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Theranostic= Therapy + Diagnostic
(Thera-) (-nostic)
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(Search 1) Theranostic is a new field of medicine which combines specific targeted
therapy based on specific targeted diagnostic tests.

(Search 2) Theranostics is a term derived from a combination of the words
therapeutics and diagnostics.

(Search 3) Theranostics is a combination of diagnostics and therapy.

(Search 4) Theranostics is a concept that refers to the integration of imaging and

therapy in a single system.
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Flgure: Mechanism of Ra-223 Activity In the Management of Prostate
Cancer Bone Metastases—Ra-223 may disrupt a crucial paracrine loop
between osteoblasts and prostate cancer (PCa) cells top panal) by modu-
lating the production and expression of osteoblast-derived factors (broken
€ Respanse arrow) that support prostate cancer cell growth or survival within the bone
i metastases (bottom panel).

g Oncology Journal, Bone Metastases,
Prostate Cancer (July 15, 2015)

Response

SNMMI (Dr. Patrick Flamen and colleages, June 11, 2013)

Radium-223 is designed to target bone metastases with high-energy alpha particles and spare
healthy tissue and bone marrow.
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50-80 micron range
5-8 MeV

SR
= -
l‘-"" a
(4
S
L ’
Vit J
J
i B
»

Beta Particle | |
1-10 mmrange | T\N

0.1-1 MeV

daeall i

*Tu denotes tumor (cancer) cells Picture courtesy of MSKCC
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Particles energy: 5-9 MeV
Cell tissue range: 5-10 cells (diameter)
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Particles energy: 0.1-1 MeV B
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Journal of Cancer Research and Therapeutics, Vol. 6(3) 2010, pp. 239-248 | 14
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Figure 2 Radionuclide imaging of a patient with castration-resistant
prostate cancer.

Bone scintigraphy

Scher, H. |. et al. (2013) Validation and clinical utility of prostate cancer biomarkers
Nat. Rev. Clin. Oncol. doi:10.1038/nrclinonc.2013.30
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Zr-89 Bone Marrow (2016, Mol. Pham.)

pubs.acs.org/molecularpharmaceutics

Evaluation of [#°Zr]-Oxalate as a PET Tracer in Inflammation, Tumor,
and Rheumatoid Arthritis Models

Ji-Ae Park,_;_ Yong Jin Lee,-:_ Ji Woong Lee,_; Ran Ji Yoo,Tl Un Chol Sl’u’n,% Kyo Chul Lee,_:_ Byung il ij,-";_'
Kyeong Min Kim," and Jung Young Kim*'

"Molecular Imaging Research Center, Korea Institute of Radiological & Medical Science, Seoul 139-706, Republic of Korea
‘IDcpartmcnt of Nuclear Medicine, Korea Institute of Radiological and Medical Sdences, Seoul 139-706, Republic of Korea

[9Zr]-Oxalate

’ e |nuflammiation Selectivity Index

== Tumor Selectivity Index

Inflammation

T Inflammation
1h p.. 48 h p.i.

ABSTRACT: To obtain an additional pharmacological agent for the diagnosis of inflaimmation, we investigated the medical use
of **Zr-oxalate as a positron emission tomography (PET) probe for the in vivo imaging of inflammation and compared its
efficacy to that of 2-deoxy-2-[F]fluoro-pglucose (['*F]FDG) and sodium ['“*F]fluoride. **Zroxalate exhibited observable
higher uptake in a macrophage cell line than in tumor cells. The inflammatory lesions and tumors were clearly visualized by PET
imaging and autoradiography using *Zr-oxalate. Compared to ["*F]FDG and sodium ['®F]fluoride, Zr-oxalate demonstrated a
high selectivity index to the tumor at an early time point after injection and to inflammation at a delayed time point after
injection (24 h). Through histological examination, large numbers of macrophages and neutrophils were observed in the tumor
lesions with the highest ¥ Zr-oxalate uptake. In a rheumatoid arthritis (RA) mouse model, ¥Zr-oxalate demonstrated a high level
of accumulation in inflammatory lesions. ¥ Zr-oxalate is a new strategic tool for tumor imaging and inflammatory processes.

