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Abstract: Although the efficacy of transcatheter arterial chemoembolization (TACE) has 

been recommended as first-line therapy for nonsurgical patients with hepatocellular carci-

noma (HCC), it is difficult to accurately predict the efficacy of TACE. Therefore, this study 

evaluated the efficacy of TACE for HCC using magnetic resonance (MR) diffusion-weighted 

imaging (DWI). A total of 84 HCC patients who received initial TACE were selected and 

assigned to the stable group (n=39) and the progressive group (n=45). Before TACE treatment, 

a contrast-enhanced MR scan and DWI (b=300, 600, and 800 s/mm2) were performed on all 

patients. The modified response evaluation criteria in solid tumors were used for evaluation of 

tumor response. Receiver operating characteristic curve was employed to predict the value of 

apparent diffusion coefficient (ADC) for TACE efficacy. The ADC values of HCC patients in 

the progressive group were higher than those in the stable group at different b-values (b=300, 

600, and 800 s/mm2) before TACE treatment. The area under the curve of ADC values with 

b-values of 300, 600, and 800 s/mm2 were 0.693, 0.724, and 0.746; the threshold values were 

1.94×10−3 mm2/s, 1.28×10−3 mm2/s, and 1.20×10−3 mm2/s; the sensitivity values were 55.6%, 

77.8%, and 73.3%; and the specificity values were 82.1%, 61.5%, and 71.8%, respectively. 

Our findings indicate that the ADC values of MR-DWI may accurately predict the efficacy of 

TACE in the treatment of HCC patients.

Keywords: magnetic resonance imaging, diffusion-weighted imaging, hepatocellular carcinoma, 

transcatheter arterial chemoembolization, apparent diffusion coefficient

Introduction
Hepatocellular carcinoma (HCC) is a common malignancy in the People’s Republic 

of China with characteristics of high malignancy, fast-growing progress, and poor 

prognosis.1 The GLOBOCAN 2012 shows that the estimated age-standardized rates 

(ASRs) of liver cancer incidence and mortality in a Chinese standard population (ASR 

China) rank the second and third highest cancer incidence and mortality and accounts 

for 12.9% of all new cancer cases and 17.4% of all cancer deaths in the People’s 

Republic of China in 2012.2 The incidence rate of HCC ranks fifth in males and ninth 

in females, and the mortality rate ranks second worldwide.3 The early diagnosis of this 

disease is difficult due to the absence of specific symptoms in its early stage, and there-

fore, the majority of patients are diagnosed at an advanced stage, losing their chance 

for radical surgery.4 Factors resulting in HCC are complicated, including hepatitis B 

virus infection, hepatitis C virus infection, aflatoxin exposure, obesity, alcohol-related 
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cirrhosis, smoking, and diabetes.5 Systemic therapies 

including hormonal therapy, chemotherapy, biologic, and 

biochemical therapy are regarded as the effective therapies 

for HCC patients.6 The main therapeutic methods include 

surgical resection, liver transplantation, radiotherapy, abla-

tion treatment, and transcatheter arterial chemoembolization 

(TACE).7 TACE is an effective means of palliation, which is 

minimally invasive, cheap, and safe. It is also recommended 

as the optimal treatment for HCC.8

TACE can block the blood supply to the tumor and 

kill tumor cells selectively.9 Patients suffering from early-

stage cancers with a high recurrence rate can be treated 

with surgical treatments, and patients with advanced-stage 

cancers need more sophisticated and systemic treatments.10 

Accurate and timely evaluation of the postoperative efficacy 

of TACE is of great significance for the improvement of the 

patients’ survival rate and quality of life. There are various 

methods to assess the therapeutic efficacy of TACE, such as 

computed tomography (CT) perfusion imaging, ultrasonog-

raphy, and magnetic resonance diffusion-weighted imaging 

(MR-DWI).11 It is necessary to promote further research on 

therapeutic efficacy evaluation of TACE. DWI is a functional 

MR imaging (MRI) technique and allows the observation 

of the water molecules diffusion process in vivo, reflecting 

the tissue conditions indirectly.12 The apparent diffusion 

coefficient (ADC) value concept is used to quantize diffusion 

process of water molecules.13 MR-DWI has been developed 

rapidly in recent years with the introduction of spin-echo 

echo-planar imaging and parallel imaging technology with 

multichannel coils,13 which is also important for the evalua-

tion of therapeutic efficacy after TACE. In the present study, 

we aimed to evaluate the efficacy of TACE for HCC using 

the ADC values of MR-DWI.

