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Impact of 68Ga-PSMA-11 PET on the Management of
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Single-Arm Clinical Trial
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Spencer C. Behr 4, I-Wei K. Wu4, Courtney Lawhn-Heath4, Miguel H. Pampaloni4, Robert E. Reiter5,
Matthew B. Rettig5,6, Jeannine Gartmann1, Vishnu Murthy4, Roger Slavik1, Peter R. Carroll7, Ken Herrmann1,2,
Jeremie Calais1, and Thomas A. Hope4

1Ahmanson Translational Theranostics Division, Department of Molecular and Medical Pharmacology, UCLA, Los Angeles,
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Prostate-specific membrane antigen (PSMA) ligand PET induces

management changes in patients with prostate cancer. We aim

to better characterize the impact of 68Ga-PSMA-11 PET (68Ga-
PSMA PET) on management of recurrent prostate cancer in a

large prospective cohort. Methods: We report management

changes after 68Ga-PSMA PET, a secondary endpoint of a pro-

spective multicenter trial in men with biochemical recurrence of
prostate cancer. Pre-PET (Q1), post-PET (Q2), and posttreatment

(Q3) questionnaires were sent to referring physicians recording

site of recurrence and intended (Q1 to Q2 change) and imple-
mented (Q3) therapeutic and diagnostic management. Results:
Q1 and Q2 response was collected for 382 of 635 patients (60%,

intended cohort), and Q1, Q2, and Q3 response was collected for

206 patients (32%, implemented cohort). An intended manage-
ment change occurred in 260 of 382 (68%) patients. The intended

change was considered major in 176 of 382 (46%) patients. Major

changes occurred most often for patients with prostate-specific

antigen of 0.5 to less than 2.0 ng/mL (81/147, 55%). By analysis
of stage groups, management change was consistent with PET

disease location, that is, a majority of major changes toward

active surveillance (47%) for unknown disease site (103/382,

27%), toward local or focal therapy (56%) for locoregional dis-
ease (126/382, 33%), and toward systemic therapy (69% M1a;

43% M1b/c) for metastatic disease (153/382, 40%). According

to Q3 responses, the intended management was implemented in
160 of 206 (78%) patients. In total, 150 intended diagnostic tests,

mostly CT (n 5 43, 29%) and bone scans or 18F-NaF PET (n 5 52,

35%), were prevented by 68Ga-PSMA PET; 73 tests, mostly bi-

opsies (n 5 44, 60%) as requested by the study protocol, were
triggered. Conclusion: According to referring physicians, sites

of recurrence were clarified by 68Ga-PSMA PET, and disease
localization translated into management changes in more than

half of patients with biochemical recurrence of prostate cancer.
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PET using 68Ga-labeled ligands of the prostate-specific mem-
brane antigen (PSMA) stages prostate cancer with high accuracy

(1,2). Among other factors, disease location and extent critically

guide management of recurrent prostate cancer (3,4).
The impact of 68Ga-PSMA-11 PET (68Ga-PSMA PET) on the

management of biochemically recurrent prostate cancer has

been assessed in several retrospective studies or smaller pro-

spective cohorts (5–8). A recent metaanalysis investigating the

impact of 68Ga-PSMA PET on management at primary staging

or biochemical recurrence reported management changes in

approximately half of patients but found considerable hetero-

geneity among trials depending on prostate-specific antigen

(PSA) level, PET positivity, and type-of-change definition

(9). Overall, common management pathways and their associa-

tion with PSA or 68Ga-PSMA PET stage have not been charac-

terized in a large prospective patient cohort yet.
Our recent prospective multicenter trial confirmed high de-

tection rates, positive predictive value, and interreader repro-

ducibility along with favorable safety for 68Ga-PSMA PET in

635 patients with biochemically recurrent prostate cancer (10–

12). Here, we assess the impact of 68Ga-PSMA PET on the di-

agnostic and therapeutic management of biochemically recurrent

prostate cancer, a secondary endpoint of this trial. To identify

management pathways, the intended and implemented manage-

ment change was determined for different stage groups, defined

by 68Ga-PSMA PET.
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MATERIALS AND METHODS

