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Abstract 
AIM: To evaluate the efficacy of ethoxibenzyl-magnetic 
resonance imaging (EOB-MRI) as a predictor of hepato-
cellular carcinoma (HCC) development.

METHODS: Between August 2008 and 2009, we 
studied 142 hepatitis C virus-infected patients (male 
70, female 72), excluding those with HCC or a past 
history, who underwent EOB-MRI in our hospital. The 
EOB-MRI index [liver-intervertebral disc ratio (LI)] was 
calculated as: (post-liver intensity/post-intervertebral 
disc intensity)/(pre-liver intensity/pre-intervertebral disc 
intensity).

RESULTS: The median follow-up period was 3.1 years 
and the patients were observed until the end of the 
study period (31 December, 2012). In the follow-up 
period, HCC occurred in 21 patients. The cumulative 
occurrence rates were 2.1%, 9.1%, and 14.1% at 1, 
2, and 3 years, respectively. Using the optimal cut-off 
value of LI 1.46, on univariate analysis, age, aspartate 
amino transferase (AST), α-fetoprotein (AFP) ≥ 10, 
albumin, total cholesterol, prothrombin time, platelets, 

and LI < 1.46 were identified as independent factors, 
but on multivariate analysis, LI < 1.46: risk ratio 6.05 
(1.34-27.3, P  = 0.019) and AFP ≥ 10: risk ratio 3.1 
(1.03-9.35, P  = 0.045) were identified as independent 
risk factors. LI and Fib-4 index have higher area under 
the receiver operating characteristic curves than other 
representative fibrosis evaluation methods, such as 
Forn’s index and AST-to-platelet ratio index. 

CONCLUSION: LI is associated with the risk of HCC 
occurrence in hepatitis C patients. LI may be a substi-
tute for liver biopsy when evaluating this risk and its 
combined use with Fib-4 is a better predictive method 
of HCC progression.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This manuscript addresses a method of hepa-
tocellular carcinoma (HCC) prediction by using a new 
technique that evaluates hepatic fibrosis using a non-
invasive method (reported recently). This is the first 
reported study to consider a possible substitute for liver 
biopsy by using an magnetic resonance imaging (MRI) 
method (a widespread method in public medical servic-
es) for evaluating the risk of occurrence. We propose 
that this method will become one of the most popular 
and precise noninvasive methods to predict the occur-
rence of HCC, and the combination of this MRI method 
and Fib-4 index may provide a better predictive method 
of HCC progression.
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Evaluation of hepatocellular carcinoma development in 
patients with chronic hepatitis C by EOB-MRI



INTRODUCTION 
The major cause of  cirrhosis globally is chronic hepatitis 
C. The risk of  hepatocellular carcinoma (HCC) develop-
ment is related to this, as reported in several papers[1-3], 
and advanced fibrosis increases the risk of  carcinogen-
esis[1]. The prognosis of  HCC is not good, even when 
detected and treated at an early stage[4-6]. Thus, it is im-
portant to determine outpatients’ fibrotic stage in order 
to identify the risk of  HCC occurrence in the manage-
ment of  patients with chronic liver disease. Even now, to 
determine the grade of  fibrosis, the gold standard is liver 
biopsy, but it is associated with certain problems such as 
sample error and severe complications[7-10]. Previously, 
noninvasive methods to evaluate fibrosis were reported, 
such as Forn’s index[11], the Fibro index[12], and aspartate 
amino transferase-to-platelet ratio index (APRI)[13]. Using 
laboratory data, it has been reported that the Fibrotest 
is a useful prognostic factor for hepatitis C patients[14]. 
On the other hand, specific methods, such as transient 
elastography[15], magnetic resonance (MR) elastography[16], 
and acoustic radiation force impulse[17], have been report-
ed to evaluate fibrosis as surrogates of  liver biopsy. Tran-
sient elastography is reported to indicate a wide-ranging 
risk of  HCC incidence. We recently reported the accuracy 
of  staging fibrosis in chronic hepatitis in hepatitis C virus 
(HCV) infection using ethoxibenzyl-MR imaging (EOB-
MRI)[18], but there are no reports about a predictor of  
HCC incidence using this new method. Here, we report a 
study to evaluate the efficacy of  EOB-MRI as a predictor 
of  HCC development.

