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ABSTRACT 

The present disclosure provides a high-energy, low toxicity 
radiopharmaceutical composition comprising actinium that 
performs as an anti-tumor agent for targeted radionuclide 
therapy. The radiopharmaceutical composition disclosed 
herein has a short physical half-life of about 9.9 days and 
produces low toxicity profiles. 

PSMAI&T 

PSMA binding motif 

1

Patent Owner Exhibit 2096 
IPR2025-01582



Patent Application Publication Oct. 2,2025 Sheet 1 of 17 US 2025/0303004 Al 

PSMA I&T 

PSMA binding mouf 

he 

  

Patent Application Publication Oct. 2, 2025 Sheet 1 of 17 US 2025/0303004 Al 

PSMAI&T 

PSMA binding motif 

FIG. I 

2



Patent Application Publication Oct. 2, 2025 Sheet 2 of 17 US 2025/0303004 Al 

  

          

          
  

                            

S 2t3R yy 

OM Ry Le At Lo IA 2S I copy og tpi ey 28TH 
oa 4.9 mip 32.6 ois 45.5 min rn 28y] | 22h 2x109 yr Stabile 

i B 
22 min   

FI
G.
 
2

Patent Application Publication 

u1Fr ~ 217At 
4,9 min ! 32,6 ms 

Oct. 2, 2025 Sheet 2 of 17 US 2025/0303004 Al 

205TI 

Stable 

3



Patent Application Publication Oct. 2, 2025 Sheet 3 of 17 US 2025/0303004 Al 

A 

::•:•:•:•:•:•:•:•:•:•:•:•:• .. :.: ... :.:-:.:m 
·········.:.::.-:::.. 
:;,•,•··········•,····•:•····.······•,•:::•· ........ :~ 

~~:;::::::::::::::::::::~::::::~ 
~ -:❖:❖:•: :;:;:;~i~~----
:&- ...... ...:.:...:...:..-
0 :;:;:;:;:;:;:;:;:;:;~ 

,g •:~:;:~:;:~:;:;:;:;:::~:~:;::::::::=.:·:,:-:-:-:-:-:❖:-:·:-:·: ........ 
~;:;:;:;:;:;:;:;:::~-
~ ;;:;;;~:=:•=·=·=·=·=·=·=·: ........ 
i :············<x=Y·WW-
,.o ;.;.;.;.;.;.;.;.;.;.:,: ............... ·~ .. ..,_ s '•• ........ ·.·, ... ....... '.:Wa: 

"i ::::::::::::::~=·:•:·:•:·Z.:•:• .. ::-
a ::.:.:,:.:,:.:,:.:,:. .❖:❖=•=·=·=·=·=·=·=·=·=·=·=·=·=-­
*:-:•:-:•:•-
.::'?: ~ .... :•:•:❖:•:•:·:e::wa 
:fil. ......... ,:.:.:❖:❖:❖:,:-:·:··❖:-:··-:::illllit 
~ ;;;.;_;.:·:·:·:·:·:·:·:·:·:·:·:• •. •.•.•.=.•.•.=:--:•:·:·:·:·:•:~ ......... :.; . :.; ......... 

,❖:•:•:•:•:•:•:•:•:•:❖:•:•:❖:« 

::~:~:~:~:~:~:~:~:~:::.:•:•:•:•:•:•:•:•:•:•:•:•:•:❖:,:;.:x :•:•:•·· ••• 

M • ~ ¼ n ~ 

Duration o! ,~nsa (months} 

{)Abiratemne ::: .!Z)Rg 

ffl ITTLu,PSMA617 

B 

:-:•:•:•:•:•:•:•:•:•:•:•:❖:•·· :❖:•:::•:•:•:•:•:•:•:•:•:•:•:❖:❖ 

~:;-'··················:··:····:··:···\·.;. 

I~.·:.:.:.·.··:.:.:.:.:.:.:.:.:.·························~···:•:•:•:•:•:•:•:•:•:•:•:•:•:·= 
'-' :•:•:•:•:•:•:·:•:•:•:•:•=·=·=·=·=·=·=·····················: 

~::•·•:•:•:··•:··•:::•:··•:············•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.• 
.... ::•:•:•:•.•:•:•:•:•:•:•:•:•:• .•:•:•:•:•:•:::.:•:•:•:•:•:•:•:•:•:•:•:•:•>=·=·=·=·=·=·=;:.:-:❖ 

§ ~:.·.·.·.·.·.·.·.·.·.·.·.·.·. •:•:•:•:•:•:❖:•:•:•~--:-:-:-:❖:-:-:•:-.--:-:-:-

!'! ·.,.w .. w.·.;.;.;.:•: 

-6 ~.·.·.·.,.·.·.·.·.·.·.·.·.·.::::::: .. ······························ 
.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.:-:-:•=·=·=·=·=·=·=;:.:•:•:•:•:•:❖:❖:❖:❖:. i ••••••••••••••• •:•:•:·:•:•:❖:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:❖:❖:-::-::-::-::-::-::-::-::-::-::-::-::-::-::-:: 

r::::::::::::::::::::::::::::::::::::::::::::::::::::::::·:·:··:·:·:·:·:·:·:·:·:·:·:·:·: 
:Ii ;.:.;.:·:..·:.;.;.;.;.;.;.;.;.;.;.;.;.;.;.:.;.:.;.:.;.:.;.:.;.;.;.;.;.;,:..~···········:································· .. 
-n ·:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:. ···························•.•.•· ....... . z.❖:-::-:=-:.x=-:=-::-::-::-::-::-::-::-::-•• ••• 
~ ~-;:::::;.:;;.::::;.;.:.; :·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·: 

8 ::':':':':':':':':':':':':':':':':':':':':':':':':':':':':':':':':':':':':':':':':':'::':':':':':':':':':':':':':':·:':':'::·::·;;,. 
=ff!.~.·,:,,:,:,:::,:,:,:,:,:,:,:,::::;;;;:.:.:;:;:.,:;,;;;;;,;:;,;;;,:.,.:: 

: ..... , ................................... « ............................... ❖;.;.;..::❖kkk&kk&kkk•~ 
···········...-.·.···························································•:~;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.::;.;.;.;.:.;.~ 

>:·:·:·:-:·:·:·:·:·:·:.:·:.:·:·:·:·:·:·:·:.:.:.:·:.:·:·:·:.:·:·:·:·:·:·:·:·:·:·:·:·:·:.:·:.:·:·:·:.:·:·:·:·:·:·:·:·:·:·:•:·:·:·:•:·:·:·:·:·:·:·:·:•;~ 
········.···························.·····························.·····································•:-•;.·•··•:-•.•.'.' ................. ~ 

•:•:•:•,•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:❖:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:❖:•:•:•:•:•:•:•:•:•:❖:•:•:•:•:•:❖:•:•:•:•:•:•:•:•:❖:•:•:•~ 
..•.•.••·.•.•.•.•.•.•·•.•.•.•·•.•.•.•·•.•·•.•·•.•.•.•·•.•·•.•·····•.•.•.•·•.•.•.•·•.•·•.•·•.•·•.•.• .••••• mm:..::..:•'.•'.•'.•'.•'.•'.•'.•'.•'.·~ 

::: ~·························································:······························· ....... ;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.~ 
·•:•:•:•:•:•:•:❖:❖:❖:❖:❖:❖:❖:❖:❖:❖:❖:❖:❖:❖:❖:❖:❖:❖:❖:❖:❖:❖:❖:❖:❖:❖:❖:-:-:-:-:-:-:-» .•:•:•:•:•:•:•:-:❖:-:-:-:~ 

X•"-c :.<.« ;~ 

RelatiYa <>Oflltibulicn to treatment ctmmo!ogy 

"-' 
0 
,:::i 
0 

-~ 
"t:I 

3 
OJ 
;,. 

·.o ro 
,:; 
k 

"t:I 
= sj 

?· 
"' .:::: 
~ 
0 
8 ~ .s 

d 75 
ZS 
,:::i -0 ~ u 
'"' 0 s 
E 
'--
0 

§ 
-~ 

g s 
"O 
elJ u; .s (l) 

is: E 
0 .:::: = Cf; OJ 

zl § 
% ro 

"' 
~ 

t,) 

"' s g 
8 .> ·,::< 
1" (l) 

VJ ~ 

4



Patent Application Publication Oct. 2,2025 Sheet 4 of 17 US 2025/0303004 Al 

  

            

  

                  

FI
G.

 
4 

  

            

 

Patent Application Publication Oct. 2, 2025 Sheet 4 of 17 US 2025/0303004 Al 

5



Patent Application Publication Oct. 2, 2025 Sheet 5 of 17 US 2025/0303004 Al 

Waterfall plot demonstrating percentage change in PSA levels after treatment with 225Ac­
PSMA-617 in studied patients (x-axis= number of patients; y-axis = percentage change). 
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02/2017 

519 ng/ml 

01/2020 

9.0 ng/ml 

b 
2x 177Lu-PSMA 

RLT 
(6 GBq per cycle) 

2x 225AC-PSMA i&T 
TAT 

(8 MBq per cycle) 

08/2017 

98.2 ng/ml 

08/2019 

19.4 ng/m! 
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2x 177lu-PSMA 

RLT 
(6 GBq per cycle) 

2x 177Lu-PSMA 

RLT 
(6 GBq per cycle) 

02/2018 
46.8 ng/ml 

04/2019 

6.76 ng/ml 

2x 177Lu-PSMA 

RLT 
(6 GBq p€r cycle) 

08/2018 

4.83 ng/ml 

2x 177Lu-PSMA RL T 
(6 GSq per cycle) 

watchful 

waiting 

01/2019 
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0312018 
PS.A 1118 ng,!mL 

2x 177Lu­
PSMARLT 

08/2018 
f'SA 50 ngimL 

2 x 1,.7Lu­
PSMA RLT 

OI/20!9 
PSA l 78 ngim.L 

05/20!9 
.PSA LU\ ng/mL 

US 2025/0303004 Al 

BSC 

·,<.. f,··· !~ ./' 
.··-: ( 

I 

l I/20! 9 
PSA 574 ng!ml. 

A 79-y-old mCRPC patient (patient l 1) with lymphatic and bone metastases. Patient received 2 
cycles of 177Lu-PSMA RLT (cumulative activity, 10.5 GBq) after failure of docetaxel and 
showed initial response. However, disease progression was observed in January 2019 after 2 
additional 177Lu-PSMA RLT cycles (cumulative activity, 12 GBq), and patient was admitted for 
225Ac-PSMA-I&T TAT. PSA follow-up and PSMA PET showed impressive response after 2 
cycles (cumulative activity, 13.4 MBq). Unfortunately, patient developed grade 3 
leukocytopenia, and TAT could not be continued. Disease progression was observed in 
November 2019 after best suppo1iive care (SC). 

FIG. 9 
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Patient Characteristics 

LO<'.atior,of Previous Previous radioactive 
Patient no. PSA(nwml} met;:islas!l$ pharmacoiMrapy Pn;,ious radiotherapy drugs 

2 239 Bone, l.N, !ung, Ki>lo, Estra, Ooca, RTx. local and bona ""Y {7.4 GBq) 

6 759 !J-4, bone Abi, Enza, Doca, flTx. local, pelvic, and 177lu {44.4 GBq) 

PSA = prosmm-specilic iin~gene; LN = lymph oode: Abi = abirnl.:irooe; Ooce = dociitaxel; Enza = entnlutamide; RTx = rndiotherapy; 
Keto"' l<etoconazcla; Estra "'astramustina; Trial"' Phase-1 trial cf BAY2010112{NCT017Z3475); Cabazi"' cabazrrax<3l. 

