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Effect of occult hepatitis B virus infection on the early-onset
of hepatocellular carcinoma in patients with
hepatitis C virus infection
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Abstract. Although overt hepatitis B virus (HBV) infec-
tion promotes the onset of hepatocellular carcinoma (HCC)
in hepatitis C virus (HCV)-infected patients, the effect of
occult HBV infection remains unclear. The aim of this study
was to investigate the effect of occult HBV infection on the
early-onset of HCC in HCV-infected patients. A total of 173
HCC patients with HCV infection were enrolled and classified
into 2 groups according to the median age of HCC onset: the
early-onset group (n=91; 61.1+5.6 years) and the late-onset
group (n=82; 73.8+3.7 years). Independent factors associated
with the early-onset of HCC were assessed by multivariate
analysis. In the overall analysis, independent risk factors for
the early-onset of HCC were the white blood cell count and
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alanine aminotransferase level, but not the presence of HBV
DNA. In a stratification analysis according to albumin levels
of =3.5 g/dl, the presence of HBV DNA was a significant
independent risk factor for the early-onset of HCC (OR 145.18,
95% CI 1.38-15296.61, P=0.036), whereas the presence of
antibodies against hepatitis B core antigen was not found to
be a risk factor. The presence of HBV DNA was not a risk
factor for the early-onset of HCC in the overall analysis.
However, its presence was an independent factor for the
early-onset of HCC in HCV-infected patients with an albumin
level of 23.5 g/dl. Thus, occult HBV infection may accelerate
hepatocarcinogenesis in HCV-infected patients with relatively
low carcinogenic potential.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common
malignancies worldwide. It ranks third in men and fifth in
women as the cause of death from malignancies in Japan (1).
Chronic hepatitis C virus (HCV) infection is the major
cause of HCC and accounts for ~60-70% of HCC cases in
Japan (2). In addition to hepatic inflammation and subsequent
fibrosis, various other factors including aging, obesity and
diabetes mellitus are involved in the hepatocarcinogenesis in
HCV-infected patients (3-5).

Co-infection of HCV with hepatitis B virus (HBV)
is thought to synergistically increase the development of
HCC (6). The status of HBV infection is evaluated by the pres-
ence of hepatitis B surface antigen (HBsAg), antibodies against
hepatitis B core antigen (HBcAb), and HBV DNA. In some
cases, HBV DNA can be detected in the serum or liver tissue
of patients who are negative for HBsAg, a condition referred
to as ‘occult HBV infection’ (7,8). In Japan, the prevalence of
occult HBV infection in HCV-infected patients is reported
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Table I. Nucleotide positions and sequences of TagMan PCR primers and probes.

Primer/Probe Sequence Position
S-sense TGTACAAAACCTTCGGACGGAAA 442-464
S-antisense TGCGAAAGCCCAGGATGATG 485-504
S-probe CTGCACTTGTATTCCC 465-480
C-sense ACTGTGGTTTCACATTTCCTGTCTT 2072-2096
C-antisense GGCATTTGGTGGTCTGTAAGC 2163-2183
C-probe CCACACTCCAAAAGAC 2132-2147
X-sense CTACTGTTCAAGCCTCCAAGCT 1729-1750
X-antisense GCTCCAAATTCTTTATACGGGTCAATG 1778-1804
X-probe AAGCCACCCAAGGCAC 1751-1766

Nucleotide positions are based on the sequence of hepatitis B virus subtype adr4 (GenBank accession no. X01587) (29).

to be between 37.7% and 90% (9-11). Occult HBV infection
is associated with a poor response to interferon therapy for
chronic hepatitis C (12,13) and is also known to accelerate the
progression of liver fibrosis, resulting in cirrhosis in patients
with HCV infection (9,14,15). Several previous studies
have examined the impact of occult HBV infection on the
development of HCC in HCV-infected patients, but no clear
conclusions have emerged (14,16,17). Moreover, the effects of
occult HBV infection on the early-onset of HCC have not been
investigated in HCV-infected patients. :

Albumin is produced by hepatocytes, and the level of serum
albumin is used to evaluate hepatic function (18). Albumin plays
a significant role in maintaining colloid osmotic pressure and
transports drugs and endogenous substances including bilirubin
and unesterified free fatty acids (19). In addition, albumin exerts
antioxidative properties (19), and hypoalbuminemia has been
shown to be an independent risk factor for mortality among
residents of a hyperendemic area of HCV infection in Japan (20).
A serum albumin level of 3.5 g/dl is an independent predictor
of survival in HCC patients (21,22) and in cirrhotic patients
with a serum albumin levels of <3.5 g/dl, branched-chain amino
acids increase serum albumin levels and subsequently suppress
hepatocarcinogenesis (23,24). Thus, the serum albumin level is
an important factor in hepatocarcinogenesis.

The aim of this study is to investigate the impact of occult
HBYV infection on the early-onset of HCC in HCV-infected
patients. We also performed a stratification analysis according
to the serum albumin level. :

Subjects and methods

Subjects. We conducted a retrospective study to investigate
the effect of the presence of HBV DNA on the early-onset
of HCC in HCV-infected patients. Between 1995 and 2011,
325 patients underwent hepatic resection at the Kurume
University Hospital. The inclusion criteria were histologically
proven HCC, a positive result for serum anti-HCV, and a
negative result for serum HBsAg. Exclusion criteria were the
presence of autoimmune hepatitis, primary biliary cirrhosis,
and hemochromatosis, no test results for serum HBV DNA,
and a histological diagnosis of combined hepatocellular and

cholangiocellular carcinoma. Although 214 patients met the
inclusion criteria, 41 patients had to be excluded because of
one or more of these reasons. The remaining 173 HCC patients
with HCV infection were therefore enrolled in this study and
classified into 2 groups according to the median age of HCC
onset: the early-onset group (n=91; 61.1+5.6 years) and the
late-onset group (n=82; 73.8+3.7 years).

The study protocol was approved by the institutional
review board, and informed consent for participation in the
study was obtained from each subject. None of the subjects
were institutionalized.

Data collection. Demographic data were collected at the time
of hepatic resection including age, gender, and alcohol intake.
Body mass index (BMI) was calculated as body weight in
kilograms divided by the square of height in meters (kg/m?).

- Venous blood samples were taken in the morning after a
12-h overnight fast. The presence of serum anti-HCV, HBsAg,
and HBcAb was tested using standard clinical methods
(Department of Clinical Laboratory, Kurume University
Hospital). Blood platelet count, white blood cell (WBC) count,
prothrombin time %, plasma glucose levels; hemoglobin Alc
(HbAlc) levels, and serum levels of aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), albumin, total
bilirubin, insulin, a-fetoprotein (AFP), and des-y-carboxy
prothrombin (DCP) were also measured using standard clin-
ical methods. Insulin resistance was evaluated on the basis of
fasting levels of plasma glucose and insulin, according to the
homeostasis model assessment for insulin resistance (HOMA-
IR), as previously described (25).

