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Abstract 

Objective This paper aims to explore the diagnostic value of enhanced magnetic resonance imaging (MRI) com‑
bined with a carcinoembryonic antigen (CEA) and carbohydrate antigen in terms of the liver metastasis of colorectal 
cancer.

Methods A total of 167 colorectal cancer patients with liver metastasis and 167 colorectal cancer patients without 
liver metastasis were selected as the subjects. An automatic electrochemiluminescence analyser was then used to 
detect the tumour markers CEA, CA19‑9, CA125 and CA72‑4. The consistency between the MRI examination and clini‑
cal pathological examination was also analysed, and the sensitivity, specificity and positive and negative predictive 
values of various combined detection methods were compared.

Results The abnormal rates of CEA, CA19‑9, CA125 and CA72‑4 in the two groups were statistically significant (P < 
0.05), while the results of the enhanced MRI and clinicopathological examination for liver metastasis in patients with 
colon cancer were largely consistent (Kappa coefficient = 0.788, P < 0.000). However, the two methods were incon‑
sistent. The false positive rate of the enhanced MRI examination was 15.3%, while the false negative rate was 6.0%. The 
specificity (94.61%), positive predictive value (92.68%) and positive likelihood ratio (12.67%) were the highest for the 
MRI combined with serial CEA, while the sensitivity (98.80%) and negative predictive value (97.22%) were the highest 
with the MRI combined with parallel CEA, and this combination returned the lowest negative likelihood ratio (0.03).

Conclusion The combination of MRI and CEA excludes non‑metastatic patients and identifies colorectal liver metas‑
tasis cancer patients. Overall, it has a higher diagnostic value.
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Introduction
Colorectal cancer is the third most prevalent cancer 
globally after lung cancer and adenocarcinoma, with 
approximately 1.8 million new cases and 900,000 asso-
ciated deaths reported per year [1]. With advance-
ments in the diagnosis and treatment technology, the 
5-year survival rate of patients with early colorectal 
cancer following surgical resection is 90%; however, 
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Patients and methods
Study population
A retrospective study was conducted to select patients 
with colorectal cancer diagnosed by surgery and pathol-
ogy in the University of Chinese Academy of Sciences 
Shenzhen Hospital（Guangming）and Sun Yat-sen Memo-
rial Hospital of Sun Yat-sen University from January 2016 to 
December 2020 by convenient sampling. The patients with 
liver metastasis diagnosed by Spiral computer tomogra-
phy (CT) within 3 months after the first operation were 
selected as the liver metastasis group (n=167). Accord-
ing to the 1:1 matching principle, the patients with non-
liver metastasis within 3 months after the first operation 
were selected as the non-liver metastasis group (n=167). 
All the participants signed an informed consent form, 
while the study was approved by the ethics committee of 
the University of Chinese Academy of Sciences Shenzhen 
Hospital (Guangming). Inclusion and exclusion criteria 
for study subjects are shown in Table 1.

Research method
Serum tumour markers
The main instruments and reagents include a centrifuge 
instrument, an automatic electrochemiluminescence 
instrument (Cobas e601), CEA (Abbott GmbH, 2K45-
74), CA125 (Abbott GmbH, 7K68-74), CA199 (Abbott 
GmbH, 2K91-74) and CA72-4 (Roche Diagnostics 
GmbH, 11776258122). On the second day of admission, 
4–5 mL of fasting blood was collected and centrifuged 
at 3000 rpm for 10 min within 1 h. Serum tumour mark-
ers CEA, CA125, CA19-9 and CA72-4 were detected by 
an automatic electrochemiluminescence analyser. The 
normal ranges are CEA < 5 ng/mL, CA199 < 37 U/mL, 
CA199 < 34 U/mL and CA72-4 < 7 U/mL.

