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Table I. Patient characteristics and glypican-3-specific cytotoxic T lymphocytes.

GPC3-specific CTLs®

Age No.of  Tumor AFP PIVKA-II GPC3
Patientt HLA  (yrs.) Gender Etiology  Child-Pugh tumor size (mm) T' N!' M! (<9.5ng/ml) (<40 mAU/ml) expression> Pre Post Change Aspot
RFALl A24 73 F HBV A 2 26 2 0 0 4.0 228 - 4 0 - -4
RFA2 A24 68 M HCV B 1 20 1 0 0 5.0 300 + 10 24 + +14
RFA3 A2 50 M HCV A 1 15 1 0 O 63.3 25 + 0 88 + +88
RFA4 A24 79 F HCV A 1 10 1 0 0 4842 30 + 0 10 + +10
RFAS A24 69 M HCV A 1 15 1 0 0 23 57 - 0 0 +/- 0
RFA6 A24 60 M HCV A 1 17 1 0 O 15.1 23 - 0 0 +/- 0
RFA7 A2 73 M HCV A 1 20 1 0 O 97.3 51 + 3 88 + +85
RFA8  A2/A24 64 M HBV/HCV B 1 15 1 0 0 399 17 + 0 31 + +31
RFA9 A2 60 M HCV B 1 10 1 0 0 92.0 19 - 19 15 - -4
RES1 A24 48 M HBV A 1 20 1 0 O 19.7 38 + 32 15 - -17
RES2 A24 66 F HCV A 1 26 2 0 0 634 77 + 20 3 - -17
RES3 A24 64 M HCV A 2 30 2 0 0 10.1 276 + 12 0 - -12
RES4 A2 72 M - A 1 60 2 0 0 92 1500 + 3 1 - -2
RES5 A24 70 M HCV A 1 20 1 0 0 42 25 + 0 0 +- 0
RES6 A24 42 M HBV/HCV A 2 98 3 0 O 15115.0 22477 + 50 30 - -20
RES7 A2 75 M - A 1 75 2 0 0 22.8 10341 - 0 3 + +3
RES8 A24 52 M HCV A 1 30 1 0 O 16.0 234 + 0 0 +/- 0
RES9 A24 60 M HBV A 1 30 1 0 O 15.6 23 - 0 0 +/- 0
TAE1 A2 64 M - A 3 30 2 0 0 10.7 98 + 0 330 + +330
TAE2 A24 78 F HCV B 1 60 1 0 0 2483.0 3932 ND 34 0 - -34
TAE3 A24 77 F - A >5 35 3 0 O 180.2 11538 ND 0 3 + +3
TAE4 A24 77 M HCV A 2 80 4 0 0 20014.0 241 ND 0 0 +/- 0
TAES A24 55 M HBV A 2 30 2 0 0 3.7 24 + 0 23 + +23
TAE6 A24 77 M - A >5 42 2 0 0 1407.0 1661 ND 0 20 + +20
TAE7 A24 63 F HCV A >5 32 2 0 O 640.3 270 ND 0 0 +/- 0
TAES8 A24 74 M - A 1 18 1 0 O 3.8 12 - 0 0 +/- 0
TAE9 A24 62 M HCV A 3 70 3 0 O 46.8 1907 ND 10 0 - -10
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"Tumor stage was assigned according to the tumor-node-metastasis (TNM) classification of the Union for International Cancer Control (UICC). 2GPC3 expression was evaluated by immunohistochemical
staining; +, positive; -, negative. *Peripheral blood was taken from each patient before and after treatment, and GPC3-specific CTLs were measured by ex vivo interferon-y enzyme-linked immunospot
assay; +, increase; -, decrease; +/-, no change. “The Aspot was defined as the difference in the number of spots with each antigen between pre- and post-treatment. F, female; M, male; HBV, hepatitis B
virus; HCV, hepatitis C virus; AFP, a-fetoprotein; PIVKA-II, protein induced by vitamin K absence or antagonist II; GPC3, glypican-3; ND, not determined.
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Figure 1. Kinetics of glypican-3 (GPC3)-specific CTLs between before and after treatment in each patient. A direct ex vivo interferon-y enzyme-linked immuno-
spot assay of PBMCs was performed before treatment and one month after treatment. The data are expressed as the number of interferon-y producing cells,
which indicate the CTLs specific with HLA-A24-restricted GPC3,94 305 peptide (EYILSLEEL) (=) or HLA-A2-restricted GPC3,,4.,5, peptide (FVGEFFTDV)
(e). Heat shock protein 105 (HSP105) peptide (o) and cytomegalovirus (CMV) peptide (o) were used as the negative and positive control, respectively.