0 
-i 

d -~ 
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Summary ot Observed Gene Defects and Previous Exposure to 225Ac-PSMA617 

""!5Ac dose (MSq), 
Patient no, cumulative 

1 

2 
12 (fmclloos. 6/6) 

14 (fractions, 6/8) 

Probable deleterious 
mutation 

ATM 

BRCA1, PMS1, 
"211'53 

Whole-gen~ 
deletion 

Tf'53 

l.ow~avel 
amptificauon 

Variants of unknown 
significance 

FAM175A 

ATM, SARD1, SxERCCl!, 
ERCC'A, FANCB, 
FANCG 
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Toxic effect Grade t or It Grade m Grade N 

leukopenia 7 {10} 2 (3) 0 

Hypoalbuminemia i4 {19) 0 0 

Dysuria i3 {18} 0 0 

Data are reported as numbers of patientst with percentages of 
patients in parentheses. 

FIG. 12 
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Therapy.Related Hemato!og!c and Renal Adverse Events Aftc>.r 226Ac,PSMA,J&T According to Common Terminology 
Criteria ior Adverse Events, Version 5.0 

Event 8efot;,TAT 

Gr. 1 Gr. 2 

l:tefllat()loglc 

Anemia 8 

Gastrointestinal 

Nausea 

Gr. ~ grade; ND = not defined; NA ~ net applicable. 
Oata are number and percent<llJe. 

After TAT 

Gr. 4 Gr, 1 Gr. 2 Gr. 3 Gr. 4 
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Patoot .Ag& Oc-w BM&!i<,e 
f.l.t!. tJ.1 {o.ll4kg) PSI'. M<i<tilSt<lS<<S-' tlr:RH-A..'A Ant~::,n,:i/<)gi)O Abl<':al<t"'::>00 Enz.xutilll'l<!:I& Oc<:»lam! 

14 -0.:3 200 

'Site of disease ncro--d~g to 1NM c!Msificntioo. 

US 2025/0303004 Al 

Olhe< s,stt.m.:; 
!h;)<il#<i'-> 

GnOH-NA = i:tm<lous treatment with gonadotropii-..-releasing hormone analogs Of nnt;igonlsts; OSS = oiiSll00$; BM = bmn; 

LYM = !,niph;l!.ic: HEP = oopaUc; PUL = ~ng; TACE = hansartwia! e:h<lm~ijzafon, 
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Ooslmetry-ol Dose-LimitingOryans with Diiferent PSMA Ugam:!s 

1Nswork Zea-imam ,;t at (24) Kmtochv.il et nl (I} 

Doze,limlting •>SJ,,;,P$MA,,6l7 »S,>,c,PSMA,617 "'l•MIP-1095 ::,:HJIP,10!l& ''°'Lu-PSMA-617 <1ilJJ-.PSMMJ17 
.organ (S,;wio:;/MSq} {Sv~;,~;:/7 .4 MS{J} {(,y/Gaql (Gy,(3. 7 Gl3ql {Gy/Gl3qj {Gyl7.4GBql 

Snli>/.uy gkltlds 2.33 17,24 4J,2 17.00 1.38 1021 
0.74 5.48 1.45 5.37 0.75 5.55 
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200 
kBq/kg BW 

150 
kBq/kg BW 

100 
kBq/kg SW 

50 
kBqikg BW 

Dose escalation 

scheme 

Oct. 2, 2025 Sheet 16 of 17 

PSA response 

8wk 
Toxicity 

(xerostomia) 

US 2025/0303004 Al 

2-mo 

interval 

4-mo 

interval 

Reasonable treatment corridor between insufficient treatment response l dagger(t ): patient died 

before reevaluation; asterisk(*): PSA progression; double-dagger(t): imaging or PSA response] 

and in-tolerable toxicity [dagger(t): xerophthalmia; asterisk(*): xerostomia G2; double­

dagger(t.): no or only G 1 xerostomia]. During repeated therapies, insufficient PSA response was 
observed at 4-mo interval. 

FIG. 16 
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SE.BSAIA IRT PFE a BORSA [BT * PSB PSA HAT ROS PSRAS HOT 

PET/CT 30 dose map — SPECIYCT 24 6p. 1 30 dose map 

B SES Meng BBY 

  

FIG. 17
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FIG. 17 
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RADIOPHARMACEUTICAL COMPOSITIONS 
FOR LOW TOXICITY ACTINIUM IN 

TARGETED RADIONUCLIDE THERAPY 

RELATED APPLICATION 

[0001] This application claims the benefit of U.S. Patent 
Application No. 63/229,061, filed Aug. 3, 2021, which is 
incorporated herein by reference in its entirety to the full 
extent permitted by law. 

FIELD OF THE INVENTION 

[0002] The present disclosure relates to a high-energy, low 
tox1c1ty radiopharmaceutical compos1t10n compnsmg 
actinium that performs as an anti-tumor agent for targeted 
radionuclide therapy. 

BACKGROUND OF THE INVENTION 

[0003] Prostate cancer (PC) is the most frequent non­
cutaneous cancer and the second most frequent cause of 
cancer deaths for adult men. A worldwide estimate of PC in 
2008 implied 899,000 new cases and 258,000 PC deaths. 
Most deaths related to prostate cancer are due to advanced 
disease, which results from any combination of lymphatic, 
blood, or contiguous local spread. Most patients with PC 
who die, die of metastatic PC. 
[0004] Targeted radionuclide therapy has become an 
attractive and quickly developing therapy option for many 
different cancers, such as lymphoma, melanoma, and neu­
roendocrine tumors. 
[0005] During the last decade, six new drugs have been 
found to increase overall survival for patients with meta­
static castration-resistant prostate cancer (mCRPC). Patients 
with symptomatic mCRPC have initially been treated with 
docetaxel. Abiraterone, enzalutamide, cabazitaxel, sipuleu­
cel, and radium-223 increase overall survival for patients 
who had failed treatment with docetaxel. However, random­
ized trials have not evaluated the drugs for patients with 
failure in response to second-line treatment following recur­
rence after docetaxel. Therefore, international organizations 
such as European Association of Urology (EAU)/European 
Society of Radiotherapy and Oncology (ESTRO) have 
guidelines but no recommendations for third-line treatment 
ofmCRPC. 
[0006] Due to unmet needs, the St. Gallen Advanced 
Prostate Cancer Consensus Conference (APCCC) 2017 
favored third-line treatment with cabazitaxel and with 
androgen receptor (AR) and AR signaling inhibitors. Of PC, 
poorly differentiated, metastatic, and hormone refractory 
adenocarcinomas of the prostate express prostate specific 
membrane antigen (PSMA) and 68Ga-PSMA HBED-CC 
PET /CT detects sites of cancer lesions for most patients with 
mCRPC. Patients with a positive 68Ga-PSMA HBED-CC 
PET/CT might be treated with PSMA radioligand therapy 
(RLT). 
[0007] In PC, after unsuccessful therapy with 90Y-CYT-
356 monoclonal antibody (mAb), which binds to the intra­
cellular domain of PSMA, Phase 1 and 2 clinical trials 
utilizing the PSMA mAb 1591, radiolabeled with 177Lu or 
90Y, showed promising results; however, there were higher 
rates of haematological toxicity. In 4 7 patients treated with 
177Lu-PSMAmAb 1591 grade 4 thrombocytopenia in 46.8% 
(29.8% received platelet transfusions) was reported and a 
total of 25 .5% experienced grade 4 neutropenia. Monoclonal 
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antibodies are large molecules and therefore show poor 
permeability in solid tumors. This characteristic along with 
slow clearance from the circulation is the probable cause of 
grade 4 haematotoxicity. 
[0008] Due to the side effects, there is a significant dis­
advantage in using Lu-1591. It is therefore prudent to 
consider small molecule inhibitors of PSMA instead of 
mAb. 177Lu-PSMA-617 and 177Lu-PSMA I&T are small­
molecule inhibitors of PSMA that are extremely desirable 
for targeted radionuclide therapy due to their low haemato­
toxicity and nephrotoxicity profiles, providing better effects 
and fewer adverse effects than 177Lu-1591. 
[0009] Despite this, there are cases where patients fail to 
be affected by 177Lu-PRLT treatment. In these instances, 
clinical application of 225 Ac-PSMA targeted alpha therapy 
(TAT) as last line of therapy in patients with mCRPC has 
demonstrated an excellent response, e.g., chemotherapy 
naive patients, although most clinical studies report it as 
third-line therapy or after a failure of 177Lu-PRLT. 
[0010] Widespread application of 225 Ac-PSMA TAT is 
hampered by its salivary gland toxicity. Therefore, there 
exists a clinical need for an effective treatment for mCRPC 
with lower rates of toxicity. 225 Ac-PSMA-617 is a new and 
promising therapy option for patients with mCRPC which 
contains the advantages of previous methods of treatments 
with low rates of toxicity. 

SUMMARY OF THE INVENTION 

[0011] Among the various aspects of the present disclo­
sure is a radiopharmaceutical composition comprising 
actinium that performs as an anti-tumor agent for targeted 
radionuclide therapy. The composition, when administered 
to a subject, results in low toxicity profiles, providing better 
effects and fewer adverse effects than monoclonal antibody 
treatments and other comparable third-line treatments. 
[0012] Another aspect of the present disclosure is a phar­
maceutical composition comprising an 225 Ac-PSMA-I&T 
solution for injection containing actinium, ascorbic acid, and 
ethanol; wherein the 225 Ac-PSMA-I&T is in sufficient 
amounts of radioactivity for intended use; wherein the 
concentration of ascorbic acid is about 35 to 45 mg and the 
total amount of ethanol is about 50 to 80 mg; wherein upon 
administration of the composition to a subject, the subject 
maintains low levels of toxicity; and wherein the prostate­
specific antigen decline is more than about 50%. 
[0013] Other features and aspects of the disclosure are 
described in detail below. 

Reference to Color Figures 

[0014] This application file contains at least one figure 
executed in color. Copies of this patent application publi­
cation with color drawings will be provided by the Office 
upon request and payment of the necessary fee. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 presents the structural formula of the pre­
cursor PSMA I&T. 
[0016] FIG. 2 shows the Ac-225 decay scheme. 
[0017] FIG. 3 depicts therapy sequences, lengths in an 
Ac-225-PSMA trial. 
[0018] FIG. 4 depicts PSA responses in an Ac-225-PSMA 
trial. 
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[0019] FIG. 5 depicts PSA responses in 73 pts in the 
largest Ac-225-PSMA trial. 
[0020] FIG. 6 depicts a response withAc-225-PSMA after 
10 cycles of Lu-177-PSMA. 
[0021] FIG. 7 depicts a 5-year complete response with 
Ac-225. 
[0022] FIG. 8 depicts PSA-response with Ac-225-PSMA­
I&T. 
[0023] FIG. 9 depicts a patient treated with Ac-225-
PSMA-I&T. 
[0024] FIG. 10 depicts patient characteristics with poor 
response to Ac-225-PSMA-617. 
[0025] FIG. 11 depicts gene defects by NGS in patients 
with poor response to Ac-225-PSMA-617 
[0026] FIG. 12 depicts toxicities in 73 patients after 
Ac-225-PSMA. 
[0027] FIG. 13 depicts hematologic and kidney adverse 
events after Ac-225-PSMA-I&T. 
[0028] FIG. 14 depicts patient characteristics of the dose 
finding study of Ac-225-PSMA-617. 
[0029] FIG. 15 depicts the dosimetry in critical organs 
with Ac-225-PSMA-617 and other PSMA-radionuclide 
therapies. 
[0030] FIG. 16 depicts a summary of the outcome of the 
dose finding of Ac-225-PSMA. 
[0031] FIG.17 depicts a summary of dosimetric y-imaging 
for Ac-225-PSMA with Lu-177 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] Disclosed herein is a small molecular inhibitor of 
PSMA that has the desirable attributes of large monoclonal 
antibodies with reduced negative aspects, e.g., poor perme­
ability and toxicity. The radiopharmaceutical composition 
disclosed herein comprises actinium-225. 225 Ac-PSMA I& T 
is a short-lived radiolabeled substance from which the 
product is formulated immediately after finished synthesis. 
[0033] Headings included herein are simply for ease of 
reference and are not intended to limit the disclosure in any 
way. 

