Table 2. Profile of hepatocellular carcinoma patients population
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Table 3. Toxicity

Phase 1 Phase II

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

Hepeatitis C antibody+ 7 7

Hepatitis B antigen+ 2 5
Previous treatment

Surgical resection 4 10

Percutaneous 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®

III 4 6

IVa 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 II part
Level 1 Level 2 Level 3 Level 2
(n=3) n=1=6) (n=3) (n=19)

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

Hematological toxicity

Leukopenia 2 100 200 114 9 3
Neutropenia 0 100 200 02 4 11 2
Thrombocytopenia 1 1 00 001 00 4 1 0
Anemia 0 001 000 001 0 0
Non-hematological toxicity
Nausea 3 000 00 2 003 0 o0
Anorexia 0 00 2 0 0 1 00 3 (]
Elevated bilirubin 2 000 1 01 006 0 0
Hypoalbuminemia 1 000 000 0 01 0 0
Fatigue 0 000 001 001 0 o0
Hyperpigmentation 0 000 000 001 0 0
Constipation 0 0 00 000 00 1 0 0
Elevated creatinine 0 000 000 1 00 0 0
Elevated AST 0 00 1 000 00 2 1 1®
Elevated ALT 0 0 0 1 000 001 2 1
Liver dysfunction 0 000 000 000 0o 17

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.

Erricacy

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%, 8.4
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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
teukopenia. 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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DOSE-VOLUME HISTOGRAM ANALYSIS OF THE SAFETY OF PROTON BEAM
THERAPY FOR UNRESECTABLE HEPATOCELLULAR CARCINOMA
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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 whose 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
patients.

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. © 2011 Elsevier Inc.

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

INTRODUCTION 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

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

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 III 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
225,000/ 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-

Volume 79, Number 5, 2011

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).

Outcomes

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, 8 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 (95)

2 3(5)
Viral markers

Hepatitis B surface antigen-positive 3(5)

Hepatitis C antibody-positive 49 (82)

Both positive 12

Both negative 7(12)
Child-Pugh classification

A 47 (78)

B 13 (22)

C 0
% patients with pretreatment ICG R15 values

<20 20 (20)

2040 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(2)
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@2)
Prior treatment

None 24 (40)

Surgery 1017

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 rhomboid 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 VO, 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

70
60
50 ‘; 3 .
40 = ° ®
°§ ) s @ ® 5 ®
30 2 Q ®
s 8 s 2
20 b a
: :
10
S —
0 . } . [
0 10 20 30 40 50
X (CGE)

Fig. 2. Distribution of V0 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 PHL
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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% CI, 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% CI, 92%—-100%) and 93% (95% CI,
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% Cl, 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 0f 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% CI, 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% CI, 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% CI, 45%—80%) and 25% (95% CI, 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 PHI. 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 PHL
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
3 years Multivariate p
No. of (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
ICG R15
<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 (IU/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 = median 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 «/f 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
ICG R15 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.

Volume 79, Number 5, 2011

able HCC for whom there is no standard treatment available
other than TACE or liver transplantation.
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TRA) ELIZDOTTR, [EFPATRNZINV] Lw) 2 LT, EITPATAY—PLE
L72e o TWBDIZZID2HEHEONRTF FT, T ) RERECIRSERBERRZVEVD
NTWDTTH, FAFICHIFET, 0.3mg, 1mg, Smgé F—X - ZAHL—3 3>
(dose escalation) L TWEREICL F L7,

3mg B—FHELERSHEE L7-0OT, 10mg, 30mg ZBIMTAZEIZRYT LA, M1

# 1 GPC3is an ideal tumor antigen for immunotherapy in mouse models

We identified

HLA-A24 (4*2402)-restricted GPC3298-306 (EYILSLEEL),

HLA-A2 (4*0201)-restricted GPC3144-152 (FVGEFFTDV),

Nakatsura T. Clin. Cancer Res. 10 : 8630-8640 2004.

Komori H. Clin. Cancer Res. 12 : 2689-2697 2006.

IFA is one of indispensable adjuvants for peptide-based immunotherapy, and the
immunological effect of peptide vaccines depends on the dose of peptide injected.
Motomura Y. Int. J. Oncol. 32 : 985-990, 2008.

