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Abstract

Objective: Finding biomarkers related to non-small cell lung cancer (NSCLC) is helpful for the diagnosis and precise treatment
of lung cancer. The relationship between serum tumor M2-pyruvate kinase (TuM2-PK), carcinoembryonic antigen (CEA), and
cytokeratin 19 fragment (CYFRA2I-1) and NSCLC was analyzed. Methods: The serum levels of TuM2-PK, CEA, and
CYFRA2I-I in 184 patients with the NSCLC group, 60 patients with the benign lung disease (BLD) group, and 90 healthy controls
(HC) group were detected. The levels of TuM2-PK were measured by using an enzyme-linked immunosorbent assay. The detec-
tion methods of CEA and CYFRA2I-| were electrochemiluminescence. The receiver operating characteristic (ROC) curve was
drawn to evaluate the diagnostic value of TuM2-PK, CEA, and CYFRA2I-I on NSCLC. The Kaplan—Meier survival curve was
drawn to evaluate the survival status in NSCLC patients with different serum levels of TuM2-PK, CEA, and CYFRA2I-I.
Results: Serum levels of TuM2-PK, CEA, and CYFRA2I-I in the NSCLC group were significantly higher than those in the
BLD group and the HC group (P<.0l). Serum levels of TuM2-PK, CEA, and CYFRA2I-] in NSCLC patients were associated
with the tumor lymph node metastasis stage (P <.05), lymph node metastasis (P <.05), and distant metastasis (P <.05). The ROC
curve showed that the area under the curve of serum levels of TuM2-PK, CEA, and CYFRA2I1-1 was 0.814, 0.638, and 0.719,
respectively, and that the combination of the above 3 was 0.918. The Kaplan—Meier survival curve showed that the |-, 3- and
5-year survival rate in NSCLC patients with positive TuM2-PK, CEA, and CYFRA2I-| was significantly lower than that in
NSCLC patients with negative TuM2-PK, CEA, and CYFRA2I-I, respectively (P <.05). Conclusions: Serum TuM2-PK, CEA, and
CYFRA2I-1 levels have high clinical values in the diagnosis of NSCLC, and can effectively judge the prognosis of patients.
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receiver operating characteristic; SCC, squamous cell carcinoma; TNM, tumor lymph node metastasis; TuM2-PK, tumor M2-pyruvate kinase.
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Introduction

The incidence rate of lung cancer is the highest in the world."
The overall 5-year survival rate is only 16%-18%.>> The
number of lung cancer cases and deaths in China has been
ranked first among malignant tumors for 10 consecutive
years. There were about 2,206,771 new lung cancer cases
every year, of which non-small cell lung cancer (NSCLC)
accounts for 85% and about 1,796,144 deaths due to lung
cancer.* The basic treatment principle of lung cancer is to
choose the appropriate treatment according to the tumor
lymph node metastasis (TNM) stage. However, due to the het-
erogeneity of NSCLC, there are obvious individual differences
in the treatment effect. At present, it is difficult to meet the
needs of clinical treatment only based on TNM staging.
Therefore, it is urgent to find more tumor markers closely
related to NSCLC as therapeutic targets.’

Tumor M2-pyruvate kinase (TuM2-PK) is a key enzyme in
the glycolysis pathway and synthesis of nucleoside triphos-
phate. The expression level of TuM2-PK was increased in the
serum of patients with various tumors, which was involved in
the proliferation, migration, and metastasis of tumors.®”
Carcinoembryonic antigen (CEA) is a glycoprotein with spe-
cific epitopes of human embryonic antigen, which is elevated
in many tumors, such as lung cancer, digestive tract tumors,
urogenital tumors, and breast cancer.'® It has clinical applica-
tion in monitoring the condition of lung cancer and judging
the curative effect and prognosis.'' CYFRA21-1 is highly
expressed in various types of tumor epithelial cells, and gradu-
ally released into the blood circulation with tumor cell apopto-
sis.'"? In recent years, research projects have found that the
concentration of TuM2-PK in the peripheral blood of tumor
patients has significantly increased, which can be used for
early diagnosis, prognosis assessment, and therapeutic monitor-
ing of tumors. This study evaluated the diagnostic and prognos-
tic value of TuM2-PK in NSCLC by detecting changes in serum
levels in patients with NSCLC and benign lung diseases, and
comparing it(them) with traditional CEA and CYFRA2I1-1 in
NSCLC.

