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Abstract. The present study investigated the value of combinations of five specific tumor biomarkers for the diagnosis
of colorectal cancer (CRC): Neuron‑specific enolase (NSE),
carcinoembryonic antigen (CEA), cancer antigen (CA)19‑9,
CA125 and CA242. Associations between these markers
and clinicopathological characteristics (including the
Tumor‑Node‑Metastasis stage) were also assessed. Serum
levels of the 5 markers were compared between 358 patients
with CRC and 298 healthy individuals (CRC and control
group, respectively). The NSE concentration of the CRC
group was significantly higher compared with the control.
Furthermore, patients at clinical stage III+IV exhibited
significantly higher NSE levels compared with those at
stage I+II. The serum NSE level of N+ patients was significantly higher compared with the N‑ group, and the NSE level
of M1 patients was significantly compared with the M0 group.
NSE level was also significantly associated with tumor stage,
lymph node metastasis, distant metastasis and hematochezia.
The area under the receiver operating characteristic curve
(AUC) for NSE in CRC was 0.766, which was significantly
higher than that of the other four markers, which ranged from
0.560‑0.682. The AUC of NSE, CEA, CA19‑9, CA125, CA242
combined was significantly higher compared with any of the
markers individually (range, 0.796‑0.858). Therefore, serum
NSE may be a good clinical tool for the auxiliary diagnosis
of colorectal cancer. Besides, the combination of NSE, CEA,
CA19‑9, CA125 and CA242 was significantly more sensitive
compared with NSE alone. Thus, the combined detection of
the 5 tumor markers may be more useful for the diagnosis
of CRC.
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Introduction
Cancer represents a major public health issue worldwide, and
is a leading cause of mortality (1). Globally, colorectal cancer
(CRC) is the third most frequent cancer type, with >1.4 million
new cases and >690,000 mortalities annually (2). For patients
with CRC, survival time is significantly dependent on the stage
of cancer upon diagnosis, with 5 year survival rates of ~90,
70 and 13% for localized, regional and distantly metastatic
stages, respectively (3). CRC is slow to progress and noticeable
symptoms, such as bloody stools (hematochezia), abdominal
pain, fatigue and appetite loss (4). Therefore, improving the
prognosis for patients with CRC largely depends upon early
and accurate diagnosis.
Currently, the most accurate method of diagnosis of
CRC is colonoscopy combined with pathological biopsy (5);
however, these tests are invasive and expensive, potentially
life‑threatening complications, and patient compliance is
poor (6). Inexpensive and non‑invasive methods have been
proposed, such as fecal occult blood‑based screening, but both
the sensitivity and specificity are lower than colonoscopy (7,8).
Recently, certain researchers have proposed that an exosome
vesicle containing numerous specific antigen proteins, DNA,
long non‑coding RNA (lncRNA) and microRNA (miRNA)
may have diagnostic value in CRC (9‑11). However, such a test
would be clinically impractical as the implementation may be
complex, time‑consuming, expensive, and the sensitivity and
specificity may also be low.
Serum tumor biomarkers may serve not only for auxiliary
diagnosis of CRC, but also as tools for estimating survival and
prognosis. Notably, commonly used tumor markers for the
diagnosis and assessment of patients with CRC are carcinoembryonic antigen (CEA), cancer antigen (CA)19‑9, CA125
and CA242 (12,13). CEA may be the best biomarker for differential diagnosis of malignant tumors, disease monitoring and
evaluation of efficacy, relative to the other markers as serum
CEA levels are an important prognostic factor and indicator of
therapeutic effect and recurrence in patients with CRC (14,15).
However, CA19‑9, CA125 and CA242 have also been used as
indicators for CRC diagnosis, postoperative surveillance and
the monitoring of treatment effects (16‑18).
Due to the highly heterogeneous nature of CRC, a single
tumor marker is unlikely to represent an accurate diagnostic
standard with sufficient sensitivity or specificity for all cases.
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Recent studies have indicated that combining multiple tumor
markers may improve the accuracy of diagnostic and prognostic evaluations. For example, CEA combined with CA242
achieved significantly higher sensitivity compared with either
alone (13). Furthermore, Wang et al (18) demonstrated that
CEA, CA19‑9 and CA242, when analyzed together, improved
the accuracy of prognostic prediction in patients with CRC
who underwent surgery.
Serum neuron‑specific enolase (NSE) is a cell‑specific
isoenzyme of the glycolytic enzyme enolase, first discovered
in brain tissue extracts (19). NSE has been widely used as a
clinical biomarker for diagnosis and prognosis of various
benign or malignant diseases. For example, human serum NSE
concentration is directly proportional to the extent of brain
damage caused by conditions such as cerebral ischemia, and
is therefore an important biological marker for severe brain
injury (20,21). Additionally, NSE is a highly specific marker
for neuronal and peripheral neuroendocrine cells, it was the
first marker used to identify neuroendocrine cells, and as such
is particularly used for the diagnosis of malignant tumors (22).
Serum NSE level is associated with melanoma, seminoma,
