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Preface

The Institute for Integrated Radiation and Nuclear Science, Kyoto University has been
conducting clinical research on Boron Neutron Capture Therapy (BNCT), a type of
radiotherapy, with neutrons from research reactors to treat malignant brain tumors,
intractable head and neck tumors, malignant melanoma and other tumors that are usually
resistant to X-rays, multiple liver tumors, mesothelioma, and other tumors that are difficult
to treat with other types of radiation or particle therapy. In recent years, we have been
conducting clinical research using neutrons from research reactors for malignant brain
tumors, intractable head and neck tumors, tumors resistant to conventional X-rays such as
malignant melanoma, multiple liver tumors, mesothelioma, and other tumors that are
difficult to target with other radiation and particle therapy. In recent years, we have
succeeded in developing an irradiation system using an accelerator neutron source that can
be installed in a hospital, and several medical institutions have introduced the system,
conducted clinical trials, and in March 2020, we obtained approval for the manufacture and
sale of medical devices and drugs for head and neck cancer. It is expected to be applied to
more diseases in the future.

At present, the indication of BNCT is limited to malignant tumors located shallowly
from the body surface because the neutron beam used in BNCT does not reach deep into
the body, but it is possible to administer a sufficient amount of neutrons to malignant tumors
in any part of the body in the size of companion animals such as dogs and cats. In addition,
it is possible to make a large difference in the dose administered at the cellular level between
tumor cells and normal tissue cells. In addition, BNCT is classified as heavy particle therapy
and is expected to be effective in treating sarcoma, which is considered to be one of the
most common malignant tumors in companion animals.

This paper is a summary of the presentation "Toward the Expansion of Boron Neutron
Capture Therapy to the Veterinary Field: Issues to be Tackled and the Potential for
Interdisciplinary Research™ held on March 4, 2021. We believe that we were able to
exchange opinions on various issues regarding the application of BNCT to companion
animals using a small accelerator BNCT irradiation system that can be installed in a hospital,
as well as the possibility of interactive academic interdisciplinary research in the fields of
human radiation oncology and veterinary medicine.

We hope that this paper will be useful to all concerned in promoting research.

Professor, Integrated Radiation and Nuclear Science, Kyoto University (KURNS)
Minoru Suzuki
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(1) Boron Neutron Capture Therapy
R EHIPEFFREIC DUV T
Prof. Minoru Suzuki (Integrated Radiation and Nuclear Science, Kyoto University)
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Baron Neutron
Capture Therapy (BNCT)

Particle Radiation Oncology Research Center
Institute for Integrated Radiation and
Nuclear Science Kyoto University

Minoru Suzuki

What is BNCT?

m oron rneutron capture ‘herapy
is based on the nuclear

reaction (see Left Figure)
non-radioactive isotope,°B atom,
absorbs low energy (<0.5 eV)
neutrons (thermal neutron) and
disintegrates into an alpha (*He)
particle and a recoiling lithium
nucleus ("Li).
These particles deposit large
energy along their very short path
(less than 10 pum).




Reactor

What is BNCT?

Cancer
cell
)

Normal
cell

m Accumulate a drug including
10B in tumor cells selectively

m [rradiate the tumor with
thermal neutron.

\

m Boron neutron capture reaction
can destroy tumor cells
selectively due to

/

Q Normal cells
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Boron Compound Used in Clinical Trials
Boronophenylalanine (BPA)

NH2
HO<_ |
B— CHo—C —COOH
HO ~ @ |
H

BPA is boronated phenylalanine and accumulates
preferentially and actively into the proliferating
subpopulation.

m TOA Other

m ATHE Liver Cancer

B PF7E Mesothelioma

m Al Lung Cancer

m JATESD Head& Neck Cancer

B 7 )& Skin Cancer

m fi¥ Brain Tumor
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B Japanese BNCT facilities have started clinical treatment for head
and neck cancers under the national health insurance system.

Southern
—~TOHOKU
(Koriyama,

Tolpgikushima)
Osaka

Osaka Medical College
Kansai BNCT Medical
Center

http://southerntohoku-bnct.com/method.html
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(2) Current status of cyclotron-based neutron source for BNCT
Y1 7 b a2 hnsdsz o 2RO BHRIC DV T
Prof. Hiroki Tanaka (Integrated Radiation and Nuclear Science, Kyoto University)
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Design and construction of an accelerator-based boron neutron capture

therapy (AB-BNCT) facility with multiple treatment rooms at the Southern

Tohoku BNCT Research Center
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(3) Importance of 18F-FBPA PET in BNCT
BNCTIC #51 % 18F-FBPA PETO H ZE{:
Dr. Kayako Isohashi (Osaka Medical College, Kansai BNCT Medical Center)
A CORBRIERIRY: BIPYBNCTHIF Rt > 2 — Gfi)

BNCTIZ&[+3'8F-FBPA PETO EE 1%

EEEN T, RRAEAN ., EHRMA.
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1. RORHEFREEEE
(Boron Neutron Capture Therapy; BNCT)

2. Four—borono—2-'8F—fluoro—phenylalanine ('8F-FBPA)
Positron Emission Tomography (PET)
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Shimosegawa E., et al. Ann Nucl Med. 2016:30(10):749-55.

15




PETEHI SR SIJEET

FEE T Mt HkiE H —Y OEEG K RIEH L2
—— 2 Erilg
@
proton /
s 'SF-FDG 'SNH;
e ﬁ 18F—FBPA
18 ™y NG—methionine
HC—acetate
ﬁj 15D—H;_-ﬂ
e 150-0,, GO, CO;
IBEFREKE | Y2000 H #hiEa o el
111G Wi
13N
150
18F

INEIYIPETIE{Z
. '
-‘.
INENYFAPET/CTEEE 1 | | &5 ‘&2

8F-FDG  SF-FMISO

| (Inveon. ’/—)“/Z*ih

SDEASRE S A =%
PET%E (Headtome V/ gg*gfﬁ;; DR,
SET2400W. EE & {ERT) »ER .

16




DRV R(B)REDHTE

Zvhgliomaffi il #2 4E

Accumulation of FBPA or BPA-fr

1SE.FBPA
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Y

Prediction of

Measurement of
boron concentration

ASS
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. BPAfr
concentration zomg
8.0 -
6.0 1 HFBPAPET ]
40 = BPA-fr ICP-OES ]

18F FBPA PETG)dynamlc ﬁ&ﬁﬁiﬁfﬂﬁﬁg

B &' ._1'. * *
AT r % TR . s 0
%, €%, &F, ¢ €%, ¢h 201%
. . - ] L
VAN
= 020 . 60 7]
g —e— Brain — 0.020 -
= 0.18 —i— Submandibular Glands g_ 0.018 —e—Brain
g 016 —m— Bone Marrow =
& —e— Paratid Glands g 0016
5 P
[ --@- - Thyroid Glands £ 0.014
8 - Lung & 0012 4
::: -l - Hearl g 0.010 4
o --#- Liver ; 0.008 -
E —&— Spleen % )
i —a— Pancreas w 0.006 +
] : - —B— Kidney ';: 0.004 ~
2 1 T Wiy LT —a— Intestine T 0.002
00 02 04 05 08 10 = 0000
Time after '8FBPA injection (hour) 0.0 0.2 04 0.6 08 1.0
Time after 1*FBPAinjection (hour) 8