Materials and Methods

Patients

The subjects included 3 separate groups. The first group was
184 NSCLC patients with complete clinical data treated in
our hospital from 2013 to 2015. The diagnostic methods of
lung cancer include sputum cytology, computed tomography
(CT) guided percutaneous lung biopsy, bronchoscopy, or surgi-
cal thoracoscopy. A pathologist interprets the cytology or his-
tology of a biopsy. For patients diagnosed as primary NSCLC
according to the 2015 World Health Organization
Classification of Lung Tumors, staging was conducted accord-
ing to the 8th edition of TNM classification. Staging examina-
tion of lung cancer includes clinical examination, CT of the
chest, abdomen, and brain, abdominal ultrasound, bone scan,
and positron emission CT. The second group included 60

sex- and age-matched consecutive cases with benign pulmonary
tuberculosis, pneumonia, pulmonary mycosis, organized pneu-
monia, and pulmonary abscess. The third group included 90
healthy volunteers. The serum samples of the subjects were
obtained from the Central Laboratory of Nanjing Brain Hospital.
All 3 groups excluded the existence of other tumors. There was
no significant difference in age and sex among the 3 groups.
The study has been reported in accordance with the Standards
for Reporting Diagnostic Accuracy Studies checklist.'?

The study was approved by the Ethics Committee of Affiliated
Nanjing Brain Hospital, Nanjing Medical University (April 2010,
approval number: NJXK202038), Nanjing, China and was carried
out in accordance with national law and the current revised
Declaration of Helsinki. All patients provided written informed
consent before enrollment.

Measurement of serum TuM2-PK, CEA, and CYFRA2 -1
Concentrations

After diagnosis, the patient took 3 mL of fasting venous blood
before treatment. Centrifuge the sample at a speed of 2500 revolu-
tions per minute for 15 min, and immediately store the supernatant
at —80°C until use. Electrochemiluminescence immunization
(Roche Cobas e601) was applied to detect CEA and
CYFRA21-1. For TuM2-PK testing, the serum sample was tested
using a commercially available rapid test, ScheBo TuM2-PK
Quick (ScheBo Biotech AG, Giessen, Germany) according to the
manufacturer’s instruction. Carry out the test on the automatic bio-
chemical analyzer in strict accordance with the instructions of the
kit. All tests were in duplicate and diluted appropriately, and the
technicians were unaware of the clinical data. The positive results
of the 3 markers were CEA >5.0 ng/mlL, CYFRA21-1>3.3 ng/
mL, and TuM2-PK >15.0 units/mL.

Follow-up

All patients were followed up every 3 months after discharge.
Chest CT, abdominal B ultrasound, head magnetic resonance
imaging, and bone scanning were performed. Follow-up data
were obtained through outpatient reexamination, telephone,
and WeChat communication. All patients were followed up
for 16 to 60 months, with an average of 37 months. The end-
point of follow-up was death or the deadline of follow-up.

Statistical Analysis

SPSS 20.0 statistical software was used for data processing. The
measured data were expressed as (x+s) according to the
normal distribution. The one-way analysis of variance was
used for comparison of multiple groups, and 2 independent
samples #-test was used for comparison of 2 groups. The count-
ing data were analyzed by using the x* test. The receiver oper-
ating characteristic (ROC) curve was drawn to evaluate the
diagnostic value of TuM2-PK, CEA, and CYFRA21-1 in
NSCLC, and the area under the curve (AUC) was calculated.
Cox proportional hazard regression analysis was used to
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analyze survival-related variables. The Kaplan—Meier survival
curve was drawn to evaluate the survival status of lung
cancer patients with different levels of serum TuM2-PK,
CEA, and CYFRA21-1. The logarithmic rank test was used
to compare 1-year, 3-year, and 5-year survival rates. P<.05
was the difference and was statistically significant.

