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In conclusion, the present study suggests that PEG-IFN

therapy after curative treatment of HCC can improve the
prognosis and inhibit the recurrence of HCV-related HCC.
This work involved a nonrandomized study, so further
prospective studies with a larger number of cases are
required to reach firm conclusions.
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BACKGROUND & AIMS: Nonalcoholic steatohepatitis
(NASH) can progress to hepatocellular carcinoma (HCC). We
aimed to characterize the clinical features of NASH patients
with HCC. METHODS: In a cross-sectional multicenter
study in Japan, we examined 87 patients (median age, 72 years;
62% male) with histologically proven NASH who developed
HCC. The clinical data were collected at the time HCC was
diagnosed. RESULTS: Obesity (body mass index =25 kg/m?2),
diabetes, dyslipidemia, and hypertension were present in 54
(62%), S1 (59%), 24 (28%), and 47 (55%) patients, respectively. In
nontumor liver tissues, the degree of fibrosis was stage 1 in 10
patients (11%), stage 2 in 15 (17%), stage 3 in 18 (21%), and stage
4 (ie, liver cirrhosis) in 44 (51%). The prevalence of cirrhosis was
significantly lower among male patients (21 of 54, 39%) com-
pared with female patients (23 of 33, 70%) (P = .008). CON-
CLUSIONS: Most patients with NASH who develop HCC
are men; the patients have high rates of obesity, diabetes,
and hypertension. Male patients appear to develop HCC at
a less advanced stage of liver fibrosis than female patients.

Keywords: Liver Cancer; Incidence; Sex; Retrospective Study.

I l epatocellular carcinoma (HCC) is the fifth most common
cancer worldwide and the third leading cause of cancer
mortality.! HCC mostly occurs within an established back-

ground of chronic liver disease and cirrhosis. Alchough the risk
factors for HCC, including infection with hepatitis B and C
viruses as well as alcohol consumption, are well-defined, 5%-
30% of patients with HCC lack a readily identifiable risk factor
for their cancer. It has been suggested that a more severe form
of nonalcoholic fatty liver disease (NAFLD), namely nonalco-
holic steatohepatitis (NASH), might account for a substantial
portion of cryptogenic cirrhosis and HCC cases.?

NAFLD is one of the most common causes of chronic liver
disease in the world.>* NAFLD is associated with obesity, dia-
betes, dyslipidemia, and insulin resistance and is recognized as
a hepatic manifestation of metabolic syndrome. The spectrum
of NAFLD ranges from a relatively benign accumulation of
lipid (simple steatosis) to progressive NASH associated with
fibrosis, necrosis, and inflammation. Despite its common oc-
currence and potentially serious nature, relatively lictle is
known about the natural history or prognostic significance of
NAFLD. Although prospective studies on the nacural history of
NAFLD and NASH with a larger cohort are awaited, these

Abbreviations used in this paper: AFP, a-fetoprotein; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; BMI, body mass
index; CT, computed tomography; DCP, des-y-carboxy prothrombin;
v-GTP, +y-glutamyl transpeptidase; HCC, hepatocellular carcinoma;
HDL, high-density lipoprotein; MRI, magnetic resonance imaging;
NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steato-
hepatitis.
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studies might be limited by the long and asymptomatic clinical
course of these diseases, by their high prevalence in the general
population, and by the lack of serologic markers for NASH. The
evidence suggesting that NASH can progress to HCC comes
from (1) case reports and case series,’"® (2) retrospective stud-
ies,”"12 and (3) prospective studies.!*"17 These studies generally
examined limited numbers of cases and follow-ups; therefore,
the incidence of HCC and risk factors for HCC in NASH
patients remain unclear.

The Japan NASH Study Group (representative, Takeshi
Okanoue)'8 was established in 2008 by the Ministry of Health,
Labour and Welfare of Japan to address unmet research needs
in the area of liver diseases. As a part of this mandate, the study
group conducted a cross-sectional multicenter study to charac-
terize the clinical features of histologically proven NASH pa-
tients who developed HCC.

Methods
Patients

We retrospectively identified and reviewed 87 Japanese
patients with NASH, who developed HCC between 1993 and
2010, at 15 hepatology centers that belong to the Japan NASH
Study Group'® and their affiliated hospitals in Japan. The di-
agnosis of NASH was based on (1) the histologic features of
steatohepatitis, (2) negligible alcohol consumption, and (3)
exclusion of liver diseases of other etiology. To determine alco-
hol consumption as accurately as possible, we reviewed medical
records in our institutions, and when patients had been trans-
ferred from other institutions, we also reviewed a summary of
medical records from those institutions. According to the med-
ical records, alcohol consumption was assessed on the basis of
a detailed history that was obtained by physicians and by
interviewing family members. Exclusion criteria included con-
sumption of more than 20 g of alcohol per day, positivity for
hepatitis B virus surface antigen, positivity for anti-hepatitis C
virus antibody, the presence of other types of liver diseases (eg,
primary biliary cirrhosis, autoimmune hepatitis, Wilson’s dis-
ease, or hemochromatosis), previous treatment with drugs
known to produce hepatic steatosis, and a history of gastroin-
testinal bypass surgery. The sections of nontumor liver tissues
were reanalyzed by experienced hepatopathologists (T.O., EH.)
who were blinded to the laboratory parameters and clinical
data. We excluded patients whose histologic diagnosis of NASH
was not confirmed by central review and patients with insuffi-
cient or inconclusive information concerning alcohol consump-
tion, body mass index (BMI), and laborarory data including
fasting glucose and lipid.

Of the 87 patients, 14 patients had been previously diag-
nosed as NAFLD or NASH and had been followed at our
institutions; 73 patients had been transferred from other insti-
tutions to our institutions for investigation and treatment of
HCC. Most patients had been identified as having HCC during
screening, which included ultrasound and/or computed tomog-
raphy (CT) of the liver and alpha-fetoprotein (AFP) testing.

The diagnosis of HCC was based on liver histology and, in
the absence of histology, on typical features of HCC as assessed
by dynamic CT or magnetic resonance imaging (MRI) (ie, hy-
pervascular with washout in the portal/venous phase).!? Of the
87 patients, 49 patients were diagnosed as HCC after hepatic
resection, 21 patients were diagnosed after ultrasound-guided
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tumor biopsy, and 17 patients were diagnosed by dynamic CT
or MRI

The Ethics Committees of each participating center ap-
proved this study. Informed consent was obtained from each
patient in accordance with the Declaration of Helsinki.

Clinical Assessment and Laboratory Tests

The clinical and laboratory data were collected at the
time HCC was diagnosed. BMI was calculated by using the
following formula: weight in kilograms/(height in meters)?.
Obesity was defined as BMI =25 kg/m? according to the criteria
of the Japan Society for the Study of Obesity.?® Diabetes was
defined as fasting plasma glucose concentration of =126
mg/dL or 2-hour plasma glucose concentration of =200 mg/dL
during an oral glucose (75 g) tolerance test or by the use of
insulin or oral hypoglycemic agents to control blood glucose.?!
Hypertension was defined as systolic blood pressure =130 mm
Hg or diastolic blood pressure =85 mm Hg or by the use of
antihypertensive agents.?? Dyslipidemia was defined as serum
concentrations of triglycerides =150 mg/dL or high-density
lipoprotein (HDL) cholesterol <40 mg/dL and <50 mg/dL for
men and women, respectively, or by the use of specific medica-
tion.??

Venous blood samples were taken in the morning after
12-hour overnight fast. The laboratory evaluations included
blood cell count and measurement of serum aspartate amino-
transferase (AST), alanine aminotransferase (ALT), y-glutamyl
transpeptidase (y-GTP), fasting plasma glucose, HbAlc, total
cholesterol, HDL cholesterol, triglyceride, ferritin, hyaluronic
acid, AFP, and des-y-carboxy prothrombin (DCP). These param-
eters were measured by using standard clinical chemistry tech-
niques.

