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Abstract Identifying predictive biomarkers for colorectal
cancer would facilitate diagnosis and treatment of the disease.
This study aimed to investigate the association of the serolog-
ical biomarkers CEA, CA19–9, CA125, CYFRA21–1 and
CA72–4 with patient characteristics and disease outcomes in
colorectal cancer. Patients (N=373) with colorectal cancer
were evaluated for the association of CEA, CA19–9,
CA125, CYFRA21–1, and CA72–4 pre and post-surgery
and at disease recurrence with demographics, disease charac-
teristics including pathological types, degree of differentia-
tion, invasion depth, abdominal lymph node metastasis, TMN
stage, Dukes stage, location of cancer and metastasis, and
disease outcomes. It was more common for a patient to
express these markers prior to surgery and at disease recur-
rence than following surgery. Overall, the serum levels of
CEA, CA19–9, CA125, CYFRA21–1, and CA72–4 were
not associatedwith age, gender, pathological type and location
of cancer (all P-values >0.05), but were associated with the
poor tumor differentiation, higher tumor invasion, greater
degree of abdominal lymph node metastasis, and higher
TNM and Duke stage tumors (all P-values<0.01). CEA ex-
pressionwas associatedwith older ages (median age 65 years).
Multivariate analysis indicated that CEAwas correlated with
overall survival and none of the markers correlated with
disease recurrence. The expression of CEA, CA19–9,
CA125, CYFRA21–1, and CA72–4 was associated with spe-
cific disease characteristics which tended to indicated more

advanced disease and disease recurrence consistent with these
biomarkers being useful for detecting colorectal cancer.
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Introduction

Colorectal cancer (CRC) is the third most commonly diag-
nosed cancer and the third leading cause of cancer death in
both men and women world-wide [1]. It is believed that
proper screening could prevent the majority of these deaths.
This is particularly important since early colorectal cancer is
asymptomatic [2]. In the US over the past 10 years there has
been progress in reducing the incidence of colorectal cancer
through prevention and early detection of the disease [2].
However, in Asia there has been an increase in the morbidity
and mortality due to CRC due to changes in lifestyle and diet
[1]. In addition, the age of patients in Asia with CRC is
decreasing which has major implications for public health.

Currently, there are a number of methods used to screen for
colorectal cancer and include stool tests that primarily detect
cancer, and flexible sigmoidoscopy, colonoscopy, CT,
colonography, and double-contrast barium enema which detect
cancer and precancerous growths [2].Many of thesemethods are
invasive or have limited sensitivity. Development of simple non-
invasive sensitive screens for colorectal cancer would be benefi-
ciary both for the patient and the healthcare providers [3].

Detection of cancer markers is a non-invasive method in the
diagnosis of cancers. It is acceptable in patients and simple in
procedures. Thus, detection of cancer markers plays important
clinical roles in the early diagnosis, treatment and prognosis of
CRC [4]. In the present study, five serological biomarkers
(carcinoembryonic antigen [CEA], carbohydrate antigen
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CA19–9, CA125, CYFRA21–1, and CA72–4) which are asso-
ciated with colon-cancer were analyzed to evaluate their associ-
ation with patient clinical characteristics and disease progression
in CRC. CEA is a serum glycoprotein and currently is the most
widely usedmarker for colon cancer [4]. It is commonly secreted
by tumors located in hollow organs and has a specificity and
sensitivity of 36 and 87 %, respectively, in screening for colon
cancer [4]. CA19–9 is an antigen that elevated in many types of
gastrointestinal cancer including colorectal cancer, esophageal
cancer, and hepatocellular carcinoma [5]. CA19–9 has a sensi-
tivity and specificity of 23 and 96 % for colorectal cancer [6].
CA125 is a glycoprotein antigen that was first found associated
with ovarian cancer [7]. It is also associated with gastric, colon,
lung, pancreatic, and liver cancers, as well as, cancers of the
blood. Multivariate analysis revealed that serum CEA levels (all
p<0.001) was an independent prognostic predictors for liver
metastases [8–11]. CA72–4 has a sensitivity of approximately
40% in colorectal and gastric cancer and 50% in ovarian cancer,
with an overall specificity of more than 95% [12]. CYFRA21–1
is a fragment of cytokeritin-19. Cytokeritin-19 is expressed in
the unstratified or pseudostratified epithelium of the bronchial
tress and is over expressed in many lung cancers [13–15] and
has also been implicated as a marker for colorectal cancer
[16,17]. In colorectal cancer at the level of 95 % sensitivity,
CYFRA21–1 has a specificity of about 35.5 % [17].

Patients and Methods

This was a retrospective study of patients admitted to Sun Yat-
SenMemorial Hospital, Sun Yat-Sen University from January
2006 to December 2007 that investigated the association of
the expression of CEA, CA19–9, CA125, CYFRA21–1and
CA72–4 with colorectal cancer. Patients were followed for
5 years. The study was approved by the institutional review
board of Sun Yat-Sen Memorial Hospital, Sun Yat-Sen
University, Guangzhou, Guangdong, China. Informed pa-
tients’ consents had been obtained in advance.

Study Patients

Eligible patients had diagnosed colorectal cancer as deter-
mined by pathology following surgery. Patients had received
no preoperative chemotherapy or radiotherapy. Patients who
were lost during the 5-year follow-up or died from other
causes were excluded from the analysis. Patients were staged
in accordance with TMN and Dukes classification.