Enhanced MRI
All patients underwent an MRI examination on the sec-
ond day of admission. Additionally, all patients fasted 
for 12 h before examination, and bowel preparation was 
done. During the examination, the patients were placed 
in the supine position and scanned using a 1.5T and 3.0T 
superconducting magnetic resonance scanner (Germany 

Table 1 Inclusion and exclusion criteria of subjects

Inclusion criteria Exclusion criteria

Colonoscopic biopsy, diagnostic criteria, clinical and pathological diagnosis of colorectal cancer Known to have other 
malignant tumours

No chemotherapy, radiotherapy and hormone therapy before admission Important organ damage

Complete clinical data

Willingness to participate voluntarily

the 5-year survival rate of patients with distant metas-
tasis is <20% [2]. The liver is the most affected organ 
in colorectal cancer, with liver metastasis having the 
highest incidence and mortality rate among the forms 
of distant metastasis in patients with colorectal cancer. 
At present, surgical resection is the best treatment for 
colorectal liver metastases (CRLM) to ensure long-
term survival, but the recurrence rate is high [3]. There 
are the following two types of CRLM: synchronous and 
metachronous metastasis. The former refers to liver 
metastasis occurring upon or before the diagnosis of 
primary colorectal cancer and accounts for approxi-
mately 15–20% of colorectal cancer cases, with the 
proportion of patients with this form of liver metasta-
sis far lower than that of patients with metachronous 
metastasis liver metastasis [4]. Early detection of liver 
metastasis is important in the evaluation of respecta-
bility, as it enables the timing of the surgery to be accu-
rately determined or chemotherapy for patients who 
are not suitable for surgery. In short, early detection 
improves the timeliness and success rate of the surgical 
treatment [5].

At present, the most common diagnosis methods 
for CRLM include computer tomography (CT) and 
positron emission tomography combined with CT. 
However, magnetic resonance imaging (MRI) has the 
advantages of high soft tissue resolution, multi-scan 
sequence and no radiation hazard. It is an effective 
technique for detecting small lesions of <1cm and has 
certain advantages regarding the diagnosis of CRLM 
[6]. In addition, the antigens, carcinoembryonic antigen 
(CEA), carbohydrate antigen 19-9 (CA19-9), carbohy-
drate antigen 125 (CA125) and carbohydrate antigen 
724 (CA724), are important tumour markers for the 
early diagnosis and prognosis of colorectal cancer [7].

However, the above detection methods often involve 
a certain degree of incorrect and missed diagnoses in 
their clinical application. In this paper, the diagnostic 
value of an enhanced MRI combined with CEA, CA19-
9, CA125 and CA724 (series and parallel) is evaluated 
in relation to CRLM in view of identifying a combined 
detection method with a higher diagnostic value.
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Siemens). The phased array body coil was selected, and 
a plain scan was performed on cross-sectional T1WI 
(parameters: TR 549 ms, TE8 ms, layer thickness 5 mm, 
layer spacing 1 mm, matrix 330 × 322; field of view 300 
mm × 360 mm) and T2WI (parameters: TR 3400 ms, TE 
80 ms, slice thickness 5 mm, layer spacing 1 mm, matrix 
272 × 291; vision 300 mm × 360 mm). Moreover, t2WI 
was performed on coronal and sagittal planes (parame-
ters: TR 3500 ms, TE 80 ms, slice thickness 5 mm, slice 
spacing 1 mm, matrix 320 × 260, vision 250 mm × 250 
mm). After an intravenous injection of 0.1 mmoL/kg 
Gd-DTPA, the patients were scanned using a fat-sup-
pressed fast gradient echo sequence for cross-sectional 
(slice thickness 5 mm, layer spacing 0.5 mm) and coro-
nal (slice thickness 7 mm, layer spacing 3.5 mm) dynamic 
enhanced scans. The diffusion-weighted imaging scan 
parameters are application of plane echo imaging 
sequence, TR 2370 ms, TE 74 ms, slice thickness 4 mm, 
layer spacing 0.4 mm and visual field 280 mm × 280 mm.

Observed indexes
The consistency of the MRI and clinical pathological 
examinations was assessed, and the sensitivity, specific-
ity and positive and negative predictive values of various 
combined detection methods were compared. The sensi-
tivity test entailed the probability of being tested positive 
among individuals with the disease (positive), as assessed 
according to the gold standard, while the specificity test 
entailed the probability of returning a negative result 
according to the gold standard assessment of no disease 
(negative). Meanwhile, a positive predictive value refers 
to the proportion of truly ‘diseased’ cases (true positives) 
among all the positive cases detected by the screening 
test, while a negative predictive value refers to the pro-
portion of subjects with a negative test result in relation 
to all truly negative subjects.

