Innovation, Sciences et Innovation, Science and CA 2987372 C 2024/02/20

I*I Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 987 372
12 BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépbt PCT/PCT Filing Date: 2016/06/01 (51) CLInt./Int.Cl. A67K 51/00(2006.01)

(87) Date publication PCT/PCT Publication Date: 2016/12/08 | (72) Inventeurs/Inventors:

i - OKA, SHUNTARO, JP;
(45) Date de délivrance/lssue Date: 2024/02/20 KANAGAWA MASARU. JP:

(85) Entrée phase nationale/National Entry: 2017/11/27 OTAKA, AKIHARU, JP;

®6) N° demande PCT/PCT Application No.: JP 2016/002654 TERAMACHI, MASAKO, JP;
L L WATANABE, SATOSHI, JP;

(87) N° publication PCT/PCT Publication No.: 2016/194372 NAGATOMO TOSHIE JP

(30) Priorité/Priority: 2015/06/04 (JP2015-113587) (73) Propriétaire/Owner:

NIHON MEDI-PHYSICS CO., LTD., JP
(74) Agent: SMART & BIGGAR LP

(54) Titre : AGENT D'IMAGERIE DIAGNOSTIQUE POUR METASTASE OSSEUSE PRECOCE DE CANCER
(54) Title: DIAGNOSTIC IMAGING AGENT FOR EARLY BONE METASTASIS FROM CANCER

(57) Abrégé/Abstract:
There is provided a diagnostic imaging agent for early bone metastasis from cancer, containing trans-1-amino-['®F]
fluorocyclobutanecarboxylic acid or a pharmaceutically acceptable salt thereof as an active ingredient.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



20167194372 AT I 000 00O 001 O 00

(43) International Publication Date

CA 02987372 2017-11-27

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/194372 Al

8 December 2016 (08.12.2016) WIPOIPCT
(51) International Patent Classification: (74) Agent: IDE, Masatake; M. IDE & CO., 9F, Gobancho
A61K 51/00 (2006.01) Grand Bldg., 3-1, Gobancho, Chiyoda-ku, Tokyo, 1020076
(21) International Application Number: (IB).
PCT/JP2016/002654 (81) Designated States (uniess otherwise indicated, for every
. . kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AO, 151", AU, Ag, BA, BB, BG, BH), BN, BR, BW, BY,
1 June 2016 (01.06.2016) BZ, CA. CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(25) Filing Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(30) Priority Data: MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
2015-113587 4 June 2015 (04.06.2015) P PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(71) Applicant: NIHON MEDI-PHYSICS CO., LTD. TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
[JP/JP]; 3-4-10, Shinsuna, Koto-ku, Tokyo, 1360075 (JP).
(84) Designated States (uniess otherwise indicated, for every
(72) Imventors: OKA, Shuntaro; c/o NIHON MEDI-PHYSICS kind of regional protection available): ARTPO (BW, GH,
CO., LTD., 3-4-10, Shinsuna, Koto-ku, Tokyo, 1360075 GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(JP). KANAGAWA, Masaru; ¢/o NIHON MEDI-PHYS- TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
ICS CO., LTD. 3-4-10, Shinsuna, Koto-ku, Tokyo, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
1360075 (JP). OTAKA, Akiharu; ¢/o NIHON MEDI- DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
PHYSICS CO., LTD., 3-4-10, Shinsuna, Koto-ku, Tokyo, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
1360075 (JP). TERAMACHI, Masako; c¢/o0 NIHON SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
MEDI-PHYSICS CO., LTD., 3-4-10, Shinsuna, Koto-ku, GW, KM, ML, MR, NE, SN, TD, TG).
Tokyo, 1360075 (JP). WATANABE, Satoshi; c/o NITHON Published:

MEDI-PHYSICS CO., LTD., 3-4-10, Shinsuna, Koto-ku,
Tokyo, 1360075 (JP). NAGATOMO, Toshie; c/o NIHON
MEDI-PHYSICS CO., LTD., 3-4-10, Shinsuna, Koto-ku,
Tokyo, 1360075 (JP).

with international search report (Art. 21(3))

(54) Title: DIAGNOSTIC IMAGING AGENT FOR EARLY BONE METASTASIS FROM CANCER

O (57) Abstract: There is provided a diagnostic imaging agent for early bone metastasis from cancer, containing trans-1-amino-
[**F]fluorocyclobutanecarboxylic acid or a pharmaceutically acceptable salt thereof as an active ingredient.



CA 02987372 2017-11-27

WO 2016/194372 PCT/JP2016/002654

Description

Title of Invention: DIAGNOSTIC IMAGING AGENT FOR

[0001]

[0002]

[0003]

[0004]

EARLY BONE METASTASIS FROM CANCER
Technical Field

The present invention relates to a diagnostic imaging agent for early bone
metastasis from cancer.
Background

As diagnostic imaging of bone metastasis, X-ray, computed tomography (CT),
magnetic resonance imaging (MRI), bone scintigraphy by technetium[*™
Tclhydroxymethylene diphosphonate (*™Tc-HMDP) and technetium[**»Tc]methylene
diphosphonate (**»Tc-MDP), and positron emission tomography (PET) by 2-['®
F]-2-deoxy-D-glucose (**F-FDG) have been used. The morphological images of bone
metastasis are obtained by X-ray, CT and MRI, and the functional images of bone
metastasis are obtained by bone scintigraphy and PET. Therefore, these are also used
in combination for the diagnosis of bone metastasis.