Shimosegawa E., et al. Ann Nucl Med. 2016 Dec,;30(10):749-55..
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'8F-FBPA PETZ L =7k 3 (1°B) IR E D H#ETFE

C :
/A = MWggpa X Fla 10°° D-_Et I()—lz\
CCFx B

F = MWggpa X D x 107°

o B0 MW G=MWg x D x10°
=y X'—— K ————

N A MWgpa g W,
A: FBPAMT5TE(e), B: FBPA® LLikSt#E (MBg/mol)

C: FBPAMD M 5T8EEZ(MBq), CCF: cross—calibration factor (cps/Bq)
D: &2 DFBPAR FiEE(mol/g), E: PET count(cps/g)

F: 28 DFBPAEE(ppm), G: EEF D '°BiRE (ppm)

H: (AR ER 5 R DEER D °BiR E (ppm)

MW,gpa: FBPAD 73 F£(226.9 g/mol), MWg: "BD 7 F=(10 g/mol)
MWgp,_r, : ''BPA-fr 0D %> F=(389.3 g/mol)

Shimosegawa E., et al. Ann Nucl Med. 2016 Dec;30(10):749-55.. °

18F-FBPA PET# FL\f=BNCTD 7k % (1°B);jE B 5L (i

Organ Time (min) 198 concentration (ppm)
Brain 57 76 15
Submandibular gland 56 126 £ 24
Whole bone marrow 50 94 + 1.7
Parotid gland 56 10.3 £ 1.7
Thyroid gland 56 90+ 15
Lung 35 35+£12
Heart 54 10.1 £ 24
Liver 54 144+ 27
Spleen 54 8.6+ 1.7
Pancreas 53 15.2 4+ 37
Kidney 53 309+ 74
Intestine 52 10.9 + 2.1
Urinary bladder 51 383.6 + 214.7

Shimosegawa E., et al. Ann Nucl Med. 2016 Dec;30(10):749-55. 10
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21 &18F-FBPA PETE{E L ) M%7 —IL D5 EE L &%

( BS 30mm, PET 28.8min )

000 Left ventricle

PET 3.8 min/BS 3 min (%) 83 £45
PET 20.5 min/BS 20 min (%) /8+4
(
(

PET 28.8 min/BS 30 min (%) 81+4
PET 53.8 min/BS 50 min (%) 67 +8

Data are mean +SD
Isohashi K, et al. EINMMI Res. 2016 Dec;6(1):75. H

1SF-FBPA PETOD & B & {512
EE~DHRDE(1B) DERYIAHEZ FBIL . BNCTD# % 5T
FEE
Tumor max/Normal max(T/NLt)
Tumor max/Blood mean (T/BEL)
4 I

* T/NEE =2 575 @B DR FREE(B)IE20ppm
| Blood LIEEFRIESN . BNCTD B ES R AR

5 o
! Tumor Normal
- BNCTD &l 1EFH F A
r b4 FDEGIFRFEER TN DB Rz
\T/Nt: 48 T/BH: 3.9/ : IRz
BNCT D33 Y & 5 o soo92(1)69-05
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P
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18F-FBPA PET% R U\f=[BH D7k F(1°B)R B D #E 5E

PET/CT

PET

401X %% oligoastrocytoma (GIll) B

/"x

Tumor
mean 54.7 ppm
max 150.2 ppm

Normal tissue
mean 17.4 ppm
max  28.0 ppm

Isohashi K., et al.
HAR D1 FILE A FER2018 17
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normal brain (PET)

7.6 = 1.5 (ppm) shimoseswa E, et al. Ann Nucl Med.2016:30:749-55

normal brain(PET) 2.7 — 23.8 Bergenheim AT, et al. J Neurooncol. 2005:71:287-93,
normal brain(ope) 3.6 — 16.8 Elowitz EH, et al. Neurosurgery. 199842:463-8.
tumor (ope) 22.5 - 31.2 Elowitz EH, et al. Neurosurgery. 199842:463-8.
tumor (ope) 21.0-62.0 Imahori Y, et al. Clin Cancer Res. 1998:4:183341.
tumor (PET) 33.6 - 990 Miyatake S, et al. J Neurosurg.2005 ;103:1000-9.
tumor (PET) 36.0 Takahashi Y, et al. Clin Cancer Res. 2003 ;9:5888-95.
animal tumor 260 £ 60 [k ool EMM e 21047
animal tumor 66.6 + 1 61 Heber EM, et al. Proc Nat/ Acad Sci USA.

2014:111:16077-81. 18
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Boron Neutron Capture Therapy
BNCT

A binary treatment modality that is based on
the selective accumulation of a stable isotope
(boron-10) in tumor followed by irradiation
with a thermal or epithermal neutron beam.

Both components by themselves would have
little or no effect on tissue. The interaction
between boron-10 and low-energy (thermal)
neutrons produces highly energetic, short-
range disintegration products that are lethal
for the cell

The BNCT Reaction: 1°B(n,o)’Li

Alpha and 7Lithium particles: (0.48 MeV)
High Linear Energy Transfer (LET) particles that lose their energy
over distances of less than 10 ym (approximately the diameter of a cell).

If Boron-10 is in effect taken up preferentially by tumor, the capture
reaction will occur mainly in fumor cells.

Thus, BNCT would potentially target tfumor tissue selectively, sparing
normal tissue
Biological targeting makes BNCT suitable to treat infiltrating cells that
cannot be identified by image analysis
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Translational radiobiological studies in appropriate in
vivo experimental models are pivotal to the
advancement of BNCT

Our group has been performing BNCT studies since
2000

A significant part of our translational research
efforts have been focused on exploring new
applications of BNCT and optimizing BNCT for
different pathologies, employing a bench to bedside
approach that bridges the gap between research and
clinical application

Although our work includes the assessment of the
therapeutic potential of novel boron compounds in our

experimental models, a large proportion of our studies have
been devoted to optimizing the delivery of boron compounds

currently authorized for their use in humans such as

boronophenylalanine (BPA) and decahydrodecaborate (GB-10)

We have designed and tested different BNCT treatment
strategies tailored for different pathologies, for varying
degrees of disease progression and for different clinical

conditions of the patient
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Translational BNCT studies by our group in the hamster cheek pouch oral
cancer model initiated in 2000, exploring what was then a new target for
BNCT
* Contribute to the knowledge of BNCT radiobiology for existing and novel targets
* Develop and test different strategies to optimize BNCT for the treatment of
Head and Neck Cancer
The knowledge gained from these radiobiological studies would contribute to design
safe and effective clinical BNCT protocols

Tumor pre-BPA-BNCT and 2 weeks post- Normal tissue pre-BNCT and 2 weeks post-
BPA-BNCT (300mg BPA/kg b.w.)

BNCT (300mg BPA/ kg b.w.)

