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Background:  Lutetium 177 [77Lu]Lu-PSMA-617 (*"Lu-PSMA-617) is a prostate-specific membrane antigen (PSMA)—targeted
radioligand therapy for metastatic castration-resistant prostate cancer (nCRPC). Quantitative PSMA PET/CT analysis could provide
information on '"Lu-PSMA-617 treatment benefits.

Purpose:  To explore the association between quantitative baseline gallium 68 [Ga]Ga-PSMA-11 (®*Ga-PSMA-11) PET/CT
parameters and treatment response and outcomes in the VISION trial.

Materials and Methods:  This was an exploratory secondary analysis of the VISION trial. Eligible participants were randomized (June
2018 to October 2019) in a 2:1 ratio to ""Lu-PSMA-617 therapy (7.4 GBq every 6 weeks for up to six cycles) plus standard of care
(SOC) or to SOC only. Baseline Ga-PSMA-11 PET parameters, including the mean and maximum standardized uptake value
(SUV__ and SUV_ ), PSMA-positive tumor volume, and tumor load, were extracted from five anatomic regions and the whole
body. Associations of quantitative PET parameters with radiographic progression-free survival (rPES), overall survival (OS), objective
response rate, and prostate-specific antigen response were investigated using univariable and multivariable analyses (with treatment as
the only other covariate). Outcomes were assessed in subgroups based on SUV__ quartiles.

Results:  Quantitative PET parameters were well balanced between study arms for the 826 participants included. The median whole-
body tumor SUV,__ was 7.6 (IQR, 5.8-9.9). Whole-body tumor SUV__ was the best predictor of '”7Lu-PSMA-617 efficacy, with

a hazard ratio (HR) range of 0.86-1.43 for all outcomes (all 2 < .001). AT-unit whole-body tumor SUV__ increase was associated
with a 12% and 10% decrease in risk of an rPES event and death, respectively. ’Lu-PSMA-617 plus Nelel prolonged rPES and OS in
all SUV__ quartiles versus SOC only, with no identifiable optimum among participants receiving ”/Lu-PSMA-617. Higher baseline
PSMA-positive tumor volume and tumor load were associated with worse rPFS (HR range, 1.44-1.53 [P < .05] and 1.02-1.03 [P <
.001], respectively) and OS (HR range, 1.36-2.12 [P < .006] and 1.04 [P < .001], respectively).

Condlusion:  Bascline “Ga-PSMA-11 PET/CT whole-body tumor SUV__ was the best predictor of "”Lu-PSMA-617 efficacy
in participants in the VISION trial. Improvements in rPFS and OS with 77Lu-PSMA-617 plus SOC were greater among
participants with higher whole-body tumor SUV, _ , with evidence for benefit at all SUV__ levels.

ClinicalTrials.gov identifier: NCT03511664
Published under a CC BY 4.0 license.

Supplemental material is available for this article.

Prostate—speciﬁc membrane antigen (PSMA) isa trans- s a targeted radioligand therapy that delivers B-particle
membrane glutamate carboxypeptidase that is highly  radiation selectively to PSMA-positive cells and the sur-
expressed on the surface of prostate cancer cells (1,2). rounding microenvironment. Although high PSMA
Lutetium 177 ['7Lu]Lu-PSMA-617 ("”7Lu-PSMA-617) expression in metastatic castration-resistant prostate
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Abbreviations

HR = hazard ratio, nCRPC = metastatic castration-resistant prostate
cancer, ORR = objective response rate, OS = overall survival, PSA =
prostate-specific antigen, PSMA = prostate-specific membrane antigen,
rPFES = radiographic progression-free survival, SOC = standard of care,
SUV = standardized uptake value, SUV, = maximum SUV, SUV

mean
= mean standardized uptake value

Summary
Visual ®Ga-PSMA-11 PET/CT eligibility criteria helped identify

participants with metastatic castration-resistant prostate cancer who
benefitted from ""Lu-PSMA-617 therapy in the VISION trial, with
higher ®Ga-PSMA-11 uptake associated with improved outcomes.

Key Results

m In this exploratory secondary analysis of the VISION trial
that included 826 randomized participants, the baseline “Ga-
PSMA-11 PET mean standardized uptake value (SUV __ ) was
strongly associated with improved outcomes following '"Lu-
PSMA-617 therapy versus controls (hazard ratio [HR] range,
0.86-1.43; P < .001).

m A l-unit whole-body tumor SUV,__ increase was associated with
a 12% or 10% decrease in risk of radiographic progression-free
survival or death, respectively.

m Higher PSMA-positive tumor volume was associated with worse
overall survival (HR range, 1.38-2.12; P < .000).

cancer (mCRPC) has been associated with poor progno-
sis and reduced survival (3-5), it can also lead to improved
uptake of "Lu-PSMA-617 by target tumors and, therefore,
potentially to a better treatment response. A prognostic no-
mogram developed from a multicenter retrospective study in
patients with mCRPC demonstrated that higher PSMA ex-
pression by PET imaging was independently associated with
better outcomes following ""Lu-PSMA-617 treatment (6).
High PSMA-PET radiotracer uptake was also associated with
improved response to ’Lu-PSMA-617 treatment versus ca-
bazitaxel in the phase 2 TheraP trial (7).

In the phase 3 VISION trial, addition of ""’Lu-PSMA-617
to protocol-permitted standard of care (SOC) prolonged ra-
diographic progression-free survival (rPFS) and overall survival
(OS) in participants with PSMA-positive mCRPC (8). Time
to worsening in health-related quality of life and time to symp-
tomaticskeletal eventswerealsodelayed (9). Baselinegallium 68
[*Ga]Ga-PSMA-11 (®Ga-PSMA-11) PET/CT imaging was
used to determine patient eligibility, based on visual assess-
ment per central read rules (*Ga-PSMA-11 eligibility assess-
ment criteria) designed specifically for VISION (8,10). A
substudy required by the U.S. Food and Drug Administra-
tion showed that the VISION eligibility read rules used were
readily learned and had good reproducibility (11).

