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phases of imaging (Fig. 3). Since hepatocarcinogenesis
consists of continuous changes, it is often difficult,
even for the pathologist, to distinguish early HCC
from dysplastic nodule (19). After many years of con-
fusion of terminology, a consensus on “early HCC”
has been recently established by the International
Consensus Group for Hepatocellular Neoplasia (19).
According to the final report from this consensus
group, the pathological hallmark feature that distin-
guishes high-grade dysplastic nodule from early HCC
is an infiltrative growth of the tumor cells within Glis-
son’s sheath, specifically stromal invasion (Fig. 3).
The statement also requires special staining to con-

firm early HCC, which includes positive staining for
glypican 3, heat shock protein (HSP) 70, or glutamine
synthetase (4,5,20) to support the pathomorphological
diagnosis of HCC.

EXTRACELLULAR MR CONTRAST
AGENTS: CONVENTIONAL APPROACH FOR
THE DIAGNOSIS OF HYPOVASCULAR HCC

Extracellular MR contrast agent-enhanced dynamic MRI
had a great success for the diagnosis of typical or hyper-
vascular HCC with extremely high specificity, in which
early enhancement and subsequent washout are the

Figure 2. Schematic representation of multistep hepatocarcinogenesis from the perspective of blood supply to the nodule. In
nonneoplastic or cirrhotic nodules, or even dysplastic nodules, the portal venous and arterial blood supply of the nodule is
similar to the surrounding liver parenchyma. Within high-grade dysplastic nodules or early HCC (hypovascular HCC), the
arterial blood supply initially decreases. This is followed by a decrease in the portal blood supply. At the stage of the typical
HCC, parasitized arterial tumor vessels form a hypervascular focus (nodule in nodule) which enables detection of HCCs with
arterial phase imaging. These changes in vascularity are continuous, and one feature does not specify a certain pathological
diagnosis.

Figure 1. A typical HCC in a 55-year-old woman with hepatitis C imaged with gadoxetic acid. The tumor demonstrates heter-
ogeneous hypointensity on precontrast T1-weighted images (a), enhancement on arterial phase (b) with subsequent washout
on portal venous phase, and a pseudocapsule rim-enhancement (c). The tumor also demonstrates hypointensity on hepato-
biliary phase images (d). This pattern is typical for HCC.
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BACKGROUND 

To understand the microangioarchitecture and hemodynamics in 
the liver and tumor is inevitable for precise imaging diagnosis and 
effective interventional therapy.  
In this Presentation, the microangioarchitecture of the liver and 
hemodynamics of hepatic tumors analyzed by CT during 
arteriography as compared with histology will be discussed with 
special reference to their importance in interventional therapy. 

In hypervascular HCCs, the blood are supplied by the feeding 
artery and flows into tumor sinusoids, and then, drained into the 
portal venules in the surrounding pseudocapsule. Through these 
portal venules, it spreads into the surrounding hepatic sinusoids①.  
Hemodynamics in a hypervascular HCC by single-level dynamic CT 
during hepatic arteriography shows that immediately after the 
injection of contrast medium, inflow into the tumor is visualized. 
Then, the entire tumor is enhanced. And, then, the enhancement 
of adjacent liver begins. Finally, the contrast material is washed 
out from the tumor, and corona enhancement of adjacent liver 
appears②.  
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DRAINAGE FLOW FROM HYPERVASCULAR HCC  

    
MULTI-STEP CHANGES OF DRAINAGE VESSELS DURING 

HEPATOCARCINOGENESIS 

IN our analysis with correlation between CTAP and CTHA findings 
and pathology revealed the multi-step changes of the drainage 
vessels from the tumor during hepatocarcinogenesis. In dysplastic 
nodules or early HCCs, the main drainage route from the tumor is 
intranodular or perinodular hepatic vein. However, because hepatic 
veins disappear from the tumor during very early stage of 
hepatocarcinogenesis, drainage vessels change to hepatic sinusoids. 
In moderately differentiated HCC with pseudocapsle formation, the 
communcation between tumor sinusoids and the surrounding 
hepatic sinusoids are also blocked, and then, the portal venules in 
the pseudocapsule finally become the main drainage vessel from 
the tumor③.  
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This is a case of well to moderately differentiated 
HCC without pseudocapsule. As shown on CTAP and 
CTHA, it receives mainly arterial blood supply. On 
late phase of CTHA, thin corona-like enhancement 
surrounding the tumor indicating drainage flow into 
the surrounding hepatic sinusoids. On serial 
histological specimens, there are nurmerous 
communications between tumor sinusoids and 
hepatic sinusoids. No hepatic venules are identified 
in the and around the tumor. In this case, blood 
supply comes from the hepatic artery and then 
drains into the surrounding hepatic sinusoids.  
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Fig. 1. Flow chart of patient enrollment.

