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Abstract

Objective: The development of hepatocellular carcinoma (HCC) is 
not uncommon in patients who achieve eradication of the hepatitis 
C virus through direct-acting antiviral (DAA) treatment. The aim 
of this study was to identify the patients at high risk for novel HCC 
development after a sustained virologic response (SVR) by DAA 
treatment.
Patients and Methods: A total of 518 patients with no history of 
HCC treatment and who achieved SVR by DAA treatment were 
evaluated retrospectively. The correlations between HCC develop-
ment and the patients’ characteristics were evaluated. For patients 
who underwent gadolinium-ethoxybenzyl-diethylenetriamine pen-
taacetic acid (Gd-EOB-DTPA)-enhanced magnetic resonance im-
aging (MRI) or dynamic contrast-enhanced computed tomography, 
the relationship between the imaging findings and subsequent HCC 
development was also assessed.
Results: HCC developed newly in 22 patients, and the 1-year and 
3-year cumulative HCC rates were 2.0% and 8.5%, respectively. 
In multivariate analysis, a FIB-4 index >4.0 and a post-treatment 
α-fetoprotein >4.0 ng/ml were significant risk factors for HCC. In 
26 of 118 patients who underwent an MRI before DAA treatment, a 
non-hypervascular hypo-intense nodule was seen in the hepatobili-
ary phase, and in 6 of 182 patients who underwent a CT, a non-hy-
pervascular hypo-enhanced nodule was seen in the delayed phase. 

The sensitivity and specificity of the MRI-positive findings for the 
subsequent development of HCC were 0.92 and 0.87, respectively, 
and those of the CT were 0.40 and 0.99, respectively. In multivari-
ate analysis of patients who underwent an MRI, a non-hypervascu-
lar hypo-intense nodule was the only factor that was significantly 
related to HCC development (HR 32.4, p = 0.001).
Conclusion: Gd-EOB-DTPA-enhanced MRI was found to be reli-
able for risk evaluation of subsequent HCC development in patients 
after SVR by DAA treatment. Patients with a non-hypervascular 
hypo-intense nodule need more careful observation for incident 
HCC.
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Introduction

Hepatocellular carcinoma (HCC) is known to occur in 
patients with underlying chronic liver disease, and hepatitis 
C virus (HCV) infection is one of the most important causes 
of HCC1, 2). In patients whose HCV was eradicated by inter-
feron (IFN)-based therapy, the risk of deterioration through 
hepatic fibrosis and the incidence of HCC are reduced, and 
the prognosis is improved2, 3). However, IFN-based therapy 
is not well suited for use in compromised patients, such as 
those with advanced age, severe fibrosis, or comorbidities, 
because of its adverse effects.

Direct-acting antiviral (DAA) treatment, which is 
currently recommended in therapeutic guidelines world-
wide4–6), has good effectiveness and an excellent safety pro-
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file. Sustained virologic response (SVR) has been achieved 
in patients who were not candidates for IFN-based therapy 
for various reasons. Even in patients with advanced age, se-
vere fibrosis, or a history of HCC treatment, and who are 
therefore known to be at high risk for hepatocarcinogenesis, 
SVR was attained in at least 90% of cases7–11).

However, the development of HCC after DAA treatment 
is not rare in real-world practice. Since there have been re-
ports of the rapid growth of HCC after DAA treatment12–14), 
careful follow-up is required.

Numerous patients, including those at high risk for HCC, 
achieve SVR, so identifying the characteristics of patients at 
high risk for HCC is very useful for surveillance after SVR 
with DAA treatment.

Patients with no prior history of HCC who achieved SVR 
with DAA treatment were retrospectively reviewed to iden-
tify the risk factors for novel HCC development after SVR.

Materials and Methods

Patients
Beginning in September 2014, patients with detectable 

serum HCV-RNA levels with chronic hepatitis or compen-
sated liver cirrhosis and no HCC received anti-HCV treat-
ment with DAAs. Viral eradication was defined as achiev-
ing SVR 12 weeks after the end of treatment (SVR12).