renal cell carcinoma, Merkel cell tumor, carcinoid tumor,
dysgerminoma, immature teratoma and malignant pheochromocytoma, particularly in small cell lung cancer (SCLC), but
also in other cancer types (23). However, the potential value of
NSE in CRC is yet to be elucidated.
It has been hypothesized that that there is a high positive
rate for NSE in patients with CRC, and that NSE level may
be associated with tumor staging. Therefore, the present study
investigated the value of NSE for the diagnosis of CRC, and
determined its association with tumor staging and potential
value for prognostic evaluation. The present study also
evaluated the value of combining the detection of NSE, CEA,
CA19‑9, CA125 and CA242 for the diagnosis of CRC.
Materials and methods
The Ethics Standards Committee of China‑Japan Union
Hospital of Jilin University (Jilin, China) approved the protocol
of the present study. All patients provided written informed
consent and the experiments were performed in accordance
with the relevant guidelines and regulations of the aforementioned hospital.
Patients and samples. Tumors were staged based on the
Tumor‑Node‑Metastasis (TNM) classification of the American
Joint Committee on Cancer Staging (eighth edition) (24).
The patient CRC group comprised 358 patients who
were hospitalized between July 2017 and March 2019 at The
China‑Japan Union Hospital of Jilin University (Jilin, China),
with CRC of the rectum (n=193), left colon (n=87) or right colon
(n=78). The CRC group comprised 218 men and 140 women,
aged between 27 and 85 years (median ± SD, 61.1±11.9 years).
None of the patients had received preoperative neoadjuvant
chemoradiotherapy or any other treatment for their tumor. For
analyses, the CRC group was stratified according to tumor site
(rectum, left or right colon) or clinical stage (I+II or III+IV).
All the included patients underwent surgery. Serum samples
were collected preoperatively. Patients with stage I‑III cancer
were treated with radical surgery, while patients at stage IV
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received either radical or palliative surgery. Postoperative
pathological examinations were performed to confirm a diagnosis of CRC in all patients. All included patients had complete
clinical and pathological data. In addition, the control group
consisted of 298 healthy volunteers (age range, 20‑75 years;
median ± SD, 55.8±8.9 years, 158 men and 140 women), who
were free of any vital infections or gastrointestinal disease.
Detection of serum tumor markers. Fasting venous blood
samples (2 ml) were collected from the elbow of all patients
between 06:00 and 07:00 a.m. on the second day following
admission and submitted to the Central Research Office of
The China‑Japan Union Hospital of Jilin University for quantitative analysis of the relevant biomarkers. Blood samples were
centrifuged at room temperature, at 2,000 x g for 5 min, and
the supernatant was added to the corresponding tumor kit for
detection (Luminex Ltd.).
All lab tests were performed in accordance with the standard operating procedures. The experiments were performed
on the day of sample collection, and the reports were used
to guide the clinical decisions of the physicians. The cut‑off
values for the serum markers were in accordance with the
recommendations of the manufacturer (Tellgen Corporation);
specifically, 25.00 and 5.00 ng/ml for NSE and CEA, respectively, and 37.00, 35.00 and 20.00 U/ml for CA19‑9, CA125
and CA242, respectively. An overview of the 5 markers and
their association with CRC is displayed in Table I.
Statistical analysis. Associations between the preoperative
serum levels of the 5 tumor biomarkers and clinicopathological
characteristics were analyzed using Pearson's chi‑squared (χ2)
test or Fisher's exact probability test. Comparisons between the
serum levels of the 5 tumor biomarkers in the CRC and control
groups were evaluated using the Mann‑Whitney U test. The
areas under the receiver operating characteristic (ROC) curve
(AUC), 95% confidence interval (CI), and Youden's index
(sensitivity + specificity ‑1) were calculated for each tumor
biomarker, and the combination of all 5 markers. Logistic
regression was used to analyze the diagnostic power of each
of the 5 markers, and the combination of the markers, for the
CRC group and its various subgroups; the Hosmer‑Lemeshow
goodness‑of‑fit test was used to assess the model. The AUCs
of the combination test and the individual biomarkers were
compared via the Z test using the MedCalc V15.2 software.
P<0.05 was considered to indicate a statistically significant
difference. All of the aforementioned statistical analyses were
performed using SPSS v18.0 (SPSS, Inc.).
Results
Serum levels of the 5 tumor markers in the control and CRC
groups. The preoperative serum levels of the 5 markers in the
patients with CRC were significantly higher compared with
the control group. Specifically, the median levels of serum
NSE and CEA in the CRC (and median of control) group were
21.15 (15.63) and 3.01 (1.77) ng/ml, respectively; the median
levels of serum CA19‑9, CA125 and CA242 were 11.08 (9.54),
12.49 (11.07), and 5.79 (3.74) U/ml (Table II).
The CRC group was further stratified according to tumor
site and for each subgroup (rectum, left colon and right colon),
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Table I. An overview of the association between biomarkers investigated in the present study and CRC.
Marker
NSE
CEA
CA199
CA125
CA242

