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The production and application of therapeutic ’Cu radioisotope in
nuclear medicine

Gye-Hong Kim', Kyo Chul Lee?, Ji-Ae Park?, Gwang-Il An?, Sang Mo Lim? Jung Young Kim?', and Byung Il Kim'
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Institute of Radiological and Medical Sciences, Seoul, Korea

ABSTRACT Radioisotopes emitting low-range highly ionizing radiation such as p-particles are of increasing significance
in internal radiotherapy. Among the B-particle emitting radioisotopes, ®’Cuis an attractive radioisotope for vari-
ous nuclear medicine applications due to its medium energy p-particle, gamma emissions, and 61.83-hour
half-life, which can also be used with *Cu for PET imaging. The production and application of the -emitting
radioisotope ¥Cu for therapeutic radiopharmaceutical are outlined, and different production routes are
discussed. A survey of copper chelators used for antibody labeling is provided. It has been produced via pro-
ton, alpha, neutron, and gamma irradiations followed by solvent extraction, ion exchange, electrodeposition.
Clinical studies using ®Cu-labelled antibodies in lymphoma, colon carcinoma and bladder cancer patients
are reviewed. Widespread use of this isotope for clinical studies and preliminary treatments has been limited
by unreliable supplies, cost, and difficulty in obtaining therapeutic quantities.
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1. Production of *’Cu
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1) 68Zn(p,2p)67Cu nudear reaction
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Table 1. Reported yields for the *Zn(p,2p)*Cu reaction
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AR d oA = RS WEskal viwd vt 7 &
2 “Cu (F17112.07 AIZH7F A==, o] “Cud 27
MARES] WALASHY =5 ASHA|7]7] el 2 &
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O

| Z3}bE]7] gjfolct $HHE, 70MeV o]AFe] of | x| o) A
= “Zn(p.an)”Cu ¥H3of i3t vkgthRo] M has)
7] wZolTh(13).

Novak-Hofer®} Schubiger= *7Zn %% %2 A}galH
“Cu AAEE 454 F7IAZICH A B skrk4). o)A
2 A ofdlo] H U4 24T B ek “Zno] &l
Z2u= 188%E, B2 “Zn(LE 9.7%) FAL 0|83}
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O] 213 AYARS: ket 4= ek Table 12 “Zn(p,2p) HH-S
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2) 70Zn(p,a)67Cu nuclear reaction
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Target Enrich (%) Mass or thickness Beam energy Dose Reported yield Reference
Zn0 Natural 28-29g 200 MeV 5179 - 9935 pAh 13.6 uCi/pAh (14)
Zn0 409 200 MeV 56d @43 pA 10 GBq (15)
Zn0 Natural 17.9-358.5 mg/cm2 166.2-192.2 MeV 23-3851 pAh 1.7-3.6 p.Ci/pA(mg/sz) (16)
Zn Natural 5.783¢g 67.7 MeV 2000 pAh 1.4 MBg/pAh (17)
Zn0 99 3-37¢g 6h@3pA 117 MBq (18)
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Target Enrich (%) Mass or thickness Beam energy Dose Reported yield Reference
Zn0 99.72 10.2mg 18.1-18.8 MeV 20 min @ 2 pA 8.14 kBg/mg/hr/ma (19)
20 min @ 5 pA 15.5 kBg/mg/hr/ma
50 min @ 4 pA 8.88 kBg/mg/hr/ma
71.8 10.7mg 18.8 MeV 60 min @ 5.1 pA 20 kBg/mg/hr/ma
Zn Natural 10.8 mg 18.8 MeV 60 min @ 5.7 pA 9.62 kBg/mg/hr/ma
Zn Natural 283.5mg 18.8 MeV 60 min @ 5.3 pA 8.51 kBg/mg/hr/ma
n 85 15mg 18 MeV 60 min @ 1 pA 2.35 MB/pAh (10)
Zn 70 100 mg 17-26 MeV 10h @ 10 pA 0.1-0.14 MBg/ pAh (20)
Table 3. Reported Yields for the “Zn(n,p)’Cu Reaction
Target Enrich (%)  Mass (g) Neutron flux (n/em%/s) Time Reported yield Reference
Zn natural 0.1 8x10"(fast) 4h 9 MBqg/1g Zn (22)
1x10"(thermal)
8x10"(epi-thermal)
Zn0 93.2 6.4x10'°~3x10"(fast) Saturation 14.4~90.2 uCi/tmg ¥zn (16)
1.95x10"~8.25x10"(thermal)
Natural 1~2 2x10" 1h, 24 h, and saturation  0.0851, 1.85, and 7.4 MBag/g Zn (23)