Materials and methods
ethical statement
This study was conducted in accordance with approval from 

the Ethics Committee of Jinhua People’s Hospital. Written 

informed consent was collected from each of the eligible 

patients prior to the experiment.

subjects
A total of 84 HCC patients who received initial TACE 

between January 1, 2013 and January 1, 2015 were selected 

for this study. The 84 HCC patients included 57 males 

and 27 females with the average age of 54.5±9.6 years 

(25–76 years). Inclusion criteria: 1) patients diagnosed 

with primary liver cancer by needle biopsy, CT, MRI, 

ultrasound examination, digital subtraction angiography, 

and α-fetoprotein (AFP); 2) the tumors were single nodule 

or giant block; and 3) the patients planned to receive TACE 

treatment. Exclusion criteria: 1) patients were not able to 

be depicted with MR examination (with metals in body); 

2) patients with immune system disease, nervous system 

lesions, heart disease, hepatic disease, and renal disease; 

3) patients who could not hold their breath for 15–20 seconds 

after respiratory training; 4) females during pregnancy or 

lactation; 5) patients with hypersensitivity to contrast agents; 

and 6) patients with severe medical disease.

Mri scanning
The patients were scanned after fasting for 6 hours. After 

respiratory and breath training, the patients were required 

to hold their breath in the scanning process, and the patients 

were scanned in a dorsal position. DWI was performed 

after conventional sequences imaging using a spin-echo 

echo-planar sequence (repetition time =8,000 ms; echo 

time =75.4 ms; matrix size =128×128; number of excita-

tion =1; field of view =40×40 cm; section thickness =6 mm; 

section gap =1.5 mm; b-factors =0, 300, 600, and 800 s/mm2; 

diffusion gradient directions = ALL; phase-frequency 

encoding direction = R/L). The images were obtained after 

initiating an intravenous bolus injection of gadolinium with 

diethylenetriaminepentacetate (dose =0.1 mmol/kg; injection 

rate =3.0 mL/s), followed by a flush with 20 mL of sterile 

saline solution.

Three-dimensional isotropic volumetric interpolated 

breath-hold examination (3D-VIBE) was employed for axial 

scanning (repetition time =3.3 ms; echo time =1.35 ms; 

bandwidth =500 Hz; flip angle =13°; matrix size =240×320; 

field of view =280×350 mm; section thickness =2 mm; 

section gap =0.5 mm). The ulnar vein of patient was injected 

with contrast medium (gadopentetate dimeglumine) at a flow 

rate of 2 mL by using a high-pressure injector, and the total 

amount injected was 0.2 mmol/kg. A total of 20 mL of normal 

saline was used for washing the pipe after injection, and the 

VIBE was started after the patient’s breath was held, and 

axial scanning was conducted 15 times to receive dynamic 

contrast-enhanced scan images. Each scan time lasted for 

16 seconds, and subjects would be noticed for breathing in 

the interval time of 5 seconds.

The MRI image processing was performed on the work-

station of Philips Achieva Nova Dual 1.5T. The area above 

and below the lesion was avoided to reduce the effect of 

partial volume. Size of the region of interest was selected 

to cover the remaining slices in the lesion. The region of 
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interest was slightly smaller than the lesion. The signal 

intensity was determined, and the ADC values of all the 

layers were calculated using the following formula: (ADC = 

[ln(S
0
/S

1
)]/[b1

 − b
0
]). The mean value was taken as the general 

ADC value. In the natural log, b
0
 =0 s/mm2, b

1
 =300, 600, or 

800 s/mm2, S
0
 and S

1
 were the signal intensities of the lesion 

on images obtained at each b-value.

Transcatheter arterial chemoembolization
The puncture technology was conducted in the right femoral 

artery using the Seldinger approach under local anesthesia. 

