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Adapted from De Kruijff, R.M.; et al., Pharmaceuticals 2015, 8, 321-336. 

Basic Concept of Targeted Radionuclide Therapy 3
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Radionuclide

Targeting Vector

Target Site

• Diagnostics
• SPECT

• PET

• Therapy
• beta

• alpha
• auger electron

• Theranostics
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Types of Targeted Radionuclide Therapy
4
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Adapted from de Jong, M.; et al. Pharmaceutics 2019, 11, 560.

Auger (e-):
Range 2-500 nm
LET: 4–26 Kev/µm

Alpha (!):
Range 40–100 µm
LET: 50–230 Kev/µm

Beta (β-):
Range 0.050–12 mm
LET: 0.2 Kev/µm

Adapted from Poty S.; et al. J Nucl Med. 2018;59(6):878-884. 
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https://www.xofigo-us.com/patient/how-xofigo-works (accessed 4/19/22)

Mukherji D.; et al. Ther. Clin. Risk Manag. 2014;10:373-380https://www.acs.org/content/acs/en/education/whatischemistry/periodictable.html (accessed 4/19/22)

Xofigo® (223Ra dichloride)

https://www.xofigo-us.com/patient/how-xofigo-works
https://www.acs.org/content/acs/en/education/whatischemistry/periodictable.html
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Promising TAT Radionuclides 6
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Adapted from Elgqvist, J.; et al. Front. Oncol. 2014, 3, 324.
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225Ac Background 7
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Adapted from Pozzi, O. R. et al.  IAEA-TM-44815
https://inis.iaea.org/search/search.aspx?orig_q=RN:45091405

https://www.acs.org/content/acs/en/education/whatischemistry/periodictable.html (accessed 4/19/22)

• Moderate t1/2 ~10 d
• Rapid emission of 4 ⍺-particles
• 213Bi in same decay-chain

https://www.acs.org/content/acs/en/education/whatischemistry/periodictable.html
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Cancer Type Radioconjugate Patients
Leukemia 213Bi-anti-CD33-mAb 49

225Ac-anti-CD33-mAb 76

Lymphoma 213Bi-anti-CD20-mAb 12

Melanoma 213Bi-anti-MCSP-mAb 54

Bladder cancer 213Bi-anti-EGFR-mAb 12

Glioma 213Bi-Substance P 68
225Ac-Substance P 20

Neuroendocrine tumors 213Bi-DOTATOC 25
225Ac-DOTATOC 39

Prostate cancer 225Ac-PSMA617 >400

Clinical Use of 225Ac or 213Bi Daughter 8
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Morgenstern, A.; et al. Semin. Nucl. Med. 2020, 50 (2), 119-123.
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PSMA-617

Recent FDA Approval for PSMA Radiopharmaceuticals 9
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De Vincentis, G, et al. Ann. Oncol. 2019;30(11) 1728-1739

PSMA-11 68Ga à

PSMA-617 177Luà

Approved by FDA on 3/23/2022 
Kratochwil, C.; et al J Nucl Med 2016, 57 (8), 1170-6
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PSMA-617 177Lu or 225Ac 10
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Kratochwil, C.; et al. J. Nucl. Med. 2016;57(12) 1941-1944

Is PSMA-617 225Ac Next?
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Gap in Knowledge of Ac Basic Properties 11

Department of Chemistry, College of Arts and Sciences

Ac(marodipa)+ Ac(py-marodipa)+
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225Ac at Oak Ridge National Laboratory 12

Department of Chemistry, College of Arts and Sciences

Boll, R. A. et al. Appl. Radiat. Isot. 2005, 62 (5), 667-679.

• ~130 mCi of 229Th recovered from 
legacy 233U material at ORNL

• ~1 Ci of 225Ac can be produced 
every year

• Estimated ~8 Ci unrecovered 229Th 
form 233U stockpile at ORNL
• 2019 - Isotek Systems and TerraPower

took over management of 
unrecovered 229Th stock via a public-
private partnership agreement with 
the US DOE

225Ac225Ra229Th233U
!

1.6´105 y

!
7340 y

β-

14.9 d

!
9.92 d

https://www.isotopes.gov/information/actinium-225 (accessed 4/19/22)
https://www.world-nuclear-news.org/Articles/Partnership-to-produce-medical-isotope-from-legacy (accessed 4/25/22)

https://www.isotopes.gov/information/actinium-225
https://www.world-nuclear-news.org/Articles/Partnership-to-produce-medical-isotope-from-legacy
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Tri-Lab Effort for 225Ac Production 13
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https://www.isotopes.gov/accelerator-facilities,  (accessed 4/20/22)
https://www.ornl.gov/section/radioisotope-production (accessed on 4/20/22)

https://www.isotopes.gov/accelerator-facilities
https://www.ornl.gov/section/radioisotope-production
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Accelerator Production of 225Ac at LANL and BNL 14
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Facility Projected Single Target 225Ac 
Yields (10-day irradiation) 

LANL-IPF(100 MeV, 250-450 μA) 1.3-2.3 Ci 

BNL-BLIP (200 MeV, 165 μA) 2.2 Ci 

Weidner, J. W.; et al. Appl. Radiat. Isot. 2012, 70 (11), 2602.

https://www.isotopes.gov/information/actinium-225 (accessed on 4/25/22 Mastren, T.; et al. Sci. Rep. 2017, 7 (1), 8216.

232Th(p,x)225Ac

https://www.isotopes.gov/information/actinium-225
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• The recent success of the PSMA class of radiopharmaceuticals, including 
the FDA approval of the 68Ga and 177Lu in March of 2022,  has led to a 
rapidly growing interest in 225Ac.
• Barriers towards progress of 225Ac TAT radiopharmaceuticals include
• Limited supply

• Lack in understanding of the fundamental properties of 225Ac

• To help address these needs, the DOE IP has initiated the Tri-Lab Effort for 
accelerator-based 225Ac production.