Rationale

(Refs.)

NSE is a tumor marker widely used in the diagnosis of SCLC, but the association between
serum NSE levels and CRC are out of date and limited
CEA is an important prognostic factor and an indicator of the therapeutic effect and
recurrence in patients with CRC
Indications are that elevated levels may be informative for some CRC cancers
CA125 is more sensitive for mucin‑type ovarian cancer, and its combination with CA125 can
significantly improve the sensitivity of CRC detection in clinic
CA242 combined with other markers may improve early diagnosis of CRC, and the accuracy
of prognostic prediction in surgically treated patients with CRC

(25,27,28)
(12,13)
(10,11)
(15)
(16)

NSE, neuron‑specific enolase; CEA, carcinoembryonic antigen; CA199, cancer antigen 19‑9; CA125, cancer antigen 125; CA242, cancer antigen 242; CRC,
colorectal cancer; CI, confidence interval.

the serum levels of NSE, CEA, CA12 and CA242 were significantly higher compared with the control (Table II). Notably,
the serum concentration of CA19‑9 was higher in the rectum
and left colon cancer subgroups compared with the control, but
the levels of the right colon cancer subgroup and control were
not significantly different.
Associations between biomarkers and clinicopathological
parameters. The 5 markers were investigated for associations
with pathological parameters of CRC (Table III). Results of the
χ2 tests indicated that the serum NSE level was significantly
associated with hematochezia and the N, M and pathological
(p) TNM stage, but not on any of the following: Vascular invasion, nerve infiltration, tumor differentiation, tumor location,
tumor size, sex or age.
The serum CEA level was significantly associated with
vascular invasion, nerve infiltration, tumor differentiation,
and tumor size and stage; however, there was no association with age, sex or hematochezia. Serum CA19‑9 was
significantly associated with nerve infiltration, N stage and
pTNM staging (P<0.05). However, there was no significant
association between positive serum CA19‑9 levels and M
stage, vascular infiltration, tumor differentiation, tumor location and sex (P>0.05). Similarly, there were no significant
statistical differences for preoperative, or sex. The serum
CA125 level was associated with the N stage and pTNM
staging, but not vascular invasion, nerve infiltration, tumor
differentiation or hematochezia. Furthermore, serum CA242
was significantly associated with lymph node metastasis,
nerve invasion and T, N and pTNM staging, but not with M
stage, tumor differentiation, vascular invasion, hematochezia
or sex.
Associations between biomarkers and clinical stage of
disease. The CRC group was stratified by the clinical stages
(I+II or III+IV), and the positive rates of the 5 tumor markers
were calculated (Fig. 1) and were revealed to increase with
the clinical stage, with significant differences in serum levels
of each marker between the two subgroups. In addition, the
rate of positivity for the five tumor markers were significantly
higher in patients with lymph node metastasis compared with
those without. However, only the rate of positivity for NSE and

