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Objective: The aim was to determine the recommended dose of combined chemotherapy
with mitoxantrone and uracil/tegafur (Phase | part) and to clarify its efficacy and safety in
patients with advanced hepatocellular carcinoma at the recommended dose (Phase Il part).
Methods: Patients eligible had histologically confirmed, chemo-naive advanced hepatoceliu-
lar carcinoma and were amenable to established forms of treatment. The therapy consisted
of mitoxantrone administered intravenously at one of three dosages (6, 8 and 10 mg/m?®/day)
on day 1 and uracil/tegafur administered orally at 300 mg/m? from day 1 through day 21. The
treatment was repeated every 4 weeks until evidence of tumor progression or unacceptable
toxicity.

Results: A total of 25 patients were enrolled. In the Phase 1 part, dose-limiting toxicities
occurred in all three patients, given mitoxantrone at the dosage of 10 mg/m?/day, and the rec-
ommended mitoxantrone dosage was determined to be 8 mg/m?/day. Among 19 patients
administered the drug at the recommended dosage, 1 patient (5.3%) showed partial
response, 8 patients (42.1%) showed stable disease and 10 patients (52.6%) showed pro-
gressive disease. The median survival and median progression-free survival were 8.4 and 2.5
months, respectively. The most common toxicities were Grade 3—4 leukopenia (63.2%) and
neutropenia (68.4%).

Conclusions: Mitoxantrone at 8 mg/m? combined with uracil/tegafur at 300 mg/m?/day was
determined to be the recommended regimen. Although this regimen was generally well toler-
ated, it appeared to have little activity against advanced hepatocellular carcinoma. These find-
ings do not support the use of this combination regimen in practice.
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INTRODUCTION

HCC patients develop recurrence or metastasis, regardless of
the treatment modalities employed. Although patients with

Hepatocellular carcinoma (HCC) is one of the most com-
monly occurring cancers worldwide (1,2). Surgical resection,
liver transplantation and local ablation therapy, including
radiofrequency ablation and ethanol injection, are considered
as curative treatment for HCC (3). Transcatheter arterial che-
moembolization (TACE) has been applied to patients with
advanced incurable HCC (4,5). However, the majority of

HCC at this advanced stage are generally treated by systemic
therapy, the prognosis remains poor (6,7). Sorafenib is an
orally administered molecular-targeted drug that targets
tumor cell proliferation and tumor angiogenesis by inhibiting
the serine—threonine kinases Raf-1 and B-Raf and the recep-
tor tyrosine kinase activity of vascular endothelial growth
factor receptors 1, 2 and 3 and platelet-derived growth factor

© The Author (2010). Published by Oxford University Press. All rights reserved.
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receptor . This drug was reported to confer an overall survi-
val advantage, with manageable toxicity, in comparison with
placebo in a Phase III trial, and it has been accepted world-
wide as the first-line chemotherapy for advanced HCC (8).
But the advantage is modest. There is urgent need to
develop more effective regimens.

5-Fluorouracil (5-FU) has been widely used for the treat-
ment of various gastrointestinal malignancies, including
advanced HCC (9,10). A high level of efficacy can be
expected when the drug is given as a continuous intravenous
infusion (11). However, this would necessitate a permanent
intravenous access. Uracil/tegafur (UFT) is an orally admi-
nistered drug which is a mixture of uracil and tegafur at a
molar ratio of 4:1. Tegafur is a prodrug of 5-FU that is
hydroxylated and converted to 5-FU by hepatic microsomal
enzymes, and uracil prevents the degradation of 5-FU by
inhibiting the enzyme dihydropyrimidine dehydrogenase,
which results in an increased level of 5-FU in the plasma
and tumor tissues (12,13). UFT has been reported to be as
effective as intravenous 5-FU for the treatment of malignan-
cies (14,15) and to be effective for the treatment of advanced
HCC (16,17).

The therapeutic usefulness of doxorubicin in patients with
advanced HCC has also been widely explored since the
1970s. A randomized trial in which doxorubicin was com-
pared with supportive care alone for advanced HCC showed
a significant survival benefit in the doxorubicin arm.
However, treatment with this drug has not been accepted as
a standard chemotherapy because of the high rate of fatal
complications reported (18). Mitoxantrone, another anthracy-
cline, has shown similar antitumor activity to that of doxoru-
bicin in both human tumor cell lines and animal models of
leukemia and has fewer myelotoxic and cardiotoxic effects
than doxorubicin (19). Clinical trials of mitoxantrone have
also demonstrated moderate activity against HCC, with a low
incidence rate of adverse effects (20,21).

Combination chemotherapeutic regimens composed of a
fluoropyrimidine and an anthracycline antibiotic have been
reported to show moderate efficacy against HCC with
tolerable toxicity (22-—24), but combined chemotherapy with
UFT and mitoxantrone has not yet been examined. We con-
ducted Phase I/II studies to determine the recommended
dosage of the combination of UFT with mitoxantrone
(UFM regimen) and to clarify the efficacy and safety when
administered at the recommended dose in patients with
advanced HCC.

PATIENTS AND METHODS
EvricBiLITY CRITERIA

The eligibility criteria for study enrolment were: (i) patients
with histologically confirmed HCC, who were (ii) unsuitable
for surgical resection, local ablation therapy or TACE, (iii)
were >20 years old, (iv) had an Eastern Cooperative
Oncology Group (ECOG) performance status (PS) of 0-2,
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(v) had adequate bone marrow function (white blood cell
>3000 cells/mm?, absolute neutrophil count >1500 cells/
mm®, platelet count >70 000 cells/mm> and hemoglobin
>8.0 g/dl), renal function [serum creatinine concentration
<upper limit of normal (ULN)] and hepatic function [serum
albumin level >3.0 mg/dl, total bilirubin level <3.0 mg/dl,
serum aspartate aminotransferase (AST) and alanine amino-
transferase (ALT) levels <5.0 x ULN], (vi) had a life
expectancy of at least 12 weeks and (vii) provided written
informed consent from each patient.

The exclusion criteria were: clinically evident congestive
heart failure, serious cardiac arrhythmia, active or sympto-
matic coronary artery disease or ischemia, clinically serious
infection, seizure disorder requiring medication, prior malig-
nancy (any cancer treated curatively was permitted), clini-
cally evident brain or meningeal metastasis, and pregnant/
lactating women. This protocol was approved by the
Institutional Review Board for clinical investigation of the
National Cancer Center, in conformity with the provisions of
the Declaration of Helsinki, Good Clinical Practice guide-
lines, and local laws and regulations.

