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ABSTRACT

ACCOMPANYING CONTENT

PURPOSE Novel therapies are needed to extend survival in metastatic castration-resistant @ Appendix
prostate cancer (mCRPC). Prostate-specific membrane antigen (PSMA), a cell [/} Data Sharing
surface antigen overexpressed in PC, provides a validated target. This dose- Statement

escalation study investigated the safety, efficacy, maximum tolerated dose
(MTD), and recommended phase II dose (RP2D) for 22°Ac-J591, anti-PSMA
monoclonal antibody J591 radiolabeled with the alpha emitter actinium-225.

[} Protocol
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METHODS Following investigational new drug-enabling preclinical studies, we enrolled Published November 3, 2023
patients with progressive mCRPC that was refractory to or who refused standard
treatment options (including androgen receptor pathway inhibitor and had received
or been deemed ineligible for taxane chemotherapy). No selection for PSMA was
performed. Patients received a single dose of 2**Ac-J591 at one of seven dose-
escalation levels followed by expansion at the highest dose. Primary end point of

dose-escalation cohort was determination of dose-limiting toxicity (DLT) and RP2D.
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RESULTS Radiochemistry and animal studies were favorable. Thirty-two patients received
225Ac-J591 in an accelerated dose-escalation design (22 in dose escalation, 10 in
expansion). One patient (1 of 22; 4.5%) experienced DLT in cohort 6 (80 KBq/kg)
but none in cohort 7; MTD was not reached, and RP2D was the highest dose level
(93.3 KBg/kg). The majority of high-grade adverse events (AEs) were hemato-
logic with an apparent relationship with administered radioactivity. Non-
hematologic AEs were generally of low grade. Prostate-specific antigen (PSA)
declines and circulating tumor cell (CTC) control were observed: 46.9% had at
least 50% PSA decline at any time (34.4% confirmed PSA response), and
protocol-defined CTC count response occurred in 13 of 22 (59.1%).
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CONCLUSION To our knowledge, this is the first-in-human phase I dose-escalation trial of a
single dose of 2»>Ac-J591 in 32 patients with pretreated progressive mCRPC dem-

onstrated safety and preliminary efficacy signals. Further investigation is underway.

INTRODUCTION

Despite advances in diagnostic and treatment strategies,
prostate cancer is the second most common cause of cancer
mortality in men in the United States and worldwide."?
Despite considerable progress, the median survival of
metastatic castration-resistant prostate cancer (mCRPC)

remains <3 years and mCRPC remains incurable.? Additional
innovative treatments are needed to further extend survival
and to explore potentially curative options.

Prostate-specific membrane antigen is a cell surface
glycoprotein that is commonly overexpressed by PC cells
relative to normal prostate cells.#> The highest expression
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CONTEXT

Key Objective

Is targeting prostate-specific membrane antigen (PSMA) with an antibody radiolabeled with an alpha emitter safe in

patients with prostate cancer?

Knowledge Generated

A single dose of ?*®Ac-J591 was safe with no acute dose-limiting toxicity. Preliminary efficacy as measured by prostate-
specific antigen decline and circulating tumor cell count control was demonstrated with or without previous '""Lu-PSMA.

Relevance (M.A. Carducci)

This early phase study of an alpha-emitting PSMA targeted monoclonal antibody is highly encouraging given its novelty and
activity in heavily pre-treated metastatic castration-resistant prostate cancer patients, including those with prior lutecium
based therapy. Additional early phase studies including combinations will keep this a promising agent for future clinical

use.*

*Relevance section written by JCO Associate Editor Michael A. Carducci, MD.

is found with higher grades and in mCRPC.#"¢ These char-
acteristics, combined with limited expression on normal
tissues, make prostate-specific membrane antigen (PSMA) a
logical target for prostate cancer therapy, particularly for
high-risk and advanced prostate cancer, as validated by the
VISION and TheraP studies.”®

J591 is a deimmunized monoclonal antibody (mAb) directed
at the extracellular domain of human PSMA. J591 was pre-
viously evaluated in mCRPC therapy when it was radiolabeled
with *77Lu and °°Y, beta particle-emitting radionuclides, and
an imaging agent labeled with "'In or #Zr.°"# In phase I and
II mCRPC trials, single-dose and fractionated *"7Lu-J591
showed acceptable toxicity, excellent targeting of metas-
tatic sites, and encouraging results for overall survival (0S),
prostate-specific antigen (PSA) response, measurable dis-
ease response, and circulating tumor cell (CTC) response,
leading to a current phase III trial (ClinicalTrials.gov
identifier: NCT04876651).1*713

Compared with beta particles (8~ or electrons), alpha par-
ticles (o>* or helium nuclei) have severalfold higher linear
energy transfer (100 keV/pm v 0.2 keV/um). In addition, the
kinetic energy of o particles is very high compared to the
energy of g~ particles. For example, 2>5Ac and its daughters
emit four o particles with kinetic energies of 5.8-8.4 MeV. By
contrast, the 77Lu atom emits only one electron with an
energy of only 0.498 MeV. In addition, o particles have a
short range in tissues (<100 pm) compared with the range of
high-energy g~ particles (approximately 12 mm), allowing a
larger fraction of the total energy to be deposited in the cells,
thus increasing the relative biologic effect.”

The US Food and Drug Administration—approved alpha-
emitting radiopharmaceutical radium-223 usually causes

and gastrointestinal.’® Radium-223 is preferentially deposited
in sites of active bone formation, but it is not specifically
targeted to prostate cancer and thus is expected to have no
effect on soft tissue or visceral metastases. Our hypothesis
was that radiolabeling the PSMA-targeting mAb J591 with
225Ac would provide good antitumor activity against a broader
range of prostate cancer metastases with acceptable
tolerability.

Here, we describe the results of a dual-center phase I clinical
trial of ?*>Ac-J591 to treat progressive, heavily pretreated
mCRPC.

METHODS
Radiochemistry and Preclinical Studies

Deimmunized J591 mAb was first conjugated with the bi-
functional chelating agent DOTA; DOTA-J591 was prepared
under good manufacturing practice conditions as previously
described.*** It was then radiolabeled with 22°Ac, which was
purchased from the Department of Energy, Oak Ridge Na-
tional Laboratory (Oak Ridge, TN). Initial mouse safety studies
were followed by a radioimmunotherapy (RIT) dose-
escalation study as given in detail in Appendix 1 (online only).

Patients

Adult patients with documented progressive mCRPC on the
basis of Prostate Cancer Working Group 3 criteria were
eligible.’” Patients had previously been treated with at least
one androgen receptor pathway inhibitor (ARPI) such as
enzalutamide or abiraterone acetate; they also had previously
received taxane chemotherapy or refused or been deemed
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an Eastern Cooperative Oncology Group performance status of
0-2 and intact organ and marrow function. Full eligibility
criteria are available in the protocol (Appendix 1).

Baseline number and location of lesions were ascertained
using three imaging methods: computed tomography (CT)
or magnetic resonance imaging (MRI), bone scan, and
PSMA positron-emission tomography (PET)/CT (at the
Weill Cornell Medicine (WCM) site) using the radiotracer
68Ga-PSMA-11. While PSMA imaging was not required for
study entry and patients were not excluded on the basis of
PET findings, the baseline ®®Ga-PSMA-11 PET/CT scan
also served to document PSMA expression at tumor sites
for secondary analysis. All patients had to complete a
follow-up of at least 12 weeks to be included in the eval-
uation of response; the planned duration of follow-up was
3 years. Patients had follow-up imaging at 12 weeks (CT/
MRI, bone scan, and ®Ga-PSMA-11 PET/CT) and every
12 weeks thereafter (CT/MRI and bone scan).

