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Abstract

Purpose We studied the safety and effectiveness of TSU-
68, an oral tyrosine kinase inhibitor of vascular endothelial
growth factor receptor-2, platelet-derived growth factor
receptor and fibroblast growth factor receptor, in patients
with advanced hepatocellular carcinoma (HCC).

Methods Patients with unresectable or metastatic HCC
were eligible for enrollment. In phase I, the safety, toler-
ability and pharmacokinetics were assessed in patients
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stratified based on liver function, from no cirrhosis to
Child-Pugh class B. The safety and effectiveness were
assessed in phase II at the dose determined in phase 1.
Results Twelve patients were enrolled in phase I. Dose-
limiting toxicities were found with TSU-68 at the dose of
400 mg bid in Child—Pugh B patients, and 200 mg bid was
established as the phase II dose. Phase II included 23
additional patients, and the safety and efficacy were eval-
uated in a total of 35 patients. One patient (2.9%) had a
complete response. Two patients (5.7%) had a partial
response, and 15 patients (42.8%) showed a stable disease.
The median time to progression was 2.1 months, and the
median overall survival was 13.1 months. Common
adverse events were hypoalbuminemia, diarrhea, anorexia,
abdominal pain, malaise, edema and AST/ALT elevation.
The analysis of angiogenesis-related parameters suggests
that serum-soluble vascular cell adhesion molecule-1 is a
possible marker to show the response.

Conclusions TSU-68 at a dose of 200 mg bid determined
by stratification into liver function, showed promising
preliminary efficacy with a high safety profile in patients
with HCC who had been heavily pre-treated.

Keywords Advanced HCC - Liver function - TSU-68 -
Pharmacokinetics - Tolerability - Angiogenesis

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
malignancy worldwide, with ~626,000 new cases repor-
ted annually [1]. Potentially curative treatments such as
surgical therapy (resection and liver transplantation) and
locoregional procedures (radiofrequency ablation) are
indicated in early stage HCC. However, disease that is
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diagnosed at an advanced stage or with progression after
locoregional therapy has a dismal prognosis owing to the
underlying liver disease [2]. Although no systemic therapy
was effective for advanced HCC, two randomized, pla-
cebo-controlled studies have proven the survival benefits of
sorafenib in such patients [3, 4].

TSU-68 is an orally administered, small-molecule,
multiple receptor tyrosine kinase inhibitor that targets
vascular endothelial growth factor receptor-2 (VEGFR-2),
platelet-derived growth factor receptor (PDGFR) and
fibroblast growth factor receptor (FGFR) [5-9]. As HCC
is a highly vascular tumor, several antiangiogenic agents
have been tested for the treatment of HCC [3, 4]. Since it
is a potent antiangiogenic agent, TSU-68 is also expected
to be effective against HCC. However, most patients with
HCC have accompanying liver cirrhosis or hepatitis.
Therefore, its safety must be reevaluated in the presence
of liver function impairment [10, 11]. In particular, con-
cerns have been expressed about impairment of the
pharmacokinetics of TSU-68, which is eliminated pre-
dominantly through hepatic metabolism, oxidation and
glucuronidation [12, 13].

From three phase I studies that have been conducted in
Japan on patients with solid tumors, the administration of
TSU-68 twice daily after meals was selected as the rec-
ommended dose regimen [14, 15]. In this regimen,
although no dose-limiting toxicity (DLT) exists at dose
levels of 200-500 mg/m*/dose, the higher dose showed
some unacceptable adverse events for an antitumor drug
that is administered for long-term consecutive treatment.
No obvious dose-dependent increases were detected in the
maximum concentration (Cp,,,) or the area under the curve
(AUC,.) over the dose range, which was probably due to a
saturation of absorption. Consequently, a dose of 400 mg/
dose bid was determined to be the recommended dosage of
TSU-68 [14, 15].

In the phase I step of our trial, the safety, tolerance and
pharmacokinetics (PK) of TSU-68 at the recommended
dose were assessed in successive cohorts of patients with
various degrees of liver function: no cirrhosis,
Child-Pugh class A and Child-Pugh class B cirrhosis,
allowing for dose reduction when necessary. In phase II,
we evaluated the effectiveness of TSU-68 against
advanced HCC.

Patients and methods
Eligibility criteria
The eligibility criteria were histologically confirmed HCC;

no indication for or no response to resection, ablation
or transcatheter arterial chemoembolization (TACE); age
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20-74 years old; World Health Organization performance
status of <2; life expectancy of >90 days; and white blood
cells >3,000/ul or neutrophils >1,500/pl; hemoglobin
>8.0 g/dl; platelets >75,000/pl; liver function Child-Pugh
A or B; total bilirubin <2.5 mg/dl; AST and ALT < 200
U/l; albumin >3 g/dl; prothrombin time [%] >40 and
serum creatinine <1.5 mg/dl. The criteria for patients in
Level 1 of phase I were platelets >130,000/ul, AST and
ALT < 100 U/I; total bilirubin below or equal to the upper
limit of normal and albumin equal to or over the lower
limit of normal.

Patients were not eligible if they had received ablation,
TACE, chemotherapy or radiotherapy within 4 weeks or
surgery within 6 weeks. Patients were excluded if they had
clinical evidence of central nervous system metastasis,
severe cardiovascular disorders, hepatic encephalopathy,
uncontrollable pleural effusion or ascites or a serious
infection. Patients who needed prophylactic variceal liga-
tion or sclerotherapy were excluded.

All patients were informed of the purpose and methods
of the study and provided written informed consent in
accordance with national and institutional guidelines. The
study was approved by the institutional review board at
each of the three participating hospitals and was performed
in accordance with the Declaration of Helsinki and Good
Clinical Practice Guidelines.

Study design and treatment

This was an open-label phase I/II study. In phase I, eligible
patients were stratified into three groups based on hepatic
function: Level 1, no cirrhosis; Level 2, Child-Pugh class
A; and Level 3, Child-Pugh class B. The safety, tolera-
bility and PK were evaluated in each successive cohort.
DLT was defined as grade 3 or 4 non-hematological tox-
icity or grade 4 hematological toxicity according to
the National Cancer Institute Common Toxicity Criteria
(NCI-CTC) version 2. As shown in Fig. la, the dosage of
400 mg bid was first assessed in three patients at Level 1,
each treated for one cycle (28 days). If no DLT was
observed, three patients at Level 2 were treated with the
same dosage. However, if one patient developed DLT,
another three patients at Level 1 were added, based on a
3 + 3 study design [16]. If DLT was observed in no more
than two of the six patients, three patients at Level 2 were
enrolled. By contrast, if more than one of the first three
patients or more than two of the six patients developed
DLT, the other three patients at Level 1 were treated with
half the dosage. The level transition and dose reduction
were planned similarly. Drug administration was continued
until no evidence of disease progression was observed,
unacceptable drug-related toxicity occurred or the patient
withdrew consent.
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Fig. 1 TSU-68 phase I/II study
schema. a In phase I, patients
were stratified into three groups
based on hepatic function, and

A

Level 1
(No cirrhosis)

Level 2
(Child-Pugh A)

Level 3
(Child-Pugh B)

the toxicity and . DLT . DLT .
pharmacokinetics were assessed 400 mg bid 0/3 or<2/6 pts 400 mg bid 0/3 or<2/6 pts 400 mg bid
from Level 1 (no cirrhosis) to
Level 3 (Child—Pugh B) by | | |
enrolling three patients at each DLT DLT DLT
Ievel. Bid twice daily, DLT 22/3 or 23/6 pts 22/3 or 23/6 pts >2/3 or 23/6 pts
dose-limiting toxicity, pts | 1 1
patients. b Patient enrollment | I |
procedure based on the two-step v v v
method of Fleming [17] - DLT - DLT .
200 mg bid 0/3 or <2/6 pts 200 mg bid 0/3 or <2/6 pts 200 mg bid
B Start enroliment]
Phase |
Phase Il
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A
[cRePr=0 |  [CRPR=123 | |CR+PR24 |
A A

Terminate new
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Terminate new
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|E\roll up‘ to 35 pts l

Patients were accrued using Fleming’s optimal two-
stage method [17], allowing for an interim evaluation that
would be performed when 15 patients (including phase I)
were enrolled (Fig. 1b). TSU-68 would be judged “effec-
tive” if efficacy (complete or partial response) was
observed in four or more patients and “ineffective” if
efficacy was observed in none. If efficacy were confirmed
in one to three patients, phase II would be performed at the
dosage determined in phase I using 20 additional patients
(35 patients in total).

