
© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2022;13(5):2375-2381 | https://dx.doi.org/10.21037/jgo-22-861

Original Article

Apparent diffusion coefficient is a good marker in predicting the 
prognosis in colorectal cancer liver metastases: a diagnostic 
study 

Xingju Zheng1#, Jizhou Lu2#, Huiqing Zhang3, Qian Yuwen4

1Department of Radiology, Guizhou Provincial People’s Hospital, Guiyang, China; 2The Second Department of General Surgery, The Third 

People's Hospital of Gansu Province, Lanzhou, China; 3Department of Imaging Medicine, Armed Police Corps Hospital of Inner Mongolia 

Autonomous Region, Hohhot, China; 4Department of Imaging, Hebei Yanda Hospital, Langfang, China

Contributions: (I) Conception and design: X Zheng, J Lu; (II) Administrative support: H Zhang, Q Yuwen; (III) Provision of study materials or 

patients: All authors; (IV) Collection and assembly of data: All authors; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All 

authors; (VII) Final approval of manuscript: All authors.
#These authors contributed equally to this work.

Correspondence to: Huiqing Zhang. Department of Imaging Medicine, Armed Police Corps Hospital of Inner Mongolia Autonomous Region, Shijisi 

Road, Jinqiao Development Zone, Hohhot 010041, China. Email: zhq18686097798@sina.com; Qian Yuwen. Department of Imaging, Hebei Yanda 

Hospital, No. 6 Sipu Lan Road, Sanhe, Langfang 065201, China. Email: ywq781113@sina.com.

Background: Colorectal cancer (CRC) is one of the most common malignant tumors. Up to 10% CRC 
patients can have liver metastases at the first diagnosis. At present, clinical diagnosis of CRC liver metastasis 
(CRCLM) is mostly based on imaging, and there is a certain false-positive rate and false-negative rate. 
Improving the diagnostic accuracy of imaging for CRCLM is highly significant. Apparent diffusion coefficients 
showed high predicting value in other cancers. The aim of the present study was to explore the diagnostic value 
of apparent diffusion coefficients based on magnetic resonance diffusion weighted imaging for CRCLM.
Methods: Fifty patients with CRCLM admitted to Hebei Yanda Hospital from January 2018 to December 
2018 were retrospectively collected, and the data of 50 patients with benign liver nodules were collected at the 
same time. The diagnostic value of apparent diffusion coefficients on liver metastatic cancer was analyzed using 
receiver operating characteristic curve. The correlation between apparent diffusion coefficients and clinical 
pathological features of patients with CRCLM was also analyzed. The diagnosis of liver metastatic cancer was 
based on pathological biopsy. Three-year follow up after surgery was conducted in clinic or via phone.
Results: Compared with the benign liver nodule group, the apparent diffusion coefficients of patients in the 
CRCLM group were significantly decreased [(1.14±0.26 vs. 2.06±0.57)×10−3 mm2/s, P<0.001]. The apparent 
diffusion coefficient was of high value in differentiating between benign liver nodules and liver metastatic 
cancer. The area under the curve was 0.927 [95% confidence interval (CI): 0.879–0.975, P<0.001]. Compared 
with patients with highly differentiated tumors, the apparent diffusion coefficients of patients with moderately 
and poorly differentiated tumors were significantly reduced [(1.08±0.26 vs. 1.29±0.22)×10−3 mm2/s,  
P=0.010]. Compared with patients who survived 3 years after operation, the apparent diffusion coefficients of 
patients who died were significantly lower [(1.05±0.26 vs. 1.23±0.23)×10−3 mm2/s, P=0.011]. The apparent 
diffusion coefficients of liver nodules in patients with CRCLM is a good marker in predicting postoperative 
3-year survival, and the area under the curve was 0.728 (95% CI: 0.580–0.876, P=0.006). 
Conclusions: The apparent diffusion coefficient can sever as a marker in diagnosing CRCLM and 
predicting prognosis. 
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Introduction