Table 1
Details of patient profile.

Sex (male/female) 31/10
Age (mean/range) 66.7/50–82
Child-Pugh classification (A/B/C) 36/3/2
Hepatitis viral infection (B/C/neither) 5/26/10

Data of sex, Child-Pugh classification and Hepatitis virus infection are numbers of
patients.

tumor plate and sinusoid, may  be correlated with contrast washout
from HCC.

The purpose of this study is to elucidate whether the SIPP
of hypervascular HCC is correlated with the histological findings
including histological grade, architecture, the size of tumor plate
and sinusoid.

2. Materials and methods

2.1. Patients

Institutional review board approval was obtained, and the
requirements for informed consent were waived for this retro-
spective study. Flowchart of patient enrollment and the details of
patient profile are shown in Fig. 1 and Table 1, respectively.

2.2. Pathologic classification and analysis

One liver pathologist (four years experience), who  was unaware
of the imaging data, reviewed the hematoxylin-eosin stained glass
slides of each HCC and referred to the official pathological report
for most predominant histological grade and histological architec-
ture. When the results between the evaluation of this pathologist
and the report were discordant, another experienced liver patholo-
gist (12 years experience) was consulted. Each hypervascular HCC
was  evaluated for several factors that were considered to affect
washout pattern, including architectural subtypes, the thickness of
the tumor plate, the percentage of tumor sinusoidal area (PTSA),
and fibrous capsule formation. Because of the difficulty of directly
assessing the size of each tumor sinusoid, we  decided to evaluate
it in an indirect fashion, namely from PTSA and the thickness of
tumor plates.

As for the architectural subtypes, we modified the classifica-
tion system proposed by the Japanese Liver Cancer Study Group
(JLCG) [11,12] and subdivided the lesions into four types, based
on the degree of trabeculation (Fig. 2): the trabeculation is most
completely established in the “pure-trabecular group”, and less
in the “trabecular-and-acinar group” and “trabecular-and-others
group”, and least in the “non-trabecular group”, in a descending
order.

The thickness of tumor plate was  evaluated only for the three
trabecular groups, and was categorized as thin, moderate, or thick
when the tumor plate consisted of one to three, four to six, or seven
or more rows of tumor cells, respectively. The PTSA was calculated
by the previously reported stereological point counting method
(Fig. 3) [13].

2.3. MR protocol

MR imaging was performed on a 1.5-T unit (Magnetom Sym-
phony, Siemens, Berlin, Germany). Scanning was  performed using
a standard four-element phased-array coil. In addition to conven-
tional scans, dynamic MR  was performed using a three-dimensional
volumetric interpolated breath-hold examination (3D-VIBE) with
the following parameters: repetition time/echo time = 4.3/1.96 ms,
20◦ flip angle, slab thickness = 4 mm (2 mm with interpolation), par-
tition = 1, and 1 excitation, field of view = 320 × 240 mm, and matrix
size = 256 × 192. These parameters were fixed for each dynamic
phase. The type of data acquisition was  the sequential order-
ing of k space. Dynamic MR  scanning was performed with test
injection method. The optimal arterial phase (T) was  roughly cal-
culated as previously described [3].  Scanning times were T (arterial
phase), T + 30 (portal phase), 90, and 240 (delayed phase) seconds