Patients who had no history of HCC treatment and 
achieved SVR12 were enrolled in this study. Patients with 
a positive serum hepatitis B surface antigen test were ex-
cluded from this study. There were no restrictions on the 
HCV-genotype or the DAA protocol.

Prior to DAA treatment, an abdominal ultrasound (US), 
gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic 
acid (Gd-EOB-DTPA)-enhanced magnetic resonance im-
aging (MRI), and/or dynamic contrast-enhanced computed 
tomography (dyCT) were performed in all cases. In patients 
with a nodular lesion as seen by an US examination, Gd-
EOB-DTPA-enhanced MRI (Gd-EOB-MRI) and/or dyCT 
were performed to confirm the absence of hypervascular 
active HCC. Patients with a nodular lesion that was non-
hypervascular in the arterial phase and was hypo-enhanced 
in the portal or hepatobiliary phases as seen by Gd-EOB-
MRI or dyCT were considered eligible for DAA treatment.

Before the initiation of DAA treatment, the patients’ 
characteristics, hematological data, biochemical data, and 
virologic data were recorded. Serum alpha-fetoprotein 
(AFP) data and Mac-2 binding protein glycosylation iso-
mer (M2BPGi) data, a novel serological glyco-biomarker 
for liver fibrosis that was approved in 2015 in Japan15), were 
obtained around 12 weeks after the end of DAA treatment.

This study was approved by the Bioethics Committee 

for Clinical Research A of Jichi Medical University Hos-
pital (A17-154) and was performed in accordance with the 
principles of the Declaration of Helsinki and Good Clinical 
Practice.

Follow-up and diagnosis of HCC
All cases were followed up regularly every 3–6 months 

with blood examinations and an US, Gd-EOB-MRI, or 
dyCT. When a nodular lesion was detected by imaging or 
a tumor marker (AFP or protein induced by vitamin K ab-
sence or antagonist-II (PIVKA-II)) level was elevated, ad-
ditional Gd-EOB-MRI and/or dyCT were performed. The 
diagnosis of HCC was defined by the typical radiographic 
findings of a tumor, showing early-phase enhancement fol-
lowed by late-phase washout of contrast agent on Gd-EOB-
MRI and/or dyCT.

Evaluation of risk for HCC
The start date of follow-up was defined as the date on 

which DAA treatment ended. The end of follow-up was de-
fined as an HCC occurrence, the start of other DAA treat-
ment, or the date of the latest hospital visit.

The relationships between the occurrence of classical 
hypervascular HCC and the patients’ variables were exam-
ined by univariate and multivariate analyses using Cox’s 
proportional hazard model. The variables included patient 
age, sex, clinical diagnosis (chronic hepatitis or cirrhosis), 
HCV-genotype, quantitative serum HCV-RNA levels, plate-
let count (PLT), aspartate aminotransferase (AST) levels, 
and alanine aminotransferase (ALT) levels before starting 
DAA treatment, and AFP levels and M2BPGi levels 12 
weeks after finishing DAA treatment. The FIB-4 index, 
which was developed as a biomarker for hepatic fibrosis, 
was calculated using the following formula: FIB-4 index = 
(age [year] × AST [U/L]) / ((PLT [109/L]) × (ALT [U/L])1/2)16), 
and was added to the variables.

In patients who underwent Gd-EOB-MRI or dyCT with-
in 12 months of starting DAA treatment, the presence or 
absence of a non-hypervascular hypo-enhanced nodule was 
recorded. The imaging findings were then added to the vari-
ables, and their relationship to the development of classical 
hypervascular HCC was analyzed.