The stage of hepatic fibrosis was assessed using the
AST-to-platelet ratio index (APRI), which is calculated as
the serum AST level (U/l)/upper limit of normal AST (U/I)
x100/platelet count (x10*/ml). Patients with APRI values
of <1.5 were diagnosed as having chronic hepatitis, and
patients with APRI values >1.5 were diagnosed as having
liver cirrhosis, as previously described (26). The degree of
liver cirrhosis was categorized according to the Child-Pugh
classification (27). Diabetes mellitus was diagnosed on the
basis of fasting blood glucose levels >126 mg/dl or HbAlc
levels >6.5%, in accordance with the Diagnostic Criteria for
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Table II. Differences in the clinical characteristics between the early-onset and late-onset groups.
Variable Reference value Early-onset Late-onset P
Number of patients 91 82
Age (years) 61.1+5.6 73.8+3.7 <0.001
AFP (ng/ml) <87 1876+12163 769+3246 0.588
DCP (mAU/ml) <40 1083+4120 1071+3845 0378
Maximal HCC size (mm) N/A 304+19.6 332+16.2 0.055
Gender (female/male) N/A 23/68 20/62 0.893
BMI (kg/m?) 18.5-220 23.6+£3.6 224432 0.045
Daily alcohol intake (none/0-60 g/>60 g) N/A 21/42/14 23/36/10 0.676
Platelet count (x10%/mm?>) 13-36 13.8x54 13.5+4.6 0.988
WBC count (/mm?) 4000-9000 5009+1526 4420+1210 0012
AST (U1 13-33 56.2+29.5 52.8+27.2 0412
ALT (UN) 6-30 62.2+40.9 51.7+£317 0.104
Albumin (g/dl) 4.0-5.0 3.87+0.45 3.85+0.38 0.520
Prothrombin time (%) 70-130 90.0x11.2 91.7+12.2 0272
Total bilirubin (mg/dl) 03-12 0.84+0.35 0.79+0.29 0.346
Chronic hepatitis/Child-Pugh class A/Child-Pugh class B N/A 40/49/2 36/44/2 0994
Complication of diabetes mellitus (yes/no) N/A 30/61 20/62 0214
Fasting blood glucose (mg/dl) 80-109 119+39 107+31 0.060
Insulin (U/ml) 5-20 13.1+104 9.8+8.0 0.014
HOMA-IR <25 3.05+£2.47 2.11+1.03 0.622
HbAlc (%) 4.6-62 5.77+0.88 5.50+0.78 0.053
HBCcAD positive/negative N/A 49/42 50/32 0344
HBYV DNA positive/negative N/A 6/85 3/79 0.385

Values are expressed as the mean + SE. AFP, a-fetoprotein; DCP, des-y-carboxy prothrombin; HCC, hepatocellular carcinoma; BMI, body mass
index; WBC, white blood cell; AST, aspartate aminotransferase; ALT, alanine aminotransferase; HOMA-IR, homeostasis model assessment
for insulin resistance; HbA lc, hemoglobin Alc; HBcAb, antibody for hepatitis B core antigen; HBV, hepatitis B virus; N/A, not applicable.

Diabetes Mellitus of the Japan Diabetes Society (28), or the
use of antidiabetic agents.

Nucleic acid extraction from serum. Total nucleic acid was
extracted from 300 yul of plasma using a commercially avail-
able kit (High Pure Viral Nucleic Acid kit; Roche Diagnostics,
Tokyo, Japan) according to the manufacturer’s instructions.
The extracted nucleic acid was eluted in 25 pl of elution buffer.

PCR for HBV DNA. Serum HBV DNA was analyzed for
the presence of HBs, HBc, and HBx (S, C and X) regions
using TagMan real-time PCR according to the manufac-
turer's instructions (TagMan Fast Universal PCR Master
mix; Applied Biosystems, Tokyo, Japan). The oligonucleotide
primers and probes that were optimized for the HBV subtype
adr4 (29) were specific for the S, X and C region sequences
are listed in Table I. The full-length HBV DNA (GenBank
accession no. X01587) (29) was used as an internal standard
in the quantitative real-time detection PCR. We used 8 ul of
nucleic acid-containing serum in our study for better sensi-
tivity. The Iimit of sensitivity of our TagMan Real-time PCR
methods was 4.5 copies/well, and the detection limit of our
tests was 45 copies/ml (1.7 log copies/ml). A real-time PCR
assay (COBAS TagMan HBV Auto; Roche Diagnostics) was

also performed to detect the core region of HBV DNA (limit
of quantification, 1.8 log copies/ml). The presence of HBV
DNA was defined as any positivity of S, X or C region.

Statistical analysis. Data are expressed as the absolute value
or the mean + SD. Differences between the early-onset and
late-onset groups were analyzed using the Mann-Whitney U
test. A logistic regression model with the Firth's correction
30 was used for multivariate stepwise analysis to identify
independent variables associated with the early-onset of HCC,
as previously described (31,32). All P-values were 2-tailed,
and a level of <0.05 was considered statistically significant.
All statistical analyses were conducted using SAS version 9.2
(SAS Institute, Cary, NC, USA) or R packages version 2.15.2
(URL http://www.R-project.org/).

Results

Univariate analysis between the early-onset and late-onset
groups. AFP levels, DCP levels, and maximal HCC size did not
differ between the early-onset and late-onset groups (Table IT).
Furthermore, although BMI, WBC count, and serum insulin
levels were significantly higher in the early-onset group than
in the late-onset group, there were no significant differences
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Table III. Multivariate stepwise analysis for factors associated
with the early-onset of hepatocellular carcinoma.

Unit Odds ratio 95% CI P
HbAlc 1 1.37 0.91-2.07 0.136
BMI 1 1.08 0.98-1.19 0.133
ALT 10 1.10 1.00-1.21 0.045
DCP 20 0.99 0.98-1.00 0.091
WBC count 1000 1.35 1.06-1.73 0.014

All P-values were 2-tailed, and a level of <0.05 was considered statis-
tically significant. HbAlc, hemoglobin Alc; BMI, body mass index;
ALT, alanine aminotransferase; DCP, des-y-carboxy prothrombin;
WBC, white blood cell.

in the daily alcohol intake, platelet count, prothrombin time,
Child-Pugh classification, presence of diabetes mellitus as a
comorbidity, fasting blood glucose level, HOMA-IR value,
HbAlc levels, and the serum levels of AST, ALT, albumin, and
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total bilirubin (Table II). The presence of HBcAb and HBV
DNA did not differ either between the early-onset and late-
onset groups (Table II).

Multivariate stepwise analysis for early-onset of HCC.
Multivariate stepwise analysis showed that the serum ALT
level and WBC count were independent risk factors for the
early-onset of HCC (OR 1.10; 95% CI 1.00-1.21; P=0.045 and
OR 1.35; 95% CI 1.06-1.73; P=0.014, respectively; Table III),
but not the presence of HBcAb or HBV DNA.

Stratification analysis according to serum albumin level.
Differences in the clinical characteristics between patients
with the albumin level of =3.5 g/dl and <3.5 g/dl were summa-
rized in Table IV. There were no significant differences in
AFP levels, DCP levels, and maximal HCC size between the
albumin level of =3.5 g/dl and <3.5 g/dl groups (Table IV). In
the albumin level of =3.5 g/dl group, a significant elevation
was seen in platelet count, prothrombin time and the number
of patients with chronic hepatitis and a significant depletion
was seen in AST level than in the albumin level of <3.5 g/
dl group. However, other biochemical parameters and the

Table IV. Differences in the clinical characteristics between patients with the albumin level of =3.5 g/dl and <3.5 g/dl.