Study Design

Patients were recruited at the University of California, Los Angeles
(UCLA) (NCT02940262), and the University of California, San

Francisco (UCSF) (NCT03353740) (10). In brief, patients with his-

topathologically confirmed prostate adenocarcinoma and biochemi-

cal recurrence were eligible. Biochemical recurrence was defined as

a PSA of 0.2 ng/mL or higher measured more than 6 wk after

prostatectomy or a PSA rise of 2 ng/mL or higher above nadir after

radiation therapy.

68Ga-PSMA PET

The imaging procedure was reported previously (10). In brief, all
patients underwent 68Ga-PSMA PET/CT or PET/MRI in accor-

dance with present imaging guidelines (13). Images were interpreted

by local clinical reading and, for the study report, additionally by

3 masked readers using an image-based TNM staging system

(PROMISE) following regions for recurrence: prostate, prostate

bed, and seminal vesicle remnants (Tr), pelvic lymph nodes (N1)

(internal iliac, obturator, external iliac, perirectal, presacral, com-

mon iliac, and other), extrapelvic lymph nodes (M1a) (retroperito-

neal, inguinal, chest, and other), bone (M1b), and visceral organs

(M1c) (14).

Management

Figure 1 illustrates patient flow and physician surveys. To assess

change in intended management after 68Ga-PSMA PET, referring

physicians received a pre-PET questionnaire (Q1, Supplemental

Fig. 1; supplemental materials are available at http://jnm.snmjournals.org)

on scheduling of the patient and a post-PET questionnaire (Q2, Supple-

mental Fig. 2) along with the written 68Ga-PSMA PET report and a digital

video disc with PET/CT or PET/MR images. In Q1, referrers were asked

to indicate their pre-PET site of recurrence, which diagnostic tests they

would order, and their currently intended management if 68Ga-PSMA

PET were not available. In Q2, referrers were asked again to indicate

post-PET site of recurrence and their intended management based on the

current clinical work-up, including 68Ga-PSMA PET/CT or PET/MRI.

Additionally, they were asked whether 68Ga-PSMA PET enabled them

to avoid or triggered any test or procedure. As part of follow-up, referring

physicians received a 3- to 6-mo follow-up questionnaire (Q3, Supple-

mental Fig. 3) asking whether the intended management noted on Q2 was

implemented.

Intermodality changes were considered major changes, with the

exception of adjuvant androgen deprivation therapy added to or

removed from local therapy, which was considered a minor change.

Furthermore, we considered a switch of systemic treatment (i.e.,

modality abiraterone/enzalutamide to chemotherapy) as a major

change. Otherwise, intramodality changes were regarded as minor

changes. A detailed description of change categories can be found in

Supplemental Table 1.

This study was approved by local institutional review boards at
the UCSF and the UCLA, and written informed consent was

obtained from all patients. Trial data were collected in a central

REDCap database. Descriptive statistics were used to analyze and

present data. All analyses were performed using R statistics (R,

version 3.4.0).

RESULTS

Baseline Characteristics

Of the 635 (60%) patients, 382 had complete Q1 and Q2
surveys (intended management cohort). Complete Q1, Q2, and

Q3 surveys were available for 206 patients (32%, implemented
management cohort).
Baseline characteristics of the intended management cohort are

summarized in Table 1. Before 68Ga-PSMA PET, referring phy-
sicians responded that the location of disease was unknown in
262 of 382 patients (68%); 64 of 382 (17%) patients had locore-
gional disease, and 56 of 382 (15%) patients had metastatic
disease.

