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(LLF. NRC) (ZHEfh L7z, FBImOFER. NRC X, Ac—227 2 HAERK &7z Th-227 XA 50T
B & L TERTE D Effmftit 7z, 2z >0 TR LAR— K (5 5) TRHELLSH
SN TWER, ERFMITKRO LB Th D (ARA B8 L OBE~D S PRI KIE O FE NS
KDL THDZ LITEETHI L),

“After review, the NRC agrees that uranium (other than that deemed special nuclear material) yielded from
reactions in a nuclear reactor or that is accelerator produced should be considered to be “byproduct
material ”; this would also be true for isotopes of thorium yielded in a nuclear reactor or that are accelerator
produced. Historically, the few persons that have possessed these separated isotopes of uranium and thorium
have held a specific license for both byproduct and source material that did not segregate the two types of
materials and so a distinction was not necessary. Although the definition of “source material by itself would
appear to leave little question that any isotope of uranium or thorium would be considered to be source
material, Section 62 of the AEA discusses requirements for licensing source material as beginning “after
removal from its place in nature.” As isotopes of uranium and thorium yielded in a reactor or from an
accelerator are not obtained from nature, the NRC believes that the intent of the AEA was for these isotopes
to be considered byproduct material. However, the text of the final revision of § 40.22(a) remains as proposed
because Th-228 is still considered to be source material and could be possessed under the general license, if
$ 40.22(a) were not revised in this way. In addition, because of the past ambiguity related to this issue, the
revision would make it clear that these isotopes cannot be possessed under the general license in § 40.22.

The notice of proposed rulemaking included a specific request for comment on whether the limitation to
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natural or depleted uranium and natural thorium is the most appropriate way to prevent persons from
obtaining source material radionuclides with high specific activities without applying for a specific license.
In addition the specific request for comment asked if this approach would adequately protect public health
and safety from, for example, thorium-230 (Th-230) extracted from ore high in uranium content.

[ZEBEDFER, NRC 1%, JATITCORIED D LRSI, FIZNEFERRTER S 7 (5
BEYE E AR IS bDERS) & [BIEKRY) ERRTRETHIZLICFAELET, Zh
(4, JETIFCER S, FETITNEFERTER I PV O ADRRIZ S Y TIEED £,
S, CHEDREESAE T T2k B T ADREEEIE LTV BLEDNA 2, 2 FEHOD
WE & 7B L2200 272800, [IAERY EJFEIDIFIZXT L THED 74 R RFL T
O, XFTZRMEITH D ETATLE,  THEH ODEZAMKIZ, U7 F2I1F MY UADRME
P —=RT Y TNERRINEZEICIEFEAEEEF]ZHEI R DIZHR R ETI, AEA Dt
>3l 62 Tld, [KFDEPIZH S 6 DEIREEDRADE DE L TFEDZ 42 X5
DELEZONTHI L TOE T, TR ENINER TER ST =0 Z7 > BL R U AD[RE
IZ A HFF 547800728, NRC 14, AEA DEXIG 2415 DRI K% FIAE R FFE BT =
EThHoldbEZEZTHWET, 2750, §40.22 (@) BZDL SICHFT IARD > 728585, Th-228 14
HERE L CIREE SRS, — T4 XD FTHAIND AIREMEDR 5 5728, §40.22 (a) D
BREBGT DT F R MNIBREBOVDFETT, X612, ZOMEIZEET ZHLEDHINE NI D
22, KFTICE D, 6 DafkiE §40.22 DT A T XD FTHEH TERZ &P
12720 FT, BEINTHAIFIEDLEHNZ I, KREZIZTEED 7 o BE KA o A~D
BRAS, B DR FF 5 H 50910 B O L BED R M A Fd-5 = & 355 <70 Db
B TETHENE I INZDNTD IR MNEOWTHEDERNEGEEFATNHELE, I5IZ,
A NDERBIRERIT, Z 0T T a—FpB, PIRIL, U T T HEDE I A S M S
72 P U 75230 (Th-230) 226 2RO & L2 2O RET D008 5 )a3daE Lz,

While this response does not specifically answer your question [i.e. whether **’Th is a source material or a
byproduct], I think it provides you the basis for concluding that the isotope of thorium that you are interested

in would be considered “byproduct material”

Z DEIEIFH 87 DE RN ER S 6 D TIEd 0 EHAD[DOE D Th BIFETH 5 5 &
FIERY) T 5 5 &), BRIEPFIZFF> TS N U ADRENEDR TEIERY) & R2Ih5
& fan it SR BT D LN ET,

NRC & DFE LAV O EIE, Th-227 23 “FEME” & U CTHE S, JRFE7 e REEHE A
MIIZR DD, Tk b “BIERY L L THEINDIONE NI ZEThote, HER
U, EBRICERZOBKICH Y, [BLodH s Y v AORNKIE “BlIARY” & RRSh
5] L RbEnTWAsZ ETHD,

F7. NRC D3lt, 73 =/L4EIZ 2019 4F 8 A 22 HfFOEMEZFIT L2 & bEET 55
ThHH, i, —RICABISNTNWD (BE5), ZOFHKTIEL, Ac—227 5D Th-227 |%
“BIARRS” THY . FEMIE” TIERWEBRRSN TV S, Th-227 2B 5 gk O H g
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X, IBINOLREEH E ZAESC Th-227 12 X D22 OO S LITHEGR S22, BEBMIC R
FEanTna /fific—8H L TW\5,

C4. 7. oD [E % OFLHIRDHL

BUTE, Th—227 B S OIRBREGRRBR L, N = tlc k- T, 770 A, R, H
EzEtthoZ < OFETRHEBEIN TS, ZNHDEOEEYRE OV B ITE RIS
WIHIBPE T 272, BURF R TIE Th-227 IZBH9 2 IR R f A X722 A8 BALE Th-227 DIERY
MLE-S1F & LCiE, BmHEOERAZFE LD bA, By, EHEZHRLTHWRWE S T
0o,

C5. A E DRI HTHETFIZBE T DIES
AEEITTEORE R, Th-227 HEFRE S OBRFE 2 0 5 [H 2 (2381 2 I BB S (2 B4
D HARM 225 2 DS LU RIZHIB LT,

l. /vy =-—

(1) The Act on Radiation Protection and Use of Radiation (HtitRRBHE K& ONHHRF
%)

https://dsa. no/en/legislation/Act%20and%20Regulations%h20on%20Radiation%20Protectio
n%20and%20Use%200f%20Radiation. pdf

(2) The Regulations on Radiation Protection and Use of Radiation (tH#RPG#E & OV
SRR AL ALD)
https://dsa. no/en/legislation/Regulations%20on%20Radiation%20Protection%20and%20Us
e%200f%20Radiation%20-%202020. pdf

ABANTER L OER B OGEIC b S5,

2. A z—F

(1) The Stralskyddslag (2018:396) (The Act on Radiation Protection) (FtdH#RBhi#iE)
https://www. riksdagen. se/sv/dokument—lagar/dokument/svensk—
forfattningssamling/stralskyddslag—2018396_sfs—2018-396

(2) The Stralskyddsforordning (2018:506) (The Regulations on Radiation Protection)
(RS HRB KR

https://www. riksdagen. se/sv/dokument—-1lagar/dokument/svensk—

forfattningssamling/stralskyddsforordning—2018506_sfs—2018-506

3. A4
(1) Atomic Energy Act: (/1 RILX—1E)
http://www. gesetze—im—internet. de/atg/index. html
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(2) Radiation Protection Act: (#itHRBhZELE)
http://www. gesetze—im—internet. de/strlschg/

(3) Radiation Protection Ordinance: (FS#RPGZESAH])
http://www. gesetze—im—internet. de/strlschv_2018/

4. KE
(1) The Atomic Energy Act of 1954 (1954 R+ J11£)
https://www. nrc. gov/docs/ML1536/ML15364A497. pdfipage=23

(2) The Energy Reorganization Act of 1974 (1974 F£x /)L X —HHREE)
https://www. nrc. gov/docs/ML1327/ML13274A489. pdfiipage=241

(3) 10 CFR (Code of Federal Regulations) (EFIHLEIEE 10 CFR)

https://www. nrc. gov/reading—rm/doc—collections/cfr/index. html

C6. FEICBITD MY U LDHERL~LE R

Alal, FAEEZITOTHINE ALk D > B, VT =2— AT H AT o—FT > EEH, R
AV, TITUARODT 4T RTIE, HEEARZSEAE (—RLAZM: GSR Part 3) 1Tk
35 R T ADHERL LV ERAL TS Z ERNbhote, KEFARLETIIRL, KEE
TAEA ORI CHREIIN T2 EIZEE S AR E SN TV DD BIEEUEZ O L DOILF—Th o 7=,