Histopathologic Examination

Nontumor liver tissues were obtained from all 87 pa-
tients to diagnose the background liver tissue at the time HCC
was diagnosed. In 49 patients who underwent hepatic resection
for HCC, we examined nontumor liver tissues that were surgi-
cally resected. In 21 patients who underwent ultrasound-guided
tumor biopsy, nontumor liver tissues far from HCC tumors
were biopsied separately. In 17 patients who were diagnosed as
HCC by dynamic CT or MRI and did not undergo either
hepatic resection or tumor biopsy, only nontumor liver tissues
far from HCC tumors were obtained by ultrasound-guided
biopsy.

The specimens were fixed in formalin, embedded in paraffin,
and stained with hematoxylin-eosin, with Masson trichrome,
and by silver impregnation. NASH was defined as steatosis with
lobular inflammation, hepatocellular ballooning, and Mallory’s
hyaline (Mallory’s body) or fibrosis.?*-** The necroinflammatory
grade and the degree of fibrosis were evaluated and scored
according to the criteria proposed by Brunt et al.?

Statistical Analysis

Results are presented as numbers with percentages in
parentheses for qualitative data or as the medians and ranges
(25th-75th percentiles) for quantitative data. Comparisons
were made by using a x? test for qualitative factors or a Mann-
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Table 1. Patient Characteristics
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Characteristic Total (n = 87) Male (n = 54) Female (n = 33) P value?
Age (y) 72 (69-75) 72 (69-75) 2 (68-75) .52
BMI (kg/m?) 26.0 (23.8-28.3) 26.0(23.8-28.8) 26 2(23.9-27.7) .54
Obesity 54 (62%) 35 (65%) 19 (58%) .50
Diabetes 51 (59%) 31 (57%) 20 (61%) 77
Dyslipidemia 24 (28%) 13 (24%) 11 (33%) .35
Hypertension 47 (54%) 22 (41%) 25 (76%) .001
Platelet count (X104/ul) 13.9(10.1-18.0) 14.5(11.7-18.0) 10.9(7.8-18.0) .05
AST (1U/L) 47 (30-59) 46 (27-60) 47 (35-58) 45
ALT (1U/L) 36 (26-55) 43 (26-69) 4 (26-42) A1
y-GTP (1U/L) 75 (40-115) 68 (36-177) 5(40-115) .90
Fasting glucose (mg/dL) 114 (99-145) 112 (99-144) 120 (97-152) .59
HbAlc (%) 6.1(5.4-7.1) 9(5.4-7.0) 3(5.2-7.1) .78
Total cholesterol (mg/dL) 169 (147-202) 169 (147-202) 169 (147-202) .62
HDL cholesterol (mg/dL) 50 (41-60) 5(41-58) 5 (50-73) .03
Triglyceride (mg/dL) 100 (76-138) 118 (80-147) 96 (74-116) .06
Ferritin (ng/dL)? 197 (74-401) 273 (154-703) 8(23-172) .005
Hyaluronic acid (ng/mL)¢ 166 (67-241) 151 (69-244) 174 (61-332) .85
AFP (ng/mL) 7.1(5.0-18.0) 0(4.0-14.7) 10.8 (5.9-18.0) .02
DCP (mAU/mL) 66 (22-298) 48 (22-243) 81 (21-942) 42
HCC tumor size (cm) 3.0(2.0-4.0) 3.1(2.2-4.5) 2.6 (1.9-4.0) .18
Number of HCC tumors .78
1 65 (75%) 39 (72%) 26 (79%)
20r3 16 (18%) 11 (20%) 5 (15%)
=4 6 (7%) 4 (8%) 2 (6%)
Background liver tissue
Steatosis grade .64
0: <5% 1 (1%) 1 (2%) 0 (0%)
1: 5%-33% 60 (69%) 36 (67%) 24 (73%)
2: 34%-66% 19 (22%) 11 (20%) 8(24%)
3: >66% 7 (8%) 6 (11%) 1 (3%)
Necroinflammatory grade? .22
1: mild 31 (35%) 22 (41%) 9(27%)
2: moderate 45 (52%) 26 (48%) 19 (58%)
3: severe 11 (13%) 6 (11%) 5 (15%)
Fibrosis staged .003
1 10 (11%) 0(18%) 0 (0%)
2 15 (17%) 0 (18%) 5 (15%)
3 18 (21%) (25% 5 (15%)
4 44 (51%) 1 (39%) 23 (70%)

NOTE. Values are medians (25th-75th percentiles) or numbers (%). Where no other unit is specified, values refer to number of patients.

a2 test or Mann-Whitney U test.
5Missing data for 27 patients.
‘Missing data for 29 patients.
9According to reference 26.

Whitney U test on ranks for quantitative factors with non-equal
variance. P values less than .05 from two-sided tests were con-
sidered to be significant. All statistical analyses were performed
by using SPSS 15.0 software (SPSS Inc, Chicago, IL).

Results

The characteristics of the 87 NASH patients who devel-
oped HCC are summarized in Table 1. The median age was 72
years (25th percentile, 69; 75th percentile, 75); the mean age
(standard deviation) was 71.2 (6.7) years. There were 54 male
patients (62%) and 33 female patients (38%); the male:female
ratio was 1.6:1. The median BMI was 26.0 kg/m?, and 54
patients (62%) were obese (BMI =25 kg/m?). Diabetes, dyslipi-
demia, and hypertension were present in 51 (59%), 24 (28%),
and 47 (55%) patients, respectively.

The diagnosis of NASH was proved by histologic examina-
tion of nontumor liver tissues at the time HCC was diagnosed.
The degree of steatosis was grade 1 (5%-33%) in 60 patients
(69%), grade 2 (34%-66%) in 19 (22%), and grade 3 (>66%) in 7
(8%). One patient who showed less than 5% steatosis was diag-
nosed as “burn-out” NASH, because a previous liver biopsy that
was performed before development of HCC had demonstrared
typical histologic features of NASH. The necroinflammatory
grade was mild (grade 1) in 31 patients (35%), moderate (grade
2) in 45 (52%), and severe (grade 3) in 11 (13%). The degree of
fibrosis was stage 1 in 10 patients (11%), stage 2 in 15 (17%),
stage 3 in 18 (21%), and stage 4 (ie, liver cirrhosis) in 44 (51%).

The median diameter of HCC tumors was 3.0 cm (25th
percentile, 2.0; 75th percentile, 4.0). A single HCC lesion was
present in 65 of 87 patients (75%).
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Data were stratified according to sex (Table 1). Compared
with female patients, male patients had significantly less hyper-
tension, lower HDL cholesterol and AFP, higher ferritin, and a
less advanced stage of fibrosis. The prevalence of cirrhosis was
significantly lower in male patients (21 of 54, 39%) than in
female patients (23 of 33, 70%) (P = .008).