kinetics of tumor markers indicated that their treatment was
effective. The frequency of GPC3-specific CTLs increased
after RFA (RFA3) and TACE (TAES), whereas it decreased
after surgical resection (RES6).

RFA has the potential to strongly induce T-cell-mediated
immune response: A case report. A 70-year-old woman was
admitted because of recurrent HCCs. Thirteen months earlier,
the patient had undergone RFA for primary HCC located in
the S5/8 region of the liver. CT detected two recurrent HCCs:

one was contiguous to the previously ablated S5/8 region
and the other was a distant tumor located in the S6 region.
We performed surgical resection for these recurrent HCCs.
Immunohistochemical examination of CD8 in the resected
tumors revealed that a marked number of CD8* T cells had
infiltrated not only into the surrounding recurrent tumor but
also into the distant recurrent tumor after RFA (Fig. 3). On the
other hand, few CD4* T cells were observed in these tumors
(data not shown). Immunohistochemical analyses showed the
expression of GPC3 and HLA class I in these tumors (data not
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Figure 2. Changes in computed tomography images, serum levels of tumor
markers, including a-fetoprotein (AFP) and protein induced by vitamin K
absence or antagonist I (PIVKA-II), and glypican-3 (GPC3)-specific CTLs
in PBMCs between before and after treatment in patients RFA3, RES6,
and TAES. White arrows indicate nodules of hepatocellular carcinoma at
pre- and post-treatment. The bold letters show the abnormal levels of tumor
markers or the positive response of GPC3 specific CTLs.

shown). These findings suggest that RFA not only activates the
immune response systemically but also induces local infiltration
of CTLs into the tumors.

Analysis of immune response induced by RFA in a mouse
model. The experimental schedule is shown in Fig. 4A. The
IFN-y ELISPOT assay with CD8* T cells from the lymph nodes
of mice demonstrated that the number of spots against both
Colon 26 (P=0.049) and Colon 26/GPC3 (P=0.049) was larger
after RFA compared to without treatment. On the other hand,
the number of spots did not increase after surgical resection.
These results suggest that RFA induced a significantly larger
number of both Colon 26- and Colon 26/GPC3-reactive CTLs
compared to no treatment or surgical resection (Fig. 4B).

The difference in number of spots between Colon 26 and
Colon 26/GPC3 in each mouse, which represents GPC3-
specific CTLs, is shown in Fig. 4C. As an effect of prior peptide
vaccination, GPC3-specific CTLs were detected in the no treat-
ment group. The frequency of GPC3-specific CTLs increased
after RFA and decreased after surgical resection. As a result,
the frequency of GPC3-specific CTLs after RFA was signifi-
cantly greater than that after surgical resection (P=0.049).

Figure 3. Macroscopic features and immunohistochemical examination of
CD8* T cells in the resected tumors that had recurred after radiofrequency
ablation. (A and D) show the cut surface of the resected specimens. (A) The
white arrow indicates the post-ablated lesion to which a recurrent tumor was
contiguous. The other recurrent tumor was distant from the post-ablated
lesion (D). A marked number of CD8" T cells had infiltrated into the con-
tiguous recurrent tumor (B) and the distant recurrent tumor (E), whereas
few CD8* T cells had infiltrated into the post-ablated necrotic lesion (C).
Magnification x100 (B and C) and x40 (E).

These results suggest that RFA induced a significantly larger
number of GPC3-specific CTLs compared to surgical resection
(Fig. 40).

