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Summary

This research projects consists of two clinical research
programs on BNCT for malignancies other than ma-
lignant brain tumors or head and neck cancers. In
P6-1, three patients were treated with BNCT. In
P6-2, no patient was recruited in their study.

P6-1

We treated three patients with BNCT in this re-
search program. The malignancies included malig-
nant tissue soft tissue sarcoma, locally recurrent breast
cancer and angiosarcoma. Since the patients treated
with  BNCT in this research problem are un-
der-observation, no preliminary report is available.

P6-2

No patient was enrolled in this clinical research
program. Yanagie et al. reported the case report on
BNCT for multiple liver metastasis which was carried
out previously. Details in this case report is referred
to the P6-2 report. The large metastatic liver tumor
was diminished, and the local pain derived from the
tumor was improved.

Law on Clinical research (rinsho kenkyu hou)

New regulation on clinical research, Law on clinical
Research (rinsho kenkyu hou), has come into effect
since April in 2018.  Clinical researches conducted by
using Drugs and Medical Devices not approved under
the Pharmaceutical and Medical Device LAW are cat-
egorized into Specified Clinical Research (fokutei
rinsho kenkyu). Specified Clinical Research Plan
should be reviewed by Certified Clinical Research
Review Committee. Since BNCT is carried out using
unapproved drug (boron compound) and research re-
actor, BNCT study is categorized into Specific Clinical
Research. Six clinical researches on BNCT have been
approved as Specific Clinical Research by Certified
Clinical Research Review Committee established in
medical institutes. Since BNCT studies on locally
recurrent breast cancer and angiosarcoma have been
approved as Specified Clinical Research, these studies
will be carried out in 2019.
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Introduction

Boron neutron capture therapy (BNCT) has been ap-
plied mainly for the treatment of locally recurrent ma-
lignant brain tumors or head and neck cancers in the
irradiated region using neutron beams from the re-
search reactor. In some BNCT clinical trials, the sur-
vival data or tumor response were suggested to be bet-
ter compared those by other clinical studies. Collabo-
rative project to develop an accelerator-based
(AB)-BNCT system between Sumitomo Heavy Indus-
trial and Kyoto University succeeded to construct
available cyclotron-based AB-BNCT system.

Clinical trials using the AB-BNCT system are cur-
rently in progress. The targets of the ongoing clinical
trials are two malignancies as follows: recurrent ma-
lignant gliomas and head and neck cancers. In a few
years, the system and boron-containing drug is ex-
pected to get medical device approval and pharmaceu-
tical approval from national agency. Since the
AB-BNCT system installed in the hospital is available
to more patients suffering from malignant tumors
compared with those by the BNCT using research re-
actor. However, in a few years before getting medi-
cal device approval and pharmaceutical approval, pa-
tients with malignant tumors other than malignant
gliomas and head and neck cancers will be treated with
research reactor-based BNCT.  When the AB-BNCT
system will be applicable to many clinical trials to
search for new application of BNCT in the hospitals,
experience of BNCT for new malignancies will be
helpful for the new clinical AB-BNCT trials.

We treated three patients with BNCT in this re-
search program. The malignancies included malig-
nant tissue soft tissue sarcoma, locally recurrent breast
cancer and angiosarcoma. Since the patients treated
with  BNCT in this research problem are un-
der-observation, no preliminary report is available.

Clinical research on explorations into new application of BNCT

In this report, we present the policy of prescribed neu-
tron fluence adopted in the BNCT studies in this re-
search problem.

Prescribed neutron fluence

Evaluation of irradiated dose is very complicated since
irradiation filed in BNCT consists of multiple radia-
tion components including '°B(n,a)’Li radiation, high
linear energy transfer (LET) proton radiation and y-ray
radiation. The physical dose (Gy) is calculated with an
equation as follows,

Physical dose (Gy) = Dose[!°B(n,a)’Li]* + Dose[y
dose] + Dose['H(n,n)'H] + Dose[ “N(n,p)'*C]

*: Dose['°B(n,a)’Li] =7.43 x 10"“xBcone X @
@: thermal neutron fluence

The equation for converting the physical dose (Gy) to
the photon-equivalent dose (Gy-Eq) dose is as follows.