Discussion

In this cross-sectional multicenter study in Japan, we
showed the clinical features of a relatively large number (n =
87) of NASH patients with HCC. The male:female ratio was
1.6:1. Men have higher HCC rates than women in almost all
populations, with male:female ratios usually averaging berween
2:1 and 4:1.2 In the latest nationwide survey of HCC in Japan,?
this ratio was 2.5:1. The reasons underlying higher rates of HCC
in men might relate to sex-specific differences in exposure to
risk factors. Men are more likely to be infected with hepatitis B
and C viruses, consume alcohol, smoke cigarettes, and have
increased iron stores.? Moreover, androgens are considered to
influence the development of HCC. With regard to the male:
fernale ratio of HCC associated with NASH, a male:female ratio
of 1.3:1 was reported in a summary of 16 published cases of
HCC associated with NASH.?® Ratios of 2.8:1 and 0.67:1 were
reported in 2 retrospective studies of HCC arising from cryp-
togenic cirrhosis in Italy (n = 44)!% and the United States (n =
30),? respectively, and a ratio of 1.6:1 was reported for 36 cases
of NASH-associated HCC from a single center in Japan.'s Over-
all, NASH patients with HCC are more often men. However,
these male:female ratios might be lower than the ratios for HCC
of other etiologies, including viral hepatitis and alcohol con-
sumption.

Although it is well-known that male gender is a risk factor
for HCC in patients infected with hepatitis B and C viruses,” it
remains unclear whether male gender is a factor associated with
the development of HCC in NASH patients. It is now suspected
that there is an even distribution of NASH among men and
women.?? In another study by our group,®® the male:female
ratio was 0.85:1 in 342 NASH patients without cirrhosis and
HCC. The male:female ratio (1.6:1) of NASH patients with HCC
in the present study is higher than this ratio. In agreement with
our observations, a case-control study showed that the male:
female ratio was 1.6:1 in 34 NASH patients with HCC, whereas
the ratio was 0.69:1 in 348 NASH patients without HCC." A
recent prospective study indicated that older age and alcohol
consumption were independent risk factors for the develop-
ment of HCC in patients with NASH-cirrhosis and that male
gender tended to be associated with the development of HCC,
although this trend did not reach statistical significance.!”

The median age of our patients was 72 years. There was no
significant difference in age between men and women. Al-
though the global age distribution of HCC varies by geographic
region, sex, and etiology, in almost all areas the peak female age
group in HCC patients is 5 years older than in male HCC
patients.? In a nationwide survey of HCC in Japan,?” the mean
ages were G5.5 years for men and 69.4 years for women. The
male patients in the present study are slightly older than the
mean ages reported in these previous studies.

Consistent ‘with the literature?-'? more than half of our
patients displayed obesity, diabetes, and hypertension. Obesity
constitutes a significant risk factor for cancer mortality in

NASH AND HCC 431

general and is an increasingly recognized risk factor for HCC in
particular.?'3? In the present study, body weight was measured
at the time HCC was diagnosed. Because advanced HCC might
cause weight loss, it is likely that our patients were obese before
the development of HCC. Diabetes has also been proposed as a
risk factor for HCC.2 Thus, HCC shares 2 major risk factors,
obesity and diabetes, with NASH.

Once cirrhosis and HCC are established, it is difficulc to
identify pathologic features of NASH. As NASH progresses to
cirthosis, steatosis tends to disappear, so-called burn-out
NASH.S As expected, the grade of steatosis was mild in most of
our cases. It was possible to diagnose 1 case without steatosis as
burn-out NASH, because a previous liver biopsy specimen (liver
biopsy was performed 25 years prior) was preserved and available.
It is likely that many cases of NASH-associated HCC might have
been missed because of loss of the telltale sign of steatosis.

Most HCC arises on a background of cirrhosis. It is less clear
whether cirrhosis is a necessary predisposition for the develop-
ment of HCC in patients with NASH. Case reports of HCC
arising from NAFLD and NASH patients without fibrosis or
cirrhosis have been accumulating.33-3 Cirrhosis (fibrosis stage
4) was present in 51% of cases, and advanced stages of fibrosis
(stage 3 or 4) were found in 72% of cases in the present study.
Indeed, cirrhosis or advanced fibrosis appeared to be the pre-
dominant risk factors for HCC development. However, in the
remaining 28% of cases, HCC developed in patients with less
fibrosis (stage 1 or 2). Interestingly, male patients developed
HCC at a less advanced stage of fibrosis than female patients,
and the prevalence of cirrhosis was significantly lower in men
(39%) than in women (70%). Although the reason for the sex
differences is unclear, these findings indicate that screening for
HCC is needed not only in NASH patients with advanced
fibrosis but also in those with less fibrosis, particularly if they
are men. Further studies are needed to confirm this potentially
important observation. Paradis et al*” reported that in patients
whose only risk factors for chronic liver disease are features of
metabolic syndrome, HCC usually occurs in the absence of signif-
icant liver fibrosis. In addition, they found that some of these
HCCs developed on preexisting liver cell adenomas. However, no
preexisting adenomas were observed in the present cases.

Compared with female patients, male patients had signifi-
cantly higher serum ferritin value. The normal value for ferritin
varies according to the age and gender of the individual. Adult
men have serum ferritin values averaging approximately 100
ng/mL (range, 75-250), whereas adult women have levels aver-
aging approximately 30 ng/mL (range, 20-75).3® Thus, normal
men have higher ferritin levels than women. Elevation of ferri-
tin levels is associated with NASH.? Because we excluded pa-
tients with alcohol consumption as rigorously as possible, we
believe that alcohol consumption did not contribute to the
elevation of ferritin levels in our patients.

The median diameter of the HCCs in the present study
was 3.0 cm, which is equal to or smaller than the size of
previously reported HCCs.?!0122837 This is probably because
most of our patients had been identified as having HCC
during screening. A single HCC lesion was present in 75% of
patients. For early detection of NASH-associared HCC, vigi-
lant screening is important,” and the development of sero-
logic markers for NASH is necessary.

The mechanisms of carcinogenesis in NASH remain to be
elucidated. Possible mechanisms include hyperinsulinemia
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caused by insulin resistance in NASH, increased levels of insu-
lin-like growth factor that promotes tumor growth, increased
susceptibility of the steatotic liver to lipid peroxidation, produc-
tion of reactive oxygen species and subsequent DNA mutations,
disordered energy and hormonal regulation in obesity, and aber-
rations in regenerative processes occurring in cirrhosis.?’

Certain limirations should be considered in the interpreta-
tion of our findings. First, the cross-sectional study design
hinders the ability to draw inferences regarding the causality of
NASH in HCC. Second, the study did not include a control
group of HCC patients with other liver diseases. Third, there
might be a bias in patient selection, because patients were
retrospectively identified as having NASH-associated HCC. Fi-
nally, although our patients were negative for hepatitis B virus
surface antigen, it is still possible that occult hepatitis B virus
infection might be associated with the development of HCC in
some of our cases.

In summary, we showed the clinical features of NASH pa-
tients with HCC. NASH patients with HCC were more often
men and frequently displayed obesity, diabetes, and hyperten-
sion. Our results suggest that male patients might develop HCC
at a less advanced stage of fibrosis than female patients. Further
prospective studies with a longer follow-up time and larger
cohorts are needed to determine the causal association of
NASH with HCC and to identify risk factors for the develop-
ment of HCC in NASH patients.
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Abstract

Objectives To retrospectively compare the accuracy of
detection of hypervascular hepatocellular carcinoma
(HCC) by multiphasic multidetector CT and by gadoxetate
disodium-enhanced MR imaging.

Methods After ethical approval, we analysed a total of 73
hypervascular HCC lesions from 31 patients suspected of
having HCC, who underwent both gadoxetate disodium-
enhanced MR imaging and multiphasic multidetector CT.
Five blinded observers independently reviewed CT images,
as well as dynamic MR images alone and combined with
hepatobiliary phase MR images. Diagnostic accuracy (Az
values), sensitivities and positive predictive values were
compared by using the Scheffe post hoc test.

