
B R I E F C O M M U N I C A T I O N

Outcome of Patients with PSMA PET/CT Screen Failure by
VISION Criteria and Treated with 177Lu-PSMA Therapy:
A Multicenter Retrospective Analysis

Masatoshi Hotta, Andrei Gafita, Johannes Czernin, and Jeremie Calais

Ahmanson Translational Theranostics Division, Department of Molecular and Medical Pharmacology, UCLA, Los Angeles, California

See an invited perspective on this article on page 1482.

The aim of the study was to assess the outcome of patients with
metastatic castration-resistant prostate cancer treated with 177Lu-
prostate-specific membrane antigen (PSMA) who would have been a
screen failure (SF) in the VISION trial based on PSMA PET/CT criteria.
Methods: We conducted a retrospective multicenter cohort study
on 301 patients with metastatic castration-resistant prostate cancer
treated with 177Lu-PSMA. The patients were classified into eligible
(VISION-PET-E) and SF (VISION-PET-SF) groups on the basis of the
baseline PSMA PET/CT results. Prostate-specific antigen (PSA)
response rates, PSA progression-free survival, and overall survival
were compared. Results: Of 301 patients, 272 (90.4%) and 29
(9.6%) were VISION-PET-E and VISION-PET-SF, respectively. The
VISION-PET-SF patients had a worse rate of $50% PSA decline
(21% vs. 50%, P50.005) and PSA progression-free survival (2.1 vs.
4.1 mo, P5 0.023) and tended to have a shorter overall survival (9.6 vs.
14.2 mo. P5 0.16) than the VISION-PET-E patients. Conclusion: The
VISION-PET-SF patients had worse outcomes than the VISION-PET-E
patients. Our cohort did not include preexcluded patients (10%–15%)
by local site assessments. Thus, 20%–25% of the patients may be
SFs in unselected populations. Refinements in patient selection for
177Lu-PSMA are needed to optimize outcomes.

Key Words: metastatic castration-resistant prostate cancer; radionu-
clide therapy; PSMAPET; 177Lu; VISION trial

J Nucl Med 2022; 63:1484–1488
DOI: 10.2967/jnumed.121.263441

Men with metastatic castration-resistant prostate cancer have
few alternative therapeutic options when the disease progresses after
androgen-deprivation therapy, androgen receptor signaling inhibi-
tors, and chemotherapy. Recently, the VISION trial, an international
open-label, randomized phase 3 trial showed that prostate-specific
membrane antigen (PSMA)–targeted molecular radionuclide ther-
apy (MRT) with 177Lu-PSMA can improve the outcome of patients
with advanced metastatic castration-resistant prostate cancer. In this
trial, 831 patients with metastatic castration-resistant prostate cancer
previously treated with androgen receptor signaling inhibitor and

taxane regimens were randomized in a 2:1 ratio to 177Lu-PSMA
(7.4 GBq every 6 wk 3 6 cycles) plus the best standard of care
(n5 551) or the standard of care alone (n5 280). The trial met both
primary endpoints of overall survival (OS) and radiographic
progression-free survival (PFS). The median OS was 15.3 mo in the
177Lu-PSMA arm versus 11.3 mo in the standard-of-care–alone
arm, resulting in a 38% reduction in the risk of death. The radio-
graphic PFS was 8.7 versus 3.4 mo, respectively (1).
The VISION trial used PSMA PET/CT to select patients for in-

clusion. The screen failure (SF) rate was “only” 12.6% (126/1,003)
(1), and some have argued that the trial could have been positive
even in an unselected population (2). Eligibility by PSMA PET/CT
results was determined by the sponsor’s central readers (criteria ini-
tially not disclosed). The VISION PET selection criteria were
released publicly at the American Society of Clinical Oncology
2021 meeting (3). It remains unknown whether the VISION PET
criteria were appropriate to screen for and identify patients who will
not benefit from 177Lu-PSMA. Here, we exploited a database estab-
lished retrospectively from multiple institutions to evaluate the out-
come of patients treated with 177Lu-PSMA who would have been a
SF by VISION PET criteria.