Site of Recurrence and Intended Management Change

Figure 2 illustrates survey-based site of recurrence and intended
management changes (Q1/Q2) stratified by 68Ga-PSMA PET dis-
ease stage groups.
In the subgroup with no lesion localization by 68Ga-PSMA PET

(103/382, 27%), referring physicians reported an unknown disease
location for 63 of 103 (61%; 219% change from baseline) pa-
tients according to the Q2 survey. Major change was recorded for
38 of 103 (37%) patients, with the largest subgroup (18/38, 47%)
changing to intended active surveillance.
In the subgroup with locoregional disease by 68Ga-PSMA PET

(126/382, 33%), referring physicians reported suspicion of locore-
gional disease in 91 of 126 (72%; 151% change from baseline)
patients according to the Q2 survey. A major change was recorded
in 61 of 126 (48%) patients, with the largest subgroup being
intended for local treatment options (34/61, 56%).
In the subgroup with extrapelvic nodal metastatic disease (M1a)

according to 68Ga-PSMA PET (64/382, 17%), referring physicians
reported suspicion of metastatic disease in 37 of 64 (58%; 141%
change from baseline) patients after PET. A major change was
recorded in 31 of 64 (48%) patients, with the largest group shifting
toward systemic therapy (20/31, 65%) after PET.
In the subgroup with osseous (n5 85, M1b) or visceral metastatic

(n 5 4, M1c) disease by 68Ga-PSMA PET, referring physicians
reported suspicion of metastatic disease in 65 of 89 (73%; 137%

FIGURE 1. Patient flow and study design.
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change from baseline) patients after PET. A major change in
intended management occurred in 46 of 89 (52%) patients, with
the largest groups being intended for either focal (15/46, 33%) or
systemic (20/46, 43%) therapy after PET.
The rate of major change was different for the predefined PSA

ranges: 39% for less than 0.5 ng/mL (n5 85), 58% for 0.5 to less
than 1.0 ng/mL (n 5 57), 53% for 1.0 to less than 2.0 ng/mL
(n 5 90), 45% for 2.0 to less than 5.0 ng/mL (n 5 96), and 35%
for 5.0 ng/mL or more (n5 54) as demonstrated in Supplemental
Figure 4.
The rate of major change was different among patients with

previous prostatectomy, radiotherapy, or both (Table 2). The highest

proportion of management changes was observed in patients having
had both (57%). The intended management change (Q1/Q2) was
not considerably different among patients currently undergoing ver-
sus not undergoing androgen deprivation therapy.

Triggered or Prevented Diagnostic Tests

Table 3 lists diagnostic tests planned before and prevented or
triggered after 68Ga-PSMA PET according to the referring physi-
cians. Before 68Ga-PSMA PET, referring physicians intended to
perform 443 tests on 382 patients. According to Q2, 150 tests were
prevented. One test was prevented in 45 of 382 patients (12%),
and multiple tests were prevented in 48 of 382 patients (13%).

TABLE 1
Characteristics of Intended (n 5 382) and Implemented Management Cohorts (n 5 206)

Characteristic Median Range Intended (n) Implemented (n)

Age (y) 70.1 43.8–95.3

Ethnicity/race

White American 333 (87%) 177 (86%)

Black or African American 8 (2%) 2 (1%)

Asian American 10 (3%) 4 (2%)

Other 14 (4%) 7 (3%)

Missing data 17 (5%) 15 (7%)

Initial therapy

Prostatectomy only 166 (44%) 86 (42%)

Radiotherapy only 101 (26%) 50 (24%)

Prostatectomy and salvage radiotherapy 115 (30%) 70 (34%)

Other prior therapy

Local salvage therapy 56 (15%) 19 (9%)

Androgen deprivation therapy 145 (38%) 80 (39%)

Abiraterone/enzalutamide 11 (3%) 4 (2%)

Chemotherapy 12 (3%) 3 (1%)

Bone-targeted treatment 4 (1%) 1 (0%)

Other 24 (6%) 3 (1%)

Gleason score

,8 237 (62%) 125 (61%)

$8 112 (29%) 62 (30%)

Missing data 33 (9%) 19 (9%)

PSA

Intended cohort 1.86 0.05–425

Implemented cohort 1.75 0.2–425

PSA doubling time* 6.30 0.43–5,018

,6 mo 150 (39%) 83 (40%)