I. Definitions 

[0034] Compounds useful in the compositions and meth­
ods include those described herein in any of their pharma­
ceutically acceptable forms, including isomers such as 
diastereomers and enantiomers, salts, solvates, and poly­
morphs, as well as racemic mixtures and pure isomers of the 
compounds described herein, where applicable. 
[0035] When introducing elements of the various embodi­
ment(s) of the present disclosure, the articles "a", "an", "the" 
and "said" are intended to mean that there are one or more 
of the elements. The terms "comprising", "including" and 
"having" are intended to be inclusive and mean that there 
may be additional elements other than the listed elements. 
[0036] The use of individual numerical values are stated as 
approximations as though the values were preceded by the 
word "about" or "approximately." Similarly, the numerical 
values in the various ranges specified in this application, 
unless expressly indicated otherwise, are stated as approxi­
mations as though the minimum and maximum values 
within the stated ranges were both preceded by the word 
"about" or "approximately." In this manner, variations 
above and below the stated ranges can be used to achieve 
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substantially the same results as values within the ranges. As 
used herein, the terms "about" and "approximately" when 
referring to a numerical value shall have their plain and 
ordinary meanings to a person of ordinary skill in the art to 
which the disclosed subject matter is most closely related or 
the art relevant to the range or element at issue. The amount 
of broadening from the strict numerical boundary depends 
upon many factors. For example, some of the factors which 
may be considered include the criticality of the element 
and/or the effect a given amount of variation will have on the 
performance of the claimed subject matter, as well as other 
considerations known to those of skill in the art. As used 
herein, the use of differing amounts of significant digits for 
different numerical values is not meant to limit how the use 
of the words "about" or "approximately" will serve to 
broaden a particular numerical value or range. Thus, as a 
general matter, "about" or "approximately" broaden the 
numerical value. Also, the disclosure of ranges is intended as 
a continuous range including every value between the mini­
mum and maximum values plus the broadening of the range 
afforded by the use of the term "about" or "approximately." 
Consequently, recitation of ranges of values herein are 
merely intended to serve as a shorthand method of referring 
individually to each separate value falling within the range, 
unless otherwise indicated herein, and each separate value is 
incorporated into the specification as if it were individually 
recited herein. 

[0037] The term "CRPC," as used herein, refers to castrate 
serum testosterone<50 µg/1 or 1.7 nmol/1 plus one of the 
following types of progression: biochemical progression or 
radiologic progression, as defined below. 

[0038] The term "biochemical progression," as used 
herein, refers to three consecutive rises in PSA one week 
apart, resulting in two 50% increases over the nadir, and 
PSA>2 µg/1. 

[0039] The term "radiologic progression," as used herein, 
refers to the appearance of new lesions; either two or more 
new bone lesions on bone scan or a soft tissue lesion using 
the Response Evaluation Criteria in Solid Tumors (RE­
CIST). 

[0040] The term "PSMA," as used herein, refers to pros­
tate-specific membrane antigen (PSMA), also known as 
folate hydrolase I or glutamate carboxypeptidase II, and is a 
type II transmembrane protein, which is anchored in the cell 
membrane of prostate epithelial cells. PSMA is highly 
expressed on prostate epithelial cells and strongly up-regu­
lated in prostate cancer. The PSMA expression levels are 
directly correlated to androgen independence, metastasis, 
and prostate cancer progression. Thus, PSMA is a promising 
molecular target for diagnosis and therapy of metastatic 
prostate cancer at present. 

[0041] The term "Actinium-225 (225 Ac)," as used herein, 
refers to Actinium-225 (225 Ac), an alpha emitter, which has 
been labelled to PSMA ligands as 225 Ac-PSMA for targeted 
alpha therapy (TAT). 225 Ac has a half-life of 9.9 days and 
decays to produce four a-particles with an energy of 5.8-8.4 
MeV, with a tissue range ofup to 85 µm. Alpha particles are 
attractive anti-tumor agents as they have a high linear energy 
transfer (LET) and relatively short tissue length and are able 
to produce double-strand DNA damage whilst minimizing 
toxicity to adjacent tissue, this is a far more favorable 
cytotoxic agent as compared to p particle emission which 
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mainly results in single strand DNA breaks and a relatively 
long tissue path length which contributes to its toxicity 
profile. 
[0042] The term "PSMA-617," as used herein, refers to a 
DOTA derivative of the Glu-urea-Lys motif that has been 
developed in the German Cancer Research Center (DKFZ) 
Heidelberg, Germany, for the treatment of patients with 
metastatic prostate cancer. 
[0043] The term "PSMA-I&T," as used herein, refers to 
225 Ac-PSMA for imaging and therapy (I&T), a third-gen­
eration derivative of PSMA-compounds which has been 
used here. It is a synonym for DOTAGA-(1-y)fk(Sub-KuE). 
[0044] The term "(P)RLT," as used herein, refers to (Pros­
tate) radio ligand therapy, which in this context involves the 
systemic intravenous administration of a specific radiophar­
maceutical composed of a-emitting or ~-emitting radionu­
clide chelated to a small molecule for the purpose of 
delivering cytotoxic radiation to cancer cells. 
[0045] The term "relative biological effectiveness (RBE)," 
as used herein, refers to the ratio of biological effectiveness 
of one type of ionizing radiation relative to another, given 
the same amount of absorbed energy: here ~- and a-emis­
sion, between the 1 77Lu and 225 Ac ( as -biological conse­
quence of different ionisation-densities along a particle­
tract). The RBE is an empirical value that varies depending 
on the type of ionizing radiation, the energies involved, the 
biological effects being considered such as cell death, and 
the oxygen concentration etc. RBE was 5 (for 225 Ac/177Lu) 
in an experimental neuroendocrine tumor model. 
[0046] The term "half-life" as used herein, refers to the 
time required for a drug's blood or plasma concentration to 
decrease by one half. This decrease in drug concentration is 
a reflection of its excretion or elimination after absorption is 
complete and distribution has reached an equilibrium or 
quasi equilibrium state. The half-life of a drug in the blood 
may be determined graphically off of a pharmacokinetic plot 
of a drug's blood-concentration time plot, typically after 
intravenous administration to a sample population. The 
half-life can also be determined using mathematical calcu­
lations that are well known in the art. Further, as used herein 
the term "half-life" also includes the "apparent half-life" of 
a drug. The apparent half-life may be a composite number 
that accounts for contributions from other processes besides 
elimination, such as absorption, reuptake, or enterohepatic 
recycling. 
[0047] The term "active agent" or "drug," as used herein, 
refers to any chemical that elicits a biochemical response 
when administered to a human or an animal. The drug may 
act as a substrate or product of a biochemical reaction, or the 
drug may interact with a cell receptor and elicit a physi­
ological response, or the drug may bind with and block a 
receptor from eliciting a physiological response. 
[0048] The terms "subject" or "patient" are used inter­
changeably herein and refer to a vertebrate, preferably a 
mammal. Mammals include, but are not limited to, humans. 

II. Radiopharmaceutical Compositions Comprising 
Actinium 

[0049] [225 Ac]Actinium-PSMA-I&T is also known by its 
synonyms as follows: 225 Ac-ITG-PSMA-1 or 225 Ac-PSMA­
TUM3 or 225 Ac-DOTAGA-(I-y)fk(Sub-KuE) or (3S,7S, 
26R,29R,32R,3 7R )-29-benzy 1-32-( 4-hydroxy-3-iodo ben­
zyl )-5, 13,20,28,31,34-hexaoxo-3 7-( 4, 7, 10-tris 
( carboxymethyl)-1,4, 7, 1 0-tetraazacyclododecan- l-yl)-4,6, 
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12,21,27,30,33-heptaazaheptatriacontane- l ,3, 7,26,37-
pentacarboxylic acid; Actinium-225 (III). The molecular 
formula of the unlabeled precursor is C63H92IN11O23 4TFA 
3 H2 O With a relative molecular mass of 1498 g/mol. 

[0050] The labelled-substance; 225 Ac-PSMA I&T is 
labelled with Actinium-225 (T112=9,9d) solution. The syn­
thesis of 225 Ac-PSMA I&T may be carried out in a TRAC­
ER!ab MX synthesis module. The unit may be an automated 
synthesis module in a controlled environment, used for the 
radiolabelling. The labelling solution containing Actinium-
225 nitrate (225 Ac(NO3 ) 3 ) in 0.04 M hydrochloric acid 
(HCI) was connected to the synthesis cassette containing 
other chemicals and components required for the labelling 
process. The 225 Ac solution was rinsed with 0.04 M HCI and 
transferred to the synthesis cassette reactor where it was 
mixed with 0.04 M sodium ascorbate solution containing 
PMSA I&T precursor. The resultant solution was heated in 
the reactor and after heating the produced 225 Ac-PSMA I&T 
was trapped into a pre-conditioned (EtOH)C-18 cartridge. 
The cartridge was rinsed with sterile water and the final 
product was eluted from the C-18 cartridge with 1.5 ml of 
50% sterile ethanol into a bulk vial. For formulation pur­
poses 8.5 ml of a formulation matrix containing 50 mg/ml 
ascorbic acid was added to the bulk vial to achieve a final 
product volume of 10 ml and radioactivity concentration 
from about 0.2 MBq/ml to about 1.5 MBq/ml. 

[0051] In one embodiment, the final product may have a 
radioactivity concentration of about 0.3 MBq/ml to about 
1.4 MBq/ml. In another embodiment, the final product may 
have a radioactivity concentration of about 0.4 MBq/ml to 
about 1.3 MBq/ml. In still another embodiment, the final 
product may have a radioactivity concentration of about 0.5 
MBq/ml to about 1.3 MBq/ml. In yet another embodiment, 
the final product may have a radioactivity concentration of 
about 0.6 MBq/ml to about 1.1 MBq/ml. In still other 
embodiments, the final product may have a radioactivity 
concentration of about 0.2 MBq/ml, about 0.3 MBq/ml, 
about 0.4 MBq/ml, about 0.5 MBq/ml, about 0.6 MBq/ml, 
about 0.7 MBq/ml, about 0.8 MBq/ml, about 0.9 MBq/ml, 
about 1.0 MBq/ml, about 1.1 MBq/ml, about 1.2 MBq/ml, 
about 1.3 MBq/ml, about 1.4 MBq/ml, or about 1.5 MBq/ml. 

[0052] The synthetized 225 Ac-PSMA I&T solution is for­
mulated in an injections grade water solution containing 
stabilizing agents. The solution is sterilized by aseptic 
filtration through a 0.22 µm filter prior to dispensing in 
multidose vials. Administration of the formulated solution is 
within 48 h of the end of the synthesis after quality control 
and of the drug product. 

[0053] The drug product has a shelf life at temperatures 
ranging from 2° C.-25° C. The drug product also meets the 
requirements for sterility and bacterial endotoxins according 
to the European pharmacopoeia confirming an acceptable 
manufacturing process from a microbial point of view. 

[0054] Due to the highly atypical properties of the 225 Ac 
labelled molecule (short half-life and picomolar quantities 
synthesized), a mass spectroscopy-based approach is not 
feasible to accomplish in practice. Instead an indirect 
approach for structural confirmation of 225 Ac-PS MA I&T is 
used. 