CEA were significantly higher in patients with distant metastasis compared with those without distant metastasis.
Logistic regression and ROC curve analyses. For the CRC
group, ROC curves were constructed for each of the 5 tumor
markers, and their combination (Fig. 2). Overall, for the
358 patients the areas under the ROC curves (AUCs) for each
of the markers were as follows: NSE, 0.766; CEA, 0.682;
CA19‑9, 0.560; CA125, 0.590; and CA242, 0.651. Notably, the
AUC for the combination of all 5 markers was 0.827.
ROC curves were also analyzed for each of the CRC
subgroups according to tumor site (rectum, left colon and right
colon). For the rectal subgroup, the AUCs of the NSE, CEA,
CA19‑9, CA125, CA242 were: 0.794, 0.686, 0.562, 0.576 and
0.662, respectively, and the AUC for the combination of all
5 markers was 0.858. In patients with left colon cancer, the
AUCs of the respective 5 markers and their combinations
were: 0.777, 0.653, 0.584, 0.582 and 0.653. In patients with
right colon cancer the respective AUCs were: 0.708, 0.702,
0.529, 0.637 and 0.622.
The Hosmer‑Lemeshow test was conducted to verify the
appropriateness of the logistic regression model for analyzing
CRC, and the various subtypes of tumor site in CRC. The
results were as follows: CRC, χ2=6.326, P=0.611; rectal CRC,
χ2 =4.874, P= 0.771; left colon CRC, χ2 =9.771, P=0.281; and
right colon CRC, χ2=9.082, P=0.335.
The AUCs for predicted probability of CRC associated
with each tumor marker and logistic regression curves were
constructed. Among the 5 tumor markers analyzed individually, the AUC of NSE was the highest (Table IV). Yet, the
AUC of the combination of all markers exceeded that of any
individual marker. For the diagnosis of CRC, both NSE and
CA242 had high sensitivity (63.41 and 66.2, respectively), but
the specificity of NSE was higher (79.53 vs. 59.73). For each
of the tumor site subgroups, the sensitivity of the combined
tumor markers was highest, but the specificity was lower.
The AUCs of the individual biomarkers and their combination were compared using a Z test for the CRC group, and
the tumor location subgroups. For the CRC group overall, in
comparison with the combination of all markers the Z values
were as follows (all P<0.01): NSE, 5.47; CEA, 7.359; CA19‑9,
11.159; CA125, 10.476; and CA242, 7.865. In patients with

298
358
193
87
78

Median CEA
(IQR), ng/ml

1.77 (1.15, 2.94)
3.01 (1.61‑6.58)a
2.98 (1.71‑6.72)a
2.69 (1.53‑5.91)a
3.23 (1.53‑7.58)a

Median NSE
(IQR), ng/ml

15.63 (12.88‑18.41)
21.15 (16.53‑26.92)a
21.59 (17.67‑27.62)a
22.04 (16.96‑27.40)a
19.42 (15.19‑25.87)a

9.54 (5.39,15.75)
11.08 (5.68‑21.77)a
11.51 (6.00‑20.00)a
12.94 (5.49‑23.51)a
10.15 (5.03‑22.21)

Median CA19‑9
(IQR), U/ml

11.07 (8.14‑15.14)
12.49 (9.46‑18.63)a
12.26 (9.46‑17.07)a
11.67 (8.86‑9.13)a
14.86 (9.46‑18.84)a

Median CA125,
(IQR), U/ml

3.74 (2.50‑6.19)
5.79 (3.45‑10.26)a
6.22 (3.46‑10.81)a
5.33 (3.31‑10.17)a
5.40 (3.41‑8.68)a

Median CA242
(IQR), U/ml

a

P<0.05 vs. the healthy controls in the same column. Calculated using a Mann‑Whitney U test. NSE, neuron‑specific enolase; CEA, carcinoembryonic antigen; CA199, cancer antigen 19‑9; CA125, cancer antigen 125; CA242,
cancer antigen 242; CRC, colorectal cancer.