HLA-A2 GPC3144-152 (FVGEFFTDV)

GPC3 peptide vaceine 17\ )54 GPC329s.306 (EYILSLEEL)

Group 1 0.3 mg 0.6 ml 6 cases
Group 2 1.0mg 0.6ml 6
Group 3 3.0mg 0.6ml 6
Group4 10.0mg 2.0ml 6

Group5 30.0mg 6.0ml 6 Total 30 cases
Vaccine ¥ ¥ ¥ v
injection f } } } } >
week 0 2 4 6 8
A
Venipuncture t t t t t :
CT or MRI

e The principal endopoints : toxicity and immunological responses

e The secondary endopoint : clinical responses.
Clinical responses at 2 months after 15t vaccination (RECIST criteria)
Monitoring the level of serum tumor markers

1 Phase I clinical study of GPC3 derived peptide vaccine
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BA2BLESNDLEINC, 3mg FTREARTF FPBETLOTTA30mg &7%&bENTF Fid
EIF DT, BE 2 IFA (Incomplete Freund's adjuvant : A&7 HA ¥ M7 P23 )
DED 3, 10 ENF L. 6cc DFIZIE3 cc DIFAP A TWETDT, 30mg D
£13 TFA OBIEE 10 BBV EWVI) 221D T, EFPAT72— A1 TYOT, RH
NEET2BMICIE, 3SEAY2F LT, 27 AMTHMET AL VI REZLL T EH
FHATLED, BEIADQOL (Quality Of Life) 239 7% ) BEro/zbDTT 26, [bo
i oTN] V) BESAOEENHRL Y F L, 22T, RODIHOHEFOEES
IR ST E R0 72DOTTD, be THEFEZESIKRELTWA2Z2WT, ®&IFD
12 NS ESTRIC A > TWET, 72— X I DI Y FARA V| (end point) i&, Z&MH
LEER AN 2L TTRWICZ Y =)V (clinical) %2 VARV A (response) % A
BEWVWHITETT,

RFFRT 2 F 0k TATEH O] £v) A H =X . (mechanism) ZDTTA, T3
FEEEAS A @ HLA (Human Leucocyte Antigens : &+ ¥ /SERBUE) class1 (2id —— 9%
CTOMFLIZ HLA classl B TWE T — 2 TRT GPC3 DR T7F FARTWE T, &%
iTF 5 — THFA GPC3 DT F FERSITTHRLTVRETLOTTIRED, TORME
DBEEREL TVRBEDOH, PABEZIAIZH LN TVERADORTT, EEMIZICIEI D GPC3
DRTF FIZBTWERA, SORTF FIZIT IV BIEF 07250 TTHH ATHIIDOL
32 LHT%, GMP (Good Manufacturing Practice : BEREHE R EIHE) L —FDLD
20 o ThbWloTBNEd, #h% [FA LEETCHVWREBEEZADHOTORE
BRICER L TWVWET, BRICIET 7 vy X (Langerhans) Mifal ) 7a 7z v g
F v (professional) FUEUREMALA 2 EABY, SLEARIOT YNy AMREES
OHBOHTTELRTF FEHRLTWAEDTTA, KEICGPC3IDRTF FeiTbE L,
INFBEXPboT, GPCINRTF FEFTH25 VNNV A2 SATEENDY 9,
FNDHO T DYV SECHE LT, GPC3 DR_TF F& ks 5 T-cell receptor (T Mgt
E2AE) 2EO CDSHBMENF T — THlE (Killer T cell) #EMHALL CHPLT LV A=
AR o THY, 2% 5— THIIZGPC3DRTF FiEli LT FEASA DML

Antigen presenting cells

GPC3 peptide vaccine
Intradermal injection

HCC cells

HLA

/ class I

GPC3 peptide
GPC3 peptide-
specific CTLs CDS positive
cytotoxic T
Normal ymphocytes
cells (CTLs)

2 The mechanism of inducing tumorspecific CTLs by peptide vaccine

MRIRE® 27 % 5% (5 H) 2011

— 110 —



316 (6)