Results The mean Az value for dynamic and hepatobiliary
phase MR combined (0.81) or dynamic MR images alone
(0.78) was significantly higher than that for CT images
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(0.67, P<0.001, 0.005, respectively). The mean sensitivity

of the combined MR images (0.67) was significantly higher

than that of dynamic MR alone (0.52, P<0.05) or CT

images (0.44, P<0.05). The mean positive predictive values

were 0.96, 0.95 and 0.94, for CT, dynamic MR alone and

combined MR images, respectively.

Conclusions Compared with multiphasic multidetector CT,

gadoxetate disodium-enhanced MR imaging combining

dynamic and hepatobiliary phase images results in signif-

icantly improved sensitivity and diagnostic accuracy for

detection of hypervascular HCC.

Key Points

* Gadoxetate disodium is a new liver-specific MR imaging
contrast agent. Gadoxetate disodium-enhanced MRI helps
the assessment of patients with liver disease.

* It showed high diagnostic accuracy for the detection of
hepatocellular carcinoma.
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Introduction

Along with biopsy, diagnostic imaging such as multi-
phasic computed tomography (CT) or magnetic resonance
(MR) imaging is reliably used for the assessment of
hepatocellular carcinoma (HCC) [1-5]. According to the
diagnostic algorithm suggested by the American Associ-
ation for the Study of Liver Diseases (AASLD), a hepatic
mass larger than 1 cm in diameter in a cirrhotic liver that
demonstrates a typical vascular pattern (arterial hyper-
vascularity and “washout” in the equilibrium phase) on
CT or MR imaging can be diagnosed as HCC without
biopsy [1, 2]. Evaluation of lesion vascularity (i.e. hyper-
vascular or hypovascular) as well as detection of the focal
lesion are thus essential elements of diagnosis of HCC
through imaging.

Gadoxetate disodium (Primovist) is a liver-specific MR
imaging contrast agent taken up by hepatocytes [6—12] and
facilitates accurate detection of focal liver lesions on MR
images during the hepatobiliary phase [13-21]. Several
studies have compared gadoxetate disodium-enhanced MR
imaging with multiphasic multidetector CT for the detection
of HCC [22-24]. To the best of our knowledge, however, the
literature contains no comparative study of the diagnostic
accuracy for the detection of hypervascular HCC which is
also based on careful evaluation of tumour vascularity. Use
of gadoxetate disodium produces not only liver-specific
hepatobiliary but also dynamic MR images, which makes it
possible to evaluate tumour vascularity [22-30]. However,
since the amount of gadolinium in gadoxetate disodium
medium (0.025 mmol/kg) is smaller than that in extracellular
gadolinium chelates medium (0.1 mmol/kg) at the recom-
mended dosage, dynamic MR imaging using gadoxetate
disodium could impair tumour enhancement in the arterial
dominant phase [31] and compromise characterisation of the
lesions based on vascularity.

The purpose of our study was to retrospectively compare
the accuracy for detection of hypervascular HCC by means
of multiphasic multidetector CT and gadoxetate disodium-
enhanced MR imaging.

Materials and methods
This retrospective study was implemented at three institutions
(Osaka University Hospital, Kinki University Hospital, and

Tkeda Municipal Hospital) and approved, with waiver of
informed consent, by the ethics committee of each institution.

@ Springer

Patient population

Ninety-seven consecutive patients with chronic liver disease
and suspected of having HCC, who underwent both multi-
phasic multidetector CT and gadoxetate disodium-enhanced
MR imaging within a 6-week period between March and
December, 2008, were eligible for the study. However, 66
(68%) of these patients were excluded from the study
population because no angio-CT including double-phase CT
during hepatic arteriography (CTHA) nor CT during arterial
portography (CTAP) was performed (n=61), or because of
inadequate MR examination (n=5). The remaining 31
patients (28 men and 3 women; mean age, 70.2 years; range,
52-82 years) constituted the study population (Fig. 1). Four
of them had hepatitis B, 21 had hepatitis C, four had alcohol-
related hepatitis and one had nonalcoholic steatohepatitis.
Total bilirubin values of these patients ranged from 0.4 to
2.2 mg/dL (mean, 1.0 mg/dL). Twenty-three patients were
classified as Child-Pugh A, and the remaining eight patients
were classified as Child-Pugh B.

Eligible Patients (1= 97)
Patients suspected of having HCC who
underwent both multiphasic
multidetector CT and gadoxetic
acid-enhanced MR imaging within 6

weeks

Excluded Patients (n = 66)
- No angio-CT (n = 61)
- Inadequate MR imaging (n
=8)

Study Population (2= 31)

Patients without Hypervascular
HCC (n=2)
Angio-CT + Follow-up

Patients with Hypervascular HCC (n = 29)

73 lesions

[ |

Histopathology (31 lesions)

- Biopsy (4 lesions) Angio-CT + Follow-up

- Partial surgical (42 lesions)
resection (12 lesions)
- Liver transplantation

(15 lesions)

Fig. 1 Flowchart of patient enrollment and proof of tumour burden
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Twenty-five of the patients underwent multidetector CT
before MR imaging, and the mean interval between CT and
MR imaging was 19 days.

Proof of tumour burden

Of the 31 patients evaluated, 29 had a total of 73 confirmed
hypervascular HCC nodules. The nodules ranged from 0.3 to
14 cm in diameter (mean, 1.8 cm). While 31 HCC nodules
were diagnosed histologically (partial surgical resection, n=
12; biopsy, n=4; liver transplantation, n=15), the remaining
42 hypervascular HCCs were diagnosed clinically on the
basis of tumour markers, double-phase CTHA and CTAP
[32], follow-up CT and/or MR imaging (mean follow-up,
19 months; range 4-26 months). Whether the HCC nodules
were of the arterial hypervascular or arterial hypovascular
type was determined on the basis of the CTHA findings.
Two patients had no hypervascular HCCs.

Multiphasic multidetector CT

Multiphasic CT was performed by using an 8-channel CT
(n=9) (LightSpeed Ultra; GE Healthcare, Milwaukee, WI)
or 64-channel CT (n=22) (LightSpeed VCT; GE Health-
care). The X-ray tube voltage was 120 kVp and the tube
current was modulated automatically according to the
patient’s body size by means of an automatic tube current
modulation technique (3D AutomA; GE Healthcare). The
section thickness was 5 mm. All patients were given
2.0 mL (600 mg of iodine) per kilogram of body weight,
with a maximum dose of 150 mL per patient, and 300 mgl/mL
of the nonionic contrast medium. The warmed contrast
medium was administered intravenously with a mechanical
power injector at 3—5 mL/s with a fixed injection duration of
30 s through a 20-gauge catheter inserted into an arm vein.
Multiphasic CT was performed immediately before contrast-
medium administration and during the hepatic arterial
dominant, portal venous dominant and equilibrium phases
30-45, 65-80, and 190-205 s, respectively, after the start of
the contrast material injection [22-24, 33-35]. To determine

Table 1 MR imaging sequences and parameters

the acquisition delay for hepatic arterial dominant phase
imaging, a semiautomatic bolus-tracking technique was used
(SmartPrep; GE Healthcare). Arterial dominant phase acqui-
sition was started 22 s after the trigger threshold (50HU
elevation) was reached at the suprarenal abdominal aorta.

MR imaging

MR imaging was performed with a 1.5-T system (n=23)
(Signa Excite HD 1.5T; GE Healthcare, or Intera; Philips
Medical Systems, Eindhoven, The Netherlands) or 3.0-T
system (n=8) (Signa HD 3.0T; GE Healthcare) with body-
array coils. For the contrast enhancement, 0.1 mL/kg
(0.025 mmol/kg) of gadoxetate disodium (Primovist;
Bayer-Schering Pharma AG, Berlin, Germany) diluted with
saline to 10 mL (e.g. a patient with a body weight of 60 kg
received 6 mL of gadoxetate disodium medium diluted with
4 mL of saline) was administered intravenously with a
mechanical power injector at 1 mL/s with a fixed injection
duration of 10 s through a 22-gauge catheter inserted into
an arm vein, followed by a 30-mL saline flush at 1 mL/s.
However, the maximum applied dose of gadoxetate
disodium was 10 mL (2.5 mmol).

