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Abstract
Background: Lung cancer has become the leading cause of cancer-related death in China. However, most of patients were
diagnosed at advanced stage. Thus, novel lung cancer diagnostic tests, which can be used to screen individuals in early
stage, are required.

Methods: A total of 208 patients involving 161 cases of lung cancer and 47 cases of benign diseases were enrolled. Serum
concentration of GTM, CETM, PTM, CTM, ETM and HTM were analyzed by kits according to the manufacturer’s guidelines.

Results: The results showed signi�cant difference in serum concentrations of GTM, CETM, PTM, CTM, ETM, and HTM
between patients with lung cancer and benign diseases. In addition, when compared with benign diseases, higher levels of
those six markers were also observed in patient with SCC and SCLC, but not for ADC. Receiver operating characteristic
(ROC) curves were further suggested a high sensitivity and speci�city of six markers to identify lung cancer.

Conclusion: The serum levels of GTM, CETM, PTM, CTM, ETM and HTM in lung cancer were signi�cantly higher than those
of benign diseases. Moreover, these six biomarkers showed a high sensitivity and speci�city to identify a patient with
malignant. These �ndings suggested that detection of those six biomarkers in serum might be helpful for differential
diagnosis of lung cancer.

Background
Lung cancer has become the leading cause of cancer-related death in China, occupying approximately 25 percent of morality
rate.(1),(2) Quantities of smokers, mostly are youth and middle-aged population, leads to steadily growth of pulmonary tumor
incidence and mortality rate each year.(1),(3) Because of lacking typical clinic symptoms, over 80% cases diagnosed at
advanced stage and missed proper therapy.(3) Studies have demonstrated that �ve-year survival rate was just 4% in cancer
metastases patients, much less than non-invasive ones whose living percentage went up to 55% after surgery.(4) Low-dose
computed tomography (LDCT) was recommended to high risk individuals for its reduction of 20% mortality when compared
with traditional chest X-ray.(3),(5) However, its low speci�city of 60% and accumulate radiation risk eliminated potential
priority in widely single use for lung cancer screening.(5)

Recently, advanced detection technology in analyzing the progress of tumor initiation and development had found series of
tumor proteins, genomics and proteomics. Some molecular biomarkers, including autoantibodies against tumor-associated
antigens (TAAs)(6),(7), microRNAs(8),(9), and circulating tumor cells(10), presented considerable potential to the discovery of
early-stage cancer. However, majority of tumor markers could not be widely used due to the low sensitivity and speci�city. We
therefore performed this study to evaluate the levels of six indicators (GTM, CETM, PTM, CTM, ETM, HTM) in serum for
differential diagnosis of lung cancer.

Methods

Subjects
In our study, patients were enrolled from Ningbo First Hospital from June 2017 to February 2018. They were 18 age or older,
no acute disease before hospitalization, and were found lung lesion or pulmonary nodules by CT scan. Those who had other
malignant tumors, accepted anti-tumor therapy before surgery, merged with autoimmune system disease, pregnant or renal
failure, were excluded for minimizing the effect to investigation results. The enrolled patients were �nally con�rmed by
surgery and pathological analysis. The study protocol was approved by the Institutional Review Board of Human Studies of
Ningbo First Hospital. Smoking pack-years was de�ned at 1 year prior for tumor patients and benign controls.

Measurement of serum GTM, CETM, PTM, CTM, ETM, HTM
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The blood samples were collected in fasting state within two weeks before surgery, and serum were separated and stored at
4 °C within two weeks. The content measurement of these six indicators was accomplished on Serum Tumor Associated
Material Testing Kit (Qingdao Bo-Xin Biotechnology Co.Ltd), and the concentrations of six tumor markers were detected by
colorimeter. Brief steps were introduced as following: (1) For each cases, making three calibration tubes included o.1 ml
calibration solution and 2.0 ml chromogenic reagent, and one measuring tube with 0.1 ml sera and 2.0 ml chromogenic
reagent. (2) Mixing these tubes thoroughly, then launch and maintain chemical reactions in boiling water for 15 minutes. (3)
Taken tubes out quickly and put into cool water below 25 °C for 5 minutes to terminate the reaction. (4) The measuring tube
is centrifuged at 3000 rpm for 10 minutes, to precipitate macromolecular protein. (5) Extract the supernatant and set the
values of wavelength to 450, 442, 406, 420, 470,486 nm respectively. By adjusting to zero value with distilled water, the
absorbance of each tube is detected. Each marker is calculated by multiplying the absorbance ratio (measuring / calibration-
mean) by 100 to get the �nal results.

