Blood and imaging response correlatives in advanced prostate cancer treated with
combination radioligand and immunotherapy
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BACKGROUND: The PRINCE trial (NCT03658447) showed promising activity for radioligand [177Lu]Lu-
PSMA-617 (LUPSMA) in combination with pembrolizumab, an anti-programmed death 1 inhibitor, in
metastatic castration resistant prostate cancer. Here, we present an exploratory analysis of serial
circulating tumor DNA (ctDNA) measurements with paired circulating tumor cell (CTCs) evaluations and
PSMA-PET imaging to identify predictors of response and resistance to LUPSMA plus pembrolizumab.

METHODS: We analyzed plasma ctDNA, CTCs and PSMA-PET imaging for participants in the PRINCE trial
at baseline (n=37), after 12 weeks of treatment (n=35) and at progression (n=28). FDG-PET imaging
was available for all patients at baseline. Targeted sequencing of plasma and matched white blood cell
DNA was used to estimate ctDNA fractions and assess genomic profiles. CTCs were quantified and single
cell sequencing was performed using the EpicSciences platform. On-treatment changes on PSMA-PET
imaging were assessed with RECIP criteria. Biomarkers at baseline and on-treatment were associated
with PSA90 response rate (PSA90-RR) and radiographic progression free survival (rPFS).

RESULTS: Participants with baseline ctDNA fraction <30% or PSMA-PET SUVmean >10 showed superior
rPFS, with potential complementary roles for both markers to enhance prognostic accuracy (n=12;
median rPFS not-reached). Alterations in tumor suppressor genes (7P53, RB1, PTEN) detected in ctDNA
were associated with greater FDG-PET SUVmean expression (5.6 vs 4.2, p=0.02), higher metabolic tumor
volume (145.0 vs 30.3, p=0.004), and worse rPFS (3.9 vs 14.2 months, p<0.01) compared to patients
without these alterations. Both ctDNA detection and PSMA-PET RECIP classification at 12-weeks on-
treatment were strongly linked with PSA90-RR and rPFS. PSA90-RR and rPFS was similar for patients with
undetected ctDNA regardless of RECIP classification. Participants with detected ctDNA at 12-weeks and
progressive disease by RECIP had a shorter rPFS than those with stable disease by RECIP (median 2.9 vs
8.8 months, p<0.01). At progression, PSMA expression on PET-imaging was lower compared to baseline
(PSMA SUVmean 5.8 vs 9.0, p<0.01), despite similar PSMA total tumor volumes and wildtype FOLH1
ctDNA in all but one patient. Evidence for substantial subclonal remodeling was observed in ctDNA at
progression and corroborated by single CTC copy number profiles. 24% of participants had a clonal
expansion of tumor suppressor gene mutations at progression.

CONCLUSIONS: We propose that liquid biopsies have additive value to PET-imaging for patient
prognostication and early treatment monitoring on LUPSMA plus pembrolizumab. Additionally, we provide
new insights into molecular determinants of response and resistance to these agents, including ctDNA
fraction, PSMA expression and tumor suppressor gene loss.



Funding Acknowledgement

The PRINCE trial is sponsored by Peter MacCallum Cancer Centre and funded by Victorian Cancer Agency
with support from Advanced Accelerator Applications (a Novartis company, formerly Endocyte; PSMA-617
supply, financial support), Merck Sharp and Dohme (Pembrolizumab supply, financial support), Australian
Nuclear Science and Technology Organisation (ANSTO, Lutetium-177 no carrier added supply), Epic
Sciences (CTC analysis). S.H.T is supported by a CCPC Prostate Cancer Foundation Young Investigator
Award and Michael Smith Health Research BC Trainee Award. E.M.K is supported by a Prostate Cancer
Foundation Young Investigator Award and an ANZUP Synchrony Fellowship.