The imaging of the celiac artery or common hepatic artery 

was performed. Chemotherapeutic drugs including 1,000 mg 

5-fluorouracil or floxuridine, 20 mg mitomycin, and 40 mg 

pirarubicin hydrochloride were then perfused. A 5-French 

catheter (or a microcatheter if necessary) was inserted into 

the blood supply artery with a selective or superselective 

intubation technique. It was then followed by embolism with 

5–30 mL hyper liquidness iodinated oil until blood supply 

vessels were obliterated. Hepatic angiograms were performed 

to observe the condition of lipiodol deposition. The wound 

was dressed with pressure bandaging, and the patient was 

returned to their ward. The embolism standards were as 

follows: radiograpy indicated that iodinated oil gathered 

properly in the tumor, tumor vessels supplying blood were 

obliterated, and tumor staining almost disappeared. Extuba-

tion, local compression, and pressure dressing were then con-

ducted. The second TACE was performed 1 month later.

Follow-up and efficacy evaluation
Patients were routinely followed up every 1–2 months 

after TACE. The MRI images and other clinical data were 

obtained. Cases followed up for more than half a year were 

included in the study. The deadline of the follow-up period 

was July 1, 2015. The curative effect was evaluated according 

to the modified response evaluation criteria in solid tumors 

standard of American Association for the Study of Liver 

Diseases.14 Complete response (CR): no enhancement at 

arterial phase in the research subjects. Partial response (PR): 

the diameter of lesions (with enhancement at arterial phase) 

decreased 30% or more. Stable disease (SD): between the PR 

and PD. Progression disease (PD): the diameter of lesions 

(with enhancement at arterial phase) increased 20% or more. 

MRI or CT was performed on the target lesions. Cases of SD 

+ PD were thought to be progressive, and cases of CR + PR 

were thought to be stable. The disease progression included 

local tumor recurrence, intrahepatic metastasis, or distant 

metastasis. All cases were divided into either the stable group 

or the progressive group based on the final MRIs. The disease 

progression (including local tumor recurrence, intrahepatic 

metastasis, or distant metastasis) was verified by MRI in the 

progressive group.

statistical analysis
All data were analyzed using the Statistical Package for 

Social Science 21.0 (IBM Corporation, Armonk, NY, USA). 

The measurement data were expressed as mean ± standard 

deviation. One-Sample Kolmogorov–Smirnov test was firstly 

performed on the measurement data, and the comparison 

between the two groups on the data of the normal distribu-

tion and heterogeneity of variance was conducted using 

independent-sample t-test, but comparison between two 

groups on the data of the abnormal distribution was con-

ducted using the Wilcoxon rank-sum test. The enumeration 

data were expressed as percentage and compared using the 

χ2 test and Fisher’s exact probability. The ranked data were 

detected using the nonparametric rank-sum test. The receiver 

operating characteristic (ROC) curve was used to calculate 

ADC values and to predict the threshold as well as the effi-

ciency of the curative effects after TACE. Cox’s regression 

model was used to analyze the effects of significant factors on 

disease progression. All statistical tests were two-sided with 

P,0.05 considered to indicate statistical significance.

Results
Baseline characteristics of hcc patients 
between the stable and progressive 
groups
The stable group included 39 patients (25 males and 

14 females; mean age 52.6±10.2 years), and the progressive 

group included 45 patients (32 males and 13 females; mean 

age 54.8±9.1 years). The age and AFP value of patients 

between the two groups were in normal distribution. No sig-

nificant differences on age, gender, and AFP values were 

observed in HCC patients between the stable and progressive 

groups (all P.0.05). There were significant differences in the 

history of hepatitis B cirrhosis, clinical staging, incidence of 

portal vein cancerous embolus, Child-Turcotte-Pugh (CTP) 

score, and incidence of arteriovenous fistulas of HCC patients 

between the two groups (all P,0.05) (Table 1).