Results

Clinical Characteristics

One hundred male patients and 84 female patients with NSCLC
were included in this study. Seventy (38.0%) were in stages |
and II, 82 (44.6%) were in stage III, and 32 (17.4%) were in
stage IV. Histopathological types were squamous cell carci-
noma (SCC) in 69 patients (37.5%) and adenocarcinoma in
115 (62.5%). Sixty-seven (36.4%) cases were well differenti-
ated, 59 (32.1%) cases were moderately differentiated and 58
(31.5%) cases were poorly differentiated.

Serum Levels of TuM2-PK, CEA, and CYFRA2|-] Were
Elevated in NSCLC Patient

The serum levels of TuM2-PK were significantly higher in the
NSCLC group compared with the benign lung disease (BLD)
group (P<.0l) and the healthy controls (HC) group
(Figure 1A, P<.05). The serum levels of CEA and
CYFRAZ21-1 were also higher in the NSCLC group compared
with the BLD and the HC groups (Figure 1B and C, P<
0.05). There was no significant difference in serum levels of
TuM2-PK, CEA, and CYFRA21-1 between the BLD group
and the HC group (P>.01).

Comparison of Serum TuM2-PK, CEA, and CYFRA2|-I

Levels Depending on Clinical Characteristics in NSCLC

Patients

The serum levels of TuM2-PK were higher in stage IV than

those in stages I-1II (P <.05). In addition, the serum levels of
CEA and CYFRA21-1 increased with staging, and the serum

CEA and CYFRA21-1 levels in stage IV NSCLC were higher
than those of early NSCLC (P<.01; Table 1).

The levels of TuM2-PK, CEA, and CYFRA21-1 in patients
with lymph node metastasis and distant metastasis were higher
than those in patients without lymph node metastasis and distant
metastasis (P<.05). The level of CEA in patients with adeno-
carcinoma was higher than that in patients with SCC, while
the level of CYFRA21-1 was lower than that in patients with
SCC (P<.05).

There was no significant correlation between TuM2-PK,
CEA, and CYFRA21-1 expression and age, gender, and differ-
entiation (Table 1).

The Diagnostic Value of TuM2-PK, CEA, and CYFRA2 -1

ROC curves were plotted to determine the diagnostic efficiency
of serum TuM2-PK, CEA, and CYFRA21-1 levels for NSCLC.
The measurements of the different individual markers and their
predictive value in the diagnosis of NSCLC were summarized
in Table 2. Among the 3 biomarkers, TuM2-PK displayed the
highest AUC (AUC =0.814, 95% CI: 0.728-0.899; Figure 2A
and Table 2) and satisfactorily discriminated NSCLC patients
from the controls. CEA (AUC =0.638, 95% CI: 0.529-0.747;
Figure 2B) and CYFRA21-1 (AUC=0.719, 95% CIL
0.614-0.824; Figure 2C) exhibited a better AUC in differentiat-
ing NSCLC patients from the controls (Table 2).

The combination of TuM2-PK, CEA, and CYFRA21-1
improved the classification capacity and yielded a better
optimal diagnostic efficacy for NSCLC patients (AUC=
0.918, 95% CI: 0.856-0.980; Figure 2D and Table 2) than
TuM2-PK, CEA, or CYFRA21-1 alone (P<.01).