BE-FDG reflects increased carbohydrate metabolism of cancer cells, and is
therefore used as a diagnostic agent for not only bone metastasis but also various
malignant tumors. On the other hand, ¥F-FDG has problems as follows: (i) *F-FDG
also accumulates in normal tissues with high carbohydrate metabolism (such as brain
and heart); (ii) since '®F-FDG is transferred to the bladder early after administration
due to high urinary excretion, it is difficult to detect the clinical condition of the
bladder and its periphery; and (iii) since "*F-FDG also accumulates in inflammatory
tissues, it is difficult to distingunish tumors and inflammatory tissues. Therefore,
various tumor diagnostic agents for PET that focus on an increase in metabolic ability
of cancer cells different from carbohydrate metabolism have also been developed in
recent years. As an agent to reflect the amino acid metabolism of cancer cells, for
example, ['C]methionine (1'C-methionine), trans-1-amino-['8
Flfluorocyclobutanecarboxylic acid (**F-fluciclovine) and the like are known. Among
these, 8F-fluciclovine has been developed as a diagnostic agent capable of visualizing

prostate cancer which is difficult to visualize by ®F-FDG (Non-Patent Document 1-4).
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Summary

In nuclear medicine diagnosis, even when different diagnostic agents are used
for the same test, different information is presented depending on accumulation
mechanism peculiar to each diagnostic agent. For example, **Tc-HMDP and %™ Tc-
MDP reflect bone metabolism, whereas '*F-FDG reflects the increased carbohydrate
metabolism of cancer cells as described above. Therefore, detectability can be
different depending on the type of bone metastasis.

The image patterns of bone metastasis are generally classified into osteoblastic,
osteolytic and mixed types. Bone scintigraphy has high sensitivity to osteoblastic bone
metastasis, but osteolytic bone metastasis appears as a cold defect or does not show
obvious changes thereon. Nakai T. et al., Eur J. Nucl. Med. Mol. Imaging (2005), vol.
32, No. 11, pp. 1253-1258 reports as follows: the combined "sensitivity" of all sites in
89 patients with breast cancer is "78.2%" for **»Tc-HMDP and "80.0%" for *F-FDG,
and both agents do not have differences; however, when it comes to detection rates
depending on the type of bone metastasis decided by CT, the detection rate of os-
teoblastic bone metastasis by *»Tc-HMDP is higher than that by 8F-FDG (100% >
55.6%), whereas the detection rate of osteolytic bone metastasis by ¥F-FDG is higher
than that by *=Tc-HMDP (100% > 70.0%).

In recent years, intertrabecular bone metastasis has been also proposed in which
cancer cells histopathologically infiltrate and proliferate between trabeculae (bone
marrow) but osteolytic and osteoblastic changes are not caused in trabeculae. It is
difficult to capture metastasis prior to the onset of osteolytic response including the in-
tertrabecular bone metastasis, and early bone metastasis of osteoblastic bone metastasis
by bone scintigraphy and CT.

The intertrabecular bone metastasis can be detected using *F-FDG; however, 1%
F-FDG is also incorporated into inflammatory cells developed by fractures and in-
flammatory responses, and there is therefore a possibility to show false positives.

The present invention has been made in view of the above-mentioned cir-
cumstances and provides a technique which can detect early bone metastasis from
cancer with high accuracy.

According to an aspect of the present invention, there is provided a diagnostic
imaging agent for early bone metastasis from cancer, containing trans-1-amino-[1#
Flfluorocyclobutanecarboxylic acid (**F-fluciclovine) or a pharmaceutically acceptable
salt thereof as an active ingredient.

Further, according to another aspect of the present invention, there is provided a
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[0013]

use of ®F-fluciclovine or a pharmaceutically acceptable salt thereof to produce a di-

agnostic imaging agent for early bone metastasis from cancer.
According to the present invention, bone metastasis of a type which is difficult

to detect by existing diagnostic imaging such as bone scintigraphy and CT can be
detected with high accuracy.

Brief Description of Drawings

[fig.1]FIGs 1(a) to (j) are figures showing the evaluation results of “C-fluciclovine
using a rat model of osteolytic bone metastasis from breast cancer, (a) is a figure
showing the result of X-ray imaging of lower limb bones removed from a normal limb
(left hind limb), (b) is a figure showing the appearance of a section of lower limb
bones removed from a normal limb (left hind limb), (c) is a figure showing the au-
toradiogram of lower limb bones removed from a normal limb (left hind limb), (d) is a
figure showing the result of toluidine blue staining of lower limb bones removed from
a normal limb (left hind limb), (e) is a figure showing the result of hematoxylin-eosin
staining of lower limb bones removed from a normal limb (left hind limb), (f) is a
figure showing the result of X-ray imaging of lower limb bones removed from a limb
transplanted with MRMT-1 (right hind limb), (g) is a figure showing the appearance of
a section of lower limb bones removed from a limb transplanted with MRMT-1 (right
hind limb), (h) is a figure showing the autoradiogram of lower limb bones removed
from a limb transplanted with MRMT-1 (right hind limb), (i) is a figure showing the
result of toluidine blue staining of lower limb bones removed from a limb transplanted
with MRMT-1 (right hind limb), and (j) is a figure showing the result of hematoxylin-
eosin staining of lower limb bones removed from a limb transplanted with MRMT-1
(right hind limb).