Statistical analysis
The data was analysed using SPSS21.0 software. The 
quantitative data were described in terms of mean ± 
standard deviation (X ± S), while the qualitative data 
were described in terms of n and the rate or composi-
tion ratio (n%). The difference between the groups was 
assessed using the 2-test, while the consistency was ana-
lysed using the Kappa test. P < 0.05 was regarded as sta-
tistically significant.

Results
Patient characteristics
There were 107 males and 60 females in the liver metas-
tasis group, with an average age of 57.44 ± 13.55, while 
there were 112 males and 55 females, with an average 
age of 53.49 ± 14.49, in the non-liver metastasis group. 

There was no significant difference in terms of age and 
gender between the two groups. There were 14 cases of 
transverse colon cancer, nine cases of descending colon 
cancer, 32 cases of ascending colon cancer, 54 cases of 
sigmoid colon cancer and 58 cases of rectal cancer in the 
liver metastasis group, while there were 10 cases of trans-
verse colon cancer, 15 cases of descending colon cancer, 
39 cases of ascending colon cancer, 56 cases of sigmoid 
colon cancer and 47 cases of rectal cancer in the non-
liver metastasis group. There was no significant differ-
ence in terms of the primary lesion composition between 
the two groups. The abnormal rates of the tumour mark-
ers in the liver metastasis group were higher than those 
in the non-liver metastasis group (Table 2).

Enhanced MRI comparison
The consistency between the MRI examination and 
clinical pathological examination was analysed, with the 
results for liver metastasis in patients with colon cancer 
consistent between the two methods (Kappa coefficient 
= 0.788, P < 0.000). However, the two methods demon-
strated some inconsistencies. The false positive rate of 
the enhanced MRI procedure was 15.3%, while the false 
negative rate was 6.0% (Table 3).

Enhanced MRI combined with tumour markers
Given that the abnormal rates of the tumour mark-
ers differed between the liver metastasis group and the 
non-liver metastasis group, the MRI and tumour mark-
ers were combined to examine whether liver metastasis 
occurs in patients with colon cancer. MRI with serial 
CEA examination showed the highest agreement with 
clinicopathological examination, and the results of liver 
metastasis were consistent between the two colon cancer 
patients (Kappa coefficient=0.629, P < 0.001). The con-
cordance of the remaining MRI combined with tumour 
markers CEA, CA19-9, CA125 and CA72-4 with MRI in 
parallel and tandem examinations is shown in Table 4.

Here, MRI with parallel CEA had the highest sensitiv-
ity (98.80%), MRI with serial CEA had the highest speci-
ficity (94.61%) and the highest positive predictive value 
(92.68%), MRI with parallel CEA had the highest nega-
tive predictive value (97.22%), MRI with serial CEA had 
the highest positive likelihood ratio (12.67%) and MRI 
with parallel CEA had the lowest negative likelihood ratio 
(0.03). MRI with serial CEA had the highest accuracy 
(81.43%). In sum, the specificity, positive predictive value 
and positive likelihood ratio were the highest for the MRI 
with the serial CEA, and the sensitivity and the negative 
predictive value were the highest for the MRI with the 
parallel CEA. This combination had the lowest negative 
likelihood ratio (Table 5).
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Discussion
The early and accurate detection of CRLM is of great 
significance for the treatment and prognosis of colo-
rectal cancer patients. However, due to the lack of 
specific symptoms and the limited detection methods, 
CRLM often entails a missed diagnosis, with the dis-
ease entering the later stages when obvious symptoms 
appear [8, 9]. Previous studies have demonstrated that 
upon diagnosis, approximately 80% of CRLM patients 
have lost the opportunity to eliminate the metastasis via 
surgery and are often left with a survival rate of only a 

Table 2 Patient baseline demographics and clinical characteristics

*The difference was statistically significant
a N (constituent ratio)
b N (rate)

Non-liver metastasis 
group

Liver metastasis group χ2/t P

Sexa Male 112 (67.07%) 107 (64.07%) 0.332 0.565

Female 55 (32.93%) 60 (35.93%)

Agea (years) 53.49 ± 14.49 57.44 ± 13.55 1.568 0.093

Primary  lesionsa Transverse colon cancer 10 (2.99%) 14 (8.38%) 4.498 0.480

Lower colon cancer 15 (4, 49%) 9 (5.39%)