Colorectal cancer (CRC) is a common cancer that is 
estimated to have more than 1 million new cases a year 
globally (1). Most CRC cases are sporadic with no family 
history or significant genetic predisposition, and people 
>50 years are at the highest risk (2). A study has shown that 
the cumulative incidence of liver metastasis in patients with 
CRC in 5 years is up to 15% (3), and another study has 
shown that the incidence of liver metastasis within 5 years 
after diagnosis of CRC is up to 26.5% (4). Among them, left 
colon cancer is the most prone to liver metastasis (4). About 
10% of CRC patients can have liver metastases at the first 
diagnosis, and it is important to determine whether there is 
liver metastasis before operation for the treatment and the 
prognosis of patients. Therefore, it is of great significance 
to accurately identify liver metastatic cancer before surgery. 
Pathological biopsy is the gold standard for diagnosing 
liver metastatic cancer, but there are some difficulties in 
preoperative biopsy. At present, clinical diagnosis of CRC 
liver metastasis (CRCLM) is mostly based on imaging, and 
there is a certain false-positive rate and false-negative rate. 
For example, ultrasound is the preferred imaging method 
for CRCLM. However, ultrasound is not ideal for liver 
tumors with deep location, small volume or lack of blood 
supply. Improving the diagnostic accuracy of imaging for 
CRCLM is highly significant. Due to its high sensitivity 
and specificity, magnetic resonance diffusion weighted 
imaging has been widely used to distinguish the benign and 
malignant characteristics of liver nodules (5-9). However, 
there are few studies that focus on the diagnostic value of 
apparent diffusion coefficient on CRCLM. The aim of 
the present study was to explore the diagnostic value of 
apparent diffusion coefficients based on magnetic resonance 
diffusion weighted imaging for CRCLM. We present the 
following article in accordance with the STARD reporting 
checklist (available at https://jgo.amegroups.com/article/
view/10.21037/jgo-22-861/rc).

Methods

General information

The data of 50 patients with CRCLM admitted to 
Hebei Yanda Hospital from January 2018 to December 
2018 were retrospectively collected (a retrospectively 
diagnostic study), and the data of 50 patients with benign 
liver nodules were collected at the same time. Inclusion 
criteria of the CRCLM group were as follows: (I) primary 

lesion pathologically diagnosed with CRC, and isolated 
liver nodule postoperative pathological diagnosis as 
liver metastatic cancer (derived from CRC); (II) aged  
18−65 years; (III) magnetic resonance diffusion weighted 
imaging examination performed at Hebei Yanda Hospital 
with apparent diffusion coefficient and so on before surgery; 
(IV) no lung, bone, or brain metastases; and (V) complete 
clinicopathological data. Exclusion criteria for the CRCLM 
group were as follows: (I) recurrent CRC; (II) primary liver 
cancer; (III) concomitant with other malignant tumors; 
(IV) abnormal portal vein and mesenteric arteriovenous 
structure; (V) hepatic insufficiency; (VI) special treatments, 
such as radiotherapy, chemotherapy, immunotherapy, and 
targeted therapy had been performed before surgery; and 
(VII) other serious diseases. The benign liver nodule group 
included patients aged 18−65 years with isolated benign 
nodules without the above diseases and no other serious 
diseases. The types of liver nodules in the benign liver 
nodule group were as follows: focal nodular hyperplasia, 
hepatic hemangioma, liver cyst, hepatic hamartoma, and 
mesenchymal tumors with 10 cases for each type. The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). This study was approved 
by the Ethics Committee of Hebei Yanda Hospital (No. 
20220040) and individual consent for this retrospective 
analysis was waived.

Examination procedure

Liver  MAGNETIC RESONANCE DIFFUSION 
WEIGHTED IMAGING examination was performed by 
Siemens 3.0T magnetic resonance imaging (MRI) (Siemens, 
3.0T, Shenzhen), and contrast medium (gadolinium spray 
glucosamine, 0.2 mmol/kg) was administered through the 
forearm intravenously at a rate of 2.5 mL/s. Dynamic scan 
was performed once with contrast agent group injection and 
saline flushing tube. Images were acquired for 6 consecutive 
times before and after enhancement, and liver MRI 
diffusion weighted imaging was obtained with apparent 
diffusion coefficient of the central part of the liver nodule.

Study variables

The study variables were as follows: (I) general information, 
including age, sex, body mass index, smoking history, 
and drinking history; (II) apparent diffusion coefficient 
and diameter of liver nodules; (III) whether there was 
a combination of portal vein tumor thrombus; (IV) 
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pathological characteristics of primary lesions, including 
number of metastatic regional lymph nodes, tumor T stage, 
primary lesion site, and differentiation degree of primary 
tumor cells; and (V) long-term prognosis: all patients 
underwent surgical treatment after diagnosis, and primary 
lesions and liver metastatic cancer were removed at the same 
time. Three-year follow up after surgery was conducted in 
clinic or via phone, and the 3-year survival rate of patients 
after surgery was observed.

Statistical analysis

The data analysis of this study was completed using SPSS 
26.0 (IBM, Armonk, NY, USA), and 2-tailed P<0.05 was 
considered statistically significant. Measurement data were 
normally distributed and expressed as mean ± standard 
deviation. Independent samples t-test was applied in the 
comparison of the measurement data between 2 groups. 
Enumeration data, expressed as n (%), were analyzed by 
Pearson’s χ2-test in the comparison of the measurement 
data between 2 groups. The diagnostic value of apparent 
diffusion coefficients for CRCLM and predicting value 
of apparent diffusion coefficients for death were analyzed 
using receiver-operating characteristic curves.