MATERIALS AND METHODS

We conducted a retrospective cohort study in our institutional data-
base of patients treated with at least 1 cycle of 177Lu-PSMA between
November 2017 and July 2021 (n5 74) and a multicenter dataset pub-
lished previously (n5 230) (4). Patients were treated under compassion-
ate use, an expanded access program, or clinical trials (Supplemental
Table 1; supplemental materials are available at http://jnm.snmjournals.
org). All patients underwent a baseline 68Ga-PSMA-11 PET/CT scan
before receiving 177Lu-PSMA therapy. The eligibility criteria and insti-
tutional treatment protocols are described in Supplemental Tables 1 and
2. The presence of PSMA-positive disease by PET was not consistently
predefined and was determined by the local clinical investigators at each
institution.

One reader dually board-certified in radiology and nuclear medicine,
and masked to the patient outcomes, reviewed the baseline PSMA PET/
CT scan of each patient to apply the VISION PET criteria and determine
eligible (VISION-PET-E) versus SF (VISION-PET-SF) patients. Patients
were classified as VISION-PET-E if they had at least 1 PSMA-positive
and no PSMA-negative metastatic lesions. The presence of PSMA-positive
lesions was defined as PSMA uptake greater than uptake by liver paren-
chyma (3). The patients were classified as VISION-PET-SF if the baseline
scan showed either of the following: absence of a metastatic lesion with
uptake greater than in the liver background (i.e., low PSMA expression) or
the presence of at least 1 metastatic lesion measurable by CT ($1cm for
bone lesions with a soft-tissue component [M1b] or solid/visceral organ
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lesions [M1c], $2.5 cm for
lymph node lesions [N1-M1a])
with uptake less than or equal to
that in the liver background (i.e.,
PSMA-negative lesions) (1).
Typical PSMA PET/CT images
of low PSMA expression and
PSMA-negative lesions are
shown in Figures 1 and 2,
respectively.

Outcome measures included
prostate-specific antigen (PSA)
response rates ($50% PSA de-
cline or any decline), PSA PFS,
and OS. Kaplan–Meier curves
with log-rank testing and Cox
regression analysis were used to
compare survival outcomes. The
Fisher exact test and logistic re-
gression analysis were used for
categoric variable comparisons.
The UCLA institutional review
board waived written informed
consent requirements because of
the retrospective design of the
analysis (waivers 19-000896 and
21-001565).

RESULTS

Overall, 3 of 304 (1.0%) men were lost to follow-up (n5 2) or
had missing DICOM CT images (n5 1) and were excluded. Among
301 men, 272 (90.4%) and 29 (9.6%) were classified as VISION-PET-
E and VISION-PET-SF, respectively. Cohort characteristics are pro-
vided in Table 1. The VISION-PET-SF patients had more visceral
metastasis than VISION-PET-E patients (58.6% vs. 25.4%, P ,

0.001). The median number of cycles was lower for VISION-PET-SF
patients than for VISION-PET-E patients (2 cycles [interquartile range,
2–3] vs. 3 [interquartile range, 2–4], P5 0.010).
In the VISION-PET-SF group, 8 (2.7%) and 21 (7.0%) of 301

men were deemed to have low–PSMA-expressing or PSMA-negative
lesions, respectively (summary images of these 29 patients are pro-
vided in Supplemental Figs. 1–29). The PSMA-negative lesions were
in lymph nodes (n5 7), bone (n5 1), and visceral organs (liver,
n5 4; lung, n5 5; pleura, n5 2; brain, n5 1; and muscle, n5 1).
Our cohort of VISION-PET-E patients was fairly comparable to

the cohort included in the VISION trial (analysis set used for imag-
ing-based PFS, Supplemental Table 3) (1). However, the treatment
history differed. All VISION patients had been treated with a regi-
men of androgen receptor signaling inhibitor and taxane. In contrast,
94.5% and 80.1% of the current cohort underwent androgen receptor
signaling inhibitor therapy and chemotherapy before MRT, respec-
tively. Nevertheless, the PSA response and OS were comparable
between the 2 cohorts ($50% PSA decline, 50.3% vs. 46.0%; any

PSA decline, 71.3% vs. 71.5%; OS, 14.2
mo vs. 14.6 mo).
The median follow-up time was 22.5 mo

