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Table 4 Multivariate analyses

of PFS and OS in localized No. of patients  PFS 08
rhabdomyosarcoma (n = 73) HR 95 % CI p value HR 95 % CI p value
Age
<21 51
>21 22 2.60 1.18-5.70 0.018 1.67 0.62-4.52 0.311
Stage
1 25
2 13 273 0.90-8.29 0.076 7.36 1.38-39.2 0.019
3 35 242 0.94-6.24 0.069 5.66 1.19-26.9 0.029
Radiotherapy
No 21
Yes 52 0.69 0.29-1.63 0.394 0.95 0.32-2.85 0.924
Surgery
No 30
Yes 43 0.60 0.29-1.24 0.167 0.63 0.26-1.54 0312
CNS central nervous system, Presence of CNS invasion
PFS progression-free survival, No 66
gfi (?sz[agoilggxz i’:f:\’zafd Yes 7 168  052-536  0.384 175 052-584 0363
rhabdomyosarcoma (n = 25) HR 95 % CI p value HR 95 % CI p value
Age
<21 11 1.00 1.00
>21 14 0.97 0.37-2.55 0.947 1.03 0.35-3.06 0.960
Radiotherapy
No 7
Yes 18 0.14 0.04-0.51 <0.001 0.24 0.07-0.82 0.023
Surgery
No 20
Yes 5 1.15 1.15-3.95 0.394 0.30 0.06-1.47 0.137
CNS central nervous system, Presence of CNS invasion
PFS progression-free survival, No 24
OS overall survival, HR hazard Yes 1 185  0.20-1638 0585 099  0.12-845  0.995

ratio, CI confidence interval

PES and OS. Radiotherapy was the only significant factor
in improved PFS or OS in metastatic disease.

Local therapy for metastatic disease

Of 25 patients with metastatic disease, 21 patients (84.0 %)
received local therapy as part of their primary treatment
that included radiotherapy (n = 16), surgery and radio-
therapy (n = 3), and surgery (n = 2). Sixteen of these 21
patients (76.2 %) experienced relapse at the following
sites: distant metastatic site (n = 11) and primary site
progression (n = 5). Among four patients with metastatic
disease who did not receive local therapy, three patients
relapsed: two experienced local relapse and one relapsed at

a distant metastatic site. In the 25 patients with metastatic
disease, median PFS times in patients with or without local
therapy (surgery and/or radiotherapy) were 13.4 versus
7.0 months (p < 0.001) (Fig. 2a), respectively, and median
OS times were 36.1 versus 7.6 months (p < 0.001),
respectively (Fig. 2b).

Timing of local therapy

We further sought information about the optimal timing of
local therapy in 53 patients who received local therapy
(both radiotherapy and surgery) during their course of
treatment (localized disease, n = 38; metastatic disease,
n = 15). PFS and OS were not significantly different
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Fig. 2 Kaplan—-Meier curve of progression-free survival (a) and
overall survival (b) in patients with metastatic disease with local
therapy (dashed line) and without local therapy (solid line)

chemotherapy as their initial treatment. This study resulted
in two main findings. First, we showed that age was an
independent negative prognostic factor for PFS in RMS
with localized disease, but it was not associated with sur-
vival in metastatic disease. Second, local therapy to the

Table 6 Multivariate analysis

of OS to determine the

Localized disease (n = 38)

Metastatic disease (n = 15)

significance of timing for local HR 95 % CI p value HR 95 % CI p value
therapy in localized and
metastatic rhabdomyosarcoma Age
<21 1 1
>21 1.04 0.24-4.49 0.961 0.63 0.11-3.66 0.610
Stage
1 1 - - -
2 30.74 0.68-1,390.3 0.078 - - -
3 12.98 0.50-339.5 0.124 - - -
Timing of radiotherapy
>18 weeks 1 1
<18 weeks 0.89 0.23-3.36 0.857 0.30 0.04-2.31 0.246
Timing of surgery
>18 weeks 1 1
<18 weeks 0.45 0.04-3.31 0.429 311 0.07-138.2 0.558
Presence of CNS invasion
CNS central nervous system, OS No 1 1
overall survival, HR hazard Yes 145 0.38-5.56 0.587 2.81 0.18-45.0 0.465

ratio, CI confidence interval
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primary tumor site during the treatment course may be
necessary for metastatic RMS, as the patients who received
local therapies showed significantly longer survival than
those who did not. Although our findings suggest that
patients with metastatic RMS should be treated at an early
stage with local radiotherapy to improve OS, this aspect of
our results requires more research; thus, the timing of local
therapy should be individually determined depending on
patient conditions.

Several studies have reported that age is associated with
poor survival in patients with RMS. Sultan et al. reported
on the prognosis of pediatric (age < 19 years) and adult
(age > 19 years) RMS patients, and their findings sug-
gested that the 5-year survival rate was significantly poorer
in adults compared to that in children (5-year OS, 27 and
61 %, respectively; p < 0.0001) (Sultan et al. 2009).
Another study clarified that the outcomes of patients with
intermediate-risk RMS varied depending on age (Meza
et al. 2006). Oberlin et al. (2008) also reported on the
prognosis of metastatic RMS, and their data suggested that
the 3-year event-free survival rate was significantly poorer
in RMS patients <1 year and >9 years of age compared to
that in RMS patients aged 1-9 years (p < 0.001). In our
study, age was a negative prognostic factor of PFS in RMS
with localized disease, but outcomes for metastatic disease
were not different between adults and children. Previous
studies have mostly focused on age in children, but our
study reported different prognoses for adults and children
in both localized and metastatic disease. Therefore, our
results would be expected to be different than those of
Oberlin et al. (2008). The poor prognosis in adult meta-
static RMS may depend on the tumor biology and drug
delivery.

Histopathological classification of adult RMS is some-
what difficult to categorize conventional subtypes.
Although our data include alveolar subtype most, pleo-
morphic and spindle subtypes in part may be included in
the heterogeneous tumor and these subtypes are suggested
poor prognosis (Mentzel, 2000 #3204). For the drug
delivery, unpublished data in our institute suggest that the
dose intensity of vincristine and cyclosporine is lower in
adult when compared to children as hematological toxici-
ties and neurotoxicity are severe. These data suggest that
categorizing adult RMS and its treatment may be necessary
to be developed independently to that of child RMS.