D. FHARER

ARl TRY DA 2T 2B EOREES e EHHIR 24, B L7, £72, Th-
227 fEFRIEHS OB ZHFAICER L WA ZAttD Ta— L xy NI —27 i L
CHEHE Sz, BIRBHED 5L TO D ERMNSCAEK D Th-227 (2 B85 2 sl 2 B9~ 2 A RS
ROBEHRULZ IS  ZE ORI L OJRSPR I 2 58 L7,

G T, AIREZR#PH C Th-227 2 & L& E O 2SN B4 5 155 L O Th-227
L <X TAEA THITS N TV D EEEEAZ I (L2 EMEGSR Part 3) IR IHTW
% R U T LOHEISER LA~V ELHEEN & D L5 ICEEOEFITERHA S TW D 2220V Tl
A L7,

HFUZ I 1T D Th-227 OBLHPRDUE, FEOENER O S U Tl i S5 TAEA 3T
BOLFFOCOAHMETH 5720, SEIERMIROKINH Y . Ziud, Th-227 Dr—2A
NEEOBEEL [ E > TEBNC L Ea—3ND 2 E2EWKT 5, EOBHISHIR 2 i X
BDHZENAENE DL, UEIIARMIREORBEE 72> TND H DD, Th-227 NED Y JFHIZ
Lo TEFEEREEL L TEMiaN 2 2O/ —2TiE, KENRC & /L7 =—DSA OS5,
Ac=227 MOAED AL Th-227 1%, “FUEMZE” TidZe< “BIERY” & RS h s &fbimthis
T3,

IHIT, ATUH, Ayx—FT v, RV EH, 74070 Ned | Th-227 fEikEIE M
DOFRENBIEATOINL TV AMOETIX, FEYFICEHMBHRICED . T4 8 ZAEHFITHB W
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TIX Th-227 7% Ra—223 & [RAIFRICIER H OB OBSMHEZR L L THOBEINTND L H I
25,

BUE, FAENCTI T Th-227 [3FHE CTHBI S 523, B 9 IR EEPHUR T U TR
BHEA L < IR EIC S, DOBEIC L > UIMERFF AT 22T 2 0 ERH 5 &
EZ2 oD, HIZITERBEE L L To PThCl, #EHEMLEENE LTl L, Th-227 ik
3R A& B 2 sk CIRE A O ML, IR RLE 2 Hil 9 5 TR, ERERSEOME,
B R OV VE DOREREE B9 2 354 (BEFn 35 AFEVEERE 145 ) | (LR, 3REEE) oWy
DFFAIPRII/e D EBEZ DD, BRI S L <X Lkl S au7c Th-227 Ak 385 %
AT 2 EBEERICIVT S, Th-227 BNEBERGIMEICET 2EHEZ RO LN Z LTk D
EIFHNEDHR &2 T 2 Z & 1Z7e 253, BUROIFHVEIZIT Th-227 £ 2= 3K 5 o FH sk 1 B
T HMEREEEFIIHAEINTE LT, BEICELS LIGA OO OWNTHEER 2
TEFRMEREIZ I\ T Th-227 ARk =R 232 2 L ITBLFERIZEE LV,

TAEICBWTHEHRAARO Th-227 [I22W Tl TARA & OREHE T EICES < B
B L LTOEBREMWE TH Y, EEMGIME L L TCOEBREET L0 E 2 0 FiE T 55T
THRITOHWIZ L D & 2 A L7208, SHBHENS Th-227 FEFREIRL 28 AT 5B, K
(B BIFRFE 238 U TR S 72 fIl S W < D OFESME & RIS EBSESIE SRS 9, 47
HIEOBANC X5 EBEZ VB L LRWEAIZIE, Th-227 ZEHEAME LTI TIZFHLTW
LA EORAMRIN A S EIZ LT, FHIE, FEE, BREFICE W CEYZRBHIOEY 54
BT HZ EmROBLND,

SENEEFRICHN B D Th-227 1220V T, T TITEA L TV A FEOHHIRLZFHE L 7=
23, BlEFEE, EN~OBEANZHT > TERNBEOETIEZOF CTEFICHWHILS Th-227 %
EDO X ITHHITREDORFHNIET S, L VM2 BSMR O ERGENLE LB 2 b
Do

AT
RWFEEHED DITH T | A T/VRE RS AL DHEANR A 81T D RMA 72 3R 2\
T2 2 BT D,

E. 2530k

1) TAEA Safety Standards GSR-Part3: Radiation Protection and Safety of Radiation
Sources: International Basic Safety Standards

https://www—pub. iaea. org/MTCD/publications/PDF/Publ578 web—57265295. pdf

2) TAEA International Basic Safety Standards for Protection against JTonizing
Radiation and for the Safety of Radiation Sources

https://gnssn. iaea. org/Superseded%20Safety%20Standards/Safety_Series_115_1996_Pub9
96_EN. pdf

3) IAEA Safeguards Glossary 2001 Edition
https://www—pub. iaea. org/MTCD/publications/PDF/nvs—3-cd/PDF/NVS3_scr. pdf
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<HE1>

Note on Bayer’s current understanding of legislation and
regulations for Thorium-227 globally

List of abbreviations

CMO: Contract Manufacturing Organisation; external partners

EU: European Union; International collaboration including Sweden, The Netherlands and UK, but
not Norway

TAEA: International Atomic Energy Agency

IFE: Institute for Energy Technology; Norwegian CMO, production site for 227Th

NRC: Nuclear Regulatory Commission; US competent authority

DSA: Norwegian Radiation and Nuclear Safety Agency; Norwegian competent authority
TAT: Targeted Alpha Therapy

TTC: Target Thorium Conjugate; pharmaceutical product containing 227Th

AEA: Atomic Energy Act (USA)

A 72 N U & A 227 OIEEE HHNCBIT 5 34 =L O BIEOFRIZEE T % R
WFED Y X b

CMO : [= 385 Bl =2 SeRE B,

EU : BRME S AV =—FT 2, AT 04, EEEGLN VY = —I13E 2 WEER
IAEA : [EEJF 1 SH%RE

IFE : = 3L —HAifFZean /L™ = —@ CMO. 227Th 4 FEHRLS,

NRC : FIBHIEE S KEOETEY R

DSA : / VT = — DR X O L2T; /vy = —OFEEY

TAT : =% v T T7 78T E— (77 7 BHERHEE)

TTC: #—%7 v b FU 7 A48 (B RY 7L 227 HEK) ;5 227Th % &[R35
AEA : JF1 5k CkE)

Introduction

Targeted thorium-227 conjugates (TTCs) are an emerging class of Targeted alpha therapy (TAT) that link
targeting molecules (e.g. monoclonal antibodies or low-molecular-weight molecules) to the alpha emitter
thorium-227 (*3"Th). TTCs are designed to target various tumor-associated antigens (e.g., PSMA, MSLN,
HER?2) or targets in the tumor microenvironment.

In connection with the clinical development of TTCs for cancer therapy, the legal status of 22’Th is being
discussed. The main reason for the discussion is that most legislations and regulations only refer to thorium
as such, not to the specific thorium isotopes. Although legislation and regulations affecting the use of thorium
as such are in agreement with the IAEA guidelines, i.e. the IAEA Safeguard Glossary, the interpretation as
to how the nuclide thorium-227 is to be perceived and dealt with seemingly differs from country to country.
This note aims at providing the current understanding Bayer has gained on this subject, based on direct
interaction with national authorities and on indirect contact via local collaboration partners.

AiEE

X—2Fy N N A2 AT a— b (BERH Y A2 EER) (TTC) X, ¥—47 > Ny T
(& 7 a—F HURRCIES FACAW R L) ([T 7 7R Y 7 8227 (27Th) & #5E

THT N7 7 RRIERREE (TAT) OF LWAMETY, TTC 1. S F IR EEREPR (1

PSMA, MSLN, HER2 72 &) & 723G HUNREEN ORERIHURICHE ST 2 L 9 IR SN TWE

7

AARIED T TTC ORFRBAFICBIE LT, 27Th OIERMLE ST AiEim STV E T, i

DOFARFHIL, 1FE A EDOERSCHBINEED N v ARMAKTIERLS, M) 7AEKICORS
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FLTnDZETT, M ULAAKROERICERELY 5 X HIEECHTIE IAEA PREHEHEE D
EIOMIAEA TA RTA =L TWETRN, NI TARTNED L IS, B b
NDDIZHONWTORIZEIC L > TRARD X5 T, ZoEIE. FEYEE OERENR0 B
0 L MO )R — N —E 0 LR 72 B2 il FE DT N A T O EREICE LT
BEOHMAZRMT 2 L2 HME LTWET,

Thorium-227

The use of 2’ Th as a medical nuclide is currently being investigated. The relevant properties of 2>’Th include
a relatively short half-life of 18.7, days and well-known behaviour of the daughters (***Ra down to 2*’Pb).
The key question when handling ??’Th is whether it is viewed as an ordinary medical nuclide or if it is
categorised as regular thorium, i.e. 2>*Th.