Analysis of CEA, CA19–2, CA125, CYFRA21–1
and CA72–4

Fasting blood (2 ml) was collected from the cubital vein in the
morning and serum was collected by centrifugation. All 5

markers were assessed at patient initial screening for cancer,
pre and post-surgery, routine follow-up, and at disease recur-
rence. CEA, CA19–2, CA125, CYFRA21–1 and CA72–4
were detected using electrochemiluminescence immunoassay
system (Elecsys 2010, Roche, Basel Switzerland) according
to the manufacturer’s instructions. The reference range was 0
to 5 ng/ml for CEA, 0 to 34 kU/L for CA19–9, 0 to 35 kU/L
for CA125, 0 to 3.3 kU/L for CYFRA21–1 and 0 to 7 kU/L for
CA72–4.

Statistical Analysis

Patients’ demographics and clinical characteristics were sum-
marized descriptively as were serological markers, including
CEA, CA125, CA19–9, CA72–4, and CYFRA21–1for pre-
operation, post-operation, and recurrence period. Changes in
expression of serological makers during different treatment
periods were determined using the McNemar test. The asso-
ciation of expression of serological makers with patient de-
mographics and clinical characteristics were performed using
the Mann–Whitney U test and Pearson Chi-square or Fisher’s
exact test with Yate’s correction for samples in which <5 cell
expressed a given marker. A step-wise Cox-regression analy-
sis was applied to identify the associations among time related
data, overall survival time, and recurrence time in comparison
with patient demographics, clinical characteristics, and pre-
operative marker’s expression, respectively. Variables with
significant associations in univariate Cox-regression analysis
(P<0.05) were selected and analyzed using multivariate Cox-
regression analysis. Moreover, Bayesian information criterion
(BIC) index to evaluate which of the 5 markers may be best at
predicting overall survival (smaller value is better). Hazard
ratios (HR) with corresponding 95 % confidence intervals
(95 %CI.) as well as P-values were determined by Cox-
regression analysis. All statistical assessments were two-
tailed and considered significantly at P<0.05. Kaplan-Meier
analysis was used to evaluate the cumulative overall survival
and disease recurrence rates. All the statistical analysis was
performed using SPSS 18.0 statistics software (SPSS Inc,
Chicago, IL, USA).

Results

There are 373 patients enrolled in the study and all completed
the trial. The median age of was 62 years, the most common
form of cancer was adenocarcinoma (85.5 %) and most tu-
mors were well differentiated (54.2 %) (Table 1). The most
common depth of tumor infiltration and abdominal lymph
node metastasis was serosal layer and pareneoplasctic lymph
node metastasis (40 %) followed by serosal layer alone
(29.2 %). Most patients had either stage III (44.0 %) or stage
II (29.0 %) cancer and had cancer in the right colon (50.9 %).
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The majority of patients had no metastasis (86.6 %) or disease
recurrence (61.4 %). About half the patients (55.5 %) were
still alive at the end of the 5-year follow-up period.

All the five markers, CEA, CA19–9, CA125, CA72–4, and
CYFRA21–1 were present in the patient population prior to
and after surgery as well as when the disease recurred
(Table 2). Prior to surgery less than 50 % of the patient were
positive for any of the 5 markers with the most common being
CEA (48 %), CA19–9 (33.2 %) and CYFRA21–1 (29.8 %).
Following surgery, the proportion of patients having these

makers significantly decreased (all P-values<0.001)
(Table 2). Disease recurrence was associated with a significant
increase from post-surgery in the proportion of patients posi-
tive for the 5 markers (Table 2). CEAwas the most common
(87.5 %) followed by CYFRA21–1 (73.6 %) and CA19–9
(70.1 %).

Evaluation of the association of being positive for a given
marker and demographics and disease characteristics found
patients with positive CEA might be older than patients with
negative CEA (median age: 65 vs. 59 years, P=0.002).
Furthermore, the positive expressions of a given markers
was associated with degree of tumor differentiation, depth of
infiltration, clinical stage, organ metastasis, recurrence, and
survival status. CA72–4 was significantly associated with
lesion site (all P-values<0.05) (Tables 3 and 4).

Figure 1 represented the Kaplan-Meier curve of overall
survival (OS) and recurrence for the 373 patients. The esti-
mated mean of time to OS was derived as 47.1 months with a
95 %CI.=45.5 to 48.8 months. The estimated mean of time to
recurrence was derived as 42.4 months with a 95 %CI.=40.0
to 44.7 months. (Fig. 1).

Univariate analysis found that overall survival was associ-
ated with patients’ clinical characteristics as well as pre-
operative and post-operative expression of CEA, CA125,
CA19–9, CA72–4, CYFRA21–1 expressions (Table 5).
Multivariate analysis showed that overall survival was asso-
ciated with signet ring carcinoma, good differentiation, depth
of infiltration (serosal layer plus paraneoplastic lymph node
metastasis, serosal layer plus paraneoplastic lymph node and
mesenteric lymph node metastasis), stage II cancer, and the
presence of CEA before surgery (all P-value<0.05) (Table 5).
Multivariate analysis did not find an association of post-
operative levels of any of the 5 markers with overall survival
(Table 5).

Univariate Cox-regression analysis found disease recur-
rence was associated with patients’ clinical characteristics,
and pre- and post-operative expression CEA, CA125,
CA19–9, CA72–4, CYFRA21–1 expressions. Multivariate
Cox-regression analysis revealed disease recurrence was as-
sociated with degree of differentiation (well differentiated),
and depth of infiltration (serosal layer plus paraneoplastic
lymph node metastasis, serosal layer plus paraneoplastic
lymph node and mesenteric lymph node metastasis) (all P-
value<0.05). There was no significant association for disease
recurrence and pre-operative and post-operative CEA,
CA125, CA19–9, CA72–4, or CYFRA21–1 expressions.
(Table 6).