Radiation therapy and surgery are important for local
tumor control and survival in the treatment of RMS.
However, the optimal timing of radiation therapy is
unclear. IRSG and COG protocols incorporate radiation
therapy scheduled at weeks 9 or 12 after the induction of
initial chemotherapy (Crist et al. 2001; Arndt et al.
2009). Minn et al. (2010) analyzed the risk of early

treatment failure in intermediate-risk RMS, and the
majority of patients with early progression experienced
local failure. Earlier radiation therapy may improve out-
comes by the prevention of early local progression, and
the current COG study (ARSTO0531, http://www.clini-
caltrials.gov) plans to perform radiation therapy at week
4 for intermediate-risk RMS. Although there has been no
randomized trial to compare the timing of local therapy
in RMS, early initiation of local treatment would seem to
be preferable. In our study, local therapy was effective in
improving survival even in metastatic disease. We could
find the efficacy of radiotherapy in metastatic patients but
not for surgery probably because of the shortage of
patients number included. However, except for local
radiotherapy in patients with metastatic disease, the
timing of local therapy had no significantly different
effect on outcomes in patients who received local therapy
during the induction phase versus the maintenance phase.
The threshold we used for dichotomization (within
18 weeks or later than 18 weeks after initial treatment
onset) may have been a factor in our inability to detect a
significant difference in outcomes. This result implies
that the timing of local therapy for metastatic disease,
whether radiotherapy or surgery, may be varied depend-
ing on the individual patient’s characteristics, that is, the
radiotherapeutic field or the operability of the patient’s
local site.

Several limitations to our study should be mentioned.
Our analysis was limited by its retrospective design and
small sample size. Patients receiving VAC-like chemo-
therapy had undergone chemotherapy during the period
prior to 2000, and the dose intensity of chemotherapy
varied by protocol. The dose of irradiation and radiation
methods also varied. Further, the patients who received
local therapy might have been in better general condition
or had a smaller primary tumor, which could be included in
one radiation field, compared with those who did not. To
reduce these biases, we compared the baseline character-
istics of each group and demonstrated their similarity.
However, adult RMS is a rare cancer; thus, our results
should contribute to further advances in this field of
oncology.

In conclusion, we showed that age was a negative
prognostic factor for PFS and OS in RMS patients with
localized disease, but age was not associated with survival
in metastatic disease. For metastatic disease, local therapy
may have a beneficial effect on survival, but the optimal
timing of local therapy is unclear and should be determined
individually. Future clinical trials for metastatic RMS
should focus on the timing of local therapy, and evaluation
of treatment strategies limited to adult RMS patients is
warranted.
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Abstract Neuroblastoma is the most common cancer in
childhood. The majority of patients with neuroblastoma are
assigned to the high-risk group based on age at diagnosis,
stage, histology, MYCN status, and DNA ploidy. Their
prognosis remains unsatisfactory; the 5-year event-free
survival (EFS) rate is generally 40 %. During the past
20 years, much effort has been made to reinforce chemo-
therapy, including the introduction of high-dose chemo-
therapy with autologous stem cell rescue, resulting in a
5-year EFS rate of around 30 %. Subsequently, mainte-
nance therapy aimed at eradicating residual tumors after
induction and consolidation therapies was introduced,
consisting of differentiation-inducing agents, retinoids, and
immunotherapy using anti-GD2 antibodies combined with
cytokines. However, such additional treatment provided
benefit to only 10-20 % of patients, while the prognosis of
about half the patients remains poor. Currently, novel tar-
geted agents are under development. Among them, ana-
plastic lymphoma kinase (ALK) inhibitors and aurora
kinase A inhibitors are promising. ALK somatic mutation
or gene amplification predisposing neuroblastoma devel-
opment occurs in up to 15 % of neuroblastomas. Crizotinib
is a dual-specific inhibitor of ALK/Met and inhibits pro-
liferation of neuroblastoma cells harboring R1275Q-
mutated ALK or amplified wild-type ALK, but not cells
harboring F1174L. Instead, cells with F1174L are sensitive
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to another small molecule ALK inhibitor, TAE684. Aurora
kinase A plays a pivotal role in centrosome maturation and
spindle formation during mitosis. MLN8237 (alisertib) is a
small molecule inhibitor of aurora kinase A that is cur-
rently in early-phase clinical testing. Future treatment will
be individually planned, adapting targeted agents based on
personal biological tumor characteristics.

Keywords Neuroblastoma - High-risk - Treatment -
Review

Introduction

Neuroblastoma is the most common extracranial cancer in
childhood and generally occurs in very young children,
with a median age at diagnosis of 17 months [1]. The
tumors arise in tissues of the sympathetic nervous system,
the adrenal medulla, or paraspinal ganglia. Patients with
neuroblastoma are stratified into very low-, low-, inter-
mediate-, and high-risk groups based on age at diagnosis,
stage, histology, MYCN status, and DNA ploidy [2].
Neuroblastomas have unique characteristics, with age at
diagnosis being a powerful prognostic factor. Patients with
hyperdiploidy and no MYCN amplification are assigned to
the low-risk group, if younger than 18 months even if
stage 4 disease, while in very low-risk patients, a subset of
tumors shows spontaneous regression or complete remis-
sion with short-term chemotherapy [3, 4]. The prognosis
of patients assigned to the high-risk group remains poor; the
5-year event-free survival (EFS) rate is around 40 %. The
high-risk group is currently defined by MYCN amplification
or age over 18 months. Neuroblastomas comprise several
subsets of diseases currently characterized by surrogates.
Molecular characterization for identifying underlying tumor
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biology is in progress using modern molecular technologies.
In this article, recent developments in the treatment of high-
risk neuroblastoma are described.

Principles of therapy

Since high-risk neuroblastoma including localized disease
is a systemic disease, the role of modalities for local
treatment is limited and the significance of total resection
or local radiation has not been proven. Chemotherapy
plays a major role in the treatment of high-risk neuro-
blastoma. Historically, the probability of long-term sur-
vival for high-risk neuroblastoma patients was <15 %.
The survival rate has increased in proportion to the
intensity of chemotherapy [5]. The development of sup-
portive therapy has made it possible to increase chemo-
therapy intensity. Treatment consists of induction,
consolidation, and maintenance phases. Tumors are usu-
ally resected during or after the induction phase, and
irradiation is delivered to the primary site and residual
metastatic sites after completion of the induction phase.
The role of induction and consolidation therapies is to
reduce tumor burden as much as possible and rapidly,
before tumor cells acquire drug resistance. In the 1970s,
even vincristine plus cyclophosphamide showed a con-
siderable effect at an early phase of treatment, but almost
all tumors recurred after 3—4 months, indicating that
neuroblastoma cells become resistant faster than other
pediatric tumors. Therefore, it is important to accomplish
treatment without delay according to a well-scheduled
plan. The aim of maintenance therapy is to eradicate
minimal residual disease after high-dose myeloablative
chemotherapy. Since residual neuroblastoma cells are
highly resistant to conventional chemotherapy, alternative
strategies are desirable. In this context, tumor differenti-
ation therapy and immunotherapy are currently under

Table 1 Induction therapies and their response rates

development, using retinoids and anti-GD2 monoclonal
antibodies combined with cytokines, respectively.

