels were on average significantly 
higher in the case group than benign or healthy 
control groups. Differences between benign 
and healthy control groups were not statistical-
ly significant (Table 1).

Analysis of serum marker levels by pathology, 
tumor staging, and metastasis of pulmonary 
carcinomas

Serum levels of CEA, NSE, CYFRA21-1, and HE4 
significantly differed with pulmonary carcinoma 

Table 1. Comparison of serum marker levels 
Groups n CEA (ng/mL) NSE (ng/mL) CYFRA21-1 (ng/mL) HE4 (pmol/L)
Case group 80 46.09±39.56b,c 22.57±33.76b,c 40.86±44.35b,c 175.18±167.22b,c

Benign control 30 14.52±3.06a 11.26±6.79a 8.07±3.91a 34.04±4.77a

Healthy control 30 14.43±2.92a 8.75±5.23a 7.52±4.03a 29.67±5.37a

F 18.901 21.122 16.428 21.883
P < 0.001 < 0.001 < 0.001 < 0.001
aP < 0.05, vs case group; bP < 0.05, vs benign control group; cP < 0.05, vs healthy control group.

Table 2. Comparison of serum marker levels among pulmonary carcinoma pathologies 
Group n CEA (ng/ml) NSE (ng/mL) CYFRA21-1 (ng/mL) HE4 (pmol/L)
Squamous cell carcinoma 29 36.36±25.24b 17.93±6.73c 93.86±29.85b,c,d 125.05±89.06b

Adenocarcinoma 21 94.18±41.31a,c,d 18.23±7.64c 13.06±9.70a 357.04±220.40 a,c,d

Small cell lung cancer 16 22.73±9.91b 41.28±19.17a,b,d 9.23±4.71a 101.51±44.23b

Undifferentiated carcinoma 14 20.79±9.62b 17.30±7.69c 8.89±3.65a 90.41±49.04b

F 31.981 20.361 118.612 19.287
P < 0.001 < 0.001 < 0.001 < 0.001
aP < 0.05, vs squamous cell carcinoma; bP < 0.05, vs adenocarcinoma; cP < 0.05, vs small cell lung cancer; dP < 0.05, vs 
undifferentiated carcinoma.



HE4 in pulmonary carcinoma

19017	 Int J Clin Exp Med 2015;8(10):19014-19021

Table 3. Comparison of serum marker levels by TNM stage and metastasis of pulmonary carcinomas
Group n CEA (ng/mL) NSE (ng/mL) CYFRA21-1 (ng/mL) HE4 (pmol/L)
TNM stage I-II, without metastasis 28 29.78±14.24c 21.49±11.22 36.67±43.49 79.65±50.53c

TNM stage III-IV, without metastasis 16 34.66±25.93c 23.11±16.97 37.54±42.06 111.66±82.89c

With metastasis 36 62.22±49.33a,b 23.64±16.01 48.13±47.27 227.71±195.57a,b

F 6.252 0.193 0.576 17.802
P 0.003 0.825 0.565 < 0.001
aP < 0.05, vs TNM stage I-II, without metastasis; bP < 0.05, vs TNM stage III-IV, without metastasis; cP < 0.05, vs metastasis.

Figure 1. ROC curves of serum markers CEA, NSE, CYFRA21-1, and HE4 for the diagnosis of pulmonary carcinoma. 
A. Pulmonary carcinoma; B. Squamous carcinoma; C. Adenocarcinoma; D. Small cell lung cancer; E. Undifferenti-
ated carcinoma; F. Carcinoma metastaticum.
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also diagnostically valuable for carcinoma met-
astaticum (Table 9; Figure 1F).

Discussion 

This study indicates that pulmonary carcinoma 
patients have abnormal expression of serum 
tumor markers such as HE4, which therefore 
may be useful for auxiliary diagnosis and evalu-
ation of pulmonary carcinoma. Further, differ-
ent pulmonary carcinoma pathologies showed 
stronger correlation with particular serum 
markers. Adenocarcinoma patients had signifi-
cantly higher serum levels of CEA and HE4, 
while squamous carcinoma patients had signifi-
cantly higher serum levels of CYFRA21-1 and 
SCLC patients had significantly higher serum 

pathologies (F = 31.981, 20.361, 118.612, 
19.287, respectively). Specifically, serum CEA 
and HE4 levels were significantly higher in ade-
nocarcinomas, serum CYFRA21-1 levels were 
significantly higher in squamous carcinomas, 
and serum NSE levels were significantly higher 
in SCLCs than other pathology types (Table 2). 