[0055] As Actinium does not have a stable form, a Lu­
labelled peptide has been used to verify the structure of the 
labelled precursor. As Lutetium has very similar chemical 
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characteristics and both a stable and a radioactive form, it 
has been used as a reference standard for the identification 
method. 
[0056] Immediately after production, a sample of 225 Ac­
PSMA I&T solution is spotted onto a TLC plate which is 
then developed and analysed using a High Purity Germa­
nium (HPGe) Radiation Detector. A 177Lu-PSMA I&T is 
used as a reference standard. The 177Lu-PSMAI&Thas been 
eluted against a na'Lu-PSMA I&T standards on an analytical 
high-performance liquid chromatography (HPLC). 
[0057] The medicinal product is a sterile filtered radio­
pharmaceutical solution containing a micro dose of 225 Ac­
PSMA I&T solution in a 42.5 mg/ml aqueous ascorbic acid 
solution containing 59 mg/ml ethanol. The product is diluted 
to a standard concentration and therefore the final volume of 
the bulk product varies depending on the starting activity 
introduced. The composition of the final product is described 
below in Table 1: 

TABLE 1 

Composition of final product* 

Component 

225 Ac-PSMA-l&T 
Ethanol 

Ascorbic acid 
Disodiurn EDTA 
Sodium bicarbonate 
Sodium hydroxide 
WFI (injections grade water) 

*Max volume per vial is 10 ml 

Quantity Function 

q.s.** AP! 
59 mg Vehicle/Stabilizing agent 

(radiolysis) 
42.5 mg Stabilizing agent (radiolysis) 

21 µg Metal ion chelator 
q.s. pH adjuster 
q.s. pH adjuster 

ad 1 ml Vehicle 

**sufficient amount of radioactivity for intended use 

[0058] In another embodiment, the total amount of 225 Ac­
PSMA-I&T present in the radiopharmaceutical composition 
can and will vary. In some embodiments, the total amount of 
225 Ac-PSMA-I&T present in the radiopharmaceutical com­
position may range from about 9 µg/ml to 20 µg/ml, 10 
µg/ml to 20 µg/ml, 11 µg/ml to 20 µg/ml, 11 µg/ml to 15 
µg/ml, 11 µg/ml to 14 µg/ml, or 11 µg/ml to 13 µg/ml. In 
another embodiment, the total amount of 225 Ac-PSMA-I&T 
in the radiopharmaceutical composition may range from 
about 5 µg/ml to about 15 µg/ml. In various embodiments, 
the total amount of 1225 Ac-PSMA-I&T present in the radio­
pharmaceutical composition may be about 5 µg/ml, 6 µg/ml, 
7 µg/ml, 8 µg/ml, 9 µg/ml, 10 µg/ml, 11 µg/ml, 12 µg/ml, 13 
µg/ml, 14 µg/ml, 15 µg/ml, 16 µg/ml, 17 µg/ml, 18 µg/ml, 19 
µg/ml, or 20 µg/ml. 
[0059] The total amount of ethanol present in the radio­
pharmaceutical composition can and will vary. In some 
embodiments, the total amount of ethanol present in the 
radiopharmaceutical composition may range from about 40 
mg to 120 mg, about 50 to 90 mg, about 50 to 80 mg, or 
about 60 to 80 mg. In another embodiment, the total amount 
of ethanol in the radiopharmaceutical composition may 
range from about 65 mg to about 80 mg. In various embodi­
ments, the total amount of ethanol present in the radiophar­
maceutical composition may be about 40 mg, 45 mg, 50 mg, 
55 mg, 60 mg, 65 mg, 70 mg, 71 mg, 72 mg, 73 mg, 74 mg, 
75 mg, 76 mg, 77, mg, 78, mg, 79 mg, 80 mg, 85 mg, 90 mg, 
95 mg, 100 mg, 105 mg, 110 mg, 115 mg, or 120 mg. In one 
embodiment, the total amount of ethanol in the radiophar­
maceutical composition may be about 52 mg. In another 
embodiment, the total amount of ethanol in the radiophar-
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maceutical composition may be about 59 mg. In yet another 
embodiment, the total amount of ethanol in the radiophar­
maceutical composition may be about 68 mg. In a further 
embodiment, the ratio of ethanol in the radiopharmaceutical 
composition may be about 53 mg per 10 ml. In another 
embodiment, the ratio of ethanol in the radiopharmaceutical 
composition may be about 59 mg per 10 ml. In still another 
embodiment, the ratio of ethanol in the radiopharmaceutical 
composition may be about 61 mg per 10 ml. 

[0060] The total amount of ascorbic acid in the radiophar­
maceutical composition can and will vary. In some embodi­
ments, the total amount of ascorbic acid present in the 
radiopharmaceutical composition may range from about 20 
mg to 90 mg, about 20 to 80 mg, about 20 to 70 mg, about 
20 to 60 mg, about 20 to 50 mg, about 25 to 50 mg, about 
30 to 50 mg or about 35 to 45 mg. In another embodiment, 
the total amount of ascorbic acid in the radiopharmaceutical 
composition may range from about 5 mg to about 50 mg. In 
various embodiments, the total amount of ascorbic acid 
present in the radiopharmaceutical composition may be 
about 5 mg, 10 mg, 15 mg, 20 mg, 25 mg, 30 mg, 35 mg, 
36 mg, 37 mg, 38 mg, 39 mg, 40 mg, 40.5 mg, 41 mg, 41.5 
mg, 42 mg, 42.5 mg, 43 mg, 43.5 mg, 44 mg, 44.5 mg, 45 
mg, 50 mg, 55 mg, 60 mg, 65 mg, 70 mg, 75 mg, 80 mg, 85 
mg, or 90 mg. In one embodiment, the total amount of 
ascorbic acid in the radiopharmaceutical composition may 
be about 41.5 mg. In another embodiment, the total amount 
of ascorbic acid in the radiopharmaceutical composition 
may be about 40.5 mg. In yet another embodiment, the total 
amount of ascorbic acid in the radiopharmaceutical compo­
sition may be about 44.5 mg. In a further embodiment, the 
ratio of ascorbic acid in the radiopharmaceutical composi­
tion may be about 40.5 mg per 10 ml. In another embodi­
ment, the ratio of ascorbic acid in the radiopharmaceutical 
composition may be about 42.5 mg per 10 ml. In still another 
embodiment, the ratio of ascorbic acid in the radiopharma­
ceutical composition may be about 44.5 mg per 10 ml. In yet 
another embodiment, the percentage of ascorbic acid con­
centration in the radiopharmaceutical composition may be 
about 10 to 80 mg/ml, 10 to 75 mg/ml, 10 to 70 mg/ml, 15 
to 80 mg/ml, 15 to 75 mg/ml, 15 to 70 mg/ml, 20 to 80 
mg/ml, 20 to 75 mg/ml, or 20 to 70 mg/ml. 

[0061] In some embodiments, the disclosure provides for 
a radiopharmaceutical composition with a micro dose of 
225 Ac-PSMA I&T solution and at least metal ion chelator. A 
suitable chelating agent may include ethylenediamine tet­
racetic acid (EDTA) and its salts, N-(hydroxy-ethyl)ethyl­
enediaminetriacetic acid, nitrilotriacetic acid (NIA), ethyl­
ene-bis( oxyethylene-nitrilo )tetraacetic acid, 1,4, 7, 10-
tetraazacyclodo-decane-N,N' ,N" ,N"'-tetraacetic acid, 1,4, 7, 
10-tetraaza-cyclododecane-N,N',N"-triacetic acid, 1,4,7-tris 
( carboxymethyl)-10-(2'-hydroxypropyl)-1,4, 7, 10-
tetraazocyclodecane, 1,4, 7-triazacyclonane-N,N' ,N"­
triacetic acid, 1,4,8, 11-tetraazacyclotetra-decane-N,N',N", 
N"'-tetraacetic acid; diethylenetriamine-pentaacetic acid 
(DTPA ), ethy lenedicysteine, bis( aminoethanethiol)carbox­
y lic acid, triethylenetetraamine-hexaacetic acid, and 1,2-
diaminocyclohexane-N,N,N',N'-tetraacetic acid. In one 
embodiment, the chelating agent may be the sodium salt of 
EDTA. The amount of chelating agent present in the radio­
pharmaceutical composition may range from about 5 µg to 
50 µg. In some embodiments, the amount of chelating agent 
present may be about 5 µg, 6 µg, 7 µg, 8 µg, 9 µg, 10 µg, 11 
µg, 12 µg, 13 µg, 14 µg, 15 µg, 16 µg, 17 µg, 18 µg, 19 µg, 
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20 µg, 21 µg, 22 µg, 23 µg, 24 µg, 25 µg, 26 µg, 27 µg, 28 
µg, 29 µg, 30 µg, 31 µg, 32 µg, 33 µg, 34 µg, 35 µg, 40 µg, 
45 µg, or 50 µg. In another embodiment, the amount of 
chelating agent present may be from about 0.001 % to about 
0.20% (w/w) of such radiopharmaceutical composition. In 
some embodiments, the amount of chelating agent present in 
a radiopharmaceutical composition may be about 0.001 %, 
0.002%, 0.003%, 0.004%, 0.005%, 0.01 %, 0.02%, 0.03%, 
0.04%, 0.05%, 0.06%, 0.07%, 0.08%, 0.09%, 0.10%, 
0.11%, 0.12%, 0.13%, 0.14%, or 0.15% (w/w) of the total 
weight of the radiopharmaceutical composition. 

[0062] One aspect of the disclosure provides for a radio­
pharmaceutical composition with a pH of about 3 to 9, 4 to 
9, 5 to 9, 3 to 8, 4 to 8, or 5 to 8. The pH of the 
radiopharmaceutical composition may be about 4, 4.5, 4.6. 
4.7, 4.8, 4.9, 5.0, 5.1, 5.2, 5.3, 5.4, 5.5, 5.6, 5.7, 5.8, 5.9, 6.0, 
6.1, 6.2, 6.3, 6.4, 6.5, 6.6, 6.7, 6.8, 6.9, 7.0, 7.1, 7.2. 7.3, 7.4. 
7.5, 7.6. 7.7, 7.8, 7.9, 8.0, 8.1, 8.2, 8.3, 8.4, 8.5, or 9. 

[0063] Another aspect of the disclosure provides for a 
radioactive content of about 70% to 130%. The radioactive 
content of the radiopharmaceutical composition may be 
about 70% to 125%, 70% to 120%, 70% to 115%, 70% to 
110%, 80% to 130%, 85% to 130%, 90% to 130%, 95% to 
130%, 75% to 125%, 75% to 120%, 75% to 115%, 75% to 
110%, 80% to 125%, 80% to 120%, 80% to 115%, 80% to 
110%, 85% to 125%, 85% to 120%, 85% to 115%, 85% to 
110%, 90% to 125%, 90% to 120%, 90% to 115%, or 90% 
to 110%. 

Characteristics 

Appearance 

pH 
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[0065] 225 Ac-PSMA I&T is a relatively short-lived radio­
labelled substance from which the product is formulated 
immediately after finished synthesis. Therefore, there are no 
specifications or batch analysis results for the labelled 
substance. Controls are performed on the labelled drug 
product. 

[0066] A precursor standard manufactured by piCHEM 
Forschungs-und Entwicklungs GmbH (piCHEM) is used for 
quantification of the unlabelled/unreacted PSMA I&T pre­
cursor and non-radioactive metal chelates of PSMA I&T. 
The UV-absorption of metal chelates of PSMA I&T is very 
similar to that of the unlabelled precursor at the UV­
wavelength used (280 nm) and is therefore considered 
suitable for quantification of trace amounts of metal chelates 
of PSMA I&T that may be co-produced during the heated 
complexation reaction of 225 Ac and PSMA I&T. 

[0067] A stable reference standard for nat Lu-PSMA I&T 
manufactured by piCHEM is used for verifying HPLC 
system suitability prior to 225 Ac-PSMA I&T sample analy­
sis. 

[0068] The formulation solution is prepared from an injec­
tions grade solution containing ascorbic acid (Ascor L) 
injections grade water. 

[0069] Specifications for the 225 Ac-Lu-PSMA-I&T solu­
tion are presented in Table 2 below. The specifications listed 
are used as release parameters except for sterility testing. 
Sterility is tested on all batches post-release. 

