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Abstract
Gadoxetic acid- or gadolinium ethoxybenzyl diethy
lenetriamine pentaacetic acid-enhanced magnetic 
resonance imaging (EOB-MRI) achieves excellent lesion 
detection and characterization for both hypervascular 
hepatocellular carcinoma (HCC) in arterial phase imaging 

and hypovascular early HCC (small well-differentiated 
HCC of the vaguely nodular type) in hepatobiliary phase 
imaging, and has become an indispensable imaging 
modality in the treatment of HCC. Early HCCs have 
been detected more frequently since the introduction 
of EOB-MRI into daily clinical practice. Early HCC is 
known to progress to conventional hypervascular HCC, 
and many risk factors have been identified for the 
hypervascularization of early HCC including the diameter 
of the tumor, presence of fat, and imaging findings of 
EOB-MRI. The rate of the development of hypervascular 
HCC was previously reported to be high in patients with 
chronic liver disease and early HCC. The presence of 
early HCC is regarded as a predictor for the recurrence 
of HCC following hepatic resection. On the other hand, 
although early HCC itself is currently not regarded as a 
target lesion for hepatic resection, early HCC at high risk 
of hypervascularity needs to be treated by local ablation 
therapy. If concomitant early HCC with progressed 
HCC is at high risk of hypervascularization and the 
functional liver reserve of a patient is sufficient, its 
simultaneous treatment at the time of hepatic resection 
for progressed HCC is recommended. Further studies 
on larger numbers of patients are needed before this 
strategy is adopted.
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characterization for both hypervascular hepatocellular 
carcinomas (HCC) in arterial phase imaging and 
hypovascular early HCC in hepatobiliary phase imaging, 
and has become an indispensable imaging modality in 
the treatment of HCC. Early HCC is known to progress 
to conventional hypervascular HCC. Although early HCC 
itself is currently not considered to be a target lesion 
for hepatic resection, if concomitant early HCC with 
progressed HCC is at high risk of hypervascularization, 
its simultaneous treatment at the time of hepatic 
resection is recommended.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most 
malignant tumors worldwide, and hepatic resection still 
represents the most effective treatment; however, the 
recurrence rate of HCC is very high even after curative 
resection. The postoperative 5-year recurrence rate was 
previously reported to be higher than 70%, with 80% 
to 95% of recurrence being confined to the liver[1-3].

A proper preoperative evaluation of intrahepatic 
tumor progression by imaging modalities and appro
priate hepatic resection, in addition to the early diagnosis 
of recurrent HCC followed by treatment[4,5], are needed 
in order to achieve a favorable prognosis after hepatic 
resection. 

A new magnetic resonance imaging (MRI) contrast 
medium, gadoxetic acid, or gadolinium ethoxybenzyl 
diethylenetriamine pentaacetic acid (Gd-EOB-DTPA), 
which has the properties of both an extracellular gado
linium chelate and liver-specific (hepatocyte-targeting) 
contrast material, has recently become available. The 
injection of a bolus of Gd-EOB-DTPA allows tumor 
vascularity to be assessed using arterial phase imaging 
and enables hepatobiliary phase imaging approximately 
20 min after its administration, with approximately 
50% of the contrast material being taken up by he
patocytes[6-11]. Gd-EOB-DTPA-enhanced MRI (EOB-
MRI), which includes a gradient dual echo sequence and 
diffusion-weighted imaging, has been recommended for 
the pretherapeutic evaluation of patients with HCC[12]. 
We previously showed that EOB-MRI was the most 
useful imaging technique for evaluating small HCC, 
including early HCC[11].

Early HCCs have been detected more frequently in 
daily clinical practice since the introduction of EOB-MRI 
in Japan.

The treatment of early HCCs including hepatic 
resection will become a very important issue in the near 

future.
Current understanding on the clinical value of EOB- 

MRI in surgery for HCC and the significance of newly 
diagnosed early HCC from several clinical viewpoints have 
been outlined in this review. The prospect of treatment 
strategies for newly diagnosed early HCC concomitantly 
with progressed HCC has also been discussed.

