tkeda et al.

@ 460 .
o (%) ‘\\_
= \:-H-H”c____
g 1"Lx...ﬂ1 _____ Surgery (n=138)
S| 0 T RFA (n=236)
s
(5
=
8
10
®
[0}
® Surgery (n=138)
g " RFA (n=236)
S 50
[i:]
=
]
>
o)
0 . .
o 5 10

(year)

Fig. 4. (a) Crude survival rates in patients receiving radiofrequency
ablation and those undergoing surgery as the initial therapy.

(b) Adjusted survival rates in the radiofrequency group and surgery
group, using proportional hazard analysis. RFA, radiofrequency
ablation.

Table 4. Independent factors associated with the survival rate after
the initial treatment for hepatocellular carcinoma
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Fig. 5. lllustrated transition probabilities of patients, from the early
stage of hepatocellular carcinoma, to the intermediate stage, the
advanced stage and to death.

Table 5. One-year state-transition probahility matrices for subsets
of hepatocellular carcinoma™

Early Intermediate ~ Advanced  Death

All Patients of all age groups

Early 92.17 4.81 1.73 1.29

Intermediate 69.32 27.27 3.41

Advanced 24.77 75.23

Death 100.00
Age < 60 years

Early 9533 234 1.40 0.93

Intermediate 58.33 37.50 4.17

Advanced 23.53 76.47

Death , 100.00
Age 60-69 years

Early 91.40 5.90 1.35 1.35

Intermediate 68.18 30.30 1.52

Advanced 22.21 78.79

Death 100.00
Age >70 years

Early 90.68 5.49 2.33 1.50

fntermediate 74.42 22.09 3.49

Advanced 27.91 72.09

Death 100.00

Factors Category interval) P
HBsAg 1: negative 1

2: positive 0.43(0.19-0.94) 0.034
ICG R15% 1:<30% 1

2: 230% 1.96 (1.20-3.20) 0.0070
a-fetoprotein 1:<40mg/ml 1

2:>40mg/ml - 1.71(1.09-2.68)  0.020
Prothrombin time  1: <80% 1

2: >80% 0.60(0.37-0.96)  0.035
Initial therapy 1: surgery 1

2: RFA 1.09(0.66-1.81) 0.73

*ICG R15, indocyanine green retention rate at 15 min.
RFA, radiofrequency ablation.

In the matrix of age of < 60 years, 2.34% of the
patients in the early stage developed to the intermediate
stage annually, 1.40% to the advanced stage and 0.93%
died. The remaining 95.33% of the patients remained in
the early stage after 1 year. The probability for the
transition from an early stage to an intermediate stage

Liver International (2011)
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*Early stage, solitary or multiple up to three nodules 3cm or less each;
Intermediate stage, four nodules or more, or larger than 3 cm; Advanced
stage, portal vein invasion, extrahepatic metastasis, or Child-Pugh score C.

was significantly lower in young patients < 60 years of
age (2.34%) than that in patients 60 years of age or older
(5.70%)(%*=7.76, P=0.0053). From the matrix strati-
fied by three age groups, the transition probability from
an intermediate to an advanced stage decreased with age:
37.50% in patients < 60 year of age, 30.30% in patients
60—69 year of age and 22.09% in patients 70 year of age or
older (3*=10.57, P=0.0011).

Probabilities for transition according to the initial
treatment

We also evaluated the transition probabilities among the
four states in the subgroups of RFA and surgery as the
initial mode of therapy.
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In the matrix of patients receiving RFA therapy, the
transition probability from early to intermediate stage
was 5.40%, probability to the advanced stage was 1.63%
and to death was 1.73%. In the. patients undergoing
surgery, the transition probability from an early to an
intermediate stage was 3.90%, probability to an advanced
stage was 1.87% and to death was 0.62%.

The probability for the transition from an early stage
to an intermediate stage was slightly higher in the RFA
group (5.40%) than that in the surgery group (3.90%),
but statistical significance was mnot found (%>=1.90,
P=0.17).

Discussion

Radiofrequency ablation has been considered as a less
curative mode of therapy than surgical resection, because
local tumour progression sometimes occurs after con-
servative treatment with relatively small ablative margins.
As those patients with loco-regional therapy are generally
followed up for tumour recurrence with a short time
interval of 3-6 months using CT or MRI, we can usually
ablate a newly appeared or a locally progressed tumour
within a small size and few numbers. In order to
elucidate the efficacies and usefulness of RFA compared
with surgical resection, we analysed many HCC patients
receiving RFA or surgical therapy regarding tumour
progression and survival.

Fortunately, in Japan, where highly socialized medi-
cine is practiced with everyone covered by some form of
health insurance, almost all of the patients can receive
any extensive medical services including surgery, RFA,
embolization and repeated imaging diagnosis, regardless
of the cost. Under intensive check-up and treatment
repetition, the Markov model showed the probability of
remaining at the early stage as 92.17% per year: the
transition rate from the early to the intermediate stage
was 4.81%, to the advanced stage 1.73 and to death
1.29% respectively. Similarly, the probabilities of remain-
ing at the intermediate and advanced stages were 69.32
and 24.77% per year respectively.

Because young patients with HCC usually have better
liver function and a relatively low carcinogenesis rate,
younger patients are more likely to undergo radical
methods of therapy for a recurrent tumour repeatedly.
The reason for the low transition rate from the early to
the intermediate stage was convincingly explained in the
young patient group (Table 4). In contrast, the transition
rate from the intermediate to the advanced stage was
significantly higher in the young patient group. Although
the exact reason was not known, multiple tumours of
younger patients possibly progressed rapidly or were
resistant to TACE. Hence, the Markov model would be
eligible for simulating the outcomes of patients with the
early stage of HCC. It is also helpful in planning strategies
for the management of small HCC, for the eventual
prolongation of a patient’s life and for ideal cost-effective
guidelines on a national basis, not only in Japan but also
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elsewhere in the world where the prevalence of HCC is
increasing. Although we once generated a ‘five-state
model’ consisting of no tumour, early stage, intermediate
stage, advanced stage and death, we finally adopted the
current “four-state model’ because of good mathematical

_ fit and statistical robustness. Molinari and Helton (20)

and Cho et al. (21) described a progression model of
HCC after RFA and/or hepatectomy by the Markov
model. Both authors performed a meta-analysis-like
study using heterogeneous sources of patients from
varied published articles, and estimated progression
models of HCC in hypothetical patient cohorts. We
analysed the actual clinical courses of patients in a single
institution, where the same diagnostic and therapeutic
procedures were adopted for every patient. Sufficient
medical procedures and resources under a universal
medical insurance system of the country seemed to give
rise to better outcomes and survival, but an exact
comparison cannot be carried out using the current data
and the previous literatures.

In this study, we also compared RFA and surgery as an
initial therapy for the early stage of HCC. Understand-
ably, older patients, patients with severe cirrhosis and
those with a concomitant disease other than liver disease
tended to undergo non-surgical therapy. In addition,
young patients with HBV-related HCC were likely to
receive surgery because of good liver function, relatively
low potential of recurrence and young age. Although the
crude recurrence rate and the crude progression rate from
the early stage to the intermediate stage were higher in
patients receiving RFA therapy, multivariate analysis with
adjustment of background biases showed that the initial
mode of therapy did not affect the progression rate and
did not affect the overall survival rate. When a regular
check-up of imagings with an interval of 3—4 months was
conducted, an additional ablation therapy was usually
performed successfully for a small locally progressed
tumour. Under intensive medical care for liver disease,
the initial mode of therapy therefore did not affect the
overall survival of a patient with an early stage of HCC.
When a careful check-up with imagings and adequate
application of repeated ablative procedures for HCC were
performed, the choice of ablative manners was insignif-
icant compared with the background liver features of
aetiology of liver disease (hepatitis virus) and severity of
liver disease (platelet count). The choice of ablative
therapy for small-sized HCC should also be assessed from
the viewpoints of conservation of liver function, cost-
effectiveness and quality of life (9, 10, 12, 22).

Since it seemed to require at least 5 years to obtain a
statistical difference in the recurrence rates and survival
rates between RFA-treated and surgically treated groups,
a prospective randomized trial is actually difficult to
perform from both ethical and medical viewpoints. One
of the significant results of the current study is that highly
socialized medical circumstances with sufficient medical
practice can attain a high survival rate of 71-80% at the
end of the fifth year in patients at an early stage.