Quantitative PSMA PET analysis could provide addi-
tional clinically relevant information on "’Lu-PSMA-617
treatment benefit and prognosis, given the correlation of
%Ga-PSMA-11 uptake with PSMA expression and thus with
therapeutic targeting of PSMA in patients with mCRPC
(12,13). Thus, the aim of this secondary analysis was to
explore the association between quantitative baseline **Ga-
PSMA-11 PET parameters and treatment response and out-
comes in the phase 3 VISION trial.

Materials and Methods

Study Design

This was a U.S. Food and Drug Administration—required, ex-
ploratory, secondary analysis of the phase 3 VISION trial of
77Lu-PSMA-617 in participants with mCRPC (ClinicalTrials.
gov no. NCT03511664) (8). VISION was conducted in ac-
cordance with the principles of the Declaration of Helsinki and
Good Clinical Practice guidelines. For sites located within the
United States, Health Insurance Portability and Accountability
Act forms were completed by the investigator and included all
elements required by the U.S. Department of Health and Hu-
man Services Privacy Rule. All participants provided written
informed consent. At each trial site, independent ethics review
boards approved the trial protocol. The VISION trial and this
exploratory analysis were funded by Novartis. All authors had
control of the data and the information submitted for publica-
tion. The five authors who are employees of Novartis had full
access to all data in the study and take responsibility for the
integrity of the data and the accuracy of the data analysis.

Participants

Complete inclusion and exclusion criteria have been published
(8). Participants had pretreated PSMA-positive mCRPC, as
assessed visually using ®Ga-PSMA-11 PET/CT per previ-
ously described central read rules (10,14). Participants had
to have at least one PSMA-positive metastatic lesion and no
exclusionary PSMA-negative lesions. Lesion PSMA positivity
was defined as ®®*Ga-PSMA-11 uptake visually greater than
that in the liver parenchyma, as determined by the sponsor’s
central reader (8,10). Participants had progressive mCRPC
and had previously received at least one androgen receptor
pathway inhibitor and one or two taxane regimens (8). Par-
ticipants with poor-quality PET images that were not analyz-
able were excluded from this secondary analysis.

Intervention and Outcomes

Eligible participants were randomized 2:1 to '’Lu-PSMA-617
(7.4 GBq every 6 weeks for up to six cycles) plus protocol-
permitted SOC or to protocol-permitted SOC only (8). Ef-
ficacy outcomes included in the present analysis were the two
alternate primary end points (rPFS and OS), one of the key
secondary end points (objective response rate [ORR]), and
one of the additional secondary end points (prostate-specific
antigen [PSA] response). End points were defined as previ-
ously described (8).

Image Data Blinding

The image processing specialist was not blinded to essential
clinical information (eg, injected dose and patient weight)
needed for the imaging analysis. However, all institution-
specific site and patient identifiers, patient demographics,
clinical outcomes, and other clinical information not deemed
essential for the quantitative analysis were masked.

Quantitative Imaging Parameters
The mean standardized uptake value (SUV__ ), maximum
SUV (SUV_ ), PSMA-positive tumor volume, and tumor
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Table 1: Baseline Participant Characteristics according to 7’Lu-PSMA-617 Plus SOC or SOC Only Treatment

Randomized Participants (7 = 826)

Characteristic 77Lu-PSMA-617 Plus SOC (7 = 548) SOC Only (7 = 278)
Age (y)
Median* 70.0 (64.0-75.0) 71.5 (66.0-76.0)
>65-84 396 (72.3) 212 (76.3)
>85 8 (1.5) 6(2.2)
ECOG performance status
Oorl 508 (92.7) 256 (92.1)
2 40 (7.3) 22 (7.9)
Region of discase
Lung 48 (8.8) 28 (10.1)
Liver 63 (11.5) 38 (13.7)
Lymph node 273 (49.8) 140 (50.4)
Bone 501 (91.4) 254 (91.4)
RECIST lesions'

45.0 (10-351) 46.4 (10-249)

Sum of target lesion diameters (mm)*

Target lesions 277 (50.5) 139 (50.0)

Nontarget lesions 426 (77.7) 210 (75.5)
PSA doubling time?

No. of participants 268 130

Median (m)* 2.36 (0.0-74.4) 2.59 (0.0-93.1)

<6 months 244 (91.0) 115 (88.5)

PSA level (ng/mL)*

Prostate cancer history

77.9 (0-6988) 74.6 (0-8995)

7.43 (0.9-28.9) 7.37 (0.7-26.2)

Time since diagnosis (y)*
Previous modern androgen axis inhibitor®

Abiraterone 184 (33.6) 105 (37.8)

Abiraterone acetate 210 (38.3) 114 (41.0)

Enzalutamide 394 (71.9) 205 (73.7)

Apalutamide 13 (2.4) 5(1.8)
Previous taxane therapy'

Docetaxel 531 (96.9) 271 (97.5)

Cabazitaxel 208 (38.0) 105 (37.8)

Note.—Except where indicated, data are numbers of participants, with percentages in parentheses. A total of 826 participants were
randomized to '""Lu-PSMA-617 plus protocol-permitted SOC or protocol-permitted SOC only in the VISION trial who had analyzable
baseline ®*Ga-PSMA-11 PET scans; complete demographic and disease characteristic data have been previously published for the
population of all randomized participants (8). ECOG = Eastern Cooperative Oncology Group, PSA = prostate-specific antigen, PSMA =
prostate-specific membrane antigen, RECIST = Response Evaluation Criteria in Solid Tumors, SOC = standard of care.