To further examine the role of pre- and post-operative
levels of the 5 markers in predicting overall survival, we used
the BIC index to evaluate which of the 5 markers may be best
at predicting overall survival (smaller value is better) (see
Table 7). The model was based on the multivariate model in
this manuscript. Each marker was individually included in the

Table 1 Patient demographics and clinical characteristics

Variables (N=373)

Age, median (Range) years 62 (15 to 100)

Males 214 (57.4 %)

Pathological type

Adenocarcinoma 319 (85.5 %)

Mucinous Adenocarcinoma 51 (13.7 %)

Signet ring cell carcinoma 3 (0.8 %)

Degree of differentiation

Poorly differentiated 46 (12.3 %)

Moderately differentiated 125 (33.5 %)

Well differentiated 202 (54.2 %)

Depth of infiltration and Abdominal lymph node metastasisa

Within the intestinal wall 48 (13.0 %)

Serosal layer 108 (29.2 %)

Serosal layer + paraneoplastic lymph nodemetastasis 148 (40.0 %)

Serosal layer + paraneoplastic lymph nodemetastasis
+ mesenteric lymph node metastasis

66 (17.8 %)

Clinical stage

I 50 (13.4 %)

II 108 (29.0 %)

III 164 (44.0 %)

IV 51 (13.7 %)

Lesion site

Transverse colon cancer 39 (10.5 %)

Left colon cancer 124 (33.2 %)

Right colon cancer 190 (50.9 %)

Rectal cancer 20 (5.4 %)

Organ metastasis

Yes 50 (13.4 %)

No 323 (86.6 %)

Recurrence

Yes 144 (38.6 %)

No 229 (61.4 %)

Survival status

Alive 207 (55.5 %)

Dead 166 (44.5 %)

Age were summarized as median (Range: minimum to maximum); other
categorical data were as n (%)
a three patients were unavailable
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multivariate analysis model which adjusted for patients’ age,
pathological type, degree of differentiation, depth of infiltra-
tion and abdominal lymph node metastasis, clinical stage,
lesion site, and organmetastasis. The pre- and post—operative
analyses indicated that models containing levels of CEA and
CA199 or CEA and CYFRA21–1 might be better at
predicting overall survival than the model which included
other marker combinations including all 5 markers. (for pre-
operative, BIC index: 1716.68 vs. 1730.75, respectively, and
for post-operative, BIC index: 1718.56 vs. 1731.64) (Table 7).
We also found that post-operative levels for each marker were
positively correlated with pre-operative levels and this was
independent of whether a patient was alive or dead (Table 8).

Discussion

This study evaluated the association of CEA, CA19–9, CA7–
24, CA125, and CYFRA21–1 with disease characteristics,
patient demographics, and disease progression in patients with
CRC. We found that it was more common for a patient to
express at least one of these markers prior to surgery and at
disease recurrence than following surgery. In general, the
presence of CEA, CA19–9, CA125, CYFRA21–1, and
CA72–4 were not associated with gender, age, pathological
type, and location of the cancer (all P-values >0.05), but were
associated with poor tumor differentiation, higher tumor in-
vasion, greater degree of abdominal lymph node metastasis,

and higher TNM and Dukes stage tumors, and overall survival
(all P-values <0.01). In contrast to the other markers, CEA
was associated with older age (median 65 years of age), and
multivariate analysis indicated the pre-surgery levels of only
CEA correlated with overall survival. Multivariate analysis
did not find an association of post-operative levels of any of
the 5 markers to be significantly associated with disease
recurrence or overall survival. Using the BIC Index we found
that models containing pre- or post-operative levels of CEA
and CA199 or CEA and CYFRA21–1 were possibly better at
predicting overall survival than model which included other
combination of marker or all 5 markers. These findings sug-
gest CEA plus CA199 or CEA plus CYRFA21–1 may be
useful in aiding in diagnosis, following recurrence, and mon-
itoring patients.

Medically useful tumor markers to screen a large popula-
tion at risk for a specific cancer would ideally be non-invasive,
highly sensitive and specific, and inexpensive. CEA, CA199,
CA125, and CA72–4 are commonly used for post-operative
surveillance and monitoring treatment effect for colorectal
cancer, pancreatic cancer, ovarian cancer and gastric cancer,
respectively, [9,18–21]. In this study the overall positive rate
of these markers prior to surgery were 48, 33.2, 23.1 %,
respectively, which was similar to that reported previously
[22]. In our study, the pre-operative positive rate for CEA
was similar to another study which reported 43.9 % sensitivity
of detecting colorectal cancer [17]. We found that CA125 was
positive for 24.4 % of patient prior to surgery which was less

Table 2 Distribution of serological markers at pre- and post-surgery and at disease recurrence periods

Markers P-valuesa for comparison

Pre-operative (n=373) Post-operative (n=373) Re-current (n=144) Pre- vs. post- operative Post- operative vs. Re-current

CEA <0.001* <0.001*

Positive 179 (48 %) 65 (17.4 %) 126 (87.5 %)

Negative 194 (52 %) 308 (82.6 %) 18 (12.5 %)

CA19–9 <0.001* <0.001*

Positive 124 (33.2 %) 54 (14.5 %) 101 (70.1 %)

Negative 249 (66.8 %) 319 (85.5 %) 43 (29.9 %)

CA7–24 <0.001* <0.001*

Positive 86 (23.1 %) 25 (6.7 %) 88 (61.1 %)

Negative 287 (76.9 %) 348 (93.3 %) 56 (38.9 %)

CA125 <0.001* <0.001*

Positive 91 (24.4 %) 41 (11 %) 79 (54.9 %)

Negative 282 (75.6 %) 332 (89 %) 65 (45.1 %)

CYFRA21–1 <0.001* <0.001*

Positive 111 (29.8 %) 64 (17.2 %) 206 (73.6 %)

Negative 262 (70.2 %) 309 (82.8 %) 38 (26.4 %)

Data were summarized as n (%) for a given period
a p-value were derived using McNemar test
* indicates significant difference between two periods. (P<0.05×
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than that reported in a prior study which had a positive rate of
64.1 % [23]. The difference between the studies may reflect
that the earlier study used microarrays to assay expression of
the factor which is more sensitive than immunofluorescence
method used in this study.