Healthy controls
Colorectal cancer
Rectal cancer
Left colon cancer
Right colon cancer

		
Tumor type
Cases, n

Table II. Median serum concentrations of the 5 tumor markers among the different groups.
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Figure 1. Percentages of patients testing positive for the 5 tumor markers,
according to (A) local lymphatic (N stage); (B) distant metastasis (M stage);
and (C) pTNM stage. *P<0.05 vs. control group. NSE, neuron‑specific enolase; CEA, carcinoembryonic antigen; CA199, cancer antigen 19‑9; CA125,
cancer antigen 125; CA242, cancer antigen 242; CRC, colorectal cancer;
pTNM, pathological tumor node metastasis.

rectal cancer, the Z values for NSE, CEA, CA19‑9, CA125 and
CA242 compared with the combination test were 4.997, 7.007,
10.123, 9.785 and 7.451, respectively (all P<0.01). In patients
with left colon cancer, the respective Z values were 2.772,
4.864, 5.976, 6.191 and 4.887 (all P<0.01), compared with the
combination test.

Discussion

Serum tumor markers are considered as biological indicators detected from the serum or plasma of suspected tumor
patients. The increase of such indicators indicates tumor
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Figure 2. Diagnostic value of combined detection of the tumor markers NSE, CEA, CA19‑9, CA125 and CA242 for CRC is superior to each independent tumor
marker. ROC curves of single NSE, CEA, CA19‑9, CA125, CA242 and the combination in predicting (A) colorectal cancer; (B) rectal cancer; (C) left colon
cancer; and (D) right colon cancer. NSE, neuron‑specific enolase; CEA, carcinoembryonic antigen; CA199, cancer antigen 19‑9; CA125, cancer antigen 125;
CA242, cancer antigen 242; CRC, colorectal cancer.

existence, facilitating pathological analysis and evaluation
of tumor development (25). Serum tumor biomarkers are
useful for choosing treatment strategies, particularly when
the markers are convenient and economically efficient to
detect (26). CEA is often secreted by tumors located in the
digestive tract and is the most widely used CRC marker (27).
CEA has good specificity and sensitivity for screening CRC
and is a valuable tool for evaluating the prognosis of patients
with CRC (28). The understanding of malignant tumors and
their associated serum markers has increased in previous
years, and this has indicated the potential of biomarkers in
facilitating improvements to the diagnosis and evaluation of
treatment effect and prognosis (29). However, the sensitivity
and specificity of a single serum tumor marker for CRC is not
precise, making it necessary to select and combine a variety of
markers to improve accuracy. Notably, Gao et al (30) identified
a combination of serum markers for the diagnosis of CRC, and
also to appraise tumor status to guide treatment, evaluate curative effect and predict prognosis.

NSE is a tumor marker widely used in the diagnosis
of SCLC. In patients with SCLC, serum NSE levels are
significantly elevated (31), but they are also higher in patients
with non‑small cell lung cancer (NSCLC) and other types
of tumor (32). The association between serum NSE levels
and CRC also has been previously reported (33,34). In the
present study, 30.16% of patients with CRC tested positive for
NSE, which was lower than the rate for CEA (31.56%), but
significantly higher compared with CA19‑9 (12.0%), CA125
(7.5%) and CA242 (9.5%). The positive rate for NSE in patients
with CRC is similar to that of CEA and consequently, it was
hypothesized that NSE may represent a biomarker associated
with colorectal tumor growth that may be used for the diagnosis and evaluation of CRC progression.
In the present study, the association between serum NSE
values and clinical stage was investigated with the intention
of determining whether serum NSE may be used for the
auxiliary diagnosis and evaluation of tumor progression
in patients with CRC. Initially, the serum NSE levels of

0.024
2.510

1.788

4.067
8.008
0.222
2.229
8.977

0.878
0.285

0.409

0.044a
0.005a
0.637
0.135
0.003a

7.027
2.343

0.008a
0.126

0.116

8.100

0.004

χ2‑value

a

P<0.05 vs. negative group. Pos, positive; Neg, negative; NSE, neuron‑specific enolase; CEA, carcinoembryonic antigen; CA199, cancer antigen 19‑9; CA125, cancer antigen 125; CA242, cancer antigen 242; CRC, colorectal cancer.