TABLE 2 

Specifications for 225 Ac-Lu-PSMA-I&T 

Method Specification 

Visual Inspection Clear, colorless or yellow liquid, no 
visible particles 

Ph. Eur. 5.0-8.0 
Ascorbic acid concentration Colorimetric strip 20-70 mg/ml 

test 
Identification test A MCA 225 Ac daughter nuclide main peak 

gannna-energy: 
221Fr: 218.19 ± 4.36 keV (± 2%, HPGe) 
213Bi: 440.46 ± 8.81 keV (± 2%, HPGe) 

Identification test B TLC Retention of 225Ac-PSMA I&T is 
comparable to 177Lu-PSMA-I&T on a 
TLC method 

Radiochemical purity (TLC) TLC 225 Ac-PSMA I&T radioactivity" 95% 
from total radioactivity at the end of 
shelf life 

Chemical purity (HPLC) HPLC PSMA-I&T concentration,; 12.0 µg/mL 
Other impurities in total ,; 12.0 µg/mL 

Bacterial Endotoxins Ph. Eur. <17.5 JU/ml (,;175 JU/Dose) 
Radioactive content MCA 90%-110% at the date and time stated 

on the label 
Sterility Ph. Eur. Sterile 
Sterile filter integrity test Bubble Point a,3, 32 bar, (water, PALL Mini 

Kleenpak) 
Expiry Stability Study 48 h from end of synthesis 
Maximum fill volume ,;10 mL 

[0064] The synthesis is a one-step labelling process with 
injections grade ethanol and water used as the only solvents, 
therefore no residual solvents are present. Radiochemical 
impurities are quantified by chromatographical methods 
(TLC/HPGe). Radiochemical purity must not be less than 
95.0% in total. Chemical impurities are quantified by chro­
matographical methods (HPLC). 

a. Analytical Procedures 
[0070] The product is identified by subsequent injection of 
reference solution of Lu-PSMA-I&T and formulated solu­
tion to a liquid chromatography system. Radio nuclidic 
identity is determined by ganima ray energy detection. 

[0071] pH is estimated by pH paper. 
[0072] Radioactivity is measured in a dose calibrator 
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[0073] Radiochemical purity is determined by liquid 
chromatography with radioactivity detection and thin 
layer chromatography 

[0074] The chemical amount of [225 Ac]-Lu-PSMA-I&T is 
calculated from the radioactivity measurement when the 
dose is dispensed. 
[0075] Bacterial endotoxin content is determined for each 
batch before release using a PTS-tester (Ph Eur method D). 

[0076] Sterility is determined according to Ph Eur 
[0077] The analytical procedures used for the drug prod­
uct---e.g., specificity, linearity, and reproducibility-were 
investigated by using a known amount of reference stan­
dards for the unlabelled precursor. All analytical procedures 
were found suitable for their intended use. 
[0078] An acceptance criterion for the amount of radio­
activity in the formulation is not set since this will vary 
depending on the individual clinical need assessed by the 
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health care professional responsible for administering the 
formulation. The radioactive content must be within 90%-
110% of the stated value at the date and time stated on the 
label. 
b. Stability Data for the Radiopharmaceutical Composition 
[0079] The radiochemical purity and chemical properties 
of the formulated solution (pH, impurities, visual properties) 
were tested on the three batches over a time span of 48 hours 
from the end-of-synthesis time. All batches were stored in 
room temperature and one batch in stress conditions ( +2-8° 
C. and +40° C.) and tested at 24 h and 48 h after EOS. No 
deviations from specifications were observed. Based on 
these results a shelf life of 48 hours from EOS is justified at 
storage temperatures below 25° C. 
[0080] The drug substance is immediately formulated as a 
step in the automated synthesis process and stability studies 
are available for the prepared medicinal product (see Table 
3 below). 

TABLE 3 

Stability Data: Chemical quality at 48 h post end of synthesis 

Stability data at 48 h after end of synthesis 

Stability criteria ACMI2115D-1, ACMI2115D-1, ACMI2115D-1, 

Test Specification ACMI2114B-1 +5" C. +20° C. +40° C. 

Visual inspection Clear, colorless or Pass Pass Pass Pass 
slightly yellow liquid, 

no visible particles 
pH 5.0-8.0 5.5 6.0 5.0 5.0 
221Fr and 213Bi 221 Fr: 218 ± 2 keV 221Fr: 218 keV 221 Fr: 218 kev 221Fr: 218 keV 221Fr: 218 ke V 
main peak 213Bi: 440 ± 4 keV 213Bi: 441 Kev 213Bi: 441 keV 213Bi: 441 keV 213Bi: 441 keV 
garnmaenergy (HPGe-detector) 
Radioactivity No specification set 0.820 MBq/ml 1.000 MBq/ml 1.009 MBq/ml 0.996 MBq/ml 
concentration 08.04.2021 10:19 17.04.2021 10:10 17.04.2021 9 :51 17.04.2021 10:25 
(MBq/ml) 
Radiochemical purity 225 Ac-PSMA l&T 96.1% 95.2% 94.7% 89.6% 
% (TLC/HPGe) radioactivity ~ 

95% from total 
radioactivity 

Chemical purity <12.0 µg/ml 2.0 µg/ml 8.1 µg/ml 6.4 µg/ml 6.3 µg/ml 
PSMA-l&T 
Chemical purity <12.0 µg/ml 8.7 µg/ml 6.3 µg/ml 6.4 µg/ml 8.4 µg/ml 
Other impurities 
Specific activity No specification set 0.115 MBq/nmol 0.104 MBq/nmol 0.118 MBq/nmol 0.101 MBq/nmol 
Ascorbic acid 20-70 mg/ml 30 mg/ml 30 mg/ml 30 mg/ml 30 mg/ml 

Stability criteria Stability data at 48 h after end of synthesis 

Test Specification ACMI2115D-2 ACMI2119B-1 ACMI2119E-1 

Visual inspection Clear, colorless or Pass Pass Pass 
slightly yellow liquid, 

no visible particles 
pH 5.0-8.0 5.5 5.5 5.5 
221 Fr and 213Bi 221Fr: 218 ± 2 keV 221Fr: 218 keV 221Fr: 218 keV 221Fr: 218 keV 
main peak 213Bi: 440 ± 4 keV 213Bi: 441 keV 213Bi: 441 keV 213Bi: 441 keV 
garnmaenergy (HPGe-detector) 
Radioactivity No specification set 0.957 MBq/ml 0.901 MBq/ml 0.915 MBq/ml 
concentration 17.04.2021 10:38 13.05.2021 11:15 16.05.2021 9:19 
(MBq/ml) 
Radiochemical purity 225 Ac-PSMA l&T 95.7% 94.8% 95.2% 
% (TLC/HPGe) radioactivity ~ 

9 5 % from total 
radioactivity 

Chemical purity <12.0 µg/ml 5.6 µg/ml 5.1 µg/ml 4.6 µg/ml 
PSMA-l&T 
Chemical purity <12.0 µg/ml 6.4 µg/ml 7.8 µg/ml 7.7 µg/ml 
Other impurities 
Specific activity No specification set 0.119 MBq/nmol 0.105 MBq/nmol 0.112 MBq/nmol 
Ascorbic acid 20-70 mg/ml 50 mg/ml 30 mg/ml 30 mg/ml 
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b. Process Validation 
[0081] All validation batches were tested and confirmed to 
be sterile. The sterility test was validated on batches 
ACMI2119E-1, ACMI2119E-2, ACMI2123E-1, 
ACMI2123E-2 and ACMI2123E-3. Two sets of validation 
were performed from batch ACMI2119E-2. Batches 
ACMI2123E-1, ACMI2123E-2 and ACMI2123E-3 were 
produced as additional batches to confirm growth of a 
control microbe (Candida albicans) that did not show any 
growth in one of the control samples from batch 
ACMI2119E-2. Based on the results, no microbial inhibition 
was observed on any tested microbe and the observation for 
C. al bi cans on one sample was assessed to have been caused 
by a laboratory error. 

[0083] All validation batches where tested for endotoxins 
and conformed to specifications. 

[0084] The process bioburden was tested at three batches 
and none showed microbiological growth over the detection 
limit. Bioburden sample was produced by from batches 
ACMI2120E-1, ACMI2121A-1 and ACMI2121A-2 by 
removing the 0.22 um filter from the dispensing process. The 
test was validated using the same batches. All three biobur­
den batches were also tested for chemical quality and 
complied to all specifications. 

[0082] The integrity of sterile filters were tested on all 
validation batches and all results conformed to specifica­
tions. 

[0085] Altogether, it is concluded that the manufacturing 
process reliably produces 225 Ac-PSMA I&T solution in 
satisfactory amounts and quality for clinical use under 
supervision of qualified healthcare professionals. Based on 
the results from the stability study the product needs to be 
stored at 5° C.-25° C. to maintain stability of 48 h. 

TABLE 4a 

Chemical quality of validation batches 

SYNTHESIS INFORMATION 
BATCH ID 
Ac-225 
Ac-225 Activity (MBq) 

Start of synthesis 
End of synthesis 
QC TESTING 
Validation criteria 
Test 
Visual inspection 

pH 
221 Fr ja 213Bi main peaks 
garnmaenergy 

Radioactivity 
concentration (MBg/ml) 
Radiochemical purity % 
(TLC/HPGe) 
Chemical purity 
PSMAI&T 
Chemical purity 
Other impurities 
Specific activity 

Radionuclidic purity 
Ascorbic acid 

Bacterial endotoxins 
Filter integrity test 
Sterility 

Specification 
Clear, colorless or slightly yellow 

liquid, no visible particles 
5.0-8.0 

221Fr: 218 ± 2 keV 
213Bi: 440 ± 4 keV 

(HPGe-detector) 
No specification set 

225 Ac-PSMA I&T radioactivity " 
95% from total radioactivity 

<12.0 µg/ml 

<12.0 µg/ml 

No specification set 

a,99.9% 
20-70 mg/ml 
<17.5 (EU/ml) 

Bubble point > 3.45 bar (water) 
Sterile 

ACMI2114B-1 
Order No. 11045881 

21 MBq 
31.03.2021 12:00 * 

06.04.2021 09:22:24 
06.04.2021 09:49:21 

Pass 

5.5 
221Fr: 218 keV 
213Bi: 441 keV 

0.895 MBg/ml 
07.04.2021 07:47 

96.5% 

3.2 µg/ml 

9.1 µg/ml 

0.109 MBg/nmol 
a,99.9% 
50 mg/ml 
<5.00 

3.87 
Sterile 

TABLE 4b 

ACMI2115D-1 
Order No. 11046459 

19 MBq 
12.04.2021 12:00 * 
15.04.2021 08:13:15 
15.04.2021 08:40:13 

Pass 

6.0 
221Fr: 218 keV 
213Bi: 440 keV 

1.041 MBg/ml 
16.04.2021 09:00 

95.3% 

7.5 µg/ml 

6.1 µg/ml 

0.114 MBg/nmol 
a,99.9% 
50 mg/ml 
<5.00 

4.16 
Sterile 

Chemical quality of validation batches 

SYNTHESIS INFORMATION 
BATCH ID 
Ac-225 
Ac-225 Activity (MBq) 

Start of synthesis 
End of synthesis 
QC TESTING 
Validation criteria 
Test 
Visual inspection 