FEFELT, EFEIBSZVWEV) HHEATT,

SEOT7 2~ Tk, 33 AT a—) (enroll : B4%) LT, 3AE3ETZFD2 %
RAPEBETEELATLAZOT, SHEIFEETEL30 ATOBFEEELTLET (H3),

WEIE, HBAFEEOBRVADP Ao TWREOTTIIRE D, E451F 25— 4 (Stage 4)
DEBEEDD BEEIAT, FHEFBOPAIPKE S THETE 2\, BRI IEENL W
EV)BEIANPASTEY F9, HLA-A24 L A2 13D OV A-oTWE LT, BidE
R4 T, WAWAREBEPIEIEIC o 72 BEEABIDAASTHET (B2),

GPC3 D gt & HLA class]l ORIEFEEIZHBIT 5 30 AOWFRTTH, SELLEDO AN
GPC3 bFHEH L TWT, HLAclass]l bHEHL TV A EWIBEZALHLTT (R3),

F9EEMTI2%, DLT (Dose-Limiting Toxicity : FIEHEIHFNE) 3B HBBELITA
TL7e ZV—F2ETORIEATEE I oTWE T, £BITE 20, H5BHFORMR

44 Patients were screened

11 were excluded
6 poor liver function
5 HLA mismatch

v

33 en‘;olled

3 were excluded
for progression of liver dysfunction

A4

30 analysed

3 Patient’s Enrollment

¥ 2 Patient characteristics

Age : 42-77 (mean 64.83) Sex M25 F5
PS0:29 1:1 Child-PughA:25 B:5
Stage 1:5, MA:6, IC:4, IV: 15
HCV :14,HBV : 7,NBNC ;9
HLA-A24 :16, HLA-A2 :14 (0201 : 11, 0206 : 3, 0207 : 2)
Prior therapy
TACE 8, TAI 6, Chemotherapy 7, RT 5, ope 2, RFA 1, none 1

# 3 Immunohistochemical analysis of GPC3 and HLA class I

» Glypican-3 (GPC3) * HLA class I

o++ 1 5(19.2%) o+t 1 3(11.5%)
e+ :16(61.5%) o+ :20(76.9%)
o= 5(192%) - : 3(11.5%)
°NT: 4 °NT: 4

e Positive rate 80.7% e Positive rate 88.4%

BRREEE 27 % 5% (5 8) 2011
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T, NI LV—F1ITRINET, oz &n— ‘ﬁ@”ﬁ@?ﬁ T 78O A
WD b NBIIEORB 2 NICROONT Lz, 37TES UL —@E3EDE LD TY

A%, 30 AH 6 ANICEEO SN 38 EU EIZ3 ATL . WINSBEERHZHEHLZWT, —

WBEECEHRBRLTBY, 2OADSHEHY, TO5 ARy I VHOB)FEEZLT L
TVEYT (R4)o

WICHRIBZRRESEICOVWTIRRE T, RTF FEFTDERYIINTT FFEHFT—T
MBI TEBDODLE NI LAV ZORBOKE LKAV MT, T2 AR (ex vivo: £
#4) @ IFN-y (Interferon-gamma: 4 ¥ ¥ — 720y H <) QLY ARy b+ Tyt A
(ELISPOT assay : WI%EE) & 7F A b5 <v— (Dextramer) #ffo/z7u0—% A X —%—
(flow cytometer) DN %17 F L7720 HIV (Human Immunodeficiency Virus) OIA X
ANADRTF FIZH$ 555 — THIREE L OFEICIZVERADT, ThPAFTT 14732
v Fa—) (negative control) &%V ¥, FTo72GPC3 DRTF FIZHT5F 7 — THIE
FENSHEVNEREVWI T v A (assay) TTAS, T 30mg % 3 EF-72EE S AT,
BEFNZIMMEF O 50 FED ) 8B Ri2id 1ES T FEENF 7 — THRIIWERVO
T, 2[\T 7 F &2 o 72802 50 T 441 18, 0.09% DT F FREENZLF 7 — THl
JaAHBELE L. 7H—H A I XA—=F—TOHRELT, TD0.1%ENVIDIZTEDL HWA >
Ny M eFEOPEVuETE, EFTILREOY YREPVETITRED, 10REOXTT
FERWZ ¥ — THMED, DT 2B»3BOT7 7 F THFESNLIEICR) T,

SETIORNER), BEALDBRESATY 2 F VHICHARTT S F U RICRTTF P
By a*S5—THMROBE EZ TwET, Lard, TORGEOKREFEFHER SN THT,
BEEFPEINTEZ 211, BEOEFR4 D L) ICHEZTWoTWD EW) T EPTR
DEd,

T L hIER L o TATD, 0.3mgDI 7 F LN 3mgDI I T UBRVEN) T
WFE S T, [30mg X ERDSHBH0] L) DidERVHLLEZIATLE (B5).