Correlation of Serum TuM2-PK, CEA, and CYFRA2 -]
Levels With Overall Survival

Next, we analyzed the association between serum levels of
TuM2-PK, CEA, and CYFRA21-1 with the overall survival
of patients with NSCLC by performing the Kaplan—Meier sur-
vival analysis. We found that the 1-, 3-, and 5-year survival
rates of NSCLC patients with positive TuM2-PK, CEA, and
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Figure 1. Serum levels of TuM2-PK (A), CEA (B), and CYFRA21-1 (C) in NSCLC patients, BLD patients, and HC.
Abbreviations: TuM2-PK, tumor M2-pyruvate kinase; CEA, carcinoembryonic antigen; CYFRA21-1, cytokeratin 19 fragment; NSCLC, non-small cell lung cancer;

BLD, benign lung disease; HC, healthy controls.
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Table 1. Comparison of Serum TuM2-PK, CEA, and CYFRA21-1 Levels Depending on Clinical Characteristics in NSCLC Patients.

Variables TuM2-PK (units/mL) P CEA (ng/mL) P CYFRA21-1 (ng/mL) P
Age (years) 0.582 0.318 0.784
>60 62.38+17.01 27.87+18.33 18.87 +10.64
<60 61.43+15.39 25.19+17.71 19.04 +10.93
Gender 0.463 0.106 0.256
Male 63.01+17.17 23.88+10.16 17.04 +7.35
Female 61.18+15.46 29.71+19.52 19.58 +10.93
Histology 0.981 0.023 0.046
ADC 64.90 + 14.48 32.31+7.80 12.80+8.01
SCcC 56.38 +18.06 17.40+9.86 22.03+10.38
Differentiation 0.818 0.245 0.517
Well-moderate 59.63 +15.88 28.25+9.81 18.41+10.29
Poor 64.57+16.32 26.14+12.76 19.57+11.28
TNM stage 0.039 0.009 0.006
I 46.60 +1.82 19.20+9.44 9.40+1.14
I 55.01+4.36 24.35+8.98 11.43+1.51
I 66.34+9.02 30.33 £5.51 25.66+6.03
v 83.16+£4.08 37.50+4.21 31.50+3.70
Lymph node metastasis 0.022 0.013 0.043
Absent 56.37+12.43 23.73+10.46 15.30+£9.02
Present 77.25 £ 14.50 37.08 +4.55 29.15+6.97
Distant metastasis 0.035 0.011 0.019
Absent 56.44 +14.81 23.22+11.72 16.01 +9.27
Present 70.17 +14.30 33.34+6.31 23.38+9.69

Abbreviations: NSCLC, non-small cell lung cancer; TuM2-PK, tumor M2-pyruvate kinase; CEA, carcinoembryonic antigen; CYFRA21-1, cytokeratin 19 fragment;
ADC, adenocarcinoma; SCC, squamous cell carcinoma; TNM, tumor lymph node metastasis.

Table 2. Diagnostic Value of Serum Levels of TuM2-PK, CEA, and CYFRA21-1 and Their Combination in NSCLC Patients.

NSCLC versus HC AUC (95% CI)

Cutoff value

Sensitivity (%) Specificity (%) Accuracy (%)

TuM,-PK 0.814 (0.728-0.899) 15.0 units/mL 80.43 (148/184) 83.33 (74/90) 81.02 (222/274)
CEA 0.638 (0.529-0.747) 5.0 ng/mL 57.07 (105/184) 77.78 (70/90) 63.87 (175/274)
CYFRA21-1 0.719 (0.614-0.824) 3.3 ng/mL 66.85 (123/184) 81.11 (73/90) 71.53 (196/274)

TuM,-PK 4+ CEA + CYFRA21-1 0.918 (0.856-0.980)

88.59 (163/184) 86.67 (78/90) 87.96 (241/274)

Abbreviations: TuM2-PK, tumor M2-pyruvate kinase; CEA, carcinoembryonic antigen; CYFRA21-1, cytokeratin 19 fragment; NSCLC, non-small cell lung cancer;

AUC, areas under the curves.