Liver International (2011)
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Further studies are required to determine the relation-
ship between patient’s age and stage transition. Because
HCV-related chronic hepatitis often progresses to HCC
during the clinical course, this kind of staging model with
analyses of medical intervention will be necessary in the
future from the viewpoints of epidemiological assess-
ment and medical politics, together with patient’s quality
of life and feeling of satisfaction.
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Aim: Diabetes is present in patients with chronic liver
disease caused by hepatitis C virus (HCV). The aim of this
case-control study is to assess the efficacy and safety of
dipeptidyl peptidase-4 inhibitor (sitagliptin} for type 2 diabe-
tes meliitus (T2DM) with chronic liver disease caused by HCV.
Methods: Sixteen HCV positive patients with T2DM treated
by sitagliptin were retrospectively enrolled. These patients
were given sitagliptin between December 2009 and January
2010. Another 16 HCY patients with T2DM treated only with
diet and excise for 48 weeks were selected as the control
group. Serum levels of fasting plasma glucose (FPG), hemo-
globin A1C (HbA1C), aspartate aminotransferase {AST) and
alanine aminotransferase (ALT) were measured before and 12,
24, 36 and 48 weeks after the initiation of treatment.

Results: In the sitagliptin group, the average HbA1C leve!
decreased approximately 0.8% at 48 weeks after the initiation

of sitagliptin. Next, the average FPG level decreased approxi-
mately 20 mg/dL during follow up after the initiation of sita-
gliptin. All the patients were able to take sitagliptin of 50 mg/
day without reduction because of sitagliptin-related side-
effects. On the other hand, in the control group, the average
HbA1C and FPG level did not change with statistical signifi-
cance during follow up of 48 weeks. Regarding aminotrans-
ferase, there were no significant changes of average AST and
ALT level during follow up of 48 weeks in both the sitagliptin
group and control group.

Conclusion: Our results indicate that sitagliptin is effective
and safe for the treatment of T2DM complicated with HCV
positive chronic liver disease.

Key words: hepatitis C virus, sitagliptin, type 2 diabetes
mellitus

INTRODUCTION

EPATITIS C VIRUS (HCV) is one of the more
common causes of chronic liver disease in the
world. Chronic hepatitis C is an insidiously progressive
form of liver disease that relentlessly but silently
progresses to cirrhosis in 20-50% of cases over a period
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of 10-30 years.'? In addition, HCV is a major risk for
hepatocellular carcinoma (HCC).>7 Lately, it has been
reported that chronic HCV infection is associated with
type 2 diabetes mellitus (T2DM)*'* Moreover, T2DM
has been suggested to enhance with the development of
HCC and poor prognosis of liver transplantation.’® "
Thus, in patients with chronic liver diseases, the man-
agement of T2DM is very important to improve the
prolonged prognosis.

However, most oral hypoglycemic agents are metabo-
lized in the liver and often induce the liver damage.
Thus, it is difficult to treat the patients who have T2DM
complicated with chronic liver disease® A new oral
hypoglycemic agent, dipeptidyl peptidase-4 (DPP-4)

© 2011 The Japan Society of Hepatology
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inhibitor (sitagliptin), is minimally metabolized >
Hence, sitagliptin raises the possibility for use in
patients with T2DM complicated with chronic liver
disease.

With this background in mind, the case~control study
was initiated to investigate the efficacy and safety of
DPP-4 inhibitors for T2DM patients with HCV positive
chronic liver disease.

METHODS

Patienis

IXTEEN PATIENTS WITH T2DM complicated with

HCV positive chronic liver disease started the treat-
ment with oral DPP-4 inhibitor (sitagliptin; MDS,
Tokyo, Japan) of 50 mg/day from December 2009 to
January 2010 in the Department of Hepatology, Tora-
nomon Hospital, Tokyo, Japan. These 16 consecutive
patients treated with sitagliptin of 50 mg/day were
regarded as the sitagliptin group. Inclusion criteria of
DPP-4 inhibitor administration were as follows: (i) evi-
dence of diabetes mellitus (i.e. plasma glucose concen-
tration of 2126 mg/dL [6.9 mM) in the fasting state,
2200 mg/dL [11.0 mM] in casual state and/or 2 b after a
75-g oral glucose load; (ii) a diabetic history of less
than 2 years; (iii) features of chronic hepatitis or cirtho-
sis diagnosed by ultrasonography and/or computed
tomography; (iv) positive for serum HCV RNA; (v)
negativity for hepatitis B surface antigens (HBsAg), anti-
nuclear antibodies or anti-mitochondrial antibodies
in serum, as determined by radicimmunoassay or spot
hybridization; (vi) no evidence of HCC nodules as
shown by ultrasonography and/or computed tomogra-
phy; and (vii) no underlying systemic disease, such as
systemic lupus erythematosus and rheumatic arthritis.
The distinction between chronic hepatitis and liver
cirrhosis in patients was done by discriminant fun-
ction using platelet, hyaluronic acid, and y-globulin.”?
Patients with either of the following citeria were
excluded from the study: (i) they were taking medicines
except DPP-4 inhibitors known to alter glucose toler-
ance; and/or (ii) they had illnesses that could seriously
reduce their life expectancy or their ability to participate
in the trial. Patients in the sitagliptin group exercised
and participated in diet therapy in addition to adminis-
tration of sitagliptin. In the same period, 303 patients
with T2DM and chronic liver disease type C were not
treated with antidiabetic drugs. These patients exercised
and participated in diet therapy for T2DM. Seventy-
three of these 303 patients were applied with seven

Sitagliptin for T2DM complicated by HCV 525

inclusion criteria and two exclusion criteria as described
above. Sixteen subjects in the control group were
selected from these 73 patients by matching 1:1 with the
sitagliptin group for age and sex. Patients who belonged
to the control group or sitagliptin group had been sub-
jected to lifestyle intervention of diet and physical exer-
cise after the diagnosis of T2DM. The diet prescription
included daily calorie intake of 125.6 Kkj/ideal body-
weight (kg), a protein energy fraction of 15% and a fat
energy fraction of 25%. Physical activity was recom-
mended as at least 120 min of aerobic exercise a week.
The physicians in charge explained the methods and
side-effects of sitagliptin therapy to each patient and/or
patient’s family before sitagliptin therapy. Informed
consent was obtained from 16 patients of the sitagliptin
group before the initiation of sitagliptin therapy. All of
the studies in the control group were performed retro-
spectively by collecting and analyzing data from the
patient records. This study was approved by the Institu-
tional Review Board of Toranomon Hospital.

Qutcome measures

Type 2 diabetes mellitus was diagnosed by the 2003
criteria of the American Diabetes Association:® (i)
casual plasma glucose of 200 mg/dL or more; (ii) fasting
plasma glucose (FPG) of 126 mg/dL or more; and/or
(iii) 2-h post-glucose (oral glucose tolerance test) of
200 mg/dL or more. Hemoglobin Alc (HbAlc) was
measured using a high-performance liquid chromatog-
raphy method.

Laboratory investigation

Anti-HCV was detected using a second-generation
enzyme-linked immunosorbent assay (ELISA II)
(Abbott Laboratories, North Chicago, IL, USA). HCV
RNA was determined by the Amplicor method (Cobas
Amplicor HCV Monitor Test v2.0; Roche, Tokyo, Japan).
HBsAg was tested by radioimmunoassay (Abbott Labo-
ratories, Detroit, MI, USA). The value for HbAlc (%)
was estimated as a National Glycohemoglobin Stan-
dardization Program (NGSP) equivalent value (%) cal-
culated by the formula HbAlc (%) =HbAlc {Japan
Diabetes Society, JDS)+ 0.4%, considering the rela-
tional expression of HbAlc (JDS) (%) measured by the
previous Japanese standard materials and measurement
methods and HbAlc (NGSP).” Height and weight were
recorded at baseline and the body mass index (BMI) was
calculated as weight (kg) / height (m?).