Conflicts of Interest Disclosure

E.M.K. has consulted or served in an advisory role for Astellas Pharma, Janssen and Ipsen, received
travel funding from Astellas Pharma, Pfizer, Ipsen and Roche, received honoraria from Janssen, Ipsen,
Astellas Pharma and Research Review, and received research funding from Astellas Pharma (institutional)
and AstraZeneca (institutional). L.E. has consulted or served in an advisory role for Noxopharm and
Clarity Pharmaceuticals, participated in a speakers’ bureau for Janssen Oncology, Mundipharma and
Astellas Pharma, and received research funding from Noxopharm (institutional) and Novartis
(institutional). A.M.J. has consulted or served in an advisory role for Janssen Oncology, Ipsen,
AstraZeneca, Sanofi, Pfizer, Novartis, Merck Serono, Eisai, IDEAYA Biosciences, IQvia, Bayer, Astellas
Pharma, Grey Wolf Therapeutics, Medison and Starpharma, has a patent or received royalties with Cancer
Therapeutic Methods, owns stock or holds ownership interests in Pricilium Therapeutics and Opthea, and
receives research funding from Bristol-Myers Squibb (institutional), Janssen Oncology (institutional),
Merck Sharpe & Dohme (institutional), Mayna Pharma (institutional), Roche/Genentech (institutional),
Bayer (institutional), Lilly (institutional), Pfizer (institutional), AstraZeneca (institutional) and Corvus
Pharmaceuticals (institutional). A.A. has had speaker, consultant, or advisory roles for BMS, Bayer, MSD,
and research funding (institutional) from Mundipharma, Astellas, AstraZeneca, Amgen, Janssen, MSD,
Bayer. L.G.H. has received speaker fees from Astellas, Janssen, Amgen, and Bayer, has served in a
consulting or advisory role for Astellas and Bayer, has received travel support from Bayer, has
stocks/shares from Imagion Biosystems and My Emergency Doctor, is investigator on a patent lead by
the institution International (PCT) Patent Application No. PCT/AU2023/050849Prognostic Markers (plasma
lipid prognostic signature in metastatic prostate cancer), has received research support from
(institutional) Astellas, is local PI on research supported by MSD, Amgen, Astellas, Jiangsu Hengrui
Medicines, Pfizer, Eli Lilly, Janssen-Cilag, GSK, Exelexis, BeiGene, Five Prime, ARCUS, Antagene, Janux
Therapeutics, Astrazeneca, Hinova, and ANZUP. M.S.H. has consulted or served in an advisory role for
Janssen, MSD and Novartis, received travel funding from Novartis and Debiopharm Group, and received
research funding from Bayer (institutional), Novartis (institutional), Isotopia Molecular Imaging
(institutional) and Debiopharm Group (institutional). A.A.A. has consulted or served in an advisory role for
Astellas Pharma, Novartis, Janssen, Sanofi, AstraZeneca, Pfizer, Bristol-Myers Squibb, Tolmar, Telix
Pharmaceuticals, Merck Sharpe & Dohme, Bayer, Ipsen, Merck Serono, Amgen, Noxopharma, Aculeus
Therapeutics and Daiichi Sankyo, participated in a speakers’ bureau for Astellas Pharma, Novartis,
Amgen, Bayer, Janssen, Ipsen, Bristol-Myers Squibb and Merck Serono, received travel funding from
Astellas Pharma, Sanofi, Merck Serono, Amgen, Janssen, Tolmar, Pfizer, Bayer and Hinova
Pharmaceuticals, received honoraria from Janssen, Astellas Pharma, Novartis, Tolmar, Amgen, Pfizer,
Bayer, Telix Pharmaceuticals, Bristol-Myers Squibb, Merck Serono, AstraZeneca, Sanofi, Ipsen, Merck
Sharpe & Dohme, Noxopharm, Aculeus Therapeutics and Daiichi Sankyo, and received research funding
Astellas Pharma (institutional), Merck Serono (institutional), Novartis (institutional), Pfizer (institutional),
Bristol-Myers Squibb (institutional), Sanofi (institutional), AstraZeneca (institutional), GlaxoSmithKline
(institutional), Aptevo Therapeutics (institutional), MedImmune (institutional), Bionomics (institutional),
Synthorx (institutional), Astellas Pharma (institutional), Ipsen (institutional), Merck Serono (institutional),
Lilly (institutional), Gilead Sciences (institutional), Exelixis (institutional), MSD (institutional) and Hinova
Pharmaceuticals (institutional). A.W.W. has received honoraria from Janssen, Astellas Pharma,




AstraZeneca, Merck, Bayer, Pfizer and EMD Serono, and received research funding from ESSA
(institutional) and Tyra Biosciences (institutional). No disclosures were reported by the other authors.
S.S. has consulted or served in an advisory role for AstraZeneca, Bristol-Myers Squibb, Merck Sharp &
Dohme, Novartis, Skyline Diagnostics and Abbvie, received honoraria from Bristol-Myers Squibb
(institutional), Merck (institutional), AstraZeneca (institutional) and Janssen (institutional), and received
research funding from Amgen (institutional), AstraZeneca (institutional), Merck (institutional),
Endocyte/Advanced Accelerator Applications (institutional), Genentech/Roche (institutional), Novartis
(institutional), Pfizer (institutional) and Senhwa Biosciences (institutional). No disclosures were reported
by the other authors.