Drug administration

TSU-68 (Z)-3-[2,4-dimethyl-5-(2-0x0-1,2-dihydro-indol-
3-ylidenemethyl)-1H-pyrrol-3-yl]-propionic ~ acid  was
obtained from Taiho Pharmaceutical Inc. Co. (Tokyo,
Japan). Twice-daily administration was given within 1 h
after meals with about 12-h intervals between doses. TSU-
68 was taken for 28 consecutive days and was continued in
case of stable disease or disease remission after this period
for as long as no disease progression and/or no unaccept-
able drug-related toxicity were seen. TSU-68 administra-
tion was immediately interrupted upon the occurrence of
DLT.
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Response assessment

The objective response was assessed using the Response
Evaluation Criteria in Solid Tumors (RECIST). Naive
untreated lesions were selected as targets for evaluation. At
the end of each cycle, a three-phase computed tomography
protocol consisting of early arterial, late arterial and portal
venous phases was performed, obtaining contiguous
transverse sections with a thickness of 57 mm. Responses
were assessed independently.

Pharmacokinetics

In phase I, blood samples were collected from a total of 12
patients at O (pre-dose), 1, 2, 3, 4, 6 and 9 h post-dose on
days 1 and 2 of cycle 1 and at pre-dose on day 1 of cycle 2.
The plasma TSU-68 concentration was determined using
high-performance liquid chromatography (HPLC). Briefly,
an aliquot of plasma was mixed with acetate buffer and
methanol including an internal standard. After centrifuga-
tion, the supernatant was mixed with ammonium acetate
and applied to a Zorbax Eclipse XDB C18 column
(3.5 pm, 3 cm x 4.6 mm; Agilent Technologies, Missis-
sauga, ON, Canada) of a Waters Alliance 2690 HPLC
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system (Waters, Milford, MA, USA), and the effluent was
monitored at 440 nm. The lower limit of quantification was
0.1 pg/ml. Non-compartmental PK parameters, including
AUC, Cpax, time to maximum concentration (7p,.¢) and
elimination half-life (T3,,), were calculated using PhAST
(version 2.3; MDS Pharma Services, Montreal, Quebec,
Canada).

Angiogenesis-related markers

Blood samples were collected at baseline and at day 28 of
cycle 1. The following were measured; platelet-derived
growth factor (PDGF)-BB, basic fibroblast growth factor
(bFGF), soluble vascular cell adhesion molecule-1
(sVCAM-1), soluble endothelial-leukocyte adhesion mol-
ecule-1 (SELAM-1) in serum and vascular endothelial
growth factor-A (VEGF-A) in plasma were analyzed using
enzyme-linked immunosorbent assays (ELISAs; R&D
Systems, Minneapolis, MN, USA); plasma interleukin-8
(IL-8), with ELISA (BioSource Europe, Nivelles,
Belgium); plasma tissue plasminogen activator (t-PA), with
a soluble t-PA ELISA kit (Oncogene Science, Cambridge,
MA, USA); plasma plasminogen activator inhibitor-1(PAI-
1), with a latex photometric immunoassay (LPIA;
LPIA t-PAI test, Mitsubishi Kagaku Iatron, Tokyo, Japan);
and plasma factor VIII, with Pathromtin SL (Dade Behring,
Marburg, Germany).

Statistical analysis

The primary endpoint of phase I was to evaluate the safety
and PK, whereas the primary endpoint of phase II was to
determine the best overall response rate based on RECIST.
Secondary endpoints of both phases were to evaluate the
tumor necrotic effect and the relationship between blood
angiogenesis-related molecules and clinical effects. We
adopted the 3 4 3 study design generally used in phase I
dose-escalation studies [16]. Patients were accrued using
Fleming’s method [17]. The target number of patients was
35, with an interim evaluation planned for the first 15
patients. The statistical power was 86% with an expected
response rate of 20%, and the lower margin of efficacy and
one-sided o-level were both 5%. Time to progression
(TTP) was defined as the interval between the first day of
treatment and tumor progression or death due to any cause.
Overall survival (OS) was calculated from the first day of
treatment to death. TTP and OS were calculated using the
Kaplan—-Meier method.

The basal level of angiogenesis-related parameters to
predict the response was evaluated by receiver operating
characteristic (ROC) analysis. The optimal cut-off value
for differentiation of responders and non-responders was
defined by the point of the ROC curve (Youden index
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method). After ROC analysis, logistic regression analysis
was performed. The ¢ test was used to compare baseline
levels of angiogenesis-related parameters in term of
responders.

This study is registered at ClinicalTrials.gov, number
NCT 00784290.

The data were analyzed using SAS version 8.1 (SAS
Institute, Cary, NC, USA).

Results
Patient characteristics

From September 2003 through February 2007, 35 patients
were enrolled at the University of Tokyo Hospital, Mitsui
Memorial Hospital and the National Cancer Centre, all
located in Tokyo, Japan. Baseline demographics and dis-
ease characteristics are summarized in Table 1. Phase I
consisted of 12 patients: three patients each at Level 1 (no
cirrhosis) and Level 2 (Child-Pugh A), and six patients at
Level 3 (Child-Pugh B). The other 23 patients were
enrolled in phase II.

In the overall study population, 29 (82.9%) of 35
patients were HCV-positive, and four (11.4%) were
HBV-positive. For liver function, three (8.6%) of 35
patients were non-cirrhotic; 24 (68.6%) had Child-Pugh
A cirrhosis; and eight (22.9%) had Child-Pugh B cir-
rhosis. Extrahepatic metastasis was found in 19 (54.3%)
patients. Table 1 shows the disease stages according to
the TNM classification [18, 19]: 20 (57.1%) patients
were stage C (advanced), and 15 (42.9%) patients were
stage B (intermediate) according to the Barcelona Clinic
Liver Cancer (BCLC) Staging System [2, 20]. The
patients had been treated previously a mean of 8.2
(range, 1-20) times using various modalities, including
surgery, RFA and TACE. No patients ever received
Sorafenib.