For MR imaging, in-phase and out-of-phase T1-weighted
images, T2-weighted images, gadoxetate disodium-enhanced
dynamic images (precontrast, arterial, and portal venous
dominant phase), and hepatobiliary phase images (20 min
after the injection) were acquired. Acquisition parameters are
listed in Table 1. Gadoxetate disodium-enhanced dynamic
imaging was performed with three-dimensional gradient-echo
sequences (LAVA; GE Healthcare or THRIVE; Philips
Medical Systems), and performed immediately before
contrast-medium administration and during the hepatic
arterial dominant and portal venous dominant phases 25-40
and 70 s, respectively, after the start of the contrast material
injection. To determine the acquisition delay for hepatic
arterial dominant phase imaging, the bolus tracking technique
was used. Arterial dominant phase acquisition was started
15 s after the trigger point was reached at the suprarenal
abdominal aorta.

Acquisition Sequence TR (ms) TE (ms) ETL Flip angle FOV (mm) Matrix Thickness Fat
(degrees) (mm) suppression
T1 in-phase 2D GRE 175220 4.4 (5.8) - 12 340x340 192%320 5 Not used
T1 out-of-phase 2D GRE 175-220 22 (2.6) - 12 340%340  192x320 5 Not used
T2-w.i. 2D FSE 6666-10000 89-93 8 90 340x340  160x512 5 Used
Dynamic & HB 3D GRE (LAVA or THRIVE) 4.5-4.8 2223 - 12 340x340 192x320 4 Used

Numbers in parentheses show parameters at 3.0T. TR repetition time, TE echo time, ETL echo train length, FOV field of view, w.i. weighted
image, 3D three-dimensional, GRE gradient echo, 2D two-dimensional, FSE fast spin echo, HB hepatobiliary phase image, LAVA liver acquisition
with volume acceleration, THRIVE T1 high-resolution isotropic volume excitation

@ Springer
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Table 2 Az values for the detection of hypervascular HCC

Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Mean
All lesions (n=73)
Multiphasic CT 0.68 0.68 0.69 0.62 0.70 0.67*t
Dynamic MR imaging 0.78 0.73 0.80 0.78 0.83 0.78*
Combined dynamic and hepatobiliary phase MR imaging 0.84 0.74 0.80 0.82 0.86 0.81F
Lesions <1.0 cm (r=28)
Multiphasic CT 0.55 0.60 0.50 0.46 0.57 0.531§
Dynamic MR imaging 0.78 0.72 0.82 0.79 0.82 0.79%
Combined dynamic and hepatobiliary phase MR imaging 0.79 0.77 0.80 0.78 0.84 0.80§
Lesions 1.0-2.0 cm (n=32)
Multiphasic CT 0.89 0.89 0.86 0.83 0.88 0.87
Dynamic MR imaging 0.86 0.72 0.80 0.79 0.90 0.81
Combined dynamic and hepatobiliary phase MR imaging 0.93 0.79 0.84 0.86 DD 0.85
Lesions >2.0 cm (n=13)
Multiphasic CT DD DD DD DD DD N/A
Dynamic MR imaging DD DD DD DD DD N/A
Combined dynamic and hepatobiliary phase MR imaging DD DD 0.99 DD DD 0.99

DD degenerate data. *CT vs. dynamic MR: P<0.01, ¥CT vs. combined MR: P<0.001, {CT vs. dynamic MR: P<0.001, §CT vs. combined MR:
P<0.001, and there were no statistically significant differences at other pairings among the three imaging techniques. (Scheffe post-hoc multiple

comparison)

Qualitative image analysis

For each patient, multiphasic multidetector CT images,
gadoxetate disodium-enhanced dynamic MR images with
T1- and T2-weighted images, and all MR images including

Table 3 Sensitivity in the detection of hypervascular HCC

hepatobiliary phase images were evaluated independently and
blindly by five radiologists (readers 1, 2, 3, 4, and 5, with 19,
16, 8, 6, and 6 years experience, respectively, in gastrointes-
tinal and hepatobiliary imaging). The images were read on a
commercially available workstation. During one session,

Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Mean
All lesions (n=73)
Multiphasic CT 0.37 27) 0.40 (29) 0.53 (39) 0.36 (26) 0.56 (41) 0.44*
Dynamic MR imaging 0.41 (30) 0.53 (39) 0.60 (44) 0.45 (33) 0.59 (43) 0.52%
Combined dynamic and hepatobiliary phase MR imaging 0.67 (49) 0.63 (46) 0.63 (46) 0.71 (52) 0.73-(53) 0.67*%t
Lesions <1.0 cm (n=28)
Multiphasic CT 0.07 (2) 0.07 (2) 0.18 (5) 0.00 (0) 0.21 (6) 0.11%f
Dynamic MR imaging 0.11 (3) 0.29 (8) 0.36 (10) 0.14 (4) 0.29 (8) 0.24§
Combined dynamic and hepatobiliary phase MR imaging 0.46 (13) 0.43 (12) 0.43 (12) 0.57 (16) 0.50 (14) 0.481§
Lesions 1.0-2.0 cm (n=32)
Multiphasic CT 0.44 (14) 0.50 (16) 0.72 (23) 0.47 (15) 0.75 (24) 0.58
Dynamic MR imaging 0.47 (15) 0.59 (19) 0.69 (22) 0.56 (18) 0.72 (23) 0.61
Combined dynamic and hepatobiliary phase MR imaging 0.72 (23) 0.69 (22) 0.69 (22) 0.81 (26) 0.84 (27) 0.75
Lesions >2.0 cm (n=13)
Multiphasic CT 0.85 (11) 0.85 (11) 0.85 (11) 0.85 (11) 0.85 (11) 0.85
Dynamic MR imaging 0.85 (11) 0.92 (12) 0.92 (12) 0.69 (9) 0.92 (12) 0.86
Combined dynamic and hepatobiliary phase MR imaging 1.00 (13) 0.92 (12) 0.92 (12) 0.77 (10) 0.92 (12) 091

Numbers in parentheses are actual numbers of lesions. * CT vs. combined MR: P<0.01, tdynamic MR vs. combined MR: P<0.05, {CT vs.
combined MR: P<0.001, §dynamic MR vs. combined MR: P<0.01, and there were no statistically significant differences at other pairings among
the three imaging techniques. (Scheffe post-hoc multiple comparison)
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image sets consisting of a mixture of MR images of half of the
patients and CT images of the other half were presented in
random order. During the other session, the remaining image
sets were presented in random order. To minimise recall bias,
each reading session was separated by at least 4 weeks.
Before the first reading session, the following criteria for
diagnosing hypervascular HCC were provided to the readers:
a) hyperenhancement during the hepatic arterial dominant
phase; b) hypoattenuation or hypointensity compared with the
surrounding liver during the portal venous or equilibrium
phases (i.e. washout); ¢) hypointensity during the hepatobili-
ary phase; d) inhomogeneous isointensity or hyperintensity
during the hepatobiliary phase [28, 33, 36, 37] and €) fat
component in the nodule (lower attenuation than water on
unenhanced CT images or signal reduction in the out-of-
phase T1-weighted MR images in comparison with in-phase
images). Hypervascular HCC was unequivocally diagnosed
if a lesion fulfilled criterion (a) and any one of the other
criteria (b—e). In addition, criteria for suspected but non-
conclusive diagnosis of hypervascular HCC included f) mild
hyperintensity on T2-weighted MR images with early
enhancement or g) nodular arterial enhancement without

washout. Hemangioma was differentiated from HCC on the
basis of the following image findings: a) a globular
enhancement pattern during the hepatic arterial dominant
phase, b) prolonged enhancement during the portal venous or
equilibrium phases on CT images and c) significant hyper-
intensity on T2-weighted MR images.