$6 mo 160 (42%) 94 (46%)

Missing data 72 (19%) 19 (9%)

Prior staging examination within 6 mo of 68Ga-PSMA PET

Negative for prostate cancer 101 (26%) 56 (27%)

Positive for prostate cancer 46 (12%) 24 (12%)

Equivocal 25 (7%) 14 (7%)

None 210 (55%) 112 (54%)

*In accordance with Pound et al. (22).
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Mostly bone scans or 18F-NaF PET (52/150 tests, 35%) and CT
scans (43/150 tests, 29%) were prevented by 68Ga-PSMA PET.

After 68Ga-PSMA PET, 73 diagnostic tests were triggered in 70

patients. One test was triggered in 67 of 382 patients (18%), and 2

tests were triggered in 3 of 382 patients (1%). Biopsies to confirm
68Ga-PSMA PET–positive sites of disease (44/73 tests, 60%) were

triggered most often.

Implemented Management

Management implementation rates are given in Table 4.
According to Q3 responses, the intended management was imple-

mented in 160 (78%) patients. The management was implemented

in 98 of 135 (72%) of patients with an intended change.

Continuation of the pre-PET management

was implemented in 62 of 70 (89%) pa-

tients. The implementation rate was consis-

tent and ranged from 66% to 78% for the

various management-change pathways

(Table 5).

DISCUSSION

For clinical impact, diagnostic tests need
to translate into relevant changes in man-
agement. Analyses of the National Onco-
logic PET Registry (NOPR) demonstrated a
change in management in 37% of cancer
patients after 18F-FDG PET and resulted in
18F-FDG PET reimbursement for a wide
range of indications in the United States
(15). However, a subanalysis of the NOPR
study revealed a somewhat lower rate of
change in management for prostate cancer
than for other entities, possibly because of
low 18F-FDG uptake and limited lesion de-
tection (16). Since NOPR completion, sev-
eral novel radiotracers have been introduced
for prostate cancer imaging. Of these, radio-
labeled PSMA ligands have been studied
extensively since their introduction. Re-
cently, a high positive predictive value, de-
tection rate, and interreader agreement were
reported for 68Ga-PSMA PET in a prospec-
tive multicenter trial (10). Here, we present
a NOPR-like survey-based impact on man-
agement data, a secondary endpoint of this
prospective study.

68Ga-PSMA PET resulted in a change in
management in more than half of patients
undergoing 68Ga-PSMA PET for localiza-
tion of biochemically recurrent prostate
cancer. Referring physicians frequently ac-
cepted the reported site of disease accord-
ing to Q2 surveys. Subsequent management
pathways were consistent with 68Ga-PSMA
PET disease locations; that is, local treat-
ment was considered more often for local
disease (54/126 patients, 44%), whereas
systemic disease was associated more of-
ten with an intended change toward sys-
temic or combination approaches (106/

153 patients, 69%). Our findings demonstrate that the accuracy
of 68Ga-PSMA PET translates into a change in disease stage and
management consistent with PET-positive sites of recurrent pros-
tate cancer.
After 68Ga-PSMA PET, the proportion of patients with un-

known sites of disease declined from about two thirds to one third
according to the referring clinicians. The 68Ga-PSMA PET disease
location was frequently accepted by referring physicians. Individ-
ual management pathways are diverse (Supplemental Fig. 5).
However, changes demonstrate detectable patterns: patients with-
out detectable disease by 68Ga-PSMA PET more often experi-
enced intended major deescalation toward active surveillance
(47%), whereas patients with locoregional disease had an intended