Albumin level of

Variable Reference value =3.5 g/dl <35 g/dl P
Number of patients 138 35

Age (years) 67.8+8.1 67.9+6.7 0.895
AFP (ng/ml) <87 786+3219 3262+18195 0.248
DCP (mAU/ml) <40 854+3269 1961+5977 0.306
Maximal HCC size (mm) N/A 30.6+159 36.8+23.8 0.171
Gender (female/male) N/A 35/103 8/27 0.759
BMI (kg/m?) 18.5-22.0 23.0+3.5 23043 4 0918
Daily alcohol intake (none/0-60 g/>60 g) N/A 21/58/38 3/20/6 0.172
Platelet count (x10*mm?) 13-36 14.3+4.9 11.3+4.8 0.001
WBC count (/mm?) 4000-9000 4798+1395 4291+1331 0.052
AST (U1 13-33 5124262 67.1+£32.6 0.001
ALT (UN1) 6-30 549+374 6344327 0.057
Albumin (g/dl) 40-50 4.02+0.28 3.23+0.20 <0.001
Prothrombin time (%) 70-130 91.6x12.0 88.0+10.0 0.038
Total bilirubin (mg/dl) 03-12 0.82+0.34 0.80+0.28 0.822
Chronic hepatitis/Child-Pugh class A/Child-Pugh class B N/A 69/69/0 7/24/4 <0.001
Complication of diabetes mellitus (yes/no) N/A 38/100 12/23 . 0431
Fasting blood glucose (mg/dl) 80-109 112437 121449 0.694
Insulin (3 U/ml) 5-20 10164 17.6+16.3 0.063
HOMA-IR <25 3.12+3.87 423223 0.315
HbAlc (%) 4.6-6.2 5.61+0.79 5.68+1.04 0.905
HBcAD positive/negative N/A 75/63 24/11 0.129
HBV DNA positive/negative N/A 6/132 3/32 0315

Values are expressed as the mean = SE. AFP, a-fetoprotein; DCP, des-y-carboxy prothrombin; HCC, hepatocéllular carcinoma; BMI, body mass
index; WBC, white blood cell; AST, aspartate aminotransferase; ALT, alanine aminotransferase; HOMA-IR, homeostasis model assessment
for insulin resistance; HbAlc, hemoglobin Alc; HBcAb, antibody for hepatitis B core antigen; HBV, hepatitis B virus; N/A, not applicable.
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Table V. Multivariate stepwise analysis for factors associated with the early-onset of hepatocellular carcinoma in patients with a

serum albumin level of =3.5 g/dl.

Unit Odds ratio 95% CI P
HBCcADb Positive 0.59 0.27-1.26 0.169
HBV DNA Positive 145.18 1.38-15296.61 0.036
Prothrombin time 10 0.76 0.54-1.08 0.109
ALT 10 1.08 0.97-1.21 0.145
Albumin 0.1 117 1.01-1.36 0.036
DCP 20 0.99 0.98-1.00 0.037
Platelet count 1 092 0.84-1.02 0.107
‘WBC count 1000 1.64 1.15-2.35 0.006

All P-values were 2-tailed, and a level of <0.05 was considered statistically significant. HBcAb, antibody for hepatitis B core antigen; HBV,
hepatitis B virus; ALT, alanine aminotransferase; DCP, des-y-carboxy prothrombin; WBC, white blood cell.

Table VI. Multivariate stepwise analysis for factors associated
with the early-onset of hepatocellular carcinoma in patients
with a serum albumin level of <3.5 g/dl.

Unit Odds ratio 95% CI P
HbAlc 1 1.83 0.75-4 47 0.183
HBV DNA  Positive 0.00 0.00-2.96 0.093
AFP 20 1.39 1.01-1.93 0.045

All P-values were 2-tailed, and a level of <0.05 was considered statis-
tically significant. HbAlc, hemoglobin Alc; HBV, hepatitis B virus;
AFP, a-fetoprotein.

presence of HBcAb and HBV DNA did not differ between the
albumin level of 3.5 g/dl and <3.5 g/dl groups (Table IV).

In patients with a serum albumin level of 3.5 g/dl, the
WBC count and serum levels of albumin and DCP were iden-
tified as independent factors associated with the early-onset of
HCC (OR 1.64; 95% CI 1.15-2.35; P=0.006, OR 1.17; 95% CI
1.01-1.36; P=0.036, and OR 0.99; 95% CI 0.98-1.00; P=0.037,
respectively; Table V). Although the presence of HBcAb was
not found to be a significant risk factor for the early-onset of
HCC, the presence of HBV DNA was identified as a significant
independent risk factor associated with the early-onset of HCC
(OR 145.18; 95% CI 1.38-15296.61; P=0.036; Table VI).

In patients with a serum albumin level of <3.5 g/dl, the
serum AFP level was the only significant risk factor found
to be associated with the early-onset of HCC (Table V). The
presence of HBcAb and HBV DNA was not found to be a
significant risk factor for the early-onset of HCC.

Discussion

In the overall analysis, the presence of HBV DNA in serum
was not identified as a risk factor for the early-onset of HCC
in HCV-infected patients. However, a stratification analysis
according to a serum albumin level of =3.5 g/dl revealed that
the presence of HBV DNA was an independent factor for the

early-onset of HCC. These findings suggest that occult HBV
infection may accelerate hepatocarcinogenesis in HCV-infected
patients with a relatively low carcinogenic potential.

Although co-infection of HCV and HBV is thought to
synergistically increase the risk of HCC (6), the overall
analysis in this study showed that occult HBV infection was
not significantly associated with the early-onset of HCC in
HCV-infected patients. Similarly, several studies conducted
in Asia have also failed to show any significant effect of
occult HBV infection in these patients (33-35). Recently,
Lok et al (36) performed a nested case-control study using
a large number of patients enrolled in the HALT-C cohort
and reported no significant difference in the prevalence of
occult HBV infection between HCC and non-HCC patients
with HCV infection. Taken together, these results suggest that
occult HBV infection may not be an intensive promoter of
HCC development in the presence of a potent carcinogenic
factor such as HCV infection.

In contrast with these previous studies and with our own
findings for all patients, a stratification analysis according to a
serum albumin level of =3.5 g/dl showed that occult HBV infec-
tion was an independent risk factor for the early-onset of HCC.
In patients with occult HBV infection, it is unclear whether a
presence of HBV DNA is due to full-length HBV DNA repli-
cated from covalently closed circular DNA in hepatocytes or
fragmented HBV DNA integrated into the hepatocyte genome.
However, the HBx gene is frequently integrated into cellular
genes in HCC (37). The HBx protein upregulates the expres-
sion of proto-oncogenes including c-jun, c-fos and c-myc, all of
which can promote hepatocarcinogenesis (38,39). In addition,
albumin plays a crucial role in the development of various
diseases, as it is a major antioxidant (19). In cirrhotic patients
with a serum albumin level of <3.5 g/dl, branched-chain amino
acids increase serum albumin levels, and this subsequently
suppresses hepatocarcinogenesis (23,24). In this study, we
found a significant association between occult HBV infection
and the early-onset of HCC in patients with a serum albumin
level of =3.5 g/dl, but not in patients with a serum albumin level
of <3.5 g/dl. Taken together, these findings suggest that HBV
DNA may promote hepatocarcinogenesis in HCV-infected
patients with relatively low carcinogenic potential.
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Although we designed this study to investigate the effect of
HBYV DNA on the early-onset of HCC in HCV-infected patients,
we found instead that an elevated WBC count is an indepen-
dent risk factor for the early-onset of HCC in HCV-infected
patients. An elevated WBC count may reflect the conse-
quences or underlying pathogenesis of the early-onset of HCC.
One possible explanation is aging, because the WBC count
declines in old age (40). Alternatively, an elevated WBC count
still within the reference range is known to be associated with
the development of various malignancies including gastric,
colorectal, endometrial and lung cancers (41,42). The WBC
count is a well-validated biomarker of inflammation. Chronic
inflammation is a possible risk factor for hepatocarcinogenesis
as it leads to the activation of receptors for chemokine and
advanced glycation-end products (43,44). Another inflamma-
tion marker, C-reactive protein, is reported to be a diagnostic
and prognostic marker of HCC (45,46). Taken together, these
findings suggest that inflammation may promote the early-
onset of HCC in HCV-infected patients.