Each reader classified all detected lesions according to the
following four-point confidence score scale: 1- probably no
mass lesion present; 2- indefinite presence of lesion; 3- lesion
probably present; and 4- definite presence of a lesion; with
confidence scores of 3 and 4 representing a positive diagnosis
of liver mass lesion. For evaluation of MR images, the readers,
after reading the dynamic MR images with T1- and T2-
weighted images and recording the decisions for a given
patient, then examined the hepatobiliary phase images for the
same patient and also recorded the decisions they made on the
basis of all MR images.

Statistical analysis

For assessment of inter-reader variability for image inter-
pretation, the unweighted « statistic was used to measure

Fig. 2 HCC of a 60-year-old-man with hepatitis C cirrhosis,
histologically proved at liver transplantation. CTHA revealed hyper-
vascularity of the lesion (not shown). Contrast-enhanced CT image
obtained during arterial dominant phase (a) does not show a hyper-
vascular lesion in the right liver lobe, but images obtained during
portal venous dominant (b) and equilibrium (c) phases show a nodule
(arrows) with mild hypoattenuation compared with the surrounding
liver parenchyma. Corresponding gadoxetic acid-enhanced MR image
obtained during the arterial dominant (d) and portal venous dominant
(e) phases show an 8-mm hypervascular nodule, which has become
slightly hypoattenuating (arrows). On the MR image obtained during
the hepatobiliary phase (20 min after contrast medium administration),

the lesion has become hypointense against the highly enhanced
background liver parenchyma (f). All the readers assigned this lesion a
confidence score of 0 on CT images because of a lack of arterial
hypervascularity. On dynamic MR images alone, two readers assigned
it a score of 2, one assigned it a score of 3, and the remaining two
readers assigned it a score of 4. On combined dynamic and
hepatobiliary phase MR images, one reader assigned the lesion a
score of 3, while the remaining four readers assigned it a score of 4.
The addition of the hepatobiliary phase to dynamic MR images
increased the confidence level for this lesion, because the lesion was
conspicuously delineated on the hepatobiliary phase images
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the extent of agreement among the five readers regarding
the presence (score 3 or 4) or absence (score 2 or less) of
lesions. k values of up to 0.40 were considered to indicate
positive but poor agreement; 0.41-0.75, good agreement;
and 0.75 or higher, excellent agreement [38].

Alternative free-response receiver operating characteristic
(AFROC) analysis (ROCKIT 0.9B; C. E. Metz, University of
Chicago, Chicago, IL, USA) was performed on a tumour-by-
tumour basis [39]. The area under each AFROC curve, that
is, the Az value, was used to indicate the overall diagnostic
performance of each technique and each reader.

Sensitivity and positive predictive values for lesion
detection with each technique for each reader were also
determined by using only lesions assigned a confidence
rating of 3 or 4.

Mean Az values, mean sensitivities and mean positive
predictive values were compared among the various
techniques by using the Scheffe post hoc test. Statistical
analyses were performed for all lesions and for the
subgroups of lesions with maximum diameters of less than
1 cm, 1-2 cm, and more than 2 cm. A P value of less than
0.05 was considered to indicate a statistically significant
difference.

Results
Inter-reader agreement

The « values for the five readers were 0.70 for multiphasic
multidetector CT, 0.54 for dynamic MR imaging, and 0.55
for combined dynamic and hepatobiliary phase MR
imaging. As for the presence of lesions, good agreement
among the five readers was obtained for the detection of
hypervascular HCC lesions with each of the techniques.

AFROC analysis

For all hypervascular HCC lesions and the subgroup of
lesions 1 cm in diameter or smaller, the mean Az value, or
diagnostic accuracy, for dynamic MR imaging alone or
combined dynamic and hepatobiliary MR imaging was
significantly higher than that for multiphasic multidetector
CT (Table 2). For the subgroup of lesions 1-2 cm in
diameter, there was no statistically significant difference
among the techniques. In most instances, the Az value for
the subgroup of lesions larger than 2 cm was degenerated
because it was based on a data set with many tied values.

Fig. 3 Histologically proved HCC of a same patient as in Fig. 2.
CTHA revealed hypervascularity of the lesion (not shown). Contrast-
enhanced CT image obtained during the arterial dominant phase (a)
shows a 10-mm hypervascular lesion in the left liver lobe (arrow), and
images obtained during the portal venous dominant (b) and equilib-
rium (c) phases show isoattenuation compared with the surrounding
liver parenchyma. The corresponding gadoxetic acid-enhanced MR
images obtained during the arterial dominant (d) and portal venous
dominant (e) phases show a hypervascular nodule, which has become
slightly hypoattenuating (arrows). On the MR image obtained during
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the hepatobiliary phase (20 min after contrast medium administration),
the lesion has become hypointense against the highly enhanced
background liver parenchyma (f). On dynamic MR images alone,
three readers assigned the lesion a score of 2, one assigned it a score
of 3 and one assigned it a score of 4. On combined dynamic and
hepatobiliary phase MR images, three readers assigned the lesion a
score of 3 and the remaining two readers a score of 4. On CT images,
three readers assigned this lesion a confidence score of 2 because of a
lack of “washout” enhancement pattern and the other two assigned it a
confidence score of 3
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Sensitivity

For all hypervascular HCC lesions and the subgroup of
lesions 1 cm in diameter or smaller, the mean sensitivity for
combined dynamic and hepatobiliary MR imaging was
significantly higher than that for multiphasic multidetector
CT or dynamic MR imaging alone (Table 3, Fig. 2). For the
subgroup of lesions 1-2 cm and 2 cm or more in diameter,
the mean sensitivity for combined dynamic and hepatobiliary
MR imaging was higher than that for multiphasic multi-
detector CT or dynamic MR imaging alone, although the
difference was not statistically significant (Fig. 3).

Four of the 73 lesions showed hyperintensity in
comparison with the surrounding liver parenchyma on the
hepatobiliary phase MR images. Another three lesions in
three patients showed isointensity at the hepatobiliary phase
and in two of these patients, the liver parenchyma
demonstrated minimal enhancement at the hepatobiliary
phase due to deterioration of liver function.

False—negative findings

Bight lesions (all <l cm) of five patients, which were
confirmed during hepatic transplantation (n=3) or angio-
CT with imaging follow-up (n=>5), were not detected with a
high confidence score of 3 or 4 by any of the readers on any
of the image sets.

In terms of specific image sets, 30 lesions (>2 cm, n=2; 1—
2 cm, n=7; <1 cm, n=21) in 12 patients were not detected
on CT images with high confidence by any of the readers. Of

these 30 lesions, 13 (>2 cm, n=2; 1-2 cm, n=4; <l cm, n=
7) in six patients were detected on dynamic MR images
by at least one reader, while another nine lesions (1—
2 cm, n=2; <1 cm, n=7) in eight patients were detected
when hepatobiliary phase MR images were added to the
dynamic MR images.

On gadoxetate disodium-enhanced dynamic MR images,
19 lesions (1-2 cm, n=5; <1 cm, n=14) in 10 patients were
not detected with high confidence by any of the readers. Of
these 19 lesions, nine (1-2 cm, n=2; <1 cm, n=7) in eight
patients were detected when hepatobiliary phase MR images
were added to the dynamic MR images and two lesions
(1 cm, n=2) in two patients, which were not detected with
combined dynamic and hepatobiliary phase MR images,
were detected on CT images by at least one reader.