[fig.2]FIGs. 2(a) to (j) are figures showing the evaluation results of 3H-FDG using a rat
model of osteolytic bone metastasis from breast cancer, (a) is a figure showing the
result of X-ray imaging of lower limb bones removed from a normal limb (left hind
limb), (b) is a figure showing the appearance of a section of lower limb bones removed
from a normal limb (left hind limb), (c) is a figure showing the autoradiogram of lower
limb bones removed from a normal limb (left hind limb), (d) is a figure showing the
result of toluidine blue staining of lower limb bones removed from a normal limb (left
hind limb), (e) is a figure showing the result of hematoxylin-eosin staining of lower
limb bones removed from a normal limb (left hind limb), (f) is a figure showing the
result of X-ray imaging of lower limb bones removed from a limb transplanted with
MRMT-1 (right hind limb), (g) is a figure showing the appearance of a section of
lower limb bones removed from a limb transplanted with MRMT-1 (right hind limb),

(h) is a figure showing the autoradiogram of lower limb bones removed from a limb
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transplanted with MRMT-1 (right hind limb), (i) is a figure showing the result of
toluidine blue staining of lower limb bones removed from a limb transplanted with
MRMT-1 (right hind limb), and (j) is a figure showing the result of hematoxylin-eosin
staining of lower limb bones removed from a limb transplanted with MRMT-1 (right
hind limb);

[fig.3]FIGs. 3(a) to 3(j) are figures showing the evaluation results of ***Tc-HMDP
using a rat model of osteolytic bone metastasis from breast cancer, (a) is a figure
showing the result of X-ray imaging of lower limb bones removed from a normal limb
(left hind limb), (b) is a figure showing the appearance of a section of lower limb
bones removed from a normal limb (left hind limb), (¢) is a figure showing the au-
toradiogram of lower limb bones removed from a normal limb (left hind limb), (d) is a
figure showing the result of toluidine blue staining of lower limb bones removed from
a normal limb (left hind limb), (e) is a figure showing the result of hematoxylin-eosin
staining of lower limb bones removed from a normal limb (left hind limb), (f) is a
figure showing the result of X-ray imaging of lower limb bones removed from a limb
transplanted with MRMT-1 (right hind limb), (g) is a figure showing the appearance of
a section of lower limb bones removed from a limb transplanted with MRMT-1 (right
hind limb), (h) is a figure showing the autoradiogram of lower limb bones removed
from a limb transplanted with MRMT-1 (right hind limb), (i) is a figure showing the
result of toluidine blue staining of lower limb bones removed from a limb transplanted
with MRMT-1 (right hind limb), and (j) is a figure showing the result of hematoxylin-
eosin staining of lower limb bones removed from a limb transplanted with MRMT-1
(right hind limb);

[fig.4]FIGs. 4(a) to 4(c) are PET/CT images of a patient with prostate cancer using '® F-
fluciclovine, (a) is a head image, (b) is a breast image, and (c) is a pelvic image; and
[fig.5]FIGs. 5(a) to 5(c) are nuclear medicine images of a patient with prostate cancer,
(a) is a "®F-fluciclovine PET image by the maximum intensity projection, (b) is an
anterior image of bone scintigraphy, and (c) is a posterior image of bone scintigraphy.
[fig.6]FIGs. 6(a) to 6(d) are figures showing the evaluation results of triple tracer au-
toradiography (ARG) using a rat model of intertrabecular bone metastasis from breast
cancer at day 6 after the transplantation of breast cancer cells, (a) is a figure showing
the result of toluidine blue staining, (b) is a figure showing the autoradiogram of % Tc-
HMDP, (c) is a figure showing the autoradiogram of *C-fluciclovine, and (d) is a
figure showing the autoradiogram of *H-FDG.

[fig.7]FIGs. 7(a) to 7(d) are figures showing the evaluation results of triple tracer ARG
using a rat model of intertrabecular bone metastasis from breast cancer at day 8 after
the transplantation of breast cancer cells, (a) is a figure showing the result of toluidine

blue staining, (b) is a figure showing the autoradiogram of ***Tc-HMDP, (c) is a figure
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showing the autoradiogram of “C-fluciclovine, and (d) is a figure showing the au-
toradiogram of *H-FDG.

[fig.8]FIGs. 8(a) to 8(d) are figures showing the evaluation results of triple tracer ARG
using a rat model of osteolytic bone metastasis from breast cancer at day 11 after the
transplantation of breast cancer cells, (a) is a figure showing the appearance of a
section of lower limb bones removed from a limb transplanted with MRMT-1, (b) is a
figure showing the autoradiogram of *H-FDG, (c) is a figure showing the au-
toradiogram of “C-fluciclovine, (d) is a figure showing the autoradiogram of *= Tc-
HMDP, and (e) is a figure showing the result of toluidine blue staining.

Description of the Embodiments

In the present invention, "the diagnostic imaging agent" is used for positron
emission tomography (PET), and specifically makes it possible to non-invasively
diagnose clinical conditions by, after administration to a living organism, detecting and
imaging radiation emitted from the body by PET equipment.

In the present invention, "bone metastasis” from cancer is a clinical condition in
which a primary cancer developed in tissue other than bone metastasizes to
bone. Examples of the "cancer developed in tissue other than bone" include breast
cancer, kidney cancer, thyroid cancer, multiple myeloma, malignant lymphoma,
prostate cancer, small cell lung cancer, liver cancer and pancreatic cancer. The targets
of the diagnostic imaging agent of the present invention are preferably breast cancer
and prostate cancer. Bone metastasis has osteolytic, osteoblastic and intertrabecular
types and these types may be mixed, and bone metastasis is only required to pre-
dominate among all foci.

In the present invention, "early bone metastasis from cancer” means any of bone
metastasis prior to the onset of osteolytic response, early osteoblastic bone metastasis,
and intertrabecular bone metastasis. The "intertrabecular bone metastasis” means that
although cancer cells histopathologically infiltrate and proliferate between trabeculae
(bone marrow), any changes in bone do not occur.

The active ingredient of the diagnostic imaging agent of the present invention is
8F-fluciclovine or a pharmaceutically acceptable salt thereof.

BE-fluciclovine can be synthesized by a known method, and for example can be
obtained using a method described in Journal of Labelled Compounds and Radiophar-
maceuticals, (1999), vol. 42, pp. 215-225.