Safety and pharmacokinetics

The toxicity of TSU-68 was assessed using NCI-CTC
(version 2.0) in 12 patients enrolled in phase I (Table 2).
Since no DLT was found with 400 mg bid at Level 1 (no
cirrhosis) or Level 2 (Child-Pugh A), the same dosage was
used in Level 3 (Child-Pugh B) patients (Fig. 1a). How-
ever, patients at Level 3 on 400 mg bid experienced DLT
(grade 3 abdominal pain and ascites); the dose was reduced
by half, to 200 mg bid, in an additional three patients at
Level 3, among whom DLT was not observed. The most
common drug-related adverse events observed in phase I
were hypoalbuminemia, diarrhea, abdominal pain, fever
and AST/ALT elevation.
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Table 1 Patient characteristics

Phase 1 Phase II  All
400 mg 200 mg 200 mg
bid bid bid
No. of patients 9 3 23 35
Gender
Male 8 2 19 29
Female 1 1 4 6
Age, years
Median 66 73 69 68
Mean 66.0 68.7 65.2 65.7
Range 53-74 60-73 49-74 49-74
ECOG performance status
0 6 3 21 30
1 3 0 2 5
Viral markers
HBs Ag*, HCV Ab~ 2 0 2 4
HBs Ag~, HCV Ab* 6 3 20 29
HBs Ag™, HCV Ab™ 1 0 1 2
Child-Pugh status
Chronic hepatitis 3 0 0 3
A (5/6)* 3 (3/0) 0 21 (15/6) 24 (18/6)
B (7/8/9)* 3 (2/1/0) 3 (3/0/0) 2 (2/0/0) 8 (7/1/0)
Prior treatments”
Median 8 4 9 8
Mean 8.9 6.0 8.2 8.2
Range 5-16 3-11 1-20 1-20
Disease stage®
II 2 1 3 6
I 3 1 9
IVa 0 0 1
IVb 4 1 14 19
Extrahepatic metastasis
Yes 4+ 1 14 19
No 5 2 9 16
Portal vein thrombosis
Yes 0 0 1 1
No 9 3 22 34

2 Child-Pugh score (points)

® Number of pre-treatments with surgery, radio-frequency ablation,
transcatheter ~ arterial chemoembolization, chemotherapy  or
radiotherapy

¢ Stage is based on the TNM classification [18, 19]

The PK levels were examined in nine patients (3 each at
Levels 1-3) receiving 400 mg bid and in three patients
(Level 3) receiving 200 mg bid, after the first dose (day 1)
and the third dose (day 2; Table 3). The Cp.x and AUCq gy,
did not increase with poorer liver function. In all patients,
the Cpax and AUCq_g, on day 2 were lower than those on

day 1. In Level 3, in which both 200 and 400 mg TSU-68
were evaluated, no appreciable difference in the exposure
was observed on day 2 between the two dose levels.
TSU-68 had not accumulated at any level when measured
immediately before administration on day 29 (data not
shown).

Table 2 shows all of the drug-related adverse events
reported in >10% of the patients. The most common
adverse events, regardless of grade, were hypoalbuminemia
(57%), diarrhea (37%), anorexia (34%), abdominal pain
(31%), malaise (29%), edema (29%), AST/ALT elevation
(29%) and fever (23%); most were grade 1 or 2. Four
patients (11.4%) experienced grade 3 or higher toxicity,
and the most common grade 3—4 adverse event was AST/
ALT elevation (14%). Reducing the dose of TSU-68 from
400 to 200 mg bid decreased the incidence of diarrhea,
abdominal pain, fever and hypoalbuminemia. TSU-68
administration was discontinued in one patient because of
anemia. However, this patient was later diagnosed with
bleeding from the peritoneal dissemination of HCC
invading into the colon. Most adverse events were mild,
and TSU-68 was well tolerated at the dose of 200 mg bid.

Efficacy and survival

The antitumor effect of TSU-68 was assessed indepen-
dently in the 35 patients using RECIST (Table 4). One
patient at 200 mg bid achieved a complete response (CR;
Fig. 2, patient 1), two patients at 200 mg bid had a partial
response (PR), 15 patients had stable disease (SD), and 16
patients had progressive disease (PD). The response rate
(CR + PR) was 8.6%, and the disease control rate
(CR + PR + SD) was 51.4%. Disease control was main-
tained for >6 months in six patients. One patient did not
complete the first cycle and was not evaluated (NE).

Tumor necrosis (TN) was confirmed by independent
radiologists in nine patients (25.7%). Figure 2 (patient 2) is
an example in which the lack of contrast enhancement and
marked central hypoattenuation within the metastatic
masses were consistent with TN. The magnitude of
necrosis in nine patients was quantified with bi-dimen-
sional measurements of target lesions (RECIST). The
baseline mean TN was 0%, and the follow-up mean TN
was 35% (5-71%). In the overall study population of 35
patients, the median TTP was 2.1 months (95% confidence
interval, 1.2-2.9 months; Fig. 3a), and the median OS was
13.1 months (95% confidence interval, 6.9—26.6 months;
Fig. 3b).

Angiogenesis-related markers

Multiple logistic regression analysis was performed. Inde-
pendent variables were the data for VEGF, t-PA, sVCAM-
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Table 2 Drug-related adverse events and laboratory abnormalities by grade occurring in at least 10% of patients (n = 35)

Phase I (n = 12) Phase 1T All (n = 35)
(n = 23)
Level 1 Level 2 Level 3 Level 3 200 mg bid
(n=3) (n=23) (n=23) (n=23)
400 mg bid 400 mg bid 400 mg bid 200 mg bid
Common toxicity criteria grade All 3 All 3 All 3 All 3 All 3 4 Al 3 4
Adverse event No. No. No. No. No. No. No. No. No. No. No. No. % No. % No. %
Treatment-related adverse events
Diarrhea 2 2 2 2 5 13 37
Anorexia 2 0 12 34
Abdominal pain 2 3 1 1 5 11 31 1 3
Malaise 8 10 29
Edema 1 1 8 10 29
Fever 1 1 2 4 8 23
Ascites 2 1 1 3 6 17 1 3
Nausea 1 4 5 14
Abdominal distension 4 4 11
Laboratory abnormalities
Albumin decrease 2 3 3 1 11 20 57
AST increase 2 1 7 4 10 295 14
ALT increase 1 2 1 7 4 10 295 14
Total bilirubin increase 1 1 6 8 23
Alkaline phosphatase increase 7 1 7 20 1 3
Erythropenia 7 7 20
Hematocrit decrease 1 1 4 1 6 17 1 3
Hemoglobin decrease 1 1 4 1 1 6 171 31 3
LDH decrease 1 5 6 17
Thrombocytopenia 1 4 2 5 14 2 6
Results are expressed as the worst adverse event possibly related to TSU-68 per patient based on the NCI-CTC version 2.0
Table 3 Pharmacokinetic parameters of TSU-68 corresponding to liver function levels (mean + SD)
Hepatic function level (n = 3) Dosing Trmax (h) Crax (Hg/mL) AUCg gy, (ng-h/mL) T1s2 (h)
Level 1 (400 mg bid) Day 1 (1st) 37+21 168 £ 7.1 70.1 £ 28.6 2.0°
Day 2 (3rd) 30+ 1.0 95+ 1.8 444 + 119 25+08
Level 2 (400 mg bid) Day 1 (1st) 47 +12 11.7 £ 25 60.6 + 19.0 2.6
Day 2 (3rd) 40 £ 0.0 78 £ 1.4 367+ 7.7 22+09
Level 3 (400 mg bid) Day 1 (1st) 40+ 20 8.6 £ 4.1 46.4 £+ 20.6 2.8"
Day 2 (3rd) 37+£0.6 51+1.6 26.0 + 6.9 30+ 14
Level 3 (200 mg bid) Day 1 (1st) 40+ 0.0 51+1.6 280 £52 8.2°
Day 2 (3rd) 37+£25 43+ 14 20.7 + 4.0 6.9°