Sex																			
Male
218
147
71
0.217
1.526
145
73
0.329
0.953
197
21
0.084
2.983
204 14 0.317
1.003 205 13
Female
140
103
37			
100
40			
118
22			
127 13			
119 21
Age, years																			
≤60
164
109
55
0.202
1.631
119
45
0.123
2.384
150
14 0.063a
3.457
152 12 0.882
0.022 148 16
>60
194
141
53			
126
68			
165
29			
179 15			
176 18
Tumor location																			
Right colon
78
58
20
0.613
0.979
52
26
0.793
0.463
69
9
0.210
3.126
70
8 0.511
1.341
69
9
Left colon
87
60
27			
62
25			
72
15			
80
7			
76 11
Rectum
193
132
61			
131
62			
174
19			
181 12			
179 14
Tumor size, cm																			
≤3
112
82
30
0.598
1.029
89
23 0.002a
12.589 101
11
0.611
0.984
101 11 0.469
1.512 103
9
3‑5
125
84
41			
86
39			
110
15			
118
7			
115 10
≥5
121
84
37			
70
51			
104
17			
112
9			
106 15
T stage																			
T1+T2
67
47
20
0.950
0.004a
62
5 <0.001a 22.165
64
3 0.035a
4.426
64
3 0.292
1.110
65
2
T3+T4
291
203
88			
183 108			
251
40			
267 24			
259 32
N stage																			
N0
198
155
43 <0.001a
15.017
155
43 <0.001a 19.887 183
15 0.004a
8.247
188 10 0.047a
3.944 187 11
N1+N2
160
95
65			
90
70			
132
28			
143 17			
137 23
M stage																			
M0
338
243
95 <0.001a
12.200
239
99 <0.001a
1.005
299
39
0.437
0.604
314 24 0.387
0.747 307 31
M1
20
7
13			
6
14			
16
4			
17
3			
17
3
Vascular invasion																			
No
260
187
73
0.160
1.971
190
70 0.002a
9.471
232
28
0.239
1.386
240 20 0.861
0.031 239 21
Yes
98
63
35			
55
43			
83
15			
91
7			
85 13
Nerve infiltration																			
No
266
188
78
0.554
0.350
196
70 <0.001a 13.200 240
26 0.027a
4.900
250 16 0.063
3.461 248 18
Yes
92
62
30			
49
43			
75
17			
81 11			
76 16
Differentiation																			
Well
8
7
1
0.429
1.691
8
0 <0.001a 22.991
7
1
0.320		
8
0 0.241		
8
0
Moderate
254
179
75			
189
65			
227
27			
238 16			
234 20
Poor
96
64
32			
48
48			
81
15			
85 11			
82 14
Stage																			
I+II
193
152
41 <0.001a
15.830
152
41 <0.001a 20.649 179
14 0.003a
8.967
184
9 0.026a
4.976 182 11
III+IV
165
98
67			
93
72			
136
29			
147 18			
142 23
Hematochezia																			
No
166
132
34 <0.001a
13.783
127
65
0.316
1.005
142
24
0.185
1.753
150 16 0.162
1.951 146 20
Yes
192
118
74			
118
48			
173
19			
181 11			
178 14

NSE
CEA
CA19‑9
CA125
CA242
Clinicopathological	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
parameters
Cases Neg Pos P‑value χ2‑value Neg Pos P‑value χ2‑value Neg Pos P‑value χ2‑value Neg Pos P‑value χ2‑value Neg Pos P‑value

Table III. Association between the level of 5 biomarkers and clinicopathological parameters of patients with colorectal cancer.
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Table IV. Area under the receiver operating curve (AUC) and the corresponding 95% CI of the combination of NSE, CEA,
CA19‑9, CA125 and CA242 (four different cancers versus healthy controls).
Tumor markers
Colorectal cancer
NSE
CEA
CA199
CA125
CA242
Combination
Rectum cancer
NSE
CEA
CA199
CA125

