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INTRODUCTION

Lintuzumab is a humanized monoclonal antibody (mAb) against CD33, an antigen
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Figure 2: Impurities Present in 22°AC Produced from ?2°Th vs %3?Th Figure 5: Radiolabeling Efficiency and Purity is Comparable for 22°Th vs %232Th Generated 2?°Ac Figure 7: In vitro cellular cytotoxicity analysis of labeled ?25Ac-lintuzumab from the two ?2°Ac sources

widely expressed on myeloid stem cells and leukemic blast cells in patients with Acute A) Thorium Cow Generated 2*Ac A) Radiolabeling Efficiency (%)
Myeloid Leukemia (AML). Actinium Pharmaceuticals is advancing several targeted A 1000

. L . . Radiosiotopes Batch oo
radio-immunotherapy programs utilizing Lintuzumab conjugated with the potent
alpha emitting radionuclide Actinium-225 (225Ac) to treat cancer patients. Currently, 183026 Activity Level 0.0 . XTT THP1 72h . XTT U937 72h
the supply of 22°Ac for clinical manufacturing is produced by a generator system from Batch Analysis Date: NG % Comments ZZZ é’% | : ':J":t‘i:‘a:‘:jnzeus 53 2:0_ = : Zﬂfﬁfafi”;..s
the decay of Thorium-229 (?2°Th); however, the capacity of 22°Th generators to supply 102 2018 . £ 10] = T 20 i 25 o A E | o _ T 20 i 25 o A
Ac-225 is limited (< 2 Ci/year). A highly promising source of Ac-225 supply is via high- Apri . 0o < o A 40 nCi2%Ac-Gr A < h § - B 40 nCiZ5Ac-Gr A
energy linear proton accelerator (Linac) where 22°Ac is produced via irradiation of 00 % 0.5 B3 60 nCi??°Ac-Gr A % b B3 60 nCi??°Ac-Gr A
Thorium-232. Linac-produced 225Ac, however, contains minor quantities (0.1-0.7% 2257 ¢ 42 .9 99 99 200 E 11 | E % ”TH ;gongfzz\"gr’; E 031 _ ;22 :g:zzizgi
activity) of low energy 22’ Ac which has a half-life of 21.8 years. 22°Ac has a half-life of 22504 < 5x10° < 1x10>2 Not detected 100 < 00 ' P D 40 nCi225A0.Gr B < 00 - J0 Ol 995 An G B
10 days. Because of the large differences in decay rates of these two isotopes, even at o0 S —— o oot —— 60 nCi225Ac-Gr B B3 40 nCi225Ac-Gr B
very low activity levels, the 227Ac molecule is present in high quantities in the mixture. ***Ra < 5x10+ < 1x10- Not detected e e 20 :g'z:‘:;fé; = fgo":ggg;ceé;
Fﬁr Txarrllpls, 2l 7OA-3% alctivitv, the molar ra:izc;;: 27Ac Lo 225Ac is approximately 2.3. At 229Th <2x10* | <5x10* [ Not detected B) TLC Analysis of Lintuzumab-**Ac == 200 nCi225A0-Gr B == 200 nCi225A0-Gr B
this level, the c in linac preparations o ¢ may have a negative impact on S . } } .
b=, stabilityI:n dppotency. y 8 P All fissionable material | <3x105 | < 7x105 | Extrapolated from earlier runs T e S e
In order to assess the potential impact of the 22’ Ac impurity on antibody labeling - - - oo - - ;%2'0 3 Media alone ;f > E3 Media alone
efficiency and other parameters, we conducted experimental studies where Accelerated Generated ?°Ac 25000, A N ] Tk N €15 T =3 Untreated Cells € E32 Untreated Cells
lintuzumab-DOTA conjugates were comparatively labeled with 22>Ac produced by both Activity L j —n - ‘ - f § 1.0 : jg ”g'fs?"ff 3’" i : jg ng';rcjr:
229Th generator and linac. In these studies, we compared radiolabeling efficiency and Ctivity Leve f E | W{ ; | | g | B = 60 :C:zzsAz_G:A Tg' . = 6o :C:zzSAz_G:A
critical quality attributes of the radiolabeled finished drug product. Previously, in vivo Radiosiotopes mCi % Comments > g e 2 o] i’ S | £ ™ DO 100 nCi2Ac-Gr A £ DO 100 nGi2Ac-Gr A
mouse studies of linac-produced 225Ac, free or DOTA-chelated, demonstrated similar o0 § : o] & < | £ 0ol 200nGAcGrA  § glem 200 nC*PAc-Gr A
biodistribution/dosimetry/toxicity profiles to 22°Th generated ??°Ac [1]. In our 225 ] % ] ; iﬁ 22;;;;’:?; iﬁ 23;;;??;