« A limitation of this study is that there were only a small
number of HBV DNA-positive-patients. Previous studies
regarding occult HBV infection had a similar limita-
tion (33,47,48). Since occult HBV infection is not frequently
seen in HCV-infected patients with HCC, a multicenter study
is needed to confirm our findings.

In conclusion, the presence of HBV DNA in serum was
not a risk factor for the early-onset of HCC in HCV-infected
patients. However, a stratification analysis based on a serum
albumin level of >3.5 g/dl revealed that presence of HBV DNA
in serum was an independent risk factor for the early-onset of
HCC. These findings suggest that occult HBV infection may
accelerate hepatocarcinogenesis in HCV-infected patients
with relatively low carcinogenic potential.
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Non-hypervascular hypointense nodules detected by
Gd-EOB-DTPA-enhanced MRI are a risk factor for recurrence of
HCC after hepatectomy
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Background & Aims: The gadolinium-ethoxybenzyl-diethylene-
triamine pentaacetic acid (Gd-EOB-DTPA)-enhanced magnetic
resonance imaging (MRI) often depicts non-hypervascular hypoin-
tense hepatic nodules during the hepatobiliary phase in patients
with hepatocellular carcinoma (HCC). It is unclear whether the
presence of these nodules is associated with HCC recurrence after
hepatectomy. We conducted a prospective observational study to
investigate the impact of the presence of non-hypervascular hyp-
ointense hepatic nodules on the hepatobiliary phase of Gd-EOB-
DTPA-enhanced MRI on the recurrence of HCC after hepatectomy.
Methods: A total of 77 patients who underwent hepatectomy for
primary, non-recurrent, hypervascular HCC were prospectively
followed up after hepatectomy. Post-operative recurrence rates
were compared according to the presence of non-hypervascular
hypointense nodules on preoperative Gd-EOB-DTPA-enhanced
MRI.

Results: Recurrence rates after hepatectomy were higher in
patients with non-hypervascular hypointense nodules (risk ratio
1.9396 [1.3615-2.7222]) and the presence of non-hypervascular
hypointense nodules was an independent factor associated with
postoperative recurrence (risk ratio 2.1767 [1.5089-3.1105])
along with HCC differentiation and portal vein invasion. While
no differences were found in the rate of intrahepatic metastasis
recurrence based on the preoperative presence of non-hypervas-
cular hypointense hepatic nodules, the rate of multicentric recur-
rence was significantly higher in patients with preoperative non-
hypervascular hypointense hepatic nodules.

Keywords: Hepatocellular carcinoma; Gd-EOB-DTPA-enhanced MRI; Non-hyper-
vascular hypointense nodule; Hepatobiliary phase; Hepatectomy; Recurrence.
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Conclusions: Patients with preoperative non-hypervascular hyp-
ointense hepatic nodules detected during the hepatobiliary phase
of Gd-EOB-DTPA-enhanced MRI are at higher risk of HCC recur-
rence after hepatectomy, mainly due to multicentric recurrence.
© 2013 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Hepatocellular carcinoma (HCC) is the sixth most common can-
cer worldwide and the third most common cause of cancer-
related death [1,2]. In Japan, HCC is the third and fifth most com-
mon cause of death from cancer in men and women, respectively
[3]. Tremendous efforts have been made to improve various
imaging techniques, including ultrasonography (US), multidetec-
tor-row computed tomography (MDCT) [4,5], and magnetic reso-
nance imaging (MRI) [6], for the detection of hepatic nodules,
including small early-stage HCC tumors in high-risk patients
under surveillance.

The liver-specific contrast agent gadolinium-ethoxybenzyl-
diethylenetriamine pentaacetic acid (Gd-EOB-DTPA), which is
taken up by hepatocytes, has been in clinical use for dynamic
MRI studies since February 2008 in Japan. Gd-EOB-DTPA provides
both dynamic and liver-specific hepatobiliary MR images [7-10].
In the hepatobiliary phase, hepatic lesions that lack normally
functioning hepatocytes are imaged as an absence of hepato-
cyte-selective enhancement as compared with normal paren-
chyma [10,11]. The use of Gd-EOB-DTPA-enhanced MRI
increases detection of concurrent non-hypervascular hepatic
nodules as hypointense nodules during the hepatobiliary phase
in patients with HCC. It is controversial whether the presence
of these non-hypervascular hepatic nodules detected in patients
with typical hypervascular HCC lesions has an impact on the
recurrence of HCC after treatment.

In the present study, we attempted to evaluate the impact of
concurrent non-hypervascular hepatic nodules detected as
hypointense nodules during the hepatobiliary phase of Gd-EOB-
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Table 1. Comparison of clinical characteristics of study patients based on the presence of non-hypervascular hypointense nodules detected during the hepatobiliary

phase of Gd-EOB-DTPA-enhanced MRI (n =77).

Non-hypervascular hypointense Non-hypervascular hypointense p value

nodule (+) (n = 18) nodule (-) (n = 59)
Age (mean + SD yr) (range) .. .65 8 19 O (46-76) ; 69,1 +7.0 (53782)‘ O 27275
Sex (female/male) 316, 7)/15 (83.3) 18 (30.5)/41 (69.5) 0.3921
Etiology (HBV/HCV/non-HBV, non-HCV) 2 (11~.1)/11 (61.1)/5 (27.8) 9'(15.3)/39 (66.1)/11 (18.6) 0.6796
Child-Pugh class (A/B)* 17 (94.4)/1 ( ) 58 (98.3)/1 (1.7) 0.9474
Albumin (mean+ SD, g/dl) 391£051 4082032 70,1664
Total bilirubin (mean + SD, mg/dl) 0.88 £ 0.36 0.84 £ 0.33 0.7296
15-minute’ICG retention rate (%) 181454 216.0+ 6.7+ 0:2405
Prothrombin (%) 95.3+15.6 951112 0.9105
Platelet count (x10%/ml) 132 £47 152+ 66 0.5433
Tijor size (mean * SD, cm) (range) 2.52 +£0.99 (1.3-4.7) 2.84 £ 1.54 (1.0-8.6) '0.66'00
Number of tumors (single/multiple) 15(83.3)3 (16 7) 53(89.8)/6 (10.2) 07358
Portal vein invasion (absent/present)™ 17 (94.4)/1 (5.6) 50 (84.7)/9 (15.3) 04989
Differentiation (well /moderately or poorly) 7(38: 9)/11 (61f1) 21 (35 6)/38 (64 4) 0.9999
Growth pattem (expansnve/mf Itra‘uve) 14 (77. 8)/4 (22.2) 52 (88 w7 (11 9) 04718
Follow-up period (months) (median, range). . 31.3 (9.4-53.9) :13 . 34.9 (8.5-55.4). »;O;4200,

Percentages are in parentheses.