Follow up
The starting time of follow up in the sitagliptin group
was the initiation of sitagliptin therapy. That is, the time

© 2011 The Japan Society of Hepatology
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Table 1 Clinical characteristics at the starting time of follow up

Hepatology Research 2011; 41: 524-529

Sitagliptin group Control group P-value

n ‘ 16 16

Age (years) 65.3+9.1 65.2+9.5 1.0
Sex (male/female) 8/8 8/8 1.0
Chronic hepatitis/liver cirrhosis 13/3 13/3 1.0
BMI 23.0+35 235+2.9 0.713
BMI (post-intervention) 224+24 22.6+23 1.0
AST (TU/L) 43+34 34421 0.170
ALT (IU/L) 45+31 40+31 0.423
Albumin (g/dL) 3.8+04 39404 0.873
Total bilirubin (mg/dL) 0.9%0.5 0.8+0.3 0.167
Platelets (x10*/mm?) 15.1+5.3 17.0+£6.7 0.208
Hyaluronic acid (ng/mL) 132+80 112+62 0.637
HbAlc (NGSP value) 7.4+0.8 7.2+09 0.552
FPG (mg/dL) 142.1+24.1 140.0 £25.7 0.951

Data are number of patients or mean * standard deviation.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; FPG, fasting plasma glucose; HbAlc,
hemoglobin Alc; HCV, hepatitis C virus; NGSP, National Glycohemoglobin Standardization Program.

was from December 2009 to January 2010. The starting
time of follow up in the control group was the same as
that in the sitagliptin group. Patients were followed up
monthly to tri-monthly in our hospital. Physical exami-
nation and biochemical tests were conducted at each
examination together with regular check up. An over-
night (12 h) fasting blood sample and HbA1C sample
were taken for routine analyses. These included tran-
saminase activities.

Statistical analysis

Clinical differences between the sitagliptin group and
control group were evaluated by Wilcoxon rank sum test
or Fisher's exact test. Changes in serum HbA1C and FPG
level between the sitagliptin group and control group
during follow up were analyzed by one-way repeated
measurement ANOVA. Next, predictive factors for
responders were assessed. A P < 0.05 was considered to
be statistically significant. SPSS ver. 11.5 for Windows
was used to perform statistical analysis.

RESULTS

Patients’ characteristics
ABLE 1 SHOWS the characteristics before follow up
in the 32 patients with T2DM and HCV positive
chronic liver disease. There were no significant differ-
ences in dinical profiles between the sitagliptin group
and control group.

© 2011 The Japan Society of Hepatology

Change of HbA1c and FPG

Change of average HbA1C and FPG level are plotted in
Figures 1 and 2 in the sitagliptin group and control
group. In the sitagliptin group, average HbA1C level
decreased from 7.4% to 6.5% at 48 weeks after the ini-
tiation of sitagliptin. Moreover, average FPG level could
be deduced at approximately 20 mg/dL during follow
up after the initiation of sitagliptin. The HbA1C and
FPG level in the sitagliptin group were statistically lower
than those in the control group.

744
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Figure 1 Change of average hemoglobin Alc {HbAlc) level
during follow up was plotted in both the dipeptidyl
peptidase-4 (DPP-4)} inhibitor group and control group.
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Figure 2 Change of average fasting plasma glucose during
follow up was plotted in both the dipeptidyl peptidase-4
(DPP-4} inhibitor group and control group.

Adverse events of sitagliptin

Regarding side-effects, none of the patients treated with
DDP-4 inhibitor had sitagliptin-related episodes severe
enough to stop the treatment of sitagliptin. Thus, all the
patients were able to take sitagliptin 50 mg/day for
48 weeks without reduction. Next, changes of average
AST and ALT level during follow up are plotted in
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Figure 3. There were no significant changes of average
AST and ALT level during follow up in either the sita-
gliptin or control group.

DISCUSSION

E HAVE DESCRIBED the efficacy and side-effects

of sitagliptin for T2DM patients with HCV posi-
tive chronic liver disease in the present study. The
present study was limited by being a case-control study.
Another limitation of the study was that patients were
treated with different types of diet and different excise.
This heterogeneity makes it slightly difficult to interpret
the results of the study.

On the other hand, the present study shows several
findings with regard to the efficacy and side-effects of
sitagliptin for T2DM patients with HCV positive chronic
liver disease. First, in the sitagliptin group, average
HbA1C and FPG levels after the initiation of sitagliptin
were statistically lower than those at the starting time of
DPP-4 inhibitor. It is suggested that sitagliptin increases
active glucagon-like peptide-1, stimulates insulin secre-
tion and inhibits glucagon secretion.* Thus, it is
accepted that sitagliptin could improve both HbA1C
and glucose level in patients with T2DM and HCV posi-
tive chronic liver disease.

1004
P=0.359
80 0.35
g
5 60+
s DPP-4 inhibitor (sitagliptin} group
% p i
5 40@W’
< B s D
5 S
z .
& ogl Control group
¢ - s
0 12 24 36 48
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Figure 3 Change of average aminotransferase level during follow up was plotted in both the dipeptidyl pepiidase-4 (DPP-4)
inhibitor group and control group. (a) Change of average aspartate aminotransferase {AST) level during follow up was plotted in
both the DPP-4 inhibitor group and control group. (b) Change of average alanine aminotransferase (ALT) level during follow up
was plotted in both the DPP-4 inhibitor group and control group. Patients who belonged to the control group or sitagliptin group
were subjected to lifestyle intervention of diet and physical exercise. The diet prescription included daily calorie intake of
30 kealfideal bodyweight, a protein energy fraction of 15% and a fat energy fraction of 25%.
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Second, administration of sitagliptin is minimal risk
and highly tolerable for T2DM patients with HCV
positive chronic liver disease. In the present study,
none of the patients treated with DDP-4 inhibitor had
sitagliptin-related episodes severe enough to stop the
sitagliptin therapy. Thus, all the patients could take sita-
gliptin of 50 mg/day over 48 weeks without reduction
or stopping. This new oral hypoglycemic agent, sitaglip-
tin, is minimally metabolized and over 80% of it is
excreted in the urine. It seems not to alter pharmacoki-
netics in hepatic insufficiency.” Thus, sitagliptin has few
possibilities to cause the aggravation of the chronic liver
damage. In fact, in the present study, three patients with
liver cirrhosis did not have elevation of aminotrans-
ferase during the treatment by sitagliptin. This result
indicates that sitagliptin is valuable for treating T2DM
with HCV positive liver dirrhosis.

Type 2 diabetes mellitus has been increasing dra-
matically in many nations including Japan over the
past decades.” It is widely accepted that approxima-
tely 7-8 million people are affected by DM in Japan.
Approximately 8-10% of adults in Japan have T2DM.
Recently, it has been reported that T2DM has occurred
in HCV positive chronic liver disease.*"* Moreover, HCV
patients with T2DM are at major risk for HCC."*"" So,
in patients with T2DM and HCV positive chronic liver
diseases, the management of DM is very important to
improve the prolonged prognosis. However, most oral
hypoglycemic agents (thiazolidines, sulfonylurea and
biguanides) are metabolized in the liver. Thus, it is sug-
gested that most oral hypoglycemic agents often induce
liver damage. The new oral hypoglycemic agent, DPP-4
inhibitor (sitagliptin), is minimally metabolized.
Hence, this drug raises the possibility of being used for
T2DM patients with HCV positive chronic liver disease.

In conclusion, our retrospective study suggests that
sitagliptin is effective and safe for the treatment of
T2DM complicated with HCV positive chronic liver
disease.
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Heterogeneous Type 4
Enhancement of Hepatocellular
Carcinoma on Dynamic CT

Is Associated With Tumor
Recurrence After Radiofrequency

OBJECTIVE. The aim of this study was to predict recurrence of hepatocellular carcino-
ma (HCC) from baseline dynamic CT images.

MATERIALS AND METHODS. This retrospective study included 191 consecutive pa-
tients who underwent surgical resection or radiofrequency ablation (RFA) between January
2005 and September 2009 for the treatment of HCC. Enhancement on pretreatment arterial
and portal phase dynamic CT images was classified into one of the four following enhance-
ment patterns: Types 1 and 2 are homogeneous enhancement patterns without or with in-
creased arterial blood flow, respectively; type 3 is a heterogeneous enhancement pattern with
septations; and type 4 is an irregularly shaped ring structure enhancement pattern. Predictive
factors for tumor recurrence including dynamic CT enhancement pattern were also evaluated.
Moreover, risk factors including recurrence type (i.e., tumor number > 10, portal vein inva-
sion, or both) were evaluated in RFA-treated cases.