Stupy TREATMENT

UFT was administered orally at the dose of 300 mg/m? per
day in two divided doses for 21 consecutive days, followed
by a rest period of 7 days (400 mg/body per day in patients
with a body surface area of <1.50 m* and 500 mg/body/day
in patients with a body surface area of >1.50 m?).
Mitoxantrone was given as a 60 min intravenous infusion on
day 1. This cycle was repeated every 28 days. Patients con-
tinued to receive additional courses of this regimen until a
cumulative dose of mitoxantrone of 100 mg/m®, evidence of
disease progression or the appearance of unacceptable
toxicity.

PHA4SE I PART

The objectives of the Phase I study were to investigate the
frequency of dose-limiting toxicity (DLT) and to determine
the recommended dose of mitoxantrone and UFT. The cri-
teria of DLT included: Grade 4 leukopenia or neutropenia,
Grade 3 neutropenia accompanied by fever (>38°C) or
infection (clinically or biologically confirmed), thrombocyto-
penia <25 000/mm? or necessity of transfusion, Grade 3 or
4 non-hematological toxicity (except nausea/vomiting, anor-
exia, fatigue and hyperglycemia), AST and ALT >10 times
the ULN, suspension of UFT administration for over 3 suc-
cessive weeks, or an over 6-week delay in the commence-
ment of the next treatment cycle.

Three possible dosage levels of mitoxantrone (Level 1:
6 mg/m?/day, Level 2: 8 mg/m*/day and Level 3: 10 mg/m?/
day) were assigned for the Phase I part (Table 1). The first
patient to enter the study was started at Level 1. At least
three patients were treated at this level and observed for
DLT. Dose escalation was continued until at least one-third
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Table 1. Dosc-escalation schedules of mitoxantrone and uracil/tegafur

Dose level Mitoxantrone UFT Number of
(mg/mz) (mg/m?) patients enrolled

1 6 300 3

2 8 300 6

3 10 300 3

UFT, uracil/tegafur.

of the patients in a given cohort showed DLT. If none of the
first three treated patients developed DLT during the first
cycle at a specific dose level, the dose escalation was contin-
ued. If one of the first three treated patients developed DLT
at any dose level, three additional patients were entered at
the same dose level; if only one or two of six patients at a
given level experienced a DLT, the dose escalation was con-
tinued. The maximum tolerated dose (MTD) was defined as
the dose level at which one-third or more of the patients
experienced a DLT. The recommended dose for the Phase 11
study was defined as the dose level preceding the attainment
of the MTD.

PHASE II P4RT

The primary endpoint of the Phase II part was the objective
response rate. The secondary endpoints were the overall sur-
vival, progression-free survival and the frequency and sever-
ity of adverse events. The Phase II part was begun after
determination of the recommended dosage from the Phase I
part.

ASSESSMENT OF THE RESPONSE AND TOXICITY

Physical examination including cardiac symptoms, complete
blood cell counts, serum chemistries and urinalysis was per-
formed at the baseline and at least once every 2 weeks after
the start of the treatment. Dynamic computed tomography or
magnetic resonance imaging was undertaken to evaluate the
response at 4- to 6-week intervals after the start of treatment.
Tumor response was assessed using the Response Evaluation
Criteria in Solid Tumors (25). Toxicity was graded according
to the National Cancer Institute common toxicity criteria,
version 2.0. Progression-free survival was calculated from
the first day of treatment to the appearance of evidence of
tumor progression, clinical progression or last date of
follow-up. The overall survival was calculated from the first
day of treatment until death due to any cause or date of last
follow-up. Survival data were analyzed using the Kaplan—
Meier method.

STATISTICAL ANALYSIS

In the Phase II part, the primary endpoint was the response
rate, and data from at least 19 patients were accrued. The

threshold response rate was set at 5% and the expected
response rate at 15%. If no responses were observed in the
19 patients and the upper limit of the 90% confidence inter-
val (CI) did not exceed the expected rate of 15%, the UFM
regimen was judged to have no activity against HCC. If
response was confirmed in one or more of the 19 patients,
the decision of whether or not to proceed to a further study
using the UFM regimen was taken on the basis of other
factors, such as the safety and rate of response, overall survi-
val and time to progression in this study.

RESULTS
PATIENTS

From April 2004 to April 2007, 25 patients were registered
for the present study: 12 patients completed the Phase I part
(Level 1: 3 patients, Level 2: 6 patients and Level 3: 3
patients). Nineteen patients who received the recommended
dose (6 patients received this dose during the Phase I part)
were analyzed during the Phase II part. Table 2 shows the
baseline characteristics of the patients in the Phase I and
Phase II parts of the study of the UFM regimen. There were
19 males and 6 females with a median age of 67 years. All
the patients had a good ECOG PS score of 0—1. There were
21 (84%) and 4 (16%) patients with the Child—Pugh Stages
A and B, respectively. Thirteen (68%) patients had extrahe-
patic metastasis, and the major sites of metastasis were
lymph node [n = 7 (28%)] and lung [n = 6 (24%)].

TREATMENTS

In the Phase I part, there was no occurrence of DLT at the
Level 1 and Level 2 doses, but all of the three patients who
received the Level 3 dose experienced DLT; two of these
patients developed Grade 4 neutropenia and one patient
developed Grade 3 creatinine elevation. The additional three
patients at the Level 2 dose did not experience any DLT.
Therefore, Level 3 was considered as the MTD and Level 2
(UFT 300 mg/m” and mitoxantrone 8 mg/m?) as the rec-
ommended dose for the Phase II part.

At the recommended dosage level, a total of 69 courses of
the UFM regimen were administered with a median of three
courses to each patient (range, 1—8 courses). The dose inten-
sity was 98.9% of the planned dosage for mitoxantrone and
97.9% for UFT.