Trial Design and Treatment

ClinicalTrials.gov identifier: NCT03276572 was an open-
label, dual-center phase I dose-escalation trial. Patients
received a single dose of >?°Ac-J591 at one of seven pre-
determined dose levels ranging from 13.3 to 93.3 KBq/kg
on the basis of predicted organ dosimetry from previous
experience with #°Zr-J591, 77Lu-J591, and ™In-J591 as
given in detail in Appendix 1. To minimize exposure to
subtherapeutic levels of 22°Ac-J591, an accelerated dose-
escalation design was used in which single-patient cohorts
were used, monitoring for 8 weeks for AEs. If the patient did
not experience a grade 2 or higher AE that was attributable
to treatment, the next patient would be treated at the next
dose level, for levels 1-4. On reaching the fifth dose level (or
earlier if there was grade >1 toxicity), the study transitioned
to a 3 + 3 dose-escalation design. Lower-dose cohorts with
two or more patients were backfilled to increase the cohort
size to six per dose level.

This trial was approved by the Institutional Review Boards of
participating institutions and was conducted according to
the Declaration of Helsinki and Good Clinical Practice. All
patients gave written informed consent before enrollment
and were provided with radiation safety instructions
(Appendix 1).

End Points and Assessments

The primary end point of the dose-escalation study was the
percentage of patients who experienced a dose-limiting
toxicity (DLT) within 8 weeks of treatment. DLT was de-
fined as grade =3 nonhematologic AEs attributable to
treatment or severe grade 4 hematologic AEs. The maximum
tolerated dose (MTD) was defined as the highest dose in
cohorts where two or fewer of the six patients experienced
DLT. The recommended phase II dose (RP2D) was the

patients had a DLT and approved by the study steering
committee. After determination of RP2D, additional patients
were enrolled in an expansion cohort in a Simon two-stage
design. If <2 of the first nine evaluable patients (inclusive of
six in dose escalation) did not have a >30% PSA decline,
enrollment would halt; otherwise, accrual would continue to
the target enrollment of 16 patients at RP2D. The new
regimen will be declared effective and worthy of further
testing if five or more of 16 experience a 30% PSA decline.
This two-stage design yields a 0.80 probability of a positive
result if the true 30% PSA decline proportion is 40%. It yields
a 0.90 probability of a negative result if the true 30% PSA
decline proportion is 15%.

Secondary end points included PSA response (confirmed
PSA decline 230% and 250% from baseline), radiographic
response (modified RECIST,” progression-free survival
[PFS], OS, AE rate, CTC response [Appendix 1]), and
patient-reported outcomes using the Functional Assess-
ment of Cancer Therapy-Prostate and Brief Pain Inventory-
Short Form questionnaires.

Patients were closely monitored for AEs throughout the
trial, from the initial screening dose of 8Ga-PSMA-11 to
the last follow-up visit (assessment at 1, 2, 4, 8, 12, 16, 20,
and 24 weeks after ?*°Ac-J591, then every 4 weeks until
progression, then every 6 months for up to 3 years). AEs
were evaluated using the National Cancer Institute
Common Terminology Criteria for Adverse Events
version 4.0.

Statistical Analysis

Median biochemical PFS, radiographic PFS, and OS, in-
cluding survival curves, were estimated using Kaplan-Meier
(K-M) methodology. Greenwood’s formula was used to
calculate 95% CIs for the K-M estimates. Percent change in
PSA from baseline is described by mean/median and standard
deviation/interquartile range, as appropriate, depending on
the distribution of percent change from baseline. Modified
RECIST response (ie, complete response [CR], partial re-
sponse [PR], and CR/PR proportions), CTC count response
proportion, and associated 95% CIs were estimated via bi-
nomial proportions.

RESULTS

Radiochemistry studies generally demonstrated a purity
of >95%, and the immunoreactivity was >80% with stability
documented for at least 72 hours. Murine study results are
presented in Appendix 1.

Patient Characteristics and Disposition

Between October 2017 and January 2021, 35 patients were
enrolled in which 32 were treated with ?2°Ac-J591 at one of
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ineligibility (low platelets and PSA decline during screening).
One patient was treated at each of the first four dose levels
given the lack of attributable grade >1 AEs. Dose levels 5-7
had six patients each, and the expansion cohort contained an
additional 10 patients (Appendix Table A1). The median age
was 70 years, and median baseline PSA was 149 ng/mL. Most
patients were classified as poor prognostic risk by Cancer and
Leukemia Group B (CALGB) criteria'® (Table 1). Seventy-eight
percent (25 of 32) of patients had received at least two
previous ARPIs, 63% (20 of 32) had previously received
chemotherapy, and 46.9% (15 of 32) had previously been
treated with 77Lu-PSMA. Of the 28 treated at the WCM site
(ie, those with PSMA PET), all had at least one tumor with
PSMA standarized uptake value (SUV)max >liver SUVmean,
with 21 of 28 (75%) having the brightest lesion >5 x liver.
The median (SUV)max was 40.5 (range, 9.6-138.5). Eleven
(39.3%) had lesions seen on PSMA PET, but not CT/bone
scan, and two (7.1%) had lesions seen on CT without sig-
nificant uptake on PSMA PET (lymph node, liver).

Safety, Tolerability, and Patient-Reported Outcomes

Only one patient experienced DLT during dose escalation
(dose level 6, 80 KBq/kg, grade 4 anemia and thrombo-
cytopenia); no patients (0 of 6) at the seventh dose level
experienced DLT (Table 2). Therefore, the highest dose
level, 93.3 KBq/kg, was the RP2D and used in the expansion
cohort. MTD was not achieved as only a single patient
experienced DLT.

Treatment-emergent AEs are shown in Table 2. The majority
of high-grade AEs were hematologic. In addition to the DLT,
three patients had grade 3 anemia, two had grade 3
thrombocytopenia, two had grade 4 thrombocytopenia, two
had grade 3 neutropenia, and one had grade 4 neutropenia.
All were transient. The nonhematologic AEs were generally
of grade 1 or 2, with no grade 3 AEs occurring in more than
one patient. Neither of the grade 4 nonhematologic AEs were
related to treatment. Higher administered radioactivity was
associated with higher-grade hematologic AEs (Table 3).

There were no meaningful changes in patient-reported
outcomes comparing baseline with 12-week scores
(Appendix 1).

Antitumor Activity

Nine (28.1%) patients had a PSA rise as best response, with a
PSA decline in the remainder, including 15 (46.9%) with
a >50% PSA decline at any time during follow-up (Fig 1A).
Confirmed =50% PSA (PSA50) response (Appendix 1) was
observed in 11 of 32 (34.4%) patients. On multivariable
analysis, no variable (including PSMA PET) was significantly
associated with PSA50 although receipt of RP2D (odds ratio,
2.89; P = .3) tended to be associated with PSA response
(Appendix Table A3). Of 11 patients with measurable disease
at baseline and any follow-up imaging results, two (18.2%)

TABLE 1. Patient Demographic and Baseline Characteristics

Characteristic All Patients (N = 32?)
69.5 (52-89)

1491 (4.8-7,168)

Age, years, median (range)

PSA, ng/mL, median (range)
Race, No. (%)

White 30 (93.75)
Black 1 (3.125)
Asian/Pacific Islander 1 (3.125)
ECOG performance status, No. (%)
0 4(12.5)
1 22 (68.75)
2 6 (18.75)
LDH, U/L, median (range) 231 (140-844)
CALGB prognostic group,'® No. (%)
Low risk 1(31)
Intermediate risk 8 (25)
High risk 23 (72)
Sites of metastases (conventional imaging), No. (%)
Bone 31 (97)
Lymph node 28 (88)
Liver 5(16)
Lung 5 (16)
Circulating tumor cells N =22
Median (range) 7 (0-500)
0, No. (%) 8 (36)
1-4, No. (%) 3(14)
=5, No. (%) 11 (50)
Previous systemic therapy,” No. (%)
>1 potent AR pathway inhibitor® 32 (100)
>2 potent AR pathway inhibitors® 25 (78)
Chemotherapy 20 (63)
77Lu-PSMA 15 (47)
Sipuleucel-T 12 (38)
Radium-223 9 (28)

Abbreviations: AR, androgen receptor; CALGB, Cancer and Leukemia
Group B; ECOG, Eastern Cooperative Oncology Group; LDH, lactate
dehydrogenase; PSA, prostate-specific antigen; PSMA, prostate-
specific membrane antigen.