Discussion

We previously reported that 39% of HCC patients had detect-
able GPC3-specific CTLs by a direct ex vivo IFN-y ELISPOT
assay (25). In this study, GPC3-specific CTLs were detectable
before treatment in 11 of 27 patients (41%). Additionally, when
we analyzed the patients with a prior treatment for HCCs
using the same methods, 11 of 21 (52%) patients had detect-
able GPC3-specific CTLs (data not shown). These results are
favorable for anticancer immunotherapy because the antigen-
specific T-cell-mediated immune response could be detected
without in vitro stimulation. As for frequency, GPC3-specific
CTLs were detectable in ~40% of HCC patients, whereas
AFP-, human telomerase reverse transcriptase (WTERT)-, and
multidrug resistance-associated protein 3 (MRP3)-specific
CTLs have been detected in 5-20, 6-12, and 14-21% of HCC
patients with a single epitope peptide, respectively (26-28).
As for tumor stages, a GPC3-specific immune response is
frequently detected even in the early stages (24), whereas
AFP-specific CTLs are more frequently detected in patients
with advanced HCC (26). These results suggest that GPC3 has
strong immunogenicity and GPC3-specific T-cell-mediated
immunotherapy is suitable for adjuvant therapy against HCC
because the induction of tumor-specific immune response in
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Figure 4. Investigation of the glypican-3 (GPC3)-specific immune response
in a mouse model. (A) Experiment schedule. (B) An ex vivo interferon
(IFN)-y enzyme-linked immunospot (ELISPOT) assay of CD8" lymph
node cells (effector, 3x10° cells/well) against Colon 26 and Colon 26/GPC3
(target, 3x10* cells/well). No treatment column indicates the group of mice
that received only the peptide vaccination and no therapy for the established
tumor. The data are expressed as the mean + SD. Three mice were used for
each group. Effector/target ratio=10. (C) The frequency of GPC3-specific
CTLs, which is calculated from the difference in the number of spots between
Colon 26 and Colon 26/GPC3 in each mouse.

the early stages would be more effective for suppression of
tumor growth.

The association between the induction of an antigen-
specific immune response and the antigen expression in tumor
tissue remains unclear. In this study, we obtained the result that
the presence of GPC3-specific CTLs in PBMCs potentially had
a positive correlation with GPC3 expression in tumor tissue,
but the correlation was not statistically significant. On the other
hand, Mizukoshi et al showed a negative correlation between
the frequency of MRP3-specific CTLs and MRP3 expression
level (28). Moreover, Benavides et al showed that even antigen-
naive patients had pre-existing immunity (29). First, this may
be because of tumor heterogeneity of cancer tissue. In most
cases, the whole tumor cannot be evaluated and, in the case
of truly antigen-naive patients, antigen-specific CTLs cannot
exist in theory. Second, antigen expression may be negative if
antigen-specific CTLs have killed all of the antigen-expressing
tumor cells as described by Jager et al (30). As for the changes
in an antigen-specific immune response between before and
after treatment, in this study, we showed impressive data that all

patients with GPC3-expressing HCCs exhibited an increase in
GPC3-specific CTLs after RFA or TACE, whereas no patient
with GPC3-expressing HCCs did after surgical resection.

This is the first study to compare locoregional therapies,
including RFA, surgical resection, and TACE, in terms of
antigen-specific T-cell response in HCC patients and tumor-
bearing mice. Half the patients after RFA or TACE showed
an increase in GPC3-specific CTLs, which might have been
induced by the treatment, whereas only 1 of 9 patients after
resection showed an increase and more than half the patients
after resection showed a decrease. Similarly, the frequency of
GPC3-specific CTLs increased after RFA and decreased after
resection in a mouse model. These results suggest that RFA
induced a stronger GPC3-specific immune response compared
to surgical resection. RFA destroys tumor tissue and causes
local necrosis followed by the release of tumor-associated
antigens (12), whereas all of the tumor-associated antigens
must be completely removed after resection. With regard
to TACE, whereas the results of an IFN-y ELISPOT assay
after TACE were as encouraging as that after RFA, we have
no other favorable data on the immune response after TACE.
Although further investigation is required, TACE, which is also
a necrosis-inducing treatment, might induce an antigen-specific
immune response.