The reasons for treatment discontinuation in the Phase I
and Phase II parts were disease progression in 19 patients,
liver dysfunction in 1 patient, DLT according to this proto-
col in 3 patients during the Phase I part and an over
6-week delay in the start of the next course because of the
development of leukopenia in 2 patients. After abandoning
the UFM regimen, 10 patients received the second-line
treatment. Five patients received systemic chemotherapy,
one patient received UFT alone and four patients received
a combined chemotherapy with. UFT and doxorubicin. Two
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Table 2. Profile of hepatocellular carcinoma patients population
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Table 3. Toxicity

Phase 1 Phase IT

No. of patients 12 19
Gender

Male 9 14

Female 3 5
Age (years)

Median 63 67

Range 56-78 5677
Performance status ’

0 11 7

1 1 12
Viral marker

Hepatitis C antibody -+ 7 7

Hepatitis B antigen+ 2 5
Previous treatment

Surgical resection 4 10

Percutancous ablation therapy 3 3

Transcatheter arterial chemoembolization 5 8

Transcatheter arterial infusion 3 5

Radiation therapy 1 2

None 3 3
Child—Pugh classification

A 8 17

B 4 2
UICC tumor stage®

I 4 6

Va 3 1

Vb 5 12
Portal vein tumor thrombosis

(+) 5 4
Extrahepatic metastasis

Lymph node 5 7

Lung 0 6

Bone 0 3

Adrenal gland 0 1

Peritoneum 0 1

None 7 6

*The International Union Against Cancer, 6th edition.

patients received transcatheter arterial infusion with cispla-
tin, one patient received salvage TACE because of HCC
rupture during the follow-up period, one patient received
salvage radiofrequency ablation because of rapid growth of
HCC that needed control and one patient received
immnunotherapy.

Toxicity grade Phase I part Phase I part
Level 1 Level 2 Level 3 Level 2
(n=73) (n==6) (n=3) (n=19)

1-2 3 4 1-2 3 4 1-2 3 4 1-2 3 4

Hematological toxicity

Leukopenia 2 1 00 200 11 4 9 3
Neutropenia 0 100 200 02 4 11 2
Thrombocytopenia 1 100 0 0 1 0 0 4 1 0
Anemia 0 001 000 001 0 0
Non-hematological toxicity
Nausea 3 000 00 2 003 0 0
Anorexia 0 ¢ 0 2 00 1 00 3 0 0
Elevated bilirubin 2 000 101 00 6 o 0
Hypoalbuminemia 1 000 000 0 0t 0 0
Fatigue 0 000 001 0 01 0 0
Hyperpigmentation 0 000 000 001 0 0
Constipation 0 000 000 001 0 0
Elevated creatinine 0 000 000 100 0 0
Elevated AST 0 0 01 000 00 2 11
Elevated ALT 0 001 000 0 01 2 1®
Liver dysfunction 0 000 000 0 00 0 1°

AST, aspartate aminotransferase; ALT, alanine aminotransferase.
“Death related to adverse event.

Toxicity

Table 3 summarizes the toxicities observed in the patients.
At the recommended dose (level 2), the major Grade 3—4
hematological toxicities were leukopenia (63.2%) and neu-
tropenia (68.4%). The most common non-hematological
toxicities were elevated serum total bilirubin level (31.6%),
elevated AST level (26.3%), elevated ALP level (26.3%)
and anorexia (21.1%); however, no Grade 3—4 non-
hematological toxicities were observed. One patient died of
hepatic failure due to hepatitis B virus (HBV) reactivation.

EFrrFicacy

Of the 19 patients who were administered the recommended
dosage, 18 died during the follow-up period. All of the 19
patients administered the recommended dosage were evalu-
able for tumor response; of these, 1 patient achieved partial
response (PR), with an overall response rate of 5.3% (95%
CI, 0.0-26.0%). Eight patients (42.1%) had stable disease
and 10 patients (52.6%) had progressive disease. The 1-year
survival rate, median overall survival, median progression-
free survival and time to progression were 26.3%, 3.4
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Figure 1. Overall survival and progression-free survival in 19 patients at
the recommended dose. Tick marks indicate censored cases.

months (95% CI, 5.4—11.4) and 2.5 months (95% CI,
1.5-3.5), respectively (Fig. 1).

DISCUSSION

Systemic chemotherapy for unresectable HCC is recognized
as an important treatment modality, because some patients
who have recurrent or very advanced disease are not suitable
candidates for effective local treatments such as surgical
-resection, liver transplantation, local ablation therapy and
TACE. Many patients with HCC have underlying chronic
liver disease and impaired hepatic function, increasing the
toxicity of standard doses of many chemotherapeutic agents
and causing difficulty in delivering combination chemothera-
pies. The results, in terms of the therapeutic efficacy, of
investigation of cytotoxic agents for advanced HCC have
been disappointing, with few agents have yielded response
rates of over 20%, and no cytotoxic agents have produced
convincing survival benefits in the Phase III setting (26—28).

In Japan, only five anticancer agents, UFT, adriamycin,
cytarabine, mitomycin and 5-FU, had been approved for the
systemic chemotherapy of HCC by the Ministry of Health,
Labor and Welfare of Japan before sorafenib has been
approved. Among these drugs, the results of multiagent regi-
mens containing both a fluoropyrimidine and an anthracy-
cline antibiotic have shown favorable results for advanced
HCC (22—24). Thus, it was expected that the combination of
mitoxantrone and UFT (UFM regimen) would have effective
anticancer activity, and we conducted a Phase I/II study to
evaluate this regimen.

In the Phase I part, we determined the recommended dose
of mitoxantrone as 8 mg/m® on day 1 and of UFT as
300 mg/m® from days 1 to 21 of a 28-day cycle. The DLTs
observed at Level 3 were Grade 4 neutropenia (two patients)
and Grade 3 creatinine elevation (one patient).

Patients with HCC tend to experience more severe myelo-
suppression and hepatic toxicity than those with other malig-
nant diseases, because most have underlying cirrhosis, which

is usually associated with compromised hepatic function,
leukopenia and thrombocytopenia (24). In 19 patients treated
at the recommended dose level, the most frequently encoun-
tered toxicities were leukopenia and neutropenia, which are
well-known toxicities of the two drugs. When compared
with that in trial of mitoxantrone or UFT for other malignan-
cies, Grade 3 or 4 hematological toxicities occurred more
frequently (29—31). However, these toxicities were revers-
ible and generally well tolerated in patients with advanced
HCC, except for one case of treatment-related death; this
patient developed hepatic failure due to HBV reactivation,
because no antiviral drug for HBV infection, such as lamivu-
dine or entecavir, was given. This is a well-recognized com-
plication in patients with HBV infection who received
immunosuppressive therapy or chemotherapeutic agents
(32,33). Thus, patients with HBV infection should receive
prophylactic antiviral treatment before chemotherapy.

In the current study, 1 of the 19 patients showed a PR
(response rate, 5.3%). However, the rate of progressive
disease was 52.6%. In addition, the result of median time to
progression was only 2.5 months. Those results were unfa-
vorable when compared with those reported from other clini-
cal trials (8,21—23). Therefore, this regimen is considered to
be ineffective and cannot be recommended for use in clinical
practice. There were several reasons for this negative result.
One of the reasons was the number of anticancer drugs in
the regimen. A regimen containing two drugs may have little
activity, and three or more drugs may be needed to obtain
activity against HCC, because many of the regimens that
have been shown to exert anticancer effect against HCC
contain three or more drugs. The other reason was the rec-
ommended doses of the drugs in this regimen. We set the
criteria of DLT which had included Grade 4 neutropenia or
leukopenia. Two patients experienced DLT based on these
criteria. However, both recovered soon, with only obser-
vation. Therefore, the criteria may be too strict, although the
two drugs have been used at these recommended doses for
other malignancies. It may be possible to set higher dose
levels to obtain higher antitumor effect.