Colon cancer 39 (11.68%) 32 (19.17%)

sigmoid colon cancer 56 (16.77%) 54 (32.33%)

Rectal cancer 47 (14.07%) 58 (34.73%)

Tumour  markerb Abnormal CEA 114 (62.26%) 147 (88.02%) 19.090 0.001*

Abnormal CA125 99 (59.28%) 128 (76.65%) 11.565 0.001*

Abnormal CA19‑9 117 (70.06%) 142 (85.03%) 10.746 0.001*

Table 3 The consistency between MRI examination and clinical 
pathological examination

Clinical pathological Kappa P

Metastasis Non-metastasis

MRI Metastasis 157 (94.0%) 29 (15.3%) 0.788 <0.001

Non‑metastasis 10 (6.0%) 138 (4.7%)

Table 4 Results of enhanced MRI combined with tumour markers

Clinical pathological

Metastasis Non-metastasis Kappa P

CEA Parallel Metastasis 165 (98.80%) 97 (58.08%) 0.318 <0.001

Non‑metastasis 2 (0.20%) 70 (41.92%)

Serial Metastasis 114 (68.26%) 9 (5.39%) 0.629 <0.001

Non‑metastasis 53 (31.74%) 158 (94.61%)

CA19‑9 Parallel Metastasis 152 (91.02%) 101 (59.88%) 0.305 <0.001

Non‑metastasis 15 (8.98%) 66 (40.12%)

Serial Metastasis 80 (47.90%) 13 (7.78%) 0.401 <0.001

Non‑metastasis 87 (52.10%) 154 (92.22%)

CA125 Parallel Metastasis 148 (88.62%) 110 (65.87%) 0.228 <0.001

Non‑metastasis 19 (11.38%) 57 (34.13%)

Serial Metastasis 46 (27.54%) 21 (12.57%) 0.150 0.001

Non‑metastasis 121 (72.46%) 146 (87.43%)

CA72‑4 Parallel Metastasis 156 (93.41%) 136 (81.44%) 0.162 <0.001

Non‑metastasis 11 (6.59%) 41 (18.56%)

Serial Metastasis 100 (59.88%) 14 (8.38%) 0.515 <0.001

Non‑metastasis 67 (40.12%) 153 (91.62%)
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few months. However, the 5-year survival rate of CRLM 
patients can reach up to 40% if the liver metastasis is 
completely eliminated through surgery [10]. At pre-
sent, the common CRLM imaging detection methods 
include CT, ultrasound and enhanced MRI examina-
tions. An enhanced MRI has the advantages of present-
ing an enhancement of the lesions, being more sensitive 
to small lesions and being able to detect liver metastasis 
early. The technique also evaluates the residual volume 
of the liver, which provides a reference for surgical plan-
ning and improves the success rate of the surgery [11].

CEA is one of the first and most widely used tumour 
markers. It is a specific acidic glycoprotein of a human 
embryonic antigen. Studies have found that the CEA 
expression level and distant metastasis of colorectal can-
cer have a certain correlation when CEA > 15ng/mL of 
colorectal cancer patients with postoperative distant 
metastasis probability is high [4], but the false positive 
and false negative situation is more. CA19-9 is a related 
antigen secreted by digestive system tumour cells, which 
is highly expressed in gastric, colon, rectal and pancreatic 
cancer tissues. Studies have shown that CEA, CA19-9 
and CA125 are significant in predicting liver metastasis 
of colorectal cancer. Among them, CEA is significant in 
predicting the T stage, CA19-9 is significant in predicting 
the T and N stages and CA125 is significant in predicting 
the degree of differentiation of the primary tumour.

In the present research, the results of the enhanced 
MRI examination and clinicopathological examina-
tion for liver metastasis in patients with colon cancer 
were found to be consistent (Kappa coefficient = 0.788, 
P < 0.000). However, the two methods demonstrated 
some inconsistencies. The sensitivity and specificity of 
the enhanced MRI examination were 94.0% and 84.7%, 
respectively, which indicated that given the 1.8 million 
new cases of colon cancer reported each year, many peo-
ple could be misdiagnosed or have a missed diagnosis 
when using an MRI examination alone. To improve the 

outcome for CRLM patients, other detection methods 
could be combined with an MRI examination to improve 
the sensitivity and/or specificity.