Induction chemotherapy

In the last 30 years, phase II clinical trials have established

‘active agents against neuroblastoma, such as platinum

analogs, anthracyclines, alkylating agents, and epipodo-
phyllotoxins. More recently, the topoisomerase I inhibitors,
topotecan and irinotecan, were shown to be effective.
These agents demonstrated a 30-50 % response rate in
newly diagnosed patients. Current first-line chemotherapy
regimens generally consist of combinations of cisplatin,
doxorubicin, vincristine, cyclophosphamide, and etoposide.
Table | shows the induction chemotherapy regimens used
by major cooperative groups. Regimens using drugs at
higher doses achieved higher response rates; POG-8742
Regimen 1 containing higher doses of cisplatin and eto-
poside achieved better results than Regimen 2 [7]. The
Japanese Cooperative Group uses higher doses of cisplatin
and pirarubicin (THP-adriamycin) for induction therapy
and reported a 92 % response rate [9]. Older studies may
seemingly have shown better results but they lacked a
sensitive method for assessment of tumor response at the
time, '**I-meta-iodobenzylguanidine (MIBG) scintigraphy.
There is virtual consensus about the reinforcement of the
dose intensity to raise response rates. To strengthen treat-
ment intensity, one method is to shorten the treatment
interval. Recently, the European Neuroblastoma Study
Group (ENSG-5) compared the standard schedule (OPEC/
OJEC) using a 21-day interval with a rapid COJEC sche-
dule using a 10-day interval. The same total drug doses
were administered in 11 and 21 weeks in the rapid and
standard schedules, respectively [10]. There was no sig-
nificant difference in overall survival (OS) between the
rapid and standard regimens at 5 and 10 years, while there

Study [reference] Period Dose per course (mg/mz) Course No. of  Response rate
- - — - - duration courses (CR + PR) (%)
Cisplatin  Doxorubicin  Etoposide =~ Cyclophosphamide
CCG-321P2 [6] 1985-1989 60 30 100 x 2 900 x 2 Day 1-6  5-7 76
POG-8742 (1) [7] 1987-1991 A* 40 x 5 100 x 3 Day 1-5 3 77
1987-1991 B* 35 150 x 7 (po) Day 1-8 2
POG-8742 (2) [7] 1987-1991 90 35 150 x 8 Day 1-11 5 68
CCG-3891 [8] 1991-1996 60 30 100 x 2 900 x 2 Day 1-6 § 78
Japanese Cooperative  1985-1990 90 THP-ADM  VCR 1.5 1200 Day 1-5 6 92
Group [9] 40

CR complete response, po orally, PR partial response, THP-ADM pirarubicin (THP-adriamycin), VCR vincristine

* Alternative administration
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was a significant difference in the 5-year EFS rate (30.2 vs.
18.2 %; P = 0.022). Myeloablative consolidation therapy
was given a median of 55 days earlier in patients assigned
to rapid treatment than in those given standard treatment.
Although this study showed that shortening of the che-
motherapy interval might be a promising method, the sig-
nificance of the results should be carefully considered as
there was no difference in OS and, furthermore, the sur-
vival rates for both regimens were lower than current
regimens. The Japanese Cooperative Group (the Japan
Neuroblastoma Study Group) is currently conducting a
phase II trial under the hypothesis that the interruption of
chemotherapy with local therapy might contribute to
acquisition of chemoresistance. In this study, local treat-
ment including tumor resection and radiotherapy are
postponed till the end of myeloablative consolidation
therapy. However, it is certain that the strategy of
strengthening chemointensity for the improvement of sur-
vival probability is approaching a limit and incorporation
of new drugs is required. Topoisomerase I inhibitors are
good candidates in this respect as their toxicity is limited
and their myelotoxicity is less than for classic drugs
[11-13]. The Children’s Oncology Group has shown the
efficacy of a combination of cyclophosphamide and topo-
tecan in a phase I study and has followed this with an
ongoing phase III study incorporating this combination in
induction chemotherapy [14~-17].

Myeloablative consolidation therapy

An increase in antineoplastic drug dosages has been con-
sidered as a means of overcoming tumor cell chemoresis-
tance. Neuroblastoma is a unique tumor in that the
advantage of myeloablative chemotherapy has been dem-
onstrated in phase IIT studies (Table 2) [8, 18, 19]. In
consolidation therapy, it is required to eradicate surviving
tumor cells that have acquired chemoresistance after
induction chemotherapy. The first confirmed evidence was
obtained with the CCG-3891 randomized study, in that

Table 2 Phase III clinical trials of myeloablative consolidation therapy

myeloablative therapy including total body irradiation,
carboplatin, etoposide, and melphalan (CEM) followed by
purged autologous bone marrow stem cell rescue signifi-
cantly improved 5-year EFS (myeloablative therapy
34 +4% vs. intensive chemotherapy 22 + 4 %;
P = 0.034) [8]. This observation was confirmed during
longer follow-up (5-year EFS: 30 £4 vs. 19 +3 %,
respectively; P = 0.04) [20]. The German Cooperative
Group compared a non-total body irradiation myeloabla-
tive regimen including CEM with oral maintenance che-
motherapy [18]. They demonstrated that patients allocated
megatherapy had increased 3-year EFS compared with
those allocated maintenance therapy [47 % (95 % confi-
dence interval (CI) 38-55) vs. 31 % (95 % CI 23-39);
hazard ratio (HR) 1404 (95 % CI 1.048-1.881);
P = 0.0221], but did not significantly increase 3-year OS
[62 % (95 % CI 54-70) vs. 53 % (95 % CI 45-62); HR
1.329 (95 % CI 0.958-1.843); P = 0.0875]. More recently,
the European Cooperative Group (SIOPEN) compared
CEM and busulfan plus melphalan (BuMel) myeloablative
regimens [19]. A significant difference in EFS in favor of
BuMel (3-year EFS: 49 vs. 33 %, P < 0.001) was observed
as well as in OS (3-year OS: 60 vs. 48 %, P = 0.004).
Trials incorporating '*'I-MIBG as a component of my-
eloablative regimens have been performed and showed
their feasibility [21].

Another approach to consolidation is the administration
of two or three consecutive courses of myeloablative
therapy with peripheral blood stem cell (PBSC) rescue.
Extensive pilot studies have shown its feasibility and have
suggested its efficacy [18, 22-24]. The Cooperative
Oncology Group (COG) is currently comparing tandem
myeloablative consolidation with a thiotepa and cyclo-
phosphamide regimen followed by an attenuated CEM
regimen to a single CEM regimen (COG-ANBLO0532).