HBV, hepatitis B virus; HCV, hepatitis C virus; ICG, indocyanine green test.
* Child-Pugh class A includes patients without cirrhosis.

** Evaluated by pathologic examination based on resected specimens.

DTPA-enhanced MRI on postoperative recurrence in patients who
underwent hepatectomy with curative intent for HCC.

Materials and methods
Patients, treatment and follow-up

This prospective study was conducted after the approval by the hospital institu-
tional review board and carried out in compliance with the Helsinki Declaration.
Patient enroliment was carried out between February 2008 and December 2011.
A total of 102 patients underwent hepatectomy as a curative treatment for pri-
mary, non-recurrent HCC during the study period at Ogaki Municipal Hospital.
Gd-EOB-DTPA-enhanced MRI could not be performed prior to hepatectomy in
25 patients, including 11 patients who had been referred from another institution
only for hepatectomy and 14 patients who could not receive examination due to
metal implants, history of allergy to contrast medium, tattoos, or claustrophobia.
The remaining 77 patients who underwent Gd-EOB-DTPA-enhanced MRI within
2 weeks prior to hepatectomy were studied. The initial diagnosis of HCC before
treatment was based on appropriate imaging characteristics according to criteria
of the guidelines by the American Association for the Study of Liver Diseases
[12,13]. The final diagnosis of HCC was confirmed by pathologic diagnosis of
resected specimens.

Decisions regarding individual treatments were based on Japanese treatment
guidelines for HCC [14]. In all patients, HCC tumors were resected with ample
margins; enucleation of tumors without margins was not performed.

After hepatectomy, all patients were prospectively followed from 8.5 months
to 55.4 months (median follow-up, 34.1 months) until the end of September 2012
at our institution, with US.and either MDCT or MRI every 3-6 months. Regular
monitoring of serum tumor markers (alpha-fetoprotein, Lens culinaris aggluti-
nin-reactive alpha-fetoprotein, and des-gamma-carboxy prothrombin) was per-
formed every 3 months. When an elevation in tumor markers was detected,
additional imaging (usually MDCT or MRI) was performed to check for HCC recur-
rence. Recurrence was diagnosed by pathologic examination of resected speci-
mens when patients underwent re-hepatectomy. In the remaining patients,
HCC was diagnosed by appropriate imaging characteristics according to criteria

of the guidelines by the American Association for the Study of Liver Diseases
[12,13]. Recurrent HCC was categorized into two groups prior to the study, as
intrahepatic metastasis recurrence or multicentric recurrence according to a pre-
vious study [15,16]. Intrahepatic metastasis recurrence was defined as recurrent
tumors consisting of moderately or poorly differentiated HCC with the same or
lower degree of differentiation than the primary tumors on pathologic examina-
tion or hypervascular tumor without non-hypervascular peripheral regions in a
same hepatic segment on imaging examination. Multicentric recurrence was
defined ‘according to previously reported criteria with some modifications
[17,18] as follows: (i) the recurrent tumor consists of well-differentiated HCC
occurring in a different hepatic segment, than moderately or poorly differentiated
pre-existing HCCs; (ii) both the primary and recurrent tumors are well-differen-
tiated HCCs; and (iii) the recurrent tumor contained regions of dysplastic nodules
in peripheral areas based on pathologic examination or contained non-hypervas-
cular regions in peripheral areas of hypervascular tumor on imaging examination.

Preoperative imaging examinations of liver nodules by gadolinium-ethoxybenzyl-
diethylenetriamine pentaacetic acid-enhanced MRI and confirmation of non-
hypervascular hypointense hepatic nodules

All patients underwent Gd-EOB-DTPA-enhanced MRI within 2 weeks of hepatec-
tomy. MRI was performed using a 1.5-T whole-body MRI system (Intera Achieva
1.5T NOVA; Philips Medical Systems) with a phased-array body coil as the recei-
ver coil. T1-weighted sequences were acquired with the following parameters:
T1-weighted turbo field echo (TFE) in-phase and opposed-phase transverse (TE,
opposed-phase 2.3, in-phase 4.6; flip angle, 12°; matrix size, 256 x 512; scan per-
centage, 70) with 3.5-mm section thickness, a 0-mm intersection gap, and a 38-
cm field of view. After intravenous injection of Gd-EOB-DTPA (Primovist; Bayer
Schering Pharma, Osaka, Japan), T1-weighted transverse gradient-echo sequences
(high-resolution isotropic volume examination [THRIVE] with spectral presatura-
tion with inversion recovery [SPIR], 4/1.8; flip angle, 12°; matrix size, 256 x 512;
scan percentage, 78.54) with 3.5-mm section thickness, a 0-mm intersection gap,
and a 38-cm field of view were obtained. Gd-EOB-DTPA was administered intra-
venously as a bolus at a rate of 2 ml/s (0.1 mljkg, maximum dose of 10 ml)
through an intravenous cubital line (20-22 gauge), which was flushed with
20 ml of saline using a power injector (Sonic Shot; Nemoto Kyorindo, Tokyo,
Japan). The timing for dynamic arterial phase imaging was determined using
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Fig. 1. Overall recurrence rate after hepatectomy in patients with or without
concurrent non-hypervascular hypointense hepatic nodules detected during
the hepatobiliary phase of preoperative Gd-EOB-DTPA-enhanced MRI.

MR fluoroscopic bolus detection of the descending aorta (Bolus Trak; Philips Med-
ical Systems). The mean delay times (time interval between the start of bolus
administration and the start of image acquisition) for the arterial, portal, and
delayed phases were 20, 60, and 180s, respectively. Immediately after the
dynamic study, a respiration-triggered single-shot T2-weighted sequence, with
a reduction factor of 4 (1200/100; flip angle, 90°; matrix size, 400 x 512) with
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7-mm section thickness, a 1-mm intersection gap, and a 38-cm field of view,
was obtained with SPIR. The 20-min-delayed hepatobiliary phase [19] was
obtained with a T1-weighted TFE sequence (TR/TE, 4/1.8; flip angle, 12°; matrix
size, 256 x 512) with 3.5-mm section thickness, a 0-mm intersection gap, and a
38-cm field of view. All the sequences were obtained with parallel imaging
(SENSE). Hypointense hepatic nodules during the hepatobiliary phase of Gd-
EOB-DTPA-enhanced MRI were nodules greater than 3.5 mm with low-intensity.

Prior to hepatectomy, all patients underwent CT during hepatic arteriography
(CTHA) [20-22] to evaluate the intranodular blood supply, and to confirm the
hypervascularity of HCC lesions and the lack of hypervascularity of non-hypervas-
cular hepatic nodules.

All imaging findings were evaluated by a radiologist (Y.S.) and a hepatologist
(H.T.) independently, blind to the clinical data. When the imaging assessment was
discordant between two reviewers, consensus was made through the discussion.