In the present invention, as the "salt", pharmaceutically acceptable salts are not
restricted. Examples thereof include salts derived from inorganic acids such as hy-
drochloric acid, hydrobromic acid, sulfuric acid, nitric acid and phosphoric acid;
organic acids such as acetic acid, maleic acid, succinic acid, mandelic acid, fumaric

acid, malonic acid, pyruvic acid, oxalic acid, glycolic acid, salicylic acid, pyranosidyl
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acid (glucuronic acid, galacturonic acid, etc.), a-hydroxy acid (citric acid, tartaric acid,
etc.), amino acids (aspartic acid, glutamic acid, etc.), aromatic acids (benzoic acid,
cinnamic acid, etc.) and sulfonic acid (p-toluenesulfonic acid, ethanesulfonic acid,
etc.); organic bases such as amino acids (glycine, arginine, etc.), ammonia and
primary, secondary and tertiary amines and cyclic amines (piperidine, morpholine,
piperazine, etc.); or inorganic bases such as sodium hydroxide, calcium hydroxide,
potassium hydroxide, magnesium hydroxide, manganese hydroxide, iron hydroxide,
copper hydroxide, zinc hydroxide, aluminum hydroxide and lithium hydroxide.

The diagnostic imaging agent of the present invention is preferably administered
by a parenteral means. Its dosage form is more preferably an injection, and preferably
an aqueous solution, which can appropriately contain additional ingredients such as a
pH regulator and a pharmaceutically acceptable solubilizer, tonicity agent, stabilizer
and/or antioxidant.

The 8F-fluciclovine content of the diagnostic imaging agent of the present
invention is not particularly restricted as long as the agent has the amount of ra-
dioactivity capable of PET imaging when used. As long as the agent has for example a
radioactivity amount of 50 to 740 MBq when used, it is practical for PET imaging to
adults.

Examples

The present invention will now be described in more detail by way of
examples. It should be noted however that the present invention is not restricted to the
contents thereof.

<EXAMPLE 1: Evaluation using rat model of osteolytic bone metastasis from breast
cancer>

1. Materials

(1) Preparation of breast cancer cell (MRMT-1) suspension

A rat breast cancer cell line MRMT-1 was obtained from RIKEN BioResource ™
Center. MRMT-1 was subcultured using a medium RPMI1640 (manufactured by Life
Technologies Japan Ltd.) with 10% fetal bovine serum (American Type Culture
Collection), 100 U/mL penicillin (manufactured by Life Technologies Japan Ltd.), and
0.1 mg/mL streptomycin (manufactured by Life Technologies Japan Ltd). On the day
of transplantation, the medium in a culture vessel was removed and Trypsin-EDTA
solution (manufactured by Life Technologies Japan Ltd.) maintained at 37°C was
added to the culture vessel, which was left to stand at 37°C for about 5 minutes. After
MRMT-1 was detached from the surface of the culture vessel, the above-mentioned
medium was added to the culture vessel in an amount equal to that of Trypsin-EDTA
solution. MRMT-1 was precipitated by centrifugation (800 rpm, 5 min) and its su-
pernatant was removed, and a cell suspension in which MRMT-1 was suspended in

Date Regue/Date Received 2022-12-20
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Hank's buffer (manufactured by Life Technologies Japan Ltd.) at a concentration of 2.5
X 10 cells/mL was then produced.
(2) Production of rat model of osteolytic bone nT}\detastasis from breast cancer
An anti-inflammatory analgesic, Metacam 0.5% Solution for Injection
(manufactured by Boehringer Ingelheim Vetmedicgh} apan Co., Ltd.) was subcu-
taneously injected into the groin of the right hind limb of 9-week-old male SD rat
(Japan SLC, Inc.) at a rate of 0.2 mg/kg under isoflurane (manufactured by Mylan)
anesthesia, and the skin in the groin was then incised. Next, the saphenous artery, the
saphenous vein and the nerve parallel thereto were removed from muscles and isolated,
and a surgical suture (3-0) was passed under the saphenous artery in the portion distal
to the popliteal artery bifurcation. In addition, tissues around the superficial epigastric
artery bifurcation were removed and a surgical suture (3-0) was passed under the
femoral artery between the superficial epigastric artery bifurcation and the popliteal
artery bifurcation (the portion slightly distal to the superficial epigastric artery bi-
furcation). Subsequently, a few drops of Papaverine Hydrochloride Injection 40 mg
(manufactured by Nichi-Iko Pharmaceutical Co., Ltd.) was added dropwise around the
saphenous artery to relax vascular smooth muscle, and each end of the surgical suture
passed under the saphenous artery and the femoral artery was picked up with forceps,
and the saphenous artery and the femoral artery were lifted to compress the arteries. A
cotton swab was put under the saphenous artery to retain the saphenous artery, and an
injection needle was inserted from the distal portion of the saphenous artery in the
central direction, and MRMT-1 suspension (0.1 mL) was slowly injected. A drop of a
surgical adhesive (Aron Alpha A "Sankyo" (registered trademark) manufactured by
Toagosei Co., Ltd.) was added dropwise to the insertion site of the injection needle,
and a subcutaneous fat piece taken from the operative field was put on the insertion
site to close the site. The surgical suture was removed from the saphenous artery and
femoral artery, and blood flow was restored. Subcutaneous fat around from the
femoral artery to the abdominal aorta was repositioned, and the skin was closed with a
surgical suture (5-0). Finally, an antibiotic, FOS‘,MICII\\I]}\S/I 0.5 g FOR INJECTION
(manufactured by Meiji Seika Pharma Co., Ltd.) was subcutaneously injected at a rate
of 10 to 20 mg/kg. The produced model animal was used for the following experiment
at day 12 to 14 after the transplantation.
(3) Preparation of trans- 1-amino-3-fluorocyclobutane- 1-[“C]carboxylic acid (** C-
fluciclovine)
4C-Fluciclovine was prepared in accordance with a method described in Nucl.
Med. Biol. 39, 109-119.
2. Method
After photographing the rat model of osteolytic bone metastasis from breast