20ne patient was enrolled in both dose escalation and dose expansion;
baseline demographics at the time of each enrollment are included in
Table 1.

Does not include surgical or external beam radiation treatments.
°Potent androgen receptor pathway inhibitors included enzalutamide,
abiraterone acetate, apalutamide, and darolutamide.

had PR, seven (63.6%) had stable disease, and two (18.2%)
had progression of disease.

CTC response in patients with paired pre-/post-therapy
counts, defined per protocol as a drop from 25 CTCs (per
7.5 mL of blood) to <4 CTCs, or count remaining at <4 CTCs at
12 weeks, occurred in 13 of 22 (59.1%; Fig 1B). Twelve of

16 (76PH &G BRAT @Mk, 20350004 declined
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TABLE 2. Treatment-Emergent AEs by Grade (N = 32)

AE All Grade, No. (%) Grade 1, No. (%) Grade 2, No. (%) Grade 3, No. (%) Grade 4, No. (%)
Fatigue 26 (81) 11 (34) 14 (44) 1 (3)

Thrombocytopenia 22 (69) 15 (47) 2 (6) 2 (6) 309
Nausea 22 (6 ) 18 (56) 4(12)

Anorexia (69) 13 (41) 9 (28)

Pain 14 (44) 9 (28) 5 (16)

Xerostomia 12 (38) 11 (34) 1(3)

Anemia 11 (34) 3 (9) 4 (12) ) 1 (3)
Neutropenia 10 (31) 4(12) 3(9) (6) 1(3)
Weight loss 9 (28) 8 (25) 1(3)

Dysgeusia 19) 6 (19)

AST elevation 4 (1 2) 2 (6) 2 (6)

ALT elevation 4(12) 2 (6) 13 1(3)

Diarrhea 3(9 309

Dizziness 7(22) 5(16) 2 (6)

Dyspnea 5 (16) 4(12) 1(3)

Abdominal pain 4(12) 3(9) 1)

Constipation 4(12) 4(12)

Tooth/gum infection 3(9 309

Hyperkalemia 3(9 2 (6) 1(3)

Dehydration 2 (6) 2 (6)

Hypocalcemia 2 (6) 1(3) 1)

Hypotension 2 (6) 2 (6)

Urinary tract infection 2 (6) 1) 13

Upper respiratory tract infection 2 (6) 2 (6)

Fever 1(3) 1(3)

Sepsis (3) 1(3)

Hypercalcemia (3) 1 (3)
Pancreatitis (3) 1(3)

Deep vein thrombosis 13 13

Lowered ejection fraction 3) 1(3)

Renal failure 13 1(3)
Pulmonary embolism 1(3) 1(3)

Bilirubin increase 13 1)

Muscle soreness 13 1)

Cellulitis 1) 1)

Rectal bleeding 1(3) 1(3)

Abbreviation: AE, adverse event.

(Fig 1B); six (37.5%) became undetectable. Of 13 with
baseline unfavorable count, five (41.7%) converted to fa-
vorable. Of six with initially undetectable CTC count, five
remained undetectable and one (16.7%) increased.

At the time of last follow-up, nearly all patients progressed
and/or died (29 of 32). The median PFS was 5.6 months
(95% CI, 3.7 to 7.9), and the median OS was 10.7 months
(95% CI, 6.5 to 17.2; Fig 2). On multivariable analysis, only

CALGB prognostic grouping was associated with survival
(hazard ratio, 3.94; P = .04; Appendix Table A3).

DISCUSSION

To our knowledge, this is the first report of a first-in-human
prospective trial of a PSMA-targeted alpha emitter. Treat-
ment with a single dose was tolerated by men with pretreated
progressive mCRPC, with a majority of patients experiencing
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TABLE 3. Treatment-Emergent Hematologic AEs by Dose Level Administered

Cohort No. Dose, KBqg/kg Dose, pCi/kg Gr 1-2 Plts Gr 3-4 Plts Gr 1-2 ANC Gr 3-4 ANC Gr 1-2 Hgb Gr 3-4 Hgb
1 1 13.3 0.36 1

2 1 26.7 0.72 1 1

B8 1 40 1.08 1

4 1 53.3 1.44 1

5 6% 66.7 1.80 3 1

6 6 80 216 5 1 1 1 2 1

7 6 93.3 2.52 3 1 1 1 2

Exp 10 933 2.52 4 3 4 1 1 2

Abbreviations: AE, adverse event; ANC, absolute neutrophil count (neutropenia); Exp, expansion; Gr, grade; Hgb, hemoglobin (anemia); Plts,

platelets (thrombocytopenia).
2Backfilled to provide additional information.

declines in both PSA levels and CTC counts (71.9% and 75%,
respectively). This evidence of efficacy was observed without
using PSMA PET for patient selection and with nearly half of
patients with previous exposure to PSMA-targeted *’Lu and
more than one quarter with previous 2>Ra. There was no
significant difference in efficacy or hematologic toxicity on
the basis of previous exposure to 77Lu-PSMA although this
analysis is limited by small sample size.

PSMA targeting in patients dates back to the development of
the first series of mAbs against the extracellular domain of
PSMA in 1997%; J591 beta-RIT established the ability to
sensitively and specifically target and image disseminated
prostate cancer and to generate antitumor responses mea-
sured by PSA declines.’**2 The preferred approach became a
two-dose fractionated regimen, which is now being studied
in a phase III registration study (ClinicalTrials.gov identifier:
NCT04876651). As with all beta-emitting radioantibodies, the
relatively long circulating time of mAbs plus the bystander
effect of targeting a beta emitter to metastatic disease within
the bone marrow resulted in dose-limiting myelosuppression.

Targeting of alpha particles is of interest on the basis of their
substantially higher linear energy transfer with the ability to
cause double-stranded DNA breaks coupled with a much
shorter, more precise range offering the possibility that they
would cause a less bystander effect particularly in the bone
marrow. Early preclinical studies demonstrated significant
antitumor activity.>°->>

While, to our knowledge, this is the first prospective trial
reported, others have shared retrospective data on PSMA-
targeted alpha emitters, mostly using the small-molecule
PSMA-617 labeled with >25Ac. A case report of two patients
with heavily pretreated mCRPC who received 100 KBq/kg of
225Ac-PSMA-617 at 8-week intervals demonstrated near CRs
by PSA and PSMA PET/CT, and the only toxicity reported was
xerostomia.?> Additional retrospective studies were subse-
quently published including 14 and 40 patients.>*?5 Many had
PSA declines with only the minority (12.5%) with a PSA

increase as best response, with a subset (10%) stopping
treatment because of xerostomia. The initial South African
experience with 225Ac-PSMA-617 included four patients with
noncastrate (ie, castration-sensitive) prostate cancer and 13
with mCRPC.?° In a more recent retrospective data set of 73
patients with mCRPC treated with 2*Ac-PSMA-617, 70%
had a 250% PSA decline.?” Eighty-five percent had
xerostomia with a low incidence of high-grade AEs al-
though patients with a superscan pattern on PSMA PET had
more hematologic and nonhematologic toxicities. Noting that
retrospective studies limit the strength of the conclusions
drawn, PSMA-alpha radioligand therapy (RLT) has begun
prospective clinical trials (ClinicalTrials.gov identifiers:
NCT04597411 and NCT05219500, etc).