Several prior studies have also evaluated the correlation of
CEA, CA125, CA19–9 with overall survival and disease
recurrence [24–26]. Similar to our study, the presence of
CEA has been shown previously to be predictive of increased
mortality and overall survival [22,27]. In contrast to our study,

multivariate analysis in one study found pre-surgery serum
CA125 status and not CEA was an independent prognostic
factor for overall survival (P=0.016) [26]. In addition, CA19–
9 previously was shown to be an indicator of disease recur-
rence and overall survival, [22,27–29] and CA72–4 was as-
sociated with high recurrence rate [22]. Interestingly, the
combination of being positive for CA19–9, CEA, and
CA125 was a strong predictor of overall survival and patients
who were positive for these 3 markers also had the highest rate
of disease recurrence (100%) [25,26]. The difference between

Fig. 1 Kaplan-Meier curves of
(a) overall survival (OS) and (b)
recurrence. The estimated mean
of time to OS was derived as
47.1 months (95 %CI, 45.5 to
48.8 months). The estimated
mean of time to recurrence was
derived as 42.4 months (95 %CI,
40.0 to 44.7 months)

90 W. Zhong et al.



T
ab

le
5

U
ni
va
ri
at
e
an
d
m
ul
tiv

ar
ia
te
C
ox
-r
eg
re
ss
io
n
an
al
ys
is
of

ov
er
al
ls
ur
vi
va
l

V
ar
ia
bl
es

U
ni
va
ri
at
e

M
ul
tiv

ar
ia
te
Ia

M
ul
tiv

ar
ia
te
II
b

H
R

95
%

C
I.

P
-v
al
ue

H
R

95
%

C
I.

P
-v
al
ue

H
R

95
%

C
I.

P
-v
al
ue

A
ge
,y
ea
rs

0.
99
6

(0
.9
86
,1
.0
06
)

0.
38
4

0.
99
7

(0
.9
86
,1
.0
07
)

0.
52
6

1.
00
3

(0
.9
92
,1
.0
14
)

0.
56
5

S
ex M

al
es

vs
.f
em

al
es

0.
88
1

(0
.6
49
,1
.1
95
)

0.
41
5

N
A

Pa
th
ol
og
ic
al
ty
pe

M
uc
in
ou
sA

de
no
ca
rc
in
om

a
vs
.A

de
no
ca
rc
in
om

a
1.
15
9

(0
.7
51
,1
.7
87
)

0.
50
5

1.
11
6

(0
.6
93
,1
.7
97
)

0.
65
3

1.
17
5

(0
.7
25
,1
.9
06
)

0.
51
2

Si
gn
et
ri
ng

ce
ll
ca
rc
in
om

a
vs
.A

de
no
ca
rc
in
om

a
6.
36
6

(2
.0
15
,2
0.
10
8)

0.
00
2*

4.
29
6

(1
.2
10
,1
5.
25
3)

0.
02
4*

4.
31
7

(1
.2
18
,1
5.
30
9)

0.
02
4*

D
eg
re
e
of

di
ff
er
en
tia
tio

n

M
od
er
at
el
y
vs
.p
oo
rl
y
di
ff
er
en
tia
te
d

0.
53
8

(0
.3
66
,0
.7
92
)

0.
00
2*

0.
70
6

(0
.4
61
,1
.0
81
)

0.
10
9

0.
88
0

(0
.5
69
,1
.3
61
)

0.
56
6

W
el
lv

s.
po
or
ly
di
ff
er
en
tia
te
d

0.
17
0

(0
.1
1,
0.
25
9)

<
0.
00
1*

0.
34
8

(0
.2
17
,0
.5
58
)

<
0.
00
1*

0.
38
7

(0
.2
42
,0
.6
17
)

<
0.
00
1*

D
ep
th

of
in
fi
ltr
at
io
n
an
d
A
bd
om

in
al
ly
m
ph

no
de

m
et
as
ta
si
s

Se
ro
sa
ll
ay
er

vs
.W

ith
in

th
e
in
te
st
in
al
w
al
l

2.
53
7

(0
.7
39
,8
.7
06
)

0.
13
9

1.
65
0

(0
.4
74
,5
.7
37
)

0.
43
1

1.
85
1

(0
.5
34
,6
.4
22
)

0.
33
2

Se
ro
sa
ll
ay
er

+
pa
ra
ne
op
la
st
ic
ly
m
ph

no
de

m
et
as
ta
si
s
vs
.

W
ith

in
th
e
in
te
st
in
al
w
al
l

15
.1
69

(4
.7
94
,4
7.
99
7)

<
0.
00
1*

20
.4
53

(5
.5
26
,7
5.
70
4)

<
0.
00
1*

21
.0
09

(5
.6
96
,7
7.
49
5)

<
0.
00
1*

Se
ro
sa
ll
ay
er

+
pa
ra
ne
op
la
st
ic
ly
m
ph

no
de

m
et
as
ta
si
s
+
m
es
en
te
ri
c
ly
m
ph

no
de

m
et
as
ta
si
s

vs
.W

ith
in

th
e
in
te
st
in
al
w
al
l

37
.5
11

(1
1.
71
4,
12
0.
12
)

<
0.
00
1*

17
.5
05

(5
.1
08
,5
9.
98
9)

<
0.
00
1*

25
.0
00

(7
.4
44
,8
3.
96
4)

<
0.
00
1*

C
lin

ic
al
st
ag
e

II
vs
.I

2.
65
1

(0
.7
72
,9
.0
98
)