In autologous stem cell transplantation, contaminating
tumor cells in autografts play a role in spreading disease
after myeloablative therapy. Since the number of tumor
cells in peripheral blood is small after several courses of
induction chemotherapy and PBSC rescue provides rapid

Study [reference] No. of Regimen EFS (%) EFS observation P value
patients period (years)

CCG-3891 [8] 379 Myeloablative carboplatin/etoposide/melphalan 34vs.22 5 0.034
+ rescue vs. intensive chemotherapy

German Cooperative Group 295 Myeloablative carboplatin/etoposide/melphalan 47vs. 31 3 0.0221

[18] + rescue vs. oral maintenance chemotherapy

with cyclophosphamide

European Cooperative Group 598 Myeloablative carboplatin/etoposide/melphalan 33vs.49 3 <0.001

(SIOPEN) [19]
melphalan 4+ rescue

+ rescue vs. myeloablative busulfan/

EFS event-free survival
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hematopoietic recovery, PBSC is preferential to bone
marrow. The COG confirmed no benefit of immunomag-
netic bead-based purging of pheresates on EFS or OS [25].

Maintenance therapy
Retinoid compounds

Retinoids are natural and synthetic derivatives of vitamin A
that have been shown to induce terminal differentiation of
neuroblastoma cells [26]. Among the retinoids, 13-cis-ret-
inoic acid has been shown to have high bioavailability in a
phase I study [27]. In the CCG-3891 phase II study,
patients who achieved a complete or very good partial
response after induction therapy were randomly assigned to
6-month treatment with 13-cis-retinoic acid or no further
treatment following consolidation therapy [&]. This study
showed a significant benefit of 13-cis-retinoic acid on
outcome. Oral administration of 13-cis-retinoic acid fol-
lowing consolidation therapy has since become the stan-
dard for treating minimal residual disease in high-risk
patients. Currently, clinical studies are focused on explor-
ing more effective and less toxic retinoids with high bio-
availability and a capacity for maximum tumor terminal
differentiation. Fenretinide, a synthetic retinoid, is under
development. In a phase II clinical trial of fenretinide in
patients with recurrent or refractory diseases conducted by
the COG, 14 of 59 evaluable patients (24 %) experienced
response (1 partial response and 13 prolonged stable dis-
ease). Low bioavailability may have limited the activity of
fenretinide [28]. Novel fenretinide formulations with
improved bioavailability are currently being evaluated in
pediatric phase I studies.

Anti-GD2

GD2 is a surface disialoganglioside that is almost uni-
formly expressed on the surface of neuroblastoma cells,
making it an optimal target for an immunotherapeutic
approach. Since GD2 expression in normal tissues is
restricted to the central nervous system, peripheral sensory
nerves, and skin melanocytes, monoclonal antibodies
against GD2 have been expected to be suitable candidates
for tumor-specific therapy [29]. Their function is not fully
understood; antitumor effects can be either dependent or
independent of the immune system. Immune-mediated
mechanisms include antibody-dependent cellular cytotox-
icity (ADCC) and complement-dependent cytotoxicity.
Murine, chimeric, and humanized antibodies have been
developed and their antitumor activities have been dem-
onstrated in preclinical models and in phase I and II studies
[30-37]. However, since their activity has been minimal,

development of anti-GD2 antibodies has been aimed at
eliminating minimal residual disease. Murine anti-GD2
antibody, 3F8, showed modest activity in clearing residual
neuroblastoma cells contaminating bone marrow [38]. A
major adverse event is neuropathic pain, which is universal
among all antibodies and dose limiting. The human—mouse
chimeric antibody ch14.18 has been extensively tested in
clinical trials. It is 50-100 times more efficient at mediat-
ing tumor ADCC in vitro than murine antibody 14G2a
[39]. In German trials (NB90 and 97) for patients with
newly diagnosed high-risk neuroblastoma, ch14.18 was
administered to 166 patients every 2 months over a period
of 1 year in the maintenance phase. A total of 99 patients
received a 12-month course of maintenance chemotherapy
and 65 had no further treatment. There was no significant
difference in EFS or OS [40]. To strengthen immunocy-
totoxicity, coadministration of interleukin-2 (IL-2) and
GM-CSF has been attempted. The COG evaluated the
toxicities and efficacy of a combination of ch14.18, IL-2
alternating with granulocyte-macrophage colony stimu-
lating factor (GM-CSF) in a phase I trial followed by a
phase III randomized clinical trial [36, 41]. In the phase III
trial of newly diagnosed patients with high-risk neuro-
blastoma, patients who achieved a complete or partial
response to induction therapy were randomized after my-
eloablative consolidation therapy to receive maintenance
therapy with cis-retinoic acid versus cis-retinoic acid plus
ch14.18 in combination with IL-2 and GM-CSF. Ran-
domization was stopped early because interim monitoring
revealed significantly improved 2-year OS and EFS rates.
Immunotherapy was superior to standard therapy with
respect to 2-year EFS rate (66 £5 vs. 46 £ 5 %,
P =0.01) and 2-year OS rate (86 =4 vs. 75 £5 %,
P = 0.02). Major toxicities were neuropathic pain, capil-
lary leak syndrome, and hypersensitivity reaction [36]. To
reduce systemic toxicities associated with the addition of
cytokines, fusion antibodies in which the cytokine is linked
to the Fc end of the monoclonal antibody are currently
under development. Fusion antibodies provide high cyto-
kine concentrations to the tumor microenvironment. The
COG has conducted a phase I followed by a phase II trial of
the humanized hu14.18 linked to IL-2 [34, 35]. In the phase
IT trial, while no objective response was observed in
patients with disease measurable by standard radiographic
criteria, in patients with disease evaluated only by MIBG
scintigraphy and/or bone marrow histology, five patients
(21.7 %) achieved a complete response.

New drug development

The Pediatric Preclinical Testing Program (PPTP) was
established with National Cancer Institute support in the
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US for new drug development. It is a comprehensive pro-
gram to systematically evaluate new agents against
molecularly characterized childhood solid tumor and leu-
kemia models. The primary goal of the PPTP is to identify
new agents that have the potential for significant activity
when evaluated clinically against selected childhood can-
cers. The PPTP seeks to test these agents near the time that
they are entering phase I evaluation in adults with cancer.
So far, an NEDD8-activating enzyme inhibitor (MLN4942)
[42], a CENP-E inhibitor (GSK923295A) [43], a poly-
amine analog (PG11047) [44], insulin-like growth factor-1
receptor inhibitors (BMS-754807, IMC-A12, SCH717454)
[45-47], an aurora kinase A inhibitor (MLN8237) [48], a
multikinase inhibitor (sunitinib) [49], an HSP90 inhibitor
alvespimycin (17-DMAG, KOS-1022) [50], and a vascular
endothelial growth factor inhibitor (AZD2171) have been
tested [51]. Of them, the aurora kinase A inhibitor is the
most encouraging. MLLN8237 is a small molecule inhibitor
of aurora kinase A that is currently in early-phase clinical
testing. Aurora kinase A plays a pivotal role in centrosome
maturation and spindle formation during mitosis [52]. A
phase III trial of adult peripheral T-cell lymphoma has just
started.