Role of EOB-MRI in THE diagnosis 
and management of HCC
Ichikawa et al[13] analyzed the findings of multicenter 
phase Ⅲ studies in order to evaluate the safety and 
efficacy of EOB-MRI for the detection and charac
terization of focal liver lesions. They showed that 
EOB-MRI was safe and improved the detection and 
characterization of focal hepatic lesions over that with 
unenhanced MRI. EOB-MRI also appeared to be more 
beneficial than spiral computed tomography (CT), 
especially for the detection of smaller lesions or HCC 
underlying cirrhotic liver. Therefore, they concluded 
that EOB-MRI enabled excellent lesion detection and 
characterization for both hypervascular HCCs in arterial 
phase imaging and hypovascular HCCs in hepatobiliary 
phase imaging[13]. EOB-MRI is recommended every 3-4 
mo in selected cases of HCC ultrahigh-risk groups, and 
at least once during the first visit in all HCC ultrahigh-
risk groups[14].

Therefore, we routinely perform EOB-MRI together 
with other imaging modalities prior to hepatic resection 
for HCC. EOB-MRI is also used in postoperative follow-
ups for patients with HCC after hepatic resection.

Hepatocarcinogenesis and 
histological findings of early 
HCC
Two types of human hepatocarcinogenesis are now consi
dered: De novo hepatocarcinogenesis and multistep 
carcinogenesis from a low-grade dysplastic nodule 
(DN) to a high-grade DN followed by early HCC and 
hypervascular HCC (progressed HCC)[15-17].

However, difficulties have been associated with the 
precise histological diagnosis of early HCC and accurate 
differentiation between early HCC and DN because of 
similarities in their pathological features[18].

The International Consensus Group for Hepato
cellular Neoplasia (ICGHN), which was composed of 34 
world-renowned pathologists and two clinicians, finally 
announced a consensus on the pathological criteria 
of early HCC (small well-differentiated HCC of the 
vaguely nodular type) after significant debate in 2009. 
In this report, early HCC was characterized by various 
combinations of the following major histological features: 
(1) a cell density more than 2-fold higher than that of 
the surrounding tissue, with a higher nuclear/cytoplasm 
ratio and irregularly thin trabecular pattern; (2) varying 
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numbers of portal tracts within the nodule (intratumoral 
portal tracts); (3) pseudoglandular pattern; (4) diffuse 
fatty change; and (5) varying numbers of unpaired 
arteries.

Since all of these features may be found in high-
grade DN, stromal invasion remains the most helpful 
objective pathological finding for differentiating early 
HCC from DN[19].

Diagnosis of early HCC by EOB-MRI
Among the various imaging modalities currently used, 
the role of EOB-MRI has become increasingly important 
in the diagnosis of early HCC.

We conducted a review on the imaging findings 
obtained from multi-imaging modalities of early HCC 
cases diagnosed according to the pathological criteria 
of the ICGHN by only including surgically resected 
nodules in order for pathologists to thoroughly investi
gate the whole nodule. These multi-imaging modalities 
included EOB-MRI, contrast-enhanced CT, CT during 
arterioportography, and CT during hepatic arteriography. 
EOB-MRI is the only imaging modality that has suffi
cient resolution for the detection and classification 
of early HCC. The most significant imaging feature 
in the diagnosis of early HCC was hypointensity on 
hepatobiliary phase images of EOB-MRI; all cases of 
early HCC that were detected on the hepatobiliary phase 
images of EOB-MRI showed hypointensity, while all of 
the images of DN showed isointensity or hyperintensity 
relative to the liver parenchyma. The findings of the 
diagnostic performance analysis showed that EOB-MRI 
had excellent sensitivity (97%) for detecting early HCC 
and exceptional specificity (100%) for distinguishing 
early HCC from DN[11,20].

Risk factors for 
hypervascularization of early 
HCC
Hypovascular nodules that appear hypointense on 
hepatobiliary phase EOB-MRI (hypovascular hypointense 
nodules) may progress to conventional hypervascular 
HCC[21]. Therefore, identifying the risk factors for the 
hypervascularization of these nodules, most of which 
are early HCCs, is important for decision making on the 
timing of treatment.