KU ™ A227
AR & LT 27 Th OfE FIZBIFER KRBT T3, 22Th ORE#H 3 284121, 18.7 HE W
5 LB . B X OV TR TR (223Ra ) DA S KN L ERNAR TH 5 27Pb L 725
ET) OEERE o BN EENE T, 27Th ZEV 5 BOEEARMBEIL. TANEEDOE
BEHEFE R Sbs00n, FTNEHEHEDO MY A, DFED 22Th L LTHEINDLIDNEN
92 LT,

Current situation

To enable manufacturing of clinical doses of TTCs, thorium-227 is currently exported as ?2’ThCly from
Norway into European countries on a regular basis, which includes, but is not limited to, Germany, the UK
and Sweden. Outside these European countries, the USA is also being supplied with 22’ThCls from Norway.
Bayer facilities in Germany are handling thorium-227 and do export small amounts of thorium-227. In
addition, a production facility for 2>’ThCl, is currently being established in the USA, and this facility will
primarily provide >*’ThCls domestically, but it will also be able to supply the European sites as needed.

BAEDWREL

AR HED TTC ORLEZFIFEIZT A7, FU 7 A 227 IFBIFE, /v = — ) BLERINGEEIC
2IThCly & L CEHMICEH S CnET, 2, R4 Y, B E, Ay =—FT U RNEEhET
B, ZNHIRESNETE A, ZHEOBRMEEELATIX, KEICE /T = —7)v 5 27ThCly 73
fFe SN TVWET, RAYOAL ZSERIE N Y U L2227 2> TEY, DEDO N 7 A227 %
i L CWET, £, BLE, KEIC 2TThCly D4 FER i & Bk ¢, ISR EN T 27ThCly % it
WMTDTETTA, BEIE U TRHRINILEA~OME B RIREE 72 0 £,

Overview of countries currently involved in Bayer’s clinical trials on
TTCs

Currently, 2’Th and TTC are handled in several countries, and in each country, the situation is slightly
different. Therefore, before looking at the international legal framework, a brief overview of the relevant
countries is provided in Table 1. It is also important to note the difference between clinical trials, typically
involving single doses of TTCs, and manufacturing of TTCs, which involve handling larger amounts of
227ThCls. As the latter case is more challenging, also from a license perspective, this is where the main focus
will be in this document.

TTC (2B 3 % N1 =V OBRRRBRICBEAERE LT3 EOME

BLE. 27Th & TTC 1TV < S DETHERY b TH b . %lf%ﬁi&biﬁ@iﬁobtﬁ
T, [EHEEM BRI 2 T DR, BEETLEICBIT2MEEZER 1 IR LET, @,
—&%_1%5%&5@1Tc#@D&bhé%ﬁﬁ%&ki@HWMM@WDﬁw%&ﬁTK
DERGEDEWVITIERT 52 L HEETT, BEOLGAIL. 748 A0 APLH LV KNETH
B2, TORXa A N CERESERDDIXZ ZTT,

210



Table 1 Overview of situation for 227Th in several countries

Country Activity Contact with national radiation
safety authorities
Norway Production site for 22’Th (?’ThCla) Direct contact by Bayer
Sweden Production site for TTC, clinical trial site Contact via CMO
UK Production site for TTC, clinical trial site Contact via CMO
USA Production site for TTC, clinical trial site, Direct contact by Bayer
production site for 2>’Th (**’ThCls) being set
up
The Netherlands Clinical trial site Contact via clinical trial site
Germany Production site for TTCs being set up Contact via CMO
Finland Clinical trial site Contact via clinical trial site

#£1 FEHAEICEIT D 2Th I 2RO E

E5] G ZEOT R Y R & D
%%
VT = — 27Th (227ThCly) D558 i 5% Bayer £1:1Z & 5 EH#O Wik
AT —F TTC O#iEN Y, ERKRRE CMO %1 L 7= R0 72 ik
poEs| TTC O 8LIE Nz, AR B R CMO %1 L 7= R0 72 itk
KH TTC O HLiE i %, i R a5 Bayer f1:1Z & 5 B O Wik
27Th (*’ThClLy) DRESEE DL H EF

*+T K b PR BB it 5% W R B R 2 L7
KA 'HC@%LM XD B CMO% Ltﬁ@%ﬁ&%
T4 TUR Hige A S B i % BE PR AR B G s 2 L 7= Wik

International treaties and agreements

Being a radioactive material, >>’Th needs to be assessed in the light of several international agreements,
including the EU Dual Use Directive and the IAEA Safeguard.

In this context, it is also worth mentioning that an IAEA work group is currently working on a technical
document on radionuclides for TAT use, due to be published later this year, in which ??’Th is included, along
with 22°Ac, 2'At and 2'?Pb [1].

EERE&EK EHE

W MHEE TH 57, 2'Th 1%, EU ~EH&W B IZxET 5 HHl<° IABA fREREZ 5T <D
w@l%%m_%abfﬁmﬁé%gﬁhwiﬁo

TR LT, TAEA EEEEIL, 25Ac, AL, 212Pb & & BT 2TTh WNEEN D, SEE I
%ﬁéﬂé%m@1ﬂf@%®m% PERZFEIZ BT D E SCEICBIER D fHA TV DH Z &b E &
THMELH Y F971 ],

Dual Use Directive

Quote:

“Dual-use items are goods, sofiware and technology that can be used for both civilian and military
applications. The EU controls the export, transit and brokering of dual-use items so the EU can contribute
to international peace and security and prevent the proliferation of Weapons of Mass Destruction (WMD).
Dual-use items may be traded freely within the EU, except for some particularly sensitive items, which
transfer within the EU remains subject to prior authorisation (see Annex IV of the Regulation). The
regulation contributes to goals of the European Atomic Energy Community (Euratom) with regard to trade
in nuclear material and to the peaceful uses of nuclear energy.

The regulation is directly applicable throughout the EU. EU countries nevertheless need to take extra
measures _for implementing some of its provisions, e.g. enforcement and penalties.”
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—EHA®RMS BT 58

IR :

[CTHEARLBIZ. REABIOEEHOWFIEHATE LML, Y7 =7, BLOF 2
0y —C79, EU X, —EHG®MNE O, @ik, ffhrz2E L T\WD72H, BU IXEEEO V- &
ZRICEBNL, KBS (WMD) OiE<Z EnTE £,

TEHABMBIZOWTIE, BUNTHBIZESITEE9, 7272 L, EU N THRE S D RRICHE 4
OEELEIE, FATOARRLETT (RO IV 228), ZOHIE, BEmE RSB X
OBE = 3L — O SRR I B~ 2 BN R 7 D 45 [RA  (Buratom) @ BAZIZEBAL TWET,
ZOHENIX, EU &RICEEEH SNE T, Zucbrnb b3, BU #EEIX. ZOHEDNL
O E T DT OIBIMOHEE AT D2 LERH Y 9, 6 0 BT & EIR )

IAEA Safeguard Glossary 2001 Edition, International Nuclear Verification
Series No.3
The status of thorium in general is normally considered to be covered by section 4.4. Source material, stating
that:
Quote:
“Source material — “uranium containing the mixture of isotopes occurring in nature, uranium depleted in
the isotope 235, thorium; any of the foregoing in the form of metal, alloy, chemical compound, or
concentrate, any other material containing one or more of the foregoing in such concentration as the Board
of Governors shall from time to time determine; and such other material as the Board of Governors shall
from time to time determine” [ST, Article XX.3]. According to para. 112 of [153], “the term source material
shall not be interpreted as applying to ore or ore residue. Any determination by the Board under Article XX
of the Statute of the Agency after the entry into force of this Agreement which adds to the materials considered
to be source material or special fissionable material shall have effect under this Agreement only upon

acceptance by the State”’; see also [540, Article 18.h]. However, ore concentrate is considered to be source
material. (See also No. 2.11.)”