Date Regue/Date Received 2022-12-20



cancer at day 12 after the transplantation of breast cancer cells with a microfocus X-ray
imaging system (uWFX-1000, manufactured by FUJ IFILMT%omoratiOn), 14 C-
fluciclovine (1.05 MBq, 2.75 MBg/kg) was injected into the tail vein, and the rat
model was sacrificed after 30 minutes. The right and left hind limbs were embedded in
SCEM (manufactured by Section-lab Co. Ltd.) and then quickly frozen with
isopentane/dry ice or hexane/dry ice, and sliced to a thickness of 10 um using a
cryostat (manufactured by Leica Instruments GmbH). At this time, Cryofilm type IIC
(9) (manufactured by Section-lab Co. Ltd.) was stuck on the sample surface and the
sample was sliced to produce a bone section with a thickness of 10 um. The bone
section was stuck on a slide glass (manufactured by Matsunami Glass Ind., Ltd.) with a
double-stick tape with Cryofilm type IIC (9) down, and exposed on an imaging plate
(manufactured by GE Healthcare Japan) for a week, and autoradiograms were analyzed
using a scanner type image analyzer (Typhoon FLA 7000 IP system, manufactured by
GE Healthcare Japan).

In addition, models to which 3H-FDG (manufactured by American Radiolabeled
Chemicals) or **Tc-HMDP (manufactured by Nihon Medi—Physicsn&o., Ltd.) was ad-
ministered in place of “C-fluciclovine were prepared for comparison. When *H-FDG
was administered, the same operations were carried out except that the amount ad-
ministered was 6.66 MBq (18.4 MBg/kg). When **»Tc-HMDP was administered, the
same operations were carried out except that the amount administered to the rat model
of osteolytic bone metastasis from breast cancer at day 14 after the transplantation of
breast cancer cells was 20.3 MBq (58.0 MBg/kg), the rat model was then sacrificed
after 2 hours, and the exposure time to an imaging plate was 2 hours. As the type of
imaging plate, TR was used for (3 nuclides, “C-fluciclovine and *H-FDG, and SR was
used for y nuclides, *=Tc-HMDP.

After that, each section was pathologically evaluated by toluidine blue staining
and hematoxylin-eosin staining. In the toluidine blue staining, a bone section with a
thickness of 10 pm stuck on a slide glass was taken out from a cryostat and dried at
room temperature for about a minute, and then soaked in Anhydrous Ethanol
(manufactured by Wako Pur::MChemical Industries, Ltd.) for about 3 to 5 seconds, and
further soaked in 4% Paraformaldehyde Phosphate Buffer Solution (manufactured by
Wako Pure Chemical Industries, Ltd.) for a minute or more. The section was washed
with running water for about 10 seconds and then soaked in 0.05% Toluidine Blue
Solution (pH 7.0) (manufactured by Wako Pure Chemical Industries, Ltd.) for about 5
minutes. The section was washed with running water for about 30 seconds, and a few
drops of a dedicated mounting medium, SCMM-R3 (manufactured by Section-lab Co.
Ltd.) was then added dropwise to the surface of the bone section, and both edges of
Cryofilm type IIC (9) were cut out with a cutter. The sample was put on another slide

Date Regue/Date Received 2022-12-20
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glass with the bone section down, and the dedicated mounting medium was
polymerized by a polymerizer for the dedicated mounting media (R2 - R3)
(manufactured by Leica Microsystems).

In the hematoxylin-eosin staining, the bone section was soaked in Anhydrous
Ethanol and 4% Paraformaldehyde Phosphate Buffer Solution in the same manner as
above and then soaked in Haematoxylin 3G (manufactured by Sakura Finetek Japan
Co., Ltd.) for about 2 minutes, and washed with running water for about 30
seconds. Next, the section was soaked in Eosin (manufactured by Sakura Finetek
Japan Co., Ltd.) for about a minute and then washed with running water for about 30
seconds. A few drops of a dedicated mounting medium, SCMM-R2 (manufactured by
Section-lab Co. Ltd.) was added dropwise to the surface of the bone section and the
dedicated mounting medium was then polymerized in the same manner as in toluidine
blue staining.

3. Results

The results are shown in FIGs. 1-3. FIGs. 1(a) to (j) are figures showing the
results of “C-fluciclovine, FIGs. 2(a) to (j) are figures showing the results of *H-FDG,
and FIGs. 3(a) to (j) are figures showing the results of **»Tc-HMDP. FIGs. 1(a) to (e),
FIGs. 2(a) to (e), and FIGs. 3(a) to (¢) show lower limb bones removed from a normal
limb (left hind limb), and FIGs. 1(f) to (j), FIGs. 2(f) to (j), and FIGs. 3(f) to (j) show
lower limb bones removed from a limb transplanted with MRMT-1 (right hind
limb). FIGs. 1(a) and (f), FIGs. 2(a) and (f), and FIGs. 3(a) and (f) are the results of X-
ray imaging, FIGs. 1(b) and (g), FIGs. 2(b) and (g), and FIGs. 3(b) and (g) are the
visual appearance of the section, FIGs. 1(c) and (h), FIGs. 2(c) and (h), FIGs. 3(¢c) and
(h) are autoradiograms, FIGs. 1(d) and (1), FIGs. 2(d) and (i), and FIGs. 3(d) and (i) are
the results of toluidine blue staining, and FIGs. 1(e) and (j), FIGs. 2(e) and (j), and
FIGs. 3(e) and 3(j) are the results of hematoxylin-eosin staining.