Gd-EOB-DTPA-enhanced MRI
Gd-EOB-MRI was performed by using three 1.5T sys-

tems (Achieva dStream®, Philips, Best, The Netherlands; 
MAGNETOM Avanto®, Siemens, Forchheim, Germany; 
MAGNETOM Symphony®, Siemens, Forchheim, Germany) 
and a 3.0T system (MAGNETOM Skyra®, Siemens, Forch-
heim, Germany). Unenhanced, arterial, portal venous, late, 
and hepatobiliary phase images were obtained. The time 
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at which to begin the dynamic arterial phase imaging was 
found using the MR fluoroscopic bolus detection technique. 
The arterial phase scan was started when contrast was vi-
sualized in the left ventricle, after bolus injection of 10 ml 
Gd-EOB-DTPA (Primovist®, Bayer-Schering Pharma, Osa-
ka, Japan) at a rate of 1 mL/s, using a T1-weighted three-
dimensional (3D) gradient-echo (GRE) sequence in a single 
breath hold. A 30 mL saline flush was administered at 3 
mL/s after the Gd-EOB-DTPA injection. The portal venous 
phase scan and the late phase scan were started 45 s and 150 
s, respectively, after the end of the arterial phase scan. The 
hepatobiliary phase scan was started 20 min after the con-
trast material was injected.

Dynamic contrast-enhanced CT
DyCT was performed using a 64-slice CT (Sensation 

64®, Siemens, Forchheim, Germany), a 128-slice CT (So-
matom Definition AS+®, Siemens, Forchheim, Germany), 
or a 128-slice dual-source CT (Somatom Definition Flash®, 
Siemens, Forchheim, Germany). Unenhanced, early arte-
rial, late arterial, and delayed equilibrium phase images 
were obtained. Almost all of the patients were given 540 
mg of iodine per kilogram of body weight, with 300, 320, 
350, or 370 mgI/mL of nonionic contrast medium and at a 
maximum dose of 150 mL per patient. The warmed contrast 
medium was administered intravenously with a mechani-
cal power injector at 2.7–5 mL/s with a fixed injection dura-
tion of 30 seconds. The bolus-tracking technique was used 
to automatically start the early arterial phase scan after the 
injection of contrast material. Early arterial phase imaging 
was started just after the trigger threshold (100 HU eleva-
tion) was reached at the abdominal aorta. The late arterial 
phase CT scan was started immediately after the end of the 
early arterial phase scan. The delayed equilibrium phase CT 
scan was started 120 s after the start of the contrast material 
injection.

Statistical analysis
Statistical analyses were performed using IBM SPSS 

Statistics version 23.0 (IBM Corp., Armonk, NY, USA) and 
EZR (Saitama Medical Center, Jichi Medical University, 
Japan)17), which is a graphical user interface for R (The R 
Foundation for Statistical Computing, Vienna, Austria).

In comparisons between groups, nominal variables were 
evaluated by Fisher’s exact probability test, and continuous 
variables were evaluated by the Mann-Whitney U-test.

The risk factors associated with HCC occurrence after 
SVR were analyzed by Cox’s proportional hazard regres-
sion. Before performing regression analysis, the cut-off 
values of continuous variables were decided by the Youden 
index through a receiver operating characteristic curve 

analysis.
The odds ratios and their 95% confidence intervals (CIs) 

are shown. Kaplan-Meier survival curves were compared 
using log-rank tests. p<0.05 was considered significant.

Results

Evaluation of all cases
Between September 2014 and August 2017, 658 patients 

with HCV infection started DAA treatment. Eight patients 
discontinued the treatment and 7 dropped out of follow-up; 
the remaining 643 patients completed the treatment and the 
subsequent 12-week follow-up. Of the 601 who achieved 
SVR12, 518, excluding 79 with a history of HCC treatment 
and 4 who tested positive for HBs antigen, were enrolled in 
this study.

The median follow-up period was 2.0 years (range: 0.1–
3.9 years). In 22 of the 518 patients, a new, classical hyper-
vascular HCC developed during the follow-up period. The 
HCC occurrence rates at 1 year, 2 years, and 3 years were 
2.0%, 3.5%, and 8.5%, respectively.