) 1o, SEOIEF VAL LTRERIILISVOTTS, TADBEEIAPLT T
VRIBEOERE SR TWZEETLE, £ LFTE, TAFSATI I FVRIORAD
PSRRI ERT o723 5 — THIRIZIZEAEVWZVWOTTY, J7F UV RBICHEADOFRIZF
F— THIfEA 2 SAA> TV AGPHERTE T L,

BRAETTIINED, 22710 —3 A (necrosis) PRI o 2BEIADHTIE, TOEE
EATE—FREVEBRBICE-BWEENEIY), ZEL0BESIADEHE S ADONE
DWADFNEEISHEE ) T L7,

WIZHE/AN LRI CTIFnE S, MifioY //\E’ﬁﬁ‘ﬁ“/]\bf_fﬂc‘: BIERD 1) > 2 EIASHE/N
L7ZERD»H D T9,

¥ 4 Toxicity

Adverse Event (CTCAE v3.0) Grade 1 Grade 2
Allergic reaction (Flushing or Rash) transient flushing ectopic rash or flushing
24 (80%) 22 (73.3%) 2 (6.7%)
’ Allergic reaction (Drug fever) drug fever of <38°C drug fever of =38°C
6 (20%) 3(10%) 3 (10%)
Injection site reaction erythema ; induration pain or swelling with inflamation
30 (100%) 30 (100%) 0
Itching mild or focal itcing severe or wide itcing
5(16.7%) 5(16.7%) 0

FERESR 27 %55 (5 H) 2011
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Pt. 1 (PD) Pt. 2(SD) Pt. 3(SD) Pt. 5 (PD) Pt. 7 (PD) Pt. 8 (SD)

200

vaccination

v s I NG 1 ; 10

e —

Pt. 9 (SD) Pt. 10 (SD) Pt. 11 (SD) Pt. 12 (PD) Pt. 13 (PD) Pt. 14 (SD)
200

. 101 143
m,
& 15 2 6 14

O P e

.

Pt. 15 (SD) Pt. 16 (SD) Pt. 17 (PD) Pbt. 18 (SD) Pt. 19 (PD) Pt. 20 (SD)

200
101 6 92
3mg /f 72 68
ol AN/
Pt. 21 (SD) Pt. 22 (SD) Pt. 23 (PD) Pt. 27 (SD) Pt. 29 (PD) Pt. 33 (SD)
200
171

100 25
10mg 69 \
i ‘/\_, < | N~y .

Pt. 24 (PR) Pt. 25 (PD) Pt. 26 (SD) Pt. 30 (SD) Pt. 31 (SD) 500 Pt-32 (PD)

200 T 441
30mg ~/\ 34 —/\
L _ 7 Jlo

4 TImmunological responses (1)

s

r

median

mean (n=6)

—
(o]
[«

N
(=

®
R?=0.8407

0
<

[ S STy
[T\
o O

T

R?=0.9352

[*)
(=)

GPC3 peptide specific spot number
(=2
(=3

GPC3 peptide specific spot number

80
40
40
20 20
O i I i1 1 ! L O 1 i 1 ) | I
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Dose of peptide (mg) Dose of peptide (mg)

5 Immunological responses (2)

WIZ—F VAR A% - 72 PR (Partial Response : B85 ER) DBEXAOEREYRL T
o T FVHEIORET, ZREOFMESA, BER, WER, VO HEBOBRE I AR
30mg % 3EFT o 724 R, 5.5cm DEBEBIKIEICHANL T, JOBERDE - B CHEEIC
RoTLIEWE L 14cm OFFBAOES 2 HIZZ£ICE 2T, Ta— (echo: BE WK
) TOAR%EL %D FE L 1.4cm DfEEDS, CT (Computed Tomography) _FiZFE Lk &
STHEOTWHIIIIAZLDTTY, TIHERIETHH )L, MEFADOHDESITF
F—THIEEVWHIIRET, PADEL LTCIEDSITLoTWBEIEDRESDD F L7,