Specification 
Clear, colorless or 

slightly yellow liquid, 
no visible particles 

ACMI2119B-1 
Order No. 11047251 

16 MBq 
10.05.2021 12:00 * 
11.05.2021 08:14:40 
11.05.2021 08:42:04 

Pass 

ACMI2119E-1 
Order No. 11047252 

17 MBq 
12.05.2021 12:00 * 
14.05.2021 08:22:06 
14.05.2021 08:49:30 

Pass 

ACMI2115D-2 
Order No. 11046460 

19 MBq 
12.04.2021 12:00 * 
15.04.2021 09:02:38 
15.04.2021 09:29:35 

Pass 

6.0 
221Fr: 218 keV 
213Bi: 440 keV 

1.121 MBg/ml 
16.04.2021 13:32 

96.6% 

7.7 µg/ml 

6.5 µg/ml 

0.118 MBg/nmol 
a,99.9% 
50 mg/ml 
<5.00 

3.97 
Sterile 

ACMI2119E-2 
Order No. 11047253 

10 MBq 
12.05.2021 12:00 * 
14.05.2021 09:02:00 
14.05.2021 09:29:25 

Pass 
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TABLE 4b-continued 

Chemical quality of validation batches 

pH 5.0-8.0 5.5 5.5 5.5 
221Fr ja 213Bi main 221Fr: 218 ± 2 keV 221Fr: 218 keV 221Fr: 218 keV 221Fr: 218 keV 
peaks 213Bi: 440 ± 4 keV 213Bi: 441 keV 213Bi: 440 keV 213Bi: 440 keV 
gammaenergy (HPGe-ilmaisin) 
Radioactivity No specification set 0.935 MBq/ml 0.917 MBq/ml 0.561 MBq/ml 
concentration 12.05.2021 08:58 16.05.2021 07:54 16.05.2021 08:09 
(MBq/ml) 
Radiochemical 225 Ac-PSMA l&T 95.5% 96.1% 96.2% 
purity% radioactivity ~ 
(TLC/HPGe) 95% from total 

radioactivity 
Chemical purity <12.0 µg/ml 7.1 µg/ml 6.6 ,ug/ml 6.6 µg/ml 
PSMAl&T 
Chemical purity <12.0 µg/ml 4.3 µg/ml 6.3 ,ug/ml 5.7 µg/ml 
Other impurities 
Specific activity No specification set 0.122 MBq/nmol 0.107 MBq/nmol 0.068 MBq/nmol 
Radionuclidic ;,,99.9% ;,,99.9% ;,,99.9% ;,,99.9% 
purity 
Ascorbic acid 20-70 mg/ml 30 mg/ml 30 mg/ml 30 mg/ml 
Bacterial <17.5 (EU/ml) <5.00 <5.00 <5.00 
en do toxins 
Filter integrity test Bubble point > 3.45 3.87 3.99 3.96 

bar (water) 
Sterility Sterile Sterile Sterile Sterile 

c. Clinical Experience in 225 Ac-PSMA 
[0086] Bismuth-213 for PSMA-targeted a-therapy (TAT) 
is a mixed a- and ~-emitter with a half-life of 45.6 min and 
it is produced from Ac-225 decay (FIG. 2). Small molecule 
PSMA-I&T induced more double-strand breaks than the 
nanobody in nonclinical studies, where targeted a-therapy 
with 213Bi labeled antibody (1591 ), small molecule inhibitor 
PSMA-I&T or nanobody (NZ-008) were compared; they 
demonstrated tumor targeting and tumor growth inhibition 

PSMA-617. Probably therefore, there is only one single 
patient case reported to date on the use of 213Bi-PSMA-617. 
The patient was treated with two cycles of 213Bi-PSMA-617 
with a cumulative activity of 592 MBq. The serum PSA 
concentration decreased from 237 µg/1 down to 43 µg/1 as 
sign of biochemical response. Also, the short half-life of 
213Bi makes this radionuclide less suitable for routine clini­
cal therapeutic applications. 

TABLE 5 

Clinical trials of Actinium-225-PSMA-targeted alpha therapy. 

Number of Activity per Biochemical PFS/OS Major 
patients cycle/MBq response PSA50 [mo] toxicity First author 

PSMA-617 2 100 kBq/kg 100% (2/2) xerostomia Kratochwil 
2016 

PSMA-617 14 50-200 kBq/kg 44% (4/9) na/8.5 xerostomia Kratochwil 
2017 

PSMA-617 40 100 kBq/kg 63% (24/38) na/>12 xerostomia Kratochwil 
2018 

PSMA-617 100% (1/1) Sathekge 
2019a 

PSMA-617 17 4-8 88% (15/17) xerostomia Sathekge 
2019b 

PSMA-617 6-8 100% (1/1) xerostomia De Medeiros 
xerophtalmia 2019 

PSMA-617 73 4-8 70% (51/73) 15.2/18.0 Sathekge 
2020 

PSMA-617 26 4-8 65% (17/26) 3.5/7.7 xerostomia Feuerecker 2020 
HbL WBCL plq 

PSMA-617 28 100 kBq/kg 39% (11/28) 12/17 xerostomia Yadav 2020 
fatigue 

PSMA-617 13 6-8 69% (9/13) na/8.5 xerostomia van der Doelen 
2020 

PSMA-l&T 100% (1/1) xerostomia Ilhan 2020 
PSMA-l&T 14 7.8 50% (7/14) xerostomia Zacherl 2021 

in nude mice with PSMA-overexpressing xenografts. 
Dosimetry calculations with 213Bi-PSMA-617 and 225 Ac­
PSMA-617 demonstrated the superiority of 225 Ac as com­
pared to short-lived 213Bi as the radionuclide label for 

[0087] 225 Ac has a half-life of 9.9 days and decays to 
produce four alpha particles with an energy of 5.8-8.4 MeV, 
with a tissue range of up to 85 µm. This alpha emitter has 
been labelled to PSMA ligands as 225 Ac-PSMA for targeted 
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alpha therapy (TAT). 225 Ac deposits high energy resulting in 
irreparable double-strand DNA destruction whilst sparing 
surrounding normal tissue making it an attractive anti-tumor 
agent. Clinical application of 225 Ac-PSMA TAT as last line 
of therapy in patients with mCRPC has demonstrated an 
excellent response, e.g., chemotherapy naive patients, 
although most clinical studies report it as third-line therapy 
or after a failure of 177Lu-PRLT. Widespread application of 
225 Ac-PSMA TAT is hampered by its salivary gland toxicity. 
The clinical studies listed above in Table 5, are described in 
a more detailed marmer below. 
[0088] In a study with the first-in-human use of 225 Ac­
PSMA-617 Kratochwil et al. reported complete response in 
two patients with mCRPC who had failed multiple lines of 
previous therapy. Because of challenging clinical situations 
and extensive pretreatment were treated with 100 kBq/kg of 
225 Ac-PSMA-617 at every 8 weeks as salvage therapy after 
the presence of a PSMA-positive tumor phenotype had been 
validated by 68Ga-PSMA-11 PET/CT. The first patient was 
not suitable for 177Lu-PSMA-617 because of widespread 
marrow disease and the second one progressed from 177Lu­
PSMA therapy presenting with diffuse abdominal and liver 
disease. Both patients showed a complete response on the 
68Ga-PSMA-11 PET/CT scan, and PSA declined below the 
measurable level. Salivary gland toxicity (xerostomia) was 
reported in both patients. 
[0089] The second study with 14 mCRPC patients found 
that a treatment activity of 100 kBq/kg of body weight of 
225 Ac-PSMA-617 per cycle every 8 weeks was the most 
optimal when considering both efficacy (biochemical 
response) and tolerability. Severe xerostomia was the dose­
limiting toxicity. The optimal dose is discussed in the 
dosimetry section. 
[0090] Kratochwil et al. also reviewed the efficacy of 
225 Ac-PSMA-617 in a large cohort of 40 patients with 
advanced disease. All patients had mCRPC and had failed or 
were ineligible for conventional therapy; 70%, 85% and 
60% of the patient cohort had had prior docetaxel, abirater­
one and enzalutamide respectively. FIG. 3 demonstrates the 
therapy sequences and durations of effects in these patients 
on an absolute (A) and relative scale (B); the green color 
represents the 225 Ac-PSMA-617 therapy (FIG. 3). 68Ga­
PSMA PET/CT and 99mTc-PSMA SPECT/CT imaging was 
used for patient selection with patients with limited disease 
selected for 1 77Lu-PSMA radioligand therapy whilst those 
with diffuse uptake on imaging were treated with 225 Ac­
PSMA, those patients who demonstrated no tumor uptake on 
imaging were declined TAT. An activity of 100 kBq/kg 
225 Ac-PSMA-617 was administered for 8 weeks for a mini­
mum 3 and up to 5 cycles. 
[0091] This study demonstrated a PSA decline of more 
than 50% in 63% of patients, with a median duration of 
tumor control of 9 months. The median overall survival was 
more than 12 months. 38 patients out of 40 survived at least 
8 weeks with 63% of these patients demonstrating a PSA 
response >50% and 87% demonstrating any PSA response, 
a median overall survival and progression free survival of 
> 12 and 7 .0 months was demonstrated. The PSA responses 
are shown as waterfall-plots at weeks 8, 16, 24 in FIG. 4. 
[0092] This standardized treatment protocol for 225 Ac­
PSMA-617 is routinely applied for salvage therapy of end­
stage mCRPC patients in many studies. Feuerecker et al. 
investigated 225 Ac-PSMA-617 TAT in 26 patients who had 
failed a median of six lines of previous therapy for mCRPC, 