MATERIALS AND METHODS
Patients
Between August 2008 and December 2009, we studied 
142 HCV-infected patients, excluding those with HCC 
or a past history, who underwent EOB-MRI in our hos-
pital. Clinical data were obtained within one month of  
EOB-MRI information being obtained. The definition 
of  HCV infection was determined by a positive anti-
HCV antibody and detection of  quantitative or qualita-
tive HCV RNA. Exclusion criteria were as follows: (1) 
infection with hepatitis B or human immunodeficiency 
viruses; (2) alcohol abuse; (3) the presence of  numerous 
liver tumors; and (4) having previously undergone partial 
splenic arterial embolization or splenectomy. During the 
follow-up period, the history of  interferon (IFN) thera-
pies and associated responses was examined. We defined 
a sustained virological response (SVR) as undetectable 
HCV-RNA for at least 24 wk after IFN therapy. The 
study protocol conformed to the ethics guidelines of  the 
1975 Helsinki Declaration and was approved a priori by 
the institution’s human research committee. All blood 
tests were performed within 1 wk before or after MRI. 

Follow-up of patients and HCC diagnosis
The screening of  HCC occurrence was carried out by 

enhanced MRI or enhanced computed tomography (CT). 
Outpatients were followed up with blood tests, tumor 
markers for HCC, and image analysis, such as ultraso-
nography, enhanced CT, or enhanced MRI, every 3 to 6 
mo. The diagnosis of  HCC was determined by enhanced 
CT or enhanced MRI, considering enhancement in the 
arterial phase and washout in the earlier delayed venous 
phase as a classical sign of  HCC[19,20]. When the diagnosis 
of  HCC was not clear in CT or MRI, a histological diag-
nosis was performed by tumor biopsy[21]. Cases that were 
diagnosed as HCC within 6 mo from the first MRI trial 
were excluded because there should have been only small 
HCC when the first MRI was performed. This study was 
continued until December 31, 2012.

MRI techniques
A 1.5-Tesla MR system (Philips Co., Amsterdam, The 
Netherlands) was used: 0.025 mmol/kg body weight ga-
doxetate disodium was intravenously injected and quanti-
tative measurements were performed using unenhanced 
and gadoxetate disodium-enhanced imaging at 20, 35, 
70, and 180 s, and the imaging at 15, 20, and 25 min was 
obtained as hepatobiliary phases. Imaging parameters 
were as follows: repetition time/echo time = 4.17/2.05 
ms. Then, 1-2 cm2 regions of  interest of  the mean signal 
intensity value of  the liver were measured. At each MRI, 
the means of  three different regions of  right anterior, 
right posterior, and left lateral segments of  the liver de-
void of  large vessels or severe artifacts were calculated. 
Using the liver to intervertebral disk signal intensity 
(LISI) and liver signal intensity/intervertebral disk signal 
intensity, we calculated the post-enhanced LISI/pre-
enhanced LISI [described as liver-intervertebral disc 
ratio (LI)], as detailed in our previous report[18]. We used 
hepatobiliary phase data at 20 min because this is most 
commonly used globally and the data showed no signifi-
cant difference from the value at 25 min. As we reported 
previously, because cut-off  values of  1.31 and 1.80 are 
representative values of  liver cirrhosis and significant 
fibrosis of  the liver, we divided all patients into < 1.31, 
1.311 to 1.38, 1.381 to 1.50, 1.501 to 1.60, and > 1.601. 
Age, sex, aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), serum albumin level, total bilirubin 
(T.Bil), gamma-glutamyl transpeptidase (γGTP), total 
cholesterol, and platelet count (Plt) were examined. The 
prothrombin time (PT) was measured as a percentage of  
the daily internal control.