TAEA fREHE FFEE 2001 0K, EERR T IRREES Y — X No.3
IR T ADREEITE 7 g v 44 FEY THANR—ENRTWAHEEZ LN, RO X IR
RTWET,

IR :
TR E | — [0 7 > DR ITLED KIRDIELFE NS 250 7, [AfiLkD 72 235 D
tkrZ2, FIDA, BFE G& (EEYXITEGHEYDOIRICZI D THIED VT OYE %
EHTIUE, MOWE THFRPRIFIET S5 GHICE O CHiBOYWED 1 Xid2 K LE+E
HT 58D, PHEDPEIFRIET S EDOMDOYE, | [FHEFE 7B (IAEA) F#EH 20 5 3],
[153] D 112 THIZ S vt T2 DFFEEICIE, SR OHaGOESVIZEEFRRNbDE TS, P
DN DFBENE T 54 U7t [AROMEICHETE, R E KI5 FHE B & Sh
BYEE BT SETIT 2 HEICIE, FOREIL, GFEHPAE L=BICEHE N TDRZ DIFK
e TS, [540, F IS FKh] bBIE, (AL, BHITFEEYEEALINS, 211 b20H)
[MAEA fREEFFE HEESE 2001 FRERR kR (MEREN BEEHE%—)] LV

Bayer’s understanding as discussed with competent authorities

Based on this paragraph, it seems that any isotope of thorium is to be considered as source material. However,
it is worthwhile to look at the whole situation, and in paragraph 3.14. Significant quantity, defining so-called
significant quantities, the accompanying table shows that the significant quantity, the approximate amount
of nuclear material for which the possibility of manufacturing a nuclear explosive device cannot be excluded,
for thorium is 20 tonnes, as it is listed as “indirect nuclear use material”. These quantities do point to
natural thorium, not the short-lived isotopes, which will never be available in such quantities.

In addition, paragraph 4.17. Thorium provides the following definition: Thorium — a radioactive element
with atomic number 90 and symbol Th. Naturally occurring thorium consists only of the fertile isotope *°Th,
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which through transmutation becomes the fissionable **U. Here it seems clear that the terms “thorium”,
“232Th” and “natural thorium” are interchangeable terms. This is also the only paragraph describing thorium,
whereas uranium is described in seven paragraphs (4.8. Uranium-4.14. Uranium-233) to differentiate
between different isotopes and enrichment grades, in line with paragraph 4.4. Source material.
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Looking at paragraph 4.6. Fissionable material, thorium is not mentioned as a fissionable material', although
this is the case for 22’Th, as the cross-section for thermal neutron induced fission is approximately 200 barns?.
In paragraph 4.7. Fertile material, 2*Th is named as fertile material. The interesting point in that is that this
is one of very few instances where the actual thorium isotope is mentioned, not just “thorium”.

Looking at the language used, it suggests that the term “thorium” frequently refers to “natural thorium”, in
particular in paragraphs 3.14. Significant quantity and 4.4. Source material. In addition, comparing the
situation for thorium and uranium does suggest that “thorium” normally refers to “natural thorium” or
“232Th”.

With this in mind, the question is how this is interpreted by national authorities.
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1 Tt should be underlined that 227Th is by definition fissionable, but it is not so-called
“special fissionable material” as defined in section 4.5 of the IAEA Safeguard Glossary. This
term applies to 239Puy, 233U and 235U and enriched uranium only.

2 This is comparable to the cross-section of 235U, which is 586 barns, and indicates the
probability of a neutron-induced fission event.
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Situation experienced so far in countries involved in the investigational

clinical program of TTCs

Radioprotection agencies in various countries have already allowed for 22’Th use, however, depending on
the involvement of the particular country (e.g. holding a ?>’Th handling site for TTC production or a medical
facility for cancer treatment) the scope of handling and permission granted differs from country to country.
In the following the current status in the countries involved is described.

There are also differences for the licenses granted, as some countries issue broadscope licenses, which does
not specify the nuclides to be used. Such licenses are quite typical for research sites like universities. Other
countries issue nuclide specific licenses, where the nuclides to be used are specified. Such licenses are quite
typical for such production sites and may be issued to hospitals as well.
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Norway

Tasks and scope of Thorium-227 use

Production site (IFE) for 2’Th is located in Norway. The starting material for TTC drug production, thorium
chloride (**’ThCls), is shipped from Norway to other countries, e.g. Sweden and the UK. IFE has a
broadscope license for handling and storage of up to 399 GBq.

Conclusion based on interactions with competent authorities in Norway as of today

Bayer has been in direct contact with national authorities (DSA). The DSA had to consider ?*’Th when the
production of the now approved pharmaceutical Xofigo (based on ?*’Ra) was being planned, as that
production required substantial amounts of ?*’Ac, the parent nuclide of ?2’Th. The actinium was actually
considered to be the more challenging nuclide of the two, due to a longer half-life (21.77 years) and low
detectability (virtually no y-emission and soft B-emission). The amount of >??Ac and thus ?>’Th has been
limited to 399 GBq, based on a site-specific risk assessment, and all reporting in on ??’Ac, not >*’Th. The
export of 22’Th as 2>’ ThCl4 has been accepted without any specific requirements, other than those that apply
to other radioactive material.

Bayer has also received a letter from the Norwegian authorities, DSA, dated 06.03.2019, where DSA
concludes that 2>’Th derived from 2*’Ac is not regarded as source material [2,3]. It is therefore considered
under the radiation safety regulations, not the atomic energy law.
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The USA

Tasks and scope of Thorium-227 use

Production site (CMO Curium LLC) for TTC drugs has been established in St. Louis and is importing the
starting material 22’ ThCl4 on a regular basis from Norway. Curium’s license scope for handling and storage
of 227Th is 2000 MBq. From the Curium site TTCs are delivered to hospitals participating in the clinical
TTC programs in the US. The hospitals have readily obtained license for handling thorium-227, either as an
expansion of existing licenses or as new licenses.

Conclusion based on interactions with competent authorities as of today

In the USA, Bayer has approached the Nuclear Regulation Commission (NRC) regarding the legal status of
227Th. After a review, the NRC concluded that ?2’Th produced from *?’Ac could clearly be defined as a by-
product. This is discussed in detail in a separate report [4], but the main conclusion is as follows (note that
references to AEA and the paragraphs are from national US regulations):

T AV ERE

Thorium-227 ODEFA DX 2 7 L i

TTC EH S OAFEHLE (CMO Curium LLC) 232 LA AT E L, VT = —0 b EHIRY
(ZHAZE IR 27 ThCly 2 A LTV ET, 27Th OHLY o EAREIZBIF % Curium O 7 A & 2 A4

FHIX 2000MBq T3, Curium %A ~235, TTC I KE DK TTC 7’1 7' JMIEI L TV 5K
Bl S Ed, ki, BMEOTA v AOWEL LT, T EHLWI A2 E LT,
MU DOARTEROEITZODT A AERBPZEHL TONET,

45 HOEEYRE & ORMICESL R

KETIE, A TuiE 27Th OIEHINZICE L TR DKIEES (NRC) 17 7o —F LEL
Too  FRETOFER, NRC X, 2Ac DA IV 2 Th (T L NCEVERM E L TERTE D &
FERATE Lz, ZHIROWTIEHBIO LR — R4 TRELL S TWE T 28, Eefsimian
DEEH TT (AEA BLOBEEA~OZRITKEOENMHICL 2D THD Z LICEELTLE
),

“After review, the NRC agrees that uranium (other than that deemed special nuclear material) yielded from
reactions in a nuclear reactor or that is accelerator produced should be considered to be “byproduct
material”’; this would also be true for isotopes of thorium yielded in a nuclear reactor or that are accelerator
produced. Historically, the few persons that have possessed these separated isotopes of uranium and thorium
have held a specific license for both byproduct and source material that did not segregate the two types of
materials and so a distinction was not necessary. Although the definition of “source material” by itself would
appear to leave little question that any isotope of uranium or thorium would be considered to be source
material, Section 62 of the AEA discusses requirements for licensing source material as beginning “after
removal from its place in nature.” As isotopes of uranium and thorium yielded in a reactor or from an
accelerator are not obtained from nature, the NRC believes that the intent of the AEA was for these isotopes
to be considered byproduct material. However, the text of the final revision of § 40.22(a) remains as proposed
because Th-228 is still considered to be source material and could be possessed under the general license,
if § 40.22(a) were not revised in this way. In addition, because of the past ambiguity related to this issue, the
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revision would make it clear that these isotopes cannot be possessed under the general license in § 40.22.
The notice of proposed rulemaking included a specific request for comment on whether the limitation to
natural or depleted uranium and natural thorium is the most appropriate way to prevent persons from
obtaining source material radionuclides with high specific activities without applying for a specific license.
In addition the specific request for comment asked if this approach would adequately protect public health
and safety from, for example, thorium-230 (Th-230) extracted from ore high in uranium content.
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While this response does not specifically answer your question [i.e. whether **’Th is a source material or a
byproduct], I think it provides you the basis for concluding that the isotope of thorium that you are interested
in would be considered “byproduct material”