KEYWORDS: *Zroxalate, inflammation, tumor, rheumatoid arthritis, PET 16
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Chemical name: 99mTc—MethyI diphosphonate

Abbreviated name: 99mTc -MDP

Synonym: M -Methylene diphosphonate, Te
chnetium 99mTc Medronate
0 0
o I _0
Agent Category: Compound <--P — .__,P EP >
Te
Target: Type 2 class of aminoacyl-tRNA synt ..'P—c:fl'bip'.
hetases 07 | | ™o
0 0
Target Category: Enzymes

Method of detection: Single photon emission computed to
mography (SPECT); planar gammai
maging
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Tin-117m(4+)DTPA: Pharmacokinetics and

Imaging Characteristics in
Metastatic Bone Pain

Patients with

Gerbail T, Krishisamurthy, Fayezr M. Swailem, Suresh C. Srivastava, Harold L. Atkins, Laura J. Simpson. T. Kent Walsh,
Frederick R. Ahmann, Gearge E. Meinken and Javendra H. Shah
Veterans Administration Medical Cenver and Universine of Arizona School of Medicine, Tucson, Arizona; and

Brookhaven National Laboratory, Upfon, New York

Bickinetics and imaging characteristics of “""&ﬂrpTPA have
patienits with metastatic bone

for 22.4% of the dose and consists of four Witk
Everage biclogic clearance half-ime of 1.45 days (range 0.1-3.2

mn. 1, lmmwma
For cormespondancs o reprinis contact AT, Kishiamurtiny, MO, FAGP, Mucear
Mecicing Sarvica {115, VA Mocical Carlar, Tuoson, AZ BS722.

230 Tee Jousmal oF MNuciear Mepicme - Vol 38 = No. 2 -

The bone for the T76% of
the dose shows no biclogic clearance, A mean 22.4% of the
dose is excrated in urine in 14 days; 11.4% within 24 br. The
uptake pattern appears similar to that of **™Tc-MDP. Peak
uptake is observed in normal bone by 24 hr and metastatic
WB by 37 days. Pan pafiation was observed with all three

doses: levels. Conclusion: Among the four potertial bone pain
mmm“"‘sm+pmmmw

uptake and retention. Some biokinetic and radicnuclidic fea-
tres of ' TSA4+)DTPA ane simila 1o ofher agents, but mary
features are cifferant and unique and may make & an ideal bond pEn
palition agent, Doubie-bind comparative studies are needed 1o
datermine its axact rols in bone pain paliation.
Key Words: bone pain peliation: phammacokinetics; tin-117mid-+I0TPA
J INusci Med 1997; 28:230-237

O the corimated 1.35 million people in the U.S. who would
be diagnosed of some form of cancer in 1996, slightly more
than halfwill develop metastasis (1 ). In patients whose primary

February 1997

Decay & Energy of 1"mSn

Half-life : 73.6 £ 004 d

Major Radintions Encrgy Intensity
(keV) (%)
Auger-L 3 91.0
Auger-K | 21 10.8
CE-KI [ 126.8 648 |
| 129.4 1.7 ]
| 151.6 261 |
| 154.1 1.5
CE-M1 | 155.1 5.6
Gemma | 1586 $6.4 |
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cancer patient with in front of L4-L5 vertebra is due to

extemal standard kept for calculation of regional uptake. Al 133 days, the image shows persistent uptake in mounmmn(q Pre-therapy “Tc-MDP
wnm:mammm"mmﬁmmwmmmbpmmhm L4-L5 vertebra.
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° ['8F]- Fluor-Deoxy-Glucose

(FDG)

- °Q —@—» Glycolysis
['8FIFDG ['8FIFDG-6-PO,

Michelle L. James, and Sanjiv S. Gambhir Physiol Rev 2012;92:897-965
European Journal of Pharmaceutics and Biopharmaceutics 74 (2010) 50-54
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['8F]- Fluor-Deoxy-Glucose c=C 133 pm
(FDG) c=C 120 pm
H-O 96 pm
H-C 109 pm
H-F 91.7 pm

H-H 74 pm
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First human PET/CT imaging Ga-labeled PSMA617
1 h postinjection
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PSA level 0.7

Afshar-Oromieh, Kratochwil et al_. Department of Nuclear Medicine, University Hospital Heidelberg
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Radionuclides for Targeted Radiotherapy

b

B-particle emitters
0.1-1 keV/um LET

i), LG, WY a-particle

211At, 223Ra’ 2138i

a-particle emitters
60-110 keV/pum LET

Auger electron
4-26 keV/pym LET

123|, 67Ga’ Mn

13

\.

. Subcellular
Targeting Cellular

requirements: .
9 Anatomical

By courtesy of Dr. Zalutsky
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LET (Linear Energy Transfer) = v

N

High LET radiation

N
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OH HED OH HED
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Low LET radiation

LET (linear energy transfer) is the amount of energy released by a radioactive particle or wave over
the length of its decay track.