Statistical analysis
Baseline data are presented as the mean ± SD with the 
range in parentheses for quantitative variables. The best 
models derived from the categorical variables were com-
pared by the χ 2 or Fisher’s exact test, whereas Wilcoxon 
rank sum test (nonparametric) for continuous variables 
and the unpaired Student’s t test (parametric) were used 
to evaluate differences in age, sex, albumin, T.Bil, PT, Plt, 
AST, ALT, γGTP, total cholesterol, and α-fetoprotein 
(AFP) at the time of  entry. The results are reported as 
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hazard ratios with 95%CI. P < 0.05 in a two-tailed test 
was considered significant for all analyses. Patients were 
censored when they died without HCC development, 
when they stopped visiting, or when the study period 
ended. Cumulative occurrence curves were analyzed us-
ing the Kaplan-Meier method and tested by Wilcoxon’s 
method. The Cox proportional hazard regression model 
was used to estimate the risk factors for hepatocarcino-
genesis using the following variables in univariate and 
multivariate analyses: sex, albumin, T.Bil, PT, Plt, AST, 
ALT, γGTP, alkaline phosphatase (ALP), total cholesterol, 
AFP (≥ 10 ng/mL), LI (< 1.46) at the time of  entry, and 
the history of  IFN therapy (with or without, and SVR or 
non-SVR). 

All statistical analyses were performed using IBM 
SPSS Statistics 21 software (IBM, Chicago, IL, United 
States).

RESULTS
Patient characteristics
A total of  145 patients who had undergone EOB-MRI 
were examined. Three patients were excluded because 
they developed HCC within 6 mo.

Patient characteristics at the time of  EOB-MRI are 
shown in Table 1. There were 70 men and 72 women, 
with a mean age of  66.1 ± 12.4 years. The mean AFP lev-
el was 14.5 ng/mL and the median was 5 ng/mL. Thirty-
seven patients (26%) had an AFP level of  ≥ 10. Thirty-
nine patients received IFN and 27 patients achieved SVR 
in the follow-up period.
 
Occurrence of HCC and patient follow-up
The median follow-up period was 3.1 years, during which 
14 (9.8%) patients were lost to follow-up and were cen-

sored at the time of  the last visit. Nine patients died 
of  liver failure, one died of  gastroenterological varices 
rupture, and nine died of  liver-unrelated causes, and they 
were censored when they died. The remaining patients 
were observed until the end of  the study period (31 De-
cember, 2012). During the follow-up period, HCC oc-
curred in 21 patients. The cumulative HCC occurrence 
rates were 2.1%, 9.1%, and 14.1% at 1, 2, and 3 years, 
respectively, by the Kaplan-Meier method. Baseline char-
acteristics were compared in patients with and without 
HCC occurrence (Table 2). There were no significant dif-
ferences between the no-HCC occurrence group and the 
HCC occurrence group in terms of  age, sex, ALT level, 
gamma-GT, T.Bil, the performance of  IFN therapy, and 
the achievement of  SVR, while AST, ALP, and AFP were 
higher and albumin, total cholesterol (T.Chol), PT, plate-
lets, and LI were lower in the HCC occurrence group 
than in the no-HCC occurrence group. 

Occurrence rate of HCC stratified by LI
The cumulative occurrence rates at 1, 2, and 3 years in 
each LI group were 0%, 0%, and 2% in patients with 
LI ≥ 1.601; 0%, 5.8%, and 5.8% in patients with LI 
1.501-1.600; 0%, 7.1%, and 14.3% in patients with LI 
1.381-1.500; 0%, 11.8%, and 23.5% in patients with LI 
1.311-1.380; and 12.5%, 29.2%, and 33.3% in patients 
with LI ≤ 1.310, respectively (Figure 1). The occurrence 
rates differed significantly among the 5 LI groups (P = 
0.0031), increasing with decreasing LI. 