AUC gy, area under the concentration versus time curve for 0-9 h

*n=2

1, PAI-1, sELAM-1, IL-8, PDGF, bFGF and plasma factor
VIII levels, and dependent variables were the two groups
based on each cut-off level (0, below the cut-off value or 1,
above the cut-off value). By logistic regression analysis,
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strongest

influence on

we found that the sVCAM-1 level was an independent
factor (P = 0.014; Table 5), and sVCAM-1 (odds ratio
16.0) had the
(patients with CR + PR + SD). None of the rest of the

responders
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Table 4 Tumor response
Best response Phase I (n = 12) Phase IT (n = 23) Total (n = 35)
400 mg bid (n = 9) 200 mg bid (n = 3) 200 mg bid
No. No. No. No. %o
Complete response 0 0 29
Partial response 0 0 2 2 5.7
Stable disease 2 2 11 15 42.8
Progressive disease 6 1 9 16 45.7
Not evaluated® 1 0 0 1 2.9
# This patient did not complete cycle 1
Patient 1 A
100 ;
90 Median TTP= 2.1 months
80 (95% Cl, 1.2 to 2.9 months)

Fig. 2 Computed tomography images of responding lesions from
patient 1, who achieved a complete response. Metastatic lesions in the
lung (a) and lymph node (c) disappeared after four cycles (16 weeks)
of TSU-68 treatment (b, d). Representative computed tomography
images of a tumor showing necrosis in patient 2. Before treatment,
several abdominal lymph node metastases were apparent (e). After
four cycles of treatment (16 weeks), the lesions demonstrated a lack
of enhancement and markedly lower attenuation, consistent with
tumor necrosis (f)

angiogenesis-related parameters showed any variation with
treatment (as the variation of the data for PAI-1 was so
large, they were not analyzed; Table 5). The mean values
of sVCAM-1 for responders (patients  with
CR + PR + SD; 1,944 pg/ml) were higher than that for
non-responders (patients with PD + NE; 1,422 pg/ml),
which was statistically significant (P = 0.026, ¢ test).

Estimated Probability of TTP (%)
o
o
T

100 Median OS= 13.1 months
90 - (95% Cl, 6.9 to 26.6 months)

Estimated Probability of Survival (%)
(6}
o
T

Months

Fig. 3 a The independently assessed median time to progression in
all 35 patients treated with TSU-68 was 2.1 months. b The
investigator-assessed median overall survival in all 35 patients
treated with TSU-68 was 13.1 months

Discussion

In this trial, special attention was paid to patients with
HCC, who often have impaired liver function and might
have the potential for reduced clearance of TSU-68, which
is eliminated mainly by the liver [12, 13]. This study
suggests that the adverse-event profile of TSU-68 in this
trial was comparable to observations in other phase I trials
examining patients with solid tumors [14, 15]. Although
half of the patients experienced exacerbation of pre-
existing hypoalbuminemia during the treatment, this was
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Table 5 Logistic regression analysis of angiogenesis-related factors

Variable Evaluation variable (cut-off point) Odds ratio 95% CI P value
VEGF <47 x =47 0.480 0.095-2.426 0.375
t-PA <23 x =23 2.250 0.574-8.824 0.245
VCAM-1 <2,370 x 22,370 16.000 1.735-147.541 0.014
ELAM-1 <70 x =70 0.716 0.187-2.744 0.626
IL-8 <10.0 x 210.0 3.250 0.761-13.889 0.112
PDGF <1,450 x =1,450 3.666 0.907-14.813 0.068
Factor VIII <181 x =181 0.545 0.140-2.120 0.382

The 1 test was used to compare baseline levels of angiogenesis-related parameters in terms of responders. A responder means a patient who

showed CR, PR and SD; non-responders showed PD and NE

not associated with a worsening of liver function. The
edema, associated with hypoalbuminemia, was managed
with diuretics. The lack of hypertension as a toxic effect
may have been due to the difference in the inhibitory
profile between TSU-68, which strongly inhibits both
PDGFR and VEGFR, and other antiangiogenic com-
pounds, which predominantly inhibit VEGFR [21, 22].

From the viewpoint of the pharmacokinetics of TSU-68,
no trend was seen toward higher plasma exposure to
TSU-68 with greater liver dysfunction (Levels 1-3). Fur-
thermore, the exposure in the patients with HCC appeared
to be similar to that in patients with advanced solid tumors
that were not HCC in a phase I study [15]. These findings
suggest that impaired liver function is unlikely to affect the
pharmacokinetics of TSU-68. The present study indicated
that the Cp,x and AUC were reduced by the repeated
administration of TSU-68, which has also been observed in
previous trials [14, 15]. This decrease was found to be due
to TSU-68, which caused an induction of its own metab-
olism in the non-clinical studies [12, 13]. Although in this
study, the pharmacokinetics of TSU-68 was not examined
after long-term consecutive oral administration, the AUC
on day 28 has been reported to be similar to that on day 2.
This suggests that the decreased exposure, which reaches
steady state on day 2, is maintained throughout the thera-
peutic cycle. In Level 3, no obvious decrease in the AUC
on day 2 was observed by reducing the dose of TSU-68
from 200 to 400 mg, although these results are based on a
small amount of data. In addition, the estimated daily AUC
in the patients who received 200 mg TSU-68 bid was
roughly similar to the AUC data showing a 50% inhibition
of human xenograft tumor growth in mice (data not
shown). However, these data should be interpreted cau-
tiously because the majority of the patients who were
included as Child-Pugh B had Child-Pugh scores of 7.

In this study, we selected the fixed-dose for both Child—
Pugh A and B because hepatitis or Child-Pugh A patients
experienced toxicities (abdominal pain and diarrhea),
although no DLT was found when 400 mg bid TSU-68 was
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administered, and also because liver function may fluctuate
between Child—Pugh A and B in the same patients. How-
ever, whether Child-Pugh A and B can be separated
depends on the safety and PK profile of the drug. Patients
with Child-Pugh A are initially recommended for clinical
trials in HCC research [23], whereas the design of trials
that include Child-Pugh B patients needs further investi-
gation. In addition, whether Child-Pugh score is a good
system for stratifying liver function with these types of
drugs is open to argument.

Many agents targeting angiogenesis have been investi-
gated in HCC (3, 4, 10, 11, 22, 24-27]. In an international
phase III trial, sorafenib reduced the mortality hazard by
44% compared with placebo, with a median OS of
10.7 months (vs. 7.9 months with placebo) [3]. In an Asian
phase III trial, patients who received sorafenib had a 35%
disease control rate (vs. 16% with placebo), with a median
TTP of 2.8 months (vs. 1.4 months) and a median OS of
6.5 months (vs. 4.2 months) [4]. The results mirrored those
of the SHARP trial, although the Asia—Pacific patients had
more advanced disease. In a phase I trial in Japan,
sorafenib resulted in 4% PR and 83% SD, with a median
TTP of 4.9 months and a median OS of 15.6 months [24].
Sunitinib, an inhibitor of VEGFR, PDGFR and c-Kit, was
used against HCC in a phase II trial and produced a 3.9%
PR and 38.5% SD, with a median progression-free survival
of 3.9 months and a median OS of 9.8 months [22, 25].
Chemotherapy-naive Child—Pugh A patients were enrolled
in the sorafenib phase III trial [3, 4]. In our trial, eight
Child-Pugh B patients were enrolled, and systemic che-
motherapy had been already administered in 14 patients.
The patients had been treated previously a mean of 8.2
times using various modalities. Although TTP in our trial is
less than the reported data of SHARP [3] and similar to the
Asian sorafenib trial in the placebo arms [4], these factors
might affect the results.