(interquartile range, 12.5–29.2 mo; range,
2.1–62.3 mo). The outcomes of the
VISION-PET-E and VISION-PET-SF
patients are shown in Table 2. The
VISION-PET-SF patients had a signifi-
cantly worse rate of $50% PSA decline,
any PSA decline, and median PSA PFS
than the VISION-PET-E patients. Although
not statistically significant, median OS was
4.6 mo shorter in the VISION-PET-SF
patients (Fig. 3).
In the VISION-PET-SF patients, the pa-

tients with PSMA-negative lesions (n5 21)
had a shorter OS than those with low PSMA
expression (n5 8) (Supplemental Table 4).
However, there was no statistical difference
in $50% PSA decline, any PSA decline,
and median PSA PFS between the patients
with PSMA-negative lesions and those with
low PSMA expression (Fig. 4).

DISCUSSION

The VISION trial used PSMA PET as
a biomarker to select patients for 177Lu-
PSMA therapy. The VISION-PET-SF rate
was “only” 12.6% (126/1,003) (1). There-
fore, some have argued that the trial could
have been positive even in an unselected
population (2).
Here, we report that the VISION-PET-

SF patients had worse outcomes than the

FIGURE 2. Baseline PSMA PET maximum-intensity projection (A), CT image (B), and PSMA PET/CT
image (C) of patient withmetastatic castration-resistant prostate cancer categorized as VISION-PET-SF
because of PSMA-negative lesion (i.e., PSMA-negative metastatic lesion: liver metastasis $ 1.0 cm,
uptake# liver). One liver metastasis (arrow) showed lower uptake (SUVmax, 4.1) than liver parenchyma
(SUVmax, 6.3).

FIGURE 1. Baseline PSMA PET
maximum-intensity projection of pa-
tient with metastatic castration-resis-
tant prostate cancer categorized as
VISION-PET-SF because of low
PSMA expression (i.e., no PSMA-
positive [.liver] metastatic lesion).
SUVmax of liver and highest-uptake
lesion were 9.6 and 6.4, respectively.
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VISION-PET-E patients in response to 177Lu-PSMA therapy. We
retrospectively identified a VISION-PET-SF rate of 9.6% in a
cohort of 301 patients who were nevertheless deemed VISION-
PET-E and treated with PSMA MRT on the basis of local assess-
ments. Eligibility for treatment was determined by the local clinical
investigators at each institution. The VISION PET criteria were
released in June 2021 and were not available at the time of initial treat-
ment. There are 2 main explanations for why patients with SF criteria
by VISION PET criteria were still treated with 177Lu-PSMA. First,
VISION-PET-SF patients with PSMA-negative lesions also had
PSMA-positive lesions. The local investigators may have considered
that these PSMA-positive lesions were sufficiently suggestive of a
treatment response. Second, in VISION-PET-SF patients with low
PSMA expression, the local investigators may have considered the
PSMA expression PET signal uptake as not sufficiently low to
exclude patients from treatment, as there was no consistently pre-
defined threshold to characterize PSMA positivity.
Our cohort did not include patients who were excluded upfront

from PSMA MRT by the local clinical investigators. The local SF
rate was estimated at around 10%–15% by contributing sites. Thus,
SF numbers in our cohort are underestimated and can range from
20% to 25% in unselected populations. Including these patients in the
analysis would further enhance the observed outcome differences.
Absent or low target expression limits the response to PSMA-

targeted therapies (5,6). However, the key driving parameter of patient
outcome seems to be the presence of PSMA-negative lesions that

TABLE 1
Patient Characteristics

Characteristic VISION-PET-E VISION-PET-SF P

n 272 29

Median age (y) 72 (range, 66–76) 73 (range, 65–76) 0.91

Median PSA (ng/mL) 116.6 (interquartile range,
28.4–340.0)

74.0 (interquartile range,
17.5–198.3)

0.069

Treatment history

Previous docetaxel 218 (80.1%) 25 (86.2%) 0.62

Second-line chemotherapy 95 (34.9%) 8 (27.6%) 0.54

Androgen receptor signaling inhibitor 257 (94.5%) 27 (93.1%) 0.67

Extent of disease on PSMA PET/CT

Number of metastases $ 20 194 (71.3%) 16 (55.2%) 0.089

Number of metastases , 20 78 (28.7%) 13 (44.8%)