Fig. 2. Original JLCG and our modified classification system of the architectural subtypes of HCC. The Japanese Liver Cancer Study Group (JLCG) system consists of 7 subtypes:
(a)  pure trabecular type, (b) trabecular type with small acinar structure, (c) trabecular type with large acinar structure, (d) trabecular type with pseudoglandular structure,
(e)  pseudoglandular type, (f) compact type, and (g) scirrhous type. Percentage of tumor plate completion and tumor sinusoid increases in the direction of the arrow (From
reference [11]; with permission). Our modified system consists of pure-trabecluar group corresponding to (a) in JLCG, trabecular-and acinar group corresponding to (b) and (c)
in  JLCG, trabecular-and-others group components corresponding to (d), which is a trabecular type associated with other non-acinar, and non-trabecular group corresponding
to  (e–g) in JLCG.
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Purpose:  To investigate  the impact  of  intra-tumoral  fat detected  by  chemical-shift  MR  imaging  in pre-
dicting  the  MVI of  HCC.
Materials  and methods:  Gadoxetic  acid-enhanced  MR imaging  of 365  surgically  proven  HCCs from  365
patients  (306  men,  59 women;  mean  age,  55.6  years)  were evaluated.  HCCs  were  classified  into  two
groups,  fat-containing  and  non-fat-containing,  based  on  the  presence  of fat on  chemical-shift  images.  Fat-
containing HCCs  were  subdivided  into  diffuse  or  focal  fatty  change  groups.  Logistic  regression  analyses
were  used  to identify  clinical  and MR  findings  associated  with MVI.
Results:  Based  on MR imaging,  66  tumors  were  classified  as  fat-containing  HCCs  and  299  as  non-fat-
containing  HCCs.  Among  the  66  fat-containing  HCCs,  38 (57.6%)  showed  diffuse  fatty  changes  and  28
(42.4%)  showed  focal  fatty  changes.  MVI  was  present  in  18 (27.3%)  fat-containing  HCCs  and  in  117  (39.1%)
non-fat-containing  HCCs  (P =  0.07).  Univariate  analysis  revealed  that serum  alpha-fetoprotein  (AFP)  and
tumor size  were  significantly  associated  with  MVI  (P  < 0.001).  A multiple  logistic  regression  analysis
showed  that  log  AFP  (odds  ratio  1.178,  P =  0.0016),  tumor  size  (odds  ratio  1.809,  P < 0.001),  and  intra-
tumoral  fat (odds  ratio 0.515,  P = 0.0387)  were  independent  variables  associated  with  MVI.
Conclusion:  Intra-tumoral  fat  detected  with  MR imaging  may  suggest  lower  risk  for  MVI of  HCC  and,
therefore,  a possibly  more  favorable  prognosis,  but the  clinical  value  of  this finding  is  uncertain.

©  2015 Elsevier  Ireland  Ltd.  All  rights  reserved.

1. Introduction

Vascular invasion, either macrovascular or microvascular, is one
of the important prognostic factors of hepatocellular carcinoma
(HCC) recurrence, especially after surgical resection [1] or liver
transplantation [2]. Recent advance in imaging modalities led to
easy detection of macrovascular invasion such as portal vein tumor
thrombus, however, microvascular invasion (MVI) is difficult to
detect before surgery [3,4]. Therefore, preoperative prediction of
MVI  of HCC has become a crucial issue in treatment planning for
improved therapeutic outcomes. Extensive studies have tried to
identify clinical [5], imaging [5–12] or serum parameters [5, 10,

∗ Corresponding author at: Department of Radiology and Center for Imaging Sci-
ence, Samsung Medical Center, Sungkyunkwan University School of Medicine, 50
Ilwon-Dong, Kangnam-Ku, Seoul 135-710, Republic of Korea. Tel.: +82 2 3410 2548;
fax:  +82 2 3410 0049.

E-mail address: jmyr@dreamwiz.com (Y.K. Kim).

11, 13] that predict MVI. Radiologically, tumor size [5,9–11], multi-
plicity [7], and multinodular tumor morphology [9,12] are known
to be associated with MVI  of HCC. Recently, many radiologic stud-
ies have focused on prediction of MVI  using magnetic resonance
(MR) imaging. Kim et al. [14] have shown that MVI  can be detected
by peritumoral hypointensity on the hepatobiliary phase (HBP) of
gadoxetic acid-enhanced MR  imaging. Meanwhile, Suh et al. [6]
showed that lower ADC values can be a useful predictor of MVI.
Ahn et al. [15] revealed that MVI  is significantly associated with
hypointensity on T1WI, peritumoral enhancement, inhomogeneity
on arterial phase, delayed phase or HBP.