Results

Comparison of clinical data of patients in the 2 groups

There was no statistical difference in age, sex, body mass 
index, smoking history, drinking history, and liver nodule 
diameter between the 2 groups (P>0.05). Compared with the 

benign liver nodule group, the apparent diffusion coefficients 
of patients in the CRCLM group were significantly 
decreased [(1.14±0.26 vs. 2.06±0.57) ×10−3 mm2/s, P<0.001] 
(Table 1).

Diagnostic value of the apparent diffusion coefficient in 
distinguishing between benign liver nodules and liver 
metastatic cancer

The apparent diffusion coefficient was of high value in 
differentiating between benign liver nodules and liver 
metastatic cancer. The area under the curve was 0.927 [95% 
confidence interval (CI): 0.879–0.975, P<0.001], the optimal 
diagnostic cut-off value was 1.315×10−3 mm2/s, and the 
sensitivity and specificity were 0.94 and 0.78, respectively 
(Figure 1).

Correlation between the apparent diffusion coefficient of 
liver nodules and clinical pathological features in patients 
with CRCLM

The apparent diffusion coefficient of liver nodules in patients 
with CRCLM was not significantly correlated with portal vein 
tumor thrombus, T stage, and primary lesion site (P>0.05). 
Compared with patients with highly differentiated tumors, 
the apparent diffusion coefficients of patients with moderately 
and poorly differentiated tumors were significantly reduced 
[(1.08±0.26 vs. 1.29±0.22)×10−3 mm2/s, P=0.010]. Compared 
with patients who survived 3 years after operation, the 
apparent diffusion coefficients of patients who died were 
significantly lower [(1.05±0.26 vs. 1.23±0.23)×10−3 mm2/s,  

Table 1 Comparison of clinical data of patients in the 2 groups

Category CRCLM group (n=50) Benign liver nodule group (n=50) t/χ2 value P value

Age (years) 52.26±7.78 53.00±7.39 0.488 0.627

Sex 0.160 0.689

Male 25 (50%) 27 (54%)

Female 25 (50%) 23 (46%)

Body mass index (kg/m2) 27.39±4.48 27.95±4.98 0.598 0.551

Smoking history 10 (20%) 14 (28%) 0.877 0.349

Drinking history 17 (34%) 13 (26%) 0.762 0.383

Apparent diffusion coefficient (×10−3 mm2/s) 1.14±0.26 2.06±0.57 10.470 <0.001

Liver nodule diameter (cm) 4.24±1.72 4.19±1.58 0.135 0.893

Data are expressed as mean ± standard deviation or n (%). CRCLM, colorectal cancer liver metastasis.
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P=0.011]. There was no significant correlation between the 
apparent diffusion coefficient of liver nodules in patients with 
CRCLM and the number of metastatic regional lymph node 
and the diameter of liver nodules (P>0.05) (Tables 2,3).

Predictive value of the apparent diffusion coefficient of 
liver nodules in patients with CRCLM for postoperative 
3-year survival

The apparent diffusion coefficients of liver nodules in 
patients with CRCLM had some diagnostic value for 
postoperative 3-year survival, and the area under the curve 
was 0.728 (95% CI: 0.580–0.876, P=0.006). The optimal 
diagnostic cut-off value was 1.115×10−3 mm2/s, and the 
sensitivity and specificity were 0.76 and 0.76, respectively 
(Figure 2).

Discussion

CRC is a common malignant tumor of the digestive tract. 
Preoperative treatment, surgery, and postoperative adjuvant 
therapy are important treatment strategies for a variety of 
malignant tumors (10-12). Individualized treatment of CRC 
needs to be based on detailed preoperative assessment. 
Currently MRI is a useful means to distinguish between 
CRCLM and benign liver nodules, and the apparent 
diffusion coefficient is a quantitative parameter in magnetic 
resonance diffusion weighted imaging. The findings of 

the present study indicated that the apparent diffusion 
coefficient had high value for distinguishing between 
CRCLM and benign liver nodules, and it had certain value 
for predicting the 3-year survival of patients after surgery. 
It was confirmed that the apparent diffusion coefficient was 
also related to the differentiation degree of tumor cells.