FIGURE 2. Summary of intended management change after 68Ga-PSMA PET. ? 5 unknown

stage.
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major transition toward focal therapy (56%). In cases of extrap-
elvic nodal disease (M1a), clinicians tended toward a major
change to systemic therapy (65%). In patients with bone metas-
tasis (M1b) or visceral metastasis (M1c), major systemic or
local treatment changes were most common (43% and 33%,
respectively).
Accurate localization of disease is a critical early step in the

management of patients with biochemical recurrence of prostate
cancer. Focal and salvage therapies need accurate target delinea-
tion. On the other hand, the presence of distant metastases may
trigger additional or alternative systemic therapy (3). Therefore, the
updated European Association of Urology guidelines recommend
68Ga-PSMA PET in biochemical recurrence after radical prostatec-
tomy if the results will influence subsequent treatment decisions (3).
In this study, major changes occurred most often in patients with a
PSA of 0.5 to less than 2.0 ng/mL. However, an impact on sub-
sequent treatment decisions occurred also in patients with undetect-
able or extensive disease. We further demonstrate that detectable
management pathways follow guideline recommendations: focal or
salvage therapy is offered for local disease, and systemic treatment
is recommended in cases of metastatic spread (3). Whether 68Ga-
PSMA PET–induced management changes translate into survival
benefits remains unknown. Prospective studies with long-term fol-
low-up are required to answer this question. With this intent, trials
investigating 68Ga-PSMA PET–guided therapy are currently under
way (17,18).
A previous study reported management changes based on

surveys and chart review in an initial UCLA cohort (n 5 101)
of the presented study (5). Systematic chart review confirms that
intended management changes frequently differ from imple-
mented changes based on subsequent diagnostic tests, tumor board
decisions, or patient preference (5). However, even when consid-
ering subsequent modification, the overall proportion of patients

experiencing a major implemented management change remains high
(5). In our expanded cohort (n 5 382), survey-based implemented
management differed from intended management in 22% of patients
overall; discrepancy was somewhat higher in patients with an
intended management change (38%). The proportion of manage-
ment change was similar in the biochemical failure cohort of a
recent Australian multicenter study finding altered management in
62% of patients (6). Similarly, Müller et al. found a 60% manage-
ment change in a retrospective cohort of recurrent prostate cancer
and, of note, a high response rate to subsequent focal therapy (19).
Overall, the impact on management was higher than reported in a
recent metaanalysis of 1,163 patients at primary diagnosis and bio-
chemical recurrence, with a change in management occurring in
54% of patients (95%CI, 47%–60%) (9). In this study, we report
in more detail how management pathways are associated with PET
stage, indicating that referring physicians have high confidence in
68Ga-PSMA PET findings.
One hundred fifty diagnostic tests were prevented by 68Ga-PSMA

PET, according to the survey response. Most of these were CT scans
(43 cases) or bone scans or 18F-NaF PET/CT (52 cases). The de-
cision to omit these diagnostic tests is in line with several studies
that demonstrated superior accuracy for 68Ga-PSMA PET when
compared with one or a combination of the prevented diagnostic
instruments for prostate cancer localization (8,12,20,21). Specifi-
cally, 68Ga-PSMA PET demonstrated superior detection sensitivity
when compared head-to-head with bone scanning or the recently
approved 18F-fluciclovine, especially at a PSA of 2 ng/mL or less
(20,21). Although more diagnostic tests were prevented than trig-
gered, the addition of 68Ga-PSMA PET increases the total diagnos-
tic work-up. On the other hand, at the time of enrollment, referring
physicians had little experience with 68Ga-PSMA PET, and some of
the diagnostic tests, including biopsies (44/382, 12%), were encour-
aged by the study protocol for lesion validation. Histopathologic

TABLE 3
Diagnostic Tests Triggered or Prevented After 68Ga-PSMA PET

Test type MRI CT PET

18F-NaF or

bone scan Biopsy Other Total

Tests planned before 68Ga-PSMA PET (Q1) 56 (13%) 77 (17%) 145 (33%) 144 (33%) 8 (2%) 13 (3%) 443

Tests prevented by 68Ga-PSMA PET (Q2) 16 (11%) 43 (29%) 17 (11%) 52 (35%) 18 (12%) 4 (3%) 150

Tests triggered after 68Ga-PSMA PET (Q2) 8 (11%) 7 (10%) 2 (3%) 5 (7%) 44 (60%) 7 (10%) 73