Recently, increasing knowledge of the molecular patho-
genesis of HCC as well as the introduction of molecular-
targeted therapies has created an encouraging trend in the
management of HCC. Combination regimens consisting of
molecular-targeted agents such as sorafenib and cytotoxic
agents have been reported as promising regimens for patients
with advanced HCC and other malignancies (34-37). The
UFM regimen itself has little antitumor activity, but the
result may be useful in the setting of future clinical trials of
cytotoxic agents used in combination with molecular-
targeted agents.

In conclusion, the recommended dose was mitoxantrone at
8 mg/m* and UFT at 300 mg/m*day. A combined che-
motherapy with mitoxantrone and UFT appeared to show
little activity in patients with advanced HCC, although this
regimen was generally well tolerated. These findings do
argue against the use of this regimen in clinical practice,
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Purpose: To evaluate the safety and efficacy of radiotherapy using proton beam (PRT) for unresectable hepatocel-
lular carcinoma.

Methods and Materials: Sixty consecutive patients who underwent PRT between May 1999 and July 2007 were
analyzed. There were 42 males and 18 females, with a median age of 70 years (48-92 years). All but 1 patient
had a single lesion with a median diameter of 45 mm (20-100 mm). Total PRT dose/fractionation was 76—cobalt
Gray equivalent (CGE)/20 fractions in 46 patients, 65 CGE/26 fractions in 11 patients, and 60 CGE/10 fractions
in 3 patients. The risk of developing proton-induced hepatic insufficiency (PHI) was estimated using dose-volume
histograms and an indocyanine-green retention rate at 15 minutes (ICG R15).

Results: None of the 20 patients with ICG R15 of less than 20% developed PHI, whereas 6 of 8 patients with ICG
R15 values of 50% or higher developed PHI. Among 32 patients whoese ICG R15 ranged from 20% to 49.9%, PHI
was observed only in patients who had received 30 CGE (V30) to more than 25% of the noncancerous parts of the
liver (n = 5 Local progression-free and overall survival rates at 3 years were 90% (95% confidence interval [CI],
80~99%) and 56 % (95% CI, 43-69%), respectively. A gastrointestinal toxicity of Grade =2 was observed in 3 pa-
tients.

Conclusions: ICG R15 and V30 are recommended as useful predictors for the risk of developing PHI, which should
be incorporated into multidisciplinary treatment plans for patients with this disease. © 2010 Elsevier Inc.

Hepatocellular carcinoma, Proton beam radiotherapy, Dose-volume histogram, Radiation tolerance of the liver.

INTRODUCTION

Recent improvements in diagnostic imaging and radiother-
apy (RT) techniques have made high-dose radiotherapy
a safe and effective treatment for selected patients with unre-
sectable hepatocellular carcinoma (HCC) (1). Charged-
particle radiotherapy can potentially deliver considerably
larger doses of RT to liver tumors, with greater sparing of
normal tissues, and proton beam radiotherapy (PRT) for
HCC using aggressively high total and fractional RT doses
has been investigated during the last 2 decades. The results
have shown local control rates ranging from 75% to 96%
and overall survival (OAS) rates exceeding 50% at 2 years
in groups of patients that include those who had HCC tumors
of =5 cm in diameter (2-4). HCC has a high propensity for
venous invasion, which is frequently associated with
multiple tumors within resected specimens (5-9). In this
context, the extent of resection was determined while

considering potential tumor spread via portal blood flow
and the necessity of preserving a functional liver reserve (5,
7, 10). Even in preselected patients who underwent
hepatectomy, more than 50% of tumors with diameters
greater than 4 cm demonstrated microscopic vascular
invasion (8, 11). Consequently, it will become more crucial
to consider the influence of vascular invasion on
undetectable tumor dissemination at the periphery of the
gross tumor in RT for unresectable HCC.

Given the high probability of obtaining local control by us-
ing PRT, an appropriate definition of the clinical target vol-
ume (CTV) according to patterns of tumor spread and
patients’ functional liver reserves is extremely important in
order to maximize the therapeutic ratio. Ideally, the entire por-
tal segment that contains HCC nodules should be covered
within the CTV when the tumor shows macro- or microscopic
vascular invasion. This requires a considerably larger
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irradiated volume even with PRT, partly because of unavoid-
able uncertainty in treatment planning without using intrao-
perative ultrasonography (7). Another possible way to
eradicate satellite HCC nodules, which are disseminated via
portal blood flow, is transarterial chemoembolization
(TACE). Currently, the standard treatment for patients with
unresectable HCC that is not amenable to local ablation ther-
apy is TACE instead of best supportive care (12). The OAS
rate at 3 years after TACE ranges from 32% to 47% in patients
with stage IIT cancer and with liver damage A to B, according
to the staging system used in a nationwide cohort study con-
ducted by the Liver Cancer Study Group of Japan (13). Con-
sidering that the tumoricidal effect of TACE in HCC with
vascular invasion is frequently incomplete (13), a significant
benefit of adding PRT to TACE would be expected. However,
presently, there has been no robust evidence supporting this
concept. Before we examine the validity of targeting the entire
anatomical portal segment containing HCC in a multidisci-
plinary approach that includes PRT, practical methods to es-
timate the safety of PRT according to the dose-volume
histogram (DVH) should be established in patients who
have various levels of severity of liver dysfunction. Findings
from our previous study consisting of 30 patients suggested
that the risk of proton-induced hepatic insufficiency (PHI)
could be predicted by the indocyanine green clearance test
and the retention rate at 15 minutes (ICG R15) in combination
with DVH parameters (14) such as percentages of hepatic
noncancerous, portions receiving doses of >30 cobalt-Gray-
equivalent (CGE) (3). We have subsequently accumulated
data from additional patients in clinical practice. The clinical
results were evaluated, and we have again used the DVH anal-
ysis to examine the relationship between probability of PHI
and dose—volume parameters.