Z DEIE T 72 7= DERIIZ AN EZR 56 D Tldd 0 FHAD[OF Y 227Th PFEFTH5 9
FEVERY TH A 5 E], BRIz EZ{E> TG N o ADRENER TEIERY) & 57 Sh
B & igan it SR F T 5 L JHINE T,

The starting point of the discussion with NRC was whether 22’Th would be classified as “source material”,
requiring extensive safeguards, or “by-product”. The key point is really in the last paragraph, where it is
stated that “the isotope of thorium that you are interested in would be considered “by-product material”. It
is also worth noting that the NRC recently has issued a letter to Bayer, dated 22. August 2019, which is
publicly available [6]. In this letter 22”Th from ?2’Ac is stated to be by-product material, not source material.
in agreement with the view which clearly currently held, as applications for facilities handling 2>’ Th have
been approved without any additional safeguard requirements or other conditions due to the 22’Th. Two such
applications are known to Bayer.
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The Netherlands

Tasks and scope of Thorium-227 use

In the Netherlands a production site for TTC was originally planned, but not executed. The broadscope
license of the CMO evaluated, Curium in Petten, appeared to be sufficient for possession and use. But a
potential challenge was the assumption of the CMO that *?ThCl, is to be regarded as fissile material,
potentially requiring special attention, in particular in connection with import. However, fissile material is
exempt from these regulations if the weight of the fissile material is less than 3 % of the total weight of the
substance. Bayer did an assessment of the content, based in ICP-MS measurements, concluding that >*’Th
could be up to 2 % of the weight in the salt labelled 2>’ ThCls, where chlorides of calcium, magnesium and
chromium would be the major components by weight [5].

Currently two hospitals are participating the clinical program on TTCs. So far, no substantial objections have
been raised concerning this clinical program in the Netherlands. Import of TTC from within the EU is
therefore covered by the Dual Use Directive.

*o K

Thorium-227 ODEFA DX 2 7 L i

F T o TIE, TTC OAFERENYHIHE SN TWE LN, FTSNEFATLE, iHMish
72 CMO DJRIKT A 2 A TH DT ® Curium (%, FE EFEHICH S THL L IR ZAFEL
Too LU, ERZREREIT, 2 ThCl A R TREME & W72 S, R AL B L TR 72
HEENVBEICRDAREMERH D LV ) CMO OET L, 72720, o aemE o EENY
BOMERED 3%REOHE. EORTEDEIZZNSLOMEI LRSI ET, 1 i,
ICP-MS HIFEIZE SN\ TEA BEOFI 21TV, 2’Th |E 2'ThCly & 7 ~AAFHT SO EED K
K 2%\ B AREMEDN B D LR TITE Ln, 22 TiE, ALV UL, TRV T A, BXOY
1 L OHAC N EE T EMRSTIZRY £9[5],

BIFE. 2 DOFBEN TTC DK 7' 1 7 Z AMZBMLTWET, ThETHOEZA T X TD
ZOKR T v 7T ML TEEN BRI E S ThERA, L7 > T EU N HO TTC
DA, “EHEBSBICHTDEH O R E Y F77,

Conclusion based on interactions with competent authorities as of today

As mentioned above, the Dutch authorities currently consider any thorium to be fissile material, according
to local companies. Bayer has not approached the authorities to get this confirmed as the, contact with
authorities was only via the CMO. However, work with TTCs has been deemed fully possible due to the
following, as quoted from the Convention on Nuclear Safety (report, 2013):

“Within the framework of the Nuclear Energy Act, fissionable materials are defined as materials
containing up to a certain percentage of uranium, plutonium or thorium (i.e. 0.1% uranium or

plutonium and 3% thorium by weight) and used for the purpose of fission and/or breeding. All other
materials containing radionuclides and exceeding the exemption levels, are defined as radioactive
materials.” Thus, as long as thorium does not constitute more than 3% by weight, it is possible to handle the
material as fissionable rather than fissile material. And as it is not considered as “Special fissionable
material”, as defined in paragraph 4.5. Special fissionable material, in the IAEA Safeguard Glossary, it is not
required to be handled under the safeguard regime. Bayer has made a separate report [4] on the weight
content of thorium is dry thorium film, which is used as a starting material for TTC manufacturing. However,
for TTCs, the weight of the thorium-227 will always be much smaller than 3 %, so this is not a challenge for
TTCs, only for dry thorium film.
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Sweden

Tasks and scope of Thorium-227 use

Production site for TTC has been established in the city of Lund. The site imports the starting material
227ThCls on a regular basis from Norway. Lund manufactures TTCs for local patient treatment, and for
shipment from Sweden to other countries, e.g. The Netherlands, UK and Finland. In connection with the
production of TTC, the Swedish Inspektionen for Strategiska Produkter (Inspectorate for Strategic Products,
an official national inspectorate), has issued a letter to Bayer where they conclude that the Dual use directive
does not imply export regulations on thorium-227, see Refs. [7,8].

Conclusion based on interactions with competent authorities as of today

In Sweden, a local manufacturing site for TTC was established at Lund (university hospital). The existing
broadscope license they held was deemed as sufficient by the authorities. No questions have been raised
concerning handling and use of thorium-227 in Sweden. The authorities have rather focused on handling of
a-emitters in general, partly based on the needs for 2?’Th and partly based on experience from handling of
223Ra. All dialogue with the authorities was managed locally by the CMO with support provided by Bayer.
As for export of TTCs to other European countries, the topic of export license due to the Dual use directive
was discussed between Bayer and the relevant Swedish authorities. It was concluded that an export license
was not required, as mentioned above.
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UK

Tasks and scope of Thorium-227 use

Production site for TTC has been established in the city of Southampton. The site imports the starting
material 2’ ThCls from Norway. TTCs for patient treatment are provided to other sites in the UK, e.g the
Royal Free Hospital in London.
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Conclusion based on interactions with competent authorities as of today

In the UK, the manufacturing site in Southampton (license scope for handling and storage of 2>’Th is 3000
MBq) and the Royal Free Hospital in London contacted the competent authorities and were granted license
for 22’Th handling in addition to existing licenses, including the license for handling **Ra. The main
challenges encountered in the UK was local environmental impact assessments, being very site specific and
time-consuming. All dialogue regarding licenses and environmental assessment was managed locally by
the CMOs with support provided by Bayer.

LS|

Thorium-227 DEFAD Z 2 7 L &

TTC DOEFEILEN T 737 F Uiy ENE L, ZOV A MEL VT =— 5 HFEM
B 27ThCly Z8aA L TV Ed, BEEEHO TTC 1. EEOMOY A ., 72 ziErnr Rro
Royal FreeHospital (Z#2f SV TV ET,

SHOEEYLR L ORFICESL i

FEETIE, YUt s ofELS (Th OELY ] ERE D T A & > AHEFHIX 3000 MBq)

& 1 > K @ Royal Free Hospital 23 8E XY JGj @& L, 2Ra DLW 2 EEFO T A4 B A

Mz T2Th DR FNDT A B A& IvE Le, JEETEE L2 B2, ko

ﬂ%ﬁﬁ“%fﬂﬁf% 0. IEFITTA NEADOTZDRFRN»Y L, T4 BV ALRETEAA LV
MZBIT 2T _XRTOxERE, N TV DOXEEZIT TCMO L > Tr— LV CTEHINE LT,

Germany

In Germany, multiple TTC-related activities are currently on-going. Bayer has for several years been doing
pre-clinical studies at two different locations in Germany. Clinical studies with TTC are also being planned,
and most significantly the set-up of a production site for TTC to supply the European market is currently in
progress. The German authorities have defined ?2’Th as a medical nuclide similar to ?>*Ra, so setting up sites
and obtaining licenses has been comparable to setting up sites for 2>*Ra. However, the one area that has been
challenging has been export of TTCs or other 2*’Th containing compound to countries outside the EU (e.g.
Norway). The Dual-use Directive described earlier is unclear on the status of ??’Th, and the German
authorities have, unlike the Swedish, concluded that it currently falls under export regulations of the Dual-
use Directive. An initiative to clarify this matter has been initiated but changing an EU directive is a
cumbersome process. Thus we currently are able to work with TTCs in Germany without specific restrictions,
although export to non-EU countries is more challenging than anticipated due to the required paperwork.
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Other countries

Currently, clinical trials for TTC are being planned in a number of other countries. Interactions with
competent authorities in these countries are yet in a very early phase, so no clear assessment on ??’Th is
available as of now, but currently the legal status of 2’Th does not seem to restrict the import, handling and
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use more than ordinary medical nuclides.