BPA-BNCT: 78% complete remission + 13% partial remission. Tumor control: 91%
Dose-limiting, reversible mucositis in precancerous tissue, no normal tissue toxicity

Examples of our translational studies in the hamster cheek pouch oral
cancer model:

1) The combined use of BPA and GB-10 to improve tumor boron targeting
homogeneity

2) Transient normalization of aberrant tumor blood vessels prior to the
administration of BPA to improve boron delivery

3) Sequential BNCT (BPA-BNCT followed by 6B-10-BNCT with a 24-48 h
interval) to optimize therapeutic efficacy and minimize mucositis in the
dose-limiting precancerous tissue in the case of patients requiring
abbreviated treatment

4) Electroporation to improve tfumor uptake and microdistribution of boron
delivered by GB-10

5) Double applications of BNCT with 4-6 weeks interval to optimize
therapeutic efficacy, reduce toxicity in terms of mucositis and inhibit
the development of second primary tumors from precancerous tissue
for the case of patients that do not require abbreviated treatment

In an ectopic model of colon cancer in syngeneic BDIX rats we assessed
the local and abscopal effect of BNCT and the local, regional and abscopal
effects of BNCT combined with immunotherapy (BNCT+BCG)

We also performed BNCT studies in experimental models of liver
metastases and of lung metastases in BDIX rats and in an experimental
model of Rheumatoid Arthritis in rabbits
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Clinical veterinary scenario:

Preliminary study: BNCT for the treatment of

spontaneous SCC in felines
(tumors of the same type that we induce experimentally in the
hamster cheek pouch)

« SCC is a common tumor involving the skin and accounting for
15% of cutaneous tumors in cats.

» SCCs are usually found in unpigmented or lightly pigmented
skin.

» SCCs may be locally very invasive but metastasize only
rarely.

* Tumors of the higher stages respond poorly to all
therapeutic modalities.

Feasibility study (low-dose BNCT, n=3) in terminal felines at RA-1
Nuclear Reactor and full dose BNCT study at RA-6 Nuclear Reactor
(n=3)

BPA-BNCT of Spontaneous Head and Neck Cancer in Feline Patients
Ra et al., ART 2004 - Low dose BNCT at RA-1 Nuclear Reactor

BPA-BNCT studies showed no radiotoxic effects, partial tumor control in terms of impaired
growth and partial necrosis, an improvement in clinical condition and prolonged survival
beyond the terminal condition of the feline patients at the time of recruitment
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Trivillin et al., REB 2008 - Full dose BNCT at RA-6 Nuclear Reactor:
Felines positioned at the RA-6 beam port

The treated animals did not show any apparent radiation-induced toxicity. All
three animals exhibited partial tumor control and an improvement in clinical
condition. Enhanced therapeutic efficacy was associated with a high 1°B content
of the tumor and a small tumor size
BNCT is therefore believed to be potentially effective in the treatment of
spontaneous SCC

Translational BNCT studies and clinical-veterinary BNCT studies in
cats with H&N cancer performed by our group, and clinical BNCT
studies worldwide have shown the therapeutic efficacy of BNCT for
head and neck cancer while preserving oro-facial structures and
functions, with room for improvement

The BNCT project in Argentina has experience in clinical BNCT
studies for cutaneous melanoma performed at

RA-6 Nuclear Reactor

We envision the initiation of a clinical BNCT trial for head and neck
cancer in Argentina at RA-6

H&N cancer models usually fail o accurately recapitulate the full
spectra of the biology, histopathology, complexity, and
heterogeneity of H&N fumors in humans.

Also, the body size difference between the human and the rodents,
make these models often incapable of accurately predicting
therapeutic efficacy and toxicity in human patients
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Spontaneously occurring H&N tumors in pet dogs
may bridge the gap between research and clinical application

These cancers are naturally occurring and heterogeneous, capturing the
essence of human cancers. Dogs and cats develop spontaneous tumors with
histopathologic and biologic behavior similar to fumors that occur in humans.
Body size facilitates extrapolation o humans.

Studies in dog patients (albeit with constraints) would mimic a clinical scenario
and provide an adequate link between our translational research and a future
clinical trial.

Furthermore, and very importantly, the role of BNCT in veterinary medicine in
and of itself warrants evaluation and analysis. Cancer is a major cause of death
in pets. Dogs develop tumors ftwice as frequently as humans (although cats only
half as frequently). One study reported that 45% of dogs that lived to 10
years or more died of cancer. Regardless of age, 23% of the dogs assessed in
this study died of cancer.

Because there are few established treatments in veterinary medicine, this is
an area where BNCT studies are particularly welcome, both as a contribution
to veterinary medicine itself and as an input for clinical frials

BNCT studies in dog and cat patients with
tumors are a valuable contribution to
clinical BNCT ftrials and constitute an

infermediate stage between translational

and clinical studies, improving the safety
and efficacy of clinical protocols

These studies serve to evaluate the
potential role of BNCT in veterinary
medicine
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Clinical-veterinary BNCT studies at RA-6
clinical facility in 5 dogs with Head and Neck
Cancer with no other therapeutic option

Aims:
* Further contribute to the knowledge of BNCT

radiobiology and optimize its therapeutic efficacy for
head and neck cancer

» Contribute to explore the role of BNCT in veterinary
medicine

 Put in place the technical aspects for a future clinical
trial of BNCT for head and neck cancer at RA-6
Nuclear Reactor

» Assess the feasibility fo treat large, deep-seated
tumors employing the existing B2 beam, tuned to
treat superficial fumors.
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Inclusion criteria

Consent was obtained from the do?' s owner in each case. In addition, the
treatment protocols were approved by the

National Atomic Energy Commission Animal Care and Use Committee
(CICUAEL-CNEA 01/2015; 01/2018_V?2).

Five dog patients with head and neck cancer with no other therapeutic
option'were enrolled in the study according to the following inclusion
criteria:

» Confirmed histopathological diagnosis of head and neck cancer

* Not amenable or unresponsive to alternative standard therapeutic
options

 Life expectancy with acceptable quality of life (QOL? of more than 1-2
months to ensure minimum follow-up time and clinical/cardiological
SBHZL_I'_S to tolerate prolonged (2 hours) anesthesia during irradiation for

« If the dog received previous treatment (sur'%ery/ chemotherapy), a
migiré\[lilrg _‘gf 3 weeks should elapse between the end of this treatment
an

* No distant metastasis at initial presentation

RA-6 BNCT facility (B2 beam)

Centro Atémico Bariloche
(San Carlos de Bariloche, a city about 2 hours by plane from Buenos Aires)

Beam profiles.

Treatment room: Protruding conic delimiter with a
circular aperture of 15 cm in diameter

Hyperthermal beam: mixed thermal-epithermal neutron
spectral composition especially tuned for treating shallow
tumors.

The in-air thermal and epithermal neutron fluxes respectively, estimated by computational analysis, at the patient position
and averaged over the circular aperture of 15 cm are 2.47 x 108 n cm2 st and 2.16 x 108 n cm2 sl with a statistical
uncertainty of less than 1% . In addition, the specific gamma dose, i.e. Dy/¢ th+epi, is 1.74 x 10-12 6y cm? n'!
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Five dogs with large head and neck tumors with no other
therapeutic option were recruited and treated with 2
applications of BPA-BNCT separated by 3-5 weeks

Treatment planning Flight to Bariloche

rim e mnEime mes . \

Profile Blood
[B] vs time

¥ to adjust iv infusion of BPA
time and 350 mg/kg
duration of
irradiation

Treatment planning

SJ Gonzdlez, GA Santa Cruz, L Provenzano
2-3 portals per BNCT application were used to achieve a potentially therapeutic dose over
the tumor and optimize dose distribution in the Clinical Target Volume, without exceeding
normal tissue tolerance (using a beam tuned to treat shallow tumors)

Tumor doses for the 5 veterinary patients treated with the B2 clinical beam of the
RA-6 reactor. BNCT1 and BNCT?2 correspond to the first and second BNCT
application (3-5 weeks apart), respectively.