RESULTS. Among 60 patients who underwent surgical resection, no statistical associa-
tion was observed between dynamic CT enhancement patterns and recurrence rate. In con-
trast, in the 131 patients who underwent RFA, cumulative recurrence rates for each enhance-
ment pattern were significantly different: Recurrence rates 2 years after RFA for patients with
type 1, 2, 3, and 4 were 26.6%, 46.9%, 38.6%, and 77.8%, respectively (p = 0.042). Recus-
rence, which was defined as the presence of 10 or more nodules, portal vein invasion, or both
occurred in nine of 131 patients (6.9%) in the RFA group. A muitivariate Cox proportional
hazards analysis revealed that the type 4 dynamic CT enhancement pattern is an independent
factor for HCC recurrence (hazard ratio, 27.68; 95% CI, 6.82-112.33; p < 0.001).

CONCLUSION. The pretreatment type 4 dynamic CT enhancement pattern can poten-
tially be used to predict recurrence of HCC after RFA treatment.

epatocellular carcinoma (HCC)
is a common malignancy world-
wide, and the incidence rate is
increasing in Japan as well as in
the United States [1-3]. Chronic viral hepati-
tis and liver cirrhosis after infection with
hepatitis B virus (HBV) and hepatitis C virus
(HCV) play important roles in the develop-
ment of HCC [4, 5]. The incidence of HCC in
patients with, HCV—elated cirrhosis is esti-
mated to be 5-10% per annum in Japan, and
HCV-related cirrhosis is one of the major
causes of death particularly in Asian countries
[51. Among the available treatment options for
HCC, surgical resection is generally consid-
ered to be a local eradication method that can
provide a satisfactory long-term outcome [6—
13]. Advances in imaging procedures have led
to the increased detection of early stage HCC
and have improved survival because more pa-
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tients in whom hepatic resection is possible
are being identified [14, 15].

For patients who are not eligible for surgi-
cal treatment for various reasons (e.g., lack
of sufficient liver function for surgical resec-
tion), percutaneous local therapy is a viable
therapeutic option. A number of local ablation
therapies are available including percutaneous
ethanol injection, percutaneous acetic acid in-
jection, cryotherapy, percutaneous microwave
coagulation therapy, and radiofrequency abla-
tion (RFA). In addition to surgical resection,
local ablation therapies, particularly RFA, are
considered to be local eradication methods for
HCC that can provide good long-term out-
comes [16]. However, despite the high com-
plete necrosis rate in REA-treated HCC, some
patients experience tumor recurrence within
1 year of RFA, either as local recurrence or
new tumor formation. A series of studies have
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identified factors predictive of HCC tumor re-
currence and seeding including tumor size,
tumor location relative to the hepatic capsule
(presence or absence of tumor on subcapsu-
lar portion), o-fetoprotein (AFP) level, tumor
stage, and histopathologic grade [17, 18]. For
the reasons stated earlier, it is important to de-
termine the histopathologic grade of HCC be-
fore administering local ablation therapy.

We previously reported that a “heteroge-
neous enhancement pattern with irregular
ring-like structures” [19] in the arterial phase
of dynamic CT analysis accurately predicts the
histopathologic grade of poorly differentiated
HCC, and we named this enhancement pattern
“type 4” [19]. Therefore, one aim of the cur-
rent study was to examine the risk factors for
tumor recurrence after local eradication, in-
cluding differences between treatment proce-
dure (surgical resection vs RFA) and dynamic
CT enhancement pattern. Moreover, in a previ-
ous study, investigators reported an association
between tumor seeding after RFA and his-
topathologic grade of HCC {17, 18]. There-
fore, the other aim of the current study was to
evaluate the relationship between the type 4
dynamic CT enhancement pattern and HCC
recurrence in patients who undergo RFA.

Materials and Methods
Study Population

From Janunary 2005 to September 2009, 705 pa-
tients were diagnosed with HCC and underwent sur-
gical resection or RFA as the initial treatment in
the Department of Hepatology, Toranomon Hospi-
tal, Tokyo, Japan. Among the 705 patients, 191 pa-
tients satisfied the following criteria for inclusion in
our study: triple-phase dynamic CT study performed
before surgical resection or RFA; pretreatment diag-
nosis of a solitary HCC with a maximum tumor di-
ameter of 30 mm or less; no evidence of extrahepat-
ic metastases as confirmed on pretreatment imaging
studies (CT, sonography, or chest radiography); no
history of other malignancies; and no pretreat-
ment chemotherapy, including transcatheter ar-
terial chemoembolization (TACE). Accordingly,
these 191 patients were retrospectively evaluated for
an association between arterial and portal phase dy-
namic CT enhancement pattern and recurrence of
HCC. The observation starting point was the time of
the first surgical resection or RFA session for HCC.

Contrast Infusion and CT Protocol

All patients received nonionic contrast materi-
al with an iodine concentration of 350 mg I/mL
(iomeprol [Iomeron 350, Bracco-Eisai]). CT was
performed with a 64-MDCT scanner (Aquilion
64, Toshiba Medical Systems) with the following
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scanning parameters: rotation time, 0.5 second;
beam collimation, 64 x 0.5 mm,; section thickness
and interval, 5 mm; beam pitch, 0.83; tube volt-
age, 120 XV; and tube current, 150 mAs. All he-
lical scans were started at the top of the liver and
proceeded in a cephalocaudal direction. Unen-
hanced and three-phase contrast-enhanced helical
scans of the whole liver were obtained. Patients
were instructed to hold their breath with exhala-
tion during scanning.

An automatic bolus-tracking program (Sure
Start, Toshiba Medical Systems) was used to time
the start of acquisition in each phase after contrast
injection. The attenuation at the axis of the celiac
artery level was monitored by one radiology tech-
nician; the region-of-interest cursor (1 cm?) was
placed in the abdominal aorta. Real-time low-
dose (120 kV, 25 mAs) serial monitoring studies
were initiated 5 seconds after the start of contrast
injection. The trigger threshold level was set at
100 HU. A double arterial phase acquisition was
started 15 and 20 seconds after triggering, and
portal phase and delayed phase acquisitions were
started 70 and 180 seconds after the start of the
contrast injection, respectively.

Diagnosis of HCC

Diagnosis of HCC was predominantly based
on image analysis. If a hepatic nodular lesion was
identified on screening sonography, the patient un-
derwent dynamic CT, dynamic MRI, or both. Fur-
thermore, when a liver nodule either showed hy-
perattenuation in the arterial phase of the dynamic
study and washout in the portal or delayed phase
or showed typical hypervascular staining on digi-

tal subtraction angiography, the nodule was diag-
nosed as HCC. In accordance with the American
Association for the Study of Liver Diseases gnide-
lines [20], we obtained at least two dynamic imag-
es before treatment. When a nodule did not appear
to show the mentioned typical imaging features,
fine-needle aspiration biopsy was performed fol-
lowed by histologic examination and diagnosis.

Imaging Analysis of Hepatocellular Carcinoma
and Definition of Enhancement Pattern

Before treatment was administered, triple-
phase contrast-enhanced CT was performed of all
patients. The enhancement pattern on the arteri-
al and portal phases of dynamic CT was classi-
fled into one of four types, and the four enhance-
ment types on the original images were converted
into simplified images (Fig. 1 [19]). The type 1
pattern represented a homogeneous enhancement
pattern with no increase in arterial blood flow;
the entire image was uniform during the arterial
phase and portal phase. The type 2 pattern repre-
sented a homogeneous enhancement pattern with
increased arterial blood flow; the entire image
was uniform during the arterial phase and portal
phase. The type 3 pattern represented a heteroge-
neous enhancement pattern with septations with
heterogeneous enhancement and septations in the
arterial phase, whereas the septations resembled
a near-uniform tumor tissue periphery in the por-
tal phase. The type 4 pattern represented a hetero-
geneous enhancement paitern with irregular ring-
like structures; the arterial phase was marked by
the presence of irregularly shaped ring areas of
enhancement and areas of little blood flow relative

Qriginal Images Simplified Original Images
Phase  Porfal Phase Artetial Phase  Portal Phase
‘*’ : ...o
Type Pl
i raut’
Type 2 O
Type 3
Type 4

Fig. 1—Sample of original dynamic CT images and simplified images for each enhancement pattern. (Reprinted k
and modified with permission from John Wiley and Sons [19})
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to the periphery of the tumor tissue, and the por-
tal phase was characterized by areas of reduced
blood flow.