CEA and HE4 levels significantly differed among 
pulmonary carcinoma patients at different TNM 
stages (F = 6.252) and with metastasis (F = 
17.802). Serum CEA and HE4 levels of pulmo-
nary carcinoma patients with metastasis were 
significantly higher than those of stage TNM I-II 
patients without metastasis or stage TNM III-IV 
patients without metastasis. NSE and CYFRA21-
1 levels did not significantly differ among pul-

monary carcinoma patients at differ-
ent TNM stages (F = 0.193) and in 
regards to metastasis (F = 0.576) 
(Table 3).

Diagnostic value of serum markers for 
pulmonary carcinoma

To assess the diagnostic value of each 
serum marker for pulmonary carcino-
ma, we analyzed AUC for ROC curves 
(Figure 1A). Detection of serum mark-
er levels of CEA, NSE, CYFRA21-1, and 
HE4 was valuable for diagnosing pul-
monary carcinoma, as shown in Table 
4.

Diagnostic value of serum markers for 
pathology, TNM staging, and metasta-
sis of pulmonary carcinoma 

Serum markers CYFRA21-1 (AUC = 
1.000), CEA (AUC = 0.727), and HE4 
(AUC = 0.622) showed the most prom-
ise as diagnostic markers for squa-
mous carcinoma (Table 5; Figure 1B). 
CEA (AUC = 0.954) and HE4 (AUC = 
0.944) showed the most promise as 
diagnostic makers for adenocarcino-
ma (Table 6; Figure 1C). NSE (AUC = 
0.876) showed the most promise as a 
diagnostic marker for SCLC (Table 7; 
Figure 1D). Serum marker levels were 
not statistically relevant as diagnostic 
markers for undifferentiated carcino-
ma (Table 8; Figure 1E). Serum CEA, 
NSE, CYFRA21-1, and HE4 levels were 

Table 4. Comparison of serum marker levels for diagnos-
ing pulmonary carcinoma

Markers Area Standard 
error

Asymptotic 
significance

Asymptotic 95% 
confidence interval

Lower 
bound

Upper 
bound

CEA 0.870 0.033 0.000 0.806 0.934
NSE 0.818 0.035 0.000 0.749 0.888
CYFRA21-1 0.746 0.041 0.000 0.666 0.827
HE4 0.897 0.031 0.000 0.836 0.958

Table 5. Diagnostic value of serum markers for squamous 
carcinoma

Test result 
variable Area Standard 

error
Asymptotic 
significance

Asymptotic 95% 
confidence interval

Lower 
bound

Upper 
bound

CEA 0.727 0.049 0.000 0.631 0.823
NSE 0.617 0.052 0.054 0.515 0.718
CYFRA21-1 1.000 0.000 0.000 1.000 1.000
HE4 0.622 0.063 0.043 0.499 0.745

Table 6. Diagnostic value of serum markers for adenocar-
cinoma

Test result 
variable Area Standard 

error
Asymptotic 
significance

Asymptotic 95% 
confidence interval

Lower 
bound

Upper 
bound

CEA 0.954 0.027 0.000 0.900 1.007
NSE 0.615 0.061 0.094 0.495 0.734
CYFRA21-1 0.468 0.070 0.636 0.331 0.605
HE4 0.944 0.023 0.000 0.898 0.989
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levels of NSE. AUC analysis revealed that serum 
CYFRA21-1, CEA, and HE4 levels are of poten-
tial diagnostic value for squamous carcinoma 
and that serum CEA and HE4 levels are of 
potential diagnostic value for adenocarcinoma. 
AUC analysis also revealed that serum NSE lev-
els are of potential diagnostic value for SCLC. 

These results indicate that the examined serum 
markers are associated with and may be useful 
in auxiliary diagnosis of pulmonary carcinomas. 
The diagnostic efficiency of HE4 for adenocarci-
noma was relatively high, and the diagnostic 
efficiency of CYFRA21-1 for squamous carcino-
ma was highest. Clinically, it is worth mention-
ing that only NSE was of value for diagnosing 

SCLC, and malignancy of SCLC was sig-
nificantly higher than that of NSCLC. 

In addition, serum CEA and HE4 levels 
of pulmonary carcinoma patients with 
metastasis were significantly higher 
than those of TNM stage I-II or III-IV 
patients without metastasis. AUC anal-
ysis of serum marker levels revealed 
that HE4 had the highest diagnostic 
efficiency for metastatic pulmonary 
carcinoma, indicating that HE4 may be 
an auxiliary index for pulmonary carci-
noma metastasis and may help evalu-
ate tumor progression.