Tumor Total Doses
Mean (Min, Max)
Dog Absorbed RBE-weighted
] BNCT1 5 (3, 6) 13 (8, 15)
uc
Y BNCT2 6 (4, 8) 17 (10, 22)
) BNCT1 6(3,7) 16 (7, 20)
Senshi
BNCT2 6(3,7) 16 (7, 20)
BNCT1 11(7, 14) 28 (17, 37)
Mora I
BNCT2 3(2,4) 8 (4, 10)
BNCT1 7 (5,9) 17 (12, 22)
Mora II
BNCT2 6 (5, 8) 17 (12, 22)
BNCT1 10 (7, 11) 26 (18, 31)
Jake
BNCT2 10 (7, 11) 26 (18, 31)
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Normal tissue doses for the 5 veterinary patients treated with the B2 clinical beam of the RA-6 reactor. BNCT1
and BNCT2 correspond to the first and second BNCT application (3-5 weeks apart), respectively. Upper dose
limits to healthy structures were respected. These were the average dose to the brain of 7 Gy-Eq, the maximum
dose to the skin of 22 Gy-Eq and the maximum absorbed dose to mucosa of 6 Gy as established in the Finnish

protocol for the treatment of head and neck cancer patients.

Normal Tissue Total Doses
Mean (Min, Max)
RBE-weighted Absorbed
(Max)
Left eye Right eye Brain Skin Mucosa
Dog Dmax=6.5 Dmax=6.5 Dmean=7 Dmax=22 Gy
6y-eq 6y-eq 6y-eq 6y-eq
BNCT1 43(36,49) [43(36,50)| 2.8(11,51) | 3.0(0.2, 77) 36
Lucy
BNCT2 43(35,5.0) |57 (5.4,6.2)| 3.4(1.6,56) |4.3(0.2,10.6) 5.0
BNCTI 59 (5.2, 6.5) |5.5 (5.0, 6.0)| 2.3 (0.9,55) | 35 (0.2, 9.8) 47
Senshi BNCT2
6.1(5.4,6.7) |57 (5.2,6.2)| 2.3(0.9,5.7) |3.6 (0.2, 10.0) 49
BNCT1 45(3.2,55) 9.4 (7.9,104) 6.0 (3.8,8.2) | 6.8 (0.7,17.6) 93
Mora I BNCT2
N 15(11,18) |2.7(2.3,3.2)| 19(1.2,2.7) | 19(0.2,5.1) 26
BNCT1 2.3(18,2.8) |47 (3.6,5.6)| 3.1(1.8,5.0) | 46 (0.9,7.4) 6.9
Mora IT BNCT2
N 19 (15,2.3) |40 (3.1,48)| 25(1.4,42) |40 (0.4,105) 67
BNCT! 43(3.1,5.7) |40(3.0,54)| 15(0.7,40) |3.4(0.4,15.3) 77
Jake BNCT2
NC 43(31,57) |4.0(3.0,5.4)| 15(0.7,4.0) |3.4 (0.4, 15.3) 7.7

Post-BNCT, clinical signs were monitored
weekly. Tumor response was assessed
macroscopically and when possible by CT
studies performed one to three months
after BNCT. Potential local radiotoxicity in
terms of mucositis was evaluated semi-
quantitatively using a 6 point scale (Grade
0-5) according to an adaptation of oral
mucositis scales in humans and
experimental models
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Patient | Histology/Pre- | Complemen. BPA- Response Toxicity Clinical

treatment TV treatment BNCT evaluation
Cross- Nasal SCC Chemo- 2 portals | Cause of Mild nasal Positive tumor
breed TV: 51 cm? therapy /appl. Euthanasia: keratosis, response and
Lucy Pre re- Pre-BNCT recurrence mucositis, clinical benefit
(12 yrsold) | treatment TV: ;:u’}‘:;! - and decline somnolence with only mild
77 cm3 months after | Survival: Re-treatment: | toxicity
ﬁfﬁ:ﬁ,ﬁ”a 13.5 months | Mild Initial positive
Re- PR somnolence response,
e rh and persistent | recurrence and
with full eye irritation | decline 2.5 months
BNCT that required | after re-treatment
dose medication
2 portals
/appl.
Alsatian Nasal Chemo- 3 portals | TV:57 cm? Mild Positive tumor
Senshi Chondro- therapy /appl. (1 month somnolence response and
sarcoma post-BNCT) [ Mild- clinical benefit
TV: 105 cm? Cause of moderate with no toxic
Euthanasia: nasal effects of
recurrence mucositis treatment

and decline
Survival: 10

months
PR
Labrador | Oral 5 surgeries 2 portals | Cause of Moderate Positive tumor
Mora 1 amelanotic Immuno- /appl. Euthanasia: mucositis response and
(9yrsold) | melanoma therapy lung mets clinical benefit
TV: 342 cm3 Pre-BNCT Survival: 2.5
months
PR
Labrador | Oral Surgery pre- | 2 portals | Cause of Mild Positive but
Mora IT amelanotic BNCT /appl. Death: mucositis short-term tumor
(11 yrsold) | melanoma Immuno- recurrence response and
TV: 12 cmd therapy and lung mets clinical benefit
post-BNCT Survival: 12
months
PR
Labrador | Nasal SCC 1 surgery 2 portals | Cause of Moderate- Positive tumor
Jake (poorly pre-BNCT /appl. Euthanasia: severe response and
(12 yrsold) | differentiated) | Palliative ;eﬁcc’l‘i';:me @ | mucositis clinical benefit
Miastenia chemo- Survival: 85
TV: 29 cm3 therapy after T
re-growth PR

At the time of recruitment all patients were considered terminal with an estimated
life expectancy with a reasonable quality of life of 1-2 months.

Follow-up

CT scan pre-treatment

Lucy Coronal view Sagittal view Axial view

Pre-treatment

Post-treatment (1 m

CT scan 1 month post-BNCT
Tumor volume underwent a reduction of approximately 50%
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Examples of patients pre-BNCT (top panel)
and post-BNCT (lower panel)

Front vigniiy-

Conclusions

Survival post-BNCT (8.5-13.5 months) exceeded the
survival time estimated at recruitment (1-2 months) in all
cases

In all cases, local response and clinical benefit with no
significant toxicity (except in one case in which it was
severe but manageable) and an improvement in QoL was
observed, as soon as after the first application. Clinical
benefit and fumor response were followed by eventual
tumor re-growth rather than by complete tumor remission.
This finding could be attributed to the fact that in-depth
radiation dose employing the B2 beam tuned to freat
superficial tumors was insufficient in large tfumors.

The limited experience with full dose BNCT re-treatment
showed that toxicity was mild, reversible and similar fo
toxicity after the first freatment. However, tumor
response was less durable
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The applicability of the B2 beam, originally designed for the treatment of
superficial lesions, could conceivably be extended to deeper-seated targets
using suitable planning strategies (combined portals)

However, the low minimum tumor doses reached with the B2 beam in large
superficial and deep-seated lesions, supports modifications to obtain a more
penetrating beam

. Example of the tumor
dose distribution for
Senshi as a result of a
three portal
P irradiation per BNCT
application employing
the B2 beam
Tumor dose isocurves
6 are overlaid onto a
" sagittal plane of the

CT study.