RE5PERRIEDF L ®TY, RECIST criteria (Response Evaluation Criteria In Solid
Tumors 2 & BH A F54 ) TIBIDOPRE, 2% ARTI1240 SD (Stable Disease : RZ)
EV) T LR TVET, A7 O =V AR, A4 XOMIBALNTZBES AN FFS
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# 5 Clinical responses at 2 months after 1% vaccination (RECIST criteria)

peptide Clinical response necrosis or size decrease tumor
dosage PR SD PR+SD PD reduction of tumors markers in the sera
0.3mg 0 3 3 (50.0%) 3 1 1/6 (16.7%)
1.0mg 0 4 4 (66.7%) 2 0 4/6 (66.7%)
3.0mg 0 4 4 (66.7%) 2 3 5/5 (100%)
10mg 0 4 4 (66.7%) 2 0 6/6 (100%)
30mg 1 3 4 (66.7%) 2 1 6/6 (100%)
total 1 18 19(63.3%) 11 5(16.7%) 22/29 (75.9%)

[y
Vaccination

0.3mg
~ PL10(SD) Pt.11(SD) Pt. 14 (SD)

Img

3mg
150 Pt. 33 (SD)

10mg
Pt. 31 (SD) 120 Pt 32(PD)

30mg

6 Decrease of GPC3 in the sera 100% 15/15 SD rate : 73% 11/15

%<, AFP (Alpha Fetoproteins : JEf&JEEZEH), PIVKA-II (Protein Induced by Vitamin K
absence or Antagonist-1I : ¥4 3 ¥ KKFEERE R FRIBEA L), GPC3DEL~— 7 —
(tumor marker) 252 # BOMIZ I ETL TA-72BE S A 76% & V) FERTT,

GPC3REE~— A — bR bDTTY, HIGMICHELZ o7 I5HEERT 7 F M H
12 1EIE GPC3 AT, 2D T Aoz ADSDEIF73%TT DT, kD SDFEE3% LD
BWEWH T ET, N4 A —H— (Biomarker : EWIRIELEY) bR V/LELEZTY
5 (H6),

PIVKA-IJ R LT, 6EDADRT 7 F VEEIZL o TTF R o072DTED, ToHo72 NI
75%725SD o TWwET (H7)o

AEHESEIZ0.3mg 55 30mg T, SEHLIFT>TWRVWARIBAEEINTVETOT,
&L BRSO TYT A, overall survival (0S: @&F#HE 97 H) By o7z =7
(sorafenib : HEOFF—EHEE) O7 - XN OFERLHENZ L, BELZWERPFELN
TWET, KLBIZHETHADTDOFREZEIEELDONEN) DL, GHOT7 2 — AT LLTD

FEERERE 27 % 5% (5 H) 2011
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Ak
0.3mg Vaccination

1mg

Pt. 17 (PD)

A
Pt. 22

4
(SD)

1x
10?

7 Decrease of PIVKA Tl in the sera 59% 16/27 SD rate : 75% 12/16

% 6 Result of the Phase I study

» Toxicity consisted of mainly local erythema at the GPC3 vaccine injection sites in
all patients.

* As for immunological response, we found an increase of the GPC3 peptide-specific
CTLs in 5 X 105 Peripheral Blood Mononuclear Cells (PBMCs) of almost all patients
by ex vivo IFN-y Enzyme-Linked ImmunoSpot (ELISPOT) assay.

« Furthermore, about 60% of cases showed stable disease (SD) at 2 months after 1st
vaccination. Some cases showed necrosis or reduction of tumor after vaccination.

* Serum tumor marker levels decreased in many cases after vaccination.

¢ One of 3 cases received 30mg, 3 times vaccination showed partial response (PR),
including disappearance of some tumors.

SHERIC s T E T T, .