In addition to benign and malignant prostate cells, PSMA is
expressed on the luminal surface of normal salivary and
lacrimal glands, proximal renal tubules, and the small in-
testine. Interestingly, despite sharing specificity for PSMA,
patient imaging and biodistribution studies consistently show
differential targeting of the mAbs and small-molecule ligands
(SMLs) to these PSMA-positive normal tissue sites.?®* We
hypothesize that normal tissue barriers such as basement
membrane and intercellular tight junctions effectively
limit mAb penetration to luminal sites of PSMA expres-
sion, whereas SMLs are able to readily penetrate these
barriers. In contrast to normal tissues, invasive and me-
tastatic cancers have invaded beyond these physiologic
barriers.

Salivary and lacrimal gland damage is a function of both
the PSMA targeting agent and the isotope. In prospective
studies of PSMA-targeted 7’Lu small molecules, xerostomia
ranges from 39% to 87%,7%29732 whereas in phase I/II
studies of 77Lu-J591 mAb, <2% of patients experienced
grade 1 xerostomia.” 3 There is a further significant increase
in such toxicity when *77Lu is replaced with 2*5Ac, reflecting
the substantially greater potency of the alpha particles over
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FIG 1. Best PSA and CTC response for each patient. (A) PSA response (N = 32); (B) CTC response (N = 22). ®Remained un-
detectable. Detectable — undetectable. Unfavorable — favorable. CTC, circulating tumor cell; PSA, prostate-specific antigen.

patients experienced xerostomia, 11 of whom had grade 1; 7 of
the 12 were in patients previously treated with *”7Lu-PSMA.
It remains to be seen whether multiple doses of 2>Ac-J591 or
longer-term follow-up will demonstrate higher frequency or
severity of xerostomia, with another early phase I study
of PSMA-targeted alpha emitter using an antibody ap-
proach (ClinicalTrials.gov identifier: NCT03724747). Lon-
ger follow-up is also important to see if there is any significant
toxicity in other sites of normal PSMA expression, such as the
kidney. One patient on this trial developed renal failure after

disease progression, associated with medication-induced
hypotension and intravenous contrast (determined to be
unrelated to 22°Ac-J591 by nephrology).

In this study, there was no significant association with PSMA
PET and outcome. While there are stronger associations with
SML PSMA PET and SML *7Lu-PSMA RLT, notably, there are
differences in uptake and retention of PSMA mAb and SML.>3
It is unknown if there would have been a tighter associ-
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FIG 2. K-M curves for (A) PFS (n = 32) and (B) OS (n = 31). K-M, Kaplan-Meier; OS, overall survival;

PFS, progression-free survival.

with mAb-based RIT. In addition, we hypothesize that mAbs
(in particular, those radiolabeled with alpha emitters) may
target micrometastatic disease that is not visible with PET.

Liver metastases are associated with poorer prognosis
in general, may be associated with worse outcomes with
77Lu-PSMA RLT, and might have lower PSMA expression.”%33
A post hoc observation (given in detail in Appendix 1) that
two of three patients with liver metastases in this trial had
a decrease in measurable tumor volume in the liver after
225Ac-J591 with a fourth patient experiencing stable sub-
centimeter liver metastases is consistent with preclinical
data that antibodies with longer circulation time have better
uptake than small molecules in cells with lower PSMA
expression.?* While the longer half-life of Abs provides

increased tumor exposure and improved uptake in tumors,
particularly those with lower PSMA expression, the longer
half-life likely plays a role in off-target toxicity in the form of
bone marrow exposure and myelotoxicity. We hypothesize
that although the energy level is much higher with alpha
emitters, because of their shorter range, myelosuppression
may be less significant. The grade 4 thrombocytopenia rate
with a single dose of 2°Ac-J591 in this study at the RP2D was
9.4% with one (6.3%) platelet transfusion versus 56.3% with
grade 4 thrombocytopenia and 41% with transfusions with a
single dose of the longer range 77Lu-J591 at the RP2D.”

In conclusion, to our knowledge, in this initial first-in-human
trial usiﬁi a_single-dose of 225Ac-]591, we found reversible
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progressive mCRPC despite not selecting patients by PSMA
PET and with 47% having had previous *’7Lu-PSMA. However,
since the MTD was not reached and fractionated dosing may
improve therapeutic index, a follow-up phase I/II study
(ClinicalTrials.gov identifier: NCT04506567) of multiple and
fractionated dosing of ?*°Ac-J591 is underway to find the
highest therapeutic dose that can be given without unac-
ceptable side effects (with or without previous *77Lu-PSMA).

AFFILIATIONS

"Division of Hematology & Medical Oncology, Department of Medicine,
Weill Cornell Medicine, New York, NY

2Department of Urology, Weill Cornell Medicine, New York, NY
3Meyer Cancer Center, Weill Cornell Medicine-NewYork Presbyterian
Hospital, New York, NY

“Division of Biostatistics, Department of Population Health Sciences,
Weill Cornell Medicine, New York, NY

Departments of Medicine and Urology, Tulane University School of
Medicine, New Orleans, LA

SDivision of Molecular Imaging and Therapeutics, Department of
Radiology, Weill Cornell Medicine, New York, NY

CORRESPONDING AUTHOR

Scott T. Tagawa, MD, MS, FASCO, FACP, Weill Cornell Medicine, 525 E
68th St, New York, NY 10065; e-mail: stt2007@med.cornell.edu.

PRIOR PRESENTATION

Presented in part at the 2021 ASCO Annual Meeting, Chicago, IL, June
4-8, 2021; 2020 ASCO Annual Meeting, virtual, May 29-June 2, 2020;
2020 ASCO Genitourinary Cancers Symposium, San Francisco, CA,
February 13-15, 2020; and the 2018 ASCO Genitourinary Cancers
Symposium, San Francisco, CA, February 8-10, 2018.

SUPPORT

Supported in part by Weill Cornell Medicine (via philanthropic donors),
Prostate Cancer Foundation Challenge Award, National Institutes of
Health NIH TP50CA211024-01 (WCM PC SPORE Developmental
Research Project), ULI RR024996, Department of Defense W81 XWH-17-
PCRP-IA and W81XWH-14-2-0159 PCRP-CCA (Prostate Cancer Clinical
Trials Consortium).

CLINICAL TRIAL INFORMATION
NCT03276572

AUTHORS' DISCLOSURES OF POTENTIAL CONFLICTS
OF INTEREST

Disclosures provided by the authors are available with this article at DOI
https://doi.org/10.1200/JC0.23.00573.

REFERENCES

Additional studies are investigating the safety and fea-
sibility of retreatment with ?*Ac-J591 (ClinicalTrials.gov
identifier: NCT04576871), whether PSMA-targeted alpha
radiation may boost response to anti-PD1 therapy with
the AR signaling inhibitor (ClinicalTrials.gov identifier:
NCT04946370), and the safety and efficacy of >*Ac-J591
combined with *”7Lu-PSMA I&T (ClinicalTrials.gov identifier:
NCT04886986).

DATA SHARING STATEMENT

Deidentified data that underlie the results reported may be requested
from the corresponding author beginning 6 months and up to

36 months after publication. Such requests will be considered by the
study team after publication following review and approval of
proposals, with appropriate data-sharing agreements in place. The trial
protocol has already been made available as a supplement to the
publication.