TABLE 2
Change in Intended Management Stratified by Previous Therapy and Hormone Status (n 5 382)

Previous therapy Hormone status

Change category

Prostatectomy

(n 5 166)

Prostatectomy 1
radiotherapy (n5 115)

Radiotherapy

(n 5 101)

No current ADT

(n 5 328)

Current ADT

(n 5 54)

Major change (n 5 176) 63 (38%) 66 (57%) 47 (46%) 150 (46%) 26 (48%)

Minor change (n 5 84) 46 (28%) 11 (10%) 27 (27%) 75 (23%) 9 (17%)

No change (n 5 122) 57 (34%) 38 (33%) 25 (27%) 103 (31%) 19 (35%)

ADT 5 androgen deprivation therapy
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validation resulted in a positive predictive value of 84% for
68Ga-PSMA PET both on a per-patient basis and on a per-re-
gion basis (10). As availability improves, by an increasing
number of clinical trials or an anticipated approval of PSMA
ligand PET, additional tests, especially potentially burdensome
biopsies, may be ordered less frequently in the future clinical
setting.
Although this study benefits from a large cohort, missing

questionnaires are a limitation to our study. More specifically,
Q1 and Q2 were completed for 60% of patients, and all 3
questionnaires were available for only 32% of patients. A
greater likelihood that proponents of new imaging technologies
would reply may have introduced a responder bias. Further-
more, information on implemented management was not
confirmed by file review, and a potential discrepancy between
intended and finally implemented management, reported pre-
viously (5), was not resolved. The low Q3 rate may be due to
the late request to respond, that is, 3–6 mo after 68Ga-PSMA
PET—disconnected from the PET report and outside typical
clinical timelines. Also, a more frequent Q3 response for
closely monitored or high-risk patients might have led to an
overestimation of the management implementation rate. On the
other hand, similar patient characteristics between the intended
and implemented management cohorts (Table 1) indicate no
relevant selection bias. Only a small proportion of patients
were African-American. This underrepresentation may have
led to a selection bias, and findings might not be entirely ap-
plicable to this ethnic group.

CONCLUSION

68Ga-PSMA PET findings were accepted by referring physicians
and induced management changes in more than half of patients with

biochemically recurrent prostate cancer. Management pathways
aligned with PET disease location: focal or salvage therapy for local

disease; systemic treatment for distant metastases. Future randomized

trials aim to evaluate the impact of management changes on onco-

logic outcomes.
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TABLE 4
Management Implementation (n 5 206)

Management change ImplementedNot implemented

Change intended (n 5 136) 98 (72%) 38 (28%)

No change intended (n 5 70) 62 (89%) 8 (11%)

TABLE 5
Management Implementation Details (n 5 206)

Change category Implemented Not implemented

Major change to
combination (n 5 16)

11 (69%) 5 (31%)

Major change to

local (n 5 34)

26 (76%) 8 (24%)

Major change to

surveillance (n 5 17)

11 (65%) 6 (35%)

Major change to

systemic (n 5 29)

19 (66%) 10 (34%)

Minor change (n 5 40) 31 (78%) 9 (22%)

No change (n 5 70) 62 (89%) 8 (11%)
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KEY POINTS

QUESTION: Does 68Ga-PSMA PET impact the management of

men with biochemically recurrent prostate cancer?

PERTINENT FINDINGS: We demonstrated that 68Ga-PSMA PET

findings were frequently accepted by referring physicians and

induced management changes in 260 of 382 (68%) patients with

biochemically recurrent prostate cancer. Furthermore, man-

agement pathways aligned with PET disease location: local

therapy was chosen more often for local disease; a change to-

ward systemic treatment was seen more often for distant

metastases.

IMPLICATIONS FOR PATIENT CARE: 68Ga-PSMA PET accu-

racy translates into a change in management for patients with

recurrent prostate cancer. The potential benefit of 68Ga-PSMA

PET–guided management now needs to be assessed in pro-

spective trials with oncologic outcome.
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