A limitation of this study is the patient selection in the three
kinds of locoregional therapy. Current treatment guidelines for
HCC including the Japanese ones, which we followed in this
study, recommend RFA to earlier HCCs and TACE to more
advanced HCCs than those which receive surgical resection
(2,31-33). Therefore, selection bias is unavoidable under the
circumstances. To overcome this problem, we added a murine
study. The advantage of RFA over surgical resection in the
induction of GPC3-specific CTLs was demonstrated also in a
mouse model.

The correlation between antitumor immune response and
clinical response is controversial. In this study, a significant
contribution of GPC3-specific CTLs toward an optimal prog-
nosis was not demonstrated. Mizukoshi et al reported that
enhancement of T-cell response did not last for long and did not
contribute to the prevention of HCC recurrence (34). In view
of the highly complex nature of the human immune system,
patient prognoses might not be determined only by the CTL
response. Previous studies have demonstrated that the release
of tumor-derived antigens by necrosis-inducing treatment
causes sufficient signaling to activate not only antigen-specific
CTL response but also antigen-specific helper T-cell response
(35,36), antigen-specific antibody response (36), and non-
antigen-specific natural killer cell response (37). However,
the mechanisms for cancer escape from immunosurveillance
would suppress the efficiency of these immune responses
(38). In the literature, tumor-infiltrating lymphocytes in HCC
are associated with better prognosis (39), but, in our case,
tumor-infiltrating CTLs were actually insufficient for suppres-
sion of cancer recurrence despite the massive infiltration. For
successful anticancer immunotherapy, the development of an
innovative strategy to link antitumor immune response with
clinical response and to provide a survival benefit for cancer
patients is necessary, and so we have just started the clinical
trial of a GPC3-derived peptide vaccine for adjuvant therapy
after RFA.
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In conclusion, our results demonstrate that RFA has a

stronger effect on the immune system compared with surgical
resection. Although further investigation is necessary, the
data on immune response support the rationale for combined
immunotherapy for HCC patients.
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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 (r = 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.

iHepatobiliary and Pancreatic Medical Oncology, and §Hepatobiliary and Pancreatic Surgery, National Cancer Center Hospital East,

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 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
=25,000/ mm>; and adequate hepatic function (total bilirubin, <3.0
mg/dl; alkaline phosphatase, aspartate aminotransferase, and alanine
aminotransferase of <5.0x 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).

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 c¢m 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
PHL. 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 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(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)
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 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 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% ClL, 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% CIl, 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 0f22% 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% 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% CIL, 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 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
CTYV 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
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 U/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 o/ 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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£ 7@ DIA BARES
JO—/NIVERICHTZEBEADEE - BAROER
K - IAZCHERS - DETOERKRRABOER

EN. S ANEGE Y v ¥ — R EE T

BARTF K 7 F U PERRRBEER O A

MATBOE NEL A ARRSE L » 4 — b ATAGERSIEEALZER TH Tl

FTalk, ENPANELY Y —CEMEZEOBRKMAEL LT [BARTF FIIF ¥
(peptide vaccine) FEEE] #1To TWETHS, TD X D ZHEEEIIF PV 5 X (evidence)
DVREMLENTBLT, BAPBERFEEZ CAEAR o TRV EVITRWSTEEEEsTw
T, FOFNPLEWVDOVHIITEESHITTMME o TW2220nT, BRLTVWAZE 0
EEoTBY T, EEBEADPSERTRS L) DIIZEENSHY ITOT, BeDLH 2E
PEMEBEDOBHKRFELITo T, WAVWALRFEL EALAADITTREVD DR BESTDOA
o T2 E, BEBELTHELTWEZLL LW IDOPRRVWERSTEY T, 28, &
H (2010.10.29) &, Z o, BEEESELTyFUIILTBOIFILT, NSANVTFTALAD Y
vavRBELZVPOLHOLNZVOTTY, IFKLZE W,

SEHOBBEFFMOREIZHDFL2L NI, BATIZF U brokhnTnEd, BHA
(2010.10.30) b AAGREHZATRCRED Y VRI Y APEEAZERZMEI CHRE SN T
To MIFHLLTHFELITUNED, SHIZ205DELEMROT, WAWAFEFLLWE
EEHBEDTTY, RONIERNT, TEA2T0Z L2 LwERWES, Sk T
RESE | 1B BINTT L, WEREEEDPEB I N [Mebiol &\ ek 2010 4F 12
ASICHEEIHINTITOT, 2650 TBWAITEERVE T,