AUTHOR CONTRIBUTIONS

Conception and design: Scott T. Tagawa, Shankar Vallabhajosula,
Cora N. Sternberg, Ana Molina, Karla Ballman, David M. Nanus,
Joseph Osborne, Neil H. Bander

Financial support: Scott T. Tagawa, Neil H. Bander

Administrative support: Scott T. Tagawa, Mahelia Bissassar
Provision of study materials or patients: Scott T. Tagawa,

A. Oliver Sartor, Cora N. Sternberg, David M. Nanus, Ana Molina
Collection and assembly of data: Scott T. Tagawa, Michael Sun, Judith
Stangl-Kremser, Mahelia Bissassar, Sandra Huicochea Castellanos,
Jones T. Nauseef, Cora N. Sternberg, Ana Molina

Data analysis and interpretation: Scott T. Tagawa, Charlene Thomas,
A. Oliver Sartor, Michael Sun, Jones T. Nauseef, Cora N. Sternberg,
Ana Molina, Karla Ballman, Neil H. Bander

Manuscript writing: All authors

Final approval of manuscript: All authors

Accountable for all aspects of the work: All authors

ACKNOWLEDGMENT

The authors thank Amy Plofker for writing assistance, funding support
from Weill Cornell Medicine (via philanthropic donors), Department of
Defense, Prostate Cancer Foundation, National Institutes of Health, and
the United States Department of Energy Isotope Program, managed by
the Office of Isotope R&D and Production for providing academic
nonprofit rates for purchase of actinium-225.

1. Siegel RL, Miller KD, Wagle NS, et al: Cancer statistics, 2023. CA Cancer J Clin 73:17-48, 2023
2. Bray F, Ferlay J, Soerjomataram |, et al: Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin 68:394-424,

2018

3. Francini E, Gray KP, Shaw GK, et al: Impact of new systemic therapies on overall survival of patients with metastatic castration-resistant prostate cancer in a hospital-based registry. Prostate

Cancer Prostatic Dis 22:420-427, 2019

4. Bostwick DG, Pacelli A, Blute M, et al: Prostate specific membrane antigen expression in prostatic intraepithelial neoplasia and adenocarcinoma: A study of 184 cases. Cancer 82:2256-2261, 1998

5. Silver DA, Pellicer |, Fair WR, et al: Prostate-specific membrane antigen expression in normal and ma@ﬂt&n E{(&}M@OM81ES§.992035_009
Fusion v. Universitit Heidelberg, et al.

Journal of Clinical Oncology

'R2023-00551

|
ascopubs.org/journal/jco | Volume mmm, [ssue mmm | 9

Downloaded from ascopubs.org by DFG Deutsche Forschungsgemeinschaft on November 6, 2023 from 129.206.090.002
Copyright © 2023 American Society of Clinical Oncology. All rights reserved.


https://www.clinicaltrials.gov/ct2/show/NCT04506567
https://www.clinicaltrials.gov/ct2/show/NCT04576871
https://www.clinicaltrials.gov/ct2/show/NCT04946370
https://www.clinicaltrials.gov/ct2/show/NCT04886986
mailto:stt2007@med.cornell.edu
https://www.clinicaltrials.gov/ct2/show/NCT03276572
https://doi.org/10.1200/JCO.23.00573
http://ascopubs.org/journal/jco

25.

26.
21.

28.
. Hofman MS, Violet J, Hicks RJ, et al: ['""Lu]-PSMA-617 radionuclide treatment in patients with metastatic castration-resistant prostate cancer (LUPSMA trial): A single-centre, single-arm, phase 2

30.
31
32.
33
34.

35.
36.

Tagawa et al

Evans MJ, Smith-Jones PM, Wongvipat J, et al: Noninvasive measurement of androgen receptor signaling with a positron-emitting radiopharmaceutical that targets prostate-specific membrane
antigen. Proc Natl Acad Sci U S A 108:9578-9582, 2011

Sartor O, de Bono J, Chi KN, et al: Lutetium-177-PSMA-617 for metastatic castration-resistant prostate cancer. N Engl J Med 385:1091-1103, 2021

Hofman MS, Emmett L, Sandhu S, et al: [""Lu]Lu-PSMA-617 versus cabazitaxel in patients with metastatic castration-resistant prostate cancer (TheraP): A randomised, open-label, phase 2 trial.
Lancet 397:797-804, 2021

Bander NH, Trabulsi EJ, Kostakoglu L, et al: Targeting metastatic prostate cancer with radiolabeled monoclonal antibody J591 to the extracellular domain of prostate specific membrane antigen.
J Urol 170:1717-1721, 2003

. Milowsky MI, Nanus DM, Kostakoglu L, et al: Phase | trial of yttrium-90-labeled anti-prostate-specific membrane antigen monoclonal antibody J591 for androgen-independent prostate cancer.

J Clin Oncol 22:2522-2531, 2004

. Bander NH, Milowsky MI, Nanus DM, et al: Phase | trial of ""lutetium-labeled J591, a monoclonal antibody to prostate-specific membrane antigen, in patients with androgen-independent prostate

cancer. J Clin Oncol 23:4591-4601, 2005

. Tagawa ST, Milowsky MI, Morris M, et al: Phase Il study of lutetium-177-labeled anti-prostate-specific membrane antigen monoclonal antibody J591 for metastatic castration-resistant prostate

cancer. Clin Cancer Res 19:5182-5191, 2013

. Tagawa ST, Vallabhajosula S, Christos PJ, et al: Phase 1/2 study of fractionated dose lutetium-177-labeled anti-prostate-specific membrane antigen monoclonal antibody J591 (""Lu-J591) for

metastatic castration-resistant prostate cancer. Cancer 125:2561-2569, 2019

. Pandit-Taskar N, 0'Donoghue JA, Durack JC, et al: A phase I/11 study for analytic validation of 89Zr-J591 ImmunoPET as a molecular imaging agent for metastatic prostate cancer. Clin Cancer Res

21:5277-5285, 2015

. Sgouros G, Roeske JC, McDevitt MR, et al: MIRD Pamphlet No. 22 (abridged): Radiobiology and dosimetry of alpha-particle emitters for targeted radionuclide therapy. J Nucl Med 51:311-328, 2010
. Parker C, Nilsson S, Heinrich D, et al: Alpha emitter radium-223 and survival in metastatic prostate cancer. N Engl J Med 369:213-223, 2013
. Scher HI, Morris MJ, Stadler WM, et al: Trial design and objectives for castration-resistant prostate cancer: Updated recommendations from the prostate cancer clinical trials working group 3.

J Clin Oncol 34:1402-1418, 2016

. Halabi S, Lin CY, Kelly WK, et al: Updated prognostic model for predicting overall survival in first-line chemotherapy for patients with metastatic castration-resistant prostate cancer. J Clin Oncol

32:671-677, 2014

. LiuH, Moy P, Kim S, et al: Monoclonal antibodies to the extracellular domain of prostate-specific membrane antigen also react with tumor vascular endothelium. Cancer Res 57:3629-3634, 1997
. McDevitt MR, Barendswaard E, Ma D, et al: An alpha-particle emitting antibody ([213Bi]lJ591) for radioimmunotherapy of prostate cancer. Cancer Res 60:6095-6100, 2000
. Ballangrud AM, Yang WH, Charlton DE, et al: Response of LNCaP spheroids after treatment with an alpha-particle emitter (213Bi)-labeled anti-prostate-specific membrane antigen antibody (J591).