On combined dynamic and hepatobiliary phase MR images,
eleven lesions (1-2 cm, n=3; <1 cm, n=8) in five patients
were not detected with high confidence by any of the readers.

False-positive findings and positive predictive value

There were no significant differences between the mean
positive predictive values for all three techniques (Table 4).

The false—positive lesions rated on CT images were
retrospectively determined to be two arterial enhancing
pseudolesion such as arterial-portal venous shunts (Fig. 4)
and a regenerative nodule with mild atypia (histopatholog-
ically proven by biopsy). The actual numbers of false—
positive lesions were 1, 1, 1, 1 and 2 for each reader,
respectively, on CT images.

Table 4 Positive predictive values in the detection of hypervascular HCC

Reader 1 Reader 2 Reader 3 Reader 4 Reader 5 Mean
All lesions (n=73)
Multiphasic CT 0.96 (27/28)  0.97 (29/30) 0.98 (39/40) 0.96 (26/27) 0.95 (41/43)  0.96
Dynamic MR imaging 0.91 30/33) 0.95(39/41) 0.94 (44/47) 0.97 (33/34) 0.98 (43/44) .0.95
Combined dynamic and hepatobiliary phase MR imaging  0.94 (49/52) 0.88 (46/52) 0.94 (46/49) 0.98 (52/53) 0.93 (53/57y  0.94
Lesions <1.0 cm (n=28)
Multiphasic CT 0.67 (2/3) 1.00 (2/2) 1.00 (5/5) N/A (0/0) 0.86 (6/7) 0.88
Dynamic MR imaging 0.75 (3/4) 1.00 (8/8) 1.00 (10/10) 1.00 (4/4) 1.00 (8/8) 0.95
Combined dynamic and hepatobiliary phase MR imaging  0.93 (13/14)  0.75 (12/16) 1.00 (12/12) 1.00 (16/16) 0.88 (14/16)  0.91
Lesions 1.0-2.0 cm (r=32)
Multiphasic CT 1.00 (14/14)  0.94 (16/17) 0.96 (23/24) 0.94 (15/16) 0.96 (24/25)  0.96
Dynamic MR imaging 0.88 (15/17)  0.90 (19/21)  0.92 (22/24) 0.95 (18/19) 0.96 (23/24) 0.92
Combined dynamic and hepatobiliary phase MR imaging  0.92 (23/25) 0.92 (22/24) 0.92 (22/24) 0.96 (26/27) 0.93 (27/29)  0.93
Lesions >2.0 cm (n=13)
Multiphasic CT 1.00 (11/11)  1.00 (11/11)  1.00 (11/11) 1.00 (11/11) 1.00 (11/11)  1.00
Dynamic MR imaging 1.00 (11/11)  1.00 (12/12) 0.92 (12/13)  1.00 (9/9) 1.00 (12/12)  0.98
Combined dynamic and hepatobiliary phase MR imaging 1.00 (13/13)  1.00 (12/12) 0.92 (12/13) 1.00 (10/10) 1.00 (12/12)  0.98

Numbers in parentheses are actual numbers of lesions. Regardless of lesion size, there were no statistically significant differences among the

imaging techniques
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Fig. 4 Images of hepatitis B cirrhosis in a 68-year-old-man. Contrast-
enhanced CT image obtained during the arterial dominant phase (a)
shows a mildly enhanced lesion, 8 mm in diameter, in the right liver
lobe (arrow), which has become isoattenuating during the equilibrium
phase compared with the surrounding liver parenchyma (b).
Corresponding gadoxetic acid-enhanced MR image obtained during
the arterial dominant phase (c) shows a lesion 8 mm in diameter with
slight enhancement (arrow). The MR image obtained during the
hepatobiliary phase (20 min after contrast-medium administration),
shows that the lesion has becomes isointense compared with the
surrounding liver parenchyma (d). On CT images, one reader assigned
this lesion a confidence score of 0, one assigned it a score of 1, two
assigned it a score of 2 and one a score of 4. On both dynamic MR
images alone and combined dynamic and hepatobiliary phase MR
images, all the readers assigned it a score of 0. On CTAP images, this
lesion did not show a perfusion defect, and on follow-up CT images
obtained 3 months later, the hyperattenuation observed during the
arterial dominant phase was not seen. This lesion was therefore
considered to be an arterial enhancing pseudolesion

The false—positive lesions rated on dynamic MR images
alone and on combined dynamic and hepatobiliary phase
MR images were retrospectively determined to be five
small arterial enhancing pseudolesion, fibrotic change, and
a regenerative nodule with mild atypia. Additionally, two
small hepatic hemangiomas were assigned a score of 3 by
one or two readers on combined dynamic and hepatobiliary
phase MR images. The actual numbers of false—positive
lesions were 3, 2, 3, 1 and 1 on dynamic MR images alone
and 3, 6, 3, 1 and 4 on combined dynamic and
hepatobiliary phase MR images.

Discussion

Previous studies [23, 24] have reported that gadoxetate
disodium-enhanced MR imaging and multiphasic multi-
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detector CT produce a similar diagnostic performance (Az)
for the detection of HCC using AFROC analysis. Our study
demonstrated that, compared with multiphasic multidetector
CT, gadoxetate disodium-enhanced MR imaging including
dynamic and hepatobiliary phase imaging significantly
improved not only the sensitivity but also the diagnostic
accuracy for the detection of hypervascular HCC. One of
the reasons for this difference may be that the size of the
tumours examined in our study was smaller than that of
tumours examined in previous studies. Statistical analyses
of the subgroups classified by lesion size showed that only
for the subgroup of lesions 1 cm in diameter or smaller, the
mean Az for combined dynamic and hepatobiliary MR
imaging was significantly higher than that for multiphasic
multidetector CT. Meanwhile, there were no significant
differences among the techniques in the detection lesions
1 cm in diameter or larger.

Since, at the recommended dosage, the amount of
gadolinium in gadoxetate acid disodium medium is only
one-fourth that in conventional extracellular gadolinium
chelates medium, dynamic MR imaging using gadoxetate
acid may show weaker enhancement than that using extracel-
lular medium [31]. This might impair the sensitivity for
detection of hypervascular HCC due to weaker tumour
enhancement at the arterial dominant phase or compromise
the characterisation of the lesions based on lesion vascularity.
However, our study, which evaluated the diagnostic accuracy
of HCC by taking tumour vascularity into consideration,
demonstrated that sensitivity for the detection of hyper-
vascular HCC on gadoxetate disodium-enhanced dynamic
MR images without hepatobiliary images was higher than
that for multiphasic multidetector CT, although the difference
was not statistically significant, and that the diagnostic
accuracy (Az) of gadoxetate disodium-enhanced dynamic
MR imaging was significantly higher than that of CT. The
use for dynamic imaging of a three-dimensional gradient-
echo sequence dedicated to liver imaging (e.g. LAVA or
THRIVE) may enhance MR imaging.

The addition of hepatobiliary phase images to dynamic
images improved sensitivity for the detection of hyper-
vascular HCC. However, more false—positive findings were
identified on combined dynamic and hepatobiliary phase
MR images than on dynamic images. Two small heman-
giomas and an arterial enhancing pseudolesion were
additionally classified as hypervascular HCCs by one or
two readers on combined MR images. A previous study
reported that high-flow hepatic hemangioma on gadoxetate
disodium-enhanced MR imaging mimicked hypervascular
tumour due to “pseudo washout” sign [40]. Another study
reported that a small proportion of arterial enhancing
pseudolesions demonstrated low signal intensity on hep-
atobiliary phase [41]. This may also result in the false—
positive lesions.
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Analyses of inter-reader variability demonstrated slightly
lower agreement at MR imaging (both dynamic and
combined images) compared to that at CT, although good
agreement was obtained with each technique. This may be
thought to be causally related to the complexity of
diagnosis using various image contrasts and extended
criteria for diagnosing HCC at MR imaging.