High LET radiation (like alpha & beta particles) ionizes water into H and OH radicals over a very short
track. In the example, two events occur in a single cell so as to form a pair of adjacent OH radicals that
recombine to form peroxide, H,0,, which can produce oxidative damage in the cell.

Low LET radiation (like X- or gamma rays) also ionizes water molecules, but over a much longer track.
In the example, two events occur in separate cells, such that adjacent radicals are of the opposite type:
the H and OH radicals reunite and reform H,0.

by Steven M. Carr,,
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*  7uPSMA
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2 X °

6/2015
PSA =294 ng/ml

Cd

-
4

9/2015
PSA = 419 ng/ml

c d
2 X 1x
225A¢c-PSMA 225Ac-PSMA
> — =
ra ,'t :
a v
A4
e
2/2016 4/2016
PSA = 3.5 ng/ml PSA < 0.1 ng/ml

MAMO|E ME S 2 XHE 225A¢c-PSMA-617Z XIS 8H Z2 1

(2 X : Kratochwil C, Bruchertseifer F & Giesel FL et al., 2016: 1941-1944)
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TABLE 1. CHARACTERISTICS OF ¢-EMITTING RADIONUCLIDES OF POTENTIAL INTEREST FOR THE THERAPY OF CANCERS

Nuclide Half-life Decays Energy o (MeV) Production Clinical trial status
2 N¢ 10 days 4o2p 5.1-8.4 31 decay/cyclotron First phase I ongoing
AL 7.2 hours 1e1EC 59 or 7.4 Cyclotron Two phase I published
~Bi 61 minutes 1o 1p 6.1/7.8 “*Th decay/=*Ra generator Preclinical

s 46 minutes 1%,2 B 6.0/8.4 *2A¢ generator Phase 1/11

Z°Ra 114 days 49,28 5.7-7.5 *>’Ac generator Phase 1/11/1I1

i L 4.1 hours 1 &, EC 4.0 Accelerator Preclinical

Z7Th 18.7 days 2 B 9. 775 27 A¢ generator Preclinical

Z2pp /212B4" 10.6 hours 1a,2p” 6.1/7.8 #%Ra generator First phase 1 ongoing

*Although ZHPb_? is not an g-particle emitter, it is included in this table for its considerations in several studies as an in vivo generator of the
a-particle emitter *'*Bi. See Yong and Brechbiel” for a definition of the concept.

Guerard et al., Cancer Biother Radiopharm 2013;28:1-20
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% a-particle-emitting radiohalogen
% Half life: 7.2 h
% Linear Energy Transfer (LET): 60-110 keV/um

% Mean tissue range: 0.04-0.1 mm

» Highly focal and cytotoxic radiation on cancer cell

» Production of ¢1TAt

=7t 7| i H| 2

o= Duke University 6.6 GBq (1.68 GBg/h) Dry distillation & |

Ol= University of Washington 4.44 GBq (1.1 GBg/h)

Ol= University of Pennsylvania 396 MBq (104 MBg/h) Dry distillation & H|
Copenhagen University s

o B4 7

<4 Hospital, Denmark 3.6 GBq Dry distillation |

2= QST, NIRS 450 MBq (15 pA, 2 h) Dry distillation & Al

Fukushima Medical e
=1 bS
2= University 0.9 GBg/h Dry distillation X

Zalutsky et al., J. Nucl. Med 2001;42:1508-1515
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Astatine-211 Production
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Astatine-211 is prepared by cyclotron irradiation of a bismuth-209 target with alpha particles.

The energy of the alpha particles must be fine tuned (maximum around 28 MeV on target) to
prevent production of astatine-210, which decays in the long half-life alpha emitter polonium-210.