]
(=]
Tumor Dose [%]

The fact that the mean tumor dose is close to the maximum value confirms that a
significant portion of the tumor volume received high doses. However, since the

tumor is deep-seated and the thermal neutron flux of the B2 mixed beam peaks at
about 1 cm depth and then decreases, the most distal parts of the lesion received
only moderate doses that would not be enough to induce complete tumor remission.

These studies contribute to:

* Establish an evidence-based role
for BNCT in veterinary medicine

* Initiate, for the first time in the
Southern Hemisphere and in
America, a clinical BNCT trial for
head and neck cancer at the RA-6
clinical facility
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(5) Radiation Therapy in Veterinary Medical Center in Yamaguchi University
IR B R > 2 —C 381 B U a TR
Prof. Munekazu Nakaichi (Yamaguchi University, Joint Faculty of Veterinary Medicine)

i = QLIRS JERIBRER 38 B

Radiation Therapy in the Animal Medical
Center of Yamaguchi University

Joint Faculty of Veterinary Medicine, Yamaguchi University
Munekazu Nakaichi

Animal Medical Center of Yamaguchi University (YUAMEC)

¢

* Location :Yamaguchi prefecture
« Secondary clinic for dogs and cats

* Atotal of approximately 7,000
heads visit the hospital every year.

* Radiation therapy can be
performed in YUAMEC.

* There are not many veterinary
radiation therapy devices in
western Japan.

* Only our hospital has a liner
accelerator in the west of Hyogo
prefecture.

g
o~

@ Cities with a population of over 1 million
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Radiation Therapy in YUAMEC

* Has two types of radiation therapy equipment

« Orthovoltage (300~320kV)
« Started operation in June 1999
* Called "Ortho"
* MBR-320, Hitachi Medico

» Approximately 1,400 cases have been treated so far
(dogs: 1150 cases, cats: 250 cases)

o Linear Accelerator (Linac, 4~10MV)
« Started operation in May 2016
* ELEKTA Synergy, Canon Medical

» Approximately 340 cases have been treated so far
(dogs: 250 cases, cats: 90 cases)

Orthovoltage

» Advantages
 Easy to use
 Low running cost

« Disadvantages
« X-rays generated by low voltage
* Poor X-ray reachability to deep lesions
« Difficult to make an accurate treatment plan

* Treatment target : mainly head and neck tumors #&¥
* Dogs: oral, nasal, brain tumors etc.
« Cat: nasal tumor etc.

* Treatment form
« Postoperative irradiation after cytoreductive surgery
* Radiation alone : Radiation-sensitive tumors ex. Lymphoma in cats
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Orthovoltage : Treatment targets for dogs (by site)

Oral cavity
19%

spine 4%

Head and neck
61%
Neck

4%
Thyroid Nasal

Others 3% cavity
6% 11%

1999.6~2020.10

Orthovoltage : Postoperative irradiation after cytoreductive surgery

» Tumors that are difficult to completely resect
» Anatomical site problems
« Difficult surgical procedures

» Tumors that are highly invasive and prone to recurrence

* Head and neck
* Oral tumor
 Nasal tumor
 Brain tumor

Mast cell tumor

« Skin and its surroundings
* Mast cell tumor
* Perianal gland tumor
* Anal sac carcinoma

 Limb
 Soft tissue sarcoma etc.

Nasal tumor Soft tissue sarcoma
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Orthovoltage : Radiation alone

» Radiation-sensitive tumor

* Head and neck

* Oral tumor
» Squamous cell carcinoma (in part)
* Ameloblastoma
» Acanthomatous epulis etc.

* Brain tumor (in part)
* Pituitary tumor
» Ependymoma etc.

« Skin and its surroundings
* Perianal gland tumor etc.

Rostral maxilla Ameloblastoma in a dog

Orthovoltage : Treatment targets for cats (by site)

Others
15%

abdomen 2%

pine 3%

Thorax 6% @

Head and neck
74%

1999.6~2020.10 Bl Lymphoma : 33%
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Orthovoltage : Clinical trial of cat lymphoma (nasal cavity)

Changes in appearance Changes on CT images

before treatment after treatment before treatment after treatment

Problems with Orthovoltage

» Disadvantages
* Poor X-ray reachability to deep lesions
» Difficult to make an accurate treatment plan

0 1 2 3 45 6 7 8 9 10

00T SB 9SOp Wwnwixew yim (%) onel asoq
Ul
o

Depth from phantom surface (cm)
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Linear Accelerator

» Advantages
» Good X-ray reachability to deep lesion
* Accurate treatment plan

» Disadvantages
* Cost of treatment
« Maintenance and running costs
* Treatment target :
Head and neck tumors in both dogs and cats
* Dogs: nasal, oral, brain tumors etc.
« Cat: nasal tumor etc.

» Radiation alone

Linear accelerator : Treatment targets for dogs (by site)

Thorax1%

Spine 3%
Abdomen
7%
Others 7%

Oral cavity
22%

Head and neck
89%

Nasal cavity
28%

2016.5~2020.12
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Linear accelerator : Treatment targets for cats (by site)

Thorax
12%

Others
9%

@ Oral cavity
12%
Head and neck
88%

Brain
14%

2016.5~2020.12

Nasal cavity
53%

Linear accelerator: therapeutic effect

brain tumor nasal tumor

before treatment after treatment before treatment

after treatment

Enough therapeutic effect can be obtained with radiation alone
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New attempt by introducing Linac

Possible application of radiation therapy for

* Intrapelvic tumors
« Many malignant tumors in dogs
* Prostate tumor
* Urethral tumor etc.

* [liac fossa lymph nodes

» Many malignant tumors around the anus and hind
limbs in dogs

» Anal sac adenocarcinoma
* Mast cell tumor etc.

New attempt by introducing Linac

Iliac fossa lymph node metastasis of anal sac adenocarcinoma

before treatment after treatment

» IMRT plays a major role in expanding these indications.
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Orthovoltage after the introduction of Liniac?

» Approximately 300 cases
2016.5t0 2020.10 dogs: 210 cases, cats 90 cases

« Surgery + postoperative radiation therapy
* Mast cell tumor (skin)
» Melanoma (mandible)
« Soft tissue tumor (trunk, limbs, etc.)
» Perianal gland tumor (perianal)

» Radiation alone
* Lymphoma (mainly cats)

« Treatment of other special diseases

Orthovoltage after the introduction of Liniac? : Dogs

Before the introduction of Linac After the introduction of Linac

Others
12%

Spine 4% Abdome Oral cavity

n 8% Head and neck 24%

. [) o
Limb 7% e @ 46% -
e Brain 9%

Head and neck 9% Nastal
61% cavity
3%
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Orthovoltage after the introduction of Liniac?
. Oral tumor in dogs

» Maxilla: Treated with Linac alone

» Mandible: Surgery + postoperative
Oral cavity 24% irradiation by Orthovoltage

GEELERD Brain 9% & /
Spine 5% neck . — Y, Maxilla
Limb 9% 46% Nasal cavity 3%

Skin

2016.5~2020.10 Mandibule

Orthovoltage after the introduction of Liniac?
. Brain diseases in dogs

» Immune-mediated encephalitis is
common in dogs.
Oral cavity 24% » Before the introduction of Linac
* Brain tumor: 14%
* Encephalitis: 4%
DRIPSIIN - After the introduction of Linac
* Brain tumor: 2%
T * Encephalitis: 7%
Skin » Orthovoltage is used to treat
encephalitis.