A close relationship between hepatocarcinogenesis and fatty
change has been well documented [16–18]. Fatty change is known
to be an important marker for the transformation of premalignant
lesions to HCC [16–18]. Recent technical advances in MR  imaging
have allowed the detection of fat components by in- and opposed-
phase chemical-shift pulse sequences [19–21]. Martin et al. [19]
reported that signal decrease in the opposed-phase, chemical-shift,
gradient-echo technique showed 100% specificity for the presence

http://dx.doi.org/10.1016/j.ejrad.2015.03.002
0720-048X/© 2015 Elsevier Ireland Ltd. All rights reserved.

20% des CHC 
 
CHC stéatosiques: grade 1 ou 2 d’Edmonson  dans 
93% cas 
 
CHC avec composante graisseuse importante 
présentent moins de microinvasion vasculaire que 
CHC non stéatosiques ou faiblement 
stéatosiques 



Steatotic hepatocellular carcinoma: a variant associated
with metabolic factors and late tumour relapse

Anthony W H Chan,1 Shuangni Yu,2 Yau-Hei Yu,1 Joanna H M Tong,1,3,4 Lei Wang,5,6

Edith K Y Tin,1 Charing C N Chong,7 Stephen L Chan,3,8 Grace L H Wong,3,9

Vincent W S Wong,3,9 Henry L Y Chan,3,9 Paul B S Lai3,7 & Ka-Fai To1,3,4
1Department of Anatomical and Cellular Pathology, State Key Laboratory in Oncology in South China, Prince of Wales
Hospital, The Chinese University of Hong Kong, Hong Kong, 2Department of Pathology, Peking Union Medical College
Hospital, Beijing, China, 3Institute of Digestive Disease, Partner State Key Laboratory of Digestive Disease, The Chinese
University of Hong Kong, 4Li Ka Shing Institute of Health Science, Sir Y. K. Pao Cancer Center, The Chinese
University of Hong Kong, Hong Kong, 5Department of Pathology, Fudan University Shanghai Cancer Center,
6Department of Oncology, Shanghai Medical College, Fudan University, Shanghai, China, 7Division of Hepatobiliary and
Pancreatic Surgery, Department of Surgery, The Chinese University of Hong Kong, 8Department of Clinical Oncology,
State Key Laboratory in Oncology in South China, Prince of Wales Hospital, The Chinese University of Hong Kong, and
9Department of Medicine and Therapeutics, The Chinese University of Hong Kong, Hong Kong

Date of submission 23 March 2016
Accepted for publication 2 July 2016
Published online Article Accepted 5 July 2016

Chan A W H, Yu S, Yu Y-H, Tong J H M, Wang L, Tin E K Y, Chong C C N, Chan S L, Wong G L H, Wong V

W S, Chan H L Y, Lai P B S & To K-F

(2016) Histopathology 69, 971–984. DOI: 10.1111/his.13029

Steatotic hepatocellular carcinoma: a variant associated with metabolic factors and late
tumour relapse

Aims: Steatosis in hepatocellular carcinoma (HCC)
has been recognized for decades and found most com-
monly in small, well-differentiated HCC. However, the
clinicopathological features and pathogenesis of HCC
with steatosis is not well characterized. There are few
data concerning whether HCC with steatosis should be
regarded a distinct histological variant, steatotic HCC.
Methods and results: A retrospective cohort of 516
patients undergoing curative surgery for primary HCC
was recruited. The median follow-up was 45.5 (range:
0.2–166.0) months. Steatotic HCC was defined as HCC
with significant steatosis (≥5% of tumour cells). Associ-
ations with immunohistochemical expression of fatty
acid binding protein-1 (FABP1), sonic hedgehog (SHH)
and gene polymorphism of patatin-like phospholipase
3 (PNPLA3) were analysed. Steatotic HCC was found
in 21.1% of patients and was associated with higher
metabolic risks [diabetes mellitus (36.7% versus