Cancer Res 61:2008-2014, 2001

. McDevitt MR, Ma D, Lai LT, et al: Tumor therapy with targeted atomic nanogenerators. Science 294:1537-1540, 2001
. Kratochwil C, Bruchertseifer F, Giesel FL, et al: ?°Ac-PSMA-617 for PSMA-targeted a-radiation therapy of metastatic castration-resistant prostate cancer. J Nucl Med 57:1941-1944, 2016
. Kratochwil C, Bruchertseifer F, Rathke H, et al: Targeted a-therapy of metastatic castration-resistant prostate cancer with 22°Ac-PSMA-617: Dosimetry estimate and empiric dose finding. J Nucl

Med 58:1624-1631, 2017

Kratochwil C, Bruchertseifer F, Rathke H, et al: Targeted a-therapy of metastatic castration-resistant prostate cancer with *°Ac-PSMA-617: Swimmer-plot analysis suggests efficacy regarding
duration of tumor control. J Nucl Med 59:795-802, 2018

Sathekge M, Bruchertseifer F, Knoesen 0, et al: 2°Ac-PSMA-617 in chemotherapy-naive patients with advanced prostate cancer: A pilot study. Eur J Nucl Med Mol Imaging 46:129-138, 2019
Sathekge M, Bruchertseifer F, Vorster M, et al: Predictors of overall and disease-free survival in metastatic castration-resistant prostate cancer patients receiving **Ac-PSMA-617 radioligand
therapy. J Nucl Med 61:62-69, 2020

Kratochwil C, Haberkorn U, Giesel FL: Radionuclide therapy of metastatic prostate cancer. Semin Nucl Med 49:313-325, 2019

study. Lancet Oncol 19:825-833, 2018

Violet J, Sandhu S, Iravani A, et al: Long-term follow-up and outcomes of retreatment in an expanded 50-patient single-center phase I prospective trial of """Lu-PSMA-617 theranostics in
metastatic castration-resistant prostate cancer. J Nucl Med 61:857-865, 2020

Calais J, Czernin J, Thin P, et al: Safety of PSMA-targeted molecular radioligand therapy with '""Lu-PSMA-617: Results from the prospective multicenter phase 2 trial RESIST-PC (NCT03042312).
J Nucl Med 62:1447-1456, 2021

Pathmanandavel S, Crumbaker M, Yam AO, et al: """Lu-PSMA-617 and idronoxil in men with end-stage metastatic castration-resistant prostate cancer (LuPIN): Patient outcomes and predictors of
treatment response in a phase I/Il trial. J Nucl Med 63:560-566, 2022

Bakht MK, Yamada Y, Ku SY, et al: Landscape of prostate-specific membrane antigen heterogeneity and regulation in AR-positive and AR-negative metastatic prostate cancer. Nat Cancer 4:
699-715, 2023

Tagawa ST, Fung E, Niaz MO, et al: Abstract CT143: Results of combined targeting of prostate-specific membrane antigen (PSMA) with alpha-radiolabeled antibody 225Ac-J591 and beta-
radiolabeled ligand 177Lu-PSMA 1&amp;T: Preclinical and initial phase 1 clinical data in patients with metastatic castration-resistant prostate cancer (mCRPC). Cancer Res 82, 2022 (suppl 12;
abstr CT143)

Pandit-Taskar N, 0'Donoghue JA, Beylergil V, et al: 89Zr-huJ591 immuno-PET imaging in patients with advanced metastatic prostate cancer. Eur J Nucl Med Mol Imaging 41:2093-2105, 2014
Vlachostergios PJ, Niaz MJ, Skafida M, et al: Imaging expression of prostate-specific membrane antigen and response to PSMA-targeted B-emitting radionuclide therapies in metastatic
castration-resistant prostate cancer. Prostate 81:279-285, 2021

UH & EURATOM Ex. 2035-0010
Fusion v. Universitit Heidelberg, et al.
IPR2023-00551

10 | © 2023 by American Society of Clinical Oncology

Downloaded from ascopubs.org by DFG Deutsche Forschungsgemeinschaft on November 6, 2023 from 129.206.090.002
Copyright © 2023 American Society of Clinical Oncology. All rights reserved.



Phase | Study of PSMA-Targeting ??°Ac-J591 in mCRPC

AUTHORS' DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST

Prostate-Specific Membrane Antigen—Targeting Alpha Emitter via Antibody Delivery for Metastatic Castration-Resistant Prostate Cancer: A Phase |
Dose-Escalation Study of 22°Ac-J591

The following represents disclosure information provided by authors of this manuscript. All relationships are considered compensated unless
otherwise noted. Relationships are self-held unless noted. | = Immediate Family Member, Inst = My Institution. Relationships may not relate to the
subject matter of this manuscript. For more information about ASCO’s conflict of interest policy, please refer to www.asco.org/rwc or
ascopubs.org/jco/authors/author-center.

Open Payments is a public database containing information reported by companies about payments made to US-licensed physicians (Open

Payments).

Scott T. Tagawa

Consulting or Advisory Role: Medivation, Astellas Pharma, Dendreon,
Janssen, Genentech, Endocyte, Immunomedics, Karyopharm
Therapeutics, AbbVie, Tolmar, QED Therapeutics, Amgen, Sanofi, Pfizer,
Clovis Oncology, Novartis, Genomic Health, POINT Biopharma, Blue
Earth Diagnostics, Seagen, Alkido Pharma, 4D Pharma, Clarity
Pharmaceuticals, Gilead Sciences, Telix Pharmaceuticals, Bayer,
Myovant Sciences, Convergent Therapeutics, Hookipa Pharma, Merck,
Daiichi Sankyo, Regeneron

Research Funding: Lilly (Inst), Sanofi (Inst), Janssen (Inst), Astellas
Pharma (Inst), Progenics (Inst), Millennium (Inst), Amgen (Inst), Bristol
Myers Squibb (Inst), Dendreon (Inst), Rexahn Pharmaceuticals (Inst),
Bayer (Inst), Genentech (Inst), Newlink Genetics (Inst), Inovio
Pharmaceuticals (Inst), AstraZeneca (Inst), Immunomedics (Inst),
Novartis (Inst), Aveo (Inst), Boehringer Ingelheim (Inst), Merck (Inst),
Stem CentRx (Inst), Karyopharm Therapeutics (Inst), AbbVie (Inst),
Medivation (Inst), Endocyte (Inst), Exelixis (Inst), Clovis Oncology (Inst),
POINT Biopharma (Inst), Ambrx (Inst), Clarity Pharmaceuticals (Inst)
Patents, Royalties, Other Intellectual Property: Patent royalty from
Immunomedics/Gilead

Travel, Accommodations, Expenses: Sanofi, Immunomedics, Amgen
Uncompensated Relationships: ATLAB Pharma, Phosplatin
Therapeutics, Ambrx

Charlene Thomas
Travel, Accommodations, Expenses: Inovio Pharmaceuticals, Nektar,
Pfizer

A. Oliver Sartor

Stock and Other Ownership Interests: Lilly, GlaxoSmithKline, AbbVie,
Cardinal Health, United Health Group, PSMA Therapeutics, Clarity
Pharmaceuticals, Noria Therapeutics, Clovis Oncology

Consulting or Advisory Role: Bayer, Sanofi, AstraZeneca, Dendreon,
Constellation Pharmaceuticals, Advanced Accelerator Applications,
Pfizer, Bristol Myers Squibb, Bavarian Nordic, EMD Serono, Astellas
Pharma, Progenics, Blue Earth Diagnostics, Myovant Sciences, Myriad
Genetics, Novartis, Clarity Pharmaceuticals, Fusion Pharmaceuticals,
Isotopen Technologien, Janssen, Noxopharm, Clovis Oncology, Noria
Therapeutics, Point Biopharma, TeneoBio, Telix Pharmaceuticals,
Theragnostics, Northstar, ARTbio, TEmpus, Tessa Therapeutics,
Morphimmune, Hengrui Therapeutics, Merck