Sorafenib, a multikinase inhibitor, has demonstrated
inhibition of neuroblastoma growth in a xenograft mouse
model [53]. Sorafenib treatment also decreases neuroblas-
toma cell proliferation, attenuates ERK signaling, and
enhances G1/GO cell cycle arrest in vitro. Sorafenib
inhibits phosphorylation of signal transducer and activator
of transcription 3 (STAT3), which is associated with
inhibition of phosphorylated Janus kinase 2 (JAK2), an
upstream kinase that mediates STAT3 phosphorylation.
Sorafenib also inhibits the phosphorylation of STAT3
induced by IL-6 and sphingosine-1-phosphate (S1P), a
recently identified regulator for STAT3, in tumor cells.
Moreover, sorafenib downregulates phosphorylation of
MAP kinase (p44/42) in neuroblastoma cells, consistent
with inhibition of their upstream regulators MEK1/2.
Sorafenib inhibited expression of cyclin E, cyclin D1/D2/
D3, key regulators for cell cycling, and the antiapoptotic
proteins Mcl-1 and survivin [54].

Recently, polo-like kinase 1 (PLK1) was identified as a
key player in oncogenesis in neuroblastoma-initiating cells
[55]. Polo-like kinases are recognized as key regulators of
mitosis, meiosis, and cytokinesis [56]. PLK1 is being
studied as a target for cancer drugs. Many colon and lung
cancers caused by K-RAS mutations are dependent on
PLK1. When PLK1 expression is silenced with RNA
interference in cell culture, K-RAS cells are selectively
killed, without harming normal cells [57, 58]. Treatment
with PLK1 inhibitors in clinical trials of adult malignancies
has shown that BI2536 or BI6727 (volasertib) are cytotoxic
to neuroblastoma-initiating cells. Furthermore, BI2536
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significantly inhibited tumor growth in a xenograft model
[55].

The discovery of anaplastic lymphoma kinase (ALK) as
the major neuroblastoma predisposition gene was imme-
diately extended to show that ALK somatic mutation or
gene amplification occurs in up to 15 % of neuroblastomas
[59, 60]. The ALK gene is located at 2p23, near the MYCN
locus (2p24). ALK mutations frequently occurred within
the kinase domain, in which three highly conserved amino
acid positions were predominantly affected. The constitu-
tive activation induced by mutations or amplification
transmits signals through activation of a variety of signal
transducers, including PLCy, PI3K/AKT, STAT3 and RAS
[61-64]. ALK mutations are distributed evenly across
different clinical stages, although the most frequent
somatic mutation, F1174L, is associated with MYCN
amplification. The combination appears to confer a worse
prognosis than MYCN amplification alone. ALK encodes
an orphan receptor tyrosine kinase with an extracellular
domain, belonging to the insulin family of proteins [65].
Expression of ALK is largely restricted to neural tissues
[66-69] and is observed at high frequencies in primary
neuroblastoma specimens [70]. Since several ALK inhibi-
tors have been shown to be effective for non-small-cell
lung cancers (NSCLCs) and ALK-deficient mice seem to
show apparently normal development, these inhibitors are
expected to play a substantial role in the treatment of
neuroblastoma. Currently, the sole commercially available
ALK inhibitor, crizotinib, is a dual-specific inhibitor of the
ALK and Met tyrosine kinases. It shows substantial activity
against NSCLCs and also inhibits proliferation of neuro-
blastoma cells expressing R1275Q-mutated ALK or
amplified wild-type ALK. In contrast, cell lines harboring
F1174L-mutated ALK were relatively resistant to crizoti-
nib [71]. Another small molecule ALK inhibitor, TAE684,
inhibited neuroblastoma cells harboring F1174L-mutated
ALK [72]. Recently, an antagonistic ALK antibody has
been reported, which inhibits cell growth and induces in-
vitro ADCC [73]. This strategy may overcome intrinsic
insensitivity against small molecule inhibitors.

Conclusion

During the past 20 years, much effort has been directed
towards the improvement of treatment results in advanced
neuroblastoma. Most effort has been to reinforce chemo-
therapy, including the introduction of high-dose chemo-
therapy with autologous stem cell rescue. As a result,
improvement of treatment results was achieved little by lit-
tle. More recently, the introduction of maintenance therapy
including administration of differentiation agents and
immunotherapy has contributed to further improvement.
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However, such treatment provided benefit only to 10-20 %
of patients, while the prognosis of about half the patients
remains poor. Thus, it is difficult to expect further
improvement of treatment results using past treatment
strategies. It is obvious that novel strategies are required to
develop further improvement. Fortunately, a large number of
novel targeted agents are under development. Comprehen-
sive genome-wide characterization is now being increas-
ingly used to extensively profile individual tumors. Future
treatment would appear to be heading towards individuali-
zation of therapy by adapting targeted agents based on per-
sonal biological tumor characteristics.
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Abstract

Purpose The implications of surgical intervention for
neuroblastomas were assessed in one institution.

Methods We analyzed the clinical characteristics and
extension of resection in 123 pediatric patients with neu-
roblastoma diagnosed between 1985 and 2004.

Results The 5-year survival rate of the 82 patients under
12 months of age, 59 of whom were treated with complete
resection of the primary tumor, was 97%. The 5-year survival
rate of the 41 patients over 12 months of age did not differ
significantly according to whether complete (n = 19) or
incomplete resection (n = 22) was performed (46 vs. 38%,
respectively). No local recurrence was observed in ten
patients over 12 months of age with stage 4 disease who
underwent complete resection of the primary tumor; how-
ever, four of these ten patients died of metastatic recurrence.
Conclusion Considering that the majority of infantile
neuroblastomas in this study had favorable biology, com-
plete resection might be unnecessary for patients under
12 years of age. For advanced neuroblastomas in patients
over 12 months of age, the main treatment for metastasis is
systemic chemotherapy, although extirpation of the primary
tumor without extensive surgery might prevent local
recurrence when combined with radiation therapy.