Sites of disease on PSMA PET/CT

Node only (N1 or M1a) 21 (7.7%) 1 (3.4%) 0.71

Bone only (M1b) 60 (22.1%) 3 (10.3%) 0.23

Node 1 bone (M1b and [N1 or M1a]) 122 (44.9%) 8 (27.6%) 0.08

Viscera (any M1c) 69 (25.4%) 17 (58.6%) ,0.001

Number of cycles of 177Lu-PSMA received

1 38 (14.0%) 5 (17.2%) 0.065

2 68 (25.0%) 13 (44.8%)

3 37 (13.6%) 5 (17.2%)

4 91 (33.5%) 5 (17.2%)

.4 38 (13.9%) 1 (3.4%)

Median injected activity per cycle (GBq) 7.4 (interquartile
range, 5.7–8.9)

7.4 (interquartile
range, 6.0–8.5)

0.30

TABLE 2
Outcomes of VISION-PET-E and VISION-PET-SF Patients

Outcome
VISION-
PET-E

VISION-
PET-SF P

n 272 29

$50% PSA decline

n 131 (50.3%) 6 (20.7%) 0.005

Odds ratio 1 0.28 (95%CI,
0.11–0.71)

0.007

Any PSA decline

n 194 (71.3%) 12 (41.4%) 0.003

Odds ratio 1 0.28 (95%CI,
0.13–0.62)

,0.001

PSA PFS

Median months 4.9 (95%CI,
4.0–5.8)

2.1 (95%CI,
1.4–3.3)

0.023

Hazard ratio 1 1.6 (95%CI,
1.1–2.5)

0.025

OS

Median months 14.2 (95%CI,
12.6–15.9)

9.6 (95%CI,
4.7–14.0)

0.16

Hazard ratio 1 1.4 (95%CI,
0.89–2.3)

0.16
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respond poorly to PSMA-targetedMRT and drive the prognostic of the
patient (7,8). These lesions can be better identified with 18F-FDG PET
than with conventional imaging, as illustrated by the higher PSA
response rates and PSA PFS observed in the Australian trials that used
18F-FDGPET in addition to PSMAPET for patient selection (9).
Our results highlight the importance of using baseline PSMA

PET/CT to identify patients unlikely to respond to PSMA-targeted
therapies and stratify them toward other treatment options. How-
ever, the best management of patient with PSMA-negative lesions
or with low–PSMA-expressing disease is unknown. Combination
with stereotactic body radiation therapy to the largest or most gly-
colytic (i.e., aggressive) or non–PSMA-expressing lesions together
with PSMA-targeted MRT may be one effective synergistic thera-
peutic approach. Use of this approach alternatively or in combination
with other non–PSMA-targeted systemic therapies may be required.
Refinements in patient selection for PSMA MRT are needed to

optimize patient outcomes. More comprehensive phenotyping via
PET imaging may provide the road map to such refinements. Not
characterizing target expression before PSMA-targeted treatment

appears now nonethical, as a predictive whole-body imaging bio-
marker for response to PSMA-targeted therapies is available.

CONCLUSION

Patients with low or no PSMA-expressing lesions as assessed by
PSMA PET/CT have a poor response profile to 177Lu-PSMA ther-
apy. Refinements in patient selection for 177Lu-PSMA are needed to
optimize patient outcomes.
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FIGURE 4. Kaplan–Meier curves of PSA PFS (A) and OS (B) comparing patients with low PSMA expression and PSMA-negative lesion. HR 5 hazard
ratio.
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KEY POINTS

QUESTION:What is the outcomeof patientswhowould have been
VISION-PET-SF andwhowere still treatedwith 177Lu-PSMA therapy?

PERTINENT FINDINGS: The patients who were VISION-PET-SF
showed worse outcomes after 177Lu-PSMA therapy than those
who were VISION-PET-E.

IMPLICATIONS FOR PATIENT CARE: Pretherapy PSMA PET/CT
is a biomarker of target expression that helps to predict patient
response to 177Lu-PSMA therapy. Refinements in patient selection
for 177Lu-PSMA are needed to optimize patient outcomes.
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