METHODS AND MATERIALS

Patients

Patient eligibility was reported previously (3); in brief, they were
required to have uni- or bidimensional measurable HCC nodules of
=10 cm in maximum diameter on computed tomography (CT) and/
or magnetic resonance imaging (MRI) without evidence of extrahe-
patic tumor spread. All patients had a white blood cell count of
=2,000/mm?; a hemoglobin level of =7.5 g/dl; a platelet count of
=25,000/ mm?® ; and adequate hepatic function (total bilirubin, =3.0
mg/dl; alkaline phosphatase, aspartate aminotransferase, and alanine
aminotransferase of <5.0 X normal; no ascites). Patients who had mul-
ticentric HCC nodules were not considered as candidates for PRT, ex-
cept for those who fulfilled the following two conditions: (/) multiple
nodules could be encompassed within a single clinical target volume;
and (2) lesions other than those of the targeted tumor were judged to
be controlled with prior surgery and/or local ablation therapy. This
retrospective study was approved by the institutional ethics commit-
tee, and written informed consent was obtained from all patients.

Treatment Planning

ICG R15 was measured in all patients to quantitatively assess the
hepatic functional reserve. Serological testing for hepatitis B surface
antigen and anti-hepatitis C antibody was done. All patients were
judged to be unresectable by expert hepatobiliary surgeons at our in-
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stitution, based on the patient’s serum bilirubin level, ICG R15, and
expected volume of resected liver (10). Percutaneous fine-needle bi-
opsies were performed for all patients unless they had radiologically
compatible, postsurgical recurrent HCC (3).

Treatment methods were published previously (3). In brief, gross
tumor volume (GTV) was defined using a treatment-planning CT
scan, and CTV and planning target volume (PTV) were defined as
follows in all but 2 patients: CTV = GTV + 5 mm, and PTV =
CTV + 3 mm of lateral, craniocaudal, and anteroposterior margins.
CTV encompassed the entire volume of the right lobe in 1 patient
who had a tumor of 4 cm in diameter that broadly attached to the bi-
furcation of the right anterior and posterior portal veins. In this pa-
tient, right portal vein embolization was done to facilitate
compensatory hypertrophy of the left lobe for expected surgery.
However, the patient was finally judged to be unresectable, and
PRT was selected. Another patient was treated with a CTV encom-
passing the entire right anterior portal segment because a tumor of 2
cm in diameter had invaded the bifurcation of the right anterosupe-
rior and anteroinferior portal vein associating with daughter HCC at
the right anterosuperior portal segment. The beam energy and
spread-out Bragg peak (15) were fine-tuned so that a 90% isodose
volume of the prescribed dose encompassed the PTV.

Forty-six patients received PRT to a total dose of 76 CGE in 3.8
CGE once-daily fractions, four to five fractions in a week. Another 3
patients underwent 60 CGE /10 fractions/2 weeks, depending on
availability of the proton beam. Eleven patients whose PTV encom-
passed the gastrointestinal wall received 65 CGE in 2.5 CGE /frac-
tion, five fractions per week. All patients were treated using a 150~ to
190-MV proton beam. The relative biological effectiveness of our
proton beam was defined as 1.1 (16). No concomitant treatment
such as TACE, local ablation, or systemic therapy was allowed dur-
ing or after the PRT, unless a treatment failure was detected. Both
scanning of CT images for treatment planning and irradiation by
the proton beam were done during the exhalation phase using the
respiration-gated irradiation system and intrahepatic fiducial
markers as previously reported (3).

Qutcomes

Death from any cause was defined as an event in calculation of
OAS, whereas tumor recurrences at any site or patient deaths were
defined as events in disease-free survival (DFS). An increase of
the tumor diameter within the PTV was defined as local progression,
and patients who died without evidence of local progression were
censored at the time of last radiographic examination. Adverse
events were.reviewed weekly during the PRT regimen by means
of physical examination, complete blood count, liver function tests,
and other biochemical profiles as indicated. The severity of adverse
events was assessed using the National Cancer Institute common
terminology criteria for adverse events, version 3.0. After comple-
tion of PRT, reviews that monitored disease status, including CT
and/or MRI examinations and long-term toxicity, were done at
a minimum frequency of every 3 months in all 60 patients. The per-
centages of hepatic noncancerous portions (entire liver volume mi-
nus gross tumor volume) receiving CGE doses of >0 (V0), =10
(V10), =20 (V20), =30 (V30), =40 (V40), and =50 (V50) were
calculated using PRT planning software (PT-PLAN/NDOSE Sys-
tem, Sumitomo Heavy Industries Ltd., Tokyo, Japan), and their in-
fluence on the outcomes were analyzed (3). Time-to-event analyses
were done using Kaplan-Meier estimates from the start of PRT. The
differences between time-to-event curves were evaluated with the
log-rank test. Multivariate analyses were performed with Cox’s
proportional hazards model.
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RESULTS

Patients

A total of 60 patients with HCC underwent PRT in our in-
stitution between May 1999 and July 2007. Approximately
1400 patients with HCC were newly presented to our institu-
tion during this study period and about 35%, 30%, 25%, and
the remainder primarily treated with hepatectomy, TACE,
percutaneous local ablation, and other treatments, respec-
tively. Therefore 60 patients in this study corresponded to ap-
proximately 4% of overall, or 7% of patients with
unresectable HCC. Patient characteristics at the start of
PRT are listed in Table 1. All patients had underlying chronic
liver disease. One patient had a history of schistosomiasis,
and another patient had autoimmune hepatitis as the cause
of liver cirrhosis. Five additional patients were diagnosed
with liver cirrhosis caused by non-B, non-C hepatitis. A total
of 24 patients received PRT as the first treatment for their
HCC. Ten patients had postsurgical recurrences, 22 patients
received unsuccessful local ablation and/or TACE to the tar-
geted tumor, and 4 patients underwent successful local abla-
tion to a tumor other than the target prior to PRT. Histological
confirmation was not obtained in 1 patient who had a tumor
with typical radiographic features compatible with HCC (3).
Six patients had HCC nodules of =<3 cm in diameter; how-
ever, they were not considered candidates for local ablation
therapy because of the tumor locations, which were in close
proximity to the great vessels or the lung.

Adverse events during PRT

All patients completed the treatment plan. Prolongation of
the overall treatment time for more than 1 week occurred in 4
patients: treatment of 3 patients was extended due to avail-
ability of the proton beam machine, and 1 patient’s treatment
was extended because of fever associated with grade 3 eleva-
tion of total bilirubin that spontaneously resolved within
a week. A total of 14 patients experienced transient grade 3
leukopenia and/or thrombocytopenia without infection or
bleeding that necessitated treatment. In addition, § patients
experiencing grade 3 elevation of transaminases without clin-
ical manifestation of hepatic insufficiency maintained good
performance status. PRT was not discontinued for these pa-
tients; nevertheless, these events spontaneously resolved
within 1 to 2 weeks.