The arrow A in FIG. 1(f) shows an osteolytic lesion site observed in the X-ray
image of a limb transplanted with MRMT-1 (right hind limb). The arrow A in FIG.
1(g) shows a focal site of bone metastasis observed in the visual appearance of the
section of the limb transplanted with MRMT-1 (right hind limb), which is the same site
as the arrow A in FIG. 1(f). The arrow A in FIG. 1(h) shows a site at which the accu-
mulation of “C-fluciclovine is observed in the autoradiogram of the limb transplanted
with MRMT-1 (right hind limb), which is the same site as the arrow A in FIG.

1(f). The arrow A in FIG. 1(i) shows a focal site of bone metastasis observed in the
toluidine blue staining image of the limb transplanted with MRMT-1 (right hind limb),
which is the same site as the arrow A in FIG. 1(f). The arrow A in FIG. 1(j) shows a
focal site of bone metastasis observed in the hematoxylin-eosin staining image of the
limb transplanted with MRMT-1 (right hind limb), which is the same site as the arrow
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A in FIG. 1(f). These results confirmed that “C-fluciclovine accumulated in bone
metastasis in the osteolytic lesion area.

The arrow B in FIG. 1(f) shows a site at which an osteolytic lesion is not observed
in the X-ray image of the limb transplanted with MRMT-1(right hind limb). The
arrow B in FIG. 1(g) shows a focal site of bone metastasis observed in the visual ap-
pearance of the section of the limb transplanted with MRMT-1 (right hind limb), which
is the same site as the arrow B in FIG. 1(f). The arrow B in FIG. 1(h) shows a site at
which the accumulation of “C-fluciclovine is observed in the autoradiogram of the
limb transplanted with MRMT-1 (right hind limb), which is the same site as the arrow
B in FIG. 1(f). The arrow B in FIG. 1(i) shows a focal site of bone metastasis
observed in the toluidine blue staining image of the limb transplanted with MRMT-1
(right hind limb), which is the same site as the arrow B in FIG. 1(f). The arrow B in
FIG. 1(j) shows a focal site of bone metastasis observed in the hematoxylin-eosin
staining image of the limb transplanted with MRMT-1 (right hind limb), which is the
same site as the arrow B in FIG. 1(f). These results confirmed that “C-fluciclovine
also accumulated in bone metastasis prior to the formation of osteolytic lesion which
cannot be detected in an X-ray image. The results confirmed that *H-FDG also ac-
cumulated in the osteolytic lesion areas and bone metastasis prior to the formation of
osteolytic lesion as shown by the arrows A and the arrows B in FIGs. 2(f) to (j). The
above results confirmed that “C-fluciclovine accumulated in the osteolytic lesion area
and bone metastasis prior to the formation of osteolytic lesion as is the case with > H-
FDG. In the meantime, the accumulation of **Tc-HMDP was observed in the growth
plate and around the primary cancellous bone (arrow C), but was observed in neither
the osteolytic lesion areas (arrow A) nor the foci of bone metastasis prior to the
formation of osteolytic lesion (arrow B).

<EXAMPLE 2:PET imaging of patient with prostate cancer>
The test was carried out in accordance with the ethical principles based on the
Declaration of Helsinki and GCP. Prior to the test, the agreement in writing on
voluntary test participation was obtained at first hand.
1. Patient
An untreated male patient (69-year-old man) histopathologically diagnosed with
prostate cancer by prostate needle biopsy was selected, who had a PSA of 589.17 ng/
mL and a Gleason score of 8.
2. Test drug
BE-fluciclovine preparation (NMK36, manufactured by Nihon Medi-Physics
Co., Ltd.) produced by a method described in WO2008/75522 was used.
3. PET/CT
The patient fasted after the evening meal of the previous day, and 2 mL of '® F-
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fluciclovine preparation (263.1 MBq) was intravenously administered and a saline was
flushed. The 8F-fluciclovine preparation was administered after day 22 from the day
of prostate needle biopsy (day 1) to avoid the action of the primary focus of prostate
cancer on the evaluation of PET/CT images. A whole body CT image was taken im-
mediately after the administration of the ®F-fluciclovine preparation using a PET/CT
camera (Discovery PET/CT600 manufactured by GE Healthcare) for the purpose of at-
tenuation correction and then a whole body PET was finished by 30 minutes after the
administration.
4. Existing images
For comparison with the "®F-fluciclovine PET/CT images, whole body contrast
enhanced CT and bone scintigraphy were taken by 28 days prior to the day of # F-
fluciclovine PET/CT. For the whole body contrast enhanced CT, a non-ionic contrast
agent (BYSTAGE, manufactured by FUJIFILM Medical Co., Ltd.) was administered,
and after 90 seconds, CT imaging was initia%&d at a slice thickness of 5 mm or lcT;s\f
using an 80-row multidetector CT (Aquilion Prime manufactured by TOSHIBA COR-
PORATION) from the neck to the pelvis (tube voltage: 120kV). For the bone
scintigraphy, 740 MBq *»Tc-HMDP (CLEAR BONE (registered trademark) Injection,
manufactured by Nihon Medi-Physics Co., Ltd.) was administered, and whole body
planar images were initiated after two hours (energy window: 140 keV + 10%).
5. Visual image evaluation
Two members to judge images, who were blinded to the subject background,
each independently evaluated the '®F-fluciclovine PET/CT, whole body contrast
enhanced CT and bone scintigraphy images. When two members had different
decisions, a decision was made by discussion. The whole body planar images and
whole body contrast enhanced CT images of bone scintigraphy were interpreted, and
from the overall findings thereof, the presence or absence of bone metastasis was
decided.
6. Results
The results are shown in FIGs. 4(a) to (c) and 5(a) to (c). FIGs. 4(a) to (c) are 18
F-fluciclovine PET/CT images, FIG. 4(a) is a head image, FIG. 4(b) is a breast image,
and FIG. 4(c) is a pelvic image. In addition, FIG. 5(a) is a "*F-fluciclovine PET image
by the maximum intensity projection, FIG. 5(b) is an anterior image of bone
scintigraphy, and FIG. 5(c) is a posterior image of bone scintigraphy. In FIGs. 4(a) to
4(c) and 5(a) to (c), the sites shown with the arrows were sites which were not vi-
sualized on bone scintigraphy in FIGs. 5(b) and (c) and further were not visualized on
the whole body contrast enhanced CT. Thus, the lesions which were not visualized on
bone scintigraphy and whole body contrast enhanced CT were visualized on the '® F-
fluciclovine images.