225Ac Summary 15
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211At Background 16
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211At	!-particles
LETmean =	99	keV/µm
Eavg =	6.79	MeV
range	=	55-70	µm
Imaging:
211Po	K	X-rays	(EC)
77–92	keV

Adapted from Zalutsky, M. and Pruszynski M. Curr. Radiopharm. 2008, 1, 177−196.https://www.acs.org/content/acs/en/education/whatischemistry/periodictable.html (accessed 4/19/22)
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Gap in Knowledge of At Basic Properties 17
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At(") → At(")$ + %% 9.31751(8) eV

Published on May 14, 2013!

At(") + %% → At(")% 2.41578(7) eV

Published on July 30, 2020!
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211At Production Sites in US

http://ecpmlangues.u-strasbg.fr/civilization/geography/US-census-maps-demographics.html (accessed 4/19/22)

http://ecpmlangues.u-strasbg.fr/civilization/geography/US-census-maps-demographics.html
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211At Production at Texas A&M 19
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• K150 Cyclotron
• Energy: 28.8 MeV

• I!Avg: 2–12.5 pµA
• Length: 8–18 h

• Yield: 8–100 mCi

209Bi + aà 211At + 2n
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211At Chemistry at Texas A&M 20
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Production
209Bi(a,2n)211At

Dissolution of Target
8–12 M HNO3

Experimental Chemistry
Separations and Fundamental
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211At Separations: Solvent Extraction 21
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Solvent Dielectric
Constant

methyl isobutyl ketone 13.11
3-octanone 10.5
1-octanol 10.3
1-decanol 7.93

diisopropyl ether 3.81

Burns, J. D. et al. Chem. Commun. 2020, 56 (63), 9004.
Burns, J. D. et al. 2021 Rapid At-211 Purification Method, US Patent Application PCT/US21/25156, filled March 2021. Patent Pending.
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Extraction of 211At: ketone vs alcohol 22
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Burns, J. D. et al. Inorg. Chem. in revision

• 1-octanol extraction

• Peaks 2–3 M HNO3

• 3-octanone extraction

• Dependance on [NO3
–]

• Stoichiometry At:NO3
– à 1:1

● 1-octanol HNO3

3-octanone HNO3

3-octanone NaNO3
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211At Chemistry in HNO3 23
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Champion, J. et al. Inorganica Chim. Acta 2009, 362 (8), 2654-2661.

Spin-Orbit
Off

Spin-Orbit
On

Severo Pereira Gomes, A. et al. Phys.Chem.Chem.Phys. 2014, 16, 9238-9248.
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O Lone Pair Interaction with AtO+ π* 24
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Burns, J. D. et al. Chem. Commun. 2020, 56 (63), 9004.

NBO Donor O sp2

Occ. = 1.67 e−

NBO Acceptor AtO+ π*  
Occ. = 0.29 e−
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211At Extraction Speciation 25
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Bidentate 

211At Extraction Speciation Cont. 26
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Monodentate 
Solvent Mode !G(sol) /

kcal•mol-1
Ed /
kcal•mol-1

3-octanone Mono -11.91 4.21

acetophenone Mono -13.56 1.00

dibenzoylmethane Mono -12.06 3.23

1,3-dibenzoylpropane Mono -15.58 0.71

Bi O O -11.27 4.29

Bi O phenyl -14.32 7.99

1,4-dibenzoylbutane Mono -11.58 3.20

Bi O O -19.04 4.52

Bi O phenyl -17.86 4.39

Burns, J. D. et al. Inorg. Chem. in review.
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Extraction Chromatography 27
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O

3-octanone
FDA UNII: 79173B4107

Amberchrom® CG300
Support: styrene-divinylbenzene
Particle Size: 50–100 µm
Pore Size: 0.7 mL/g pore volume

300 Å mean pore size
Surface Area: 700 m2/g

fdasis.nlm.nih.gov/srs/unii/79173b4107
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Characterization of Impregnated Resin 28
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Amberchrom® CG300
Support: styrene-divinylbenzene
Particle Size: 50–100 µm
Pore Size: 0.7 mL/g pore volume

300 Å mean pore size
Surface Area: 700 m2/g
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J. D. Burns et al., Sep. Purif. Technol. 2021, 256, 117794 .
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At-211 Separation: Extraction Chromatography 29
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Cartridge Column Loading 30

Department of Chemistry, College of Arts and Sciences

Tereshatov, E. E.; et al. Chem. Eng. J. 2022, 442, 136176.

• 3-octanone impregnated on 
Amberchrom® CG300

• ID = 7 mm

• Bed Volume = 0.5 mL

• Bed Height = 12.99 mm

• ~60 mCi 211At

• ~0.5 M Bi3+

• <20 min to recover 211At

Free liquid removed from cartridge and held for 
3.5 & 34 h between Wash and Strip
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31
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3.5 h Proximity from 211At Production Sites in US

http://ecpmlangues.u-strasbg.fr/civilization/geography/US-census-maps-demographics.html (accessed 4/19/22)

http://ecpmlangues.u-strasbg.fr/civilization/geography/US-census-maps-demographics.html
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Summary 32
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• Targeted Radionuclide Therapy, specifically Targeted Alpha 
Therapy, is a very promising emerging approach to cancer 
treatment.
• Next to 223Ra, 225Ac and 211At are two of the most promising TAT 

radionuclides.
• The main challenges for both are:
• Limited supply

• Limited understanding of chemical properties.  
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Thank you!

Questions?

burnsjon@uab.edu