The receiver operating characteristic curve (ROC) 
curve was used to evaluate the cumulative incidence of  
LI and a cut-off  value of  1.46 was determined [area un-
der the ROC (AUROC): 0.765 ± 0.05, 0.669-0.861] by 
calculating the highest accuracy value (0.63) and likeli-
hood ratio (2.19). The use of  this cut-off  value resulted 
in sensitivity: 90.5%, specificity: 58.7%, positive predic-
tive value: 27.5%, and negative predictive value: 97.3%. 
We compared these results with several representative 
fibrosis evaluation methods reported previously (Figure 
2). The AUROC for each was: Forn’s index, 0.733 ± 0.05, 
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Table 1  Baseline characteristics of 142 patients with chronic 
hepatitis C

Variables Mean ± SD

Age (yr) 66.1 ± 12.4 (28-87)
Male (M/F) 70/72
AST (U/L)   48.9 ± 23.4 (11-155)
ALT (U/L)   51.7 ± 34.1 (10-228)
Serum albumin (g/dL)        4.1 ± 0.5 (2.4-5)
Gamma-GT(IU/L)   67 ± 92 (14-811)
ALP (U/L)       331 ± 171 (141-1206)
T.Chol (mg/dL) 175 ± 36 (90-280)
T.Bil (mg/dL)   0.86 ± 0.42 (0.3-2.9)
PT (%)         93 ± 15.2 (55.2-134)
Platelet (× 103/μL) 136 ± 60 (42-338)
AFP (ng/mL)    14.5 ± 27.5 (1.6-235)
LI       1.51 ± 0.19 (1.11-2.15)
Patients who received IFN, n (%) 39 (27.5)
Patients who achieved SVR, n (%) 27 (19.0)

AST: Aspartate amino transferase; ALT: Alanine aminotransferase; Gam-
ma-GT: Gamma-glutamyl transpeptidase; T.Chol: Total cholesterol; T.Bil: 
Total bilirubin; PT: Prothrombin time; AFP: α-fetoprotein; LI: Liver-inter-
vertebral disc ratio; IFN: Interferon; SVR: Sustained virologic response; 
ALP: Alkaline phosphatase; F: Female; M: Male.
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Figure 1  Cumulative incidence of hepatocellular carcinoma occurrence 
stratified by liver-intervertebral disc ratio. Cumulative occurrence rates 
increased gradually in an LI-independent manner. LI: Liver-intervertebral disc 
ratio.
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Table 2  Comparison of baseline characteristics between patients who have no hepatocellular carcinoma 
occurrence and hepatocellular carcinoma occurrence

Variables No HCC occurrence n  = 121 HCC occurrence n  = 21 P value

Age (yr) 65.4 ± 12.9 (28-87) 70.3 ± 7.9 (51-79) 0.094
Sex (M/F) 59/62 11/10 0.759
AST (U/L)   46.0 ± 20.4 (11-110)     65.5 ± 31.6 (34-155) 0.000
ALT (U/L)   49.5 ± 32.5 (10-228)     64.4 ± 40.5 (31-205) 0.063
Serum albumin (g/dL)                 4.1 ± 0.5 (2.4-5)     3.8 ± 0.5 (2.6-4.7) 0.030
Gamma-GT (IU/L)   67 ± 97 (14-811)     62 ± 43 (16-226) 0.829
ALP (U/L)       315 ± 158 (141-1206)         426 ± 212 (150-1006) 0.006
T.Chol (mg/dL) 178 ± 36 (90-280)   159 ± 35 (93-260) 0.029
T.Bil (mg/dL)   0.86 ± 0.42 (0.3-2.9)     0.86 ± 0.42 (0.3-2.9) 0.287
PT (%)         94 ± 15.5 (55.2-134)     86.8 ± 12.0 (67-110) 0.045
Platelet (× 103/μL) 142 ± 61 (42-338)   104 ± 40 (46-166) 0.006
AFP (ng/mL)    11.7 ± 26.3 (1.6-235)      30.3 ± 31.6 (4.2-116) 0.004
LI       1.53 ± 0.20 (1.11-2.15)        1.37 ± 0.10 (1.23-167) 0.000
Patients who received IFN, n (%) 37 (30.6) 2 (9.5) 0.062
Patients who achieved SVR, n (%) 25 (20.7) 2 (9.5) 0.366