We previously reported that nodules that were 
more than 10 mm in diameter and contained fat were 
at a higher risk of developing hypervascularization[22]. 
In addition, a maximum diameter of more than 10 
mm[23] or 15 mm or greater[24], increased growth rate, 
hyperintensity on T1-weighted images[25], hyperintensity 
on T2-weighted and diffusion-weighted images[26], and a 
tumor volume doubling time of less than 542 d[27] were 
identified as risk factors for hypervascularization in early 
HCC.

Presence of a hypovascular 
hypointense nodule as a 
predictor of THE occurrence of 
hypervascular HCC
In order to determine whether the presence of a 
hypovascular hypointense nodule was a risk factor 
for hypervascular HCC in patients with chronic liver 
disease, we retrospectively selected 41 patients with 
pathologically confirmed hypervascular HCC and 41 
age- and gender-matched controls and evaluated risk 
factors for hypervascular HCC. A multivariate analysis 
revealed that serum albumin levels (OR = 0.19, 95%CI: 
0.06-0.57; P = 0.0024), a history of hypervascular HCC 
(OR = 8.62 95%CI: 2.71-32.8; P = 0.0001), and the 
presence of a hypovascular hypointense nodule (OR = 
4.18, 95%CI: 1.18-17.2; P = 0.0256) were significant 
risk factors for hypervascular HCC. We concluded 
that the risk of developing HCC was high in patients 
with chronic liver disease showing a hypovascular 
hypointense nodule[28].

Komatsu et al[29] selected 127 patients with chronic 
hepatitis B or C and no history of HCC, including 68 
with liver cirrhosis, divided them into those with (non-
clean liver group, n = 18) and without (clean liver 
group, n = 109) hypovascular hypointense nodules, and 
investigated whether the risk of hepatocarcinogenesis 
was higher in patients with these nodules. Seventeen 
patients (10 in the non-clean liver group and seven 
in the clean liver group) developed typical HCC. The 
cumulative 3-year rates of HCC development were 
55.5% in the non-clean liver group and 6.4% in the 
clean liver group (P < 0.001), and those at different 
sites from the initial nodules were also higher in the non-
clean liver group (22.2%) than in the clean liver group 
(6.4%) (P = 0.003). A multivariate analysis identified 
an older age (P = 0.024), low platelet count (P = 0.017), 
and non-clean liver (P < 0.001) as independent risk 
factors for the subsequent development of HCC[29].

Usefulness of EOB-MRI as 
a modality to predict THE 
PROGNOSES after hepatic 
resection for HCC
The imaging findings of HCC detected by EOB-MRI are 
useful predictors of recurrence after hepatic resection. 
Ariizumi et al[30] determined the tumor margins of 
HCC from 61 patients preoperatively based on the 
hepatobiliary phase images of EOB-MR and found that 
a non-smooth tumor margin in the hepatobiliary phase 
of EOB-MRI predicted microscopic portal vein invasion, 
intrahepatic metastasis, and early recurrence after 
hepatic resection in patients with HCC.

The presence of non-hypervascular hypointense 

2935 December 28, 2015|Volume 7|Issue 30|WJH|www.wjgnet.com

Matsuda M. EOB-MRI in surgery for HCC



2936 December 28, 2015|Volume 7|Issue 30|WJH|www.wjgnet.com

to be treated by hepatic resection.
Takayama et al[34] prospectively examined 70 

patients diagnosed with a single HCC of 2 cm or less 
in diameter who underwent curative hepatic resection 
and a long-term follow-up. They found that the time to 
recurrence was longer in the early HCC group than in 
the overt HCC group (3.9 years vs 1.7 years; P < 0.001) 
and there was no local recurrence. Therefore, they 
concluded that early HCC is a distinct clinical entity with 
a high rate of surgical cure. This group subsequently 
applied the concept of lead time to chronic liver disease, 
which is the length of time between screen-detected 
and symptom-detected disease. In order to evaluate 
the prolongation of survival with the treatment of early 
HCC, they compared the survival of patients with early 
and overt HCCs smaller than 2.0 cm treated with liver 
resection and concluded that the survival benefit of 
resection for early HCC was marginal because of a long 
lead time, and, thus, demonstrated that early HCC was 
not a target lesion for surgery[35].

Early HCC itself is not a target lesion for hepatic 
resection. However, early HCC at risk of hypervascularity 
needs to be treated by local ablation therapy including 
RFA and not surgery because early HCC seldom causes 
intrahepatic metastasis.  