Date Regue/Date Received 2022-12-20
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<EXAMPLE 3: Triple tracer autoradiography>
1. Material
(1) Preparation of breast cancer cell (MRMT-1) suspension

MRMT-1 suspension was prepared in the same way as the MRMT-1 suspension
prepared in Example 1.

(2) Production of rat model of bone metastasis from breast cancer

A model of intertrabecular bone metastasis was prepared in the same way as the
rat model of osteolytic bone metastasis prepared in Example 1 except that a MRMT-1
suspension was injected into right and left saphenous arteries of the 12-week old male
SD rat (Japan SLC, Inc.), which was used for the following experiment at day 6 or day
8 after the transplantation. The lesion appeared only in right hind limb of the model at
day 6 after the transplantation and left limb of the model at day 8 after the trans-
plantation.

A model of osteolytic bone metastasis was prepared in the same way as the rat
model of osteolytic bone metastasis prepared in Example 1 except that the model was
produced from 12-week old male SD rat (Japan SLC, Inc.), and used for the following
experiment at day 11 after the transplantation.

(3) Preparation of “C-fluciclovine

14C-fluciclovine was prepared in the similar way as “C-fluciclovine prepared in

the Example 1.
2. Method

The rat models of intertrabecular bone metastasis from breast cancer at day 6 or
8 after the transplantation of breast cancer cells or the rat models of osteolytic bone
metastasis from breast cancer at day 11 after the transplantation of breast cancer cells
were fasted overnight and anesthetized with 1 % isoflurane (manufactured by Pfizer
Inc.) before administration of the tracers; 2.75 MBq/kg of “C-fluciclovine, 74 MBg/kg
of *mTc-HMDP (manufactured by Nihon Medi-Physics Co., Ltd.) and 18.5 MBqg/kg of

SH-FDG(manufactured by American Radiolabeled Chemicals) were injected into the
trail vein of an identical rat. “C-fluciclovine and *H-FDG were allowed to remain into
circulation for 30 minutes and *™Tc-HMDP for 2 hours prior to sacrifice. The animals
were sacrificed under anesthesia by drawing blood from the abdominal aorta. Then,
tibiae and femora were removed, embedded in SCEM (manufactured by Section-L.ab
Co. Ltd.) and frozen in isopentane/dry ice. The frozen samples were sectioned (5 pm-
and 10 um-thick slices for pathological and autoradiography specimens, respectively)
with a CM3050S cryostat (manufactured by Leica Biosystems) at -20 °C as described
in Kawamoto’s film methods (Kawamoto T. Arch. Histol. Cytol.
2003;66:123-43). Fifteen serial sections were obtained and each section was mounted

on a glass slide. To obtain images generated by *Tc isotope, SR-imaging plates
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(manufactured by FUJIFILM Corporation) were exposed for 1 hour to dried 10 pm-
thick slices wrapped in a 12-um-thick polyester film (LUMIRROR™ manufactured by
Toray Industries, Inc.), which absorbs low-energy *H. Under these conditions, “C
caused no blackening of the SR-imaging plates even after a 1 hour exposure, thus
excluding cross-contamination by C of the *»Tc autoradiographs. The next 2 frozen
sections adjacent to the **»Tc-autoradiographed section were stored at -20 °C for 5 days
to allow complete *»Tc decay. Following this, TR-imaging plates (manufactured by
FUJIFILM Corporation) were exposed to the dried sections with and without the 12
um-thick polyester film for 7 days to obtain “C images and *H+'%C mixed images, re-
spectively (Obata T. et al. RADIOISOTOPES. 2000;49:623-36). The imaging plates
were developed with a FLA-7000 imaging analyzer (manufactured by GE Healthcare
UK Ltd). Finally, *H images were generated by subtracting “C images from “C + 3H
images by using ImagelJ software (ver. 1.48; NIH). All images were processed by
using the ImagelJ software and region-of-interest (ROI) analysis was performed as
mentioned below. A five pm-thick bone section was pathologically evaluated by
toluidine blue in the same way as described in Example 1.

3. Results

The results of the model of intertrabecular bone metastasis are shown in FIGs. 6
and 7. FIG. 6 shows the result at day 6 after the transplantation of the breast cancer
cell, and FIG. 7 shows the result at day 8 after the transplantation of the breast cancer
cell. FIG. 6(a) and FIG. 7(a) are the results of toluidine blue staining, in which the
arrows show a focal site of intertrabecular bone metastasis. The focal site of inter-
trabecular bone metastasis at day 6 after the transplantation of the breast cancer cell is
of the intertrabecular type prior to formation of osteolytic lesion, and the focal site of
intertrabecular bone metastasis at day 8 after the transplantation of the breast cancer
cell is of the intertrabecular type mixed with the osteolytic type. FIG. 6(b) and FIG.
7(b) are figures showing the results of ®»Tc-HMDP, FIG. 6(c) and FIG. 7(c) are
figures showing the results of “C-fluciclovine, and FIG. 6(d) and FIG. 7(d) are figures
showing the results of *H-FDG.

Also, the results of the model of osteolytic bone metastasis are shown in FIG.