HCC: Hepatocellular carcinoma; AST: Aspartate amino transferase; ALT: Alanine aminotransferase; Gamma-GT: Gamma-
glutamyl transpeptidase; ALP: Alkaline phosphatase; T.Chol: Total cholesterol; T.Bil: Total bilirubin; PT: Prothrombin time; 
AFP: α-fetoprotein; LI: Liver-intervertebral disc ratio; IFN: Interferon; SVR: Sustained virologic response; F: Female; M: 
Male.
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Figure 2  Receiver operating characteristic curve evaluating the cumulative incidence of liver-intervertebral disc ratio, aspartate amino transferase-to-
platelet ratio index, Fib-4, and Forn’s index. APRI: Aspartate amino transferase-to-platelet ratio index; MRI: Magnetic resonance imaging.
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0.627-0.840; APRI, 0.752 ± 0.05, 0.648-0.856; and Fib-4, 
0.765 ± 0.05, 0.665-0.861. Comparing these results, MRI 
is as effective as the Fib-4 method and more effective 
than Forn’s index and APRI. 

Prognostic Factors of HCC occurrence risk by univariate 
and multivariate analyses
On univariate analysis, LI < 1.46, AFP ≥ 10, age (per 
year of  age), AST (per 1 U/L), serum albumin (per 1 
g/dL), ALP (per 1 U/L), T.Chol (per 1 mg/dL), PT (per 
1%), platelets (per 1 × 103/μL), and receiving IFN were 
identified as risk factors for the occurrence of  HCC. The 
risk of  HCC occurrence increased in accordance with 
LI decrease. On multivariate analysis, LI < 1.46 (P = 

0.019) and AFP ≥ 10 ng/mL (P = 0.045) were identified 
as independent factors; LI: risk ratio: 6.05 (1.34-27.3, P 
= 0.019) and AFP: 3.1 (1.03-9.35, P = 0.045) (Table 3). 
The LI contributions to HCC occurrence risk were also 
evaluated in subgroup analyses. We investigated whether 
higher LI was a significant risk factor with several other 
factors (Table 4). High LI was a significant risk factor 
even with low or high values of  age, Plt, albumin, ALT, 
and male or not, IFN-treated or not, and SVR achieved 
or not. The LI contribution was greater at age ≥ 69 (older 
group) and with platelets ≥ 120 × 103/μL (less fibrosis). 
In the IFN-untreated group and the SVR-unachieved 
group, there was a significant risk in low LI, but in the 
IFN-treated group and SVR not-achieved group, there 

Table 3  Risk factors contributing to hepatocellular carcinoma incidence

Variable Univariate analysis Multivariate analysis

Risk ratio 95%CI P -Value Risk ratio 95%CI P -value
Age (per 1 year old) 1.04 1.01-1.09 0.045 1.05 0.99-1.11 0.139
Sex (F) 0.74 0.31-1.73 0.483
AST (U/L) 1.02 1.01-1.03     < 0.001 1.01 0.99-1.03 0.200
ALT (U/L) 1.01 0.99-1.02        0.12
Serum albumin (g/dL) 0.27 0.12-0.60 0.001 0.62 0.17-2.26 0.469
Gamma-GT (IU/L) 1.00 0.99-1.01 0.942
ALP (U/L)   1.002 1.001-1.004 0.006 1.00 0.99-1.01 0.504
T.Chol (mg/dL) 0.98 0.97-0.99        0.01 0.99 0.98-1.01 0.483
T.Bil (mg/dL) 2.01 0.77-5.25 0.153
PT (%) 0.97 0.94-0.99 0.018 1.01 0.97-1.05 0.621
Platelet (× 103/μL) 0.98 0.97-0.99 0.003 0.99 0.98-1.01 0.281
AFP (≥ 10 ng/mL) 7.39   2.97-18.37     < 0.001 3.10 1.03-9.35 0.045
LI (< 1.46)        11.63 2.71-49.9 0.001 6.05 1.34-27.3 0.019
   ≥ 1.601 1.00
   1.501 to 1.60 2.68 0.17-42.9        0.48
   1.381 to 1.50 7.24 0.89-58.9        0.06
   1.311 to 1.38        11.5  1.2-103        0.02
   ≤ 1.31        17.34   2.16-138.7 0.007
Patients who received IFN 0.20 0.04-0.87 0.032 1.09 0.21-5.62 0.917
Patients who achieved SVR 0.35 0.81-1.51 0.158

AST: Aspartate amino transferase; ALT: Alanine aminotransferase; Gamma-GT: Gamma-glutamyl transpeptidase; ALP: 
Alkaline phosphatase; T.Chol: Total cholesterol; T.Bil: Total bilirubin; PT: Prothrombin time; AFP: α-fetoprotein; LI: 
Liver-intervertebral disc ratio; IFN: Interferon; SVR: Sustained virologic response; F: Female.