Magnetic resonance diffusion weighted imaging is an 
imaging method using the special sequence of magnetic 
resonance to observe the microscopic diffusion motion of 
water molecules in living tissue, which is the only imaging 
technology that can detect the free diffusion activity of 
water molecules in the absence of invasive operation in 
humans. It has been used for the diagnosis and treatment 
of a variety of solid tumors (13-15). The apparent diffusion 
coefficient is used to assess the free diffusion activity 
of water molecules, especially the movement of water 
molecules in tissue cells. The cell density of malignant 
nodules is high, and the tissue gap is small, which leads 
to the restriction of the free diffusion movement of water 
molecules manifested by a decreased apparent diffusion 
coefficient. Conversely, benign tumors have relatively low 
cell density and a large tissue gap, so the free diffusion 
movement of water molecules is relatively free, manifested 
by a high apparent diffusion coefficient. The apparent 
diffusion coefficient has been confirmed to have high value 
in identifying various malignant tumors (16-19). Zheng 
et al. found that the apparent diffusion coefficient had a 
high predictive value for the response to chemotherapy in 
gastrointestinal cancer patients with liver metastases (20).  
Another study showed that the apparent diffusion coefficient 
was related to the response to chemotherapy in CRC 
patients (21). These results support those of the present 
study, but the focus of this study was different from those 
studies. In the present study, we mainly analyzed the 
value of apparent diffusion coefficients in distinguishing 
between liver metastatic cancer and benign liver nodules, 
and analyzed the correlation between apparent diffusion 
coefficients and clinical pathological features. The results 
showed that apparent diffusion coefficients were related to 
the differentiation degree of tumor cells and prognosis of 
patients. We found that patients with moderately and poorly 
differentiated tumors had low apparent diffusion coefficients. 
This was because that tumor cells of moderately and poorly 
differentiated tumors multiplied fast, and cell density was 
high. In patients with bladder cancer and ovarian cancer, it 
was also found that the apparent diffusion coefficients were 
correlated with the differentiation degree of tumor cells 
(22,23), which supports the findings of the present study. In 
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Figure 1 Diagnostic value of apparent diffusion coefficient on 
distinguishing between benign liver nodules and liver metastatic 
cancer.
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addition, studies on patients with gastric cancer and cervical 
cancer confirmed that apparent diffusion coefficient plays 
an important role in predicting the prognosis of patients, 
and patients with low apparent diffusion coefficients 
tended to have high tumor cell density and susceptibility to 
metastasis, resulting in poor prognosis (24,25). However, 
to the best of our knowledge, there are no studies exploring 
the correlation between the apparent diffusion coefficient of 
CRCLM patients and the differentiation degree of tumor 
cells and prognosis, so our findings have clinical significance.

Limitations

This study was a retrospective clinical study, and there 

were some limitations. Only about 10% of CRCLM 
occurred at the first diagnosis of CRC, and some patients 
chose preoperative treatment, so the number of cases was 
relatively insufficient. Moreover, due to the limited number 

Table 2 Correlation between the apparent diffusion coefficient of liver nodules and clinical pathological features in patients with CRCLM

Category Apparent diffusion coefficient (×10−3 mm2/s) t-value P value

Portal vein tumor thrombus 1.498 0.141

Yes (n=9) 1.02±0.12

No (n=41) 1.16±0.28

T-stage 0.030 0.976

III (n=23) 1.14±0.28

IV (n=27) 1.14±0.25

Primary lesion site 1.903 0.063

Colon (n=24) 1.07±0.20

Rectum (n=26) 1.20±0.30

Differentiation degree 2.695 0.010

Moderately and poorly differentiated (n=36) 1.08±0.26

Well differentiated (n=14) 1.29±0.22

3-year survival 2.652 0.011

Death (n=25) 1.05±0.26

Survival (n=25) 1.23±0.23

Data are expressed as mean ± standard deviation. CRCLM, colorectal cancer liver metastasis.

Table 3 Correlation between the apparent diffusion coefficient 
of liver nodules in patients with CRCLM and the number of 
metastatic regional lymph nodes and the diameter of liver nodules

Category r value P value

Liver nodule diameter (cm) 0.067 0.507

Metastatic regional lymph node number 0.025 0.862

CRCLM, colorectal cancer liver metastasis.

1.0

0.8

0.6

0.4

0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.0

S
en

si
tiv

ity

1−Specificity

Figure 2 Predictive value of the apparent diffusion coefficient of 
liver nodules in patients with CRCLM for postoperative 3-year 
survival. CRCLM, colorectal cancer liver metastasis.
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of patients suffered with death in our study, we failed to 
study the risk factors of death using multiple Cox regression 
analysis. Further large sample size multicenter studies are 
needed. 

Conclusions

The apparent diffusion coefficient decreased in patients 
with CRCLM, which was of high value for the diagnosis of 
CRCLM and was related to the clinicopathological features 
and prognosis of patients.
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