* Data are medians, with IQRs in parentheses.

"In participants with disease evaluable by RECIST version 1.1 at baseline.

# Baseline PSA doubling time was derived for each participant as the natural log 2 divided by the sum of the fixed and random slopes of
the random coefficient linear model between natural log of PSA and time of PSA measurement (in months). Participants with at least three
PSA values prior to and at the time of screening were included in the model.

$ Androgen receptor pathway inhibitors are defined as abiraterone, apalutamide, and enzalutamide.

""Taxane is defined as docetaxel, cabazitaxel, or paclitaxel.

load were computed for each participant in the bone, liver,
lymph node, soft tissue, and whole body (Appendix S1).

and have been previously published (8). Statistical signifi-
cance was assessed for each covariate based on a two-sided
a = .05 significance level.

Statistical Analysis

The present analyses were exploratory and noninferential
and were not included in the study sample size calculation.
Adjustment for multiple comparisons was not performed be-
cause the analyses were noninferential (all P values are nomi-
nal). Prespecified analyses were controlled for multiplicity

Radiology: Volume 312: Number 2--August 2024 = radiology.rsna.org

Analysis Sets

All randomized participants were eligible for inclusion in this
analysis. Each analysis set included all participants from the
corresponding efficacy outcome analysis in VISION who had
images of sufficient quality and had at least one PSMA-positive
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1003 patients underwent baseline
8Ga-PSMA-11 PET/CT scanning

172 were excluded
164 did not meet eligibility criteria

123 did not meet PSMA PET criteria

3 had progressive disease
2 had adverse event

831 underwent randomization
(581 underwent randomization on or
after March 5, 2019)

2 died
1 withdrew consent from protocol

!

I

551 randomized to receive
"7Lu-PSMA-617 plus standard of care

280 randomized to receive
standard of care only

3 did not meet the rigorous
quality requirements to be included*

548 included

Figure 1:

A 2 did not meet the rigorous
"| quality requirements to be included*

278 included

Flowchart for the VISION trial shows the randomization of participants and exclusion criteria for the participants included in the present analysis.

* Reasons for exclusion included (a) separate fields of view, (b) incomplete field of view, and (c) imaging artifact that impeded quantification. ¥ Reasons for exclusion

included (a) use of units that could not be converted to standardized uptake value and (b) inadequate emission start ime postinjection. PSMA = prostate-specific

membrane anfigen.

lesion in the anatomic region being analyzed (8). The OS anal-
ysis set included all randomized participants (8). The rPFS and
PSA analysis sets included only participants randomized on or
after March 5, 2019, as previously described (8). The ORR
analysis set included all participants in the rPFS analysis set
with disease evaluable by Response Evaluation Criteria in Solid
Tumors version 1.1 at baseline (8).

Univariable Analysis

Univariable Cox proportional-hazards models (15) were used
to assess the individual predictive value of each quantita-
tive ®Ga-PSMA-11 PET parameter in the whole body and
in each anatomic region for rPFS and OS. Associations with
ORR and PSA response were assessed using logistic regression
(16). Analyses used a nominal two-sided a = .05.

Multivariable Analysis

PET parameters found to be related to outcomes in the uni-
variable analysis were included in a multivariable Cox pro-
portional hazards model. Backward elimination was used to
identify covariates that independently predicted rPFS, with a
two-sided exclusion threshold of a = .05. Forward selection
was then applied to all remaining covariates with a two-sided
inclusion threshold of o = .05. Each covariate was then as-
sessed in the final model. The same approach was applied to
the other end points (OS, ORR, PSA response). Treatment
group was also included as a covariate (*7Lu-PSMA-617 plus
SOC, SOC only). No clinical or other parameters were in-
cluded as covariates.

Quartile Analysis
Efficacy outcomes, rPFS and OS, were assessed in subgroups
based on SUV__ quartiles from the respective analysis set

using the stratified Cox model to estimate hazard ratio (HR)
and 95% CI, and the Kaplan-Meier method to estimate me-
dians, percentiles, and 95% CI, as in the prespecified efficacy
analyses (8). Statistical significance for HRs was evaluated as
95% Cls that excluded unity.

Optimal Cut-Point Analyses

The optimal cut-point was defined as the value of SUV__
that best separated participants on the basis of longer or
shorter rPFS or OS benefit within a treatment arm. Thresh-
old cut-point analyses used the linear predictor from the final
multivariable model to provide the within-arm HR, 95% CI,
and nominal P value (17). Additionally, optimal cut-points
were explored using maximally selected rank statistics via the
maxstat package of R (version 0.4.1; The R Foundation) with

the surv_cutpoint function.

Results

Participant Characteristics

Of 1003 participants who underwent baseline *Ga-
PSMA-11 PET/CT, 831 met all study eligibility criteria and
were randomized (June 2018 to October 2019) in VISION
(8). Of the 831 randomized participants, 826 had baseline
Ga-PSMA-11 PET scans that met the quality require-
ments and were included in the present analysis (Table 1).
The reasons for exclusion of five participants were as follows:
incomplete field of view, separate fields of view, imaging ar-
tifact that impeded quantification, use of units that could
not be converted to SUV, and inadequate emission start
time postinjection. Of the 551 participants randomized
to receive ’Lu-PSMA-617 plus SOC, 548 were included,
and of the 280 randomized to receive SOC only, 278 were

radiology.rsna.org = Radiology: Volume 312: Number 2--August 2024
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included in the present analysis (Fig 1). Quantitative pa-
rameters were successfully extracted for all included partici-
pants. Representative PET/CT images of whole-body and
regional segmentation are shown in Figure 2A. The number
of participants included in the analysis for each anatomic
region and outcome is shown in Table 2.