Mri features of hcc lesions at different 
b-values
Before TACE, the structures of HCC lesions were clearly 

seen at the b-value of 300 s/mm2, the signal intensity of HCC 

lesion was slightly higher, the margin of the lesions and 
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internal cystic necrosis were unclear, the pseudocapsule was 

not observed (Figure 1A and D). When b-value =600 s/mm2, 

the image resolution reduced. Signal intensity of residual and 

recurrent lesions became slightly higher, and image of the 

necrosis, cyst degeneration, margin of lesions and pseudo-

capsule can be clearly observed. The signal intensity of liver 

decreased but still stayed at a high level (Figure 1B and E). 

The structures of HCC lesions were not clearly observed 

at the b-value of 800 s/mm2; the signal intensity of HCC 

lesion was slightly higher; and the necrosis, cyst degenera-

tion, margin of the lesion, and pseudocapsule were also 

observed clearly. When b-value =800 s/mm2, the image 

resolution was low and the anatomical structure was vague. 

The residual and recurrent lesions displayed high signal 

intensity, and the high signal intensity in liver continued to 

decrease (Figure 1C and F).

comparisons of aDc values of the lesions 
of hcc patients between the stable and 
progressive groups before Tace
The ADC values of the stable and progressive groups at 

different b-values before TACE (b=300, 600, and 800 s/mm2) 

are shown in Table 2 and Figure 2. The ADC values at 

Table 1 Baseline characteristics of hcc patients between the 
stable and progressive groups

Clinical 
parameters

Stable group 
(n=39)

Progressive 
group (n=45)

P-values

Mean age (years) 52.6±10.2 54.8±9.1 0.299
gender 0.64

Male 25 32
Female 14 13

hepatitis B cirrhosis 0.038
Yes 26 39
no 13 6

aFP value (ng/ml) 14,903.14±7,657.05 16,897.41±8,270.26 0.254
clinical stage 0.031

ib 8 4
iia 18 13
iib 13 21
iiia 0 5
iiib 0 2

Portal vein cancerous embolus 0.009
Yes 1 10
no 38 35

cTP score 0.021
a 29 20
B 9 22
c 1 3

Arteriovenous fistulas 0.028
Yes 0 6
no 39 39

Abbreviations: hcc, hepatocellular carcinoma; aFP, α-fetoprotein; cTP, child-
Turcotte-Pugh.

Figure 1 A 68-year-old woman with a pathologically confirmed diagnosis of HCC (arrows).
Notes: (A–C) the lesion (arrows) showed high signal intensity in diffusion-weighted images at different b-values; (A) b=300 s/mm2; (B) b=600 s/mm2; (C) b=800 s/mm2; 
(D–F) the lesion (arrows) showed restricted diffusion with a low aDc value at different b-value combinations; (D) b=300 s/mm2; (E) b=600 s/mm2; (F) b=800 s/mm2. 
Magnification ×200.
Abbreviations: ADC, apparent diffusion coefficient; HCC, hepatocellular carcinoma.
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different b-values of HCC patients between the stable and 

progressive groups were in normal distribution (all P.0.05). 

The ADC values of the stable group were significantly 

lower than those of the progressive group with b-values 

of 300, 600, and 800 s/mm2 (P=0.036, P=0.010, P=0.036, 

respectively).

Variations in the sensitivity and specificity 
between different aDc values
The ROC curve of the preoperative ADC values is shown 

in Figure 3. The threshold points, sensitivity, and specificity 

were 1.94×10−3 mm2/s, 55.6%, and 82.1%, respectively, with 

the b-value of 300 s/mm2, and the area under the curve (AUC) 

was 0.693 (95% confidence interval [CI]: 0.581–0.805). 

The threshold points, sensitivity, and specificity were 

1.28×10−3 mm2/s, 77.8%, and 61.5%, respectively, with the 

b-value of 600 s/mm2, and AUC was 0.724 (95% CI: 0.616–

0.832). When the b-value was set at 800 s/mm2, the threshold 

points, sensitivity, and specificity were 1.20×10−3 mm2/s, 

73.3%, and 71.8%, respectively, and AUC was 0.746 (95% 

CI: 0.639–0.852). The AUC values at different b-values 

(b=300, 600, and 800 s/mm2) were significantly different 

from AUC of 0.5 (all P,0.05; Table 3).