Among the four serum markers select-
ed for this study, CEA is a polysaccha-
ride protein complex and broad-spec-
trum tumor marker, as the protein is 
expressed in multiple tumors and is 
associated with tumor malignancy. 
Studies have verified that serum CEA 
levels of pulmonary carcinoma patients 
are correlated with EGFR mutation 
rate, so serum CEA levels can guide 
targeted patient therapies [18]. Serum 
CEA levels also are closely associated 
with prognosis of pulmonary carcino-
ma patients. Increased CEA levels are 
independently related with decreased 
postoperative survival rate, and serum 
CEA levels can predict pulmonary  
carcinoma patient prognosis after  
surgical tumor resection. For recur- 
rent advanced pulmonary carcinoma 
patients whose tissues are inaccessi-

Table 7. Diagnostic value of serum markers for small cell 
lung cancer

Marker Area Standard 
error

Asymptotic 
significance

Asymptotic 95% 
confidence interval

Lower 
bound

Upper 
bound

CEA 0.511 0.067 0.885 0.380 0.642
NSE 0.876 0.058 0.000 0.762 0.990
CYFRA21-1 0.402 0.059 0.203 0.286 0.518
HE4 0.636 0.053 0.077 0.532 0.740

Table 8. Diagnostic value of serum markers for undiffer-
entiated carcinoma

Marker Area Standard 
error

Asymptotic 
significance

Asymptotic 95% 
confidence interval

Lower 
bound

Upper 
bound

CEA 0.439 0.075 0.455 0.292 0.586
NSE 0.567 0.070 0.410 0.431 0.703
CYFRA21-1 0.414 0.059 0.294 0.298 0.531
HE4 0.577 0.062 0.347 0.455 0.699

Table 9. Diagnostic value of serum markers for metastatic 
pulmonary carcinoma

Marker Area Standard 
error

Asymptotic 
significance

Asymptotic 95% 
confidence interval

Lower 
bound

Upper 
bound

CEA 0.796 0.048 0.000 0.702 0.889
NSE 0.700 0.047 0.000 0.608 0.793
CYFRA21-1 0.622 0.059 0.030 0.507 0.736
HE4 0.949 0.017 0.000 0.916 0.982

ble, serum CEA levels also can predict treat-
ment efficacy of EGFR-TKI drugs [19]. 

CYFRA21-1 is a new tumor marker associated 
with malignant epithelial tumorigenesis, such 
as pulmonary carcinoma, nasopharyngeal car-
cinoma, esophageal carcinoma, laryngeal car-
cinoma, urinary bladder carcinoma, mammary 
adenocarcinoma, oophoroma, and colorectal 
cancer [20]. Previous studies have verified that 
serum CYFRA21-1 is related to disease pro-
gression and prognosis indicators, such as ima-
geological disease control and progression-
free survival of pulmonary carcinoma patients 
[21]. The marker can provide evidence for early 
adjustment of therapeutic regimens and can 
serve as an alternative index to assess chemo-
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therapeutic efficacy of patients with progres-
sive pulmonary carcinoma [22]. 

As a neuron-specific serum marker, NSE can 
sensitively reflect the degree of neuron impair-
ment among central nervous system injuries, 
such as acute cerebrovascular disease, epilep-
sy, acute brain trauma, and neonate hypoxic-
ischemic encephalopathy. As a serum tumor 
marker, NSE is mainly associated with neuro-
blastoma and SCLC, and it has lower diagnostic 
efficiency for NSCLC than other tumor markers, 
such as CEA [23]. Therefore, NSE is often clini-
cally used together with other markers, includ-
ing CEA, CYFRA21-1, CA199, CA125, and SCC, 
in joint detection for differential diagnosis, che-
motherapy efficacy evaluation, and prognosis 
evaluation of pulmonary carcinoma patients 
[24]. 

HE4 belongs to one of the whey acidic protein 
four-disulfide core domains and has features of 
trypsin inhibitors. Multiple studies have verified 
that HE4 is associated with malignant tumors, 
such as oophoroma, endometrial carcinoma, 
pulmonary carcinoma, and urinary bladder car-
cinoma [25]. Sensitivity and specificity of HE4 
are superior to CA125, and the United States 
Food and Drug Administration has approved 
use of HE4 as a tumor marker to monitor effi-
cacy and recurrence of ovarian tumors [26]. 
Relevant studies have verified that, as a pulmo-
nary carcinoma-related serological marker, 
HE4 can be highly expressed in serum and 
malignant hydrothorax of pulmonary carcinoma 
patients and is a useful index for auxiliary diag-
nosis of early disease. With relatively high sen-
sitivity and specificity, HE4 also might be asso-
ciated with tumor pathologies and TNM stag-
ing. Median total survival time of pulmonary 
carcinoma patients with low HE4 levels is sig-
nificantly higher than that of patients with high 
HE4 levels, so serum HE4 levels may be an 
independent index to assess prognosis of pul-
monary carcinoma patients [27]. In the mean-
time, joint detection of HE4 and indexes such 
as CEA, CYFRA21-1, and NSE can significantly 
improve the efficiency of pulmonary carcinoma 
diagnosis [28].