The enhancement pattern on the arterial and
portal phases of dynamic CT was determined by
consensus of three expert hepatologisis who were
blinded to the pathologic results.

Treatment Methods

Physicians and surgeons generally discussed
the preferred choice of therapy in individual pa-
tients. Hepatic resection was performed under in-
traoperative sonographic monitoring and guid-
ance. For small and superficial HCCs, arterial and
portal vein clamping at the hepatic hilum was not
usually required to maintain liver perfusion. RFA
was performed using three different devices: a
multitined expandable electrode with a 3-cm ar-
ray with a 150-W radiofrequency generator (mod-
el 1500 series, RITA Medical Systems), an inter-
nally cooled electrode with a 3-cm active tip with
a 200-W radiofrequency generator (Cool-tip Ra-
diofrequency System, Covidien), and a multitined
expandable electrode with a 200-W radiofrequen-
cy generator (LeVeen Needle Electrode and Ra-
diofrequency 3000 Generator, RTC System, Bos-
ton Scientific Japan). For the first two systems,

treatment procedures were performed according

to the protocols recommended by the manufac-
turers. However, treatment using the RTC System
was performed by adopting the “stepwise hook ex-
tension technique” [21].

The needle was inserted into the tumor percu-
taneously under sonographic guidance. In the case
of RFA, dynamic CT was performed 1-3 days af-
ter therapy, and the ablated area was evaluated.
The goal of treatment was to obtain an ablative
margin larger than the original tumor, with a sur-
rounding treatment margin of 5 mm or greater in
all directions. When this margin was not achieved
or a residual tumor was found, additional ablation
was considered.

In this study, 93 of 131 procedures (71%) were
performed using the multitined expandable elec-
trode (LeVeen), 28 of 131 procedures (21%) were
performed using the internally cooled electrode
(Cool-tip), and 10 of 131 procedures (8%) were
performed using the multitined expandable elec-
trode (RITA).

Definition of Multinodular Recurrence of HCC
In this study, we defined “multinodular” as fol-

lows: the appearance of 10 or more lesions at the time

of first recurrence after surgical resection or RFA.

Follow-Up Protocol

Physicians examined the patients every 4 weeks
after treatment, and liver function tests and tumor

AJR:197, October 2011
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TABLE I: Clinical Profile and Laboratory Data of 191 Patients With
Hepatocellular Carcinoma Treated by Surgical Resection
or Radiofrequency Ablation (RFA)

Parameter Surgical Resection RFA I
Patient characteristics
No. of patients 60 131
Sex {no. of patients} 0.922
M:F ratio 38:22 82:49
Agely) 0.021
Median 66 69
Range 35-80 37-83
Background liver disease (no. of patients} 06.603
Hepatitis C virus 34 100
Hepatitis B virus 22 19
Others 4 12
Laboratory data
Platelet count {x10%/pL) 0.153
Median 13.3 1.8
Range 5.1-27.2 2.7-39.6
Albumin {g/dL) 0.019
Median 37 37
Range 2.9-47 2744
Total bilirubin {mg/dL) 0.030
Median 0.8 0.9
Range 0.3-2.2 0.3-2.7
Prothrombin activity {%) 0.218
Median 94.5 83.9
Range 60.4-124.0 56.7-124.0
AST(IU/L) 0.423
Median 4 48
Range 16-163 16-191
AFP (ng/L) 0.561
Median 12.0 10.5
Range 1.6-5541.0 1.0-993.7
DCP (AU/L) 0.137
Median 20.5 17.0
Range 9.0-556.0 6.0-314.0
Tumor characteristics
Diameter (mm) <0.001
Median 20.0 16.0
Range 10.0-30.0 7.0-30.0
Tumor location (no. [%] of patients)
Subcapsular 48/60(80) 52/131(40) | <0.001
Subphrenic 24/80 (40) 58/131(44) 0.579
Dynamic CT enhancement pattern {no. [%] of patients) <0.001,
Type 1 v 46135)
Type 2 27{45) 52 (40}
Type 3 21(35) 24(18)
Type 4 3{13) {7
Note—AFP = o-fetoprotein, AST = aspartate aminotransferase, DCP = des-y—carboxy prothrombin.
W67
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Fig. 2—Correlation between cumulative recurrence rates and enhancement patterns of pretreatment dynamic CT after each treatment procedure.
A and B, Graphs show associations between cumulative hepatocellular carcinoma (HCC) recurrence rate after surgical resection (A} and after radicfrequency ablation

{B) and pretreatment dynamic CT enhancement pattern.

100+ ~—— Type4d 100+ Type 4
g ——— Type 3 g ———— Type 3
Pr o Type 2 o | T Type 2
g 80~ Type 1 5_.___9 80+ ——-- Type
k) ] k-] ]
] 2
©
= 604 & 60+ I o
£ g T
= [~ J r
2 T e r———‘r r———--‘
S LI £ === 4 —
;o o e
%’: T T; - S . i
2 R i 2 I R =
E oyl T [ g Fa)
= 20 ! =t £ 204 (—
= = ~ J—
§ o P e e 4 g r;‘ [
21 T ______ - o .;' rr..‘L._,.l 0.04

7 p=0.956 A p=0.042
0 i T T c T i [
2 3 0 1 2 3
Time (y) Time (v)
A B

markers were also measured once every month. TABLE 2: Predictors of Tumor Recurrence in Patients With Hepatocellular
Carcinoma Treated by Surgical Resection or Radiofrequency
Ablation (RFA)

After completion of HCC treatment, patients un-
derwent contrast-enhanced three-phase CT survey
every 3 months for recurrence. Local tumor pro-
gression was defined as tumor recurrence adjacent
to the resected or ablated area.

Statistical Analysis and Ethical Considerations

Differences in background features and labora-
tory data between the surgical resection and RFA
groups were analyzed by the chi-square test and
Mann-Whitney U test. Recurrence was analyzed
using the Kaplan-Meier technique, and differenc-
es in curves were tested using the log-rank test.
Independent factors associated with overall recur-
rence and recurrence characterized by multiple
nodules, portal vein invasion, or both were stud-
ied using stepwise Cox regression analysis. Poten-
tial risk factors for overall recurrence after surgi-
cal resection and RFA included the following 15
variables: age, sex, cause of background liver dis-
case, serum albumin level, bilirubin level, aspar-
tate aminotransferase (AST) level, platelet count,
prothrombin time, AFP level, des-y~carboxy pro-
thrombin (DCP) level, diameter of the HCC, tu-
mor location relative to the hepatic capsule (pres-
ence or absence of tumor on subcapsular portion),
tumor location relative to the diaphragm (presence
or absence of tumor on subphrenic portion), treat-
ment procedure, and enhancement pattern of pre-
treatment dynamic CT analysis.