9 
Oct. 2, 2025 

all had progressed after 177Lu-PSMA therapy. A PSA decline 
of>50% was demonstrated in 65% of the patients while 88% 
of the patients demonstrated any PSA reduction. However, 
no complete response was seen in the population. The 
median overall survival was 7.7 months (95% CI 4.5-12.1 
months). Mild irreversible xerostomia was seen in all 
patients with 23% of patients refusing any further treatment 
due to severe xerostomia, 8% of the patients had to have 
their treatment discontinued to prevent further deterioration 
of marrow toxicity which had been pre-existing. Poor prog­
nosis could be seen in the patients who had failed previous 
177Lu-PSMA including the presence ofliver metastases and 
higher ECOG status. 
[0093] Similar findings were described by Yadav et al. 
where 28 patients with mCRPC were enrolled to receive 
225 Ac-PSMA-617 TAT, 54% of these patients had failed 
177Lu-PSMA therapy whilst 46% were 177Lu-PSMA therapy 
naive. A comparison of the two groups, previous 177Lu­
PSMA and 177Lu PSMA naive, demonstrated a PSA decline 
of >50% and progression rate of 26.6% and 46% vs 53.8% 
and 22.3% respectively. Interestingly, there was no differ­
ence in median survival and overall survival between the 
two groups, 10 vs. 12 months and 16 vs. 17 months, 
respectively. 
[0094] Sathekge et al. investigated 225 Ac-PSMA in 17 
patients who were chemotherapy naive. 225 Ac-PSMA-617 
was administered in 2-monthly intervals. An initial activity 
of 8 MBq was administered with response assessments 
determined using PSA and 68Ga-PSMA PET/CT imaging 
prior to subsequent cycles of 225 Ac-PSMA. A "dynamic 
dose-reduction" was used where the subsequent activity of 
225 Ac-PS MA was reduced in patients who had demonstrated 
a response to the previous cycle, the mean administered 
activity was 7.4±1.5 MBq, with 3 of the 17 patients only 
receiving 2 cycles of therapy after having demonstrated an 
excellent response. A PSA decline >90% was seen in 82% of 
the patients at end of therapy, at median follow up of 13 
months post initiation of treatment 82% of the patients were 
still alive with 50% of these patients in remission demon­
strating undetectable serum PSA levels and the other 50% 
with stable disease. Grade 1-2 xerostomia was the most 
frequently noted side-effect with no discontinuation in 
therapy reported due to severe symptoms. Grade 4 nephro­
toxicity was noted in a patient with only a single functional 
kidney who had poor renal functioning from baseline. 
[0095] Sathekge et al., in the largest study population to 
date, enrolled 73 men with mCRPC who failed standard 
therapy, 14 of these patients had prior 1 77Lu-PSMA therapy. 
At the end of 225 Ac-PSMA-617 therapy, 70% of the patients 
demonstrated a ;;,;50% PSA decline while 82% had any 
decline in PSA, response shown in FIG. 5. Post therapy, 
68Ga-PSMA PET/CT images were negative in 29% of the 
patients. Median OS and PFS were determined to be 18 
months (95% CI, 16.2-19.9 months) and 15.2 months (95% 
CI, 13 .1-17.4 months) respectively, 13 patients had passed 
away while 23 patients had demonstrated disease progres­
sion. Factors found to be associated with higher OS and PFS 
included baseline PSA, PSA decline ;;,;50%, prior chemo­
therapy, prior radiation therapy, and Hb at baseline, while 
prior radioligand therapy with 177Lu-PSMA was associated 
with a poorer PFS. 
[0096] Since PSMA-617 crosses the blood-brain barrier 
and accumulates in cerebral metastases, a significant regres­
sion of cerebral metastases was demonstrated using 225 Ac-
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PSMA-617. Prostate cancer patients with brain metastases 
have limited treatment options and poor survival, and TAT 
with 225 Ac-PSMA-617 may have substantial therapeutic 
potential for these patients. Also, encouraging response to 
TAT in a patient with advanced mCRPC showing progres­
sion after long-term 177Lu-PSMA RLT (10 cycles) has been 
reported (see FIG. 6). Image of the first patient exceeding 
5-year complete remission after 225 Ac-PSMA-TAT are 
shown in FIG. 7. 
[0097] The patient in FIG. 6 received two cycles of 
225 Ac-PSMA-I&T after failure 177Lu-PSMA-617 and 
showed encouraging response (H). The main TAT-related 
side effect was grade 2 xerostomia (grade 2), which was 
already preexisting after 10 cycles of RLT. No TAT-related 
grade 3/4 hematological side effects were noted. 
[0098] The patient in FIG. 7 in July/September/November 
2014, he received 3 cycles of mean 8.4-MBq 225 Ac-PSMA-
617 at PSA levels of 39.7, 7.7, and 0.32 ng/ml, respectively. 
This patient developed chronic xerostomia, and with some 
delay, creatinine increased from 1.3 in October 2015 to 3.3 
mg/di in January 2019. This could partially be related to the 
renal radiation exposure of PSMA therapy, but also with 
concomitant cardiorenal syndrome, diabetes, and arterial 
hypertension. 
[0099] PMSA-617 has been a main theragnostic agent 
which has been under review in TAT in mCRPC, however 
PSMA-I&T has been investigated in 177Lu-PSMA radioli­
gand therapy and did not show any inferiority in the litera­
ture when compared to 1 77Lu-PSMA-6 l 7. The first clinical 
data using 225 Ac-PSMA-I&T showed highly comparable 
biochemical responses as after 225 Ac-PSMA-617 TAT. 
[0100] Zacherl et al. were the first to study a clinical 
cohort with PMSA-I&T in TAT. Fourteen patients who were 
either not eligible for or had failed conventional therapy 
were included in the study with 79% of these patients having 
had received prior 177Lu-PSMA radioligand therapy, 18F­
PSMA-1007 PET/CT was used to assess suitability for 
therapy. This group demonstrated a PSA decline 2:50% of 
45% and any PSAdecline of73% in the subgroup of patients 
who had received prior 177Lu-PSMA radioligand therapy 
which is comparable with other groups which have inves­
tigated 225 Ac-PSMA therapy in patients who have failed 
1 77Lu-PSMA radio ligand therapy. 
[0101] Fourteen patients receiving 225 Ac-PSMA-I&T 
were included in this retrospective analysis: Eleven of the 14 
had prior second-line antiandrogen treatment with abirater­
one or enzalutamide, prior chemotherapy, and prior 177Lu­
PSMA treatment. Patients were treated at bimonthly inter­
vals until progression or intolerable side effects. Thirty-four 
cycles of 225 Ac-PSMA-I&T were applied (median dose, 7.8 
MBq; range, 6.0-8.5), with 1 cycle in 3 patients, 2 cycles in 
7 patients, 4 cycles in 3 patients, and 5 cycles in 1 patient. 
No acute toxicity was observed during hospitalization. Base­
line PSA was 112 ng/mL (range, 20.5-818 ng/mL). The best 
PSAresponse after TAT ( a PSA decline 2:50%) was observed 
in 7 patients, and a PSA decline of any amount was observed 
in 11 patients (FIG. 8). Three patients had no PSA decline at 
any time. A subgroup analysis of 11 patients with prior 
177Lu-PSMA treatment showed any PSA decline in 8 
patients and a decline of at least 50% in 5 patients; one 
patient is shown in FIG. 9. After TAT, grade 3 anemia was 
observed in 3 of the 14 patients, with 2 of them presenting 
with grade 2 anemia already at baseline. Grade 3 leukopenia 
was observed in 1 patient. Eight patients with preexisting 
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xerostomia after 177Lu-PSMA showed no worsening after 
TAT. Newly diagnosed grade 1 or 2 xerostomia after TAT 
was observed in 5 patients. One patient reported no xero­
stomia at all. 
[0102] Radioresistance as a result of mutations in the 
genes responsible for DNA repair has been thought to be the 
reason that some patients did not demonstrate a response to 
225 Ac-PSMA TAT despite demonstrating tumor PSMA 
expression as evidenced by intense tumor uptake of tracer on 
PSMA PET/CT imaging. A combination of 225 Ac-PSMA 
TAT and poly (ADP-ribose)-polymerase (PARP) inhibitors, 
a DNA damage-repair-targeting molecule has been sug­
gested for these patients to overcome the radioresistance. 
[0103] Kratochwil et al. identified 10 patients out of 60 
who presented with a poor response to 225 Ac-PSMA-617, 
despite sufficient tumor uptake in PSMA PET /CT. They took 
CT-guided biopsies with histologic validation of the nonre­
sponding lesions in 7 of these nonresponding patients, their 
characteristics are shown in FIG. 10. 
[0104] Specimens were analyzed by next generation 
sequencing (NGS) interrogating 37 DNA damage-repair­
associated genes. 7 tumor samples analyzed, were found a 
total of 15 whole-gene deletions, deleterious or presumably 
deleterious mutations affecting TP53 (n=3), CHEK2 (n=2), 
ATM (n=2), and BRCAl, BRCA2, PALB2, MSH2, MSH6, 
NBN, FANCB, and PMSl (n=l each). The average number 
of deleterious or presumably deleterious mutations was 2.2 
(range, 0-6) per patient. In addition, several variants of 
unknown significance in ATM, BRCAl, MSH2, SLX4, 
ERCC, and various FANC genes were detected. The sum­
mary of NGS data is shown in FIG. 11. 
[0105] Patients with resistance to PSMA-TAT despite 
PSMA positivity frequently harbor mutations in DNA dam­
age-repair and checkpoint genes findings encourage future 
studies combining PSMA-TAT and DNA damage-repair­
targeting agents such as PARP inhibitors. 

d. 225 Ac-PSMA TAT Toxicity Profile 

[0106] Regarding salivary glands, in the clinical setting, 
several studies reported toxicity related to TAT with 225 Ac­
PSMA-617 /PSMA-I&T (Table 6). FIG. 12 represents the 
toxicity profiles in the largest reported study with 225 Ac­
PSMA-617. Xerostomia is a common side effect that causes 
10-25% of patients to stop TAT with 225 Ac-PSMA. Xero­
stomia should, therefore, be prevented. Modification of the 
administered activity of 225 Ac-PSMA-617 and the number 
of cycles of TAT may decrease the side effects while still 
achieving response. Sialendoscopy with dilatation, saline 
irrigation, and steroid injection (prednisolone) have been 
investigated in patients with some but limited success. 
Eleven men with metastatic castration-resistant prostate 
cancer underwent sialendoscopy, dilatation, saline irrigation 
and steroid injection of both submandibular and both parotid 
glands before or after every cycle of 225 Ac-PSMA-617 TAT. 

TABLE 6 

Toxicities in 73 patients after 225 Ac PSMA-617 

Toxic effect Grade I or II Grade III Grade IV 

Dry mouth 62 (85) 0 0 
Dry eyes 4 (5) 0 0 
Anorexia 23 (32) 0 0 
Nausea 15 (21) 0 0 
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TABLE 6-continued 

Toxicities in 73 patients after 225 Ac PSMA-617 

Toxic effect Grade I or II Grade III Grade IV 

Vomiting 4 (5) 0 0 
Constipation 19 (26) 0 0 
Fatigue 37 (51) 0 0 
Weight loss 28 (38) 0 0 
Dyspepsia 3 (4) 0 0 
Dysgeusia 4 (5) 0 0 
Anemia 22 (30) 5 (7) 0 
Leukopenia 7 (10) 2 (3) 0 
Thrombocytopenia 6 (8) 1 (1) 0 
Hypoalbuminemia 14 (19) 0 0 
Renal Failure 18 (25) 3 (4) 2 (3) 
Dysuria 13 (18) 0 0 

Data are reported as numbers of patients, with percentages of patients in parentheses. 