8. FIG. 8(a) is a figure showing the visual appearance of the prepared bone section,
FIG. 8(b) is the result of H-FDG, FIG. 8(c) is the result of “C-fluciclovine, FIG. 8(d)
is the result of #»Tc-HMDP, and FIG. 8(e) is the result of toluidine blue staining.

As shown in FIG. 6(c¢), FIG. 7(c) and FIG. 8(c), it was confirmed that * C-
fluciclovine accumulated in the early focal site of bone metastasis. Also, as shown in
FIG. 6(d), FIG. 7(d) and FIG. 8(b), it was also confirmed that *H-FDG accumulated in
the early focal site of bone metastasis. However, as shown in FIG. 6(b), FIG. 7(b) and

FIG. 8(d), no accumulation of ***Tc-HMDP was observed in the early focal site of
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bone metastasis.

[0041] The above results suggested that early bone metastasis from cancer was able to
be detected by '8F-fluciclovine.
[0042] This application claims the priority based on Japanese patent application No.

2015-113587 filed on June 4, 2015 in the Japan Patent Office .

Date Regue/Date Received 2022-12-20
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Claims:

1.

10.

11.

A method of diagnosing early bone metastasis from cancer comprising administering trans-1-
amino[*®F]fluorocyclobutanecarboxylic acid or a pharmaceutically acceptable salt thereof to a living
organism, and detecting and imaging radiation emitted from the organism, wherein the early bone
metastasis from cancer is undetectable by bone scintigraphy, said early bone metastasis being bone
metastasis prior to the onset of osteolytic response, early osteoblastic bone metastasis, or
intertrabecular bone metastasis.

The method according to claim 1, wherein the trans-1-amino-[*¥F}fluorocyclobutanecarboxylic acid
or a pharmaceutically acceptable salt thereof is administered parenterally.

The method according to any one of claims 1 and 2, wherein the early bone metastasis is bone
metastasis prior to the onset of osteolytic response, or early osteoblastic bone metastasis.

The method according to any one of claims 1 and 2, wherein the early bone metastasis is bone
metastasis prior to the onset of osteolytic response.

The method according to any one of claims 1 to 4, wherein the early bone metastasis from cancer is
bone metastasis accompanied with breast cancer

The method according to any one of claims 1 to 4, wherein the organism has previously been
diagnosed with prostate cancer.

A diagnostic imaging agent for early bone metastasis from cancer, comprising trans-1-
amino[*¥F]fluorocyclobutanecarboxylic acid or a pharmaceutically acceptable salt thereof and a
carrier, wherein the early bone metastasis from cancer is undetectable by bone scintigraphy, and
said early bone metastasis being bone metastasis prior to the onset of osteolytic response, early
osteoblastic bone metastasis, or intertrabecular bone metastasis.

The diagnostic imaging agent according to claim 7, wherein the early bone metastasis is bone
metastasis prior to the onset of osteolytic response.

The diagnostic imaging agent according to claim 7 or 8, wherein the early bone metastasis from
cancer is bone metastasis accompanied with breast cancer or prostate cancer.

Use of trans-1-amino-[*¥F]fluorocyclobutanecarboxylic acid or a pharmaceutically acceptable salt
thereof to produce a diagnostic imaging agent for early bone metastasis from cancer, wherein the
early bone metastasis from cancer is undetectable by bone scintigraphy, and said early bone
metastasis being bone metastasis prior to the onset of osteolytic response, early osteoblastic bone
metastasis, or intertrabecular bone metastasis.

The use according to claim 10, wherein the diagnostic imaging agent is formulated for parenteral
administration.

Date Recue/Date Received 2023-07-18
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The use according to any one of claims 10 and 11, wherein the early bone metastasis is bone
metastasis prior to the onset of osteolytic response, or early osteoblastic bone metastasis.

The use according to any one of claims 10 and 11, wherein the early bone metastasis is bone
metastasis prior to the onset of osteolytic response.

The use according to any one of claims 10 to 13 wherein the early bone metastasis from cancer is
bone metastasis accompanied with breast cancer.

The use according to any one of claims 10 to 13, wherein the diagnostic imaging agent is for use in
an organism having previously been diagnosed with prostate cancer.

Use of trans-1-amino-[*®F]fluorocyclobutanecarboxylic acid or a pharmaceutically acceptable salt
thereof in the detection or diagnosis of early bone metastasis from cancer, wherein the early bone
metastasis from cancer is bone metastasis prior to the onset of osteolytic response, early
osteoblastic bone metastasis, or intertrabecular bone metastasis, and wherein the early bone
metastasis is undetectable by bone scintigraphy, wherein the detection or diagnosis comprises PET
imaging.

The use of claim 16 wherein the trans-1-amino-[*®*F]fluorocyclobutanecarboxylic acid or a
pharmaceutically acceptable salt thereof is for parenteral administration.

The use of any one of claims 16 and 17 wherein the early bone metastasis is bone metastasis prior
to the onset of osteolytic response or early osteoblastic bone metastasis.

The use of any one of claims 16 and 17 wherein the early bone metastasis is bone metastasis prior
to the onset of osteolytic response.

The use of any one of claims 16-19 wherein the early bone metastasis from cancer is a bone
metastasis accompanied with breast cancer.

The use of any one of claims 16-18 wherein the detection or diagnosis is of an organism which has
previously been diagnosed with prostate cancer.

Date Recue/Date Received 2023-07-18



1/8

CA 02987372 2017-11-27

WO 2016/194372 PCT/JP2016/002654

[Fig. 1]




2/8

CA 02987372 2017-11-27

WO 2016/194372 PCT/JP2016/002654

[Fig. 2]
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[Fig. 3]
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[Fig. 4]
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[Fig. 5]
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[Fig. 6]
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[Fig. 7]
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