g3 Wuc Aego] we wEe AN Ytk
Jamriska5-& ™ 7Zno} %% "Zn foil & o831l A o]
GololA] LS THAZS B0 042054 uCiluahg
o) “Cug AAEIATHI9). E3 Wk Ty Zge
Kastleinero]] SJa|AE s=aEjgiize] 47t W o]
16.740.2 MeVol|A] 14.8+2.4 mb o 2 H7}E]Qlt}h Table 2=
Mn(pa) WHEG o8 AAPHON RIE g
3 Wz 248 ok Aol

3) 6‘*Ni(a,p)WCu nuclear reaction

“Ni(ap)"Cu kol ohgt BHTHH S HE o]
(oF 5 MeV)ollA] ot ofuiz|7} Z7katel wle} Z7tst
o] 22 MeVollA] 34 mb Z[tfjo]] o]2m, o]Fof= o X7}
Zo}toll e} Zhagich A4 82 otmba ou)7b
24 MeVY U] 544 KBqg/uAh (14.7 uCi/uAh)o|™ 4 0 MeV
& o] 1098 KBq/uAh (29.68 uCi/uAh)o]th(21). o] AYAF v
He o2 Aol vl AAkgo] Won, 3 ONi
PG oF 7-8%dRkd) o] arvto]7] wiizell AAl oA

of HE37lols Fuslol o o] wrk

4) “Zn(n,p)”Cu nudear reaction

AR Zof A TCuE AJAFSHE WL T TheAl g
prdon A%Hw ek YArdH TCug YAkl
A e Tes] AYE Ee A7E kR FHYS
ZAE Y7n 212 9 A7|H "ok a8y, UxE A

N
fo
p
&
2
e
1_‘
i,
o
I,
oo
e}
re
2
rlo
o
_—
o
2.
|o
Hu

Huwa Qlok 23} 2AF 59k #4=E
o] “Cu A4to] 7Hssiet. ghek, Ml of¢l
A “Zn(np)"Cu (~34 mb) Yo 3
ol 385 Hlojdth I¥7] wjZel, FEAE ol&
o A ge) 5 B4S ALe)
FULA] F& Folal HF “Cu ¥ F/AZ et
9It}. Table 32 “Zn(np)”Cu §FS-S o831 Ak o
H

T AAES fokshech

2
ol
>
=
oz
2
mn
r{ r

>
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2. Purification of *’Cu
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1) Ion Exchange method
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Figure 1. Flow chart of “Cu separation.
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3) Liquid-liquid extraction method
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3. Labeling method of ®Cu
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Figure 2. The kinds of chelator analogue for radioactive copper.

www ksramp.orkr 27



Gye-Hong Kim, et al

Bifunctional Chelator Antibody
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Figure 3. “Cu-radiolabeling scheme with a specific antibody.
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4. Clinical Studies with *’Cu-labelled antibodies

1) Targetting of non-Hodgkin’s lymphoma with
%Cu-2IT-BAT-Lym-1
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2) Targeting of colon carcinoma with *’Cu-CPTA-mAb35
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3) Targeting of bladder cancer with *’Cu-CPTA-C595
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