Estimation of the risk of PHI by DVH analysis
Development of hepatic insufficiency presented with anic-
teric ascites and/or asterixis within 6 months after completion
of PRT in the absence of disease progression was defined as
PHI. Eleven patients, all of whom received a total PRT dose
of 76 CGE, developed PHI at 1 to 6 months (median, 2
months) after completion of PRT without elevation of serum
bilirubin and transaminases of more than threefold above
normal levels. DVHs for hepatic noncancerous portions
were drawn according to pretreatment ICG R15 values
(Fig. 1A-C). Results showed that all 20 patients with ICG
R15 of <20% were free of PHI, regardless of the DVH, for

Table 1. Characteristics of patients

Characteristics No. of patients (%)

Age (years)

Median 70

Range 48-92
Gender

Male 42 (70)

Female 18 (30)
ECOG performance status

0-1 57 (935)

2 3(5)
Viral markers

Hepatitis B surface antigen-positive 3(5)

Hepatitis C antibody-positive 49 (82)

Both positive 1(2)

Both negative 7(12)
Child-Pugh classification

A 47 (78)

B 13 (22)

C 0
% patients with pretreatment ICG R15 values

<20 20 (20)

20-40 25 (55)

40-50 7(12)

=50 8 (13)
Tumor size (mm)

Median 45

Range 20-90

20-50 42 (70)

>50 18 (30)
Macroscopic vascular invasion

Yes 42 (70)

No 18 (30)
Morphology of primary tumor

Single nodular 45 (75)

Multinodular, aggregating 9 (15)

Diffuse 5(8)

Portal vein tumor thrombosis 1)
Serum alpha-fetoprotein level (IU/mL)

<300 41 (68)

=300 19 (32)
Histology

Well-differentiated 15 (25)

Moderately-differentiated 28 (47)

Poorly-differentiated 7(12)

Differentiation not specified 9 (15)

Negative (radiological diagnosis only) 1)
Prior treatment

None 24 (40)

Surgery 10 (17)

Local ablation/TACE 26 (43)

2 to 94 months (median, 44 months). On the other hand, 6
of 8 patients with pretreatment ICG R15 values of =50%
died of PHI with (n = 3) or without (n = 3) evidence of
HCC recurrence at 2 to 15 months (median, 8 months). There
was no obvious relationship between DVH and development
of PHI in these 8 patients, as shown in Fig. 1C.

Among 32 patients whose ICG R15 values ranged from
20% to 49.9%, 5 patients developed PHI. The VO to V50
in these 32 patients are shown in Fig. 2. Differences in distri-
butions of these DVH parameters between patients who did
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Fig. 1. DVH are shown for all patients according to their pretreatment ICG R15 values, as noted in each panel. Thick lines
with thomboid symbols represent DVHs for patients suffering from hepatic insufficiency within 6 months after completion

of PRT.

and did not develop PHI were statistically significant, with p
values of 0.012 in V0, 0.009 in V10, 0.012 in V20, 0.006 in
V30, 0.016 in V40, and 0.024 in V50 (Mann-Whitney U
test). The lowest p value was observed in the difference at
V30. Among 32 patients whose ICG R15 values ranged
from 20% to 49.9%, none of the 21 patients whose V30
were <25% experienced PHI, whereas 5 of 11 patients
(45%) whose V30 was =25% developed PHI (p = 0.037,
Mann-Whitney U test). The incidence of PHI was 2/25
(8%) in Child-Pugh class A patients, whereas PHI incidence
was 3/7 (43%) in class B patients in this group of 32 patients
(p = 0.218, Mann-Whitney U test). Of 5 patients who expe-
rienced PHI, 1 died at 8 months without evidence of HCC re-
currence. PHI spontaneously resolved in 4 patients; 2 patients
died of intrahepatic recurrence at 22 and 71 months, respec-
tively; 1 patient died of brain metastasis at 8 months; and 1
patient was alive and disease free at 50 months. In both of
the patients who survived for more than 4 years despite de-
velopment of PHI, the pretreatment functional liver reserve
was Child-Pugh class A and ICG R15 was less than 40%.
On the other hand, all 3 patients who experienced PHI and
died within 2 years had Child-Pugh class B liver functions.
Relationships between ICG R15 and V30 according to occur-
rence of PHI in Child-Pugh class A and B patients are shown
in Fig. 3a and b, respectively.

Other serious adverse events

Three patients experienced a gastrointestinal toxicity grade
of =2. One patient developed hemorrhagic duodenitis asso-
ciated with anemia at 2 months after completion of 76 CGE/

20 fractions/30 days of PRT. The dose administered to the
duodenum was estimated to be 50 to 80% of the prescribed
dose. Bypass surgery was attempted to alleviate the symp-
toms; however, this patient died of postoperative hepatic fail-
ure at 6 months. Two patients received 65 CGE/26 fractions
of PRT, with the entire circumference of the gastrointestinal
walls covered within the PTV. One of these 2 patients expe-
rienced grade 3 hemorrhagic ulcer at the ascending colon,
within the PTV. The patient was managed successfully
with right hemicolectomy at 10 months; however, the patient
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Fig. 2. Distribution of VO to V50 in DVHs for 32 patients whose
pretreatment ICG R15 values ranged from 20% to 49.9%. Open cir-
cles represent values for patients who did not experience PHI,
whereas closed circles represent those who developed PHI.



PRT for HCC @ M. KawAsHIMA et al. 5

(a)
65

60
55
50
45
40
35
30
25
20
15
10

V30 CGE%

(b)
65
60
55
50
45

V30 CGE%

R
35 |eseeeeeesreeneee B
30 S S S
B
20 b e mememn e memearnmmeeredmcsscameenncnsaceanecrranenecnanna.
L
L o

40 50 60 70

ICGR15

Fig. 3. Scattergram of V30 in each patient who had pretreatment liver functions classified as Child-Pugh class A (a) and
class B (b), as shown in each panel, according to the ICG R15 value. Open circles represent values in patients who did not
experience PHI. Closed squares represent those who developed PHI and died within 2 years with (n = 5) or without (n = 4)

disease recurrence. Closed triangles represent those who experienced transient PHI and survived for more than 4 years after
commencement of PRT.

died of local recurrence and subsequent hepatic failure at 23
months. The other patient developed grade 2 esophagitis
within the PTV at 7 months. Repetitive balloon dilatations
were required to alleviate the patient’s dysphagia; however,
the patient was alive without disease and taking a normal
diet at 30 months. There were no other observations made
of adverse events of Grade =3 in any of the patients.