Research Funding: Bayer (Inst), Sanofi (Inst), Endocyte (Inst), Merck
(Inst), InVitae (Inst), Constellation Pharmaceuticals (Inst), Advanced
Accelerator Applications (Inst), AstraZeneca (Inst), Dendreon (Inst),
SOTIO, Janssen, Progenics, Amgen (Inst), Lantheus Medical Imaging
(Inst)

Patents, Royalties, Other Intellectual Property: Koochekpour, Sartor AO,
inventors. Saposin C and receptors as targets for treatment of benign
and malignant disorders. US patent awarded January 23, 2007 (patent
No. 7,166,691)

Expert Testimony: Sanofi
Travel, Accommodations, Expenses: Bayer, Johnson & Johnson, Sanofi,
AstraZeneca, Progenics

Shankar Vallabhajosula

Employment: Convergent Therapeutics

Leadership: Convergent Therapeutics

Stock and Other Ownership Interests: Convergent Therapeutics
Consulting or Advisory Role: Convergent Therapeutics

Jones T. Nauseef

Honoraria: Pfizer

Consulting or Advisory Role: AlQ Solutions, Pfizer, Bayer

Travel, Accommodations, Expenses: Digital Science Press, Pfizer

Cora N. Sternberg

Consulting or Advisory Role: Bayer, MSD, Pfizer, Roche, Incyte,
AstraZeneca, Merck, Medscape, UroToday, Astellas Pharma, Genzyme,
Immunomedics, Foundation Medicine, Bristol Myers Squibb/Medarex,
IMPAC Medical Systems, Amgen, Gilead Sciences, Janssen Oncology

Ana Molina
Consulting or Advisory Role: Janssen, Eisai

Karla Ballman

Consulting or Advisory Role: Takeda, Agenus

Patents, Royalties, Other Intellectual Property: Prostate cancer
signature patent (Inst)

Expert Testimony: Janssen Oncology, Sanofi, Mylan

David M. Nanus

Consulting or Advisory Role: AstraZeneca, Janssen Scientific Affairs
Research Funding: Novartis (Inst), Boehringer Ingelheim (Inst), Zenith
Epigenetics (Inst), AstraZeneca (Inst), Immumedics (Inst), Janssen
(Inst), Clovis Oncology (Inst), Pfizer (Inst), Exelixis (Inst)

Joseph Oshorne

Honoraria: Siemens Healthineers

Consulting or Advisory Role: Siemens Healthineers
Travel, Accommodations, Expenses: Siemens Healthineers

Neil H. Bander

Leadership: Xenlmmune Therapeutics, Convergent Therapeutics
Stock and Other Ownership Interests: Xenlmmune Therapeutics,
Convergent Therapeutics

Consulting or Advisory Role: Convergent Therapeutics, Xenlmmune
Therapeutics

Patents, Royalties, Other Intellectual Property: Royalty—Cook
Urological, Patents to anti-PSMA antibodies assigned to Cornell Univ

No di L Sen B URATOM K %er2033:0011

Fusion v. Universitit Heidelberg, et al.

Journal of Clinical Oncology

IPR2023-00551

ascopubs.org/journal/jco | Volume mmm, [ssue mmm

Downloaded from ascopubs.org by DFG Deutsche Forschungsgemeinschaft on November 6, 2023 from 129.206.090.002
Copyright © 2023 American Society of Clinical Oncology. All rights reserved.


http://www.asco.org/rwc
https://ascopubs.org/jco/authors/author-center
https://openpaymentsdata.cms.gov/
https://openpaymentsdata.cms.gov/
http://ascopubs.org/journal/jco

Tagawa et al

APPENDIX 1. SUPPLEMENTAL METHODS

Measurement of the Effect—Prostate-Specific Antigen

Biochemical (prostate-specific antigen [PSA]) response: declines of >30% and =50%
from baseline, confirmed by a second PSA value >2 weeks later.

Duration of PSA response: time from the first 25% PSA decline until the PSA value is
confirmed to increase by 25% above the nadir, provided that the increase is >2 ng/mL
above the nadir.

Biochemical (PSA) progression: >25% increase above either the baseline level or the
nadir, whichever is lowest. PSA must increase by >2 ng/mL to be considered
progression and be confirmed by a second PSA value >2 weeks later.

Time to PSA progression: interval between treatment and the PSA increase of 25%
above nadir, provided that the increase is >2 ng/mL.

PSA stabilization: any set of values not meeting the criteria for PSA response or PSA
progression.

Measurement of the Effect—Radiographic Change in Lesion
Size

Measurable disease response will be calculated using RECIST version 1.1 with
modifications per Prostate Cancer Working Group 3.

In patients with measurable disease, complete response is defined as complete
disappearance of all measurable and evaluable lesions by physical examination or
imaging studies and normalization of PSA with no appearance of new lesions
for >1 month.

Partial response (PR) is defined as a 30% reduction in the sum of longest diameters
of all measurable lesions and no progression of nontarget lesions or new lesions.

Stable disease is characterized by patients who do not meet the criteria of PR and
who are without signs of progressive disease for at least T month.

Disease progression is defined as a >20% increase in the sum of longest diameters of
the target lesions or progression of nontarget lesions or the appearance of new
lesions.

Bone scan progression (evaluable disease only) requires at least two new lesions
seen on a scan subsequent to baseline followed by a repeat scan at least 8 weeks
later with at least two new additional lesions.

Measurement of the Effect—Circulating Tumor Cells

We used the CellSearch circulating tumor cell (CTC) enumeration platform, for which
it has been established that per 7.5-mL blood sample, a count of 5 CTCs indicates an
unfavorable prognosis and a count of <4 CTCs indicates a favorable prognosis.
Patients who had unfavorable counts at baseline and favorable counts at 12 weeks
are considered responders, as are patients who maintained their original favorable
count. Patients who maintained their original unfavorable count are considered
nonresponders, as were those who transitioned from favorable to unfavorable.

A decrease in CTC counts post-therapy appears to be a favorable marker even if the
count remains at least 5, so we analyzed % change in CTC counts; >50% decline from
baseline was also considered response.

In phase Ill metastatic castration-resistant prostate cancer studies, overall survival
(0S) has been associated with conversion from (1) initial unfavorable to favorable
CTC count at 12 weeks (2) and detectable to undetectable CTC count at 12 weeks. We
reported both these measures.

Synthesis of 22°Ac-DOTA-J591 (?25Ac-J591)

The humanized monoclonal antibodies—huJ591 (5 mg/mL, 25 mg/vial) and DOTA-
HuJ591 (10 mg/mL, 1.2 mL/vial)—were manufactured under good manufacturing
practice conditions as previously published. #**Ac (18.5-37 MBq) was purchased from
the Oak Ridge National Laboratories (ORNL) of the Department of Energy and
supplied as a radiochemical grade ?°Ac nitrate dry residue in a 2-mL glass vial. The
parent 225Ac is measured when it is in secular equilibrium with its daughters (at least
6 hours after reactions or sample preparations). 2°Ac activity was measured in a
dose calibrator, previously calibrated using Ac-225 activity from ORNL.

For radiolabeling studies, ?25Ac nitrate is first converted to ?2°Ac chloride by dissolving
the dry residue in 0.2 M hydrochloric acid (metal-free) to achieve a concentration of
370 MBg/mL. #*Ac chloride (10-18 MBg/0.050 mL) was first mixed with 2 M

tetramethyl ammonium acetate (0.05-0.125 mL) and L-ascorbic acid solution (2-5
mg) to bring the pH of ?25Ac solution to 5.5-6.0. To this solution, DOTA-huJ531 mAb
(3 mg/in 0.3 mL) was added. The mixture was gently mixed and incubated at 37°C
for 1-2 hours. At the end of incubation, 10 mM diethylenetriamine pentaacetate
(DTPA) solution (0.05 mL) was added to stop the labeling reaction and convert the
unbound ??Ac to *°Ac-DTPA. ??°Ac-huJ591 mAb is purified from any unreactive
Ac-225 using the PD-10 gel filtration column, using physiologic saline solution
containing 2% human serum albumin. The purified product (4-5 mL) was sterilized
and filtered using 0.2 wm membrane sterilizing filter into a sterile, pyrogen free vial.
The radiochemical purity (RCP) was determined using instant thin layer chroma-
tography-silica gel and 10 mM ethylenediaminetetraacetic acid solution. The
chromatograms were scanned for radioactivity distribution only after the parent-
daughter equilibrium was reached. The drug product was released for clinical studies
only after quality control testing if all acceptance criteria were met, including ap-
pearance, radionuclide identity/purity, RCP, radionuclide concentration, pH, specific
activity, endotoxin level, and filter integrity.