Potential risk factors for recurrence character-
ized by multiple nodules, portal vein invasion, or
both after RFA included the following 15 vari-
ables: age, sex, cause of background liver disease,
serum albumin level, bilirubin level, AST level,

wess

Univariate Analysis Multivariate Analysis
Category Hazard Ratio (35% Cl} p Hazard Ratio (35% G} I}

Sex

1: Female 1

2:Male 1.26 (0.84-1.89) 0.274
Age

1:<85y 1 1

2:265y 1.50 (0.10-2.26) 0.050 1.85(1.16-2.94} 0.010
Background liver disease

1: Hepatitis C virus 1

2: Hepatitis B virus 0.84 (0.51-1.39) 0.503

3: Others 1.29 {0.66-2.49) 0.458
Platefet count

12107104l 1 1

2:<10710%pL 1.65{1.10-2.49) 0.016 1.61(1.04-2.48} 0.033
Albumin

1:23.5g/dL 1 ]

2:<3.5g/dL 1.72(1.15-2.58} 0.008
Total bilirubin

1:< 1.0 mg/dL 1

2:21.0mg/dL 1.64(1.11-2.42) 0.013
Prothrombin activity

1:270% 1

2:<70% 1.95(1.01-3.75) 0.046
AST

<40 {U/L 1 1

2:2401U/L 1.65 (1.09~2.49) 0.018 1.66(1.04-2.66) 0.035

(Tahle 2 continues on next page}
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TABLE 2: Predictors of Tumor Recurrence in Patients With Hepatocellular
Carcinoma Treated by Surgical Resection or Radiofrequency

Ablation (RFA) (continued)

Univariate Analysis Multivariate Analysis
Category Hazard Ratio {95% CI) p Hazard Ratio {95% Cl) p

AFP

1: < 100 pg/L 1 1

2:2100 pg/L 2.21{1.40-3.50) 0.001 2.25{1.30-3.89} 0.004
pee

1:<30AU/L 1 1

2:230AU/L 1.82(1.15-2.88) 0.011 1.77{1.05-2.99) 0.032
Tumor diameter

1:<20 mm 1

2:220mm 1.13(0.78-1.67) 0.544
Tumor on subcapsular portion

1:Yes 1 1

2:No 1.37(0.93-2.00) 0.115 1.72{1.10-2.70) 0.019
Tumor on subphrenic portion

1:No ) 1

2:Yes 1.01(0.68-1.49) 0.984
Treatment

1: Surgical resection 1 ]

2:RFA 1.52{0.98-2.36) 0.062
Dynamic CT enhancement pattern

1: Type 1 1

2:Type 2 1.33{0.81-2.18} 0.261

3:Type3 1.15{0.66-2.01) 0.628

4:Typed 1.95 (0.98-3.89) 0.058

Note—AFP = a-fetaprotein, AST = aspartate aminotransferase, DCP = des-y—carboxy prothrombin.

platelet count, prothrombin time, AFP level, DCP
level, tumor diameter, tumor location relative to

capsule (subcapsular portion), tumor location rel-’

ative to diaphragm (subphrenic portion), type of
RFA device, and dynamic CT enhancement pat-
tern. Several variables were transformed into cate-
goric data consisting of two to four simple ordinal
numbers for nnivariate and multivariate analyses.
All factors that were at least marginally associat-
ed with overall recurrence and recurrence charac-
terized by multiple nodules, portal vein invasion,
or both (p < 0.15) in univariate analysis were en-
tered into a stepwise Cox regression analysis. Sig-
nificant variables were selected by the stepwise
method. A two-tailed p < 0.05 was considered to
be statistically significant. Data analysis was per-
formed using statistics software (SPSS, version
11.0, SPSS Inc.).

The study protocol was approved by the Human
Ethics Review Committee of Toranomon Hospital.
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Results

Clinical Background, Laboratory Data, and
Distribution of Enhancement Patterns on
Pretreatment Dynamic CT

Table 1 summarizes the clinical profile
and laboratory data of 191 HCC patients
who were treated by surgical resection or
RFA. The RFA group included significantly
older individuals and significantly more pa-
tients with less preserved liver function com-
pared with the surgical resection group. The
cause of background liver disease was also
significantly different between the two treat-
ment groups: Patients in the surgical resec-
tion group had larger tumors that were more
likely to have a subcapsular location.

The type 2, 3, and 4 enhancement patterns
were more commonly observed in the surgical
resection group than the type 1 enhancement
pattern. In contrast, in the RFA group, the type
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1 enhancement pattern was more common-
ly observed than the type 2, 3, or 4 pattern. In
addition, the distribution of enhancernent pat-
terns on pretreatment dynamic CT was signifi-
cantly different for each treatment procedure.

Distribution of Each Enhancement Pattern
and Frequency of Poorly Differentiated
Hepatocellular Carcinoma by Histologic
Examination in the Surgical Resection Group
In 60 surgical resection patients, four pa-
tients (7%) had the type 1 enhancement pat-
tern, 27 patients (45%) had the type 2 pattern,
21 patients (35%} had the type 3 pattern, and
eight patients (13%) had the type 4 pattern.
Pathologic HCC diagnoses by enhancement
pattern were as follows: type 1 enhancement
pattern, all patients had well-differentiated
HCC; type 2 enhancement pattern, five of 27
patients (19%) had well-differentiated HCC
and 21 of 27 (78%) patients had moderate-
ly differentiated HCC; type 3 enhancement
pattern, one of 21 patients (5%) had well-
differentiated HCC and 19 of 21 (90%) pa-
tients had moderately differentiated HCC;
and type 4 enhancement pattern, five of eight
patients (63%) had moderately differentiated
HCC. Rates of poorly differentiated HCC by
enhancement pattern were as follows: type 1
enhancement pattern, zero of four patients
(0%); type 2 enhancement pattern, one of 27
patients (4%); type 3 enhancement pattern,
one of 21 patients (5%); and type 4 enhance-
ment pattern, three of eight patients (38%).

Correlation Between Cumulative Recurrence
Rates and Enhancement Patterns on
Pretreatment Dynamic CT After Each
Treatment Procedure

In the surgical resection group, cumnula-
tive recurrence rates were not significantly
different between each pretreatment dynam-
ic CT enhancement pattern (types 1, 2, 3, and
4:0.0%, 12.0%, 9.5%, and 12.5% at the first
year after treatment, respectively, and 25.0%,
28.2%, 14.6%, and 37.5% at the second year)
(Fig. 2A). However, in the RFA group, the
cumulative recurrence rate was significantly
different between each enhancement pattern
(types 1, 2, 3, and 4: 87%, 31.1%, 16.7%,
and 0.0% at the first year, respectively, and
26.6%, 46.9%, 38.6%, and 77.8% at the sec-~
ond year, respectively; p = 0.042) (Fig. 2B).

Predictive Factors for Initial Recurrence After

Surgical Resection or Radiofrequency Ablation
Multivariate Cox proportional hazards anal-

ysis revealed that the following independent
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factors are predictive for recurrence of HCC treated by surgical resection or
RFA: AFP > 100 p g/L (hazard ratio [HR], 2.25; 95% CI, 1.30-3.89; p =
0.004), age = 65 years (HR, 1.85; 95% CI, 1.16-2.94; p = 0.010), DCP >
30 AU/L (HR, 1.77; 95% CI, 1.05-2.99; p = 0.032), tumor not present in
subcapsular portion (HR, 1.72; 95% CI, 1.10-2.70; p = 0.019), AST > 40
TU/L (HR, 1.66; 95% CI, 1.04-2.66; p = 0.035), and platelet count < 10 x 104/
uL (HR, 1.61; 95% CI, 1.04-2.48; p = 0.033) (Table 2).

Association Between the Frequency of Recurrence Characierized by
Muliiple Nodules, Portal Vein Invasion, or Both and Clinical Features for
Each Treatment Procedure

The frequency and clinical features of recurrence characterized by
multiple nodules, portal vein invasion, or both are presented in Table 3.
Such recurrences occurred in 10 of 191 patients (5.2%). In the surgical
resection group, recurrence occurred in one of 60 patients (1.7%), and
in the RFA group, recurrence occurred in nine of 131 patients (6.9%).
Notably, in the RFA group, six of nine patients (66.7%) had a pretreat-
ment type 4 enhancement pattern. Among the type 4 patients, recurrence
of HCC occurred more than 1 year after treatment in six of six patients
(100%) after RFA.

Regarding the needles used for RFA of HCC in these nine patients,
an internally cooled electrode (Cool-tip) was used in case 2 (Table 3), a
RITA multitined expandable electrode was used in case 4, and a LeVeen
multitined expandable electrode was used in the other seven patients.

Figure 3 shows a case of recurrence after RFA (case 7 in Table 3). Fig-
ures 3A and 3B show that the pretreatment dynamic CT and digital sub-
traction angiography (DSA) images revealed a type 4 dynamic CT en-
hancement pattern. In Figures 3C and 3D, dynamic CT and DSA images
acquired at the time of recurrence after RFA are shown: Multiple hepatic
tumors are apparent surrounding the previously ablated area.