Radiology: Volume 312: Number 2--August 2024 = radiology.rsna.org
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Figure 2: Segmentation of anatomic regions and distri-
bution of quantitative ¢*Ga-PSMA-11 PET parameters. (A)
Whole-body anterior coronal prostate-specific  membrane
antigen (PSMA) PET maximum intensity projection images in
a 63-year-old White male participant with tumors in the liver,
bone, and lymph node (LN) who had an initial prostate-specific
antigen level of 181.9 ng/ml and Eastern Cooperative Oncol-
ogy Group performance score of O/ 1 show all PSMA-positive
(PSMA+) disease as a single whole-body volume in red (left) and
segmented according to anatomic region (right; bone lesions in
blue, liver lesions in green, lymph node lesions in red). (B) Box
plots show the distribution of quantitative ®*Ga-PSMA-11 PET
parameters for the study sample (n = 826) included in this analy-
sis. Data are reported as medians and IQRs from the full analysis
sefs for bone (n =761), liver (n=109), lymph node (n = 559),
soff fissue (n = 334), and whole body (n = 826) and strati-
fied according to treatment (T; 77Lu-PSMA-617 plus stan-
dard of care [SOC]), control (C; SOC only), and overall
(O; all participants). SUV, = maximum standardized uptake
value, SUV__ = mean standardized uptake value.

mean
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Parameters and Associations
SUV__, SUV__, PSMA-positive tumor volume, and tumor
load were well balanced between the study treatment arms in
the whole body and in bone, liver, lymph node, and soft tis-
sue (Fig 2B). The median whole-body tumor SUV__ was 7.5

(IQR, 5.7-9.9) in the ""Lu-PSMA-617 plus SOC arm, 7.7
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Table 2: Number of Participants in Each Analysis Set

7Lu-PSMA-617 Plus
Anatomic Region and Analysis Set End Point SOC (n=551) SOC Only (7 = 280) Opverall (7 = 831)
Body, FAS* (N 548 (99.5) 278 (99.3) 826 (99.4)
Body, PES-FAS' PES or PSA response 382 (69.3) 194 (69.3) 576 (69.3)
Body, REAS? ORR 317 (57.5) 119 (42.5) 436 (52.5)
Bone, FAS* oS 508 (92.2) 253 (90.4) 761 (91.6)
Bone, PFS-FAS™ rPES or PSA response 353 (64.1) 177 (63.2) 530 (63.8)
Bone, REAS* ORR 291 (52.8) 107 (38.2) 398 (47.9)
Liver, FAS* oS 72 (13.1) 37 (13.2) 109 (13.1)
Liver, PFS-FAS' PES or PSA response 51(9.3) 26 (9.3) 77 (9.3)
Liver-REAS* ORR 44 (8.0) 13 (4.6) 57 (6.9)
Lymph node, FAS* oS 369 (67.0) 190 (67.9) 559 (67.3)
Lymph node, PFS-FAS' tPES or PSA response 258 (46.8) 138 (49.3) 396 (47.7)
Lymph node, REAS* ORR 220 (39.9) 83 (29.6) 303 (36.5)
Soft tissue, FAS* (0N 233 (42.3) 101 (36.1) 334 (40.2)
Soft tissue, PFS-FAS® tPES or PSA response 173 (31.4) 77 (27.5) 250 (30.1)
Soft tissue, REAS* ORR 148 (26.9) 44 (15.7) 192 (23.1)
Note.—Data are numbers of participants, with percentages in parentheses. FAS = full analysis set, ORR = objective response rate, OS =
overall survival, PFS = progression-free survival, PSA = prostate-specific antigen, PSMA = prostate-specific membrane antigen, REAS =
response-evaluable analysis set, rPFS = radiographic PFS, SOC = standard of care.
* FAS included all participants randomized to the treatment arm with good-quality images for analysis.
" PES-FAS included all participants randomized to the treatment arm on or after March 5, 2019, with good-quality images for analysis.
# REAS included a subset of PES-FAS participants with evaluable disease according to RECIST (Response Evaluation Criteria in Solid
Tumors) at baseline.

(IQR, 5.8-10.0) in the SOC only arm, and 7.6 (IQR, 5.8-9.9)
in the overall study sample (7 = 826). Representative PET/CT
images and data for participants with low and high SUV__ are

shown in Figure SI.

Radiographic Progression-free Survival

Whole-body SUV__ and tumor load were associated with
rPFS (HR, 0.86 [95% CI: 0.82, 0.90; P<.001] and 1.02 [95%
CI: 1.01, 1.04; P < .001], respectively) in the "Lu-PSMA-617
plus SOC arm, with SUV__ as the strongest predictor in the
final treatment-adjusted multivariable model (Fig 3, Table 3).
The multivariable model did not include SUV__ in the SOC
only arm. A I-unit increase in whole-body tumor SUV __ was
associated with a 12% decrease in the risk of an rPFS event
(radiographic progression or death) and a 1000-g increase in
tumor load was associated with a 2% increase in the risk of an
rPES event in the overall study sample (7 = 576).

Regarding anatomic regions in the overall study sample,
bone SUV__ (HR, 0.89 [95% CI: 0.85, 0.93]; P < .001)
and lymph node and soft-tissue SUV__ (HR, 0.99 [95%
CI: 0.98, 0.99; P < .001] and 0.98 [95% CI: 0.97, 0.99; P
< .001], respectively) were associated with improved rPES.
Bone tumor load (HR, 1.03 [95% CI: 1.01, 1.04]; P < .001)
and liver and soft-tissue PSMA-positive tumor volume (HR,
1.53[95% CI:1.10,2.11; P=.011] and 1.48 [95% CI: 1.00,
2.18; P = .048], respectively) were associated with reduced
rPES (Fig 3, Table 3).