The response rate (8.6%) and a median OS
(13.1 months) of TSU-68 were comparable to those
reported for these other agents. Some patients were
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administered TSU-68 for more than 1 year after confirmed
PD by independent review that was not determined by
investigators, and the long-term treatment with TSU-68
might have contributed to the longer OS period. This
warrants further study, but needs to be evaluated in a larger
trial. Molecular-targeted agents, including TSU-68, gen-
erally show a relatively low response rate but a high dis-
ease control rate, indicating that a large proportion of
patients reach SD. The treatment response assessed using
RECIST may not accurately reflect the overall effect of
these agents [23]. We had several cases in which necrosis
was observed inside a tumor, despite the increase in tumor
size. As an objective response is a weak surrogate of
activity in phase II trials, a consensus conference endorsed
by the American Association for the Study of Liver
Diseases and the European Association for the Study of the
Liver recommended the inclusion of TTP as the primary
endpoint in phase II trials [23].

Molecular-targeted agents are being developed as sys-
temic therapies for HCC in first- and second-line settings
as monotherapy and in combination with locoregional
therapies. The primary endpoint for phase III studies that
assess primary HCC treatments is survival, and the con-
trol arm should be sorafenib. Comparison of single agents
head to head with sorafenib might jeopardize study
approval and the recruitment of patients for ethical rea-
sons. For second-line treatments against advanced HCC,
the new agents should be compared with placebo or best
supportive care [23]. A phase II randomized study of
TSU-68 in combination with TACE has been conducted
(manuscript in preparation), and a phase III trial is being
planned.

VEGF, PDGF and bFGF participate in the neovascu-
larization of HCC [26, 27], and VEGF levels are thought to
have a prognostic value [28]. IL-8 has proangiogenic
activity in cancers, although its role in HCC is controver-
sial [27]. Given that the primary target of TSU-68 is
endothelial cells, we speculated that damaged vascular
endothelial cells may release endothelial cell-specific
markers such as sSELAM-1 and sVCAM-1. As sVCAM-1
can be identified in the bloodstream, it is potentially useful
as a non-invasive biomarker for the monitoring of disease
progression in cancer [29]. A high level of VCAM-1 was
significantly associated with an advanced disease stage and
the presence of distant metastasis in gastric cancer [30] and
also has been shown to be associated with angiogenesis and
poor prognosis in breast cancer [31] and in HCC [32]. In
this trial, we found higher baseline levels of sVCAM-1 in
patients with good response (CR + PR + SD) after treat-
ment with TSU-68. Although our data suggested that
sVCAM-1 is a possible predictive marker for the response,
the analysis is exploratory, and further study is necessary to
confirm this possibility.

In conclusion, the step-wise study design based on
hepatic function was useful in a safety assessment of TSU-
68 in patients with HCC who had impaired liver function.
The TSU-68 dosage of 200 mg bid has a favorable safety
profile, even in patients with Child—Pugh B cirrhosis, and
together with a high disease control rate, provides a
rationale for its further evaluation in patients with HCC.
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Abstract

Hepatocellular carcinoma (HCC) is the third leading cause of death in the malignant
neoplastic diseases in the world. Surgical operation is sometimes not indicated because of
complicated liver cirrhosis and extrahepatic disorders. Radiofrequency ablation has been
developed as a less invasive treatment for HCC since 1999, and long-term outcome has

been shown. There are several complications which should be paid attention, and to
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Introduction

Radiofrequency ablation (RFA) has been utilized as a less invasive
and curative treatment for the treatment of hepatocellular carci-
noma (HCC), and the methods and procedure have been developed.
In some countries, it has been chosen as first line treatment for carly
stage HCC. Long-term prognosis has been reported and the asso-
ciated factors for the prognosis after RFA have been shown. Several
complications were reported after RFA, The prognosis was com-
pared between patients who were treated by between surgical
resection and those treated by RFA. The recent developments and
future perspective of RFA is discussed in this review.

Radiofrequency ablation method

Of all therapeutic apparatus compared and evaluated up to now, the
RF 3000 gencrator system (Boston Scientific, Boston, USA) had
the most positive therapeutic effects.' However, in many articles, an
internally cooled single electrode was used.” When there was a risk
of RFA incurred by the hepatocellular carcinoma (HCC) location,
the therapeutic effects were reduced, in particular the complete
response rate was low in the vicinity of the gall bladder and the
stomach and intestine, as well as the diaphragm, and in the vicinity
of large blood vessels.’ However, it has been reported that, although
the therapeutic effects are not reduced when tumors exist in the
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improve the prognosis, combination treatment with transarterial chemoembolization
should be discussed. Overall survival after between RFA and surgical resection should be
compared prospectively. Establishment of staging system for treatment allocation of HCC
and prevention of HCC recurrence is important issue to be examined.

vicinity of large blood vessels or adjacent to the extrahepatic organs,
attention should be paid to the prevention and control of complica-
tions.* RFA with the use of artificial ascites for HCC adjacent to the
diaphragm and to the stomach and intestine produced sufficient
therapeutic effects, thereby improving the sonic window.?

When performing RFA, the use of a guiding needle with an
external insulated sheath was useful because it allowed for precise
tumor targeting.® The use of laparoscopic RFA has allowed a
sufficient therapeutic effectiveness to achieve complete tumor
ablation in all cases when the HCC nodule is located with bulging
or at subcapsular area, as well as an adequate safety margin,
compared to percutaneous RFA.” As shown in Fig. 1, extra-hepatic
protruding HCC nodule is the most appropriate indication for
laparoscopic RFA, and complete necrosis could be achieved after
one treatment session under laparoscopic ultrasound guiding.
When RFA was performed under laparoscopy, complete necrosis
is usually observed.?

Assessment of the therapeutic effect
of RFA

Although the effect of RFA is, in general, evaluated by dynamic
computed tomography (CT) scans taken | to 7 days after the
procedure, it was possible to assess the therapeutic effect by mul-
tidetector row helical CT (MD-CT) immediately after RFA,
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Figure 1 Hepatocellular carcinoma (HCC) nodule protruding from the liver surface is treated by laparoscopic radiofrequency ablation (RFA) under
ultrasound guiding. (a) HCC nodule is directly observed under laparoscopy. (b) Under laparoscopic ultrasound guiding, RFA electrode is introduced to
accurate position of the nodule, avoiding damage to diaphragm and intrahepatic vessels. (c) The entire HCC nodule was completely ablated by RFA.
{d) Computed tomography (CT) scan before the treatment revealed hypervascular nodule with 2.6 ¢cm in diameter at the surface of the liver. (e) After

laparoscopic RFA, complete necrosis was confirmed by CT scan.

thereby achieving shorter hospital stays.” As well, one report indi-
cates that it was possible to assess the therapeutic effect by
contrast-enhanced ultrasonography immediately after RFA.'
Contrast-enhanced sonography with abdominal virtual sonogra-
phy was useful in monitoring the therapeutic effect and reducing
the CT scan frequency.”