Association Between Cumulative Hepatocellular Carcinoma Recurrence Rate
After Radiofrequency Ablation and Pretreatment Dynamic CT Enhancement
Patterns: Type 4 Versus Other Enhancement Patterns

In the RFA group, the cumulative recurrence rate was significantly
higher in tumors displaying a pretreatment type 4 dynamic CT enhance-
ment pattern than in tumors showing other enhancement patterns (type
4 vs other enhancement patterns, 0.0% vs 2.8% at the first year, 74.6%
vs 2.8% at the second year; p < 0.001).

Predictive Factors for Hepatocellular Carcinoma Recurrences
Characterized by Multiple Nodules, Portal Vein Invasion, or Both
After Radiofrequency Ablation

The Multivariate Cox proportional hazards analysis revealed that the
type 4 pretreatment dynamic CT enhancement pattern is an independent
predictive factor for HCC recurrence characterized by multiple nodules,
portal vein invasion, or both in patients with HCC treated by RFA (HR,
27.68; 95% CI, 6.82-112.33; p < 0.001) (Table 4).

Discussion

A number of local eradication therapies are currently available for
HCC. However, with the exception of surgical resection, the potential
risk of tumor dissemination always exists in patients who receive such
therapies. Therefore, to properly select the most suitable therapy for an
individual patient, it is important to predict the potential risk of HCC be-
fore treatment.

As others have previously reported [17, 18], identification of poorly dif-
ferentiated HCC is particularly important for making good therapeutic
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TABLE 3: Frequency of Hepatocellular Carcinoma Recurrence Characterized by 10 or More Nodules, Portal Vein Invasion, or Both by Treatment
Procedure and Clinical Features
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progress. In one of our previous studies, we
identified the type 4 enhancement pattern
as an independent factor that is predictive
of poorly differentiated HCC [19]. The re-
sults of that study revealed that the risk of a
pathologic diagnosis of poorly differentiated
HCC in patients with a preoperative type 4
dynamic CT enhancement pattern is approx-
imately 13 times higher than that of patients
with a type 1 or 2 enhancement pattern.
Therefore, the first aim of this study was to
evaluate the clinical outcomes of patients with
HCC treated by surgical resection and of those
with HCC treated by RFA in association with
dynamic CT enhancement patterns. In the sur-
gical resection group, no significant differenc-
es in recurrence rates were observed between
patients with different enhancement patterns.

AJR:197, October 2011

CT Enhancement of Treated HCC

D

We presume that no significant differences
were observed because surgical resection is
the most effective local eradication therapy
for HCC. In contrast, in the RFA group, sig-
nificant differences in recurrence rates were
observed between patients with different en-
hancement patterns. This result is surmised to
reflect the association between each enhance-
ment pattern and histopathologic diagnosis
based on the results of these associations in
the surgical resection group. However, in mul-
tivariate analysis, pretreatment dynamic CT
enhancement patiern was not identified as an
independent factor predictive for recurrence
of HCC. Therefore, a larger-scale examination
is required in the future; depending on the re-
sults of that study, it may be necessary to re-
classify these enhancement patterns.
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Fig. 3—83-year-old man with hepatocellular carci-
noma {case 7 in Table 3).

A, Pretreatment dynamic CT {arterial phase) image.
Tumor shows heterogeneous enhancement pattern
with irregular ringlike structures—that s, type 4
enhancement pattern.

B, Pretreatment digital subtraction angiography
{DSA}image shows single hypervascular nodule, so
radiofrequency ablation (RFA) was performed.

€, Dynamic CT study (arterial phase)image obtained
attime of recurrence after RFA (1.5 years after treat-
ment) shows multiple hepatic tumors are observed
around previously ablated area.

B, DSAimage attime of recurrence shows muitiple
hepatic tumors are observed around original tumor.

The second aim of this study was to inves-
tigate the relationship between recurrence
characterized by 10 or more nodules, portal
vein invasion, or both and pretreatment dy-
namic CT enhancement pattern in the RFA
group. Significant differences between the
enhancement patterns and recurrence rates
were observed, and in multivariate analy-
sis, a pretreatment type 4 dynamic CT en-
hancement pattern was identified as an inde-
pendent factor predictive of this type of HCC
recurrence after RFA treatment. The risk of
this type of recurrence in patients with a pre-
treatment type 4 dynamic CT enhancement
pattern was approximately 28 times high-
er than that of other enhancement patterns.
Based on these results, this new classifica-
tion of dynamic CT enhancement pattern—
particularly the type 4 enhancement pat-
tern—appears to be very useful for avoiding
RFA treatment likely to recur.

In addition, among the six patients with
a pretreatment type 4 dynamic CT en-.
hancement pattern who underwent RFA,
this type of HCC recurrence occurred more
than 1 year after treatment in all six patients
(100%). Histopathologic tumor features and
adhesion molecules may have contributed to
this long interval between the initial treat-
ment and this type of recurrence after RFA.
However, in this study, we were not able to
perform tumor biopsies of nodules in pa-
tients with the type 4 enhancement pattern.
Further studies, including histopathologic
and molecular biologic examinations, are re-
quired to confirm this hypothesis.

This study has some limitations. First,
there were more HCC patients with HCV in
the RFA group than in the surgical resection
group; this difference might have been a po-
tential source of bias. This difference may
be because patients with HBV-related HCC
usually have a better liver reserve than those
with HCV-related HCC at the time of initial
hepatocarcinogenesis and that patients with
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TABLE 4: Predictors of Recurrence Characterized by Multiple Nodules, Portal Vein Invasion, or Both in Patients With

Kawamura et al.

Hepatocellular Carcinoma Who Underwent Radiofrequency Ablation (RFA)

Category

Univariate Analysis

Multivariate Analysis

Hazard Ratio (95% Cl)

Hazard Ratio {95% Cl}

Sex
1:Female
2: Male
Age
1:<85y
2:265y
Background liver disease
1: Hepatitis C virus
2: Hepatitis B virus
3: Others
Platelet count
1:210710%pL
2:<10710%pL
Albumin
1:23.5g/dL
2:<3.5g/dL
Total bilirubin
1:< 1.0mg/dL
2:21.0mg/dL
Prothrombin activity
1:270%
2:<70%
AST
1:<401U/L
2:24010/L
AFP
1:< 100 pug/L
2:>100 pg/L
pcP
1:<30AU/L
2:230AU/L
Tumor diameter
1:<20mm
2:220 mm
Tumor on subcapsular portion
1:Yes
2:No
Tumer on subphrenic portion
1:No
2:Yes
Type of RFA needle
1: LeVeen Needle Electrode?® {Boston Scientific Japan)
2: Cool-tip? {Covidien)
3: Model 1500 series? (RITA Medical Systems)
Type of enhancement pattern
1:Types 1,2, and 3
2: Type 4

1
0.50(0.14-1.87}

1
1.31{0.33-5.24}

1
0.41{0.05-3.30}
1.23(0.15-9.87)

1
0.58(1.17-2.86)

1
1.22(0.30-4.88}

1
1.36 (0.36-5.06)

1
2.04(0.25-16.39}

1
4.99(0.62-39.93)

1
1.01(0.13-8.02)

1
3.73{1.00-13.88)

1
1.62(0.43-6.03}

1
2.44(0.50-11.11)

1
1.60(0.43-5.96}

i
0.46 {0.06-3.75)
1.36 {0.17-11.05)

1
29.52(7.28-119.82)

0.305

0.703

0.405
0.843

0.499

0.783

0.649

0.505

0.130

0.998

0.050

0.473

0.272

0.484

0.470
0.774

<0.001

1
27.68{6.82-112.33)

<0.001

Note—AFP = a-fetaprotein, AST = aspartate aminatransferase, DCP = des-y—carboxy prathrombin.

aMultitined expandable electrode.
binternally cooled electrode.
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HCV-related HCC generally have smaller
tumors than those with HBV-related HCC.
Thus, more patients with HCV-related HCC
were treated by RFA. Another limitation is
that diagnosis of HCC was essentially based
on image analysis, and heterogeneous en-
hancement resembling the type 4 enhance-
ment pattern is recognized in other hepatic tu-
mors {(e.g., cholangiocellular carcinoma and
fibrolamellar HCC). However, these other tu-
mors that show the type 4 enhancement pat-
tern are rare in patients with chronic hepatitis
or liver cirrhosis compared with HCC: Chol-
angiocellular carcinoma comprises 4.4% of
primary liver cancers [22] and fibrolamellar
HCC represents only 0.68% of liver tumors
in Japan. Thus, detection of a heterogeneous
enhancement pattern on dynamic CT images
should be considered first to represent HCC
with a highly malignant potential. Moreover,
regarding HCC nodules that have a type 4 en-
hancement pattern, MRI (T1- and T2-weight-
ed images, contrast-enhanced MRI, and
comparison of diffusion-weighted images ob-
tained with different b values) is considered
to contribute to improved tumor characteriza-
tion. Adoption of these advanced techniques
is expected to increase moving forward.