Statistical analysis
Basic characteristics of patients’ data were presented as the means ± standard error of the mean (SEM), and chisquare test
was performed to compare the distribution of categorical variables. The levels of every tumor marker conformed to normal
distribution, and the student’s t-test was taken to verify the existence of differences in statistics, while comparison among
three pathology types of tumor was conducted by Kruskal-Wallis one-way ANOVA test and illustrated as inter quartile ranges
(IQR) and median. A P value was calculated in two-tailed and expressed statistical differences when it was less than 0.05.
Receiver operating characteristic (ROC) curves were constructed to evaluate the diagnostic value of each tumor marker, the
corresponding sensitivity, speci�city, the area under the curves (AUC) and 95% con�dence intervals (CI) were calculated. The
optimum cut-off point was chosen by assessing two items: likelihood ratio and the maximum value of the sum of speci�city
and sensitivity. The process of data analysis was operated on GraphPad Prism 5.0 (GraphPad Software, San Diego, CA,
USA).

Results

Patients
A total of 208 patients were enrolled in this study and basic characteristics were summarized in Table 1. Based on
postoperative histopathology, eligible patients were divided into two groups: malignant tumor (161 cases) and benign
diseases (47 cases). Lung cancer included 128 cases of adenocarcinoma, 28 cases of squamous cell carcinoma, 4 cases of
small cell carcinoma, and 1 case of adenosquamous carcinoma, according to histological typing. Benign diseases had 11
cases of benign neoplasms, 8 cases of in�ammatory pseudotumor, 5 cases of granuloma, 4 cases of hamartoma, 1 case of
in�ammatory hyperplasia, 1 case of in�ammatory granuloma, 1 case of neuroendocrine tumor, 1 case of benign mass, 1
case of benign pulmonary occupying, 1 case of tuberculous granuloma, 1 case of lung abscess, 1 case of epithelial tumor
and 1 case of atypical adenoid hyperplasia. There was no signi�cant difference in age (59.3 ± 0.9 years vs 56.6 ± 1.6 years, P 
= 0.171), gender, body mass index (BMI, 22.2 ± 0.2 kg/m2 vs 23.0 ± 0.4 kg/m2, P = 0.097), or smoking status (39.5 ± 4.1 years
vs 31.3 ± 3.7 years, P = 0.428).

The levels of six serum tumor markers between lung cancer and benign diseases
The serum levels of GTM, CETM, PTM, CTM, ETM, HTM in lung cancer were separately compared with benign diseases. The
concentration of GTM was signi�cantly higher in malignant patients than in benign ones (92.8 ± 1.1 U/ml vs 84.1 ± 1.3 U/ml,
P = 0.0002; Fig. 1A). Similar circumstances were presented in CETM (90.6 ± 0.9 U/ml vs 85.1 ± 1.4 U/ml, P = 0.0066, Fig. 1B)
and PTM (88.3 ± 0.9 U/ml vs 82.1 ± 1.3 U/ml, P = 0.0019, Fig. 1C). The serum levels of CETM and PTM increased statistically
in the comparison of these two groups. By comparing and analyzing, CTM were in considerable reference value to identify
the nature of malignance (94.3 ± 1.2 U/ml vs 85.1 ± 1.3 U/ml, P = 0.0001, Fig. 1D). ETM also presented intense and statistical
signi�cance in the discrimination of lung cancer from benign groups (106.9 ± 1.4 U/ml vs 96.5 ± 1.5 U/ml, P = 0.0002,
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Discussion
Currently, the diagnosis and management of lung cancer are still in intractable challenges worldwide. In order to achieve the
early detection of screening lung cancer, it is necessary to take actions in the pre-cancerous and diagnoses in early stages.
(11) For high risk population whose smoking pack-years over thirty in the past or at present, blood testing was recommended
as the assistance for chest imaging examination with minor trauma instead of continual CT scan(11),(12),(13). CT scan
showed a low speci�city for lung cancer screening.(6),(14) We therefore performed this study to estimate the clinical value of
six tumor markers in discriminating lung cancer from benign diseases.