A 1:10,000 ratio of astatine-210/astatine-211 is proposed as safe for clinical applications.
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FIG. 2.4.2. Excitation function for the P Bilw 2n)* At reaction.
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FIG. 2.4.3. Excitation function for the *”Bi(a, 3n)*"" At reaction.
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At-211 DOTA-TOC & Steve Jobs Disease = e

1. Therapy 2. Therapy
Ac-DOTATOC 2Z5Ac-DOTATOC
q q
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At-211 PSMA

L Il 7 (2] r=: (o] [ o] <]
‘B |_|‘ ET_JII'-—.—| —1"|';I
% <% &/ KOREAINSTITUTE OFRADIOLOGICAL & MEDICAL SCIENCES

4 i )
21p4

NH
O, _OH
o)
HO NJ\Ni OH
oMy HMo

YC-1-27
\ Kiess et al., J/ Nuel Med 2016571 569—75/

o
211
At
NH
O, _OH
HN.__NH
%{/ 0
NH; HO N)J\N >~ —OH
| 1 H
o} : H H H o

Presentation in SNM 2016

H
o
214 0
HO NJ\

H
O H

Presentation in SNM 2016

0
H MNH

Oy NN NH HO. O

; 0 T

0~ "OH SN
NH 7 31 HOﬁNJ\N/:\[rOH

H H
H,N H o o

Higher tumor uptake (43.2+£9.8 %ID/qg), High kidney
uptake was cleared from 46.7+8.2 %ID/g at 1 h to
2.6+0.8 %ID/g at 21 h.

However, it has significant stomach accumulation at 21
(~10 %ID/q) - Deastatination
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Actinium-225 (Ac-225) Production
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** Production

> Generator: 22°Th/22°Ac

233‘(:
a: 1.6x10° y
48 MeVy,
3Th | p 1494 285¢
o 7340 y 0.6 MeV 104d
48 .\Ie\'v 5.8 MeV |,
2258, 21E,
{9 min
3 MeV
217 213
At | g es%): 46min_7| *"Po
2m 1.4 MeV A2 ns
! Mo 8.4 MeV
BBi 5 22 min P
2%): 46 min 1.8 MeV
9 Me!l 7
209’1’1

» Cyclotron: 2?°Ra(p,2n)??*Ac

B:33h

0.6 MeV

®

209B;

Stable

*Decay product of 2>°Ra is 2>°Rn!!! Target handling is big issue.
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Actinium-225, Chemical Properties
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Atomic number

Electron configuration

Atomic radius

Atomic radius by
electric effect

Electronegativity

Coordination number

Oxidation state

[Kr]4d°5s°

180 pm

= 197 pm

1.22

6

+1,+2, 43
(104 pm/Y*3)

[Xe]6s24f125d°

174 pm

= 185 pm

1.27

3-12 (6)

+3
(100 pm/Lu*3)

[Rn]6d17s2

135 pm

4-6 (?)

13, +2
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Isotope Production Decay Half-life
221A¢ 232Th(d,9n)>2??°Pa(a)—>22*Ac a 52 ms
2227\¢ 232Th(d,8n)>%2%Pa(a) >%22Ac a 5.0s
2N 232Th(d,7n)>%?Pa(a)—>223Ac a 2.1 min
2247 ¢ 232Th(d,6n)>%%8Pa(a) >%2*Ac a 2.78 hours
223Ac 232Th(n,y)->233Th(B")->232Pa(B)>233U(a)>***Th(a)->**Ra(B")>**Ac a 10 days
2267 ¢ 226Ra(d,2n)>%25Ac o, B 29.37 hours

electron capture
RN 235U(a)>231Th(B7)>2Pa(a)>227Ac a, B~ 21.77 years
228\ ¢ 232Th(a)>228Ra(B7)>228Ac B- 6.15 hours
22 228Ra(n,y)>22%Ra(B~)>2%°Ac B- 62.7 min
230A¢ 232Th(d,a) >23%c B- 122 s
BIAc 232Th(y,p)>31Ac B- 7.5 min
232Ac 232Th(n,p)>232Ac B- 119 s

000

40
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COH
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R i oy
Ho,0—\( "—CoAH )y~ % —— 2 Ny
55-60 °C o Conjugation with Vil AN
biomolecule in H ﬁ H N 0
mild condition —N-C-N L
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*  7uPSMA

o

2 X °

6/2015
PSA =294 ng/ml

Cd

-
4

9/2015
PSA = 419 ng/ml

c d
2 X 1x
225A¢c-PSMA 225Ac-PSMA
> — =
ra ,'t :
a v
A4
e
2/2016 4/2016
PSA = 3.5 ng/ml PSA < 0.1 ng/ml

MAMO|E ME S 2 XHE 225A¢c-PSMA-617Z XIS 8H Z2 1

(2 X : Kratochwil C, Bruchertseifer F & Giesel FL et al., 2016: 1941-1944)
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Jvkim@kirams.re.kr
www.rmwebzine.re.kr
http.//blog.daum.net/radiochem

We can look for good cooperation!
Please, don’t hesitate to ask us!


mailto:jykim@kirams.re.kr