[0107] Sialendoscopy and steroid injection were per­
formed by a senior otolaryngologist. Quality of life (QoL) 
was evaluated general quality oflife and specific xerostomia 
questionnaires, before and 3 months after the intervention. 
In all 11 patients, both parotid and both submandibular 
glands were affected by radiation sialadenitis and sialendos­
copy was performed. Sialendoscopy with dilatation, saline 
irrigation and steroid injection had beneficial effects on 
salivary gland function and QoL in patients undergoing 
225 Ac-PSMA-617 RLT. However, even with sialadenosco­
pic support after multiple cycles of TAT, salivary gland 
function was reduced and xerostomia was present. There­
fore, not only inflammation, but also the direct effect of 
radiation is a putative cause of dry mouth. 
[0108] A case report in one patient describes the potential 
beneficial effects of intraparenchymal injections of botuli­
num toxin before 225 Ac-PSMA-617 TAT. External cooling 
of the salivary gland using ice packs from 30 min pre­
infusion through 2 h post-infusion of radiopharmaceuticals 
was expected to reduce PSMA radioligand uptake due to 
vasoconstriction. However, the relative contributions of sali­
vary gland cooling and the reduced 225 Ac-PSMA-617 activ­
ity in minimizing xerostomia severity remain unclear. 
Therefore, effective methods to reduce salivary toxicity are 
needed. 
[0109] Regarding the kidneys, due to the physiological 
expression of PSMA in kidneys and predominantly renal 
excretion of 225Ac-PSMA-617, there is concern about pos­
sible radiation toxicity to the kidneys that may cause acute 
and long-term effects. It has been reported that the kidney 
function deteriorated in a patient with one functional kidney 
after 225Ac-PSMA-617 and that chronic kidney disease was 
found in two patients with mCRPC after 225Ac-PSMA-617 
therapy. Until now, retention times of PSMA ligands either 
in kidneys or in tumor cells have not yet been evaluated 
systematically. If PSMA on the surface of cancer cells is not 
sufficiently internalized after binding of the ligand, TAT with 
225Ac with multiple unstable daughters might be subopti­
mal and toxic. It has also been speculated that the radioac­
tive daughters of 225Ac, but not 225Ac-PSMA-617, can 
accumulate in the tubular cells and irradiate the kidneys, 
leading to renal injury. In FIG. 13 the toxicity data has been 
presented in 14 patients receiving 225Ac-PSMA-I&T, in 
this cohort only one patient showed grade 1 nephrotoxicity. 
[0110] Regarding hematologic toxicity, in FIG. 13 the 
hematologic toxicity in 14 patients receiving 225 Ac-PSMA­
I&T is mild, with single patients demonstrating grade 3 
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anemia and grade 3 leucopenia. The short path length of 
alpha particles ( 47-85 µm) may explain the low hematologi­
cal toxicity seen in patients treated with 225 Ac-PSMA, even 
if the marrow infiltrated by tumor cells. Baseline myelosup­
pression may be a contributor to increased severity of 
hematological toxicity. Baseline image findings of diffuse 
widespread marrow involvement has also been found to be 
predictor for hematological toxicity 
[0111] Though PSMA is highly expressed prostate cancer 
cells, physiological expression of PSMA is seen in the 
lacrimal glands, salivary glands, gastrointestinal tract, and 
renal tubular cells. Binding to these non-malignant-tissue 
PSMA expressing sites is responsible for the side effects that 
are seen with 225 Ac-PSMA therapy. Probably, therefore also 
xeropthalmia has been reported after 225 Ac-PSMA-TAT. 
Safety measures that may be adopted to reduce the risk of 
developing nephrotoxicity include baseline screening, e.g., 
with 99mTc-MAG3 scintigraphy for obstructive renal pathol­
ogy and correction where feasible and co-administration of 
normal saline with the radioligand. Patients with poor base­
line renal function maybe at risk of developing severe 
nephrotoxicity. Most patients have demonstrated favorable 
nephrotoxicity to 225 Ac-PSMA. However, it is known that 
with radionuclide therapy radiation induced renal injury may 
develop at a delayed stage, and thus, be missed in the 
reported cohorts. 
[0112] Salivary gland toxicity is the most common toxic­
ity from TAT with 225 Ac-PSMA. Symptoms from xerosto­
mia may range from mild symptoms to severe symptoms 
without requiring dietary changes to severe symptoms 
requiring nasogastric feeding or total parenteral nutrition. In 
a case series salivary gland toxicity was the dose limiting 
factor as patients refused any further treatment with 225 Ac­
PSMA due to intolerable xerostomia. Salivary gland toxicity 
is dose dependent, even irreversible severe xerostomia may 
develop when high cumulative activity is administered. To 
improve salivary gland toxicity, Sathekge et al. used a 
"dynamic de-escalation" where 8 MBq of 225 Ac-PS MA was 
the initial activity. If the patient demonstrated a good 
response after the first cycle then the subsequent activity was 
reduced by 2 MBq, this process is then repeated again prior 
to the third cycle down to 4 MBq. This approach resulted in 
patients reporting only grade II xerostomia and no need for 
withdrawal of treatment due to salivary gland toxicity. 
Tandem administration of a reduced 225 Ac-PMSA and full 
dose 177Lu-PMSA has also been used as an alternative 
approach to reduce the severity of salivary gland toxicity 
without compromising PSA response. 
e. Dosimetry Aspects 
[0113] Dosimetry studies have demonstrated that the sali­
vary glands receive the highest absorbed dose of the non­
target organs. The mechanism of PSMA uptake in the 
salivary glands has not been fully understood, to date several 
interventions have been reviewed to improve patient quality 
of life, however these attempts at preventing salivary gland 
toxicity have been unsuccessful. These strategies have dis­
cussed earlier and in order to predict the grade of salivary 
gland toxicity the absorbed radiation dose should be mea­
sured. 
[0114] The basis for clinical dosimetry calculations has 
been the relative biological effectiveness (RBE=5) found in 
an experimental study in a mouse model using immunohis­
tochemical yH2AX-foci formation as an indicator for the 
amount of DNA double-strand breaks. The response to 
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internal radiotherapy between a- and ~-emission (225 Ac/ 
177Lu) as a biological consequence of different ionization­
densities along a particle-track was measured in somatosta­
tin expressing AR42J cells which were incubated with 
octreotate analogs 225 Ac-DOTATOC and 177Lu-DOTATOC 
up to 48 h. The cell viability was analyzed using the 
common MTT assay. DNA double-strand breaks were quan­
tified by immunofluorescence staining of yH2AX-foci and 
cell cycle was analyzed by flow cytometry. In vivo uptake of 
both radiolabeled somatostatin-analogues into subcutane­
ously growing AR42J tumors and the number of cells 
displaying yH2AX-foci were measured. 
[0115] 225 Ac-DOTATOC resulted in ED50 values of 14 
kBq/ml after 48 h, whereas 177Lu-DOTATOC displayed 
ED50 values of 10 MBq/ml. The number of DNA double­
strand breaks grew with increasing concentration of 225 Ac­
DOTATOC and similarly with 177Lu-DOTATOC when 
applying a factor of 700-fold higher activity compared to 
225 Ac. 

[0116] The clinical dosimetry basis and dose finding study 
was performed by using the isotopes 225 Ac and 177Lu by 
Kratochwil et al. A dosimetry estimate was calculated on the 
basis of time-activity curves derived from serially obtained 
177Lu-PSMA-617 scans extrapolated to the physical half­
life of 225 Ac, assuming instant decay of unstable daughter 
nuclides. Salvage therapies empirically conducted with 50 
(n=4), 100 (n=4), 150 (n=2), and 200 kBq/kg (n=4) of 
225Ac-PSMA-617 were evaluated retrospectively regarding 
toxicity and treatment response. Eight of 14 patients 
received further cycles in either 2- or 4-mo intervals with 
identical or de-escalated activities. The patient characteris­
tics are shown in FIG. 14. 
[0117] From this study, the following dosimetry estimates 
were observed for 1 MBq of 225 Ac-PSMA-617 assuming a 
relative biologic effectiveness of 5: 2.3 Sv for salivary 
glands, 0.7 Sv for kidneys, and 0.05 Sv for red marrow that 
are composed of 99.4% a-, 0.5% ~-, and 0.1 % photon 
radiation, respectively. In FIG. 15, the absorbed radiation 
dose estimates for 225 Ac-PSMA-617 are shown together 
with I-131-"PSMA" and 177Lu-PSMA-617 doses. We see 
that mean dose for salivary glands is approximately 70% 
higher with 225 Ac-PSMA-617 than with 177Lu-PSMA-617, 
and red marrow dose 85% higher, respectively. 
[0118] In clinical application, severe xerostomia became 
the dose-limiting toxicity if treatment activity exceeded 100 
kBq/kg per cycle. At 100 kBq/kg, the duration of prostate­
specific antigen decline was less than 4 months, but if 
therapy was repeated every 2 months patients experienced 
additive antitumor effects. Treatment activities of 50 kBq/kg 
were without toxicity but induced insufficient antitumor 
response in these high-tumor-burden patients. Remarkable 
antitumor activity by means of objective radiologic response 
or tumor marker decline was observed in 9 of 11 evaluable 
patients. 
[0119] For advanced-stage patients, a treatment activity of 
100 kBq/kg of 225 Ac-PSMA-617 per cycle repeated every 8 
weeks presents a reasonable trade-off between toxicity and 
biochemical response. This rationale in shown in FIG. 16. 
[0120] The clinical dosimetry for 225 Ac is cumbersome as 
discussed earlier. Even though dosimetry in clinical radio­
nuclide therapy practice is mandatory according to EU 
guidelines, there are no tools available for clinical practice. 
One attempt has been shown in the literature. Because the 
225 Ac decay chain shows a noticeable gamma emission ( 440 
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keV, 25.9%; 218 keV, 11.4%). However, recommended low 
therapeutic activities ( 4-8 MBq) limit the clinical applica­
bility of SPECT, although initial attempts for 225 Ac imaging 
exist. Gosewisch et al. reported a mCRPC patient ( 65 years), 
whose imaging of the abdomen was performed at 24 hp. i. 
after therapeutic activity of 8.1 MBq 225 Ac-PSMA-I&T on 
a SPECT/CT camera (y-energy 440 keV; window 20%). 
[0121] Final absorbed dose assessment was performed by 
combining the single 225 Ac image with the effective half-life 
information determined from a previous 177Lu-PSMA-I&T 
imaging sequence. This resulted in an absorbed dose of 0.18 
and 0.17 Sv(RBE~5 /MBq for the left and right kidney, 
respectively, compared with 0.27 and 0.24 Gy/GBq for the 
preceding 177Lu cycle (6.2 GBq). A comparison with the 
pre-therapy 18F-PSMA-I&T PET/CT demonstrates that 
225 Ac SPECT imaging for this patient was able to locate a 
small lesion in the right hip. The 225 Ac-absorbed dose was 
determined as 0.26 Sv(RBE~5/MBq, compared with 0.35 
Gy/GBq for 177Lu-PSMA-I&T. The imaging data is shown 
in FIG. 17. 
[0122] All references cited herein are hereby incorporated 
by reference. The foregoing is offered primarily for purposes 
of illustration. It will be readily apparent to those skilled in 
the art that further drugs can be included, and that the 
components, additives, proportions, methods of formulation, 
methods of use, and other parameters described herein can 
be modified further or substituted in various ways without 
departing from the spirit and scope of the invention. 

What is claimed is: 
1. A pharmaceutical composition comprising: 
225 Actinium-PSMA-I&T in an amount that provides a 

radioactivity concentration of about 0.3 MBq to about 
1 .4 MBq per ml of the pharmaceutical composition; 

ascorbic acid in an amount of about 20 mg to about 90 mg; 
and 

ethanol in an amount of about 40 mg to about 120 mg; 
wherein upon administration of the composition to a 

subject in need thereof, the prostate-specific antigen 
decline is more than about 50%. 

2. The pharmaceutical composition of claim 1, wherein 
the radioactivity concentration is about 0.4 MBq to about 1.3 
MBq per ml. 

3. The pharmaceutical composition of claim 1, wherein 
the radioactivity concentration is about 0.5 MBq to about 1.2 
MBq per ml. 

4. The pharmaceutical composition of claim 1, wherein 
the radioactivity concentration is about 0.6 MBq to about 1.1 
MBq per ml. 

5. The pharmaceutical composition of claim 1, compris­
ing from about 20 mg to about 80 mg ascorbic acid. 

6. The pharmaceutical composition of claim 1, compris­
ing from about 20 mg to about 70 mg ascorbic acid. 

7. The pharmaceutical composition of claim 1, compris­
ing from about 20 mg to about 60 mg ascorbic acid. 

8. The pharmaceutical composition of claim 1, compris­
ing from about 50 mg to about 90 mg ethanol. 

9. The pharmaceutical composition of claim 1, compris­
ing from about 50 mg to about 80 mg ethanol. 

10. The pharmaceutical composition of claim 1, compris­
ing from about 60 mg to about 80 mg ethanol. 

11. A pharmaceutical composition comprising: 
225 Actinium-PSMA-I&T in a concentration of about 9 

µg/ml to 20 µg/ml; 

30



US 2025/0303004 Al 

ascorbic acid in an amount of about 20 mg to about 90 mg; 
and 

ethanol in an amount of about 40 mg to about 120 mg; 
wherein upon administration of the composition to a 

subject in need thereof, the prostate-specific antigen 
decline is more than about 50%. 

12. The pharmaceutical composition of claim 11, com­
prising about 11 µg/ml to about 15 µg/ml of 225 Actinium­
PSMA-I&T. 

13. The pharmaceutical composition of claim 11, com­
prising from about 20 mg to about 80 mg ascorbic acid. 

14. The pharmaceutical composition of claim 11, com­
prising from about 20 mg to about 70 mg ascorbic acid. 

15. The pharmaceutical composition of claim 11, com­
prising from about 50 mg to about 90 mg ethanol. 

16. The pharmaceutical composition of claim 11, com­
prising from about 60 mg to about 80 mg ethanol. 

17. The pharmaceutical composition of claim 11, com­
prising a radioactivity concentration of about 0.3 MBq to 
about 1.4 MBq per ml. 
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18. The pharmaceutical composition of claim 11, com­
prising a pH of between 3 and 9. 

19. The pharmaceutical composition of claim 11, com­
prising a pH of between 5 and 8. 

20. A pharmaceutical composition comprising: 
225 Actinium-PSMA-I&T in an amount that provides a 

radioactivity concentration of about 0.5 MBq to about 
1.2 MBq per ml of the pharmaceutical composition; 

ascorbic acid in an amount of about 20 mg to about 70 mg; 
and 

ethanol in an amount of about 50 mg to about 90 mg; 

wherein the pharmaceutical composition comprises a pH 
of between 5 and 8; 

wherein upon administration of the composition to a 
subject in need thereof, the prostate-specific antigen 
decline is more than about 50%. 

* * * * * 
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