Sensitivity

Specificity

Youden index

AUC

SE

95% CI

P‑value

63.41
37.71
34.92
25.14
66.20
69.30

79.53
90.60
78.19
88.93
59.73
84.60

0.43
0.28
0.13
0.14
0.30
0.54

0.766
0.682
0.560
0.590
0.651
0.827

0.018
0.021
0.022
0.022
0.021
0.016

0.732, 0.798
0.644, 0.717
0.521, 0.599
0.552, 0.688
0.613, 0.688
0.796, 0.855

<0.000
<0.0001
0.007
<0.0001
<0.0001
<0.0001

69.95
37.71
33.68

77.18
90.60
78.19

0.47
0.30
0.12

0.794
0.686
0.562

0.021
0.025
0.027

0.755, 0.829
0.643, 0.727
0.517, 0.606

<0.0001
<0.0001
0.0202

77.72

33.89

0.12

0.576

0.026

0.531, 0.620

0.0041

NSE, neuron‑specific enolase; CEA, carcinoembryonic antigen; CA199, cancer antigen 19‑9; CA125, cancer antigen 125; CA242, cancer antigen 242; CRC,
colorectal cancer; CI, confidence interval.

the 358 patients (CRC group) were compared with that of
298 healthy people (control group). It was revealed that the
serum NSE levels in the CRC group were significantly higher
compared with the control. Subsequently, the 358 patients
comprising the CRC group were stratified according to the
site of the tumor (specifically 193 rectum, 87 left colon and
78 right colon), and each was compared with the healthy
control group. Notably, for each of these subgroups, the
serum NSE level was significantly higher compared with the
control group. This is in accordance with previous studies,
which reported that serum NSE levels in patients with lung
and non‑colorectal tumors were markedly elevated compared
with healthy participants (23). Further research is required
to establish whether serum NSE levels may be used for
CRC screening. In the present study, the serum levels of
CEA, CA19‑9, CA125 and CA242 were compared between
the CRC and control groups, and it was determined that all
serum marker levels were significantly higher in the CRC
group, consistent with a previous study (35).
In addition, associations between each of the 5 markers
in serum and certain clinicopathological parameters of CRC
were investigated. It was demonstrated that the serum NSE
level was significantly associated with pTNM staging, local
lymphatic or distant metastasis. This indicates that serum
NSE level may be as useful as CEA and other markers for the
staging of patients with CRC, and NSE level may represent a
precise indicator of local lymphatic or distant metastasis in
CRC.
The cause of the difference in NSE levels between early
and late clinical stages in CRC is yet to be elucidated. Perhaps,
the NSE level is closely associated with (and may reflect the
rate of) tumor growth. Enolase is a multifunctional protein,
which is expressed abundantly in the cytosol. Upon stimulatory
signals, enolase can locate to the cell surface and contribute
to different pathologies, including injury, autoimmunity,
infection, inflammation, and cancer (36). The present results
warrant further experiments and follow‑up investigation to
confirm whether NSE is associated with tumor activity.