18.2%) and hypertension (44.0% versus 28.7%)],
underlying fatty liver (60.6% versus 37.8%), steato-
hepatitis (30.3% versus 13.0%), smaller tumour size,
lower frequency of major vessel (1.8% versus 11.3%)
and microvascular invasion (20.2% versus 32.4%),
earlier tumour stages and lower serum alpha-fetopro-
tein. It was associated with developing late tumour
relapse (hazard ratio 2.15, P = 0.002) independently
of underlying cirrhosis and non-anatomical excision.
Steatotic HCC did not differ from HCC without signifi-
cant steatosis in immunohistochemical expression of
FABP1 and SHH and PNPLA3 gene polymorphism.
Conclusion: Steatotic HCC is a common histological
variant of HCC with distinct association with underly-
ing fatty liver, steatohepatitis and metabolic risks.
Despite more favourable baseline tumour features, it
was associated with late tumour relapse.
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features to steatohepatitic HCC. Steatohepatitic HCC
may fall within the morphological spectrum of steato-
tic HCC rather than another variant distinguished

from steatotic HCC. We propose that steatotic HCC
should be considered more effectively as a distinctive
histological variant.
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Figure 2. Kaplan–Meier survival plots comparing (A) overall survival, (B) disease-free survival and (C) late tumour relapse risk between hep-
atocellular carcinoma (HCC) without significant steatosis (non-SHCC) and steatotic HCC (SHCC); and (D) overall survival, (E) disease-free sur-
vival and (F) late tumour relapse risk between steatotic HCC without steatohepatitic features (SHCC w/o SH) and steatohepatitic HCC
(SHHCC).
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Purpose: To identify magnetic resonance (MR) imaging features 
that enable prediction of early recurrence (,2 years) af-
ter curative resection of hepatocellular carcinoma (HCC) 
and to derive a preoperative prediction model.

Materials and 
Methods:

This retrospective study was approved by the institu-
tional review board. The requirement to obtain written 
informed consent was waived. A total of 268 patients who 
underwent hepatic resection for a single HCC from Janu-
ary 2008 to August 2011 were divided into two cohorts: 
a training cohort, which was used to derive a prediction 
model (n = 187), and a validation cohort (n = 81). All 
MR images from the training cohort were reviewed by 
two radiologists. A prediction model was constructed by 
using MR imaging features that were independently asso-
ciated with early recurrence with use of multiple logistic 
regression analysis. The performance of the prediction 
model in the validation cohort was evaluated with respect 
to discrimination (ie, whether the relative ranking of in-
dividual predictions of subsequent early recurrence is in 
the correct order).

Results: In the training cohort, four MR imaging features were 
independently associated with early recurrence: rim 
enhancement (odds ratio [OR] = 3.83; 95% confidence 
interval [CI]: 1.39, 10.52), peritumoral parenchymal en-
hancement in the arterial phase (OR = 2.64; 95% CI: 
1.27, 5.46), satellite nodule (OR = 4.07; 95% CI: 1.09, 
15.21), and tumor size (OR = 1.66; 95% CI: 1.31, 2.09). 
A prediction model derived from these variables showed 
an area under the receiver operating characteristic curve 
(AUC) of 0.788 in the prediction of the risk of early recur-
rence in the training cohort. When applied to the valida-
tion cohort, this model showed good discrimination (AUC, 
0.783).

Conclusion: The prediction model derived from rim enhancement, 
peritumoral parenchymal enhancement, satellite nodule, 
and tumor size can be used preoperatively to estimate the 
risk of early recurrence after resection of a single HCC.
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Purpose: To determine the accuracy of imaging features, such as tu-
mor dimension, multinodularity, nonsmooth tumor mar-
gins, peritumoral enhancement, and radiogenomic algo-
rithm based on the association between imaging features 
(internal arteries and hypoattenuating halos) and gene 
expression that the authors called two-trait predictor of 
venous invasion (TTPVI), in the prediction of microvas-
cular invasion (MVI) in hepatocellular carcinoma (HCC).

Materials and 
Methods:

This single-center retrospective study was approved by 
the institutional review board, and the requirement for 
informed consent was waived. One hundred twenty-five 
patients (median age, 63 years; interquartile range, 53–71 
years) with a diagnosis of HCC and indications for hepatic 
resection were included. Two observers independently re-
viewed radiologic images to evaluate the following features 
for MVI: maximum diameter, number of lesions, tumor 
margins, TTPVI, and peritumoral enhancement. Interob-
server agreement was checked, and diagnostic accuracy of 
radiologic features was investigated.