The median rPFS was longer in the ""Lu-PSMA-617 plus
SOC arm versus the SOC only arm in all whole-body tumor

SUV__ quartiles, with the 95% ClIs for HRs for the upper
three quartiles excluding unity (Figs 4, 5A, 5B). In the high-
est SUV__ quartile (210.1), median rPFS was 13.8 months
in the "Lu-PSMA-617 plus SOC arm and 3.9 months in the
SOC onlyarm (HR, 0.34 [95% CI: 0.20, 0.56]). In the lowest
SUV__ quartile (<6.0), median rPFS was 5.8 months in the
77Lu-PSMA-617 plus SOC arm and 4.0 months in the SOC
only arm (HR, 0.75 [95% CI: 0.45, 1.26]). In the ""Lu-
PSMA-617 plus SOC arm, the median rPES increased as the
SUV__ quartile increased (as judged by nonoverlap with the
95% CI of the neighboring estimate) (Fig 4).

Overall Survival

Whole-body tumor SUV__ and tumor load were associated
with OS in the ""Lu-PSMA-617 plus SOC arm (HR, 0.88
[95% CI:0.84,0.91; P<.001] and 1.04 [95% CI: 1.03, 1.05;
P < .001], respectively), with SUV__ as the strongest predic-
tor in the final treatment-adjusted multivariable model (Fig 3,
Table 4). The multivariable model did not include SUV__ in
the SOC only arm. A 1-unit increase in whole-body tumor
SUV__was associated with a 10% decrease in the risk of
death, and a 1000-g increase in tumor load was associated
with a 4% increase in the risk of death in the overall study
sample (7 = 576).

Regarding anatomic regions in the overall study sample,
bone SUV__ (HR, 0.91 [95% CI: 0.88, 0.94]; P < .001),
lymph node, and soft-tissue SUV__ (HR, 0.99 [95% CI:
0.98, 0.99; P < .001] and 0.99 [95% CI: 0.98, 1.00; P =

.005], respectively) were associated with improved OS. Bone,

radiology.rsna.org = Radiology: Volume 312: Number 2--August 2024
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Tumor load
SUVmean

Lymph SUV

node PSMA+ tumor volume
Tumor load
SUVmean

Soft SO

tissue PSMA+ tumor volume
Tumor load

B >5% decrease in risk per unit
M >5% increase in risk per unit

| =5% decrease in risk per unit

<5% increase in risk per unit

Figure 3: Association of quantitative “*Ga-PSMA-11 PET parameters with efficacy outcomes in the final multivariable
model. In the chart, boxes show the level of association between each PET parameter per anatomic region and each clinical

outcome. Blue and orange boxes represent stafistically significant associations with improved and worse clinical outcomes,

respectively (P <.05). White boxes indicate that no statistically significant associations were observed (P = .05). Associations
are shown within the '”/Lu-PSMA-617 plus standard of care (SOC) treatment group (T), within the SOC only control group
(C), or within the overall study sample (O), and the model was adjusted for study treatment (7Lu-PSMA-617 plus SOC or
SOC only). The presence of prostate-specific membrane antigen—positive (PSMA+) tumors was included as a categorical
variable but is not reported here for clarity. max = maximum, ORR = overall response rate, OS = overall survival, PSA = pros-

fate-specific antigen, rPFS = radiographic progression-free survival, SUV__ = maximum standardized uptake value, SUV___ =

mean standardized uptake value.

liver, lymph node, and soft-tissue PSMA-positive tumor vol-
ume were associated with reduced OS (HR, 1.38 [95% CI:
1.27, 1.49; P < .001]; 1.65 [95% CI: 1.27, 2.16; P < .001];
2.12 [95% CI: 1.51, 2.97; P < .001]; 1.70 [95% CI: 1.16,
2.49; P = .006], respectively) (Fig 3, Table 4).

The median OS was longer in the "”Lu-PSMA-617 plus
SOC arm than in the SOC only arm in all whole-body tu-
mor SUV__  quartiles, with the 95% ClIs for HRs for the
upper three quartiles excluding unity (Figs 4, 5C, 5D). In
the highest SUV__ quartile (29.9), median OS was 21.4
months in the "Lu-PSMA-617 plus SOC arm and 15.0
months in the SOC only arm (HR, 0.47 [95% CI: 0.32,
0. 68]). In the lowest SUV__ quartile (<5.7), median OS
was 14.5 months in the "’Lu-PSMA-617 plus SOC arm and
11.3 months in the SOC only arm (HR, 0.87 [95% CI: 0.60,
1.27]). In the "7Lu-PSMA-617 plus SOC arm, median OS
was longer in the highest SUV__  quartile compared with
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the lower three SUv__ quartiles, in which median OS was
similar (as judged by nonoverlap or overlap with the 95% CI
of neighboring estimates).