CYFRAZ21-1 were lower than those of patients with negative
TuM2-PK, CEA, and CYFRA21-1 (P<.05, Figure 3A-C and
Table 3). The follow-up time of these 184 patients was from 16
to 60 months, with a medium time of 37 months. The Cox regres-
sion equation was employed to identify the potential factors that
affect the overall survival of patients with NSCLC. Patients with
positive TuM2-PK, CEA, and CYFRA21-1 were found to
survive significantly shorter than patients with negative
TuM2-PK, CEA, and CYFRA21-1 (P<.05).

Discussion

Lung cancer is often occult. Most patients have been diagnosed
as advanced stage and have a poor prognosis. A large number of
studies have confirmed that early diagnosis and treatment are
the most effective ways to prevent and reduce mortality.
Serological indicators in the diagnosis of lung cancer have the
advantages of short diagnosis time and less trauma to patients,

but their diagnostic accuracy and sensitivity are low, and their
clinical application is limited.'*'?

Pyruvate kinase is a key enzyme in the glycolytic pathway
and plays a decisive role in the synthesis of triphosphate nucle-
otides. There are 4 isoenzymes of pyruvate kinase in mammals,
namely L type, R type, M1 type, and M2 type, and the distribu-
tion of these 4 isoenzymes has relative tissue specificity.'® In
normal cells, M2-pyruvate kinase mainly exists in the form of
the trimer, while in tumor cells, TuM2-PK is highly expressed
and transforms into the mainly dimeric forms. Under the catalytic
action of the oncogene-encoded kinase, both Ser and Wyr posi-
tions of TuM2-PK undergo phosphorylation. Due to the need
for low-activity M2-pyruvate kinase in tumor cells to maintain
their abnormal metabolic activity, low-activity M2-pyruvate
kinase is overexpressed and appears in body fluids.'’

Previous studies have shown that the expression of
TuM2-PK, CEA, and CYFRA21-1 is low in normal tissues,
but they are highly expressed in tumor cells.'® With the
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Figure 2. ROC curves for the serum levels of TuM2-PK (A), CEA (B), CYFRA21-1 (C), and TuM2-PK + CEA + CYFRA21-1 (D) in

differentiating NSCLC patients and healthy controls.

Abbreviations: ROC, receiver operating characteristic; TuM2-PK, tumor M2-pyruvate kinase; CEA, carcinoembryonic antigen; CYFRA21-1, cytokeratin 19

fragment; NSCLC, non-small cell lung cancer.

development of the disease, tumor cell apoptosis and autophagy
increase, and cell components entering the blood circulation
also increase. Therefore, the serum levels of TuM2-PK, CEA,
and CYFRA21-1 increase.'”** The results showed that the
serum levels of TuM2-PK, CEA, and CYFRA21-1 in the
NSCLC group were higher than those in the BLD and HC
groups. The serum levels of TuM2-PK, CEA, and
CYFRAZ21-1 in patients with TNM stages III and IV were
higher than those in patients with TNM stages I and II, and
the serum levels of TuM2-PK, CEA, and CYFRA21-1 in
patients with TNM stage IV were higher than those in patients

with TNM stage I, suggesting that the levels of serum TuM2-PK,
CEA, and CYFRA21-1 increased with the increase of the TNM
stage in patients with NSCLC. The reason may be that the
higher the TNM stage, the higher the degree of NSCLC deteriora-
tion, the more likely tumor cells to metastasize, and because tumor
cells often complete the metastasis process in the blood circulation
system, the more tumor cells there are in the blood circulation, the
higher the levels of TuM2-PK, CEA, and CYFRA2I1-1 in the
blood. The results are consistent with those of some scholars at
home and abroad.'* In different pathological types of lung
cancer, the level of CEA was significantly higher in
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Abbreviations: NSCLC, non-small cell lung cancer; TuM2-PK, tumor M2-pyruvate kinase; CEA, carcinoembryonic antigen; CYFRA21-1, cytokeratin 19 fragment.