Summary

This note summarises the legal situation for ?>’Th globally. As the wording of the IAEA documents typically
used as a basis for national regulations is somewhat unclear, there is room for a number of different
interpretations. This means that the case of ?2’Th is reviewed by national competent authorities in each
country individually. Whether it will be possible to harmonise the national regulations or interpretations is
for the time being an open question. However, in the two cases where thorium-227 has been assessed as a
medical nuclide by national authorities, both the US NRC and the Norwegian DSA concluded that *’Th
made from 2*’Ac is to be considered as a by-product, not source material.

In addition, it is worth noting that in the other countries where 2>’Th is currently being handled, which include
Netherlands, Sweden, Germany, UK and Finland, the interpretation by the national authorities seems
implicitly to classify >*’Th as a regular radioactive nuclide for medical purposes, by the license requirements.
In addition, the countries currently planning to join the clinical trials of TTC have not raised any concern
related to the legal status of 2*’Th.

o E 2

H/E, TTC OEKRBRIL, thoZ < OETHE SN TWET, ZASDEOEFEYF L OV B
DIXFE T IERICHI BB TH A 7=, BIREE CIT 27Th (2RT 2R3 L d 0 SHAM, Bl
£ 2Th OEMMLESIT & LT, @F OEBAZRE L 0 bl B v, A ZHR LU
Wk o T,

B

ZOERIE, RO 2Th OEREZ D60 T, ERSRHEOERE L CBEEER SN
% IAEA LEDOLEITCAHMETH D720, SEIEREROKMAH Y 3, Ziux, 2'Th
D7 —ANEEOEEL R L > TEINIZLE2—3NAZ L2 EWRLE, EOHRKSCHREZ
FAFSE D Z ENATEENE 9 2MF, YmEITRIRORETT, LirL, MY A 27 BEOYE
WX - TEREMR S L CGEHMSNnz 2 2O — 2 TlE, KENRC & / /LD =—DSA DOl J773,
2IAc INBIES I PTTh L, FEME CidZe < BIAER® & Re 3D it £ Lz,
IHIL, ATUH, Ayz—FT v, AV, BE, 74272 R, 2TTh NEAERY i T
WAMOETIE, FEYFICILMRICEY., 74 B2 AEMETBWTIE 2Th B ERHO®
W OGRS LTI SN TS XA XD 2 SIZERICELEd, 61T, B
1£ TTC DK A~DSIMN % FHE L TV 5 E &2 1%, 27Th OIEHALICEE T 2B & a2 4E L T
WEH AL
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Logo D SA Norwegian

Radiation
and Nuclear Safety Authority

Stamp: Received 12 March 2019

Bayer AS
P.O. Box 193
1325 Lysaker

Ref.: Date: Assessor:
17/00647-14 / 325.2 06.03.2019 Jan Frede Unhjem

Enquiry regarding classification of thorium-227

We refer to the enquiry about clarification of the medical use of thorium-227. According to
the cover letter of 28.01.2019 from Bayer, the nuclide thorium-227 is routinely produced at
IFE [Institute for Energy Technology, Kjeller, Norwayl via decay of actinium-227 for use in
research and in cancer therapy as an alpha-emitting nuclide bound to targeting conjugates.

As long as thorium-227 is derived from actinium-227 (which is not a "source material"
according to IAEA's definition), we do not consider thorium-227 to be so either. In this
particular context it is also our understanding that actinium-227 and thorium-227 will not be
regulated by the atomic energy law, but rather by the radiation safety regulations.

Based on the information provided, the Norwegian Radiation and Nuclear Safety Agency
considers thorium-227, produced via decay of actinium-227, to be an alpha-emitting nuclide
for medical use in line with radium-223.

U 7 A 227 OSPFEICEET D BREIWE

kU DA 227 OERFH OOV TORIWEDLEICBEZ LET, A TAnbo 2019
E1HHDOIA—LE—IZLBE, MU TA 227 L, EESERICHES LT VT 7
HOHEARE & L C, AFE0IRE CRIHT A 72012, 727 F =0 5 227 OEEIZ L > CTIFE[=X/L
X—HIFTEA, /v =—, 77— CHEMICAEINTHET,

MU DL 227 N7V F =05 227 (IAEA OERICED & FERE) Tiraw) sk 2R
D, FUDL2THZIRLEFEZTWERA, ZOREDINRIZBWT, 77F =0 L227 L
b U D L 227 IR )E TR < VBEHBRZ EARBNC L » TREI SN D 2 & bR b OB T,

AL S NTZBERIZESNT, VT 2 —OBHBREB X OB IEZRITIE, 77 F =7 5227 DEE
BIZE o> THERENT N T A2 %2, TV 4223 LEEE. ERHOT VT 7 B TH
HERZLTWHET,

Kind regards
Ingrid Espe Heikkila Jan Frede Unhjem
Section leader Senior adviser
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Copy: Harald Dugstad, Bayer AS
Jorgen Borrebak, Bayer AS
Havar Gausemel, Bayer AS

Postal address: Office: Swift address:
UNBANOKK

P.O. Box 329 Skayen NO-0213 Grini neeringspark 13, 1361 Bank account:
Oslo, Norway Osteras, Norway 8276 01 00494

T +47 67 16 25 00 dsa.no IBAN: NO76 8276
01 00494

F +47 67 14 74 07 dsa@dsa.no Org.no: 867 668 292
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Oslo, 08.03.2017

Note on composition of dry thorium-film

Havar Gausemel, Bayer AS
Wik B U 7 AT g L SO BT A TR
R—U 7V HTRARAV A T AS

Introduction

In connection with the TTC-project, the composition of the dry thorium-film has been discussed. The
main reason for this interest is the regulation on handling of fissile material in the Netherlands,
where thorium is regarded as fissile material. The limit for handling such material without a special
license is maximum 3 % by weight, which means that there is a need to justify whether or not the
dry thorium-film is within this limit or not.

ArE X

TTC vy =7 MIBEEL T, BN U AT 0V AOMB N Eim SILTWD, ZORLOERERH
3. R T AR ENME L I SND T T AT BT DS EEME OB DT A HEITH
b, BT A B AR L TEDO LD MBS 2O OHIIRIL, K TERE 3% THY, ZIUTTE
L7 R D AT 4 VBN OHIRNICH D0 E I MEES LT DISERNH D Z L E2EERT 5,

The composition of the dry thorium film containing 227Th has not been determined in detail. What
is known, is the activity of the 227Th, which can be used to deduce the amount of thorium present.
In addition, determination of the chloride content has been attempted, and the result was that the
content was less than 0.5 mg. However, if chloride is present in excess compared to 227Th, there must
be a counter-ion, a common cation like Na, Mg, K or Ca, to name the most likely candidates.

2Th & AT BEME R Y T AT 4 L AORBIFENC DD B TOARL, HBA TG E s L
TiE. 2Th OBHETH Y . ZIUIHFET D b ) WA@%%?E«BWES TZOWIEMNT 2 Z LR TE D,
F7o, WAL EROPENAADIL, ZOFREE., B &IX0.5mg K Tho7z, Lo, HLn 227Th
E B U CHRICHAET D56, &b AT f%@mb‘@%fﬁ%%ﬁ F512iX, Na, Mg, K E72iXCan k)
T — W25 A A T DRIA A NFAET D MERH Y £,

ICP-MS

To investigate this, ICP-MS measurements have been performed on the metal ions in a cold sample,
i.e. a sample made in the same way and with the same chemicals as the normal solution, expect for
227Th which was not added. The 10 ml solution is therefore identical to the normal thorium-solution
prior to evaporation to dry film. The cations found in solution ought therefore to be the same as the
cations found in the dry film except for the cases where the chloride is volatile. The ICP-MS
measurements were done at Karlsruhe Institute of Technology, Germany, and the results are
included in Appendix 1.