« Almost never used to treat brain tumors.

Spine 5%

Nasal cavity 3%

2016.5~2020.10
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Orthovoltage after the introduction of Liniac? : Cats

Before the introduction of Linac After the introduction of Linac

Others
15%
Abdomen 2%

Spain 3% Spine 4.

Thorax 6% “‘

Head and neck Others10%
74%

Neck 3%
B Lymphoma : 47%

Nasal cavity
42%

Oral cavity

10%

Summary
* Has two types of radiation therapy equipment

* Orthovoltage
« Easy to operate and low running cost
» Some problems with the deep reach of radiation and treatment planning
 Used in combination with surgery (mainly postoperative irradiation)
* Used for radiation-sensitive tumors

* Linear Accelerator
* High therapeutic effect
* Clinical application centered on head and neck tumors without surgery
» New indications for deep tumors in the pelvic and abdominal cavity

« Orthovoltage after the introduction of linear accelerator
* Treatment of neoplastic disease by post-operative irradiation
 Treatment of radiation-sensitive tumors such as lymphoma
* Treatment of special non-neoplastic diseases such as encephalitis
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(6) Current status of PET medical care in small animals
INBINC 1) B PETR D BLIR
Prof. Masahiro Natsuhori (Kitasato University School of Veterinary Medicine)

At CJEHRSE: BRIE A 880

INENIIZEITAPET-CTOIRK
Positron Emission Tomography for
Companion Animal

> ,
SRR FER— ST
TEBASEESE
M. Natsuhori, S. Wada and T. Kakizaki

Kitasato Univ. School of Veterinary Medicine

T— y -
g thk?gj:E?ﬂﬁ " W BNCT Online SympaSium

Fe g Sl 3 201

— PET-CT —

EERF EiE HR
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PET Bﬁ ? %ﬁ}z ]:Eaﬁ ?j Positron Emission Tomography
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K,u“,lw Physiological accumulation of FDG

Palatine tonsile

S
@9

Nasal turbinate

Infraorbital margin

Mandibular gland Testes Intestine

Kitasato 1003 50
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Simulation curves of FDG in organs & tumor
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Time (min)
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# of Nuclear Medicine in pets @Kitasato University

60
CatPET DogPET Cat Scinti Dog Scinti W CatPET
i N I 157 W DogPET
0 . v wame o CatScinti
. W DogScinti
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2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
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Kitasato University School of Veterinary Medicine

# of Feline renal scintigraphy is growing

350
m Cat PET

300 W Dog PET

N
Cat Scinti
250 W Dog Scinti I
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=B

No. of Cases

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
H“mﬁﬁﬁﬁﬁiﬁ

Kitasato University School of Veterinary Medicine

55




wmd PET-CT Zz=m U211 D
272 F—)b UKJ/IN=2 EH

SRR
Masahiro Natsuhori, DVM PhD
ITEXRZEE BARE}SEEELZYY —

Bl 1 (BRR ERESEHD

STS k=)L UkU—/\— w
117580 B0 ) ;

BW 31.5ke

RS TR EREHD, IR : Sas
BRI TH3N, B CHD
SEOBEDVEREDT & 4 ]

T, FDG PET/CTH AI%EZ
amE,

ARICZH I DiER(3sihiE
CZHNEH




FDG PET-3D
MIP)




- SUV=237

BHROXISEE . BE




- LOBAIESOBEBH. SRR DERSIHETR

59



* PET « CTICKRDARDIBMABKRDZ
HIEBRBOEHRKER - SHISED
1ZE X

- PERGEROZBEIIFR CHEBRE
Hixe<, Rif

STS k=)L URUJN=
11, EHIE, (K822 ke

FEiF  RERRZ2DBBIK DRI DBKRTT

—B<50\TBRICEE,
FBEMFCERKRICBRADE

i8E N (OFVY YY) DIER TS
ERDETT TR R 2 BEANAR

- FUIRBICEEZRER (LCD) HO




« £ EBiEErEi Al
ELEBRE « B84

- REM /SRR ER
BROBBEXRDIEBIS
KUBEZSEX M=
ME—EERFEAT
BIBECT - £ LIRBRID
RT (FILIRILT =)

Bx CILIRBDERTEHEE
RIS EHUBLTLE

ESMOIBBERDERDIE
&

PET-CTZ#HZE

—JARMeC




FDG
PET
3DMIP)

Early cancer Advanced cancer

A . HITFHA
(MM:L6) L% g oy oA

A
¢

im T

c RIEOMEFBREDRIRELT, BREMNLGZEROEMAZRDS
N, PETREDEZEEZFIEEMRUVHANEDZNEND LRIZES
TSh[ZEMARAHLNS,

. PET/CT#ﬁ*li NENABLUVETHAZCTREIVEREGR]
BETH D, CDIEND, PET /CTREIZCE>THIEANADIREE
&@%H’rﬁ BIVETHAITHT B2 —IFILT T HA[EEE TS,

« BRI, ETNADRHIE, BRAHERSCEZIDAREMENHDH
%%»_é_iﬁj‘é@i)]%@h\/u( XY BT IR REVE—RERRYSD
EZ%,




(7) The past, present and future of comparative oncology aimed at overcoming cancer in humans and animals
N EEMOMNATIIVE HiEd RS2 D%, BIE, Ak
Prof. Kohji Maruo (Yamazaki University of Animal Health Technology)
U (v~ R EEE A B

BNCT kickoff symposium—20210304
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HERBMEFIIREF
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2007-2012%4  LUPA Project in Europe

20105 Comparative Cancer Center, Gifu, Japan

20034 Comparatiye Oncology Program, NCI, USA

20034F Veteripary and Comparative Oncology

2004 < /vy % VKRBl (One World-One Health)
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(D Comparative Oncology Program, NCI, USA

r Dr. Khanna Dr. LeBlanc
2003-2015%F 2015%-

*IFFE  COTC-028

Comparative Oncology Trial Consortium (COTC) ,
BREXZBOEREKRARE 238 ER] K : Comparative Oncology Program Home Page & )

@ VYYVI/I\vAVREAl 2004

The One Health Triad

Comparative
|:> One Medicine |:> oicolol\éy

AEEHMDERIE—D

https://eu-jamrai.eu/wp-content/uploads/2018/12/OneHealth.jpg
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* One World-One Health
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(® Zoobiquity 20124 Dr. Horowitz, MD
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(8) Collaboration of Radiation Research between Medical and Veterinary Science at Gifu University
I R REAIE F5UF B R & BRIE 22 ORGTE LIJE
Prof. Masayuki Matsuo (Gifu University Graduate School of Medicine)
Bl (BERERFARABE R2AR VIR B0

Collaboration of Radiation Research
between Medical and Veterinary Science
at Gifu University

Masayuki Matsuo1) *, Fuminori Hyodo2), Hiroyuki Tomita3), Iwasaki Ryota4),
Takasu Masaki4), Takashi Mori4), Takuji lwashita5)