T. Tajiri () - R. Souzaki - Y. Kinoshita - T. Taguchi
Department of Pediatric Surgery, Graduate School of Medical
Sciences, Kyushu University, 3-1-1 Maidashi,

Higashi-ku, Fukuoka 812-8582, Japan

e-mail: taji@pedsurg.med.kyushu-u.ac.jp

Y. Koga - A. Suminoe - T. Hara

Department of Pediatrics, Graduate School of Medical Sciences,
Kyushu University, 3-1-1 Maidashi, Higashi-ku,

Fukuoka 812-8582, Japan

@ Springer

Keywords Neuroblastoma - Surgical intervention -
Biology

Introduction

Neuroblastoma is the most common solid tumor in children,
and its development is still uncharacterized [1]. The prog-
nosis varies greatly, based on the clinical prognostic and
biological prognostic factors [2]; thus, it is important to
select the optimal therapy according to the properties of these
tumors [3]. There are three types of surgical intervention for
neuroblastoma: initial tumor extirpation, biopsy of the tumor
at initial diagnosis; and radical surgery as a second-look
operation after biopsy and induction chemotherapy. The role
of surgical resection in the treatment of neuroblastomas is
still controversial [4]. We conducted the present study to
evaluate the implications of surgical intervention for neu-
roblastomas in patients under 12 months of age versus those
over 12 months of age, based on an analysis of patients
treated at one institution.

Patients and methods

A total of 123 patients had neuroblastoma diagnosed and
treated at the Department of Pediatric Surgery, Kyushu
University, between 1985 and 2004. This study was per-
formed according to the Ethical Guidelines for Clinical
Research published by the Ministry of Health, Labor, and
Welfare of Japan on July 30, 2003. Consent for tumor
preservation and biological analysis was obtained from the
parents of each pediatric patient before surgery. Of the 123
patients, 82 were less than 12 months of age and 41 were
12 months of age or older. Of the 82 neuroblastomas in
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patients under 12 months of age, 73 were detected through
mass screening at 6 months of age. In all cases, the status
of MYCN amplification was determined by Southern
blotting, quantitative polymerase chain reaction (PCR), and
fluorescent in situ hybridization (FISH) [5]. According to
the International Neuroblastoma Staging System (INSS)
[6], there were 79 (64%) patients with stages 1, 2, and 4S;
16 (13%) with stage 3; and 28 (23%) with stage 4. Sev-
enteen (14%) patients had MYCN amplification. The
5-year survival rate was 76%.

Survival curves for each category were constructed
using the Kaplan—Meier method and then statistically
evaluated by the log-rank test.

Results

Treatment and outcomes of the patients less
than 12 months of age

In principle, since 1994, the protocol of the Japanese
Infantile Neuroblastoma Study Group has been applied to
patients under 12 months of age [7, 8§]. This protocol
consists of the following: An initial tumor extirpation is
performed for localized resectable neuroblastomas; then, if
no MYCN amplification is detected, postoperative che-
motherapy is not administered. A biopsy is taken of an
unresectable neuroblastoma, followed by mild chemother-
apy if no MYCN amplification is detected in the tumor.
Usually, no second-look operation is performed for resid-
ual tumors that decrease in size with chemotherapy after a
biopsy, if the biology, including the MYCN gene status, is
favorable. If MYCN amplification is detected in the tumor,
intensive chemotherapy with a decrease in dose according
to age is given, with or without tumor extirpation.

Of our 82 patients under 12 months of age, 70 (85%)
had stage 1, 2, or 4S and 2 (2%) had MYCN amplification;
the 5-year survival rate was 97% (Table 1). There were no
significant differences in the survival rates between the 59
patients who underwent complete resection and the 23 who
underwent incomplete resection (Fig. 1). Moreover, of the
59 patients who underwent complete resection, there were

Table 1 Characteéristics of 82 patients less than 12 months old with
neuroblastoma

No. of patients

Stages 1, 2, 4S 70 (85%)
Stages 3, 4 12

No MYCN amplification 80 (98%)
With MYCN amplification 2

S-year survival rate 97%

no significant differences in the survival rates of the 38
who received chemotherapy and the 21 who did not. All 23
patients who underwent incomplete resection of the tumor
received postoperative chemotherapy, and all these patients
survived (Table 2).

Of the nine patients with neuroblastoma detected clini-
cally, and not through mass screening, four had stage 48,
three had stage 1, and two had stage 4 disease. One patient
with stage 4S disease had MYCN amplification. Seven of
these nine patients underwent complete resection of the
primary tumor. Six patients with stage 4 or 4S received mild
chemotherapy after operation. Three patients with stage 1
received no postoperative chemotherapy after complete
resection of primary tumor. The patient who had stage 4S
disease with MYCN amplification died of the disease.

Surgical complications developed in five patients: post-
operative bleeding in one, renal atrophy in three, and adhe-
sive intestinal obstruction in one. One patient with partial
resection of a stage 2 tumor suffered postoperative bleeding;
two patients with complete resection of a stage 1 tumor and
one patient with partial resection of a stage 3 tumor suffered
renal atrophy; and one patient with complete resection of a
stage 1 tumor suffered adhesive intestinal obstruction. All
five patients with a surgical complication were alive without
disease at the time of writing.

Overall survival rate (%)
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= = = Incomplete resection N=23
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Fig. 1 Correlation between tumor resection and prognosis in 82
neuroblastoma patients less than 1 year of age. NS not significant

Table 2 Outcome of the 82 patients less than 12 months old with
neuroblastoma based on chemotherapy and type of resection

Chemotherapy Tumor resection Survival
Received (n = 61) CR (n = 38) 35 (92%)
ICR (n = 23) 23 (100%)
Not received (n = 21) CR (n =21) 21 (100%)
ICR (n =0)
CR complete resection, /CR incomplete resection
al Springer
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Treatment and outcomes of the patients aged 12 months
or older with advanced neuroblastoma

In principle, since 1985, the protocol of the Japan Study
Group for Advanced Neuroblastoma (JANB) has been
applied to patients aged 12 months or older with advanced
neuroblastomas [9, 10]. This protocol consists of the fol-
lowing: First, a biopsy is taken of the tumor, followed by
intensive induction chemotherapy based on the MYCN
gene status. A second-look operation is performed for
residual tumors that decreased in size following the
induction chemotherapy after biopsy. The second-look
operation usually involves complete resection of the pri-
mary tumor, avoiding injury to the surrounding organs and
major vessels. Enlarged lymph nodes are usually resected
with sampling the surrounding lymph nodes, but systematic
lymphadenectomy is not performed. If the second-look
operation involves the complete resection of the tumor,
then postoperative localized external-beam radiation
(2-30 Gy) is given, followed by high-dose chemotherapy
with stem cell transplantation. If the second-look operation
involves incomplete resection of the tumor, postoperative
localized external-beam radiation (20-30 Gy) is given,
followed by consolidation chemotherapy.