0.
12
1

0.
43
7

(0
.2
34
,0
.7
88
)

0.
00
6*

0.
49
7

(0
.2
77
,0
.8
92
)

0.
01
9*

II
I
vs
.I

16
.2
56

(5
.1
48
,5
1.
32
8)

<
0.
00
1*

N
D

N
D

IV
vs
.I

56
.3
04

(1
7.
41
2,
18
2.
07
2)

<
0.
00
1*

N
D

N
D

L
es
io
n
si
te

T
ra
ns
ve
rs
e
co
lo
n
ca
nc
er

vs
.r
ec
ta
lc
an
ce
r

0.
02
7

(0
.0
08
,0
.0
85
)

<
0.
00
1*

1.
31
3

(0
.6
04
,2
.8
57
)

0.
49
2

1.
50
6

(0
.6
86
,3
.3
05
)

0.
30
8

L
ef
tc
ol
on

ca
nc
er

vs
.r
ec
ta
lc
an
ce
r

0.
06
8

(0
.0
39
,0
.1
18
)

<
0.
00
1*

1.
27
7

(0
.6
82
,2
.3
91
)

0.
44
4

1.
52
4

(0
.7
96
,2
.9
17
)

0.
20
4

R
ig
ht

co
lo
n
ca
nc
er

vs
.r
ec
ta
lc
an
ce
r

0.
40
4

(0
.2
90
,0
0,
56
5)

<
0.
00
1*

1.
34
7

(0
.7
33
,2
.4
75
)

0.
33
8

1.
67
1

(0
.8
87
,3
.1
48
)

0.
11
2

O
rg
an

m
et
as
ta
si
s

Y
es

vs
.N

o
m
et
as
ta
si
s

6.
68
6

(4
.6
99
,9
.5
12
)

<
0.
00
1*

N
D

N
D

Pr
e-
op
er
at
iv
e

C
E
A
,p
os
iti
ve

vs
.n
eg
at
iv
e

3.
40
1

(2
.4
49
,4
.7
23
)

<
0.
00
1*

1.
69
8

(1
.1
29
,2
.5
52
)

0.
01
1*

N
A

C
A
19
–9
,p
os
iti
ve

vs
.n
eg
at
iv
e

3.
45
3

(2
.5
39
,4
.6
98
)

<
0.
00
1*

1.
33
3

(0
.8
28
,2
.1
45
)

0.
23
6

N
A

C
A
12
5,
po
si
tiv

e
vs
.n
eg
at
iv
e

3.
47
5

(2
.5
44
,4
.7
48
)

<
0.
00
1*

1.
18
3

(0
.7
97
,1
.7
56
)

0.
40
5

N
A

C
A
72
–4
,p
os
iti
ve

vs
.n
eg
at
iv
e

3.
96
0

(2
.8
86
,5
.4
34
)

<
0.
00
1*

0.
67
9

(0
.3
86
,1
.1
93
)

0.
17
8

N
A

C
Y
F
R
A
21
–1
,p
os
iti
ve

vs
.n
eg
at
iv
e

4.
27
1

(3
.1
33
,5
.8
21
)

<
0.
00
1*

1.
82
4

(0
.9
51
,3
.5
00
)

0.
07
1

N
A

Po
st
-o
pe
ra
tiv

e

C
E
A
,p
os
iti
ve

vs
.n
eg
at
iv
e

5.
33
7

(3
.8
30
,7
.4
37
)

<
0.
00
1*

N
A

1.
69
6

(0
.9
21
,3
.1
24
)

0.
09
0

Association of Serum Levels 91



T
ab

le
5

(c
on
tin

ue
d)

V
ar
ia
bl
es

U
ni
va
ri
at
e

M
ul
tiv

ar
ia
te
Ia

M
ul
tiv

ar
ia
te
II
b

H
R

95
%

C
I.

P
-v
al
ue

H
R

95
%

C
I.

P
-v
al
ue

H
R

95
%

C
I.

P
-v
al
ue

C
A
19
–9
,p
os
iti
ve

vs
.n
eg
at
iv
e

3.
86
2

(2
.7
08
,5
.5
08
)

<
0.
00
1*

N
A

1.
28
0

(0
.7
18
,2
.2
80
)

0.
40
3

C
A
12
5,
po
si
tiv

e
vs
.n
eg
at
iv
e

3.
42
8

(2
.3
35
,5
.0
33
)

<
0.
00
1*

N
A

0.
76
7

(0
.4
23
,1
.3
91
)

0.
38
3

C
A
72
–4
,p
os
iti
ve

vs
.n
eg
at
iv
e

2.
35
9

(1
.4
26
,3
.9
00
)

0.
00
1*

N
A

0.
69
8

(0
.3
94
,1
.2
37
)

0.
21
8

C
Y
F
R
A
21
–1
,p
os
iti
ve

vs
.n
eg
at
iv
e

5.
46
4

(3
.9
29
,7
.5
99
)

<
0.
00
1*

N
A

1.
76
2

(0
.9
45
,3
.2
87
)