ORR and PSMA Response

Whole-body tumor SUV__ was associated with improved
ORR in the ""Lu-PSMA-617 plus SOC arm (odds ratio
[OR], 1.39 [95% CI: 1.22, 1.58]; P < .001) (Fig 3, Table
S1) in the final treatment-adjusted multivariable model. The
multivariable model did notinclude SUV__ in the SOC only
arm. A 1-unit increase in whole-body tumor SUV__ was as-
sociated with a 39% increase in the odds of objective response
in the overall study sample (z = 436). SUV__ was associ-
ated with modestly reduced ORR in the ’Lu-PSMA-617
plus SOC arm (OR, 0.98 [95% CI: 0.96, 0.99]; P = .006).
The multivariable model did not include SUV__ in the SOC
only arm. Whole-body tumor SUV__ was associated with
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Table 3: Associations of PSMA PET Parameters with Radiographic Progression-free Survival in the Final
Multivariable Model

Anatomic Region and Parameter 77Lu-PSMA-617 Plus SOC SOC Only Overall
Whole body n=382 n=194 n=576
SUV_ 0.86 (0.82, 0.90), <.001* Not included 0.88 (0.85, 0.91), <.001*
SUV__ Not included Not included Not included
PSMA+ tumor volume Not included Not included Not included
Tumor load 1.02 (1.01, 1.04), <.001* Not included 1.02 (1.01, 1.04), <.001*
Bone n=353 n=177 7 =530
SUVmean 0.87 (0.82, 0.91), <.001* Not included 0.89 (0.85, 0.93), <.001*
SUV_ Not included Not included Not included
PSMA+ tumor volume Not included Not included Not included
Tumor load 1.03 (1.01, 1.05), .001* Not included 1.03 (1.01, 1.04), <.001*
Liver n=>51 n=26 n=77
Suv__. Not included Not included Not included
SUv, . Not included Not included Not included
PSMA+ tumor volume 1.44 (1.00, 2.08), .05* Not included 1.53 (1.10, 2.11), .011*
Tumor load Not included 1.09 (1.01, 1.17), .019* Not included
Lymph node n=258 n=138 n=396
SUV,_ . Not included Not included Not included
SUV_ 0.98 (0.98, 0.99), <.001* Not included 0.99 (0.98, 0.99), <.001*
PSMA+ tumor volume Not included Not included Not included
Tumor load Not included Not included Not included
Soft tissue n=173 n="77 n =250
Suv,__. Not included Not included Not included
SUV,_ 0.98 (0.97, 0.99), .004* 0.98 (0.95, 1.00), .024* 0.98 (0.97, 0.99), <.001*
PSMA+ tumor volume Not included Not included 1.48 (1.00, 2.18), .048*
Tumor load Not included Not included Not included

Note.—“Not included” indicates variables that were not included in the final multivariable model following backward elimination

and forward selection in the initial multivariable model or that were not identified as significant in the univariable analysis. Statistical
significance was assessed for each covariate based on a two-sided a = .05 significance level. The presence of PSMA-positive tumors was
included as a categorical variable but is not reported here for clarity. PSMA = prostate-specific membrane antigen, PSMA+ = PSMA
positive, SOC = standard of care, SUV = standardized uptake value.

* Data are hazard ratios, with 95% Cls in parentheses, and P values.

Events (n/N) Median (months; 95% ClI)

HR (95% CI)
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quanlfe 617 + SoC SoC only 617 + SoC SoC only SoC vs SoC only
<6.0 65/94 19/50 5.8 (4.1,8.2) 4.0 (2.2, NE) 0.75 (0.45, 1.26) S U ]
26.0 -<7.8 65/95 29/49 7.8 (5.8, 8.8) 2.5(2.1,3.4) 0.19(0.11,0.31) e i
rPFS =7.8 - <10.1 70/96 21/48 9.8 (7.8, 11.0) 4.3(2.4,7.0) 0.57 (0.35, 0.95) — :
210.1 51/97 23/47 13.8 (11.3, 17.8) 3.9(2.1,5.0) 0.34 (0.20, 0.56) —— i
<5.7 95/139 39/67 14.5 (11.9, 15.9) ilasifeiel alGie) el ((ose), 92 '—-—;—-
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27.5-<9.9 88/132 50/75 14.6 (12.0, 16.9) 12.3(7.7,15.2)  0.70 (0.49, 0.99) ——
=9.9 60/136 48/71 21.4 (18.2, NE) 15.0 (9.9, 19.0)  0.47 (0.32, 0.68) — i
0.5 1.0 ‘

Hazard ratio (95% CI)
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1.5

Figure 4: Chart shows median radiographic progression-free survival (rPFS) and overall survival (OS] according to whole-body tumor mean standardized uptake value

(SUV___ ) quartile, indicating stafistically significant differences in the three upper quartiles for both PFS and OS but not the lowest quartile. SUV___quartiles were derived
from the SUV___of both study arms combined (7/Lu-PSMA-617 plus standard of care [SOC] and SOC only). The statistical significance of the hazard ratios (HRs) for each

quartile is indicated by 95% Cls that exclude unity. NE = not evaluable, PSMA = prostate-specific membrane antigen.
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improved odds of a confirmed PSA response in A 100
the ""Lu-PSMA-617 plus SOC arm (OR, 1.23 90 -
[95% CI: 1.16, 1.31]; P < .001) (Fig 3, Table @3 gq |
S2) in the final treatment-adjusted multivariable _5 -E 70 -
model. A 1-unit increase in whole-body tumor g o
SUV__ was associated with a 23% increase in ‘g $ 60 -
the odds of confirmed PSA response in the over- Sk 50 -
all study sample (» = 576). ORR and PSA re- "g = 40 -
sponse according to SUVrncan quartile are shown %é 30 -
in Table S3. aE 20
. 10 -

SUV__ . Cut-Point Analyses
Next, it was attempted to determine an optimal 0
whole-body tumor SUV__  threshold for sepa-
rating participants receiving '’Lu-PSMA-617
into subgroups with longer or shorter rPES or
OS by analyzing all potential cut-points. No
meaningful optimal cut-point within the ""Lu-
PSMA-617 plus SOC arm for rPES or OS was
found using maximally selected rank statistics

. . . . B 100 -
analysis (Fig 6). Analyses using the linear predic- 90

tor from the final multivariable model also could

not identify a meaningful optimal cut-point £ & 80 -
within the ""Lu-PSMA-617 plus SOC arm for % E 70 -
rPFS and OS. SUV__ cut-points between 5and & & 60 -
20 for rPFS and 7 and 18 for OS were all as- SE 50 -
sociated with statistically significant within-arm _g T 4p-
HRs (P<.012 and P <.005, respectively) (Tables <3 "g 30 4
S4, S5). All evaluated cut-points were similar in o<

their ability to distinguish participants receiving 3 20+
77Lu-PSMA-617 plus SOC on the basis of lon- 10 -
ger or shorter rPES or OS, with no identifiable 0

optimal threshold.