Prognosis after radiofrequency ablation

According to a report from a single institution in France, RFA was
performed in 235 cases, with up to three HCC = § ¢cm in diameter,
and achieved complete ablation in 222 cases. 67 cases were judged
potentially resectable according to Barcelona Clinical Liver
Cancer (BCLC) criteria; in these patients, RFA treatment produced
76% survival at 5 years. The factors contributing to survival were
the prothrombin time and serum alpha-feto protein (AFP) levels.
Conversely, the factors related to recurrence were multinodular
tumors as well as the AFP level. In this report, RFA could be used
as an cffective first-line treatment in patients with a single nodule
of 5 cm or less, a low serum AFP level, and well preserved liver
function."

According to a report from Italy, RFA was performed in 218
cases of single nodule HCC, measuring 2 cm or less in diameter,
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followed by an analysis of the prognosis. The 5-year survival rate
was 68.5%, with a low 1.8% incidence of complications. Com-
pared with resection, it was less invasive and could be conducted
at a lower cost. It could therefore be considered the treatment of
choice for resectable single HCC = 2.0 cm." In Japan, the prog-
nosis of 1000 patients who had undergone RFA was analyzed; the
I, 3, and 5-year survival rates were 94.7%, 77.7% and 54.3%,
respectively.? According to a report from China, the factors related
to the prognosis after RFA were the tumor diameter, the number of
tumors, the use of combination therapy with ethanol injection, the
margin, and the Child-Pugh score." According to the outcome of
RFA treatment for a large single-institution series in Korea, the
method had a local recurrence rate of 8.1% at 1 year and 11.8% at
3 years, and patient survival rates were 95.2% at 1 year, 69.5% at
3 years, and 58.0% at 5 years." The five year survival after RFA
was similar between Western and Eastern countries (Table 1).

Prognosis after RFA and the
staging system

The Cancer of the Liver ltalian Program (CLIP) score and BCLC
scoring system more accurately predicted the prognosis than the
Okuda score in patients with early-intermediate HCC, undergoing
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Table 1 5-year overall survival after radiofrequency ablation in the patients with operable HCC nodule

Overall survival

Investigator Diameter of the nodule Patient number 3y Sy
N'Kontchou G'® < 5cm 235 76%
Livraghi T" =2c¢m 218 68.5%
Tateichi R*® s3cm 1000 77.7% 54.3%
Peng ZW'® =5c¢m 281 57.1% 37.1%
=3cm 65.7% 58.6%
Choi D® 570 69.5% 58.0%

non-surgical therapy, such as RFA.?' The results of an analysis in
Japan demonstrated that, regardless of the CLIP score, the combi-
nation of transarterial chemoembolization (TACE)—RFA had the
highest 5-year survival.?? In Japan, where early-stage HCC is
prevalent, the majority of cases are classified into CLIP stage | of
CLIP scores and, as such, the Japanese integrated staging (JIS)
score was proposed as a new early HCC staging system.”® The
results of the validation done in many cases demonstrated that the
JIS score yielded a better prediction of the prognosis than the CLIP
score.? It has also been reported from in Korea that the JIS score
is the most appropriate score for predicting the prognosis.”

Tumor markers

The tumor marker relevant to the prognosis after RFA is des-
gamma-carboxy prothrombin time (DCP) levels; wherein, high
DCP levels predicted a poor prognosis after RFA.'*'” However, the
same institution also reported that a comparison of AFP, DCP and
AFP-leptin 3 (AFP-L3) demonstrated that AFP-L3 was the most
useful indicator of the overall survival and discase-free survival.'
It was pointed out that the AFP mRNA levels in the blood after
RFA are also an objective index of recurrence.'” On the other hand,
blood vascular endothelial growth factor (VEGF) levels have also
been reported to be related to the prognosis.”

Recurrence

Local tumor recurrence after RFA is 9.0% at | year and 17.7% at
3 years; therefore, local recurrence is relevant to the prognosis for
survival.?® Evaluation of the therapeutic effects of RFA by contrast
enhanced CT scans or by enhanced magnetic resonance imaging
(MRI) here demonstrated that the procedure provides good local
control and the recurrence rate is low in cases in which the post-
ablation margin was 0.4 cm or more and the tumor size was
smaller than 2.5 cm.?” The overall local recurrence rate after RFA
was 12.8% and the tumor diameter of >2.5 cm was a significant
independent factor.® However, another report indicates that even
when local recurrence occurred, it did not adversely affect the
survival prognosis.® Utilizing the RF 3000 generator system has
been reported more positive cffects than cool-tip electrode.”

On the other hand, the cumulative rate of intrahepatic distant
recurrence was reported as 10.4% and 77.0% at 1 and 5 years,
respectively. In a multivariate analysis, AFP and DCP values, as
well as the safety margin, were significant independent factors.”
The intra-hepatic distant recurrence was associated with multi-
nodular lesions and hepatitis C virus (HCV), even after curative
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ablation was achieved.® Recurrence at a distant site is an impor-
tant, poor prognostic factor.”® Although it is possible to ensure
long-term survival by carrying out repeat RFA after recurrence,™
the more frequently recurrences occur, the higher the risk for
subsequent recurrence becomes.™ Histological grade is relevant to
the therapeutic efficiency of RFA and also plays a part in deter-
mining survival.*®

Prognosis and possible measures to
improve survival after RFA

Long-term interferon maintenance therapy improved the survival
in patients with HCV related HCC after RFA.¥ On the other hand,
the administration of lamivudine after RFA for hepatitis B virus
(HBV)-related HCC maintained the liver function and was also
safe.®¥ The administration of vitamin K for HCV-related HCC
did not produce a chmenopreventative effect.*® The oral adminis-
tration of a branched-chain amino acid after RFA made it possible
to maintain the serum albumin levels and it was also useful for
improving the liver function.*!

Resection versus RFA

With regard to the question of whether surgical resection or RFA
is superior, two randomized comparisons have been reported—all
from China. In these reports, the life prognoses of single HCCs of
2 cm or less diameter were randomly compared between RFA and
rescction. It was reported that there would be no difference
between the two, or that, for single HCC of 5 cm or less, there was
no difference in terms of both disease-free survival and overall
survival.*>* In ltaly, a group of 109 patients who underwent RFA
and a group of 91 patients who underwent resection were com-
pared retrospectively; there was no difference in terms of the
overall survival and disease-free survival, for HCC of 3 ¢cm or
less.* Likewise, a retrospective analysis conducted in Korea, com-
pared a group of 55 patients who underwent RFA treatment for
single HCC 4 cm or less and well-preserved liver function with a
group of 93 patients who underwent resection; the authors con-
cluded that there was no difference in terms of overall survival and
recurrence-free survival at 1 year and 3 years after RFA.** When
laparoscopic RFA was performed on patients with single HCC
nodule with Child-Pugh A liver function, RFA and resection had
similar survival rates.***’

However, a case control study of resection versus RFA showed
that recurrence, tumor diameter, and whether resection or RFA
were performed, all affected overall survival. The authors con-
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cluded that a resection provided some advantages.*® Furthermore,
with regard to cases of HCC which are not suitable candidates
for liver transplantation, a Markov model was used to compare
the life-adjusted survival between resection and RFA. The sur-
vival rate in the resection group was 5.33 years, while in the
RFA group it was 3.91 years. It was concluded therefore, that
patients treated by a resection would have a better survival
rates.*? In another study, 79 cases of resection and 79 cases of
RFA treated at two different institutions were compared. The
result showed that resection would be better than RFA for tumors
of 3 cm and larger in diameter with Child A score, but that the
overall survival would be the same for surgery and RFA in the
case of Child B score.®

Comparison between RFA and
other ablations

A comparison between microwave coagulation and RFA for HCC,
2 cm or less in tumor diameter demonstrated that RFA was supe-
rior because it created a larger necrotic area, resulting in a lower
local recurrence rate; this conferred better cumulative survival,
while bile duct injury and pleural effusion occurred less
frequently.”!