0.
07
5

R
es
ul
ts
w
er
e
re
pr
es
en
te
d
as

ha
za
rd

ra
tio

(H
R
)
w
ith

co
rr
es
po
nd
in
g
95

%
co
nf
id
en
ce

in
te
rv
al
(9
5
%
C
I.
)
an
d
p-
va
lu
es
.V

ar
ia
bl
es

w
ith

si
gn
if
ic
an
t
as
so
ci
at
io
n
in

un
iv
ar
ia
te
an
al
ys
is
m
od
el
(P
<
0.
05
)
w
er
e

se
le
ct
ed

an
d
pu
ti
nt
o
m
ul
tiv

ar
ia
te
an
al
ys
is
m
od
el

T
he
re

w
er
e
co
-l
in
ea
ri
ty

am
on
g
cl
in
ic
al
st
ag
e,
D
ep
th

of
in
fi
ltr
at
io
n
an
d
A
bd
om

in
al
ly
m
ph

no
de

m
et
as
ta
si
s,
an
d
O
rg
an

m
et
as
ta
si
s
in

th
e
m
ul
tiv

ar
ia
te
an
al
ys
is
m
od
el

a,
b
T
he

m
ul
tiv

ar
ia
te

a
I
an
d

b
II
co
x-
re
gr
es
si
on

m
od
el
s
w
er
e
co
ns
id
er
in
g
w
ith

a
pr
e-
op
er
at
iv
e
m
ar
ke
rs
an
d

b
po
st
-o
pe
ra
tiv

e
m
ar
ke
rs
,s
ep
ar
at
el
y

*i
nd
ic
at
es

si
gn
if
ic
an
ta
ss
oc
ia
tio

n
w
ith

O
S.

(P
<
0.
05
)

N
D
no
td

er
iv
ed

N
A
no
ta
ss
es
se
d

T
ab

le
6

U
ni
va
ri
at
e
an
d
m
ul
tiv

ar
ia
te
C
ox
-r
eg
re
ss
io
n
an
al
ys
is
of

di
se
as
e
re
cu
rr
en
ce

V
ar
ia
bl
es

U
ni
va
ra
ite

M
ul
tiv

ar
ai
te
Ia

M
ul
tiv

ar
ai
te
II
b

H
R

95
%

C
I.

P
-v
al
ue

H
R

95
%

C
I.

P
-v
al
ue

H
R

95
%

C
I.

P
-v
al
ue

A
ge
,y
ea
rs

0.
99
6

(0
.9
85
,1
.0
06
)

0.
43
0

0.
99
5

(0
0,
98
4,
1.
00
5)

0.
31
7

0.
99
9

(0
.9
88
,1
.0
10
)

0.
84
0

S
ex M

al
es

vs
.f
em

al
es

0.
87
3

(0
.6
29
,1
.2
12
)

0.
41
8

N
A

N
A

Pa
th
ol
og
ic
al
ty
pe

M
uc
in
ou
sA

de
no
ca
rc
in
om

a
vs
.A

de
no
ca
rc
in
om

a
0.
93
2

(0
.5
75
,1
.5
12
)

0.
77
6

N
A

N
A

Si
gn
et
ri
ng

ce
ll
ca
rc
in
om

a
vs
.A

de
no
ca
rc
in
om

a
3.
38
0

(0
.8
28
,1
3.
80
4)

0.
09
0

N
A

N
A

D
eg
re
e
of

di
ff
er
en
tia
tio

n

M
od
er
at
el
y
vs
.p
oo
rl
y
di
ff
er
en
tia
te
d

0.
64
7

(0
.4
21
,0
.9
95
)

0.
04
8*

0.
90
7

(0
.5
76
,1
.4
28
)

0.
67
3

1.
07
2

(0
.6
76
,1
.7
01
)

0.
76
7

W
el
lv

s.
po
or
ly
di
ff
er
en
tia
te
d

0.
20
6

(0
.1
29
,0
.3
29
)

<
0.
00
1*

0.
36
4

(0
.2
18
,0
.6
08
)

<
0.
00
1*

0.
40
4

(0
.2
42
,0
.6
72
)

<
0.
00
1*

D
ep
th

of
in
fi
ltr
at
io
n
an
d
A
bd
om

in
al
ly
m
ph

no
de

m
et
as
ta
si
s

Se
ro
sa
ll
ay
er

vs
.W

ith
in

th
e
in
te
st
in
al
w
al
l

0.
42
8

(0
.2
14
,1
.4
79
)

0.
18
0

1.
56
9

(0
.4
50
,5
.4
63
)

0.
47
9

1.
75
9

(0
.5
06
,6
.1
07
)

0.
37
4

Se
ro
sa
ll
ay
er

+
pa
ra
ne
op
la
st
ic
ly
m
ph

no
de

m
et
as
ta
si
s
vs
.W

ith
in

th
e
in
te
st
in
al
w
al
l

6.
12
0

(3
.5
29
,1
0.
61
2)

<
0.
00
1*

6.
99
8

(1
.8
70
,2
6.
19
5)

0.
00
4*

7.
14
9

(1
.8
99
,2
6.
91
9)

0.
00
4*

92 W. Zhong et al.



T
ab

le
6

(c
on
tin

ue
d)

V
ar
ia
bl
es

U
ni
va
ra
ite

M
ul
tiv

ar
ai
te
Ia

M
ul
tiv

ar
ai
te
II
b

H
R

95
%

C
I.

P
-v
al
ue

H
R

95
%

C
I.

P
-v
al
ue

H
R

95
%

C
I.

P
-v
al
ue

S
er
os
al
la
ye
r
pa
ra
ne
op
la
st
ic
ly
m
ph

no
de

m
et
as
ta
si
s
+
m
es
en
te
ri
c
ly
m
ph

no
de

m
et
as
ta
si
s

vs
.W

ith
in

th
e
in
te
st
in
al
w
al
l

8.
41
5

(4
.6
17
,1
5.
33
8)

<
0.
00
1*

6.
52
6

(1
.8
83
,2
2.
62
5)

0.
00
3*

8.
97
5

(2
.6
13
,3
0.
82
4)

<
0.
00
1*

C
lin

ic
al
st
ag
e

II
vs
.I

2.
43
7

(0
.7
06
,8
.4
19
)

0.
15
9

1.
31
7

(0
.7
12
,2
.4
36
)

0.
38
0

1.
45
9

(0
.7
78
,2
.7
35
)