The overall characteristics of the patients and a com-
parison according to HCC occurrence after DAA treatment 
are shown in Table 1. On the whole, more of the patients 
were male (286/518, 55.2%), the median age was 66 years, 
and 135 (26.1%) were clinically diagnosed as having com-
pensated liver cirrhosis. In comparing patients with and 
without subsequent HCC development, being an elderly 
patient, having higher levels of pre-treatment AST and of 
ALT, having a higher score on the FIB-4 index, having a 
lower pre-treatment platelet count, and having higher levels 
of post-treatment AFP and of M2BPGi were significantly 
associated with HCC (Table 1).

The cut-off indices (COIs), which were determined for 
univariate and multivariate analyses, of age, viral load, 
AST, ALT, PLT count, the FIB-4 index, AFP, and M2BPGi 
were 65 years, 6.0 LogIU/mL, 34 U/L, 42 U/L, 12.5 × 104/
µL, 4.0, 4.0 ng/mL, and 1.6 COI, respectively.

In univariate analysis, age, AST, ALT, PLT count, the 
FIB-4 index, AFP, and M2BPGi were found to be factors 
related to HCC development. Since age, AST, ALT, and PLT 
count are components of the formula for the FIB-4 index, 
multivariate analysis was performed using the FIB-4 index, 
AFP, and M2BPGi as the variables. It was found that a high 
pre-treatment FIB-4 index and high post-treatment AFP 
levels were significantly associated with the development of 
HCC (Table 2).

Evaluation of patients who underwent imaging examinations
Gd-EOB-MRI was performed 2.8 ± 3.1 (average ± stan-

dard deviation) months before DAA treatment began in 118 



81

patients, and dyCT was performed 3.2 ± 2.6 months before 
DAA treatment began in 182 patients. Forty-one patients 
underwent both an MRI and a CT with 3.0 ± 2.2 month in-

tervals.
A nodule that was not hypervascular in the arterial phase 

and exhibited hypo-intensity in the hepatobiliary phase as 

Table 1 Characteristics of patients as related to HCC occurrence

Overall
n=518

HCC occurrence –
n=496

HCC occurrence +
n=22

p value

Sex (Male/Female) 286/232 273/223 12/10 1.0
Age (years) 66 (26–88) 65.5(26–88) 72 (59–83) 0.0008
Diagnosis CH/LC 383/135 369/127 14/8 0.32
HCV-RNA (LogIU/mL) 6.2 (2.2–7.3) 6.2 (2.2–7.3) 6.1 (4.5–7.0) 0.77
Genotype 1/2 39360/158 345/151 15/7 1.0
AST (U/L) 43 (11–610) 42 (11–610) 63.5 (21–177) 0.006
ALT (U/L) 43 (8–749) 41 (8–749) 49.5 (21–193) 0.19
PLT (× 104/µL) 14.5 (2.9–34.8) 14.5 (2.9–34.8) 10.7 (5.7–20.5) 0.0004
FIB-4 index 3.25 (0.38–32.0) 3.18 (0.37–32.0) 6.01 (2.53–14.4) 0.00007
Post-AFP (ng/mL) 3 (1–68) 3 (1–29) 5 (2.3–68) 0.0001
Post-M2BPGi (COI) 1.16 (0.13–15.3) 1.14 (0.13–15.3) 2.29 (0.69–7.95) 0.0005

CH: chronic hepatitis; LC: liver cirrhosis; AST: aspartate aminotransferase; ALT: alanine aminotransferase; PLT: 
platelet count; AFP: α-fetoprotein; M2BPGi: Mac-2 binding protein glycosylation isomer.