Another study compared percutaneous ethanol injection (PEI)
and RFA. This randomized controlled trial (RCT) conducted in
Taiwan demonstrated that RFA required fewer treatment sessions
to achieve complete tumor necrosis, and provided better overall
survival.’? Another RCT between PEI and RFA was conducted in
Japan. The 4-ycar survival rates were 74% for RFA versus 57% for
PEI, resulting in RFA treatment being associated with a lower risk
of death and recurrence. There was no difference in frequency of
adverse events.” Although it was not RCT, another study com-
pared PET and RFA and found that local recurrence rates after RFA
were lower.™ An RCT conducted in Italy compared RFA with PEI
and found that complete response of RFA after one year was
associated with a better outcome, though no survival advantage
was observed.*

There have been three meta-analyses, based on RCT comparing
the effects and complications between RFA and PEIL. Each found
that RFA had better overall survival, while PEI had a higher local
recurrence rate; thus RFA was superior in cancer-free survival
rates.’* No difference was observed in the complications
between the two,

RCT was conducted to identify whether a combination of RFA
and PEI would produce a better outcome than RFA alone. For
tumors measuring between 3.1 cm and 5 em in size, RFA + PEI
improved patient survival, and overall recurrence was lower with
combination treatment.™

Combined TACE and RFA treatment

The combination of transarterial embolization (TAE) and RFA or
PEI was compared with TACE alone, and it was found that
TACE + RFA had a better prognosis.” The results of a case-
control comparison between RFA combined with TACE and RFA
alone demonstrated that there was no difference in cases of single
HCC = 5 c¢m, but that the TACE + RFA combined treatment had a
higher survival rate in cases of single HCC > 5 cm or multiple
tumors.” The combination of TACE and RFA was technically
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successful in 88% of cases; such patients, complete the therapy
after a single treatment session.®? In addition, the combination of
TACE and RFA produced high local control rates.”* TACE and
RFA has been performed for HCC immediately below the dia-
phragm, and found to be effective.” The combination of bland
arterial embolization with RFA and a resection has also been
compared; the overall survival was found to be similar in patients
with single HCC measuring up to 7 cm in diameter.®®

The extent of necrosis resulting from RFA increases when
combined with hepatic arterial balloon occlusion.®® Furthermore,
combined treatment with balloon occlusion after transcatheter
arterial infusion chemotherapy (TAI) is effective in expanding the
necrotic area.” However, some researchers argue that this com-
bination is not necessary because the effects of the combined
therapy involving TACE and RFA, and that of RFA alone, for
small HCC = 3 cm, are the same.®

Complications

Data from 3891 cases were collected in a joint study conducted in
Osaka, Japan. Complications were observed in 207 cases (7.9%),
with 9 patients dying within 3 months. The causes of death in
these cases were: liver failure in 3 cases, rapid progression in 3
cases, biliary injury in | case, gastrointestinal bleeding in | case,
and myocardial infarction in 1 case.® Data for 255 cases in China
have also been reported, with major complications observed in 31
cases (10%) as follows: 13 cases of liver failure, 10 cases of
hydrothorax, 2 cases of tumor seeding, 1 case of upper gas-
trointestinal bleeding, and one cach of intrahepatic abscess, bile
duct injury, and cardiac arrest, 5 cases of hyperglycemia, and 11
cases of death due to liver failure.”® A report from the United
States noted that complications had been observed in 7 out of 91
cases as follows: 2 cases of hepatic abscess and one each of skin
burn, hemorrhage, myocardial infarction, and liver failure.”
According to the results of a multicenter survey conducted in
Korea, liver abscess (0.66%), peritoncal hemorrhage (0.46%),
biloma (0.20%), ground pad burn (0.20%) and pneumothorax
(0.20%) were reported as complications.”

Liver abscess and bile duct injury

Liver abscess is the most common complication—de Raere et al.
observed 7 cases out of 350 sessions and a high risk of this
complication among patients with a revious bilioenteroc anasomo-
sis.” Likewise, Choi er al.” and Elias et al.™ also reported that
liver abscess was seen more often in cases of biliary abnormality,
as well as after TACE treatment. In one report, cholangitis and
liver abscess occurred simultancously.” Attention should therefore
be paid to the fact that the risk for liver abscess complication is
high in cases of complicated anastomosis of the bile duct to the
intestinal tract.

Biliary stricture was observed in 7 cases after the RFA proce-
dure, with liver abscess as a complication in 3 cases.”” It was
reported that intraductal chilled saline perfusion by endoscope had
been effective in preventing bile duct injury.™

Bleeding

A total of 4133 RFA wrcatments were performed in 2154 cases,
with hemorrhagic complications occurring in 63 treatments (1.5%)
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as follows: hemoperitoneum (0.7%), hemothorax (0.3%) and
hemobilia (0.5%). In addition, there were two deaths due to hemo-
peritoneum.”™ Poggi et al. reported only one case of bleeding that
required surgery.®® Attention has also been focused on bleeding
which occurred in one case of subcapsular liver tumor, but there
were no complications such as seeding.' %2

Intestinal injury

Two cases were reported in which colonic perforation occurred as
a complication on the 8" day after RFA. Attention should be paid
1o the fact that intestinal injury was indolently present.**** Another
report indicated the occurrence of duodenopleural fistula forma-
tion as a complication.®

Hepatic infarction

Hepatic infarction has been observed after RFA; the frequency is
1.8%.% The use of internally cooled electrodes is a risk. In addi-
tion, portal thrombosis has also been reported to occur.™*

Seeding

A report given by Llovet et al. in 2001 on the high rate of seeding
after RFA has received much attention. The risk factors included:
subcapsular tumor localization, a high degree of poor differentia-
tion, and a high baseline AFP.* Since then the risk of sceding after
RFA, has been attiributed to subcapsular location, poorly differ-
entiated tumors and high AFP levels.®® However, a discrepancy
exists between institutions, with some arguing that, in reality,
seeding is exceptionally rare.” In order to prevent seeding, tract
ablation should therefore be properly performed.

Other complications

In another report, pneumothorax occurred after RFA, and so
careful attention is required for tumors adjacent to the dia-
phragm.”® It has been reported that myoglobinuria occurs as a
complication after RFA and that the serum creatinin level rises,
making it necessary for attention to be paid thereto.** Another case
was reported in which hemolysis occurred, thus inducing
hemogeobinuria as a complication.” There have also been reports
that rapid tumor progression occurred after RFA;%” however, the
actual frequency was low and it is therefore necessary to investi-
gate whether or not it was indeed a complication associated with
RFA.

We have done 1440 sessions of RFA to patients with carly stage
HCC from July, 1999 to December 2009. The complications have
been analyzed as shown in Table 2. The complication rates were
1.8% and 1.9% when the patients were treated by laparoscopic or
percutancous RFA, respectively.