D &b ENBECHIBEARIO L V57V b (resident) # o Tk )T b,
ESSARGEE Y & — 1IN TS FITR ) T3 ILAXEILITFATH 22200 TT,
BAiZ 2 @ Glypican-3 (GPC3) OX_7F KU 2 F D7 —AX1 (phase I) #37H FIT5
LV ZETHIENT Lze BN AEYF — ) &2 AIMEERENEFOLEN S N
0, REREZEHLTVWARVWEEDNSEL T, 2%V Ib EFICE Y LE L. ZDORKRER
b, MEFEEZERICHLTrOARTTICIEMP2Y £ Lz, R TIITIBEEAIZ O
BEFINRTFRI 7 F U EDHAIREFEL TLZEoTWEI NG, BALY Y —DOHT
QRBEEILEOMANIEL CE/2EEZTBY TT, 7272, FRFLRIETVAPEY FHAD
T, BAF—EBGHEE> TWELWwEBsTnET,

SHIEFEIZZDOGPCIIZDODVWTOREIZLR Y T3,

GPC3 &) DiF, b &b L URRFERKFRERMFEMAFORNHHELED T K (labo) @
cDNA <A 727 LA (microarray) OF—F 5 HDIT72dDTY, FHBESADE TS
FHRLTWEEMLETFT, EFOEBICIIFIEALRBELTVWARVEETFELTADITE L
e L BEMOFECEIL TV A BIETFT, BRLBEHOFRIIREZNIIFOATHE
TOT, IN5d LELLRETHIUE, BHERAISEE 2 WEENZ2HEICR2LWwH) 2 ET
AOTE L7z BHLAVTHREGEE LCHIFMESA TG T ) F 3288 A Tk
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L gF ST, ENVREFEEEND Y, BREBEROHB I P TOYTATHRLLD
WCHEBAPRRDLNT T, '

GPC3 %, FFHIREASATIZ 8 EDOANDPHELZDOTTY, BED 2EHONTFHEILEL T, B
HD BEDANTFEPEVE VIEREPELNLTVHET,

T4 ITREARZRA DD 2D GPC3 128175 HLA-A24 &£ HLA-A2, D% D, HARANIZZ W
A4 7O HLAWZT BT F FERAELTSY) £ L7, HLA-A24 2SHAAD 6 T, HLA-
A2 BBRREAACBNTAY Yy —%bDTTY, HERADLFPHBHETT, 2200 TF F%
GhbebE, HEADSBRICHIETETT. YTADERDNWANA LX), T F FHF
ECEWEREZRIEZVHETHA LV T ERFHLTET LA (B1).

R LI2KIZ, 20074F 2 BICAY — M LRRIRE 1 MEEBRIE, #ITHMRSAZNSRE L
A% 574 (study) TTo UIBERFHOT V2NV b - kv 54 7 (aduvant setting)
TRH) L LADOTTY, [EFPFATRYZRIWV] L) ZET, EFTPATRAY—FLE
L7z o TWADEFZD2EONRTF KT, T REREICIHSBEIERLZVE VD
NTW20TTd, FBAFNCHS BT, 0.3mg, 1mg, 3mgé F—RX - TAAL—T a3
(dose escalation) L TWLEREILLE L7z

3mg B—FEFLELRERENPETLAOT, 10mg, 30mg ZBIMTAZLIZRDFELAD, B10

# 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 vaccine 17\ 254 GPC328.306 (EYILSLEEL)

Group 1 0.3 mg 0.6 ml 6 cases
Group 2 1.0mg 0.6 ml 6
Group 3 30mg 0.6ml 6
Group4 10.0mg 2.0ml 6

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

» The principal endopoints : toxicity and immunological responses

* The secondary endopoint : clinical responses.
Clinical responses at 2 months after 1t vaccination (RECIST criteria)
Monitoring the level of serum tumor markers

1 Phase I clinical study of GPC3 derived peptide vaccine

MRERESE 27 % 5% (5 H) 2011

— 232 —



315(5)