1) Department of Radiology, School of Medicine, Gifu University.
2) Department of Radiology, Frontier Science for Imaging, School of Medicine, Gifu University.
3) Department of Tumor Pathology, School of Medicine, Gifu University.
4)  Animal Medical Center and Joint Department of Veterinary Medicine,
Faculty of Applied Biological Sciences, Gifu University.
5) First Department of Internal Medicine, School of Medicine, Gifu University.
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JREHR B R

o CTV: FRERIR-= 50 5 i g 51 *  PTV margin:
* Internal margin: IM+SM =SI15mm, AP 11 mm, LR 11 mm

— Respiratory: SI 7 mm, AP 3 mm, LR3 mm < Leaf margin: 3 mm
— Cardiac: 3 mm in all direction
e Set up margin: 5 mm in all direction

Serial Tissue Volume Volume Max Max point dose Parallel Tissue Critical Volume Critical volume
Spinal cord <0.35 cc 10 Gy 14 Gy dose max

<1.2 cc 7 Gy Lung (Right & Left) 1000 cc 7.4 Gy
Eshophagus <5cc 11.9 Gy 15.4 Gy
Great Vessels <10 cc 316Gy 376Gy RTOG 0915: Phase Il study of lung SBRT (1 vs 4 fraction)
Trachea and <4 cc 10.5 Gy 20.2 Gy Arm1: One fraction (34 Gy)

Large Bronchus
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4 2K O &R B B 2 7= R i 8% A
28 cm AYAA TSI EA D

H TS ER BT SMLEA R E
(#9 7 BT FHERARASEDIR, %93 BIE
SVC PERBELE D IEMMEFIRETR)
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7 ik (FhasARIRRE %) A X R

IDATDENRITE 7 BEFUVA, 5y FEREIREN S 1F 29% SEL
FELDAHHE (IDFUR 1.3%, MBS 1%, PV 3% 0.3%, IKNIEZE 0.3%, BEE 0.02%)
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Development of early visualization of

radiotherapy effect using in vivo DNP-MRI.
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p0, imaging Lac/Pyr ratio
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Thank you for your attention.
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(9) Advanced veterinary care at Hokkaido University veterinary teaching hospital and collaboration between human medicine and veterinary medicine
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KEREIEDOHEBIZ T -BREEFZREDORFT
Design of Veterinary Epidemiological Survey to
Understand Disaster-Related Deaths

Masahiko Takahagi*

National Institutes for Quantum and Radiological Science and Technology,
4-9-1, Anagawa, Inage-ku, Chiba-shi, Chiba 263-8555 JAPAN
takahagi.masahiko@qst.go.jp

This report proposes a new research concept to grasp the actual condition of a complex disaster
consisting of the great earthquake, tsunami, and subsequent nuclear catastrophe that caused
significant damage, mainly in Fukushima Prefecture in March 2011, from the environmental
health of livestock. The central theme here is to accurately assess whether adverse events
specific to a nuclear disaster have occurred in domestic cattle's observed population. To this
end, we have begun to attempt to integrate events occurring at the individual level into the
population level, using statistical techniques that have been practiced in epidemiological studies
of human populations. The utilization of cattle individual identification information database is
a powerful driving force for realizing this approach. We are trying to assess critical aspects of
livestock environmental health from a veterinary epidemiological perspective using mortality
events as an observational indicator. Preliminary results suggest that feeding area, cattle type,
sex, and age group modify mortality. Future estimates of mortality risk will prioritize the

selection of risk models and conditions for their application.

Key Words: Cattle, Fukushima, Mortality, Survival analysis

1. Introduction

A rare and devastating combined disaster occurred in
eastern Japan in March 2011. Unfortunately, the massive
earthquake with its epicenter off the Fukushima
Prefecture coast caused a severe accident at the nuclear
power plant after triggering a massive tsunami. The
dispersion of radionuclides over a wide area from a
destroyed reactor has attracted much attention not only
for people but also for the surrounding environment.
Great efforts have been made to grasp the actual
situation .

The report, which covers a field survey, points out
many difficulties in accurately estimating livestock and
wildlife impacts, including radiation exposure 2 %, The
wide range of survey areas inevitably requires the
selection of observation sites and individuals. If random
sampling is suspected, the representativeness of the
sample is also questioned. Field conditions always
define the population's size that can be investigated and
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limit detection's statistical power. Besides, many cases
lack information before a disaster, making it more
challenging to interpret the survey results. Biases in field
surveys may tend to rely on measurable indicators and
lack consideration of confounding factors.

The secondary confusion caused by widespread
radioactive contamination added to the complexity of the
investigation environment. In such circumstances, we
experienced a radiation survey in the environment
surrounding livestock in Fukushima Prefecture. We
found the excellent potential of cattle raised with a
moderate relationship with the human living area as a
survey object. With the conviction that it is possible to
trace the long-term effects of disasters on domestic cattle,
we have started to construct a new research plan. This
report emphasizes the use of historical information on
domestic  cattle and veterinary
epidemiological survey using mortality as an indicator.

describes a



2. Study design

The individual identification information of cattle has
been mainly used to grasp the livestock situation, survey
the actual condition of health damage related to
infectious diseases, and analyze the trends of
observation groups in limited areas. This research is an
attempt to derive additional value from the information
source. The goal is to assess the observed population's
risks from nuclear and natural disasters and human
activities in emergencies. As the first step, a veterinary
epidemiological survey was planned using death events
as an observation index, a representative index of
environmental health.

(1) Observational population

Livestock cattle were selected as an observation
object on livestock environmental sanitation in
Fukushima Prefecture. The first reason is that cattle are
the main livestock product in Fukushima Prefecture.
Also, the existence of a database of high-quality
individual histories greatly motivated the promotion of
research. Identifying information keeps a record of all
individuals' performance and ensures the observed
population's representativeness and the analysis results'
generalizability.

Cattle have other advantages as well. At the time of
the disaster, cattle were raised in many areas in
Fukushima Prefecture. It was expected that the statistical
power could be sufficiently secured for the two main
types of cattle, Japanese Black and Holstein.

Analysis of mortality trends was assumed to be related
to radioactive contamination. Therefore, Fukushima
Prefecture was divided into three areas according to the
air dose rate level, and the mortality rates were compared
among these areas (Fig. 1).

In the classification by air dose rate level, the value
obtained by arithmetically averaging all air dose values
in each area for each municipality was adopted as the
representative value, referring to the published value by
aircraft monitoring (The record date is May 26, 2011.) 4.

A population pyramid was created for the number of
Japanese Black and Holstein cattle raised by age group
in each area, using statistical data in April of the
previous year (Fig. 2). There were significant
differences in the total number of livestock in the three
areas with different air dose rate levels in Japanese black
cattle, reflecting the area's size. However, the
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distribution of livestock by age group showed similar
patterns. Significant differences were found in Holstein's
total number and the distribution by age group,
suggesting regional differences in Holstein's feeding
status even before the disaster. This result indicates that
Japanese Black cattle are more suitable for comparison
of mortality rates among regions.

(2) Analysis Conditions

Statistical information after the nuclear accident
provided an outline of the effects of the decrease in the
number of cattle raised in the prefecture and the
restrictions on feeding management . But the averaged
information does not capture the detailed information
associated with the individual. Therefore, it is not
suitable for the elucidation of the fluctuation over time
and identifying the cause of death.