Conclusion

RFA is promising for improving patient survival with early stage
of HCC when performed skillfully to avoid serious complication.
To prevent the recurrence of HCC is the most important issue for
achieving better survival.
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Table 2 Complications by laparoscopic or percutaneous RFA in
Musashino Red-Cross hospital {from July, 1999 to December, 2009)

Laparoscopic RFA  Percutaneous RFA

(n=107) (n=1333)
Bile duct damage 0 (%) 4 (0.4%)
Liver abscess 1 (0.9%) 4 (0.3%)
Inter-costal arterial injury 0 (0%) 3 (0.3%)
Hemothorax 0 (0%) 4 (0.3%)
Hepatic infarction 0 (0%) 3 (0.3%)
Hepatic dysfunction 0 (0%) 2 {0.3%)
Skin burn 0 (0%) 2 {0.2%)
Subcutaneous hematoma 1 (0.9%) 0 (0%)
Peumothorax 0 (0%) 2 (0.1%)
Gastrointestinal perforation 0 (0) 1 (0.1%)
Total 2 (1.8%) 26 (1.9%)
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Effect of Aging on Risk for Hepatocellular Carcinoma
in Chronic Hepatitis C Virus Infection

Yasuhiro Asahina,' Kaoru Tsuchiya,' Nobuharu Tamaki," Itsuko Hirayama,' Tomohiro Tanaka,'
Mitsuaki Sato,"* Yutaka Yasui,' Takanori Hosokawa,' Ken Ueda,' Teiji Kuzuya," Hiroyuki Nakanishi,"
Jun Itakura,' Yuka Takahashi,' Masayuki Kurosaki,' Nobuyuki Enomoto,* and Namiki Izumi'

An increase in the aging population is an impending problem. A large cohort study was
carried out to determine the influence of aging and other factors on hepatocarcinogenesis
in patients treated with interferon. Biopsy-proven 2547 chronic hepatitis C patients regis-
tered at our referral center since 1992 were included. Of these, 2166 were treated with
interferon-based therapy. Incidences of hepatocellular carcinoma (HCC) associated with
interferon were analyzed by Kaplan-Meier and person-years methods for an average fol-
low-up of 7.5 years. Factors associated with HCC risk were determined by Cox propor-
tional hazard analysis. HCC developed in 177 interferon-treated patients. The risk for
HCC depended on age at primary biopsy and increased more than 15-fold after 65 years
of age. Even when stratified by stage of fibrosis, the cumulative and annual incidences of
HCC were significantly higher in older patients than in younger patients (P < 0.001) at
the same stage of fibrosis, except for cirrhosis. Progression of fibrosis over time was signifi-
cantly accelerated in older patients. The impact of viral eradication on HCC prevention
was less significant in older patients than in younger patients. Multivariate analysis con-
firmed that age, gender, liver fibrosis, liver steatosis, total cholesterol level, fasting blood
sugar level, baseline and postinterferon alpha-fetoprotein level, and virological response to
interferon were independent risk factors associated with HCC. Aging was the strongest
risk factor for a nonvirological response to interferon-based antiviral therapy. Conclusion:
Elderly patients are at a higher risk for HCC. Hepatitis C viral eradication had a smaller
effect on hepatocarcinogenesis in older patients. Patients should therefore be identified at
an earlier age and treatment should be initiated. (HeratoLoGy 2010552:518-527)

rimary liver cancer is the third most common
. ey 1
cause of cancer mortality worldwide,” and
hepatocellular carcinoma (HCC) is one of the
most frequent primary liver cancers.”>® Infection with
hepatitis C virus (HCV) is 2 common cause of chronic
hepatitis, which progresses to HCC in many patients.
The prevalence of older partients has been increasing in

Japan, and this is an impending problem in other
countries where viral spread has occurred more
recently.’ The number of Americans older than 65
years is expected to double by the year 2030.° In
Western Europe, people older than 65 years already
constitute  15%-18% of the popularion7; thus,
aging patient who is chronically infected with HCV is
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one of the most imporwant issues confronted by
physicians.

Viral eradication with interferon-based therapy for
chronic hepatitis C has been shown to pevent HCC
by studies conducted in Japan and Iraly.*"" However,
this finding is controversial according to another study
conducted in Europe and Canada,'? in which viral
eradication did not significandy reduce the risk for
HCC in 479 consecutively treated patients. The likeli-
hood of development of HCC among interferon-
treated patients is difficult to determine because of the
paucity of adequate long-term cohort studies. More-
over, in patients who are treated with interferon the
effect of certain facrors, including aging, on the risk
for HCC remains unclear. Furthermore, the benefit of
viral cradication with interferon-based therapy, includ-
ing pegylated interferon and ribavirin  combination
therapy. in older patients remains unknown. To further
clarify this, we conducted a large-scale, long-term
cohort study and analyzed the influence of aging and
other host and virological factors in patients treated
with interferon.

Patients and Methods

Patients. Consecurtive patients (n = 2547) chroni-
cally infected with HCV who underwent liver biopsy
between 1992 and January 2008 at our referral center
were enrolled. Of these, 2166 patients were treated
with interferon-based antiviral therapy, whereas 381
patients did not receive interferon treatment (Fig. 1).
All patients had histologically proven chronic hepat-
tis or cirrthosis. HCV infection was proven in all
patents by identification of HCV RNA. Patents
with a history of HCC, autoimmune hepatitis, or
primary biliary cirthosis were excluded. We also
excluded patients who had a history of excessive alco-
hol consumpton (50 g/day) and confirmed alcohol
abstinence during follow-up. No patient was positive
for hepatitis B surface antigen or antthuman immu-
nodeficiency virus antibody. Written informed consent
was obrained from all padents. The study was
approved by the Ethical Committee of Musashino
Red Cross Hospital in accordance with the Dedlara-
tion of Helsinki.

Histological Evaluation. A liver biopsy specimen
was obtained laparoscopically using 13G needles.
When laparoscopy was impossible, ultrasound-guided
liver biopsy was performed with 15G needles (n =
254). The mean length of the specimen was 18 mm
(range 12-40 mm), and the mean number of portal
tracts was 17 (range 8-34). Liver biopsy specimens
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fFig. 1. Clinical outcomes of the patients enrolied in the present
study. HCC, hepatocellular carcinoma; SVR, sustained virological

response.

were scored by board-certified pathologists for stage of
fibrosis and grade of inflammatory activity according
to the classification of Desmet et al.'* Additional mac-
roscopic pathological information was obrained from
laparoscopic findings. The percentage of steatosis was
quantified by determining the average proportion of
hepatocytes affected by steatosis. In this study, super-
imposed nonalcoholic  steatohepatits  (NASH)  was
defined as a central pattern of colocalization of hepatic
steatosis and hepatocyte ballooning with pericellular/
perisinusoidal fibrosis or Mallory hyaline.

Interferon Treatment. Among the 2166 padents
weated with interferon-based antiviral therapy, 1062
patients received interferon-alpha or beta monotherapy
either for 24 weeks (n = 1003) or for 2 to 5 years (n
= 59): 386 patients received interferon-alpha and riba-
virin combination therapy for 24 weeks; 306 received
pegylated interferon-alpha monotherapy for 48 weeks:
and 412 received pegylated interferon-alpha and riba-
virin combination therapy for 48 weeks. All interferon
treatment was initiated within 48 weeks after liver
biopsy.

Definitions of Response to Interferon Therapy. A
patient negative for serum HCV RNA after the first 6
months of completion of interferon-based therapy was
defined as a sustained viral responder. HCV RNA was
determined by the qualitative Amplicor or TagMan
HCV assay (Roche Molecular Diagnostics, Tokyo,
Japan).

Data Collection and Patient Follow-up. Data on
patient characteristics, biochemical data, hematological
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