The sensitivity of CEA in the present study was 37.71%,
which is lower than has been previously reported (37).
Previously, it has been revealed that patients who tested
positive for serum CEA exhibited significantly different T, N
and M stages, tumor differentiation and pTNM staging (38).
In the present study, preoperative positive CEA status
was significantly associated with vascular invasion, nerve
infiltration and tumor size. This indicated that CEA may
be associated with CRC metastasis and tumor progression.
Hence, preoperative serum CEA levels may predict CRC
disease status (For example, tumor staging and lymph node
metastasis) and provide a guide for a more informed clinical
treatment strategy and prognosis. Furthermore, serum CEA
level in patients with CRC has previously been identified as
an independent predictor of both overall and disease‑free
survival time (39-41).
In the present study, serum CA242 status was significantly
associated with the presence of T and N stages, nerve invasion
and pTNM staging. This is consistent with previous studies
that revealed that CA242 was a prognostic factor in patients
with CRC (42). Similarly, in the present study serum CA19‑9
and CA125 levels were significantly associated with lymph
node metastasis and pTNM staging. The percentage of patients
at stage III+IV who were positive for CA19‑9 or CA125 was
significantly higher compared with patients at stage I+II. These
results are consistent with previous reports (35,43). Taken
together, these results suggest that CA19‑9 and CA125 exhibit
potential for the differential diagnosis, disease monitoring and
therapeutic evaluation of numerous malignant tumors.
The majority of patients with CRC first present with blood
in the stool as the primary symptom. Therefore, the association between tumor markers and hematochezia was analyzed
in the present study. Of the 5 tumor markers tested, only NSE
was associated with preoperative hematochezia. To the best
of our knowledge, this finding has rarely been mentioned in
other literature. It was hypothesized that the tumor growth and
tissue characteristics of CRC result in symptoms of bloody
stools accompanied by an elevated serum NSE level. Thus,
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examining the serum NSE of patients presenting with bloody
stools may improve the diagnostic rate of CRC.
The accuracies of the AUC values ≥0.97, 0.93‑0.97,
0.75‑0.93 and <0.75 are considered excellent, very good,
good and deficient or close to random, respectively (44). In
the present study, in order to assess the diagnostic potential
of NSE and other single‑tumor biomarkers both individually
and in combination, ROC curves were constructed and the
corresponding AUCs were calculated. The AUC of NSE in
patients with CRC was 0.766, and the AUCs stratified by tumor
site were 0.794, 0.777 and 0.708 for rectal, left and right colon
cancer, respectively. Thus, according to the AUC standard,
serum NSE may represent an independent tumor biomarker
(AUC≥0.75). However, the accuracy of NSE alone for the diagnosis for CRC was not satisfactory. Therefore, other potential
tumor markers (CEA, CA19‑9, CA125 and CA242) were
investigated in a similar manner.
The sensitivity and specificity of NSE in the diagnosis of
CRC were 63.41 and 79.53%, respectively, in the present study.
Compared with the other four tumor markers commonly used,
NSE is relatively reliable for the diagnosis of CRC. For the
diagnosis of rectal colon cancer, the sensitivity and specificity
of NSE were 69.95 and 77.18%, respectively, and for left colon
cancer they were 64.37 and 80.54%, respectively. Compared
with CEA, CA19‑9 and CA125, NSE exhibits good sensitivity
for the diagnosis of rectal cancer and CRC. However, for right
colon cancer, although the sensitivity of NSE was only 44.87%,
the specificity was 91.28%. Similarly, the sensitivity of CEA
to CRC was only 37.71%, and the sensitivity was 90.6%.
The aforementioned results are similar to those reported by
McKeown et al (27), in which the reported specificity and
sensitivity of CEA for CRC screening were 36.00 and 87.00%,
respectively. In the present study, it was calculated that CA242
indicated a good sensitivity for rectal, and left and right colon
cancer (61.14‑70.51%), while the sensitivities of CA19‑9 and
CA125 fluctuated from 25.14 to 77.72%, and the specificity
was not precise.
In the present study, the AUCs of single tumor markers
were significantly different between the patients overall and
the subgroups according to tumor site. To improve diagnostic
accuracy, 5 tumor biomarkers were combined using a logistic
regression model. The combined markers in the logistic regression model exhibited a better diagnostic performance for CRC
and the sensitivity of diagnosis was also better.
In conclusion, the present study revealed that serum
NSE may represent an independent tumor biomarker for
CRC, and that it may be used for CRC auxiliary diagnosis.
Furthermore, the combined detection of the tumor markers
NSE, CEA, CA19‑9, CA125 and CA242 was revealed as
a significant combination of biomarkers that may be used
in the diagnosis of CRC. The present study is limited in
that the patients were all from a single center, the population size was small and follow‑up information was lacking
(since it is still ongoing). Therefore, whether NSE is a
significant prognostic indicator for patients with CRC is
yet to be elucidated. Nevertheless, the results of previous
studies and the present study indicate that the association
between NSE and CRC may be of great value in monitoring
the recurrence of colorectal cancer and selecting adjuvant
therapy in the foreseeable future.
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