The results showed higher concentration of GTM, CETM, PTM, CTM, ETM and HTM in patients with lung cancer than those
with benign diseases, which may be useful for recognizing pulmonary malignant. Moreover, when lung cancer was classi�ed

Fig. 1E). HTM showed higher concentration in lung cancer than that in benign diseases (65.0 ± 0.9 U/ml vs 58.9 ± 1.6 U/ml, P 
= 0.0009, Fig. 1F).

The levels of six serum tumor markers among different tumor histology
We further investigated the levels of those six biomarkers in squamous cell carcinoma (SCC), adenocarcinoma (ADC), and
small cell carcinoma (SCLC). Statistically signi�cant differences were found in six serum tumor markers between patients
with SCC and SCLC when compared with benign diseases (Fig. 2). The levels of GTM in SCC, ADC and SCLC were 106.1 ± 
2.9 U/ml, 89.6 ± 1.1 U/ml and 100.9 ± 7.3 U/ml respectively, while in benign group was 84.1 ± 1.3 U/ml (P < 0.01,Figure 2A).
CETM were statistically higher in patients with SCC and SCLC (98.2 ± 2.2 U/ml, 97.7 ± 5.8 U/ml) than in benign ones (85.1 ± 
1.4 U/ml), however, there was no signi�cant difference between ADC and benign controls (88.7 ± 1.0 U/ml vs 85.1 ± 1.4 U/ml,
P = 0.0758; Fig. 2B). The elevated levels of PTM were observe in different tumor cell types of lung cancer (97.2 ± 2.3 U/ml of
SCC, 86.1 ± 1.0 U/ml of ADC, 100.9 ± 7.3 U/ml of SCLC vs 82.1 ± 1.3 U/ml of benign diseases, respectively, Fig. 2C). Similar
tendency were presented at CTM, ETM and HTM. In CTM, patients with SCC was 107.7 ± 3.0 U/ml, ADC was 91.5 ± 1.1 U/ml,
and SCLC was 101.4 ± 7.2 U/ml, while benign group was 84.2 ± 1.8 U/ml (Fig. 2D). The comparison of ETM concentrations
among tumor subtypes were 122.7 ± 3.3 U/ml for SCC (P < 0.0001), 103.2 ± 1.4 U/ml for ADC (P = 0.0093) and 115.8 ± 
9.2 U/ml for SCLC (P = 0.0016) vs 96.5 ± 1.5 U/ml for benign diseases (Fig. 2E). Patients with different cell types of lung
cancer also had increased levels of serum HTM (SCC 73.3 ± 2.1 U/ml, ADC 62.8 ± 0.9 U/ml, SCLC 72.7 ± 7.0 U/ml vs Benign
58.9 ± 1.1 U/ml, Fig. 2F).