ICP B &4#Tik

INEFRL-D ICPEESHTHTEIZ. 2—L Ry ThbbBEORKE R U HETELN,
[ UALFEME CTh LY FIANDOERBA A Ak LT Th-, ZHUITRINENZ2 0 o 7= 227Th |2 % [A)
FRICHEIFF S LD, - T, 10 ml IEHRITHEN T2 7 4 )V AZZRE T HRIOBEE O b U 7 LRIK & Fl—TH
BHo DFEV ., WROPTRODSTEGA A%, WALPBRERETH IG5 A8 2R\ T, HEREEICA SN
LA A ERICTHDIETTH D, ICPERERIEIX KA Y DA — VA —= TR RFTIThil, £0
R LICEERTOET,

Calcium
Based on the ICP-MS results, one only need to include the results for calcium, Ca, as the content of
Ca is fairly high, 2276 ug/l. It is well-known that the corresponding chloride, CaClz, is not volatile.
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To calculate the mass of the chloride, one may simply take the mass of Ca (40.08 g/mol), divide by
the molar mass to obtain the number of moles, multiply by 2 to allow for the number of moles of ClI,
and multiply by the molar mass of Cl (35.45 g/mol). This gives:

2276 ug/l - (2 - 35.45 g/mol)/40.08 g/mol = 4026 g/l of CI

In total, the mass of CaClz is therefore (2276 + 4026) pg/l = 6302 pg/l

Thus, in a 10 ml solution there will be 63.02 pg of CaCls.

TN A

ICP EEHIEDOFERICIESE, Ca DEAEN 2276 ng/l L7 EWi=d, Iy U LAOFERORE
GODHVENRDY T, FEOEAM THD CaCle TFEEME TRV Lixk<mbhTnd, HHikmo
FREZFET 5120, B2 Ca(40.08 g/mo) D'EEAZ T Y | E/VE & TEl- TEAEEZRD, 2 28T T
Cl 0N AEKD, 1L T Cl OF/NEES5.45g/mol) ZHMT 27217 T, ZAIUILLTFD@Y 720 %
7

2276 ng/l (2 -35.45 g/mol)/40.08 g/mol = 4026 u g/l

L7e3> THEFT CaCla BRI, (2276 + 4026) g/l =6302 1 g/l

SF D, 10 ml WK TIL, CaCle? 63.02 ug ¥ £7°,

Thorium

As for 227Th, a maximum of 100 MBq is stored as dry film. 100 MBq corresponds to:
A=)N; where A = 1n(2)/t12

N = t12 A/In(2) = 18.68 days - 24 hours/day - 3600 s/hour - 100 MBq /In(2) = 2.33 1014
The number of moles (M) is: N/Na = 2.33 - 1014/6.022 - 1023 = 0.388 nmol

The mass (m) is given as: M mmo = 0.388 nmol - 227 g/mol = 88.0 ng

As for thorium chloride, ThCls, four times as many moles of chloride as thorium will be present, so
the weight of ThCls will be (calculation similar to CaClz above):
(88 ng + (88 ng - (4 - 35.45 g/mol)/227 g/mol) = 143 ng

U DA
227Th (2B L Tik. &K 100 MBq 23628 & U CTIRAES L E T, 100MBq 1ZLA FICFEY L ET

A= 1 N; 22T 2 = In@ht e

N =tz A/n(2)=18.68 H - 24 KHl/H - 3600 F/HFR] - 100 MBq /In(2) = 2.33 1014
E/LMEIIHRD EFBY T3 N/NA =2.33 -1014/6.022 - 1023 =0.388 nmol
BEITKRDO XL HIIC5251FT:Mm E/L =0.388 nmol - 227 g/mol = 88.0 ng

WAL Y 7 A ThCliZoW T, FU 7 A0 4 {208 ENLPNFEET DD T, ThCl s OEEIF(LE
® CaCl 2 & FIEEDEE)IC /2 £
(88 ng + (88 ng (4 -35.45 g/mol)/227 g/mol)= 143 ng

Composition

Looking at the composition of the dry film, and taking only the three species Th, Ca and CI into
account, thus overestimating the contribution of at least the two first species, the total weight is:
(63.02 pg + 0.143 pug) = 63.16 ug

The contribution of Th is therefore:

0.088 ng/63.16 ug = 0.0139, which is 0.14 %

Thus the composition of the dry film is 0.14 % 227Th.

HELRK

HLlE L7e 7 4 VL A OFAE LT, 3 FED Th, Ca, Cl DA EBEIZAN, D72 &b 2 DORYOFEE
DFE ARG 5 & REREITKROLBY TT,

(63.02 ng+0.143:g =63.16u¢g

L7z -> T, Th OFGIFROELEBY TT,

0.088 1 g/63.16 1 g=0.0139, 725 0.14 %
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L7z iio T, Wil 7 ¢V A Ok & LCIE 227Th 73 0.14% T .

Discussion on validity of result

Based on the cation composition determined by ICP-MS, the contribution from 227Th is less than
0.15 %. This contribution is significantly lower than the limit of 3 % by weight for fissile material.
The sample analysed is expected to be representative for the typical solution used for production of
dry thorium-film, and due to the results, a deviation of up to 20 times in the calcium concentration
would be acceptable when looking at the weight limit for fissile material. As the procedure for
thorium-film production is standardised, there is no reason to expect such deviations.

FEROZYMIZEE T D RREt

ICP HEOWIZ X » THER SNT-MA 4o OfkIc S & 2Th 7DD EF 5L 0.15%AKM Th 5.
ZDOFGIT, BOEMEWE T S EE 3%DOHIR L D b KRIBIZE, oS, kg b
U LT 4V AOBGEICHEH S PR EROREN 2L OTHY | ZORE, BEoREwmE0®E
BHIENGTHE DNV T LMREORK 20 (GORATTFESND THA9, NI ULAT 4V LADERE
DO FNEPIEHENL SN TNDLD T, ZO LX) RFENTRINIEBEH Y TH A,

Conclusion

The conclusion on the composition of the dry thorium-film is that it will contain 0.14 % 227Th by
weight. This is well below the limit of 3 % for permissible handling of fissile material.

i am
W N O AT 4 )V AOMAIZE T AT, TN ERETO0.14%0 2TTh 2 &2 L L7 9, =
FUTEZ S B E OB TFR SN D 3% DIRE Z KX < FEl>TWET,
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Appendix 1 ICP-MS results
Tablel ICP-MS results. Complete results (including blanks) are available. The relevant column is
the column labelled “Kald_Th_3M HCL”, giving the concentration of the ion in pg/l.

ftix 1 ICP E &b &

# 1 ICP HENSITMEDORERE, wafR (7 v 7 a2&T) NFATETT, BEE#ET 5 MIX
[Kald_Th_3M HCL] & Z7-ULfHi SHIMT, ngl DA AU REE 2> T0ET,

pg/L IDL | SDL _Kald_Th_3MHCL RSD [%]
Li 0,005 | 0,186 0,335 18,42
B 2,209 | 47,62 84,28 18,83
Na 2,568 | 51,35 <D.L.

Mg 0,064 | 18,81 311,6 2,01
Al 0,300 | 1,664 77,63 0,71
K 2,694 | 5387 <D.L.

Ca 17,15 | 68,59 2276 1,00
Ti 0,052 | 36,53 100,4 12,12
v 0,046 | 69,73 269,9 8,61
cr 0,051 | 2621 455,0 19,21
Mn 0,005 | 0,481 4,009 3,91
Fe 6,516 | 46,65 <D.L.

Co 0,005 | 0,088 <D.L.

Ni 0,011 | 0,991 26,42 1,25
Cu 0,017 | 0,346 3,130 3,70
Zn 0,233 | 4,664 <D.L.

As 0,027 | 15,98 155,2 3,43
Se 0,328 4,901 <D.L.

Rb 0,004 | 0,073 <D.L.

sr 0,009 | 0,144 <D.L.

Y 0,001 | 0,062 <D.L.

zr 0,002 | 0,106 0,541 6,57
Nb 0,001 | 0,020 <D.L.

Mo 0,006 | 0,077 1,020 2,52
Ru 0,001 | 0,018 <D.L.

Rh 0,007 | 0,000 <D.L.

Pd 0,001 | 0,020 <D.L.

Ag 0,001 | 0,011 <D.L.

cd 0,002 | 0,048 <D.L.

Sn 0,003 | 0,147 0,738 6,63
Sb 0,001 | 0,020 <D.L.

Cs 0,002 | 0,001 <D.L.

Ba 0,003 | 1,302 <D.L.

La 0,001 | 0,012 0,018 24,77
Ce 0,001 | 0,068 0,285 7,97
Pr 0,001 | 0,002 0,006 12,08
Nd 0,001 | 0,018 <D.L.

Sm 0,001 | 0,024 <D.L.

Eu 0,001 | 0,003 <D.L.

Gd 0,001 | 0,005 <D.L.

Tb 0,001 | 0,002 <D.L.

w 0,001 | 0,010 0,061 5,43
Os 0,001 | 0,020 <D.L.

Ir 0,001 | 0,014 <D.L.

Pt 0,001 | 0,020 <D.L.