Results: The total number of HCC nodules was 140. Large tumor 
size, nonsmooth tumor margins, TTPVI, and peritumoral 
enhancement were significantly related to the presence of 
MVI (P , .05 in all cases and for both observers). Multi-
nodularity was not significantly related (P = .158). More-
over, the diagnostic accuracy of the three “worrisome” 
radiologic features (nonsmooth tumor margins, peritu-
moral enhancement, and TTPVI) was associated with tu-
mor size: The negative predictive value of the absence of 
worrisome features decreased from 0.84 for observer 1 
and 0.91 for observer 2 for tumors smaller than 2 cm to 
0.56 and 0.71, respectively, for tumors larger than 5 cm, 
whereas the presence of all three worrisome features re-
turned to a positive predictive value of 0.95 for observer 
1 and 0.96 for observer 2 independent of tumor size, with 
no significant interobserver differences (P . .10).

Conclusion: “Worrisome” imaging features, such as tumor dimension, 
nonsmooth tumor margins, peritumoral enhancement, 
and TTPVI, have high accuracy in the prediction of MVI 
in HCC.
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 GASTROINTESTINAL IMAGING:  Gadoxetic Acid–enhanced MR Imaging of Hepatocellular Carcinoma Kitao et al

export transporter MRP3 in HCC cells 
signifi cantly correlated with the SI of 
HCCs in the hepatobiliary phase of ga-
doxetic acid–enhanced MR imaging. In 
human HCC cells, OATP8 and MRP3 
are probably the uptake transporter and 
export transporter of gadoxetic acid, 
respectively. 

 References 
    1 .  Vogl   TJ ,  Kümmel   S ,  Hammerstingl   R ,  et al . 

 Liver tumors: comparison of MR imaging 
with Gd-EOB-DTPA and Gd-DTPA .  Radiol-
ogy   1996 ; 200 ( 1 ): 59 – 67 .  

    2 .  Huppertz   A ,  Balzer   T ,  Blakeborough   A , 
 et al .  Improved detection of focal liver le-
sions at MR imaging: multicenter comparison 

HCC without OATP8 expression could 
be visualized as isointense. Therefore, 
the liver function of patients should be 
considered when evaluating the SI of 
HCCs ( 33,34 ). 

 In conclusion, the expression of 
the uptake transporter OATP8 and the 

of OATP8 and MRP3 and the time-SI 
curves showed signifi cant differences 
between the two types of HCCs. Third, 
patients with poor liver function were 
not included in this study. The relative 
SI in the hepatobiliary phase would be 
modifi ed in these patients; for example, 

 Figure 9 

  

 Figure 8 

  

  Figure 8:  Histologic proliferation patterns of 
HCCs.  (a)  Graph shows tumor differentiation. 
The hypointense HCCs  (hypo)  consisted of well-
differentiated (9%), moderately differentiated 
(78%), and poorly differentiated HCCs (12%), 
while 88% of iso- or hyperintense HCCs  (iso/
hyper)  were moderately differentiated.  (b)  Graph 
shows tumor proliferation pattern. Seventy-five 
percent of iso- or hyperintense HCCs had a 
pseudoglandular pattern, and 88% showed bile 
plugs. In the hypointense HCCs, the trabecu-
lar pattern was most common; in addition, a 
pseudoglandular  (PG)  proliferation pattern and 
bile production were observed in 19% and 31% 
of nodules, respectively. There was no significant 
difference in tumor differentiation ( P  = .57), while 
there were significant differences in proliferation 
patterns or bile production between the two types 
of HCCs ( P  = .01 and  P  = .006, respectively). 
 (c)  A case of iso- or hyperintense HCC shows 
a pseudoglandular pattern with bile production 
(arrowheads). (Hematoxylin-eosin stain; original 
magnification,  3 200.)   