Table 3. Comparison of 1-, 3-, and 5-Year Survival Rates in NSCLC Patients With Different Serum Levels of TuM2-PK, CEA, and CYFRA21-1

TuM2-PK CEA CYFRA21-1
P P P
Survival rates Positive Negative Positive Negative Positive Negative
1-year 72.88 (86/118)  86.3 (57/66) 025 72.95(89/122)  87.10 (54/62) .038  70.31 (90/128) 94.64 (53/56) .001
3-year 55.08 (64/118) 68.18 (46/66) .028 54.09 (66/122)  70.97 (44/62) .026 51.56 (66/128) 78.57 (44/56) .001
S5-year 11.86 (14/118)  25.76 (17/66) .016  10.66 (13/122) 29.03 (18/62) .002 11.72 (15/128) 28.57 (16/56) .006

Abbreviations: NSCLC, non-small cell lung cancer; TuM2-PK, tumor M2-pyruvate kinase; CEA, carcinoembryonic antigen; CYFRA21-1, cytokeratin 19 fragment.

adenocarcinoma patients than in SCC, indicating that CEA can be
used as an auxiliary diagnosis for adenocarcinoma, which was
similar to previous studies.*** Previous studies have reported
that the CYFRA21-1 levels in SCC were significantly higher
than those in adenocarcinoma and small-cell carcinoma, which
was consistent with the results of this study.’

NSCLC is a multi-gene disease, and its occurrence and
development involve a series of protein molecules or gene
changes, so a single protein cannot fully explain the pathogen-
esis of NSCLC.?® The results showed that the AUC of serum
TuM2-PK, CEA, and CYFRA21-1 levels in the diagnosis of
NSCLC were 0.814, 0.638, and 0.719, respectively, and the
AUC of combined diagnosis of TuM2-PK, CEA, and
CYFRA21-1 was 0.918, suggesting that serum TuM2-PK,
CEA, and CYFRA21-1 and their combination have certain
diagnostic value for NSCLC. The results also showed that the
1-, 3-, and 5-year survival rates of TuM2-PK, CEA, and
CYFRAZ21-1 positive NSCLC patients were lower than those
of TuM2-PK, CEA, and CYFRA21-1 negative NSCLC
patients, respectively. The reasons may be that the
mitogen-activated protein kinase (MAPK) signaling pathway
is one of the signal transduction pathways closely related to
the pathogenesis of NSCLC, while TuM2-PK, CEA, and
CYFRAZ21-1 can activate the intracellular MAPK signaling
pathway, then promote the development of NSCLC.?’-*
Therefore, NSCLC patients with serum TuM2-PK >15 units/
mL, CEA >5.0 ng/mL, and CYFRA21-1>3.3 ng/mL should
be paid more attention to, and effective interventions should
be made to improve the prognosis of patients.

Several limitations of our study warrant discussion. First, we
performed the study at a single center with a relatively small
sample size. Second, the expression of TuM2-PK in the
serum of lung cancer patients was detected, but the expression
of TuM2-PK in lung cancer tissues was not detected. Third, the
specific mechanism of the relationship between TuM2-PK
expression and NSCLC was lacking. Further perspective trials
should be performed.

Conclusion

In conclusion, the serum levels of TuM2-PK, CEA, and
CYFRAZ21-1 increased with the increase of the TNM stage in
NSCLC patients. Serum TuM2-PK, CEA, CYFRA2I1-1, and
their combination have certain diagnostic values for NSCLC.
The prognosis of NSCLC patients with serum TuM2-PK >15
units/mL, CEA >5.0 ng/mL, and CYFRA21-1>3.3 ng/mL is
poor. Clinicians should pay more attention to NSCLC patients
with elevated serum levels of TuM2-PK, CEA, and
CYFRA21-1. Our results showed that serum TuM2-PK,
CEA, and CYFRA21-1 have clinical value in the diagnosis
and prognosis of NSCLC. However, the mechanism of the rela-
tionship between serum TuM2-PK, CEA, and CYFRA21-1
levels and NSCLC is still unclear and needs further study.
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