Table 2 Results of univariate and multivariate analyses for variables associated with the development of HCC

n=518 Univariate analysis Multivariate analysis

Variable HR (95% CI) p value HR (95% CI) p value

Sex Female 1
Male 1.02 (0.44–2.37) 0.96

Age (years) ≤64 1
>64 5.18 (1.53–17.5) 0.008

CH/LC CH 1
LC 1.26 (0.52–3.02) 0.61

HCV-RNA (LogIU/mL) ≤6.0 1
>6.0 0.64 (0.28–1.49) 0.31

HCV-genotype 1 1
2 1.11 (0.42–2.91) 0.84

AST (U/L) ≤34 1
>34 9.18 (1.23–68.5) 0.03

ALT (U/L) ≤42 1
>42 3.07 (1.13–8.33) 0.03

PLT (× 104/µL) ≥12.5 1
<12.5 3.77 (1.47–9.68) 0.006

FIB-4 index ≤4.0 1 1
>4.0 9.00 (2.64–30.4) 0.0004 4.84 (1.26–18.6) 0.02

Post-AFP (ng/mL) ≤4.0 1 1
>4.0 4.66 (1.90–11.4) 0.0008 2.91 (1.15–7.38) 0.02

Post-M2BPGi (COI) ≤1.6 1 1
>1.6 4.33 (1.76–10.7) 0.001 1.57 (0.58–4.27) 0.37

CH: chronic hepatitis; LC: liver cirrhosis; AST: aspartate aminotransferase; ALT: alanine aminotransferase; PLT: 
platelet count; AFP: α-fetoprotein; M2BPGi: Mac-2 binding protein glycosylation isomer; HR: hazard ratio; CI: 
confidence interval.



82

seen by Gd-EOB-MRI was defined as a non-hypervascular 
hypo-intense nodule, regardless of signal intensity in T1-
weighted or T2-weighted images. Similarly, a nodule that 
was not hypervascular in the arterial phase and was de-
tected as a hypo-enhanced lesion in the delayed equilibrium 
phase by dyCT was defined as a non-hypervascular hypo-
enhanced nodule.

The rate of detecting a non-hypervascular hypo-en-
hanced nodule by Gd-EOB-MRI was 22.0% (26/118), while 
the rate of detecting a non-hypervascular hypo-enhanced 
nodule by dyCT was 3.3% (6/182).

Of the patients who underwent Gd-EOB-MRI, 13 sub-
sequently developed HCC, and a non-hypervascular nodule 
was detected in 12 of these 13 patients. New HCC developed 
in only one patient who did not have positive findings by 
prior Gd-EOB-MRI. Of the patients who underwent dyCT, 
10 subsequently developed HCC, and 4 of them had a non-
hypervascular hypo-enhanced nodule as seen by dyCT.

The sensitivity and specificity of Gd-EOB-MRI for sub-
sequent HCC development were 0.92 and 0.87, respectively, 
and those of dyCT were 0.40 and 0.99, respectively (Table 
3).

Seven of 41 patients who underwent both Gd-EOB-MRI 
and dyCT developed HCC. Gd-EOB-MRI showed a non-
hypervascular hypo-intense nodule in all cases, while dyCT 
showed a non-hypervascular hypo-enhanced nodule in 4 of 
the 7 patients.

In 118 patients who underwent Gd-EOB-MRI, multi-
variate analysis was performed with “presence or absence 
of non-hypervascular hypo-intense nodule” as an additional 
variable.

The presence of a non-hypervascular hypo-intense nod-

ule was highly associated with subsequent HCC develop-
ment (OR 32.4, p=0.001), while the other variables were not 
significant (Table 4).

From a Kaplan-Meyer analysis, the cumulative 3-year 
HCC development rates of patients with and without a non-
hypervascular hypo-intense nodule were 75.6% and 1.1%, 
respectively (p<0.0001) (Figure 1).

The median diameter of the hypo-intense nodules was 7 
mm as obtained by Gd-EOB-MRI before DAA treatment. 
The median diameter of the HCC in patients who underwent 
an MRI before DAA treatment was 13 mm (range: 10–19 
mm), and the median diameter of the HCC in patients who 
did not receive an MRI before DAA treatment was 19 mm 
(range: 13–40 mm).