This study indicates that serum levels of CEA, 
NSE, CYFRA21-1, and HE4 are significantly 
higher in individuals with pulmonary carcinoma 
than control individuals. AUC of those four 
serum markers indicate they may be useful for 

auxiliary diagnosis of pulmonary carcinoma, 
with HE4 and CEA showing the highest promise 
as diagnostic markers.

Disclosure of conflict of interest

None.

Address correspondence to: Ming-Zhong Sun, 
Department of Clinical Laboratory, Affiliated Yan- 
cheng Hospital, School of Medicine, Southeast 
University, Yancheng 224001, Jiangsu Province, P. 
R. China. Tel: +8651581600198; E-mail: sunmzhy-
an@126.com

References

[1]	 Siegel R, Ma J, Zou Z and Jemal A. Cancer sta-
tistics, 2014. CA Cancer J Clin 2014; 64: 9-29.

[2]	 Ministry of Health of the People’s Republic of 
China. 2013 China Health Statistical Yearbook. 
Beijing: Peking Union Medical College Press; 
2013. 

[3]	 Ministry of Health of the People’s Republic of 
China. 2014 China Health Statistical Yearbook. 
Beijing: Peking Union Medical College Press; 
2014.

[4]	 Zhang W, Guo N, Yu C, Wang H, Zhang Y, Xia H, 
Yu J and Lu J. Differential expression of ERCC-1 
in the primary tumors and metastatic lymph 
nodes of patients with non-small lung cancer 
adenocarcinoma. Tumor Biol 2012; 33: 2209-
2216. 

[5]	 Yang D, Qiu M, Zou LQ, Zhang W, Jiang Y, Zhang 
DY and Yan X. The role of palliative chemother-
apy for terminally ill patients with advanced 
NSCLC. Thorac Cancer 2013; 4: 153-160. 

[6]	 Sampsonas F, Ryan D, McPhillips D and Breen 
DP. Molecular testing and personalized treat-
ment of lung cancer. Curr Mol Pharmacol 
2014; 7: 22-32.

[7]	 Dimou A and Papadimitrakopoulou V. Non-
small cell lung cancer beyond biomarkers: The 
evolving landscape of clinical trial design. J 
Pers Med 2014; 4: 386-401.

[8]	 Wu WS and Chen YM. Re-treatment with EGFR-
TKIs in NSCLC patients who developed ac-
quired resistance. J Pers Med 2014; 4: 297-
310.

[9]	 Wang Z, Wang B, Guo H, Shi G and Hong X. 
Clinicopathological significance and potential 
drug target of T-cadherin in NSCLC. Drug Des 
Devel Ther 2014; 9: 207-216.

[10]	 Du ZY, Shi MH, Ji CH and Yu Y. Serum pleiotro-
phin could be an early indicator for diagnosis 
and prognosis of non-small cell lung cancer. 
Asian Pac J Cancer Prev 2015; 16: 1421-1425.

[11]	 Slavik T, Asselah F, Fakhruddin N, EI Khodary 
A, Torjman F, Anis E, Quinn M, Khankan A and 

mailto:sunmzhyan@126.com
mailto:sunmzhyan@126.com


HE4 in pulmonary carcinoma

19021	 Int J Clin Exp Med 2015;8(10):19014-19021

Kerr KM. Diagnosis and predictive molecular 
analysis of non-small-cell lung cancer in the 
Africa-Middle East region: challenges and 
strategies for improvement. Clin Lung Cancer 
2014; 15: 398-404.

[12]	 Ulivi P, Delmonte A, Chiadini E, Calistri D, Papi 
M, Mariotti M, Verlicchi A, Ragazzini A, Capelli 
L, Gamboni A, Puccetti M, Dubini A, Angelo 
Burgio M, Casanova C, Crinò L, Amadori D and 
Dazzi C. Gene mutation analysis in EGFR wild 
type NSCLC responsive to erlotinib: Are there 
features to guide patient selection. Int J Mol 
Sci 2014; 16: 747-757.