Subgroup n Risk ratio 95%CI P -value

Age ≥ 69   75 12.51 1.63-95.82 0.015
< 69   67 9.2 1.11-76.58 0.041

Sex Male   70 8.4 1.08-65.18 0.042
Female   72     7.024 1.49-33.14 0.014

Platelet (× 103/μL)   < 120   67   4.48 1.01-19.89 0.048
 ≥ 120   75 14.96 1.89-118.2 0.013

Albumin (g/dL)  < 4.2   72 9.7 1.27-74.24 0.029
 ≥ 4.2   70 10.79        1.29-89.7 0.028

ALT ( U/L) ≥ 50   88 10.98        1.39-86.7 0.023
< 50   54        12.7 1.62-99.63 0.016

IFN - 103 13.35 1.78-100.1 0.011
+   39     3.498 0.22-55.96 0.376

SVR - 115 15.98 2.13-119.7 0.007
+   27     3.795 0.28-60.74 0.346

Table 4  Analyses of liver-intervertebral disc ratio contributions to hepatocellular 
carcinoma occurrence risk divided by other risk factors

ALT: Alanine aminotransferase; IFN: Interferon; SVR: Sustained virologic response.
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were no significant differences because the sample num-
bers were very small.

Relationship between occurrence rate and LI or AFP
The occurrence rate in patients with LI < 1.46 was sig-
nificantly higher than in those with LI ≥ 1.46 (Wilcoxon 
P < 0.0001) (Figure 3A); in addition, in those with serum 
AFP ≥ 10 ng/mL, it was significant higher than in those 
with serum AFP <10 ng/mL (Wilcoxon P < 0.0001) 
(Figure 3B).

DISCUSSION
It is known that liver fibrosis is the strongest prognostic 
factor of  chronic liver disease and liver biopsy is now 
recognized as the best method for evaluating this condi-
tion[22], although it has problems such as complications. 
Several risk factors for HCC occurrence or recurrence 
have been reported, such as age, sex[1], serum albumin 
level[23,24], AFP level[25], and high transaminase[25]. Our 
study showed almost the same results as these previous 
reports. In particular, the progression of  fibrosis may 
increase the risk of  HCC incidence, so it is very impor-
tant to determine the stage of  liver damage[26,27].　Various 
methods have been reported for the evaluation of  liver 
fibrosis and have been divided into two groups: ultra-
sonographic methods[15,17,28,29] and others[16,18]. Although 
gadolinium ethoxybenzyl diethylene triamine pentaacetic 
acid (Gd-EOB-DTPA)-enhanced MRI is one of  the most 

sensitive methods to detect HCC development, it is also 
a very important method to evaluate liver fibrosis as a 
noninvasive investigation[19,30]. We used Gd-EOB-DTPA-
enhanced MRI and the LI:EOB-MRI index = (post-liver 
intensity/post-disc intensity)/(pre-liver intensity/pre-disc 
intensity) because it has the highest accuracy of  all of  the 
calculation methods using EOB-MRI[18]. In this study, we 
used the 20-min hepatobiliary phase because many insti-
tutions accept the hepatobiliary phase as being 20 min 
after injection and it has also been accepted by consensus 
of  the International Forum for Liver MRI[31]. In our pre-
vious study, the data between 20 and 25 min showed no 
significant difference (data not shown). 