The diagnostic value of six serum tumor markers in lung cancer
The results of previous analysis have illustrated that GTM, CETM, PTM, CTM, ETM and HTM have the potential to become
novel tumor markers for screening lung cancer. Then, we constructed ROC curves to assess the diagnostic value of these six
serological indicators (Table 2). GTM was the best marker with sensitivity of 63.35% (95% CI, 55.41% − 70.80%) and
speci�city of 72.34% (95% CI, 57.36% − 84.38%) in the level of 86.80 U/ml (AUC = 0.6840; 95% CI, 0.6076–0.7603; Fig. 3A), to
identify the malignant of pulmonary. CTM occupied the maximum area under the curves (AUC = 0.6868; 95% CI, 0.6108–
0.7628; Fig. 3D), with the cut-off value of 87.75 U/ml, corresponding to the sensitivity of 62.11% (95% CI, 54.14% − 69.63%)
and speci�city of 70.21% (95% CI, 55.11% − 82.66%). The utility of ETM is close to other tumor markers for having reached
AUC of 0.6750 (95% CI, 0.5991–0.7510) to recognize malignant patients and benign patients (Fig. 3E). Comparing lung
cancer patients with benign ones, the AUC of PTM for lung cancer were 0.6445 (95% CI, 0.5637–0.7253) in the threshold
value of 83.55 U/ml (Fig. 3C), and the utility of HTM is relatively low with the area of 0.6493 (95% CI, 0.5690–0.7297) for
distinguishing lung cancer from benign diseases (Fig. 3F). CETM was at the lowest area of the under curves (AUC = 0.6314;
95% CI, 0.5482–0.7147; Fig. 3B), with the sensitivity of 59.01% (95% CI, 50.99%-66.68%) and speci�city of 68.09% (95% CI,
52.88–80.91%) in the cut-off value of 86.70 U/ml. We further analyzed the clinical value of six indicators in differential
diagnosis and sought suitable cut-off for different cell types of lung cancer, the corresponding data were presented in
Table 2.
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into the pathological subtype groups, statistically signi�cant differences in the serum levels of six biomarkers were observed
in the comparison with benign diseases. Each marker showed considerable sensitivity and speci�city for recognizing patients
with SCC and SCLC. For adenocarcinoma, GTM, PTM, CTM, ETM and HTM were signi�cant increased in cancer patients,
which was not found in CETM.

GTM showed the highest sensitivity of 63.35% and speci�city of 72.34%, with the under area of 0.6840 by ROC curves, to
differentiating lung cancer from benign diseases. Similar results were also observed for CETM, PTM, CTM, ETM and HTM in
differential diagnosis of lung cancer. It has been reliably proved that GTM was closely related to tumor initiation and
invasion(15),(16),(17). In this study, its utility for screening malignant cancer was close to the results of Li et al, which
enrolled 155 colorectal cancer and found notable differences with the comparison in the serum concentrations of 66 non-
cancer diseases, representing the diagnostic value of 0.881 for discrimination.(18) Several researches also had reported the
usefulness of materials therein CETM(19),(20), PTM(21), CTM, ETM(22) and HTM(23),(24) in lung cancer differential
diagnosis, therapy monitoring and prognostics(25),(26). Age, gender, and smoking history had been found seldom effect for
research population.(18)

In subgroup analysis by tumor histology, the concentrations of six tumor markers were signi�cant higher in patients with SCC
and SCLC than benign ones. With the optimum threshold of 89.65 U/ml, GTM showed the highest sensitivity of 89.29% and
speci�city of 82.98% with 0.9054 of AUC, to identify a patient with SCC, CETM, PTM, CTM, ETM and HTM were in equivalent
and intensive ability to predict the malignant nature. For patients of SCLC, six tumor markers’ sensitivity were collectively up
to 75.00%, and GTM, CTM, ETM presented 89.36% of speci�city to recognize malignant patients and benign ones. Several
studies set out by local hospitals in different distribution region revealed remarkable alternative function for early malignant
tumors instead of using conventional markers like carcinoembryonic antigen, carbohydrate antigen 125, carbohydrate
antigen 19 − 9.(27),(28),(29) Carcinoembryonic antigen, squamous cell associated antigen, neuron speci�c enolase as
traditional tumor markers, have been reported passable speci�city about 70%-80% in single detection for lung cancer,(20),
(22) however, in this study, there were no statistical differences between patients groups and control ones (�gures were not
shown). Bad diagnostic relevance was found in these six tumor markers for ADC, and there was no signi�cantly increased in
serum concentration of CETM among patients with ADC.