Statistical analyses

Differences in percentages between groups were analyzed using the Chi-square
test. Differences in mean quantitative values were analyzed by the Mann-Whit-
ney U test. The date of hepatectomy was defined as time zero for calculations of
recurrence rates, In the analysis of the overall recurrence rate, patients in whom
HCC did not recur were censored, and those in whom HCC recurred were not cen-
sored. In the analysis of the intrahepatic metastasis recurrence rate, patients in
whom HCC did not recur or patients with multicentric HCC recurrence were cen-
sored, and those in whom HCC recurred as intrahepatic metastases were not cen-
sored. In the analysis of the multicentric recurrence rate, patients in whom HCC
did not recur were censored and patients with multicentric HCC recurrence were
not censored, while those in whom HCC recurred as intrahepatic metastases were
excluded from the analysis. The Kaplan-Meier method [23] was used to calculate
recurrence rates, and the log-rank test [24] was used to analyze differences.
The Cox proportional hazards model [25] was used for univariate and multi-
variate analyses of factors related to recurrence. Variables analyzed included
patient age and sex, Child-Pugh class (A/B), tumor size, number of tumors (sin-
gle/multiple), differentiation of resected HCC (well-differentiated/moderately or

Table 2. Univariate and multivariate analyses of factors associated with post-operative recurrence in HCC patients (n =77).

Factor Univariate analysis Multivariate analysis
Risk ratio (35% Cl) pvalue  Risk ratio (95% Cl) p value
Age 0.9943 (0.9535-1.0396) 0.7974 - )
Sex
Male 1
Female 1.0068 (0.6818-1.4290) 0.9711 -
Child-Pugh class*
A 1
B 0.0428 (0.0198-1.5669) 0.2068 . -
Tumor size 0.9376 (0.7179-1.1700) 0.5935 -
Number of tumors
Single 1
Multiple 1.0419 (0.5669-1.6643) 0.8792 -
Differentiation**
Well- 1 1 .
Moderately/poorly 1.5871 (1.0958-2.4354) 0.0134  1.6536 (1.1381-2.5445) 0.0073
Growth pattern**
Expansive 1
Infiltrative 1.1101 (0.6798-1.6625) 0.6487 -
Portal vein invasion*™*
Absent 1 1
Present 1.5659 (1.0161-2.2813) 0.0428  1.7818 (1.1388-2.6597) 0.0134
Non-hypervascular hypointense nodules o '
Absent 1 1
Present 1.9396 (1.3615-2.7222) 0.0004  2.1767 (1.5089-3.1105) 0.0001

Cl, confidence interval.
* Child-Pugh class A includes patients without cirrhosis.
** Evaluated by pathologic examination of resected specimens.
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poorly differentiated), growth pattern of resected HCC (expansive growth/infiltra-
tive growth), portal vein invasion of resected HCC (absent/present), and presence
of non-hypervascular hypointense nodules on the hepatobiliary phase of Gd-EOB-
DTPA-enhanced MRI (absent/present). Data analyses were performed using JMP
statistical software, version 6.0 (Macintosh version; SAS Institute, Cary, NC). All
p values were derived from 2-tailed tests, with p <0.05 accepted as statistically
significant.

Results
Patients characteristics and imaging findings

Patients consisted of 56 males and 21 females with a mean age of
68.3 + 7.6 years (range, 46-82 years). A total of 40 non-hypervas-
cular hypointense hepatic nodules were identified during the
hepatobiliary phase of Gd-EOB-DTPA-enhanced MRI in 28 of 77
patients (36.4%). The size of non-hypervascular hypointense nod-
ules was 1.17 £0.38 cm (range, 0.4-2.1 cm). Two of 40 non-
hypervascular hypointense hepatic nodules (5.0%) were identi-
fied by T2-weighted sequence as high-intensity nodules. The
other 38 non-hypervascular hypointense hepatic nodules were
not identified either by T1- and T2-weighted sequences. Two
nodules were located in segment II of the liver, 7 in Ill, 1 in IV,
10in V, 6 in VI, 4 in VI, and 10 in VIII, respectively. Among 28
patients with non-hypervascular hypointense nodules, 19
patients had one non-hypervascular hypointense nodule, 6
patients had 2 nodules, and the remaining 3 patients had 3 nod-
ules. Non-hypervascular hypointense nodules were resected
along with HCC lesions during hepatectomy in 10 patients,
because they were included within the intended area of resec-
tion. Therefore, we categorized these 10 patients and the 49
patients in whom non-hypervascular hypointense nodules were
not detected by preoperative Gd-EOB-DTPA-enhanced MRI as
the hypointense nodule (—) group and the remaining 18 patients
who had residual hypointense nodules after hepatectomy as the
hypointense nodule (+) group. Of 13 hypointense nodules in 10
patients resected along with HCC at hepatectomy, 3 nodules were
diagnosed as well-differentiated HCC and the remaining 10 nod-
ules were diagnosed as dysplastic nodules on pathologic
examination.

Table 1 compares the preoperative characteristics of the study
patients. No differences were found in patient age and sex, etiol-
ogy, liver function, and tumor progression as evaluated by preop-
erative imaging examinations and by post-operative pathologic
examinations. Multiple HCC nodules were resected in 6 patients
(10.2%) of the hypointense nodule (—) group and 3 patients
(16.7%) of the hypointense nodule (+) group, without difference
in proportions. No difference was observed in the length of fol-
low-up period.

Recurrence rate after hepatectomy according to the presence of non-
hypervascular hypointense nodules detected during preoperative
gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid-
enhanced MRI

We determined the recurrence rate in patients after hepatec-
tomy with curative intent based on the presence of non-hyper-
vascular hypointense hepatic nodules identified during the
hepatobiliary phase of Gd-EOB-DTPA-enhanced MRI (Fig. 1).
The recurrence rate was significantly higher in patients in the
hypointense nodule (+) group than in the hypointense nodule

(—) group (p<0.0001). In univariate analysis, HCC differentia-
tion and portal vein invasion were identified as factors associ-
ated with the rate of recurrence after hepatectomy along with
preoperative non-hypervascular hypointense nodules by Gd-
EOB-DTPA-enhanced MRI. In multivariate analysis, these factors
were confirmed to be independently associated with the rate of
recurrence (Table 2). Among 18 patients in the hypointense
nodule (+) group, recurrence was observed in 7 of 11 patients
with one non-hypervascular hypointense nodule, whereas
recurrence was observed in all 7 patients with multiple non-
hypovascular hypointense nodules.

A -———Hypointense nodules (+) (n = 18)
- - - Hypointense nodules (-) (n = 59)
1004
S
-8 80+
[
§ 60
o
*é 404
T R,
& 204
04 (p = 0.8852)

0 1 2 3 4
Years after diagnosis

Patients at risk

Hypointense 18 17 14 7 -2
nodules (+)
Hypointense 59 58 47 29 16
nodules (-}
B ——Hypointense nodules (+) (n = 13)
- - - Hypointense nodules (-) (n = 46)
100+
S
P 80+
o
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o
e
5 40+
g R
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o4 —----- (p <0.0001)

T T T T T
0 1 2 3 4
Years after diagnosis

Patients at risk

Hypointense 13 12 10 5 1
nodules (+) ’

Hypointense 46 44 35 19 9
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Fig. 2. Recurrence rate after hepatectomy according to the patterns of
recurrence. (A) Rates of intrahepatic metastasis recurrence after hepatectomy in
patients with or without concurrent non-hypervascular. hypointense  hepatic
nodules detected during the hepatobiliary phase of preoperative Gd-EOB-DTPA-
enhanced MRI. (B) Rates of multicentric recurrence after hepatectomy in patients
with or without concurrent non-hypervascular hypointense hepatic nodules
detected during the hepatobiliary phase of preoperative Gd-EOB-DTPA-enhanced
MRI, among 59 patients, excluding 16 patients with intrahepatic metastasis
recurrence.
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Table 3. Univariate and multivariate analyses of factors associated with post-operative intrahepatic metastasis recurrence in HCC patients (n =77).