Significance of preoperative EOB-
MRI and simultaneous treatment 
of early HCC at the time of 
resection for progressed HCC
Although early HCC itself is not a target lesion for 
hepatic resection, the treatment of concomitant early 
HCC with progressed HCC remains controversial. 

We sometimes encounter patients who developed 
the recurrence of hypervascular HCC that originated 
from residual early HCC in a short period of time after 
hepatic resection (Figure 1).

Therefore, we examined 147 patients undergoing 
hepatic resection for HCC and determined whether pre-
operative imaging with EOB-MRI and the simultaneous 
treatment of concomitant early HCC by resection or 
ablation at the time of resection for progressed HCC 
improved the prognosis of patients following hepatic 
resection. Of the 147 consecutive patients undergoing 
their first resection for HCC, 77 received EOB-MRI 
before resection. Additional treatments for early HCC 
were more frequent in EOB-MRI patients. Recurrence-
free survival was similar at 1 year (81.4% vs 82.1%), 
but improved with EOB-MRI at 3 and 5 years (62.6% 
and 48.7% vs 41.5% and 25.5%, respectively, P 
< 0.01). We speculated that recurrence within one 
year of hepatic resection was mainly due to the 
enlargement of preoperatively-undetectable intrahepatic 
micrometastasis of resected progressed HCC, while 
recurrence after one year was multicentric HCC that 
progressed from early HCC to hypervascular HCC or 

hepatic nodules detected during the hepatobiliary 
phase of EOB-MRI was identified as another predictor 
of the recurrence of HCC after hepatic resection. 
Toyoda et al[31] prospectively examined 77 patients 
who underwent hepatic resection for primary, non-
recurrent, hypervascular HCC after hepatic resection 
and compared postoperative recurrence rates according 
to the presence of non-hypervascular hypointense 
hepatic nodules detected during the hepatobiliary 
phase of EOB-MRI. They showed that recurrence 
rates after hepatic resection were higher in patients 
with non-hypervascular hypointense nodules (RR = 
1.9396, 95%CI: 1.3615-2.7222), the presence of non-
hypervascular hypointense nodules was an independent 
factor associated with postoperative recurrence (RR = 
2.1767, 95%CI: 1.5089-3.1105) in addition to HCC 
differentiation and portal vein invasion, and intrahepatic 
recurrence was mainly multicentric in origin[31]. This 
group subsequently reported that the presence of 
concurrent non-hypervascular hypointense hepatic 
nodules in the hepatobiliary phase of pretreatment 
EOB-MRI in patients with early-stage typical HCC 
was an indicator of the higher likelihood of recurrence 
after treatments including hepatic resection and 
radiofrequency ablation (RFA), and may be a marker for 
an unfavorable outcome[32].

The signal intensity of HCC in the hepatobiliary 
phase of EOB-MRI was found to be another prognostic 
maker of HCC after hepatic resection.

Kitao et al[33] classified 180 surgically resected 
hypervascular HCCs in 180 patients as either hypoin
tense (n = 158) or hyperintense (n = 22) relative 
to the signal intensity of the background liver in the 
hepatobiliary phase of EOB-MRI and compared clinical 
and pathological features as well as recurrence and 
survival rates after hepatic resection between the two 
groups. The grade of differentiation was higher (P = 
0.028) and portal vein invasion was less frequent in 
hyperintense HCCs (13.6%) than in hypointense HCCs 
(36.7%) (P = 0.039). Serum levels of alpha-fetoprotein 
(AFP), the Lens culinaris agglutinin reactive fraction of 
AFP, and prothrombin induced by vitamin K absence or 
antagonist Ⅱ (PIVKA-Ⅱ) were lower in hyperintense 
than in hypointense HCCs (P = 0.003, 0.004 and 0.026, 
respectively). Immunohistochemical AFP and PIVKA-
Ⅱ expression levels were lower in hyperintense than 
in hypointense HCCs (both P < 0.001) and organic 
anion transporting polypeptide 8 (OATP8, synonymous 
with OATP1B3) expression was significantly lower in 
hypointense HCCs than in hyperintense HCCs (P < 
0.001). The recurrence rate was lower in hyperintense 
than in hypointense HCCs (P = 0.039). They concluded 
that hyperintense HCC in the hepatobiliary phase 
of EOB-MRI was less aggressive than hypointense 
HCCs[33].