: : . : : C 2.2 ST 5000 g , g ! |
experimental scheme, a preparation of lintuzumab-DOTA conjugate was first prepared . N - _ | g N 8 B 60 Ci225A0-Gr B B3 60 nCi225A0-Gr 8
using a qualified manufacturing process. The lintuzumab-DOTA conjugate was then Ac 0.02 1 Extrapolated from earlier runs T R ea— | ok awak sk ek 7e0 ek e e
divided into two parts, and one part was radiolabeled with 2>°Th generated %>°Ac and 223R4 < 2x10* < 1x103 Not detected Minutes e
the second part with Linac-generated 22°Ac. Both 22°Ac radioisotope lots were supplied 224R4 < %104 < 1x10-3 Not detected Peak Results - PeakResults
by the Department of Energy (DOE). Post-labeling, the radiolabeled lintuzumab-DOTA- ]t |01 ] A [%hen] il I e
Ac-225 preparations were passed through separate size exclusion chromatography *'Th < 2x10° < 1x10- Not detected lizﬁﬁmnéi;ﬁfi = 2 [msneeora[sniz|_2vve] o] " ”
columns to remove unlabeled 22°Ac from the preparation. The eluents were analyzed 229Th < 2%10* < 1%x103 Not detected ' ' — Source A: 22°Th “cow” %%°Ac
for radpchemlcal purzl;cy and |mmun9react|V|ty. Eurther, radlc?lf";\be!lng efficiency was 140Q 5 < 2%x104 < 1x10-2 Not detected Q) SEC Purity Analysis of Lintuzumab->Ac Source B: 232Th accelerator_derived 225AC
determined for both 2?°Ac radionuclide preparations. For verification of results, the Thorium Cow Generated Z5AC Accelerator Generated Z°AC
study was repeated a second time with new lots of 225Ac from each source. Our results “la < 2x10° < 1x107 Not detected
demonstrated that, radiolabeling of lintuzumab-DOTA with 22°Ac generated by high 241 < 2x104 < 1x103 Mot detected oo .
energy proton accelerator exhibited similar characteristics in terms of radiolabeling o000 \ SEC Purity — 98.7% o SEC Purity — 98.5% Figure 7: Cytotoxicity analysis of anti-CD33, 22°Ac-lintuzumab labeled with ?2>Ac material from the two sources
efficien(.:y, immunoreactivity and radiochemica.l purity to 2°Th ge2£17era’Fed-225Ac, B) Ac225 Ac227 40.00 !I\ 20.00 ]\ was performed on two CD33 positive acute myeloid leukemia cell lines, THP1 and U937. Cells were incubated
suggesting that the elevated molar concentration of low energy “"Ac in linac Specific Activity of Ac225 (Ci/g) 58,000 | 72.375 o " 5000 \ with titrations of labeled antibody for 4 hours at 37 degrees, washed and then incubated in complete media for
preparations does not have a significant negative impact on the labeling of 20.00 2000 . _
monoclonal antibodies for the generation of radioimmunoconjugates. Activity per gram of Ac225 (Ci) 58,000 580 10.00 i A . |72 O|r 9? hourls- Cke” V|ab||||’:\|’<\;\|/as measured by Xsz-l;Sassay- In this assay, the results demonstrated comparable

T . o A e T A AN N Y nti- mi illing irr iV A rce.
Challenges Associated with Accelerator Derived 225Ac: Unavoidable Amount based on Activity (g) 1 8.01 oo P2RA BRI entml) T T YETET :\mu TS IATH 617 I 030312 1020 28 20 T b0 evels ot anti-leukemia ce g lrespective o " SOHTEE
—— At 1% Activity, mass of 22’Ac is 8.01 times higher than mass of ?>°Ac .
6 Activity, is 8.01 ti ig
A) L

-
‘_,-"' Arbitrary spherical limit for e
/,r‘ tracked particles r = 1000 mm \\‘

Figure 5: A) Radiolabeling Efficiency determination of Lintuzumab-2?>Ac chelation process. B) Radiochemical
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for the lower energy IPF irradiations is at 90 MeV while the lowest

2277 /225Ac ratio measured at BNL occurred at 174 MeV [2]. Figure 6: A) Radiochemical Purity by instant thin-layer chromatography . B) Radiochemical Purity analysis of

Figure 4: SEC-HPLC Analysis of A) Lintuzumab B) Lintuzumab-DOTA Conjugate ) ) = ) . o
Lintuzumab-22°Ac using SEC-HPLC. C) Immunoreactivity Analysis of Lintuzumab-?>>Ac cell binding assay.
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