All HCCs in patients who underwent an MRI before 
DAA treatment were curatively treated with RFA, while 
HCCs in some of the patients who did not receive a prior 
MRI were treated with either a liver resection or transcath-
eter arterial chemoembolization (TACE), depending on the 
tumor size or number.

Discussion

Anti-HCV treatment has shifted from IFN-based to IFN-
free DAA treatment, and SVR has become possible in many 
cases. However, the development of HCC after SVR is not 
rare. It has been reported that IFN-based treatment reduces 
the risk of hepatic carcinogenesis2, 3), but it is still not clear 
whether there is a similar effect with DAA treatment14, 18). 
DAA treatment provides a high SVR rate even in patients 
with fibrosis or who are elderly and are thus considered to 
be at a high risk of developing HCC. Therefore, appropri-

Table 3 Predictability of a non-hypervascular hypo-enhanced nodule for subsequent HCC occurrence

(a) Distribution of cases that underwent Gd-EOB-DTPA-enhanced MRI.

n=118 HCC occurrence+ HCC occurrence−

nHHN + on MRI 12 14
nHHN − on MRI 1 91

(b) Distribution of cases that underwent dynamic CT.
n=182 HCC occurrence+ HCC occurrence−

nHHN + on CT 4 2
nHHN − on CT 6 170

(c) Performance of positive findings by MRI and CT for HCC occurrence.
Sensitivity Specificity PPV NPV LR+ LR−

nHHN + on MRI 0.92 0.87 0.46 0.99 6.9 0.09
nHHN + on CT 0.40 0.99 0.67 0.97 34 0.61

HCC: hepatocellular carcinoma; nHHN: non-hypervascular hypo-enhanced nodule; MRI: magnetic 
resonance imaging; CT: computed tomography; PPV: positive predictive value; NPV: negative predic-
tive value; LR+: positive likelihood ratio; LR–: negative likelihood ratio.
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ate follow-up is crucial for identifying those at high risk of 
developing HCC after achieving SVR with DAA treatment 
in the real world.

In this study, the focus was on the novel development of 
HCC after SVR. The relationship between carcinogenesis 
and various clinical findings in patients who had no history of 

HCC and achieved SVR after DAA treatment were examined 
retrospectively. New HCC developed in 22 of 518 patients, 
and the 3-year cumulative HCC rate was 8.5% for all cases.

A previous study reported that the risk factors for HCC 
development after IFN-based treatment were advanced fi-
brosis, old age, being male, and having diabetes2, 19–21). In 

Figure 1 Cumulative HCC rates after achieving SVR according to Gd-EOB-DTPA-enhanced MRI findings showing 
non-hypervascular hypo-intense nodules (nHHNs) in the hepatobiliary phase. The dashed line indicates HCC 
incidence in patients with nHHNs, and the solid line indicates HCC incidence in patients without nHHNs. The 
incidence of HCC is significantly higher in patients with nHHNs than in patients without nHHNs (p<0.0001, 
log-rank test). HCC: hepatocellular carcinoma; SVR: sustained virologic response; Gd-EOB-DTPA: gadolin-
ium-ethoxybenzyl-diethylenetriamine pentaacetic acid; MRI: magnetic resonance imaging.

Table 4 Multivariate analysis of variables associated with the occurrence of HCC in pa-
tients who underwent Gd-EOB-DTPA-enhanced MRI before DAA treatment

n=118 Multivariate analysis

Variable HR (95% CI) p value

FIB-4 index ≤ 4.0 1
> 4.0 3.20 (0.34–29.8) 0.31

Post-AFP (ng/mL) ≤ 4.0 1
> 4.0 2.32 (0.60–9.01) 0.22

Post-M2BPGi (COI) ≤ 1.6 1
> 1.6 0.63 (0.15–2.69) 0.53

Non-hypervascular hypo-intense nodule negative 1
positive 32.4 (3.92–268) 0.001

AFP: α-fetoprotein; M2BPGi: Mac-2 binding protein glycosylation isomer; HR: hazard ra-
tio; CI: confidence interval; Gd-EOB-DTPA: gadolinium-ethoxybenzyl-diethylenetriamine 
pentaacetic acid; MRI: magnetic resonance imaging; DAA: direct-acting antiviral.
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recent years, higher levels of post-treatment AFP and of 
M2BPGi were found to be associated with HCC develop-
ment after viral eradication with DAA treatment22, 23).