Discussion

Lutetium 177 [Y’Lu]Lu-PSMA-617 (*’Lu-
PSMA-617) is a prostate-specific membrane an-
tigen (PSMA)-targeted radioligand therapy for
metastatic castration-resistant prostate cancer
(mCRPC). This secondary, exploratory, quan-
titative analysis of the VISION trial explored
the benefits of "Lu-PSMA-617 in randomized
participants with extensively pretreated PSMA-
positive mCRPC. Treatment included either
77Lu-PSMA-617 (7.4 GBq every 6 weeks for up
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Kaplan-Meier curves show radiographic progression-free survival (rPFS) according

fo whole-body tumor mean standardized uptake value (SUV, _ | quartile for (A) 7/Lu-PSMA-617

an

plus standard of care (SOC) (n = 382) and (B) SOC only (n = 194) treatment arms (body,
progression-free survival, full analysis set]). SUV___quartiles were derived from either the SUV,___of
the '”7Lu-PSMA-617 plus SOC arm or the SOC only arm. PSMA = prostate-specific membrane
antigen (Fig 5 continues).

to six cycles) plus standard of care (SOC) or SOC only. We
found that the whole-body tumor mean standardized uptake
value (SUV__ ) was the best predictor of "Lu-PSMA-617
efficacy for all outcomes tested. A 1-unit whole-body tumor
SUV__ increase was associated with a 12% and 10% de-
crease in risk of a radiographic progression-free survival event
(rPFS) and death, respectively. ""Lu-PSMA-617 plus SOC
prolonged rPFS and overall survival (OS) inall SUV__ quar-
tiles compared with SOC only. Increased baseline tumor load
was associated with worse rPES and OS.

No optimal cut-point for SUV__ was identifiable that
could separate participants receiving "’Lu-PSMA-617 plus
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SOC into subgroups with longer or shorter rPFS and OS.
The correlation of improved outcomes with higher whole-
body SUV__ wvalues is linear, indicating that even partici-
pants with the lowest SUV__ in the VISION population
had the potential for improved rPFS and OS with "’Lu-
PSMA-617. High SUV__  values indicate high average
PSMA expression levels, which may promote tumor binding
and uptake of "Lu-PSMA-617, leading to greater delivery
of radiation and greater antitumor activity (18,19). In agree-
ment with our present findings, high SUV__ was associated
with improved treatment response to '’Lu-PSMA-617 ver-
sus cabazitaxel in the phase 2 TheraP study (7,20).
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Median OS appeared to be longer in the € __ 100
highest whole-body tumor SUV__ - quartile in =2 90
the SOC only arm, suggesting that high average 2 g0l
PSMA expression may be a favorable prognos- ‘@ 70 |
tic factor in mCRPC. In a small observational 2
study (7 = 16), patients who were ineligible for 2 60 1
77Lu-PSMA-617 owing to low PSMA expres- 8 50
sion or discordant fluorodeoxyglucose-positive S 40 A
PSMA-negative disease had a median OS of only 5 30
2.5 months (21). These findings contrast with 5 20 -
previous reports that high PSMA expression is g‘ 10
associated with poor outcomes in patients with o
prostate cancer and mCRPC (3,4,22). Therefore, 0
the prognostic value of PSMA PET SUV__ in
prostate cancer merits further evaluation.

Increased baseline whole-body PSMA-pos-
itive tumor load and increased bone and liver
tumor volume and tumor load were associated
with decreased rPES or OS. In VISION trial
participants, these measures mainly reflect the

o D - 100
extent and pattern of metastatic disease, rather e
than tumor PSMA expression, because patients Y 90 1
with exclusionary PSMA-negative lesions were % 80 1
ineligible. Therefore, these findings are consis- @ 70
tent with patients with more severe metastatic S 60
disease having less favorable clinical outcomes ;§_ 50 -
than those with less severe disease. 5 40 4

Visual assessment of ®*Ga-PSMA-11 PET/CT 5 30
scans according to the VISION trial read rules is b=
an accurate and straightforward means of iden- §. 20 1
tifying candidates for ’Lu-PSMA-617 treat- & 101
ment (11). Visual PET interpretation is the most 0

widely used method in clinical practice, and
comparison of tumor uptake with liver uptake is
simple. Using quantitative PET for patient selec-
tion is difficult in clinical practice because SUV
measurements not obtained in a well-conducted
clinical trial are subject to variability. This is be-
cause of technical factors such as the PET scan-
ner used and the acquisition and reconstruction
parameters (23-26). Semiautomatic segmenta-
tion of lesions into anatomic regions was used to
extract quantitative PET parameters in the pres-
ent study. Further research could help standard-
ize whole-body tumor SUV __  quantification
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Figure 5 (continued): Kaplan-Meier curves show overall survival according to whole-body

tumor mean standardized uptake value (SUV
care (SOC) (n=

' oon) quartile for (€) 77Lu-PSMA-617 plus standard of
548) and (D) SOC only (n=278) treatment arms (bodly, full analysis set). SUV

mean

quartiles were derived from either the SUV___of the "/Lu-PSMA-617 plus SOC arm or the SOC
only arm. PSMA = prostate-specific membrane antigen.