Factor Univariate analysis Multivariate analysis
Risk ratio (95% Cl) pvalue Riskratio (95% Cl) p value

Age 0.9825 (0.9265-1.0470) 0.5743 -
Sex

Male 1

Female 0.9022 (0.4784-1.5192) 0.7148 -
Child-Pugh class*

A 1

B 0.0242 (0.0059-2.1819) 0.3573 -
Tumor size 1.0051 (0.6929-1.3406) 0.9755 -
Number of tumors

Single 1

Multiple 0.7038 (0.1655-1.5643) 0.4504 -
Differentiation**

Well- 1 1

Moderately/poorly 1.7843 (1.0185-3.7176) 0.0424  1.6742 (0.9520-3.4993) 0.0769
Growth pattern*™

Expansive 1

Infiltrative 0.9266 (0.3678-1.7453) 0.8365 -
Portal vein invasion**

Absent 1 1

Present 2.1224 (1.2405-3.4608) 0.0079  2.0041 (1.1672-3.2828) 0.0138
Non-hypervascular hypointense nodules

Absent 1

Present 1.0474 (0.5012-1.8442) 0.8864 -

Cl, confidence interval.
* Child-Pugh class A includes patients without cirrhosis.
** Evaluated by pathologic examination of resected specimens.

Patterns of recurrence after hepatectomy according to the presence
of non-hypervascular hypointense nodules detected during
preoperative gadolinium-ethoxybenzyl-diethylenetriamine
pentaacetic acid-enhanced MRI

Among 30 patients with HCC recurrence after hepatectomy, 16
patients (53.3%) had intrahepatic metastasis recurrence and 14
patients (46.7%) had multicentric recurrence. There was no differ-
ence in the rate of intrahepatic metastasis recurrence between
patients in the hypointense nodule (+) group and those in the hyp-
ointense nodule () group (p = 0.8852). In contrast, patients in the
hypointense nodule (+) group had a significantly higher rate of
multicentric recurrence than patients in the hypointense nodule
(~) group (p <0.0001, Fig. 2). Univariate and multivariate analyses
revealed that portal vein invasion was independently associated
with intrahepatic metastasis recurrence but preoperative non-
hypervascular hypointense nodules detected by Gd-EOB-DTPA-
enhanced MRI was not associated with intrahepatic metastasis
recurrence (Table 3). The presence of preoperative non-hypervas-
cular hypointense nodules detected by Gd-EOB-DTPA-enhanced
MRI was the only factor associated with multicentric recurrence
in univariate and multivariate analyses (Table 4). Among 8 HCCs
that recurred multicentrically in the hypointense nodule (+) group,
6 nodules (75.0%) had existed as non-hypervascular hypointense
hepatic nodules on Gd-EOB-DTPA-enhanced MRI before hepatec-
tomy and progressed to hypervascular HCC tumors (Fig. 3), while
the other 2 nodules (25.0%) newly occurred as multicentric recur-
rence after hepatectomy.

Discussion

Although one study reported that dysplastic nodules and early,
well-differentiated HCC can be differentiated based on findings
on Gd-EOB-DTPA uptake [26], differentiation of early, non-hyper-
vascular HCC from dysplastic nodules within hypointense nod-
ules is not actually feasible and controversial [27]. In addition,
it is nearly impossible to characterize these hepatic nodules spe-
cifically using US or MDCT. Therefore, a histological diagnosis
should be obtained with percutaneous liver biopsy under US
guidance. However, this is not always possible due to the need
for multiple samples and its invasive nature. Therefore, we did
not resect these hepatic nodules during hepatectomy, except
for nodules located within the hepatectomy field.

This study demonstrates a higher rate of recurrence of HCC in
patients in whom non-hypervascular hypointense hepatic nod-
ules were identified during the hepatobiliary phase of preopera-
tive Gd-EOB-DTPA-enhanced MRIL This large difference in the
recurrence rates indicated that the presence of non-hypervascu-
lar hypointense nodules detected during the hepatobiliary phase
of Gd-EOB-DTPA-enhanced MRI is a risk factor for recurrence of
HCC after hepatectomy. Although we did not find differences in
the rate of intrahepatic metastasis recurrence according to the
non-hypervascular hypointense hepatic nodule status, we found
a significantly higher rate of multicentric recurrence in patients
with preoperative concurrent non-hypervascular hypointense
hepatic nodules. In addition, the majority of multicentric recur-
rences involved the hypervascularization of non-hypervascular
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Table 4. Univariate and multivariate analyses of factors associated with post-operative multicentric recurrence in HCC patients (n =59).

Factor Univariate analysis Multivariate analysis
Risk ratio (95% Cl) pvalue  Risk ratio (95% Cl) p value
Age 1.0047 (0.9359-1.0823) 0.8985 - - i
Sex
Male 1. E :
Female 1.0701 (0.5999-1.7781) 0.8038 -
Child-Pugh class* - g
A 1
B - 0.0664 (0.0176-5.7947) 0.7029 - -
Tumor size 0.9517 (0.6300-1.2943) 0.7801 -
Number of tumors i
Single 1
Multiple 11331 (0.4469-2.1714) 0.7510 - -
Differentiation™*
Well- 1
Moderately/poorly 1.5198 (0.8959-2.8769) 0.1249 -
Growth pattern*™* e '
Expansive 1
Infiltrative 1.3486 (0.7124-2.2884) 0.3270 -
Portal vein invasion**
Absent - 1 .
Present 1.2908 (0.5077-2.4730) 0.5312 -
Non-hypervascular hypointense nodules i i
Absent 1 1
Present : e o1 2.8436/(1.6900-4.8407) 0.0002 .~ 2.8436 (1.6900-4.8407) 0.0002

Cl, confidence interval.
* Child-Pugh class A includes patients without cirrhosis.
** Evaluated by pathologic examination of resected specimens.