In the present cohort, advanced age, a low PLT count, 
high levels of transaminase, a high FIB-4 index, and high 
levels of post-treatment AFP and of M2BPGi were signifi-
cant in univariate analysis. In multivariate analysis, a high 
FIB-4 index and high levels of post-treatment AFP were sig-
nificant risk factors for novel HCC development. The present 
finding that the FIB-4 index is a risk factor for HCC develop-
ment supports prior reports that hepatic fibrosis is as well.

The high AFP value after virus eradication might have 
been due to the persistent inflammation caused by hepatic 
diseases rather than hepatitis virus infection or the presence 
of precancerous lesions. However, it is important to note 
that the threshold of AFP in the present study was 4 ng/dL, 
which is considerably lower than the normal upper limit for 
a general HCC biomarker.

Furthermore, in the present study, the relationship be-
tween the imaging findings before DAA treatment and he-
patic carcinogenesis was examined. The sensitivity of Gd-
EOB-MRI for subsequent HCC development based on the 
presence of a hypo-enhanced nodule was 0.92, higher than 
that of dyCT (0.40).

In 26 of the 118 cases that underwent Gd-EOB-MRI, a 
hypo-intense nodule in the hepatobiliary phase without ar-
terial hypervascularity was detected. Novel HCC developed 
in 12 of the 26 cases with such a nodule, while it developed 
in only one of 92 cases without that nodule. In multivariate 
analysis, the presence of a non-hypervascular hypo-intense 
nodule was associated with an over 30-fold higher risk of 
HCC occurrence, while the FIB-4 index and the AFP and 
M2BPGi values were not significant. Analysis using the 
presence of a non-hypervascular hypo-enhanced nodule as 
seen by dyCT yielded similar results (OR 14.2, p=0.0007). 
However, Gd-EOB-MRI was considered to be more useful 
for identifying high-risk cases and screening for HCC be-
cause of its high sensitivity.

Toyoda et al. reported that there was a correlation be-
tween non-hypervascular hypo-intense nodules and the lev-
els of M2BPGi or of AFP24). In the current study, the pres-
ence of a non-hypervascular hypo-intense nodule was also 
related to a high FIB-4 index and high levels of AFP and 
of M2BPGi. High levels of these markers might represent 
the presence of a non-hypervascular hypo-intense nodule. 
Blood examinations are useful because they are less invasive 
and can be checked repeatedly. However, although an MRI 
is slightly burdensome, the presence of a non-hypervascular 
hypo-intense nodule showed the strongest association with 
hepatic carcinogenesis, with a higher hazard ratio than the 
other variables, and it was found to directly indicate the risk 

of HCC developing. In the current study, a patient with a 
non-hypervascular hypo-intense nodule and normal labora-
tory findings subsequently developed HCC (Figure 2).

Figure 2 MRI and CT findings in a patient who developed HCC after 
SVR. The patient was a 64-year-old male, and the platelet 
count, FIB-4 index, post-treatment AFP levels, and post-
treatment M2BPGi levels were 185,000 /µL, 2.75, 3 ng/
mL, and 1.11 COI, respectively. Gd-EOB-DTPA-enhanced 
MRI performed before DAA treatment shows a small 
nodule next to a cyst in the hepatobiliary phase (arrow-
head) (b), while it is undetectable in the arterial phase (a).  
At 1.2 years after achieving SVR, the nodule has enlarged 
and shows hypervascularity in the arterial phase (c, e), fol-
lowing hypo-enhancement in the hepatobiliary phase (d) or 
the portal phase (f) (arrows). (c, d: Gd-EOB-DTPA-enhanced 
MRI; e, f: dynamic CT). CT: computed tomography; MRI: 
magnetic resonance imaging; HCC: hepatocellular carcino-
ma; SVR: sustained virologic response; AFP: α-fetoprotein; 
M2BPGi: Mac-2 binding protein glycosylation isomer; Gd-
EOB-DTPA: gadolinium-ethoxybenzyl-diethylenetriamine 
pentaacetic acid; DAA: direct-acting antiviral.
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Generally, DAA treatment is not administered to pa-
tients with active HCC in Japan. When a nodular lesion is 
detected in the liver, differentiating between whether it is 
benign or malignant might be difficult with clinical images 
alone.