The present study has certain limitations. First, our study
is a retrospective study and our study population was not a
surveillance population. All patients were suspected of
having at least one possible HCC nodule and underwent CT
arterial portography, CT hepatic arteriography for trans-
arterial chemoembolisation or evaluation before surgical
resection. Selection bias may have resulted in an overesti-
mation of the actual diagnostic performance because of the
exclusion of negative imaging studies. Secondly, as in the
case with some previous studies [22, 24, 42], a potential
limitation of our study could be the lack of histologic proof
for some HCCs. However, several kinds of confirmatory
findings were available, including those obtained with
CTAP, CTHA and follow-up CT or follow-up MR imaging.
Thirdly, our study population size of 31 was rather small, so
that, with a larger patient population, our data could have
achieved more robust statistical significance. inally, at CT
examination, an 8-channel CT was used for some patients;
the use of 64-channel CT for these patients may improve
the diagnostic performance at CT.

In summary, our results demonstrate that, compared with
multiphasic multidetector CT, gadoxetate disodium-enhanced
MR imaging including dynamic and hepatobiliary phase
images results in significantly improved sensitivity and
diagnostic accuracy for the detection of hypervascular HCC.
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Abstract

We report a patient with alcoholic liver cirrhosis who had a 15 mm focal nodular hyperplasia (FNH)-like
nodule in the liver. This FNH-like nodule was diagnosed as hepatocellular carcinoma (HCC) mainly based on
hypervascularity during the hepatic arterial phase, washout pattern during the equilibrium phase and low sig-
nal intensity during the hepatobiliary phase in gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid
(Gd-EOB-DTPA)-enhanced MRI; it was surgically resected. Its histology exhibited hepatocyte hyperplasia, fi-
brous septa containing unpaired small arteries accompanied by reactive bile ductules, remarkable iron depos-
its and sinusoidal capillarization, and was compatible with the diagnosis of an FNH-like nodule. When we
analyzed the images of the present nodule retrospectively, low signal intensity on in-phase and isosignal in-
tensity on opposed-phase T1-weighted MRI may have reflected iron deposits in the FNH-like nodule. In ad-
dition, a low signal intensity on T2-weighted MRI and no detection in diffusion-weighted MRI may help in
distinguishing FNH-like nodules from HCC, since these image findings are inconsistent with typical HCC.
Immunohistochemical analysis revealed a markedly reduced expression of organic anion transporter (OATP)
1B3 in this nodule, which implied decreased Gd-EOB-DTPA uptake by hepatocytes and accounted for the
low signal intensity during the hepatobiliary phase on Gd-EOB-DTPA-enhanced MRI, To the best of our

knowledge this is the first report in which an FNH-like nodule was assessed for OATP1B3 expression.

Key words: alcoholic liver cirrhosis, FNH-like nodule, hepatocellular carcinoma, organic anion transporter,

Gd-EOB-DTPA-enhanced MRI
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Introduction

Due to improvements in imaging techniques and patho-
logical evaluation, a new type of small focal lesion occur-
ring in the cirrhotic liver has been described (1-3). Focal
nodular hyperplasia (FNH)-like nodules (FNH-like nodules)
are focal lesions occurring in liver cirrhosis and are morpho-
logically very similar to classical FNH in the otherwise nor-

mal liver. In general, FNH-like nodules are assumed not to
have an increased risk of malignant transformation (1-3), but
this issue remains elusive (4). FNH-like nodules are occa-
sionally misdiagnosed on imaging as hepatocellular carci-
noma (HCC) due to hypervascularity during the arterial
phase of magnetic resonance imaging (MRI)/computed to-
mography (CT).

On the other hand,
diethylenetriamine  pentaacetic

gadolinium-ethoxybenzyl-
acid (Gd-EOB-DTPA)-

' Departments of Hepatology and Pancreatology, Kawasaki Medical University, Japan, “Department of Pathology, Kawasaki Medical University,
Japan, *Department of Digestive Surgery, Kawasaki Medical University, Japan and ‘Department of Pathology, Kurume University School of

Medicine, Japan

Received for publication October 5, 2010; Accepted for publication December 17, 2010

Correspondence to Dr. Keisuke Hino, khino @med kawasaki-m.ac.jp

1193
— 672 —



Intern Med 50: 1193-1199, 2011

DOI: 10.2169/internalmedicine.50.4637

Figure 1.

enhanced MRI has enabled us to detect focal liver lesions
because of its hepatocyte-specific properties (5-7), and it
might be the most useful imaging modality for the diagnosis
of HCC at present (8, 9). However, the image findings of
FNH-like nodules in Gd-EOB-DTPA-enhanced MRI are not
well known, and it remains unclear if FNH-like nodules can
be distinguished from HCC in Gd-EOB-DTPA-enhanced
MRI. Here, we report a histologically proven FNH-like nod-
ule in a patient with alcoholic liver cirrhosis, and discuss the
diagnostic potential of Gd-EOB-DTPA-enhanced MRI for
FNH-like nodules.

Case Report

A 68-year-old Japanese man with a history of alcoholic
liver cirrhosis for approximately 10 years was found to have
a 9 mm hypervascular nodule in the liver through contrast-
enhanced CT and admitted to Kawasaki Medical University
Hospital in June 2008 for further examination of the hepatic
nodule.

His alcoholic consumption over the previous 40 years was
100 g or more per day. A physical examipation on admis-
sion showed no remarkable abnormalities except for moder-
ate splenomegaly. Laboratory data on admission disclosed

Images of the FNH-like nodule in segment 3 in Gd-EOB-DTPA-enhanced MRI. Arrows
indicate a 9mm FNH-like nodule. (A) Low signal intensity before contrast injection, (B) High signal
intensity during the hepatic arterial phase, (C) Washout pattern during the equilibrium phase, (D)
Low signal intensity during the hepatobiliary phase.

the following abnormal values: platelet count 9.4x10%/uL
(normal range 15-35), aspartate aminotransferase 58 IU/L
(10-35), y-glutamyl transpeptidase 346 IU/L (5-60) and in-
docyanine green retention rate at 15 minutes 16.4% (<10).
The levels of hepatic tumor markers were as follows: o-
fetoprotein 9.0 ng/mL (<10) and des-y-carboxy prothrombin
25 mAU/mL (<40). The serum was negative for anti-
hepatitis C virus antibody and hepatitis B surface (HBs) an-
tigen but positive for anti-HBs and anti-hepatitis B core an-
tibodies.

Neither B-mode sonographic scans nor Sonazoid contrast-
enhanced ultrasonography detected the hepatic nodule. Arte-
riography did not disclose any hypervascular mass lesion.
Contrast-enhanced CT revealed a nodule of 9 mm in the
liver segment 3 as hypervascularity during the hepatic arte-
rial phase. Gd-EOB-DTPA-enhanced MRI disclosed that this
nodule had a low signal intensity before contrast injection
(Fig. 1A), hypervascularity during the hepatic arterial phase
(Fig. 1B), a washout pattern during the equilibrium phase
(Fig. 1C), and a low signal intensity during the hepatobiliary
phase (Fig. 1D). Diffusion-weighted MRI did not reveal this
nodule (Fig. 2A). In- and opposed-phase T1-weighted MRI,
and T2-weighted MRI disclosed this nodule as low signal
intensity (Fig. 2B), isosignal intensity (Fig. 2C) and slightly
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