Regarding the degree of resection of the primary tumor,
macroscopic complete resection is defined as complete
resection without systematic lymphadenectomy at the ini-
tial diagnosis or at the second-look operation after induc-
tion chemotherapy, and surgical intervention for the
primary tumor, such as a biopsy only, partial resection, and
subtotal resection, is defined as incomplete resection.

Of our 41 patients more than 1 year old with neuroblas-
tomas, 32 (78%) had stage 3 and 4 disease and 15 (36%)
showed MYCN amplification. The 5-year survival rate of
these 41 patients was 42% (Table 3). The 86% 5-year sur-
vival rate of the 9 patients with stage 1 and 2 disease was
significantly better than the 30% 5-year survival rate of the
32 patients with stage 3 and 4 disease (P < 0.05). Moreover,
the 25% 5-year survival rate of the 15 patients with MYCN
amplification was significantly worse than the 53% 5-year

Table 3 Clinical characteristics of the 41 patients aged 12 months or
older with neuroblastoma

Clinical characteristics No. of patients

Stage
Stage 1, 2, and 4S 9
Stage 3 and 4 32 (78%)
MYCN amplification
No amplification 26
Amplification 15 (36%)
5-year survival rate 42%
@ Springer

survival rate of the 26 patients without MYCN amplification
(P < 0.05) (Fig. 2). Of 9 patients with early (stage 1 or 2)
disease and no MYCN amplification, 5 with stage 1 under-
went initial complete resection of the tumor, and 4 with stage
2 underwent initial incomplete resection of the tumor. All
except 1 of the 8 patients with stage 1 disease underwent
postoperative mild chemotherapy. One of these patients died
of another disease.

There was no significant difference in 5-year survival rate
between the 19 (46%) patients who underwent complete
resection and the 22 (38%) who underwent incomplete
resection (Fig. 3). Furthermore, the survival rate of the 32
patients with stage 3 and 4 disease did not differ significantly
between the 11 patients who underwent complete resection
and the 21 who underwent incomplete resection.

No local recurrence was observed in the ten patients over
1 year old with stage 4 disease who underwent complete
resection of the primary tumor without systematic lym-
phadenectomy and local irradiation after 1994, although four
of these patients died of metastatic recurrence (Table 4).
Seven of these ten patients underwent stem cell transplan-
tation (SCT); however, SCT was not associated with their
outcome. No major surgical complications occurred.
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Fig. 2 Correlation between MYCN amplification (amp.) and prog-
nosis in 41 neuroblastoma patients aged 12 months or older
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Table 4 Clinical course of the ten patients with stage 4 neuroblastoma who underwent complete resection of the primary tumor (1994-2004)

Patient Initial metastatic MYCN Local Local Metastatic Outcome
no site amplification radiation recurrence recurrence
N, B, E, bm no amp. 30 Gy (=) B Died

2 N, B, E, bm amp. 30 Gy (=) (=) Alive 13 years after
surgery

3 N, bm amp. 30 Gy (=) (=) Alive 10 years after
surgery

4 N, bm amp. 30 Gy (=) B, bm Died

5 B no amp. 30 Gy (=) B Died

6 B, bm amp. 30 Gy (=) N, B, bm Died

7 B, bm, H no amp. 30 Gy (=) (=) Alive 6 years after surgery

8 B, bm, H no amp. 18 Gy (=) (=) Alive 6 years after surgery

9 N, bm amp. 24 Gy (=) (=) Alive 5 years after surgery

10 B, bm amp. 18 Gy (=) (=) Alive 5 years after surgery

N lymph node, B bone, E orbit, bm bone marrow, amp. amplification, ro amp. no amplification

Discussion

The prognosis of patients with neuroblastoma tends to vary
greatly, based on clinical prognostic factors, such as age
and stage, and biological prognostic factors, such as
MYCN amplification, DNA ploidy, and chromosome 1p
deletion [11]. Thus, it is important to select the optimal
therapy, including surgical intervention, according to the
characteristics of these tumors [12]. This study is the
experience of one institution between 1985 and 2004,
during which time the treatment regimen for patients under
12 months of age with neuroblastomas and that for patients
aged 12 months or over with advanced neuroblastomas did
not change. Other investigators recently reported that
18 months of age is more preferable for risk assessment. In
this study, the protocol of the Japanese Infantile Neuro-
blastoma Study Group was applied for patients less than
12 months of age with neuroblastomas, and the protocol of
the Japan Study Group for Advanced Neuroblastoma
(JANB) was applied for patients aged 12 months or older
with advanced neuroblastomas. Therefore, investigating
the borderline of age for risk group classification was not
suitable for the analysis in the present study.

The majority of infant neuroblastomas are localized
tumors with low-grade malignancy [13]. In particular, neu-
roblastomas detected by mass screening include spontane-
ously regressing tumors [[4]. In the present series of 82
patients under 12 months of age, the outcome of infant
neuroblastomas was excellent, regardless of whether they
underwent complete or incomplete resection of the tumor.
Furthermore, the outcome of patients who underwent com-
plete resection of the tumor was excellent, regardless of
whether they received postoperative chemotherapy. We
could not compare patients who underwent initial extirpation
with those who did not, because biopsies were performed for

all unresectable neuroblastomas, followed by mild chemo-
therapy. Although complete resection might be unnecessary
for infantile neuroblastoma, the majority of which have
favorable biology, performing initial tumor extirpation
might avoid the need chemotherapy or irradiation.

In the present study, of nine patients whose disease was
detected clinically and not through mass screening, only one
patient who had stage 4S disease with MYCN amplification
died of the disease. Irrespective of mass screening, most
patients under 12 months of age had a good prognosis. It is
clear that MYCN gene amplification was a powerful prog-
nostic factor, even for infantile neuroblastoma [8].

In the present study, all five major surgical complications
occurred in the patients with localized neuroblastoma (stages
1, 2, and 3). Recently, in an effort to establish a new risk-
adapted preoperative neuroblastoma staging system, the
International Neuroblastoma Risk Group (INRG) task force
proposed the use of surgical risk factors (SRFs) to classify
localized neuroblastomas [15]. SRFs were defined by objec-
tive and subjective radiologic imaging characteristics thought
to be associated with an increased risk of surgical complica-
tions. These radiologic criteria are known as “image-defined
risk factors” (IDRF) [ 16]. In aretrospective radiologic review
of the five patients with surgical complication, all those who
suffered postoperative renal atrophy had a positive IDRF. The
Japan Neuroblastoma Study Group (JNBSG) proposed
guidelines for surgical intervention for localized neuroblas-
toma based on the IDRF and began observational study of the
treatment for low-risk neuroblastomas in 2010.