Conclusions
To the best of our knowledge, this is the �rst study for these six tumor markers to identify lung cancer from benign diseases.
Our study showed the serum levels of GTM, CETM, PTM, CTM, ETM and HTM in lung cancer were signi�cantly higher than
those of benign diseases. Moreover, these six biomarkers showed a high sensitivity and speci�city to identify a patient with
malignant. These �ndings suggested that detection of those six biomarkers in serum might be helpful for differential
diagnosis of lung cancer.
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Table 1. Clinical characteristics of patients in lung cancer and benign diseases
  Lung cancer

(n = 161*)

Benign diseases

( n = 47)

P value

Age, years     0.171
Mean ± SEM         59.3 ± 0.9 56.6 ± 1.6  

Gender, n(%)     0.868
Male         80(49.7%) 24(51.1%)  
Female         81(50.3%) 23(48.9%)  

Body mass index, kg/m2      
Mean ± SEM         22.2 ± 0.2 23.0 ± 0.4 0.097

Smoking status, n(%)     0.081
Smokers         52(32.3%) 9(19.2%)  
Non-smokers        109(67.7%) 38(80.8%)  
Pack-years         39.5 ± 4.1 31.3 ± 3.7 0.428

Cell type, n(%)      
Squamous cell carcinoma         28(17.5%)    
Adeocarcinoma        128(80.0%)    
Small cell lung cancer           4(2.5%)    
*1 lung cancer patient is adenosquamous carcinoma.

BMI, body mass index.
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Table 2. Diagnostic value of six serum tumor markers in lung cancer
 AUC Cut-

off(U/ml)
Sensitivity(%) 95%CI Specificity(%) 95%CI Likelihood

ratio
GTM  
Total 0.6840 86.80 63.35 55.41%

-70.80%
72.34 57.36%-

84.38%
2.29

SCC 0.9054 89.65 89.29 71.77% -
97.73%

82.98 69.19%-92.35% 5.25

ADC 0.6294 86.55 56.25 47.21% -
65.00%

65.96 50.69%
-79.14%

1.65

SCLC 0.8165 94.40 75.00 19.41%
-99.37%

89.36 76.90%
-96.45%

7.05

CETM  
Total 0.6314 86.70 59.01 50.99%-66.68% 68.09 52.88%-80.91% 1.85
SCC 0.8153 88.65 82.14 63.11%-93.94% 72.34 57.36%-84.38% 2.97
SCLC 0.8245 90.80 75.00 19.41%-99.37% 80.85 66.74%-90.85% 3.92
PTM  
Total 0.6445 83.55 60.25 52.25% -