CBE x
RBE x

Photon-equivalent dose (Gy-Eq) =
Dose['°B(n,a)’Li]* + Dose[y dose] +
Dose['H(n,n)'H] + RBE x Dose[“N(n,p)'*C]

*: Dose[!°B(n,a)’Li] =7.43 x 1071* X Beone X @
CBE: compound biological effectiveness
RBE: relative biological effectiveness
In clinical studies of BNCT, the '°B concentration
in the blood sampled just before neutron irradiation
has been used in deciding irradiation time according to
the prescribed dose (Gy-Eq) for normal tissues.

As shown in the equation, the concentration of '°B
is necessary to calculate the dose. However, no
method to measure !B concentration during irradia-
tion is developed. Therefore, in evaluating the dose
in BNCT, some uncertain is inevitable.

In the clinical pilot studies on BNCT for local re-
current breast cancer and angiosarcoma, we applied
the idea of prescribed thermal neutron fluence. In the
protocol of the studies, the prescribed thermal neutron
fluence was determined as the value of 1.5x10'? n/cm?
at the skin of 10-cm diameter circle. Under the con-
dition that '°B concentration in the tumor cells are two
times greater than normal cells, the tumor cells re-
ceived the dose greater than approximately 20 Gy-Eq
with keeping the dose for the skin within the tolerant
dose.
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INTRODUCTION: We had experienced the boron
neutron capture therapy(BNCT) to cancers in gastrointes-
tinal regions. Our cases treated by BNCT were 1 case of
cervical metastatic gastric cancer(Partial Remission), 2
cases of recurrent rectal cancers(Stable Disease), and 1
case of hepatic metastatic sigmoidal colon cancer(Locally
Stable Disease).

In this study, we performed the literature consideration
of combination therapies to the case of hepatic metastatic
sigmoidal colon cancer.

EXPERIMENTS: The 38y.0. male patient with sig-
moidal colon cancer & multiple hepatic metastasis had
been performed sigmoidectomy, intra-arterial chemo-
therapies(CDDP), and molecular targeted therapy
(XELOX+ Cmab, XELOX+Pmab, IRIS+Pmab). But the
tumour volume of hepatic metastasis was increased, and
then the local pain caused tumour swelling was occurred.
In order to decrease the chief complaint by the tumour
swelling, we performed the BNCT on January 2012. The
procedure points were (1) target lesion : S4 hepatic meta-
static lesion (Figure 1), (2) °BPA 400mg/kg drip infusion,
(3) Tumour dose:30>Gy-Eq/5¢cm, Normal Liver dose :

<4.9Gy-Eq, (4) Tumour/Blood ration of 8F-1°BPA
PET:2.6.
Figurel:
Irradiation

positioning of
BNCT.

RESULTS & DISCUSSION: As shown in Figure 2,
Maximum Tumour dose will be 31Gy-Eq, Mean Tumour
dose was 20Gy-Eq, Maximum Normal Liver dose was
17Gy-Eq, Mean Liver dose was 3Gy-Eq in 43 minutes
BNCT.
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Figure 2: Calculation of Tumour/ Normal Liver Dos.

Before BNCT

Post 3 months BNCT
(2011.11.25) (2012.04.20)

Figure 3: Tumour growth was suppressed, and the
local pain caused tumour swelling was markidly di-
minished.

The tumour volume was diminished and the chief com-
plaint of patient was improved. The tumour volume in-
hepatic metastasis was regulated in 3 months by single
irradiation of BNCT locally.

We had one experienced case of intra-arterial injection
of immunostimulating substance, OK432(Picibanil) to
the multiple large metastasis of colon cancer patient after
operation, and systemic & intra-arterial(IA) chemothera-
pies. Our case was decrease of tumour volume and re-
cover the QOL of patient. So, we hope to apply the com-
bination therapies with BNCT and Intra-Arterial Immu-
notherapy in the next step.

Recently, immunotherapies become attractive combi-
nation therapies to cancer. Immune checkpoint blockade,
Dendritic Cell Therapy, CTL/NK Cell Therapy,
OK432-1A will be considered in the consideration of in-
dications to liver cancer in near future.

REFERENCES:

[1] H. Yanagie et al., Jpn J Cancer Clinics,41 (1995)
306-310.

[2] S. Mikamo et al., Biotherapy, 11 (1997) 634-636.

[3] K.Ando et al., J Radiat Res., 58 (2017) 446-455.

30P6-2