In our opinion, in patients with a type 4
enhancement pattern on dynamic CT imag-
es who have adequate liver reserve to allow
any treatment, including surgical resection,
we believe that the information about recur-
rence in this population could be used as an
index to prioritize surgical resection. If surgi-
cal resection cannot be performed, we recom-
mend up-front embolic therapies (e.g., TACE,
radioembolization) rather than RFA mono-
therapy alone.

In conclusion, the current study showed
a strong relationship between the type 4 en-
hancement pattern and HCC recurrence char-
acterized by 10 or more nodules, portal vein
invasion, or both after RFA treatment. The

AJR:197, October 2011
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management of HCC with a type 4 enhance-
ment pattern should include a thorough thera-
peutic approach including surgical resection.
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Cancer preventive effect of pegylated interferon o-2b
plus ribavirin in a real-life clinical setting in Japan:

PERFECT interim analysis
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Aim: This study was conducted to clarify the incidence of
hepatocellular carcinoma (HCC) and the factors contributing
to its occurrence by following chronic hepatitis C patients
who received pegylated interferon (PEG-IFN} o-2b plus ribavi-
rin {(RBV) combination therapy.

Methods: Patients who received PEG-IFN 0-2b and RBV com-
bination therapy with no history of HCC or HCC within
3 months after the start of treatment were observed for the
onset of HCC at 67 centers.

Results: Sustained virological response {SVR) was observed
in 999 (53.5%) of 1865 patients eligible for analysis. During the
observation period (median duration: 4 years and 3 monthsj,
HCC developed in 59 patients (3.1%). A significant difference
was observed in the 5-year cumulative incidence of HCC
between SVR and non-SVR patients (1.1% vs. 7.1%). Factors
contributing to HCC selected in multivariate analysis were
therapeutic efficacy, sex, age, alanine aminotransferase (ALT)
level at 24 weeks affer the end of treatment, and platelet
count. Non-SVR patients with ALT improvement after the
end of treatment had a significantly lower 5-year cumulative
incidence of HCC than those without {3.4% vs. 11.0%). HCC

developed in 10 patients who achieved SVR, and multivariate
analysis indicated that ALT level at 24 weeks after the end of
treatment was the only significant factor contributing to HCC.

Conclusion: Several known risk factors for HCC contributed
to HCC in patients who received PEG-IFN a-2b and RBV com-
bination therapy, and ALT abnormality after the end of treat-
ment contributes to the onset of HCC in both non-SVR and
SVR patients.

Key words: alanine aminotransferase, chronic hepatitis C
virus, hepatoceliuilar carcinoma, pegylated inteferon,
ribavirin

Abbreviations: AFP, alpha fetoprotein; ALT, alanine ami-
notransferase; BR, biochemical response; CHC, chronic
hepatitis C; HCC, hepatocellular carcinoma; IFN, interferon;
LVR, late virological response; NR, no response; NVR, non-
virological response; PEG-IFN, pegylated interferon; ; RBV, rib-
avirin; SVR, sustained virological response; TR, transient
response.
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INTRODUCTION

HE INCREASE IN the inddence of hepatocellular
carcinoma {HCC) in Japan peaked in 2004 and is
now in a declining trend.! The HCC mortality rate,
however, is still particularly high among developed
countries,” and even now nearly 35 000 people die

953

— 757 —



936 S. Watanabe et al.

annually from HCC. In Japan, about 70% of patients
diagnosed with HCC are positive for hepatitis C virus
antibody.> The hepatitis C virus infection rate’ and
incidence of HCC both increase with the age of the
patient,* and curing chronic hepatitis C (CHC) to
reduce HCC and deaths due to HCC is a pressing
issue.

With the discovery of interferon (IFN), CHC became a
curable disease, and with the addition of ribavirin
(RBV), therapeutic outcomes have improved dramati-
cally. Currently, about 50%°° of patients with HCV
genotype 1b and high virus load and more than 80%° of
genotype 2 patients achieve sustained virologic response
(SVR), and the SVR rate is reported to improve further
with long-term treatment!®!! and with combination
therapy plus a statin.”?

The efficacy achieved with these IFN therapies is also
reported to lead to the inhibition of the onset of HCC
and deaths due to HCC™?, but only a few reports are
available of long-term observation of patients receiving
PEG-IEN a plus RBV combination therapy.

We therefore examined the HCC preventive effect of
combination therapy in 1865 patients who received
PEG-IEN o-2b and RBV.

METHODS

Patients and treatment

ERFECT (THE PEG-IFN and Ribavirin, Find Evi-

dence of Chronic Hepatitis C Therapy in Tokyo)
Study Group, consisting of 67 centers in Tokyo and
Yamanashi Prefecture, conducted a retrospective study
to investigate the efficacy and safety of PEG-IFN a-2b
plus RBV in CHC patients in a real-life dinical setting.
The participating centers, targeted patients, and the
treatment method have aiready been reported®® and are
summarized below.

Patients seen from December 2004 who completed
PEG-IEN o-2b plus RBY combination therapy by Sep-
tember 2007 were registered regardless of genotype,
history of IFN treatment, or alanine aminotransferase
(ALT) levels. Excluded from this study were pregnant
or possibly pregnant and lactating women, and
patients with severe heart disease, chronic kidney
failure or creatinine dearance of <50 ml/min, current
or history of severe psychiatric disorder, and autoim-
mune hepatitis. Doses of PEG-IFN ¢-2b and RBV and
dose adjustment followed the Japanese package insert.
The duration of treatment was 48 weeks, the standard
of care for patients with genotype 1 and high virus

@ 2011 The Japan Society of Hepatology
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load. In patients with late viral response {(LVR) who
did not achieve viral negativity by week 12, treatment
could be extended up to 72 weeks. Patients other than
those with genotype 1 and high virus load were treated
for 24 weeks.

Incduded in this analysis were the patients re-
gistered in the PERFECT Study who had no history of
HCC and for whom SVR/non-SVR status could be con-
firmed. The patients who developed HCC within
3 months of the start of treatment were excluded
from analysis to rule out the possibility of inclusion
of patients with HCC already present at the start of
treatment.

The start of the follow-up period was defined as
the first day of PEG-IFN ¢-2b and RBV treatment. The
patients were monitored for the onset of HCC by
routine follow-up methods practiced by each center. The
diagnosis of HCC was based on the presence of typical
hypervascular characteristics on angiography in addi-
tion to the findings on computed tomography and ultra-
sonography. Microscopic examination of fine-needle
biopsy specimens was performed in patients whose
angiograms did not demonstrate a typical image of
HCC.

This multicenter study was approved by the
institutional review board of each participating center.
The study protocol was carried out according to the
ethical guidelines of the 1975 Declaration of Helsinki,
and informed consent was obtained from each
patient.

Statistical analysis

All statistical analyses were performed using SAS,
version 9.13 (SAS Institute, Cary, NC, USA). Intergroup
comparison of background variables was performed by
Fisher's exact test and Mann~-Whitney U-test.

The cumulative incidence of HCC was calculated by
the Kaplan~Meier method, and intergroup comparison
was conducted using the log-rank test. The determina-
tion of the factors contributing to HCC was conducted
by Cox proportional hazards regression model using a
stepwise procedure, incorporating the factors exhibiting
P <0.2 by the log-rank test and excluding factors with
more than 30% of values missing. The determination of
factors associated with biochemical response (BR) was
conducted by a stepwise procedure using the results of
logistic univariate analysis (P< 0.2} in logistic mult-
variate analysis.

All tests were two-sided, with a significance level set at
P<0.05.
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