  Figure 9:  Schematic of transporter expression and mechanism of gadoxetic acid 
dynamics in HCC. Between hypointense and iso- or hyperintense HCCs, the most 
signifi cant differences were observed in OATP8 and MRP3 expression. That is, in 
iso- or hyperintense HCCs, a larger amount of gadoxetic acid would be taken up 
from the tumor blood sinusoids into HCC cells by OATP8 and be excreted again into 
tumor blood sinusoids by MRP3 very gradually, probably because of the depletion of 
bile ducts in the HCCs. In contrast, in hypointense HCCs, the uptake of gadoxetic acid 
might be blocked or reduced because of the lower expression of OATP8.   
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Fig. 1. A hyperintense HCC in a 73-year-old man  who  had cirrhosis caused by hepatitis B. (a) T2-weighted turbo spin-echo image, (b–e) T1-weighted 3-dimensional gradient
echo  precontrast (b), gadoxetic acid-enhanced arterial (c), venous (d), and hepatobiliary (e) phase images, and (f) a photograph of the surgical specimen. The lesion is
hyperintense on the T2-weighted image (a), hypointense on T1-weighted precontrast image (b), hypervascular on arterial phase (c), and hypointense on venous phase (d)
images.  The lesion shows marked hyperintensity compared to the surrounding liver on the hepatobiliary phase image (e). The transverse colon (white arrows) interposed
between the anterior aspect of the liver is seen as hyperintense on T1-weighted images because of the feces filled in the lumen. Surgical specimen (f) shows an expanding
type  mass, and there was  no microvascular invasion on histologic examination.

Table 1
Prevalence of hyperintense of HCC defined by different imaging criteria (n = 203).

Hypointense Hyperintense

Visual assessment 185 (91.1%) 18 (8.9%)
Signal intensity ratio (SIR < 1

vs. SIR ≥ 1)
193 (95.1%) 10 (4.9%)

Enhancement ratio (ER < 1 vs.
ER ≥ 1)

177 (87.2%) 26 (12.8%)

Relative enhancement ratio
(RER < 1 vs. RER ≥ 1)

190 (93.6%) 13 (6.4%)

For statistical analysis, age and tumor size were compared
between the two groups using an independent t-test. Chi-square
or Fisher’s exact test was used to compare categorical variables.
A p-value <0.05 was considered to indicate significant difference.
SPSS software version 18.0 (SPSS Inc., Chicago, IL, USA) was  used
for all statistical analyses.

3. Results

By visual assessment, 18 (8.9%) of 203 tumors were classified
as hyperintense HCCs (Figs. 1 and 2). However, the prevalence of
hyperintense HCCs were varied when different imaging criteria
were used (Table 1): 10 (4.9%) were classified as hyperintense based
on signal intensity ratio ≥ 1, 26 (12.8%) were hyperintense HCCs
based on an enhancement ratio ≥ 1, and 13 (6.4%) were hyperin-
tense HCCs based on a relative enhancement ratio ≥ 1.

The mean age of patients with visually hyperintense HCCs was
significantly greater than that of patients with hypointense HCCs
(60.1 vs. 55.2 years) when tumors were defined as hyperintense
by visual assessment (Table 2). Microvascular invasion was signif-
icantly less frequent in hyperintense HCCs than hypointense HCCs
(27.8% vs. 53.5%). Hyperintense HCCs were predominantly seen in
men, but the gender difference was not statistically significant. For
the gross type of the tumor, the expanding type was  more com-
monly seen (72.2%) in hyperintense HCCs than in hypointense HCCs
(49.2%), and none of hyperintense HCC showed infiltrative type.
Peliosis was  significantly more commonly seen in hyperintense
HCCs (61.1% vs. 30.8%).

There was  no significant difference between hyperintense and
hypointense HCCs regarding histologic grade, fatty change, necro-
sis, capsule formation, bile duct invasion, and satellite nodules,
according to any of the four classification criteria. Histologic archi-
tecture of trabecular, scirrhous, or compact patterns, and cell types
of hepatic or giant types were not significantly different between
hyperintense and hypointense HCCs.

4. Discussion

We  found in this study that hyperintense HCCs have dif-
ferential histologic characteristics than hypointense HCCs, but
the prevalence of hyperintense HCC may  vary according to the
different stratification criteria: The prevalence of hyperintense
HCC varied from 10 (4.9%) to 26 (12.8%) according to different
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