Predictors of disease progression after 
Tace
Factors such as tumor staging (Stages II and III), por-

tal vein cancerous embolus, CTP score (A, B, and C), 

arteriovenous fistulas, and ADC values were analyzed 

using Cox’s regression model. The results revealed that 

the disease progression could be affected by a multiple of 

factors including ADC values (b=600 s/mm2 – relative risks 

[RRs]: 77.158; 95% CI: 1.583–3,761.794; 800 s/mm2 – RR: 

2.456; 95% CI: 1.112–5.424), hepatitis B cirrhosis (RR: 

4.045; 95% CI: 4.045–11.674), tumor staging (Stage 

II – RR: 6.382; 95% CI: 1.650–24.677; Stage III – RR: 

12.316; 95% CI: 2.586–58.663), portal vein cancerous 

embolus (RR: 11.207; 95% CI: 4.050–31.008), CTP score 

(B classification – RR: 2.727; 95% CI: 1.370–5.427; C 

classification – RR: 18.453; 95% CI: 3.919–86.893), and 

arteriovenous fistulas (RR: 6.415; 95% CI: 2.186–18.828) 

(all P,0.05; Table 4).

Table 2 The comparison of preoperative aDc values 
(mean ± standard deviation) of hcc patients between the stable 
and progressive groups

b-values 
(s/mm2)

Stable  
group (n=39)

Progressive  
group (n=45)

P-values

300 1.71±0.46 1.93±0.48 0.036
600 1.33±0.34 1.54±0.38 0.01
800 1.24±0.37 1.42±0.40 0.036

Abbreviations: ADC, apparent diffusion coefficient; HCC, hepatocellular 
carcinoma.

Figure 2 comparison of aDc values of hcc patients between the stable and 
progressive groups before Tace.
Abbreviations: ADC, apparent diffusion coefficient; HCC, hepatocellular carcinoma; 
Tace, transcatheter arterial chemoembolization.

Table 3 Variations in the aUc rOc curve at different b-values

b-values 
(s/mm2)

AUC SE P-valuesa 95% CI

Upper limit Lower limit

300 0.693 0.057 0.002 0.581 0.805
600 0.724 0.055 ,0.001 0.616 0.832
800 0.746 0.054 ,0.001 0.639 0.852

Note: aThe comparison between the areas under rOc with the 0.5 areas under the 
curve without diagnostic value.
Abbreviations: AUC, area under the curve; SE, standard error; CI, confidence 
interval; rOc, receiver operating characteristic.

Figure 3 Variations in the sensitivity and specificity of ROC curve at different 
b-values.
Abbreviation: rOc, receiver operating characteristic.
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Discussion
Our findings indicate that the ADC values of MR-DWI may 

accurately predict the efficacy of TACE in the treatment of 

HCC patients. It is well-known that HCC is a common malig-

nancy with a high morbidity and mortality rate worldwide.15 

TACE is an optimal nonsurgical treatment for HCC which 

is internationally accepted.16 TACE can not block the blood 

supply to the tumor completely, which leads to incomplete 

tumor necrosis and recurrence.17 However, the combination 

of TACE and other treatments is identified to contribute to the 

survival of HCC patients compared with a single treatment.18 

A proper evaluation system to predict the therapeutic efficacy 

after TACE is urgently needed, which is important to monitor 

the cancer development, providing indications for clinical 

project establishment and prognosis detection. Therefore, our 

findings may offer insights into the treatment of HCC.

In this study, a total of 84 HCC patients who received 

initial TACE in the hospital were divided into two groups 

randomly. Results showed that the HCC patients between 

the two groups significantly differed in hepatitis B cirrhosis, 

tumor staging, portal vein cancerous embolus, CTP score, 

and the ratio of arteriovenous fistulas. Furthermore, Cox 

analysis reveals that different ADC values, hepatitis B cir-

rhosis, tumor staging, portal vein cancerous embolus, CTP 

score, and arteriovenous fistulas prior to TACE could all 

affect the disease progression. This is also consistent with a 

previous study.19 The study showed that the ADC values of 

the HCC lesions could reflect the curative effects of TACE. 