[13]	 Macedo AC, da Rosa MI, Lumertz S and 
Medeiros LR. Accuracy of serum human epi-
didymis protein 4 in ovarian cancer diagnosis: 
a systematic review and meta-analysis. Int J 
Gynecol Cancer 2014; 24: 1222-1231. 

[14]	 Speeckaert MM, Speeckaert R and Delanghe 
JR. Human epididymis protein 4 in cancer diag-
nostics: a promising and reliable tumor mark-
er. Adv Clin Chem 2013; 59: 1-21. 

[15]	 Simmons AR, Baggerly K and Bast RC Jr. The 
emerging role of HE4 in the evaluation of epi-
thelial ovarian and endometrial carcinomas. 
Oncology (Williston Park) 2013; 27: 548-556. 

[16]	 Karlsen NS, Karlsen MA, Høgdall CK and 
Høgdall EV. HE4 tissue expression and serum 
HE4 levels in healthy individuals and patients 
with benign or malignant tumors: a systematic 
review. Cancer Epidemiol Biomarkers Prev 
2014; 23: 2285-2295. 

[17]	 Hu HY, Wang R, Lu RQ and Guo L. Investigation 
on the application significance of serum tumor 
biomarker HE4 detection in the diagnosis of 
lung cancer. Laboratory Med 2014; 29: 893-
896. 

[18]	 Liu GL, Liu X, Lv XB, Wang XP, Fang XS and 
Sang Y. miR-148b functions as a tumor sup-
pressor in non-small cell lung cancer by target-
ing carcinoembryonic antigen (CEA). Int J Clin 
Exp Med 2014; 7: 1990-1999.

[19]	 Qin HF, Qu LL, Liu H, Wang SS and Gao HJ. 
Serum CEA level change and its significance 
before and after Gefitinib therapy on patients 
with advanced non-small cell lung cancer. 
Asian Pac J Cancer Prev 2013; 14: 4205-
4208.

[20]	 Cui C, Sun X, Zhang J, Han D and Gu J. The 
value of serum Cyfra21-1 as a biomarker in the 
diagnosis of patients with non-small cell lung 
cancer: a meta-analysis. J Cancer Res Ther 
2014; 10: C131-134.

[21]	 Szturmowicz M, Rudziński P, Kacprzak A, 
Langfort R, Bestry l, Broniarek-Samson B and 
Orlowski T. Prognostic value of serum 
C-reactive protein (CRP) and cytokeratin 19 
fragments (Cyfra 21-1) but not carcinoembry-
onic antigen (CEA) in surgically treated pa-
tients with non-small cell lung cancer. 
Pneumonol Alergol Pol 2014; 82: 422-429.

[22]	 Jung M, Kim SH, Lee YJ, Hong S, Kang YA and 
Kim SK. Prognostic and predictive value of CEA 
and CYFRA 21-1 levels in advanced non-small 
cell lung cancer patients treated with gefitinib 
or erlotinib. Exp Ther Med 2011; 2: 685-693.

[23]	 Yan HJ, Tan Y and Gu W. Neuron specific eno-
lase and prognosis of non-small cell lung can-
cer: a systematic review and meta-analysis. J 
Buon 2014; 19: 153-156.

[24]	 Alm El-Din MA, Farouk G, Nagy H, Abd Elzaher 
A and Abo EI-Magd GH. Cytokeratin-19 frag-
ments, nucleosomes and neuron-specific eno-
lase as early measures of chemotherapy re-
sponse in non-small cell lung cancer. Int J Biol 
Markers 2012; 27: e139-146.

[25]	 Macedo AC, da Rosa MI, Lumertz S and 
Medeiros LR. Accuracy of serum human epi-
didymis protein 4 in ovarian cancer diagnosis: 
a systematic review and meta-analysis. Int J 
Gynecol Cancer 2014; 24: 1222-1231.

[26]	 Ferraro S and Panteghini M. Is serum human 
epididymis protein 4 ready for prime time? Ann 
Clin Biochem 2014; 51: 128-136.

[27]	 Nagy B Jr, Bhattoa HP, Steiber Z, Csobán M, 
Szilasi M and Méhes G. Serum human epididy-
mis protein 4 (HE4) as a tumor marker in men 
with lung cancer. Clin Chem Lab Med 2014; 
52: 1639-1648.

[28]	 Wang X, Fan Y, Wang J, Wang H and Liu W. 
Evaluating the expression and diagnostic val-
ue of human epididymis protein 4 (HE4) in 
small cell lung cancer. Tumour Biol 2014; 35: 
6847-6853.