Instead, this study examined the survival time analysis

application to quantitatively treat the relationship
between the time course after the disaster occurrence and
the survival situation. As the first trial, the survival curve
was drawn by the Kaplan-Meier method. Through the
conditions' setting, candidate factors associated with the
death event were selected from the data items.
The history information of individual cattle was
provided by the National Livestock Breeding Center,
which manages the information . The obtained data
were processed to identify individuals or groups, and it
became an analysis data set from which history
information was extracted.

The initial data set screened data items related to death
events and converted them into data structures suitable
for statistical processing. Key data elements included
location, date of transfer, slaughter, and date of death, in
addition to the common confounding factors of type, sex,
and age.

For mortality analysis, survival curves were drawn
according to the Kaplan-Meier method. The time base of
the survival curve was the number of days from the birth
date. Animals shipped for slaughtering were treated as
dropped from the observation population by right
censoring since further follow-up was not possible, and
crosshars represented them on the survival curve.

All statistical analyses were performed using EZR
(version 1.54), which is a graphical user interface for R
(The R Foundation for Statistical Computing, Vienna,
Austria)”.
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Fig. 1. Study area divided by air dose rate level. By zoning
based on air dose rate, areas of 5 uSv/h or more were defined
as high-level areas (orange), 1 ~ 4.9 uSv/h as medium level
areas (yellow), and areas of less than 1.0 pSv/h as low-level

areas (gray).
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Fig. 2. Population pyramid of domestic cattle in a survey

area in Fukushima Prefecture.

3. A case study

For preliminary analysis, the observed population of
Japanese Black cattle was composed of cattle aged from
0 to 2 years as of March 11, 2011. The Kaplan-Meier
survival curves for this observation group are shown in
Fig. 3. There was a clear difference in the survival curve
trajectory between the areas sorted by the air dose rate
level. The higher the air dose rate level, the steeper the
survival curve, and the higher the mortality rate.

However, it should be noted that in this figure, the
survival rate of the high-level area is less than 1 when
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the age is 0. This situation reflects the absence of data
elements in the analysis data set and is the effect of
treatment when the individual's death date is not
recorded. For example, if an individual dies directly in a
tsunami or earthquake or is abandoned in the area
surrounding the site of a nuclear accident, the date of
death cannot be determined. In this case, for areas with
high air dose rate levels, the vertical axis value on day 0
should be translated to 1 and then compared to the mid-
level or low-level site.

©
i
o
: \
X 1\ — Low_area
2. — Middle_area
0.2 \ —— High_area
l"\_
5 hl — T T T
0 500 1000 1500 2000 2500
days
Number at risk
(L) 22125 16887 8243 621 295 0
(M) 11527 4474 1583 226 137 0
(H) 1165 241 19 11 11 0

Fig. 3. Survival curves of Japanese Black cattle after the
disaster by survey area.

4. Challenges and Limitations

To investigate the trend of domestic animals'
environmental health, the authors examined the
comparison condition between groups by Kaplan-Meier
survival curve focusing on death events. Several issues
have emerged in the course of this work.

Mortality rates of domestic cattle generally vary
significantly among age groups. Livestock statistics
show that mortality rates are higher in the first year of
life than in subsequent years, regardless of species or
location. Ideally, mortality studies should focus on the
sensitive early postnatal period and follow a lifetime
course of life after that. However, from the viewpoint of
livestock management, the chance of slaughter increases
when the meat reaches maturity around two years after
birth. After five years of life, it isn't easy to ensure
adequate population size for analysis.

If the survival curve showing the death rate transition
does not follow the monotonous trajectory, it becomes a
quantitative evaluation problem. In the case of the
survival curve presented here, there is uncertainty in the



risk estimates by hazard regression because the
assumption of proportional hazards cannot be applied
throughout the observation period. If the survival curve
is not monotonic, death's risk factors may not be single,
and multiple factors should be suspected. It seems to be
beneficial to search for factors that fluctuate according
to the survival curve's inflection.

5. Conclusion

This report is a new research design to continuously
track domestic cattle's environmental health trends in the
face of large-scale disasters, including nuclear disasters.
The uniqueness of this design lies in the use of the
individual identification database. This information
covers almost all domestic cattle raised in Japan and has
been updated daily since December 2003, when the
registration system was introduced. Although the
database has been used for livestock operations, policies,
and epidemics prevention, this research design provides
a new path for assessing environmental health risks.
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Examination of route of boron administration to
brain tumor for BNCT

~Looking for clinical usefulness of the intracerebroventricular injection of BPA to brain tumor for rat~
Sachie Kusaka"

1) Graduate School of Engineering, Osaka University, Yamada-oka 2-1, Suita, Osaka, 565-0871 JAPAN
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Thanks to advanced veterinary medical technology, many companion animals live longer than before. However, this results in
an increase of the number of animal patients with cancer. Taking care of an animal patient with cancer, especially brain tumor, could
be a burden on the pet owner, because meticulous support is needed for care-giving.

On the other hand, recently a quite new cancer therapy called " Boron Neutron Cancer Therapy : BNCT ”  has been performed
for human cancer patients. In order to be successful, a sufficient amount of boron must be selectively delivered to all the tumor cells.
Furthermore, we need to find out pharmacokinetics [How the body reacts] to boron compounds on blood brain barrier in case of
brain tumor.

In this study, | suggested a novel route of boron administration, the intracerebroventricular injection, of BPA to brain tumor for
rat, and compared the boron concentration in cerebrospinal fluid by intracerebroventricular injection to that of intravenous injection
in normal rat.

I found that ~ 80% of the injected boron concentration was detected in cerebrospinal fluid after 20 minutes of
intracerebroventricular injection, while not detected during intravenous injection.

The intracerebroventricular injection of boron would have a potential ability for efficient BNCT against brain tumor for rat.
Additional work with brain tumor model rat would be needed to confirm enhancement of boron accumulation in the tumor.

Keywords: intracerebroventricular injection, Boron Neutron Capture Therapy (BNCT), Blood Brain Barrier (BBB), brain tumor
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VWE 9, Prof. Schwint, please send the message to the attendant of this symposium.

Mandy Schwint: I’m really amazed at this project — it is so important what you are doing for the
potential role of BNCT in veterinary medicine. You are the reference for the rest of the
world and you inspire US. That logo you have is wonderful and it has so much meaning
in it. The work in cats and dogs in veterinary medicine is so important in itself not only
as a step towards clinical work in humans. I think it’s important in itself for veterinary
medicine. You are the pioneers in this sense and I hope we can follow your example and
we are available to contribute whatever we can, just a small grain of sand will help
perhaps, will help the big project and initiative worldwide I hope. I’'m sorry perhaps |
haven’t understood what you are commenting now but thank you so much it’s been
a real privilege to participate in the symposium and to know of this initiative.
Collaboration I think is essential to the advancement of BNCT for veterinary
medicine.

$5KFE @ Thank you very much. WSHEA, £AZABKMTT O THERIIHK T L7z E A
WET, ZOVUARV T AEIA LT RTHL BNV E 30T, BIERBHY
BVOENWTEIZ TR TR E BT, SREEITEA R HRSRSE
FTOBMIFIEE &L W) TE TR O LZ W LE LTZOT, £9 WV HIETR
DI FEAN, BHEBFENTIHETCWEEEETOTIA LI BREWE
LET, KIRBENTWE I HIFNLLLLTEBYETDOT, 2H3IHEZELXTVE
T, TNTEHIN TR T ESETHEET, RV N E S T NELE,
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