Tumor control and survival

At the time of analysis in August 2009, 42 patients had al-
ready died because of intrahepatic recurrence in 27 nodal re-
currence in 1 distant metastasis in 3 hepatic insufficiency

without recurrence in 9 comorbidity in 1 and senility in 1.
Forty of these 42 patients had been free from local progres-
sion until death; the durations ranged from 2 to 77 months
(median, 20 months). Two patients who experienced local
progression died subsequently. A total of 15 patients were
alive at 25 to 92 months (median, 43 months) without local
progression. Three patients were alive at 49, 53, and 94
months, respectively, after salvage treatment for local pro-
gression, using local ablation in 2 and TACE in 1 A total
of 37 patients achieved complete disappearance of the pri-
mary tumor at 1 to 50 months (median, 10 months) post-
PRT. Eighteen patients had residual tumor masses on CT
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and/or MRI for 2 to 44 months (median, 21 months) until the
time of death or last follow-up visit without local progression.
The local progression-free (LPF) rates at 3 and 5 years were
90% (95% confidence interval [CI], 80%~99%) and 86%
(95% C1, 74%-98%), respectively.

Of 5 patients who experienced local progression, 3 pa-
tients underwent 65 CGE/26 fractions, and 2 patients re-
ceived 76 CGE/20 fractions of PRT. All 3 patients who
received 60 CGE/10 fractions were free from local progres-
sion at 6, 30, and 51 months, respectively. LPF rates at 3
and 5 years for 46 patients who received 76 CGE/20 frac-
tions were 97% (95% Cl, 92%-100%) and 93% (95% ClI,
83%—-100%), respectively. LPF rates at 3 years for 11 pa-
tients who underwent 65 CGE/26 fractions of PRT were
56% (95% CI, 16%-95%) and was worse than that in pa-
tients who received 76 CGE/20 fractions with statistical sig-
nificance (p = 0.005).

A total of 32 patients developed intrahepatic tumor recur-
rences that were outside of the PTV at 1 to 62 months (me-
dian, 20 months). Nine of these tumors occurred within the
same segment of the primary tumor. Nodal recurrence at
the hepatoduodenal ligament and distant metastasis were ob-
served as the first sites of failure in 2 and 3 patients, respec-
tively. In addition to the above-mentioned five deaths from
PHI or postsurgical mortality, 4 patients died of hepatic fail-
ure because of underlying liver disease at 17 to 23 months,
and 2 patients died from other reasons (comorbidity or senil-
ity) without evidence of HCC recurrence. Seven patients re-
mained alive and disease free at 27 to 51 months (median, 30
months). The median survival time for all 60 patients was 41
months, and actuarial OAS rates at 3 and 5 years were 56%
(95% CI, 43%—69%) and 25% (12%—39%), respectively.
DFS rates at 3 and 5 years were 18% (95% CI, 7%-29%)
and 4% (95% CI, 0%-12%), respectively, as shown in
Fig. 4. Two Child-Pugh class A patients who underwent
PRT with the CTV covering the entire right lobe or right an-
terior portal segment were alive and disease free at 50 and 26
months, respectively. The former patient had a pre-PRT ICG
R15 of 22% and received a V30 of 42% and experienced tran-
sient PHI that resolved spontaneously; the latter patient,
whose corresponding parameters were 8% and 37%, respec-
tively, did not experience PHI.

Factor analysis

Univariate analyses revealed that factors related to func-
tional liver reserve and occurrence of PHI had significant in-
fluence on OAS (p < 0.05). Liver function (Child-Pugh class
A or B) and prior treatment (none or recurrent) were indepen-
dent and significant prognostic factors (p <0.002), and occur-
rence of PHI had marginal significance (p = 0.011) by
multivariate analysis, as shown in Table 2. The DFS rate at
3 years for 24 patients who had no prior treatment for HCC
was 35% (95% Cl, 14%—56%), whereas DFS for the remain-
ing 36 patients was 7% (95% CI, 0%~17%) (p = 0.011). In
Child-Pugh class A patients, OAS at 3 and 5 years for those
who had no prior treatment (n = 17) was 76% (95% CI, 56%—
97%) and 59% (95% Cl, 33%—-86%), respectively, and 63%
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Fig. 4. Kaplan-Meier estimation of local progression-free survival,
OAS, and disease-free survival rates for all 60 patients.

(95% C1, 45%-80%) and 25% (95% ClI, 7%—42%), respec-
tively, for 30 patients with recurrent tumor (p = 0.060). In
Child-Pugh class B patients, the 2-year OAS for patients
without PHI (n = 5) was 80% (95% CI, 45%—-100%), while
8 patients who developed PHI died within 2 years with
(n = 5) or without (n = 3) HCC recurrence (p = 0.009).

DISCUSSION

The promising tumoricidal effect of PRT using aggressive
escalation of total and fractional doses, which has been re-
peatedly reported previously, was reproduced in this study
(3, 4). The estimated actuarial local progression-free rate
within the PTV in patients receiving 76 CGE/20 fractions ex-
ceeded 90% at 3 years. DFS at 3 years for patients who un-
derwent PRT as an initial treatment (n = 24) was 35%, and,
among them, OAS at 3 years was 76% in Child-Pugh class
A patients (n = 17). These results are comparable to those ob-
served after surgical treatment (17). Although the number of
patients was small, these data indicate that appropriate local
control with PRT may provide survival benefit in adequately
selected patients with unresectable HCC. The fact that 9 of
the 32 intrahepatic HCC recurrences occurred within the
same anatomical portal segments showed that it should still
be possible to improve the progression-free rate by defining
the CTV so it covers undetectable tumor spread via the portal
blood flow.