using automated or artificial intelligence—enabled software,
with normalization of uptake to comparator organs such as
the liver or salivary glands. Therefore, SUV
role in patient selection in the future.
Whether VISION-ineligible patients, as defined by vi-
sual PSMA PET/CT read rules, could benefit from ’Lu-
PSMA-617 treatment remains untested (as for other PSMA
PET selection criteria, such as those used in TheraP) (20,27).
Future investigative directions include quantifying the tu-

may have a
n

aj

mor-absorbed dose and normal organ-absorbed dose, en-
hancing ®*Ga-PSMA-11 PET sensitivity, and standardizing
the reporting of PSMA PET/CT. The relationship between

timing of SOC and PSMA PET also warrants investiga-
tion because hormonal therapy may influence expression of
PSMA (28-30).

Our study had limitations. First, the VISION trial was
not powered for analysis of efficacy in subgroups identified
by quantitative PET. Second, quantitative PET was per-
formed centrally, and study sites were required to follow stan-
dard protocols, but devices and reconstruction parameters
may have differed among study sites. Third, results obtained
with ®Ga-PSMA-11 are not applicable to other radiotracers;
therefore, our methods and findings are not directly appli-
cable to clinical practice. For this reason, we did not assess the
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Table 4: Associations of PSMA PET Parameters with Overall Survival in the Final Multivariable Model

Tumor load

PSMXi tumor volume
Tumor load

1.04 (1.03, 1.05), <.001*

Bone n =508
SUV__ 0.89 (0.85, 0.93), <.001*
Suv,_ Not included
PSMA+ tumor volume 1.36 (1.23, 1.50), <.001*
Tumor load Not included

Liver n=72
Suv,__. Not included
SUv,_ Not included
PSMA+ tumor volume 1.82 (1.24, 2.67), .002*
Tumor load Not included

Lymph node n =369
SUvV__ 0.93 (0.90, 0.96), <.001*
SUV__ Not included
PSMA+ tumor volume 1.77 (1.20, 2.62), .004*
Tumor load Not included

Soft tissue n=233
SUV___ Not included
SUV 0.99 (0.98, 1.00), .008*

1.77 (1.19, 2.65), .005*
Not included

Anatomic Region and Parameter Y77 Lu-PSMA-617 Plus SOC SOC Only Overall

Whole body n =548 n=278 =826
SUV__ 0.88 (0.84, 0.91), <.001* Not included 0.90 (0.87, 0.92), <.001*
SuUv,_ . Not included 0.99 (0.99, 1.00), .024* Not included
PSMA+ tumor volume Not included 1.44 (1.29, 1.61), <.001* Not included

Not included 1.04 (1.03, 1.05), <.001*
n=253 n=761

0.94 (0.88, 0.99), .017* 0.91 (0.88, 0.94), <.001*
Not included Not included

1.43 (1.26, 1.63), <.001* 1.38 (1.27, 1.49), <.001*
Not included Not included

n=237 n=109

Not included Not included

Not included Not included

Not included 1.65 (1.27, 2.16), <.001*
1.05 (1.01, 1.09), .008* Not included

n=190 n=559

Not included Not included

Not included 0.99 (0.98, 0.99), <.001*
Not included 2.12 (1.51, 2.97), <.001*
Not included Not included

n=101 n =334

Not included Not included

Not included 0.99 (0.98, 1.00), .005*
Not included 1.70 (1.16, 2.49), .006*
Not included Not included

* Data are hazard ratios, with 95% Cls in parentheses, and P values.

Note.—"Not included” indicates variables that were not included in the final multivariable model following backward elimination
and forward selection in the initial multivariable model or that were not identified as significant in the univariable analysis. Statistical
significance was assessed for each covariate based on a two-sided a = .05 significance level. The presence of PSMA-positive tumors was
included as a categorical variable but is not reported here for clarity. max = maximum, PSMA = prostate-specific membrane antigen,

PSMA+ = PSMA positive, SOC = standard of care, SUVmx = standardized uptake value, SUV

= mean standardized uptake value.

meam

reproducibility of contouring or the time taken for analysis.
Finally, the VISION trial was not designed to compare '"Lu-
PSMA-617 with cabazitaxel (as in the TheraP trial), where
quantitative PSMA PET may have greater utility in patient
selection (7).

In conclusion, the results of this exploratory analysis in-
dicate that the baseline ®Ga-PSMA-11 whole-body tumor
mean standardized uptake value (SUV__ ) was the best
predictor of "’Lu-PSMA-617 efficacy in participants with
prostate-specific membrane antigen—positive metastatic cas-
tration-resistant prostate cancer in the VISION trial who
were selected for the study based on visual read rules. Im-
provements in radiographic progression-free survival and
overall survival were greater among participants with a higher
SUV__ . Nevertheless, there was evidence for potential clini-
cal benefit with the addition of 7Lu-PSMA-617 to the stan-
dard of care, regardless of SUV__ , in the VISION trial.
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Figure 6:
tumor mean standardized uptake value (SUV, ) cut-points for (A) radiographic progression-free
survival (rPFS) and (B) overall survival (OS) in the '7/Lu- PSMA-617 plus standard of care arm
[iPFS, n=382; OS, n = 548). For both A and B, the top panel shows the SUV___ histogram and
the botiom panel shows the standardized log-rank stafistics using different SUV, _ values as cutoffs.
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Maximally selected rank statistics analysis for identification of optimal whole-body

The standardized log-rank statistics demonstrate an upward trend, suggesting no ideal cutoffs can
be identified within the range of SUV___ values in the VISION trial. grps = groups, PSMA = prostate-
specific membrane anfigen.
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