Fig. 3. Development of multicentric hef cellular carcinoma in patients with preoperative'non-hypervascula'r hypointense hepatic nodules detected dui'ing the
hepatobiliary phase of Gd-EOB-DTPA-enhanced MRI. (A) Hepatobiliary phase of Gd-EOB-DTPA-enhanced MRI (left panel) and computed tomography during hepatic
arteriography (CTHA, right panel) before hepatectomy for hepatocellular carcinoma (HCC). In addition to the typical HCC located in segment VIII, a hypointense hepatic
nodule was detected in segment VI during the hepatobiliary phase of Gd-EOB-DTPA-enhanced MRI (arrow). No hypervascular nodule was detected at this site by CTHA
(arrow). (B) Hepatobiliary phase of Gd~-EOB-DTPA-enhanced MRI (left panel) and CTHA (right panel) 10.months after hepatectomy for HCC. The nodule detected during the
hepatobiliary phase of Gd-EOB-DTPA-enhanced MRI showed minute growth in size, with clearer margin, compared to preoperative image (arrow). The hypervascularity of
this nodule was identified by CTHA (arrow). This nodule was resected by re-hepatectomy and was diagnosed as HCC pathologically.

progress to typical, hypervascular HCC. However, 26.5% of non-
hypervascular hypointense nodules showed hypervascular spots
with a long-term follow-up in our previous study [28]. In addi-
tion to the likelihood of non-hypervascular hypointense nodules

hypointense hepatic nodules observed preoperatively with Gd-
EOB-DTPA-enhanced MRI. It is controversial whether all non-
hypervascular hypointense nodules detected during the hepatob-
iliary phase of Gd-EOB-DTPA-enhanced MRI have the potential to
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progressing to HCC, the results of the present study suggest that
the presence of non-hypervascular hypointense nodules detected
during the hepatobiliary phase of preoperative Gd-EOB-DTPA-
enhanced MRI may indicate a high risk of multicentric recurrence
of HCC after hepatectomy. Interestingly, multicentric recurrence
was observed in all patients with multiple preoperative non-
hypervascular hypointense nodules. While intrahepatic metasta-
sis recurrence is considered as occurrence of metastasis of HCC
that had been resected, multicentric recurrence is considered as
new development of HCC that is not related to the resected
HCC. Therefore, the presence of non-hypervascular hypointense
nodules, especially multiple nodules, may indicate enhanced
hepatocarcinogenesis even when the nodule itself does not pro-
gress to HCC.

There are several limitations to this study. The sample size
was not large and the observation period was relatively short
because Gd-EOB-DTPA has been in clinical use since February
2008 in Japan. In addition, the impact of the presence of non-
hypervascular hypointense hepatic nodules on survival after hep-
atectomy was not analyzed because there were no patient deaths
during the study period. However, we believe that our data
should be shared with clinicians because of the markedly high
rates of recurrence after hepatectomy in patients with preopera-
tive non-hypervascular hypointense hepatic nodules. Further
studies with more patients and a longer observation period are
needed to confirm this observation. Furthermore, measures to
suppress multicentric recurrence in patients with preoperative
concurrent non-hypervascular hypointense hepatic nodules
should be investigated in the future.

In conclusion, patients with preoperative concurrent non-
hypervascular hypointense hepatic nodules, on the hepatobiliary
phase of Gd-EOB-DTPA-enhanced MR, are at higher risk of HCC
recurrence after hepatectomy. Clinicians should take this into
consideration when determining the treatment modalities.
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Effect of nucleos(t)ide analogue therapy on hepatocarcinogenesis
in chronic hepatitis B patients: A propensity score analysis

Takashi Kumada®*, H1denor1 Toyoda', Toshifumi Tada', Seiki Kiriyama', Makoto Tanikawa',

Yasuhiro Hisanaga', Akira Kanamori’, Takurou N11n0m1

‘Satoshi Yasuda Yusuke Andou’,

Kenta Yamamoto', Junko Tanaka

1Department of Gastroenterology and Hepatology, Ogaki Municipal Hospital, Ogali, Japan; *Department of Epidemiology, Infectious Disease
Control and Prevention, Graduate School of Biomedical Sciences, Hiroshima University, Hiroshima, Japan

Background & Aims: Some patients with chronic hepatitis B
virus (HBV) infection progress to hepatocellular ' carcinoma
(HCC). However, the long-term effect of nucleos(t)ide analogue
(NA) therapy on progression to HCC is unclear.

Methods: Therefore, we compared. chronic hepatitis. B patients
who received NA therapy to those who did not;, usmg a propen-
sity analysis.

Results: Of 785 consecutive HBV carriers between 1998 and
2008, 117 patients who received NA therapy and 117 patients
who did not, were selected by eligibility criteria and propensity
score matching. Factors associated with the development of
HCC were analyzed. In the follow-up period, HCC developed in

57 of 234 patients (24.4%). Factors significantly associated with

the incidence of HCC, as determined by Cox proportional hazards
models, include higher age (hazard ratio, 4.36 [95% confidence
interval, 1.33-14.29], p=0.015), NA ‘treatment (0.28 [0.13-
0.62], p=0.002), basal core promoter (BCP) mutations (12.74
[1.74-93.11], p = 0.012), high HBV core-related antigen (HBcrAg)
(2.77[1.07-7.17], p = 0.036), and high gamma glutamyl transpep-
tidase levels (2.76 [1.49-5.12], p=0.001).

Conclusions: NA therapy reduced the risk of HCC compared with
untreated controls. Higher serum levels of HBcrAg and BCP muta-
tions are associated with progression to HCC, mdependent of NA
therapy.

© 2012 European Association for the Study. of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

An estimated 350 million individuals worldwide are chronically
infected with hepatitis B virus (HBV), of whom 1 million die
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annually from HBV-related liver disease [1]. Chronic HBV infec-
tion is recognized as a major risk factor for the development of
hepatocellular carcinoma (HCC) [1,2]. Hepatitis B surface antigen
(HBsAg)-positive: patients have a 70-fold increased risk of devel-
oping HCC compared to HBsAg seronegative counterparts [3,4].
HBV infection is endemic in Southeast Asia, China, Taiwan, Korea,
and sub-Saharan Africa, where up to 85-95% of patients with HCC
are HBsAg positive [5]. HCC is the third and fifth leading cause of
cancer death in men and women, respectively, and the number of
deaths and the mortality rate from HCC have greatly increased in
Japan since 1975 [6]. Hepatitis C virus (HCV)-related HCC
accounts for 75% of all HCCs in Japan and HBV-related HCC
accounts for 15% [6].

In 2004, Liaw et al. reported a significant reduction in HCC in
651 adults receiving lamivudine after adjustment for baseline
variables (hazard ratio, 0.49 [95% confidence interval (95% CI),
0.25-0.99], p = 0.047) [7]. However, the results were not signifi-

" cant after exclusion of 5 patients who developed HCC within

1 year of randomization (0.47 [0.22-1.00], p = 0.052). Therefore,
in 2009, the National Institutes of Health Consensus Develop-
ment Conference concluded that there was insufficient evidence
to assess whether nucleos(t)ide analogue (NA) therapy can pre-
vent the development of HCC [8].

The long-term use of lamivudine has not been recommended
because of tyrosine-methionine-aspartate-aspartate (YMDD)
mutations, which have occasionally been associated with severe
and even fatal flares of hepatitis [9,10]. Therefore, adefovir dipiv-
oxil should be added immediately in patients with virological or
biochemical breakthroughs or no response. Currently, there are 2
nucleoside agents (lamivudine, entecavir) and 1 nucleotide agent
(adefovir dipivoxil) available for treatment of HBV infection in
Japan. The agent with the higher genetic barrier to resistance,
entecavir, is considered the initial drug of choice [11]. Recently,
3 studies on lamivudine suggested that long-term sustained viral
suppression was associated with a reduced likelihood of develop-
ing HCC [12-14].

* In this study, we sought to determine if NA therapy was asso-
ciated with a reduction in the development of HCC. Since the
validity of treatment effects in observational studies may be lim-
ited by selection bias and confounding factors, we performed a
propensity analysis [15].
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