The role of surgery in the treatment of advanced neu-
roblastoma in patients 12 months or older remains con-
troversial. La Quaglia et al. [17] reported that gross total
resection improved the survival of 39 patients with stage
IV neuroblastoma. Conversely, Adkins et al. [18] reported
that complete resection was of little benefit for high-risk
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neuroblastomas treated by CCG-3891. Kuroda et al. [19]
found that intensive surgery with intraoperative radiation
therapy dramatically increased local eradication and
improved the outcome of patients even if they had
advanced neuroblastomas with MYCN amplification. On
the other hand, Castel et al. [20] found that delayed surgery
after chemotherapy contributes to the good control of stage
1V disease, although the final outcome of these patients was
determined more by metastatic relapses than by the degree
of resection. Kaneko et al. and Kubota et al. reported that
systemic extensive surgery for advanced or metastatic
neuroblastoma is no longer required if therapy supple-
mented with intensive pre- and postoperative chemother-
apy is given [4, 21]. In the present study, the clinical stage
and tumor biology of advanced neuroblastoma in patients
aged 12 months or older was associated with the overall
survival rate. The degree of tumor resection did not cor-
relate significantly with the overall survival rate. In this
study, the second-look operation was conservative tumor
resection of the primary tumor, avoiding the injury to the
surrounding organs and major vessels, and systematic
lymphadenectomy was not performed. Therefore, we could
not examine the complications of surgery and the delay in
administering intensive chemotherapy resulting from major
surgery. No major complications occurred after the second-
look operation for the advanced neuroblastomas in patients
aged more than 1 year old in this study, and we avoided a
delay in intensive chemotherapy after the operation. Fur-
thermore, complete resection of the primary tumor without
systematic lymphadenectomy and localized external-beam
radiation prevented local recurrence; however, the outcome
of patients depended on metastatic recurrence. These
results indicate that the main treatment for advanced neu-
roblastoma in patients aged 12 months or older is systemic
chemotherapy, and that extirpation of the primary tumor
without major surgery might prevent local recurrence,
when combined with irradiation therapy.

In the INBSG, two clinical phase II studies for high-risk
neuroblastoma were begun in 2008 and completed in 2010.
The guidelines for surgical intervention in these clinical
studies recommend complete resection of the primary tumor
without systematic lymphadenectomy, and localized irradi-
ation. The long-term outcomes, including late complica-
tions, revealed by these clinical studies will be interesting.
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Abstract

The carcinoembryonic antigen glypican-3 (GPC3) is an ideal target of tumor antigen—
specific immunotherapy against hepatocellular carcinoma(HCC), because it is overex-
pressed specifically in HCC. We have reported that a GPC3—derived peptide vaccination
was well—tolerated, and immune responses and antitumor efficacy were noted in a phase
I trial for HCC patients. We have begun a phase II study of the GPC3—derived peptide vac-
cine as an adjuvant therapy for HCC patients, and a pilot study of liver biopsies performed
before and after GPC3 peptide vaccination for advanced HCC to determine whether
tumor —infiltrating lymphocytes are indeed GPC3 peptide —specific CTLs. Furthermore, we
are initiating clinical trials of a GPC3—derived peptide vaccine for patients with hepatoblas-

toma or ovarian clear cell carcinoma.

Key words: glypican—-3(GPC3), peptide vaccine, cytotoxic T lymphocyte (CTL)
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WHARAND 40 % DSHHET, MCREAD XY ¥
— %4 7 CTdH5HHLA-A2 #5KME GPC3 H 3k
7F F(FVGEFFTDV) 2 M L7z% %7277
A% AW EETGPCITEDREIZL o TR
7F FREEP CTLASHFES N, HCOREHRR
DFELPEENRVPRBOOLNS Z L &R
L7

CHDEIEFEAEDPABZIIBNTER
HLTWA L9 22APKEICEL T, HLA-
A24 B B\ iZ A2 WD DA TERPUR % [F &
FTHIEIZEY, ZLOBEENRIIRTFF
TrFy, BERMBEY ZF Yy, BIZIIEFRE
W E O ATURKF R RERIEA T RE I 2
BEEZHNL. F-NENHMRRSA, ik
SEERAA, —ERO/NBAA (FF3FME, B3FE
PIEENE) R EICH RIS D), IREBMER
A, MEBAIZOVWTIE, HEGPC3IRTF

2137

N7 7 F VR A B L TWa.

2. EITHHRI ALK 5 GPC3
NRTF KTy F 81 HEKREER
@ﬂ%%«n)

AT Ra 23 A 33 B % 33 512 GPC3 R 7 F
F7 2 F B THERRARZ 200742 A 12H
L2009 11 BICET L7z EEFMEE
X, e, BRREHMEEE & LT, EEEM
(TTP), &€4&FHE (0S) R EOHKRMEDIT
» RIEFHRICEREL. 1EOREER
03, 1, 3, 10, 30mgD5EREE L, 2.AMB X
23 MIEA DKL, MEES X RERDOEN
WCAZEE7a4 v b7 V2857 | (incomplete
Freund's adjuvant: IFA) L {BE /-~ VTV a ~
M %, REWTHALLEOHEZHL T#&
L7

CORBRTHEOLONI-HEERZL LT, &5
REroFHR - Bk, ZIFTEF0BEIZA SN,
grade 2HY DO —@MDOFEE, BEMEDOREBE
6ANICALNEDARTH 72 grade 3DEHFES
S LLT, HREEEN4ANOEBZTHESN
775, BIREZEWFMERERICLD, wihd
BADETIZEAbD LK SN, ThbHD
HMEXY, GPC3IXNTF NI 7 F UEEIIRE
PRI RARE 2 LI S L7

FRRAIRICDWTIL, 4 33 5Bl 0 4518 T 1
M dfiix3.4 7 B, S4FYRPRMEIZL
HATHo7z 3EOT 7 F 5% 1A%
@ CT @ RECIST version 1.0 TOFHETIE, &
3361, 1618525 (PR) &g S (X 1-a),
19BTAHAZE(SD) EHE SNz 24 BH O
oy hu—)VE (PR4+SD) 2 60.6 % TdH - 72,
SD L HEINIBEEDIH4ANT, PROKLHE
27z LTWRWHSER OB £ 72 13 EE OB
SR GEAPBE SN EEY—V—Th5
AFP, PIVKA-IIZ, 339 961(27 %) THS
AL HRTHRL LD —FEORTHBESI N

T 2 REFWN RIS ORI D720, 433 R
T 7 F ¥ 5R# T O RN I EAZ B T o
GPC3R7F FHEK CTLOBKIEIZ, ex vivo
IFN-v enzyme-linked immunospot (ELISPOT)