Matsui et al. reported that the intranodular arterial blood 
supply increased as hepatocarcinogenesis progressed25). 
Generally, the detection of hypervascularity was visible in 
well- to moderately-differentiated HCC.

Thus, in many institutions, the finding of hypervascu-
larity in the arterial phase on an enhanced CT or MRI is 
clinically considered to be the threshold at which to start 
anti-cancer treatment for hepatic nodular lesions.

In our institution, we checked for nodular lesions before 
DAA treatment, and patients were not excluded from DAA 
treatment if a non-hypervascular hypo-enhanced nodule 
was present.

The median follow-up period was as short as 2.0 years, 
and most of the HCCs developed from non-hypervascular 
hypo-intense nodules in cases that underwent Gd-EOB-
MRI before DAA treatment. It is highly possible that HCC 
development in this short follow-up period was the cancer-
ization of a pre-existing precancerous lesion, such as the 
hypo-intense nodule.

A non-hypervascular hypo-intense nodule in the hepato-
biliary phase as seen by Gd-EOB-MRI has been clinically 
diagnosed as a dysplastic nodule, which has been recog-
nized as a precancerous lesion. Therefore, the occurrence 
of classical hypervascular HCC from such nodules is not 
rare26).

This study was not a comparative study, so it could not 
evaluate whether DAA treatment promoted cancerization of 
non-hypervascular hypo-intense nodules. However, it was 
confirmed that the presence of a non-hypervascular hypo-
intense nodule was strongly associated with subsequent 
classical HCC development after SVR by DAA treatment. 
In cases with a non-hypervascular hypo-intense nodule, 
the 3-year cumulative incidence of HCC reached 75.6%, al-
though there was bias in that Gd-EOB-MRI was performed 
in high-risk cases, such as those with advanced fibrosis. 
Therefore, in monitoring for HCC development after SVR, 
the use of Gd-EOB-MRI appears to be very useful in assess-
ing the risk of future HCC occurrence.

In the present study, careful follow-up of cases with a 
nodule led to early diagnosis of HCC and the administration 
of curative treatment. We believe that Gd-EOB-MRI should 
be performed at least in cases with patients at an advanced 
age, with advanced fibrosis, or with a high post-treatment 
AFP level.

The limitations of this study included the fact that it was 
a retrospective observational study in a single institution. 

There was bias in that Gd-EOB-MRI was performed only 
for some of the patients, so the proposed likelihood of HCC 
occurrence might not be accurate. In addition, the short fol-
low-up period might have underestimated the factors related 
to de novo carcinogenesis. Ongoing further follow-up and 
long-term studies with a larger population are needed to as-
sess the risk factors and establish appropriate HCC surveil-
lance systems after HCV eradication.

Conclusion

In this study, a non-hypervascular hypo-intense nodule 
as seen by Gd-EOB-DTPA-enhanced MRI was strongly 
associated with liver carcinogenesis. Gd-EOB-DTPA-en-
hanced MRI was extremely reliable in assessing the poten-
tial risk of hepatocarcinogenesis and is highly recommend-
ed for cases with fibrosis before and/or after DAA treatment. 
When a non-hypervascular hypo-intense nodule is present, 
extremely careful follow-up with a focus on the potential 
development of HCC is needed.
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