0.
23
9

II
I
vs
.I

15
.4
42

(4
.8
89
,4
8.
77
1)

<
0.
00
1*

N
D

N
D

IV
vs
.I

19
.8
17

(5
.9
92
,6
5.
53
9)

<
0.
00
1*

N
D

N
D

L
es
io
n
si
te

T
ra
ns
ve
rs
e
co
lo
n
ca
nc
er

vs
.r
ec
ta
lc
an
ce
r

0.
73
7

(0
.3
22
,1
.6
85
)

0.
73
7

N
A

N
A

L
ef
tc
ol
on

ca
nc
er

vs
.r
ec
ta
lc
an
ce
r

0.
72
3

(0
.3
54
,1
.4
75
)

0.
72
3

N
A

N
A

R
ig
ht

co
lo
n
ca
nc
er

vs
.r
ec
ta
lc
an
ce
r

0.
73
1

(0
.3
66
,1
.4
63
)

0.
73
1

N
A

N
A

Y
es

vs
.N

o
m
et
as
ta
si
s

2.
59
3

(1
.7
03
,3
.9
48
)

<
0.
00
1*

N
D

N
D

Pr
e-
op
er
at
iv
e

C
E
A
,p
os
iti
ve

vs
.n
eg
at
iv
e

2.
74
8

(1
.9
47
,3

.8
79
)

<
0.
00
1*

1.
47
7

(0
.9
71
,2
.2
47
)

0.
06
9

N
A

C
A
19
–9
,p
os
iti
ve

vs
.n
eg
at
iv
e

2.
66
6

(1
.9
15
,3
.7
12
)

<
0.
00
1*

1.
20
1

(0
.7
28
,1
.9
81
)

0.
47
4

N
A

C
A
12
5,
po
si
tiv

e
vs
.n
eg
at
iv
e

2.
72
9

(1
.9
39
,3
.8
40
)

<
0.
00
1*

1.
28
8

(0
.8
66
,1
.9
16
)

0.
21
2

N
A

C
A
72
–4
,p
os
iti
ve

vs
.n
eg
at
iv
e

3.
05
7

(2
.1
64
,4
.3
17
)

<
0.
00
1*

0.
72
9

(0
.3
93
,1
.3
53
)

0.
31
7

N
A

C
Y
F
R
A
21
–1
,p
os
iti
ve

vs
.n
eg
at
iv
e

3.
25
2

(2
.3
29
,4
.5
40
)

<
0.
00
1*

1.
78
4

(0
.9
09
,3
.5
01
)

0.
90
2

N
A

Po
st
-o
pe
ra
tiv

e

C
E
A
,p
os
iti
ve

vs
.n
eg
at
iv
e

3.
71
7

(2
.5
59
,5

.3
97
)

<
0.
00
1*

N
A

1.
83
4

(0
.9
93
,3
.3
88
)

0.
05
3

C
A
19
–9
,p
os
iti
ve

vs
.n
eg
at
iv
e

2.
27
5

(1
.4
87
,3
.4
81
)

<
0.
00
1*

N
A

0.
89

(0
.4
81
,1
.6
49
)

0.
71
2

C
A
12
5,
po
si
tiv

e
vs
.n
eg
at
iv
e

2.
28
6

(1
.4
48
,3
.6
10
)

<
0.
00
1*

N
A

0.
94

(0
.5
09
,1
.7
34
)

0.
84
2

C
A
72
–4
,p
os
iti
ve

vs
.n
eg
at
iv
e

1.
82
3

(1
.0
08
,3
.2
97
)

0.
04
7*

N
A

0.
74
2

(0
.3
72
,1
.4
79
)

0.
39
6

C
Y
F
R
A
21
–1
,p
os
iti
ve

vs
.n
eg
at
iv
e

3.
77
0

(2
.5
93
,5
.4
80
)

<
0.
00
1*

N
A

1.
55
5

(0
.8
19
,2
.9
55
)

0.
17
7

R
es
ul
ts
w
er
e
re
pr
es
en
te
d
as

ha
za
rd

ra
tio

(H
R
)
w
ith

co
rr
es
po
nd
in
g
95

%
co
nf
id
en
ce

in
te
rv
al
(9
5
%
C
I.
)
an
d
p-
va
lu
es
.V

ar
ia
bl
es

w
ith

si
gn
if
ic
an
t
as
so
ci
at
io
n
in

un
iv
ar
ia
te
an
al
ys
is
m
od
el
(P
<
0.
05
)
w
er
e

se
le
ct
ed

an
d
pu
ti
nt
o
m
ul
tiv

ar
ia
te
an
al
ys
is
m
od
el

T
he
re

w
er
e
co
-l
in
ea
ri
ty

am
on
g
cl
in
ic
al
st
ag
e,
D
ep
th

of
in
fi
ltr
at
io
n
an
d
A
bd
om

in
al
ly
m
ph

no
de

m
et
as
ta
si
s,
an
d
O
rg
an

m
et
as
ta
si
s
in

th
e
m
ul
tiv

ar
ia
te
an
al
ys
is
m
od
el

a,
b
T
he

m
ul
tiv

ar
ia
te

a
I
an
d

b
II
co
x-
re
gr
es
si
on

m
od
el
s
w
er
e
co
ns
id
er
in
g
w
ith

a
pr
e-
op
er
at
iv
e
m
ar
ke
rs
an
d

b
po
st
-o
pe
ra
tiv

e
m
ar
ke
rs
,s
ep
ar
at
el
y

*i
nd
ic
at
es

si
gn
if
ic
an
ta
ss
oc
ia
tio

n
w
ith

O
S.