BEARLESDTHLIHIZ, 3mg TTRARTTF FPBETLOTTH0mg &L725bENTF i
BT T, BEA IFA (Incomplete Freund's adjuvant : A& 70 A ¥ M7V a3 1)
DEDL 3R, 10T L 6ccDFIZIZ3cc DIFADBA-2TWETDT, 30mg D
I IFA OBEAD 10 EE VL W) 2 LR ) F5, ETFATTI2—XITTDT, KL
NBRECT2EBICIE, 3EY72F LT, 22 ABCTHMET AL VIBREEZLLEL %
FHATLED, BESAOQOL (Quality Of Life) 20% ) B o72b0TI b6, [bo
EFflo TN L) BESADEENM 2D L, 22T, RUDZADHFOEE S
PN G DT E L Do 72D TTH, d e THREBFEZERICKEL TWZEWT, &FD
12 NGRS AT o TWwET, 72—X 1O Y KRS ¥ b (end point) 1%, Z&M
LES AR, FLTTW®WEIZZ ) =4V (clinical) 7%= L AR X (response) %A
BEWVHZETT,

RTFFT o F 0 [THL DH] L v) AH =X 24 (mechanism) ZDOTTH, 5
FF4MRaA A @ HLA (Human Leucocyte Antigens : & b 1) Y /8EkPLE) class1 121 — X
TORMFAZ HLA class1 A TWE T — B 2 T/RT GPC3 ORTF FPHTWE ¥, &
¥ 5 — THAGPC3DRTF FERFIFTHRLTVAIETH2OTTIIRES, ZOWE
BHHE L TVBDN, BABELEAIDODONTVAEIADRTT, EFMEICIZZ O GPC3
DRTF FIZHTWETA, TOXRTFFIFIT I VEBIER DTN ALIZDL
5 ENTE, GMP (Good Manufacturing Practice : EREE FELERLE) 7L —FDbD
20 o ThHOWHoTHEN T, T2 IFALBETHWHEEZBEESADHRDOTORE,
FERICESLTwET, EHICIES 7 vy X (Langerhans) fifas w9 707y g
F )V (professional) HUBEIRFMAEA /2 SABY, SZAIIOT Ny AMaIEES
DD FTTELRTF FEHRLTWEDTT Y, KEICGPCIDRTF F2fTbE gL
INPEEXPboT, GPCIRTF FEFRET VI NMNY AMIED /- SATE LD T4,
FNDBHOT DY »SEICBE LT, GPC3 DXRTF Fiikd % T-cell receptor (T Mgt
BESFE) #Eo CD8SBMDF T — THIKL (Killer T cell) #IFEMHALL THLT L) AH =
XX hoTHY, W2FT5— THIEGPC3DARTF Fa L TwaFESA O

Antigen presenting cells

GPC3 peptide vaccine

Intradermal injection
HCC cells

GPC3 peptide

. ,
7#- GPC3 peptide-

specific CTLs CD8 positive

cytotoxic T

lymphocytes
(CTLs)

Normal
cells

2 The mechanism of inducing tumorspecific CTLs by peptide vaccine

FRIRESE 27455 (5 H) 2011
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FERELT, EFEIFESLVEVIAHEARATT,

SEOT7 =X Tk, 33N ra—)v (enroll : BEE) LT, 3SAZ3IETIZF D2 %
BARECEFLATLAEDT, SHIIEETEL 0 ATOEMEREZRLET (F3),

I, HEEIFREOBVARA>TWAEDTTITNRED, F0i1E A5 —V 4 (Stage 4)
DEBEBODHLBESAT, FTEHFEOVAPKE L THEETER, BHRIEEN 20V
EWVWIBEEANPASTBY T4, HLA-A24 & A213FES OV AoTWE LT, RiEE
BREA T, WAWARIGESERIIMEIC o 2 BESADTN AATVET (R2),

GPC3 Ot & HLA classl OSEREICBIT2 30 A\OWRTT D, 8&H I LD AN
GPC3 3 HEIH L TWT, HLAclassl 3HEFHL TWVH LI BEIALHLTT (E3),

T %L T3A, DLT (Dose-Limiting Toxicity : FHERHIFME) F—FIHBELIVA
TL72e ZL—F2FTCOEMERHTBE T o T T, 2BIGEZ 500, REBIHORER,