LI constantly decreased as the fibrosis stage pro-
gressed to a higher stage, but many values overlapped 
between close fibrous stages, so we decided that the best 
cut-off  point was 1.46 on the ROC curve by calculat-
ing the accuracy value and likelihood ratio. Using this 
cut-off  value, LI < 1.46 always showed a high risk, with 
both low and high risks for several other factors, show-
ing that lower LI is a strong independent risk factor and 
can complement other risk factors. LI may reflect not 
only the fibrosis stage but also functional aspects of  the 
liver because it is decided by various factors, such as de-
creased hepatocytes, deficient hepatocyte function, and 
indocyanine green clearance[32-34]. The uptake and excre-
tion of  gadoxetate disodium are carried out by the anion-
transporting polypeptides Oatp1 and Mrp2[35]. The bal-
ance of  these effects may regulate the signal intensity of  
liver parenchyma in the hepatobiliary phase followed by a 
decrease of  its signal upon hepatic damage or deteriorat-
ing cirrhosis[36-38]. Viewed from this perspective, LI could 
be an outstanding predictor that reflects the occurrence 
of  HCC and prognosis, in comparison to other methods 
that can assess only fibrosis. 

In the present study, two patients developed HCC in 
the higher-LI group. According to their clinical data, both 
had significant splenomegaly and varices, and their actual 
pathology obtained from surgery was F4. OATP1B1/
1B3 are hepatocyte-specific transporters determining 
the uptake of  Gd-EOB-DTPA during MR, and genetic 
polymorphisms of  their polypeptides might influence 
hepatic enhancement[39], but their actual influence is rela-
tively small and the intensity in the second case was ex-
tremely high, so it was thought to be difficult to explain 
this discrepancy completely. In particular, one of  the two 
patients achieved SVR during observation but developed 
HCC. AFP of  the two patients did not change even when 
HCC developed. The occurrence of  HCC after IFN 
therapy is a rare but important problem, as some stud-
ies have reported recently[40,41]. Chang et al[40] advocated 
calculating the HCC prediction score after IFN therapy 
and, using this method, the score of  our case was 5 in the 
so-called medium-risk group. Because the AUROC value 
of  Fib-4 is as high as that of  LI, the cut-off  value (4.0) 
of  Fib-4 was determined because the highest accuracy 
(0.669) was obtained, with sensitivity: 80.9%, specificity: 
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Figure 3  Relationship between cumulative occurrence rates and liver-
intervertebral disc ratio (A), cumulative occurrence rates and serum 
α-fetoprotein level (B). A: Occurrence rates with LI < 1.46 were significantly 
higher than those with LI ≥ 1.46; B: Occurrence rates with serum AFP ≥ 10 
ng/mL were significantly higher than in those with serum AFP < 10 ng/mL. LI: 
Liver-intervertebral disc ratio; AFP: α-fetoprotein. 
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64.5%, positive predictive value: 28.3%, and negative pre-
dictive value: 95.1%. Using this cut-off  value, 4 patients 
developed HCC at < 4. Interestingly, although LI and 
Fib-4 have similar ROC, there are relatively weak correla-
tions between these two methods (Pearson, r = -0.303, 
P = 0.0002), so it is thought that they complement each 
other. Our two cases in which HCC development ini-
tially could not be predicted were finally predicted using 
Fib-4. Therefore, a combination of  these two methods is 
a better predictive method than using a single predictive 
method as they complement each other and, in addition 
to information on clinical advanced liver fibrosis, such as 
low Plt, splenomegaly, and the existence of  obvious vari-
ces, they will enable more accurate prediction of  HCC 
progression. 

Methods such as LI using EOB-MRI and transient 
elastography may be strong predictors of  the HCC oc-
currence risk. Fibroscan is more cost-effective than MRI, 
but the equipment is very expensive and is restricted for 
use in specific hospitals because it can be used only to 
evaluate tissue elasticity and is ineffective in patients who 
are obese or have ascites. On the other hand, MRI can 
evaluate patients who have ascites and/or are obese and 
is used in many general hospitals, so it is a widely avail-
able method.

Our study revealed that the EOB-MRI index is asso-
ciated with the risk of  HCC occurrence in hepatitis C pa-
tients and may become a substitute for liver biopsy when 
evaluating the risk in these patients, even when their con-
dition is not appropriate for other noninvasive methods, 
and the combination of  EOB-MRI index and Fib-4 may 
become a better predictive method of  HCC progression. 
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