K672 AT OHRDOF LDTTH, BEMICHED % { REFNTANEATFER X
N, BRMICL ZZZ2 W20 TERWREEZTBY T3, T, ETPADANIERYEIZ
QOL #5405 OS (overall survival) #EiXE 5 DH QOL #Eo D iZfEn iz v &
BoTwaDTTY, BIHFAFELEALL S50wo 0S 8#ifF &L, QOL 25wy, +45,
BILRhDHEEZTBYET,

BEETHOBREKRRBETTY, 207 2—2X 1 OFEESBF 2T 30mg TPRAHAZDOTT
75, 3mg THhTHoAERZ) FLwv) 2L EHERFOREMER, A \0Id7 L — K2 DEIVEA
B 30mg TIEHEWE W) Z & T, HRESGEIEI3ImgIIHREL VI T, THZTBRE 5
THBOMENGEDOEZ SATTINE D, RADHERTD 1 EFRRLE, 26EFREEL6E
PDEEVIFERIZZoTWT, N2 ENSLVOERICE LT LN E V) BIRRART, 1
7—24 (arm) ZOTTH, 0FTHEEBLTNT, UFABFELLEIATT, DX

FRRESR 27 % 5% (5 H) 2011
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7 A Phase I study is on going

A Phase I study of Glypican-3 (GPC3) peptide vaccine as adjuvant treatment for
Hepatocellular carcinoma (HCC) after Surgical resection or Radiofrequency
ablation (RFA)

To evaluate efficacy and safety of GPC3 peptide vaccine in the adjuvant treatment of HCC after potentially

curative surgical resection or RFA

Primary endpoint : The one-year and two-year recurrence rate

Secondary endpoint : Adverse effects of GPC3 vaccination

GPC3-specific immune-responses to GPC3 vaccination
Injection of HLA-A24- or -A2-restricted GPC3 peptide (EYILSLEEL or FVGEFFTDV)

Emulsified with Montanide ISA51 adjuvant
3 mg intradermally injection, every 2 weeks, 6 times, and every 2 months, 4 times, total 10 times in a year,

until disease recurrence
N=40 cases

Phase II study of Glypican-3 (GPC3) peptide vaccine as treatment for clear cell
adenocarcinoma of ovary

%8 Nextplan

» We are planning the randomized Phase II study of Sorafenib +/- GPC3 peptide
vaccine for advanced HCC patients.

* GPC3 is also expressed on the hepatoblastoma, Wilmus tumor, squamous cell
carcinoma of the lung, and so on. We are also planning Phase I or Il studies on
these cancers. '

BRI F VEEITEET EDFRHICENTREL LR ofmf LD AETHADEE S
ADQOL %R0 FEFFHREZETEINEVIFIRIILZVOTTS, BETFH, ik
FH T BEIFRPL CEFROBEIAGHARIZIEIIB[OFTAEVDRLTWET S, 20
 BESALZLOMIASADREEMZ ALV T EEEZENLR o TVELVEEZ T
7 (R7)o

F72, MEOHMBBEIPATOIEERRET Iz —AAPAF—FLTBYH, FOI3h,
TANVLA T 2—<— (Wilms tumor : 7 4 VA& XEE) ~/Sh 75X h—=< (hepato-
blastoma : FFHE), MORELEDATS GPC3FH TV L I EFHREERTVETOT,
INLOEBRBEBRDETEFR T, FEMTIFHESAICELTIE, V7o 79 ERARIC
o TWETDT, VI 7x=7& GPCIHADY - R LDT v ¥ 2 bHEEER (randomized
controlled trial : #E/EALXTIRERER) #EMEIL T, W) b2, HBEEERBELICHT LA
TYo F/2, RTF KT F VHEMTORBEFNZEZENOERNEE 25 &) RS D
HEERICHBEPRTT., LWVWIZETRDLYZDTTE, WAVNASVWI EEHALDTT
B, TOLIBRBAT I F VIEIRBICER DM E VD ZEiE, A2 PRI TEA S AR
REEBRZ R o T LD RWEEZTBYFELT, FRATVWVHDOIFIHTE L SHESHD A

WD - TW2720WT, IBBREZ R THERL TW220nT, ZIh6EMNHTWL Z L2
ﬁbfkbiﬁo#Amﬁéhmﬁbkﬁa#&&§ﬁﬁof BEERDOFIZD FfroTn»
R, FACAENHENTEEZTBYEY (E8),

PETY,
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