In the occurrence and progression of colorectal can-
cer, the tumour markers will change due to the expres-
sion and accumulation of multiple genes. Serological 
tumour markers have the advantages of a fast diagnosis 
and small trauma diagnosis. A study on the relationship 
between serological indexes and pathological param-
eters in 279 patients with colorectal cancer found that 
the sensitivity of CEA, CA19-9, CA72-4 and CA125 
to colon cancer was in the top five of the serum blood 
indexes studied and was associated with pathological 
tumour lymph node metastasis and vascular invasion. 
This indicates that it may be related to the liver metas-
tasis of colon cancer. However, there is no consensus on 
the diagnostic criteria for CRLM patients in terms of 
the above indicators [12, 13].

In the present study, the highest specificity (94.61%), 
positive predictive value (92.68%) and positive likelihood 
ratio (12.67%) were obtained with an MRI examination 
combined with a serial CEA. However, this method could 
exclude colon cancer patients without liver metastasis. 
The combination of an MRI and parallel CEA had the 
highest sensitivity (98.80%) and negative predictive value 
(97.22%) but the lowest negative likelihood ratio (0.03), 
which means that this combination could improve the 
referral rate of CRLM patients.

CEA is produced by the digestive tract. The expression 
level of CEA is extremely low in healthy individuals but 
is significantly increased when a digestive tract tumour 
occurs [14]. As such, CEA is a relatively broad-spectrum 
tumour marker, with its expression increased in liver, 
colon and gastric cancer patients. The antigen can eas-
ily appear on the surface of cancer cells; is captured by 
Kupffer cell-specific receptors in the liver; can induce the 
expression of IL-1α, IL-1β and other cytokines, as well as 
specific cancer-cell adhesion factors; and can promote 

Table 5 Various combined diagnostic indicators

Sensitivity (%) Specificity (%) Positive 
predictive value 
(%)

Negative 
predictive value 
(%)

Positive 
likelihood ratio 
(%)

Negative 
likelihood ratio 
(%)

Accuracy

MRI serial CEA 68.26 94.61 92.68 74.88 12.67 0.34 81.43

MRI parallel CEA 98.80 41.92 62.98 97.22 1.70 0.03 70.35

MRI serial CA19‑9 47.90 92.22 86.02 63.90 5.18 0.56 70.01

MRI parallel CA19‑9 91.01 39.52 60.08 81.48 1.50 0.23 65.27

MRI serial CA125 27.54 87.43 68.66 54.68 2.19 0.83 57.49

MRI parallel CA125 88.62 34.13 57.36 75.00 1.35 0.33 61.38

MRI serial CA72‑4 59.88 91.62 87.72 69.55 7.14 0.44 75.57

MRI parallel CA72‑4 93.41 24.55 53.42 78.85 1.15 0.27 58.98
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the retention of cancer cells in the capillary network and 
liver metastasis [15]. The CEA expression level in the 
serum of CRLM patients will be significantly increased, 
and previous studies have found that CEA levels are asso-
ciated with the prognosis of patients with colon cancer 
metastasis [16]. Since the 5-year survival rate after early 
surgical resection of CRLM lesions is generally greatly 
improved, the recommendation is to use the method of 
enhanced MRI combined with CEA to provide a refer-
ence for the early diagnosis of liver metastasis in patients 
with colon cancer and evaluate the surgical feasibility of 
patients in a timely manner.

As this study only included the patients from one hos-
pital as the research subject, some admission rate bias 
could have been introduced. Furthermore, no other 
imaging detection method was designed in the experi-
mental scheme, which was not conducive to a more 
objective evaluation of the diagnostic value of an MRI 
examination combined with serological indexes. There-
fore, multi-centre clinical trials must be carried out in the 
future, with a variety of methods used as controls to fur-
ther evaluate the diagnostic value of an MRI examination 
combined with serological indicators for CRLM.

Conclusion
In summary, although the consistency between the 
CRLM results of an enhanced MRI examination and 
clinical pathological detection is strong, the sensitivity 
and specificity must be improved. A combination of MRI 
and the serological index, CEA, was found to improve the 
specificity and sensitivity, and such a method is worthy of 
promotion in China.
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