As shown in Fig. 3, no patient who had ICG R15 of less
than 20% experienced PHIL In addition, only Child-Pugh
class A patients with pre-PRT ICG R15 of less than 40% sur-
vived for longer than 4 years despite development of PHI.
One of them underwent systematic portal segmental irradia-
tion with the CTV covering the entire right lobe, and the de-
tails for this patient will be reported separately. On the other
hand, all patients who had pre-PRT liver functions classified
as Child-Pugh class B and/or ICG R15 of 40% or higher died
within 2 years when they developed PHI. This suggests that
the role of systematic portal irradiation requiring a large irra-
diated volume should be pursued further in Child-Pugh class
A patients with favorable ICG R15 values; otherwise, the
CTV should be confined to the GTV with adequate margins.
Furthermore, in patients who have ICG R15 of 50% or
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Table 2. Factors related to overall survival

% of OAS at Multivariate p
No. of 3 years (MST,Univariate value, hazard

Factor patients  months) p value ratio (95% CI)
Age
<70 29 55 (41) 0.660 0.087
=70 31 61 (42) 0.52
(0.24-1.10)
Gender
Male 42 62 (41) 0.332 0.194
Female 18 44 (42) 0.62
(0.29-1.30)
Tumor size
(mm)
<50 36 66 (44) 0.178 0.070
=50 24 46 (23) 0.54
(0.28-1.05)
Pretreatment
ICGR15
<40% 45 67 (44) 0.002
=40% 15 33 (15)
Child-Pugh
classification
A 47 68 (45) <0.001 <0.001
B 13 23 (15) 0.19
(0.07-0.50)
Serum alfa-
fetoprotein
level 1U/mL)
<300 41 61 (42) 0.617 0.618
=300 19 53 (39 0.83
(0.39-1.74)
PHI
No 49 65 (44) 0.001 0.011
Yes 11 18 (9) 0.29
(0.11-0.76)
% of patients
receiving V30
<25% 40 57 0.724
=25% 20 60
Total dose = 65
Gy
Yes 11 44 (29) 0.646 0.185
No 49 61 (42) 1.88
(0.73-4.76)
Prior treatment
None 24 67 (47) 0.112 0.002
Recurrence 36 53 (36) 0.32
(0.15-0.66)

Abbreviations: OAS = overall survival; MST = medijan survival
time; CI = confidence interval; PHI = proton-induced hepatic insuf-
ficiency.

higher, the indication for PRT should be considered with ex-
treme caution to prevent life-threatening PHI, as shown in
Fig. 3.

Results of this retrospective study showed 56% OAS at 3
years in all patients and 68% in 47 Child-Pugh class A pa-
tients. All of them were judged strictly as unresectable and
not amenable to local ablation. Therefore, a survival benefit
of adding PRT to TACE could be expected, which should
be tested in randomized trials. Suitable candidates for such
a study may be patients who have unresectable HCC of >4

cm in diameter (i.e., a high probability of microscopic vascu-
lar invasion) or who show macroscopic vascular invasion,
which is amenable to selective segmental TACE as a curative
treatment. Nevertheless, before developing that kind of ran-
domized study, data should still be compiled regarding the
safety and patterns of failure after PRT combined with
TACE while ICG R15 and V30 are taken into account. Pre-
liminary results of hypofractionated stereotactic body radio-
therapy for patients with relatively small primary or
metastatic liver tumors showed 70% to >90% of objective re-
sponse rates and 20 or more months of median survival time
(1, 18-20). Mature data regarding the relationship between
oncological outcomes and tumor characteristics, as well as
functional reserve of the liver, are needed to optimize cost-
effectiveness of localized, high-dose RT using X-ray or
charged particles for treatment of this disease. Nonetheless,
RT should have no role in preventing multifocal tumorigen-
esis, which will be continuously encountered by multidisci-
plinary approaches (21).

The risk of developing serious gastrointestinal sequela af-
ter PRT is another important issue to consider in patients who
have HCC located adjacent to the digestive tract. We attemp-
ted once-daily fractionation of PRT with 65 CGE/26
fractions. However, 2 of 11 patients who received this treat-
ment developed gastrointestinal toxicity grade of =2. More-
over, these 11 patients showed significantly worse LPF rates
than those who received 76 CGE/20 fractions of PRT. Three
patients who received 60 CGE/10 fractions of PRT were
controlled locally. Although our current data are based on
a limited number of patients, precluding definitive conclu-
sions, they suggest a low «/B ratio (22) of HCC, and this as-
sumption should be examined further in clinical trials. Based
on currently available data, efforts to exclude the gastrointes-
tinal loop from the PTV by using, for example, surgical ma-
nipulations, seem to be positively considered in order to
expand the role of PRT for HCC.

CONCLUSIONS

In conclusion, PRT achieved excellent local progression-
free rates when aggressive, high-dose/fractionation was ad-
ministered. Child-Pugh class A patients with ICG R15 of
less than 40% tolerated PRT of a large irradiated volume
well, despite development of transient PHI. However, in
Child-Pugh class B patients, it seems reasonable to minimize
the irradiated volume to prevent detrimental liver damage in-
duced by PRT and underlying liver diseases. A V30 of less
than 25% in the noncancerous portion of the liver is consid-
ered an indicator of the safety of PRT in patients who have
pre-PRT ICG R15 of 20% to 50%. We believe that there
are extremely few indications for PRT in patients who have
ICGR1S5 of 50% or higher. Gastrointestinal toxicity is a major
drawback of PRT for tumors adjacent to the gastrointestinal
tract, and surgical manipulation to exclude the intestinal
loop from the PTV should be positively considered as indi-
cated. If these issues are carefully considered, with special at-
tention to the patterns of tumor spread, when determining the
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CTV, aggressive high-dose PRT could become a legitimate
treatment for a certain population of patients with unresect-

10.

11.

12.
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able HCC for whom there is no standard treatment available
other than TACE or liver transplantation.
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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 1, 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 I
Results Twelve patients were enrolled in phase 1. 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/m2/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 (Cyay) 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

@ Springer

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/ul; 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/; 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. 1a, 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 A
schema. a In phase I, patients
were stratified into three groups
based on hepatic function, and
the toxicity and
pharmacokinetics were assessed
from Level 1 (no cirrhosis) to
Level 3 (Child~Pugh B) by
enrolling three patients at each
level. Bid twice daily, DLT
dose-limiting toxicity, pts
patients. b Patient enrollment
procedure based on the two-step
method of Fleming [17]
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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-ox0-1,2-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.

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 5—7 mm. Responses
were assessed independently.

Pharmacokinetics

In phase I, blood samples were collected from a total of 12
patients at 0 (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 Cl18 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 (Ty,,,) and
elimination half-life (Ty,), 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 wvascular cell adhesion molecule-1
(sVCAM-1), soluble endothelial-leukocyte adhesion mol-
ecule-1 (sSELAM-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 + 3 study design generally used in phase 1
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

@ Springer

method). After ROC analysis, logistic regression analysis
was performed. The 7 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 IL.

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 I  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 89 6.0 82 8.2
Range 5-16 3-11 1-20 1-20
Disease stage®
)il 2 1 3
I 3 1 5
IVa 0 0 1
Vb 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

* 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 Cyax and AUCq g
did not increase with poorer liver function. In all patients,
the Cihax and AUCq gy, 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%), diarthea (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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