Surgical treatment of early HCC
It has not yet been established whether early HCC need 
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was de novo hypervascular HCC. We estimated that 
the simultaneous treatment of early HCC at the time of 
resection for progressed HCC reduced multicentric HCC 
by removing early HCC, which may have progressed to 
hypervascular HCC. Overall survival slightly improved 
with EOB-MRI at all time points (1-, 3-, and 5-year 
survival rates: 98.7%, 90.7% and 80.8% vs 97.0%, 
86.3% and 72.4%, respectively, P = 0.38). One 
of the reasons why preoperative EOB-MRI and the 
simultaneous treatment of early HCC at the time of 
resection prolonged recurrence-free survival but not 
overall survival after hepatic resection for HCC was an 
early diagnosis and the prompt treatment of recurrent 
HCC detected by our postoperative close follow-up[36]. 

We subsequently examined the 5-year survivors of 
both groups (41 with EOB-MRI and 48 without) in order 
to investigate the frequency of treatments for recurrent 
HCC until 5 years after surgery in both groups. The 
mean frequency of treatments for recurrent HCC until 
5 years after surgery was significantly lower in patients 
with EOB-MRI than in those without EOB-MRI (0.83 
vs 1.65 respectively, P < 0.05). Although the overall 
survival rate was not significantly different, reductions 
in the frequency of treatments for recurrent HCC may 
have been physically and economically beneficial for 

patients.
Further studies on larger numbers of patients are 

needed before this strategy is adopted.

CONCLUSION
EOB-MRI has excellent lesion detection and charac
terization for hypervascular HCC in arterial phase 
imaging and hypovascular early HCC in hepatobiliary 
phase imaging, and has become an indispensable 
imaging modality in the treatment of HCC. Early HCCs 
have been detected more frequently since the intro
duction of EOB-MRI into daily clinical practice. Although 
optimal timing for the treatment of early HCC currently 
remains unclear, early HCC, which has particular risk 
factors, progresses to conventional hypervascular HCC 
that requires treatment in a short period of time. Early 
HCC at high risk of hypervascularity need to be treated 
by local ablation therapy including RFA. If concomitant 
early HCC with progressed HCC is at a high risk of 
hypervascularization and the functional liver reserve 
of a patient is sufficient, its simultaneous treatment 
at the time of hepatic resection for progressed HCC is 
recommended. Further studies on larger numbers of 
patients are needed before this strategy is adopted. 
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Figure 1  An 81-year-old man with hypervascular (progressed) hepatocellular carcinoma and early hepatocellular carcinoma. Preoperative EOB-MRI showed 
hypervascular HCC (arrowhead), 2.6 cm in diameter, in the medial section of the liver. The nodule showed hypervascularity in the hepatic arterial-dominant phase 
(A) and hypointensity in the hepatobiliary phase (B) of EOB-MRI. Preoperative EOB-MRI also showed a small hypointense nodule (arrow), 0.9 cm in diameter, in the 
posterior section of the liver in the hepatobiliary phase (D). This nodule showed no arterial enhancement in the hepatic arterial-dominant phase of EOB-MRI (C) or 
CTHA (F), but showed slight hypoattenuation on CTAP (E). This patient underwent left hepatic resection for hypervascular HCC. EOB-MRI taken 5 mo after hepatic 
resection showed an enlarged hypointense nodule in the posterior section (H) and hypervascularity of the nodule in the hepatic arterial-dominant phase (G). The 
recurrence of hypervascular HCC that originated from residual early HCC after hepatic resection was demonstrated. HCC: Hepatocellular carcinoma; EOB-MRI: 
Gadoxetic acid- or gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid-enhanced magnetic resonance imaging; CTHA: Computed tomography during hepatic 
arteriography; CTAP: Computed tomography arterioportography.
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Furthermore, since the risk of hypervascular HCC 
development or recurrence is high in patients with 
hypovascular hypointense nodules (almost all nodules 
are early HCC), close follow-ups are needed in these 
patients.
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