44 Patients were screened {

11 were excluded
> 6 poor liver function
5 HLA mismatch

| 33 enrolled

3 were excluded
for progression of liver dysfunction

h 4

I 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 II:5, MA:6, IC:4,1IV: 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

e Glypican-3 (GPC3) e HLA class I

o+ 1 5(19.2%) ot++: 3(11.5%)
o+ :16(61.5%) o+ :20(76.9%)
- 5(192%) o— 1 3(11.5%)
*NT: 4 *NT: 4 '

» Positive rate 80.7% » Positive rate 88.4%

FRIREF 27455 (5 H) 2011
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BT, ZhEZ7 LV —F1ITRINVET, ot E0—BEORERTTI, THIT7EHDOA
CROONEFEORE2 NICBROONE Lz, 3TESHULOBIZ—BEHOBLZDOTE
A, 30 A6 ACRED LN B EULEIEZATL: WTFNOBBGERAZ2HEHL 2T, —
BHEICERBHELTBY, »OAESFDHY, TDO5ANEHL AT I VHOBEYELRLE L
TWwET (R4)o
WICRBENLBREIIOVWTHERE T, RTF FEFDERBIIRTF FEEYFT— T
FRIZTEZONPE V) LIANIORBOKRELRAVNT, =7 AEFR (ex vivo : 41k
#%) @ IFN-y (Interferon-gamma: f ¥ ¥ —7 B Y H <) ODTY ARy b - Tyt
(ELISPOT assay : #l5E#) & 7% X b5 v— (Dextramer) o770 —H% 4 b X —% —
(flow cytometer) Of#NT %17\ F L7zo HIV (Human Immunodeficiency Virus) T4 X7
AWVADNRTF FIZFT5FT— THIRERERLY DERIZIEVWEFADT, TUBRTTF4 72
¥ ba—)V (negative control) &% 1) F9, ¥To72 GPC3 ORTF FIZHT 5% 5 — THifE
FENTHEVWERE VW) T vE4 (assay) TTA, D 30mg % 3 EFT- - EBE X ATIE,
B E RN R D 50 FED ) Y SFROFICIZ 1B TF FEEK S I — THEIZV WO
T, 217 7 F V% 572412 50 HEF 441 8, 0.09% DT F FERKLZFS— TH
FBHELE L 7Y A M A—=F—THHEUT, ZTD0.1%EVIDFEDL BV ¥
N7 PRFEOPEVVETE, EFTIHRECY Y ETITAEDS, 10BEORT T
FREEN X7 — THEEY, DI 2EP3EDOT 7 F U THEINLZ LR T,
EETIOBTERY, FEALDBRESATY ZF VEIIHRT T2 F U RBICATF P
BW X7 - THROEFHEZ TWET, Lird, Z2OoRGEVKEEIERINLTNT,
BSEFPHEZNTHEZ 213, BEOELPH4DLHICHEZ TV oTWE W) 2 EBSH
DET,

EHERRELZ E > TATDH, 0.3mgPT 27 F L0 3mgD T 7 FUPBRVENVH T &
BHESHT, [30mg REERED A0 L) DidERNHHEZATLE (H5),
)10, SRIOTEF VAL LTRERIILDOSWVDTTY, T ADBZEEALLT 7 F
VIRIZEBOERY STV ZEFE L, 29 LFETE, TAFSATIZF VRIOKAD
FICIEEBICERT -3 —THRIZIEEALEWZVDTTY, T2 F VRICHEADOHICF
T — THIBED 72 BAAS TV AEIFERTE T L s

BERRFMETTIINED, £ 270 —T A (necrosis) PRI o 72BEIAOFTIE, ZoFEE
SATER—FBREVEEICESBWERENIREIY, ZHL0BBEIADEET L EADIFHK
PWADHF IR D £ L7,

WIZHEN LZZEEFI TSR E DS, FFOY Y 3G/ LER L, IR0y V3 8iosHE/
LRSS ) 5,

# 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

WRIREE 2785 % (5 A) 2011
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200
0.3mg