One study reported that the ADC value reflects the diffu-

sion process of water molecules.20 Tumor cell apoptosis and 

necrosis may occur in some carcinoma tissues for lack of 

blood and oxygen supply after TACE, which consequently 

leads to a higher ADC value.22 Therefore, it is reasonable 

for us to observe that the signal intensity of necrotic tumor 

tissues is lower, while its ADC value is significantly higher 

than that of the viable tumor in the DWI image. There is a 

negative correlation between the tumor ADC value and cell 

density.22 When the cell density increases, the extracellular 

space decreases, limiting the diffusion of water molecules, 

and thus the ADC values decrease accordingly. Cell den-

sity is a significant indicator of cellular differentiation and 

malignancy of the tumor.22 With this in mind, the ADC value 

may reflect the degree of malignancy to some extent. In this 

study, the incidence rate of postsurgical arteriovenous fistulas 

was relatively high, which may be correlated with disease 

severity and pathological types of HCC. Li et al23 reported 

that the changes of hepatic arteries and veins involved in 

fistulas can be used to diagnose hepatic arteriovenous fistula 

and assess its arterial embolization effect in HCC patients, 

and thus, we may conclude that the ratio of arteriovenous 

fistula was associated with HCC. Many factors may affect 

the determination of ADC values, such as image platforms, 

scanning sequences, and b-values. It was reported that the 

image quality is the best, and the signal-to-noise ratio is 

the highest at specific b-value of 600 s/mm2.3,24 Freiman 

et al25 demonstrated that a higher b-value can reduce the 

signal-to-noise ratio, while a lower b-value may be affected 

by blood perfusion easily. Our study clearly supported that 

the ADC values of HCC lesions could predict the curative 

effects of TACE.

In conclusion, our preliminary results indicated that the 

ADC values of MR-DWI may accurately predict the efficacy 

of TACE in the treatment of HCC patients. Nevertheless, 

measuring an ADC value with only three b-values seems not 

Table 4 Predictors of disease progression post-Tace

Element β SE Wald df P-value RR 95% CI

Lower limit Upper limit

aDc300 −3.062 1.605 3.638 1 0.056 0.047 0.002 1.088

aDc600 4.346 1.983 4.802 1 0.028 77.158 1.583 3,761.794
aDc800 0.898 0.404 4.936 1 0.026 2.456 1.112 5.424
hepatitis B cirrhosis 1.398 0.541 6.68 1 0.01 4.045 1.402 11.674
clinical stage – – 9.949 2 0.007 – – –

i 1.853 0.69 7.215 1 0.007 6.382 1.65 24.677
ii 2.511 0.796 9.941 1 0.002 12.316 2.586 58.663

Portal vein cancerous embolus 2.417 0.519 21.659 1 ,0.001 11.207 4.05 31.008

cTP score – – 16.04 2 ,0.001 – – –

B 1.003 0.351 8.156 1 0.004 2.727 1.37 5.427
c 2.915 0.791 13.598 1 ,0.001 18.453 3.919 86.893

Arteriovenous fistulas 1.859 0.549 11.448 1 0.001 6.415 2.186 18.828

Abbreviations: Tace, transcatheter arterial chemoembolization; aDc300, the aDc value with the b-value of 300 s/mm2; aDc600, the aDc value with the b-value of 
600 s/mm2; aDc800, the aDc value with the b-value of 800 s/mm2; β, partial regression coefficient; SE, standard error; df, degree of freedom; RR, relative risk; CI, confidence 
interval; cTP, child-Turcotte-Pugh.
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sound enough to conclude that it may predict the efficacy of 

TACE. Thus, further studies should investigate the diagnostic 

power of ADC values with different b-values for HCC effi-

cacy. In addition, factors such as blood perfusion were not 

considered, and further studies are still required for a more 

comprehensive understanding of the indicative role of ADC 

value for HCC recurrence. Interestingly, different tissues 

of HCC tumors have been studied using different methods 

and it has been suggested that the tumors may be affected 

by the heterogeneity of the different organs. In addition, 

the DWI signal between tumors may be heterogeneous and 

quantitative evaluation of ADC values may not be able to 

switch from one tumor entity to another. Finally, DWI must 

be within a reasonable acquisition time, which limits the 

spatial resolution and may affect the readability of DWI and 

the calculation of ADC values.
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