Preclinical Studies

Twenty-five Bagg Albino (BALB/c) mice were administered escalating radioactivity
doses (1, 2,3, 4, or 5 KBq) of ?2°Ac-J5971 or control (phosphate buffered saline [PBS]).
All mice receiving 22°Ac-J591 were alive and healthy at 6 weeks (Appendix Fig ATA).

In a radioimmunotherapy (RIT) dose-escalation study, six cohorts of four nude BALB/
¢ mice were implanted with LNCaP xenografts. After implantation and 10 days after
engraftment, escalating doses (62.5, 125, 187.5, 250, or 312.5 KBq/kg) of 2°Ac-J591
or control (PBS) were administered. Mouse weight and tumor volume were serially
measured. Mice receiving control and the lowest dose of ?2°Ac-J591 had significant
growth of tumor by 2 weeks and had to be sacrificed by day 55, whereas tumor
burden was controlled in those receiving higher radioactivity doses of ?°Ac-J591
(Appendix Fig A1B).

Predicted Dosimetry

Dose-escalation strategy was based on 8Zr-DF0-J591 studies in patients with
prostate cancer, with additional information stemming from '""Lu-J591 and
MIn-J591 experience. On the basis of positron-emission tomography (PET)
studies #7r-J591,'*3° the uptake in blood, liver, kidney, and lung was determined.
25A¢ dosimetry (Appendix Table A3) for select organs was estimated assuming
that the relative biologic effectiveness for alpha emitters is equal to 5 (data
provided by Dr O'Donoghue, Memorial Sloan Kettering Cancer Center). The
predicted dose-limiting organs for RIT with ?**Ac-J591 are red marrow followed
by liver, kidney, and lung. Assuming that the dose limit for red marrow is 2 Gy, the
maximum predicted activity that can be administered (per cycle) is about
6.06 MBq or 160 wCi.

Patient-Reported Outcomes

Despite a high proportion with at least one AE, there were no meaningful changes
in the study population when comparing total Functional Assessment of Cancer
Therapy-Prostate (FACT-P) scores, individual FACT-P subscales, or Brief Pain
Inventory-Short Form at baseline compared with week 12, noting that there was
a drop-off in responses at week 12 (Appendix Table A2). Of the 12 with stability or
numerical improvement in FACT-P, 10 (80%) had a >50% PSA decline versus two
of 10 (30%) with numerical worsening of scores having a >50% PSA decline.

Multivariable Analysis

Multivariable analysis of variables associated with outcome (PSA response, pro-
gression-free survival, and 0S) included clinical variables (grouped as Cancer and
Leukemia Group B nomogram'® prognostic categories), PSMA imaging (using PSMA
PET standardized uptake value (SUV)max values compared with liver SUVmean as
previously published®®), previous exposure to '""Lu-PSMA, and administered radio-
activity of ?°Ac-J591. Results are displayed in Appendix Table A3.

Post Hoc Analysis of Patients With Liver Metastases

Four radiographically evaluable patients had liver metastases at baseline (three with
measurable liver metastases detected on computed tomography [CT], one with
subcenter liver metastases detected only by PSMA PET at baseline and retro-
spectively evaluable on CT). As patients with liver metastases are of interest, a post
hoc analysis was performed with details in Appendix Table A4.
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TABLE A1. Predicted ??°Ac-J591 Dosimetry

Radiation Dose 225A¢-J591 to Be Injected?® Maximum Radiation Dose
Organ Gy/MBq Gy/MBq MBq wCi Organ, Gy
Bone marrow 0.066 0.33 6.06 165 2
Liver 0.591 2.955 179
Kidney 0.382 1.91 11.6
Lung 0.079 0.395 2.39

NOTE. RBE = 5.

Abbreviation: RBE, relative biological effectiveness.
a 225A¢-J591 maximum activity to deliver 2 Gy to bone marrow.

TABLE A2. Patient-Reported Outcome Differences Between Baseline

and Week 12

Characteristic No. Median Difference (IQR)
FACT-P total 19 -4 (=13 to 12)
Prostate cancer subscale 19 3 (=410 6)
Physical well-being 19 -1.0 (4.7 to 1.5)
Social/family well-being 19 0(-1.0to 1.5)
Emotional well-being 19 0 (=2.5to0 1.0)
Functional well-being 19 -1.0 (-5.0 t0 2.0)
BPI pain 19 0 (1.0 to 0.6)
BPI interference 14 0(-04103.3)

Abbreviations: BPI, Brief Pain Inventory; FACT-P, Functional
Assessment of Cancer Therapy-Prostate.

TABLE A3. Multivariable Analyses

PSA Response Progression-Free Survival Overall Survival
Characteristic OR (95% CI) P HR (95% CI) P HR (95% Cl) P
CALGB group'® 0.45 (0.06 to 2.97) 4 1.52 (0.44 to 5.24) 5 3.94 (1.09 to 14.2) .04
PSMA PET imaging score®® 1.38 (0.18 t0 12.6) 8 1.07 (0.28 to 4.04) >9 1.13 (0.47 to 3.06) 8
Previous '""Lu-PSMA 0.97 (0.14 to 7.77) >9 0.71 (0.23 to 2.17) 6 1.89 (0.65 to 5.49) 2
25A¢ dose 2.89 (0.48 t0 19.9) 3 0.98 (0.32 to 2.95) >9 2.10 (0.76 to 5.84) 2

Abbreviations: CALGB, Cancer and Leukemia Group B; HR, hazard ratio; OR, odds ratio; PET, positron-emission tomography; PSA, prostate-specific
antigen; PSMA, prostate-specific membrane antigen.
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TABLE A4. Liver Metastasis Subset Analysis

Site of Metastases (imaging

Liver Metastasis PSMA PET

Normal Liver PSMA PET Uptake

Liver Metastasis Change With

PSA Change With

CTC Count Change With

modality) Uptake (SUVmax) (SUVmean) Treatment Treatment Treatment
Liver (CT) 5.87 513 33 - 57cm 34% increase 40 - not collected
Bone (bone scan and PET)

Lymph node (PET)

Liver (CT and PET) 15.21 3.18 29 - 21cm 17% decrease 14 -0
Bone (bone scan and PET)

Lymph node (CT and PET)

Liver (CT and PET) 6.71 1.33 24 - 1.3 cm 53% decrease 118 - 34
Bone (bone scan and PET)

Lymph node (CT and PET)

Liver (PET) 90.56 3.45 Decrease in subcentimeter size 88% decrease 232 - 139

Bone (bone scan and PET)
Lymph node (PET)

(retrospectively seen on CT
after PET)

Abbreviations: CT, computed tomography; CTC, circulating tumor cell; PET, positron-emission tomography; PSA, prostate-specific antigen; PSMA, prostate-specific membrane antigen;

SUV, standarized uptake value.
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FIG A1. (A) Healthy mice study with 2?°Ac-J591. (B) Dose-escalation radioimmunotherapy study with ??Ac-J591.
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