Au 0,001 | 0,020 <D.L.

TI 0,001 | 0,075 0,189 13,42
Pb 0,004 | 0,414 7,406 1,86
Bi 0,001 | 0,011 0,041 9,17
Th 0,001 | 0,919 7,722 3,97
u 0,001 | 0,013 <D.L.

Ra-226 0,001 | 0,004 <D.L.

Ac/Th-227 | 0,001 | 0,004 <D.L.
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A brief translation from Swedish to English of letter from the Inspectorate for Strategic Products
BB T BE SR T D O O FHRO R U = —F VEED b HEE~ O Hi 22 FHER

Executive officer: Linda Hinas

2020-03-17

Bayer AS
Drammensveien 283
N-0283 Oslo

Product request for a medical product containing thorium-227
N U T L 227 ZE TR OB AR ZER

Background

Bayer AS has on 10 October 2019 submitted a product request regarding a medical product containing thorium-227
to the Inspectorate for Strategic Products (“Inspektionen for strategiska produkter, ISP). The company's
assessment is that the product is not classified in accordance with Annex I to Council Regulation (EC) No 428/2009
(updated by EU 2019/2199) and that it is therefore not subject to authorization requirements.

El==NR
EIPY

NA )V AS I 2019 4E 10 A 10 A, R U 7 A 227 ZETeE@ a2 B9 2 5 5L SR 2 Mg S SRR AT
( Inspektionen for strategiska produkter, LA N ISP) |22 L& L7z, FFLOFHAMNIX, S5 EFE 241
(EC)No 428/2009(E U 2019/2199 IZ K > THEENICHHEE 1IZHE > THFHI LTV RV | AREFO X
LTIIRNE VWS Z & T,

Statement

The ISP considers that the medical product containing thorium-227 is not classified in accordance with Annex I to
Council Regulation (EC) No 428/2009. The product is thus not covered by export authorization requirements under
Article 3 (1) of the said Regulation.

This means that export of the product described in the product request containing thorium-227 can be carried out
without an export authorization in accordance with Article 3 (1) of the said Regulation.

However, the ISP would point out that, if certain conditions are met, the ISP may decide that a product which is not
subject to authorization requirements under Article 3 (1) of the said Regulation, shall still be subject to export
authorization requirements under Article 4 of this Regulation, so-called catch-all.

In addition, special legislation may apply when exporting to certain destinations, for example countries that are
subject to UN or EU embargo or sanctions. For more information on current embargo and sanctions, please refer to
the ISP website. ISP recommends that you contact ISP for a statement in advance before any export to these
countries takes place.

[F8uN

ISP X, thorium227 % & TeEE R, BRFSfTHI(EC)No0 428/2009 ~DfftJEE 11ZH > THFE I T
BRNWEEZTWET, LER-T, 8L, ERROBBIORE 3 LICHES < M AGREMEDO % Tk
HYFEEA,

ZHUE, N A 227 AT R EORICHEE S U7 R OB A3, MEEAHRIO 3 SR(OITHE S 7o
HFFR 22 LIfThD Z L& EmR L £,

LU, ISP 1%, & LRFEDOSRMEN Tz SNT286 . ISP I, Y4 HRI0E 3 R()IZHED < AGREFD
KR TIX AW, ZOMRIDE 4 5, Wb D45 B i A FR IS < g AGRE okt 5 &
RAHZLERETHAIENTELLEHLTVET,

Flo. FRED BB 2, EESS EU OZSEHEE £ 72 IHIE O RIEN I 256 Rl 2k

227



NHEAINAEERH D T4, B(EOEGIHER X OHIEOZEMIOWTIE, ISPOY = 7Y A h &S
FRLTLZ&, ISP Tk, 26 OEA~OEHATHOILHENC, FRIZ ISP ICHEME L CTEREZRD D

ZLaBEIOLET,

Stefan Villa
Director PDA
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

August 22, 2019

Shaemus Gleason

Global Radiopharmaceutical Strategic
Operations Leader

Pharmaceuticals Division

Bayer Healthcare Pharmaceuticals Inc.
Oncology SBU

Whippany, NJ 07981

SUBJECT: LICENSING OF TH-227 CHLORIDE
Dear Mr. Gleason:

Thank you for meeting with the U.S. Nuclear Regulatory Commission (NRC) staff concerning
Bayer’s Thorium-227 (Th-227) chloride treatment (TTC) last July. The purpose of our meeting
was to obtain additional information regarding the Th-227 used to produce TTC, and the proper
application of NRC requirements under the Atomic Energy Act of 1954, as amended (AEA) and
NRC regulations with regard to this material, specifically, whether it constitutes “byproduct
material” or “source material.” We discussed targeted alpha therapy, the TTC manufacturing
and administration processes, and radiation protection information for TTC.

RV ANTIN Y (GE PR
TV =

WEAET RIS A =L D b B U w7 5227 (Th-227) L (TTC) IZoWT, KEFR - HHGEZES
(NRC) DAX v 7 ERBEVLTWEEEHYNE ) ZTINWET, F-bOSEO B, TTC
DORGEITMHH S A Th-22712 B3 2:80fE H. B XN OME PRI TRIZERDME) F7-0X
EEME ] OWTNOMEZHTH0CBEEL T, %iE (AEA) K ONNRCHIH & L TH19544FE
DI ITEITFES S NRCEAEA~OME Y 2 IC W CIERATST A2 TL, BEbiT, 1=
7 w7 7L, TTCORER LOEH Y vt A 8L OTTCO M HRBIERE HIZ oW Cilin L
F L7,

The definition of byproduct material under AEA § 11e.1 includes “any radioactive material
(except special nuclear material) yielded in or made radioactive by exposure to the radiation
incident to the process of producing or utilizing special nuclear material.” Because Th-227 is
expressly a decay product of material produced in a nuclear reactor, this material falls squarely
within this definition, and therefore constitutes byproduct material under the AEA and NRC
regulations. Therefore, Th-227 in TTC would be licensed as byproduct material under Title 10
of the Code of Federal Regulations (10 CFR), Parts 30 and 35 or equivalent NRC Agreement
State provisions for animal and bench research and for medical use. We previously
communicated this information verbally subsequent to Bayer’s visit in July 2018. Per your
request, we are providing this response in writing to facilitate licensing of TTC at your clinical
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trial sites.

AEBA§1le. UZHES S FVERMEOERICIT,  THRERREWE OGS F 13RI HO 7 1 & 22
32 R IR T > TR SN2, F 23S U7 i M (R k7 e % B

<) | WEENET, Th227XH O NITRFIF CEMRINT-WE DBEEAK THHT-9,

COMEIXZOEFRICESITEY L, L2 > TAEAR L UNRCHABNZEES < BIZERME o
HarHELET, Liz->7T, TTICOTHh-227i%, #HMHAIE (10 CFR) O % A ~L10, 73— K30
BLOBS, B3R X OEERENF LT QNS EEE S O 72 9 O [A1% ONRCH EIMN O E 125
WTRIER E L CERATENET, 20184E7H O A /LD, BRI Z OIE#Z 08E TIs
2F LTz, THEZIZSU T, BERBRY A F TOTTICO T At AL 52 RBHIZT D201,
ZORIE A2 EE TR LET,

In accordance with 10 CFR 2.390 of the NRC’s “Agency Rules of Practice and Procedure,” a
copy of this letter will be available electronically for public inspection in the NRC Public
Document Room or from the Publicly Available Records component of NRC’s Agencywide
Documents Access Management System (ADAMS). ADAMS is accessible from the NRC Web
site at https://www.nrc.gov/reading-rm/adams.html. If you have any questions please contact
myself or Said Daibes, Ph.D. at Said.DaibesFigueroa@nrc.gov or (301) 415-6863.

NRCO [HEBIDOEITE L OFIEDOHA]] D10CFR 2.390(2HE-> T, ZDOEMO = ¥°—|%, NRC
NBSCERIZBWT, £ IINRCOMBEEEDLET 7 A EFLY AT & (ADAMS) DB
LR IR — 3R F B E LRI XBE A FTEETY,  ADAMSIZIX. NRC Web¥1 h
(https://www.nrc.gov/reading-rm/adams.html) 7257 7 A TEE3, TARPALREN IV E
L7256, FAEE H L < 1ESaid Daibes Ph.D ( Said.DaibesFigueroa@nrc.gov) F721% (301) 415-
6863 F TEHMWEDLELITZI VY,

Sincerely,

/RA/

Christian Einberg, Branch Chief
Medical Safety and Events Assessment Branch
Division of Materials Safety, Security, State
and Tribal Programs
Office of Nuclear Material Safety

and Safeguards
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