200

1mg

200

3mg

200

10mg

200

30mg

Pt.1(PD) . Pt.2(SD) Pt. 3 (SD) Pt. 5 (PD) Pt. 7 (PD) Pt. 8 (SD)
vaccination
b 0 W Al 18 ¢ 10
Pt. 9 (SD) Pt. 10 (SD) Pt. 11 (SD) Pt. 12 (PD) Pt. 13 (PD) Pt. 14 (SD)
101 143
RN AN 2 6 | u /
Pt. 15 (SD) Pt. 16 (SD) Pt. 17 (PD) Pt. 18 (SD) Pt. 19 (PD) Pt. 20 (SD)
101 6 92
e I I N
Pt. 21 (SD) Pt. 22 (SD) Pt. 23 (PD) Pt. 27 (SD) Pt. 29 (PD) Pt. 33 (SD)
100 4_‘~i;}/ 6 25
_/A\“ s I N~ /&\ 0
Pt. 24 (PR) Pt. 25 (PD) Pt.26(SD)  Pt.30(SD) Pt.31(SD) ,, Pt. 32 (PD)
129 131 441
A N B0 4 o/\

4 Immunological responses (1)

mean (n=6)

—
o
(=

bt

S N b

S O O
T

o
=]

R2=0.9352

o)
<

GPC3 peptide specific spot number
(o2}
(=)

GPC3 peptide specific spot number

median

®
R?=0.8407

80
40
40 5
20 0
0 1 1 ] i 1 1 O 1 i I 1
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—FV AR A% - 72 PR (Partial Response : 5 EMH) DBRESADEREZRLE
To V7 FVEIORET, £ROFMBIA, BER, MK,
30mg % 3 AT o 724 E, 5.5cm OBEBESKIRICH /LT, HOBEELE- R (LI
oTLEWE L7z, 1dcm OFBAOEE 2 EI352eICE 2 T, =3— (echo : BEEK
) TOARRZRL DT L, 1.4cm OfEEDS, CT (Computed Tomography) id[FE LA
ETERSTVAEIICAZADTTD, TIHERIETHL ) L, MEPADOFOREFITF
S—THIIE WHIRET, PAOEE L TEEFICEsTWAEI LD Y £ L

5 DR ED T LT, RECIST criteria (Response Evaluation Criteria In Solid
Tumors 12X BH A4 K54 ) TIHIDOPR E, 2% AT 12410 SD (Stable Disease : %)
EV) T LR TVET, A7 U=V AR, F A XOMNBAR LN/ EBE S AD 305
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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%)
V:;ccination
0.3mg
Pt. 09 (SD) Pt. 10(SD) : 100 Pt 14 (SD)
0
Pt. 15(SD) Pt.16 (SD)
3mg
s00 . Pt:21(SD)
10mg
Pt25(PD) o Pt.26(SD) ‘ g PL31(SD) o PL32(PD)
30mg

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

%<, AFP (Alpha Fetoproteins : #EJ&VEEEH), PIVKA-T (Protein Induced by Vitamin K
absence or Antagonist-1I : ¥% I ¥ KKGFHERRKEFRMAL), GPC3DEE~—» —
(tumor marker) 252 # HOMIZ I HTY T o -BEIAT 6% LV IFERTT,
GPC3WEE~—7—I12b R DT, HIMICHEELE o 508N T 7 F v HFHp
2 1HIZ GPC3ATAY, FOTHRoADSDHERIIT3%TTDOT, KD SDEG3% LD
BwEnd Z LT, NS Fvw—Fh— (Biomarker : &ZWIRIENEY) 12D R VEBELEEZ TN
9 (H6).
C PIVKA-ISRLUT, 6EOANT 7 F VG L o TTAR 020 TETAR, Tao Al
75%7SD 2% > TWwEY (®7)o
SEHGEIL0.3mg 725 30mg T, 3EHLPF o T2 WnAR IS AEFENTVET DT,
£ BRSO T A, overall survival (0S: @4&FHH 9 A) Evovz=7
(sorafenib : BHDOF F—VYHEE) O 72— XMNOFKERELNL L, HELVWHERFELN
TWET, KYIETHEADTOFRLZIEIIELDONPENI DI, GHOT—ATLLTD

BRIREESE 27%5% (5 H) 2011
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