(P
<
0.
05
)

N
D
no
td

er
iv
ed

N
A
no
ta
ss
es
se
d

Association of Serum Levels 93



Table 7 Validate the pre- and post-operative markers associated with overall survival

Included markersa For pre-operative markers For post-operative markers

HR 95 % CI. P-value BIC HR 95 % CI. P-value BIC

CEA, positive vs. negative 2.119 (1.479, 3.035) <0.001* 1,718.33 2.545 (1.760, 3.680) <0.001* 1,713.18

CA19–9, positive vs. negative 2.011 (1.436, 2.817) <0.001* 1,719.46 1.971 (1.308, 2.970) 0.001* 1,726.25

CA125, positive vs. negative 1.583 (1.099, 2.280) 0.014* 1,730.06 1.610 (1.035, 2.502) 0.034* 1,731.74

CA72–4, positive vs. negative 1.782 (1.249, 2.541) 0.001* 1,726.06 1.026 (0.590, 1.784) 0.928 1,735.96

CYFRA21–1, positive vs. negative 2.203 (1.538, 3.155) <0.001* 1,717.50 2.472 (1.727, 3.539) <0.001* 1,713.43

CEA + CA19–9 1,716.68 1,718.56

CEA, positive vs. negative 1.769 (1.205, 2.597) 0.004* 2.337 (1.510, 3.617) <0.001*

CA199, positive vs. negative 1.652 (1.154, 2.364) 0.006* 1.202 (0.736, 1.961) 0.462

CEA + CA125 1,722.11 1,719.05

CEA, positive vs. negative 1.995 (1.378, 2.888) <0.001* 2.603 (1.718, 3.943) <0.001*

CA125, positive vs. negative 1.329 (0.911, 1.939) 0.14 0.944 (0.574, 1.551) 0.819

CEA + CA72–4 1,722.35 1,718.31

CEA, positive vs. negative 1.885 (1.263, 2.813) 0.002* 2.642 (1.810, 3.855) <0.001*

CA72–4, positive vs. negative 1.319 (0.891, 1.952) 0.167 0.781 (0.446, 1.366) 0.386

CEA + CYFRA21–1 1,716.89 1,716.38

CEA, positive vs. negative 1.684 (1.127, 2.516) 0.011* 1.702 (0.928, 3.120) 0.086

CA211, positive vs. negative 1.724 (1.159, 2.564) 0.007* 1.652 (0.914, 2.986) 0.097

CEA + CA19–9 + CYFRA21–1 1,721.11 1,722.25

CEA, positive vs. negative 1.652 (1.106, 2.470) 0.014* 1.682 (0.908, 3.114) 0.098

CA19–9, positive vs. negative 1.37 (0.854, 2.196) 0.191 1.063 (0.633, 1.787) 0.817

CYFRA21–1, positive vs. negative 1.379 (0.821, 2.315) 0.225 1.616 (0.868, 3.010) 0.130

CEA + CA19–9 + CA125 + CA72–4 + CYFRA21–1 1730.75 1731.64

CEA, positive vs. negative 1.698 (1.129, 2.552) 0.011* 1.696 (0.921, 3.124) 0.090

CA19–9, positive vs. negative 1.333 (0.828, 2.145) 0.236 1.280 (0.718, 2.280) 0.403

CA125, positive vs. negative 1.183 (0.797, 1.756) 0.405 0.767 (0.423, 1.391) 0.383

CA72–4, positive vs. negative 0.679 (0.386, 1.193) 0.178 0.698 (0.394, 1.237) 0.218

CYFRA21–1, positive vs. negative 1.824 (0.951, 3.500) 0.071 1.762 (0.945, 3.287) 0.075

Results were represented as hazard ratio (HR) with corresponding 95 % confidence interval (95 %CI.) and p-values
aMarkers were selected and put into multivariate analysis model with adjusting patients’ age, pathological type, degree of differentiation, depth of
infiltration and abdominal lymph node metastasis, clinical stage, lesion site, and organ metastasis. The corresponding BIC index (smaller is better) for
each model was presented accordingly

There were co-linearity among clinical stage, Depth of infiltration and Abdominal lymph node metastasis, and Organ metastasis in the multivariate
analysis model

*indicates significant association with OS. (P<0.05)

Table 8 Correlation analysis between pre- and post-operative marker levels

Markers All (n=373) Alive (n=207) Dead (n=166)

Coefficient of correlation p-value Coefficient of correlation p-value Coefficient of correlation p-value

CEA 0.863 <0.001* 0.806 <0.001* 0.886 <0.001*

CA19–9 0.895 <0.001* 0.908 <0.001* 0.885 <0.001*

CA125 0.930 <0.001* 0.896 <0.001* 0.947 <0.001*

CA72–4 0.912 <0.001* 0.874 <0.001* 0.878 <0.001*

CYFRA21–1 0.901 <0.001* 0.827 <0.001* 0.937 <0.001*

Correlation analysis was analyzed using Spearman’s correlation analysis and represented as coefficients of correlation and corresponding p-value
* indicates significant correlation between pre- and post-operative measurements for each marker (p<0.05)
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ours and other studies may reflect methods of analysis, study
design, and patient population.

There are several limitations to our study which include the
small sample size and the retrospective nature of the study.
Since CYFRA21-1had not investigated as a marker for colo-
rectal cancer before, further study had been warranted. In
addition, analysis of the combination of markers and their
relationship to disease characteristics, overall survival, and
recurrence rate may give additional insight in the use of these
markers in helping physicians following histoligical diagnosis
in making clinical judgments on the patient status, and aid in
monitoring treatment outcomes..

Conclusion

In conclusion, the cancer markers CEA, CA199, CA125,
CYFRA21–1 and CA72–4 may potentially be useful in diag-
nosing and predicting treatment outcomes in patients with
colorectal cancer. However, further analysis is needed to de-
vise assays with these markers that have high sensitivity and
specificity.
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