67.86%
63.83 48.52% -

77.33%
1.67

SCC 0.8177 86.40 78.57 59.05% -
91.70%

75.44 62.24% -
85.87%

3.20

ADC 0.5661 84.50 50.78 41.80% -
59.72%

66.67 52.94% -
78.60%

1.52

SCLC 0.8246 84.80 75.00 19.41% -
99.37%

66.67 52.94% -
78.60%

2.25

CTM  
Total 0.6868 87.75 62.11 54.14%-

69.63%
70.21 55.11% -

82.66%
2.09

SCC 0.8898 91.15 82.14 63.11% -
93.94%

85.11 71.69%-93.80% 5.52

ADC 0.6361 87.55 57.03 47.99%-
65.74%

68.09 52.88% -
80.91%

1.79

SCLC 0.8298 94.80 75.00 19.41%
-99.37%

89.36 76.90%-
96.45%

7.05

ETM  
Total 0.6750 99.40 60.87 52.88% -

68.45%
70.21 55.11%-82.66% 2.04

SCC 0.8929 103.4 82.14 63.11% -
93.94%

85.11 71.69%-93.80% 5.52

ADC 0.6210 99.3 54.69 45.65% -
63.50%

68.09 52.88%-
80.91%

1.71

SCLC 0.8245 108.2 75.00 19.41% -
99.37%

89.36 76.90%-96.45% 7.05

HTM  
Total 0.6493 69.70 60.87 52.88% -

68.45%
68.09 52.88%-

80.91%
1.91

SCC 0.8511 60.95 89.29 71.77% -
97.73%

74.47 59.65%-86.06% 3.50

ADC 0.5960 59.70 53.13 44.10%-
62.00%

68.09 52.88%-
80.91%

1.66

SCLC 0.8670 63.25 75.00 19.41%-
99.37%

76.60 61.97% -
87.70%

3.20

GTM, general tumor marker; CETM, carcinoma embryo tumor marker; PTM, protein tumor marker;
CTM, carbohydrate tumor marker; ETM, enzyme tumor marker; HTM, hormone tumor marker; SCC,
squamous cell carcinoma; ADC, adenocarcinoma; SCLC, small-cell lung cancer.
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Figure 1

The levels of GTM, CETM, PTM, CTM, ETM and HTM between lung cancer and benign diseases. (A) The concentration of
GTM was signi�cantly higher in malignant patients than in benign ones (P = 0.0002). (B) CETM also reached notable
differences between lung cancer and benign diseases (P = 0.0066). (C) The serum levels of PTM increased statistically in the
comparison of the two groups (P = 0.0019). (D) By comparing and analyzing, CTM were in considerable reference value to
identify the nature of malignance (P = 0.0001). (E) ETM presented intense and statistical signi�cance in the discrimination of
lung cancer from benign groups (P = 0.0002). (F) The serum level of HTM in lung cancer showed higher concentration in lung
cancer than that in benign diseases (P = 0.0009).
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Figure 2

The levels of GTM, CETM, PTM, CTM, ETM and HTM in tumor subtypes. (A) Comparison of GTM levels among tumor
subgroup. The levels of GTM were collectively raised in lung cancer than benign controls (P < 0.01). (B) Serum CETM in
different cell types of lung cancer. The levels of CETM were statistically higher in SCC and SCLC (P < 0.01), while not found in
ADC (P = 0.0758). (C) The concentrations of PTM in tumor subtypes were elevated in patients with lung cancer (P < 0.05). (D)
In tumor subgroup, CTM presented higher concentration in the serum of lung cancer patients than benign ones (P < 0.05). (E)
The comparison of ETM concentrations among tumor subtypes had signi�cant differences between lung cancer and benign
diseases (P < 0.01). (F) The levels of HTM were also increasing in tumor subtypes (P < 0.05). SCC, squamous cell carcinoma;
ADC, adenocarcinoma; SCLC, small-cell lung cancer.
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Figure 3

The diagnostic value of GTM, CETM, PTM, CTM, ETM and HTM in lung cancer. Receiver operating characteristic (ROC)
curves were constructed to assess the diagnostic value of these six serological indicators. (A) GTM was the best marker with
sensitivity of 63.35% and speci�city of 72.34% in the level of 86.80 U/ml (AUC = 0.6840; 95% CI, 0.6076 - 0.7603) for
discriminating patients with lung cancer from benign ones. (B) CETM was at the lowest diagnostic value to identify
malignant tumor (AUC = 0.6314; 95% CI, 0.5482 - 0.7147). (C) Comparing lung cancer patients with benign ones, the AUC of
PTM for lung cancer were 0.6445 (95% CI, 0.5637 - 0.7253) in the threshold value of 83.55 U/ml. (D) CTM occupied the
maximum area under the curves (AUC = 0.6868; 95% CI, 0.6108 - 0.7628), with the cut-off value of 87.75U/ml, corresponding
to the sensitivity of 62.11% and speci�city of 70.21%. (E) sThe utility of ETM is close to other tumor markers for having
reached AUC of 0.6750 (95% CI, 0.5991 - 0.7510) to distinguish lung cancer from benign diseases. (F) HTM showed relatively
low curves with the area of 0.6493 (95% CI, 0.5690 - 0.7297).


