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Prostate cancer is the most common cancer diagnosis in men in
the United States and a leading cause of cancer-related morbidity
and mortality (1). It can exist along a wide spectrum of aggressive-
ness and severity, from indolent, very-low-risk, localized prostate
cancer to life-threatening, very-high-risk, metastatic prostate cancer.
For a newly diagnosed patient in a given clinical state, especially
early in the disease, the spectrum of appropriate therapeutic options
may range from no intervention to multimodality therapy. Accurate
assessment of the extent of disease (e.g., metastatic vs. localized
prostate cancer) is essential for guiding treatment decisions. Deci-
sion making for the clinical use of imaging and for the development
of new imaging technology can both be organized by the framing
principles outlined in Prostate CancerWorking group 3 (2).
Imaging plays a critical role in that assessment, which has tradi-

tionally been done in men at high risk for metastatic disease using a
99mTc-methylene diphosphate bone scan and CT (3). Significant
advances toward developing more sensitive imaging techniques
for detecting the extent of prostate cancer include PET radiopharma-
ceuticals. Although useful across a wide variety of cancer types,
18F-FDG PET has had limited applicability in prostate cancer staging
(4). Novel radiopharmaceuticals such as 18F-fluciclovine and choline
PET have been used increasingly in the biochemical recurrence
(BCR) setting but have limited specificity (5,6).

INTRODUCTION

Prostate-Specific Membrane Antigen (PSMA) PET
The increasing use of radiopharmaceuticals that target the

PSMA is based on growing scientific evidence that supports their

favorable imaging performance. Many PSMA-targeted imaging
agents are being evaluated, and 2 are currently approved by
the U.S. Food and Drug Administration: 18F-DCFPyL and
68Ga-PSMA-11. Additional agents are being evaluated in phase III tri-
als in the United States, including 18F-PSMA-1007 (NCT04239742
and NCT04487847), 18F-rhPSMA-7.3 (NCT04186819 and NCT0
4186845), 18F-CTT1057 (NCT04838626), 68Ga-PSMA-R2 (NCT0
3490032), and 64Cu-SAR-bisPSMA (NCT04868604). Although there
may be small differences between each radiopharmaceutical, there is
no evidence to date that one specific radiopharmaceutical has
improved diagnostic characteristics compared with another (7,8). For
the purpose of this appropriate use criteria (AUC) document, we will
treat all PSMA PET radiotracers as equivalent and refer to them as a
class (e.g., PSMA PET).

Safety and Dosimetry of PSMA PET
Given the subpharmacologic mass dose and high specific

activity administered, PSMA PET radiotracers, similar to
other radiopharmaceuticals, have an excellent safety profile. For
68Ga-PSMA-11, the proPSMA study showed no adverse events,
and a safety evaluation from 2 prospective multicenter trials
reported only minor changes in vital signs such as blood pressure
and heart rate, with no medical interventions required (9). A simi-
lar safety profile has been observed with 18F-DCFPyL, with no
adverse events attributable to the radiotracer reported from the
first-in-human trial (10).
The dosimetry for both 68Ga-PSMA-11 and 18F-DCFPyL is

comparable to that of other radiotracers in terms of whole-body
exposure (Table 1). 68Ga-PSMA-11 has a calculated effective dose
of 0.017 mSv/MBq, equating to 4.4 mSv for a 259 MBq (7 mCi)
injected dose, with the highest uptake organ being the kidney at
0.37 mGy/MBq (11). The total effective dose of 18F-DCFPyL per
mCi is similar to that of 68Ga-PSMA-11 per mCi, coming in at
0.011 mSv/MBq, equating to 4.3 mGy for an injected dose of
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370 MBq (10 mCi) (10,12). The highest exposure organ for
18F-DCFPyL is the kidney, with a dose of 0.123 mGy/MBq.
Although the differences in dosimetry partly dictate different
injected doses (generally 148–259 MBq [4–7 mCi] for
68Ga-PSMA-11 vs. 296–370 MBq [8–10 mCi] for 18F-DCFPyL),
those differences are also due to the different physical half-lives of
the radionuclides used (68 min for 68Ga vs. 109 min for 18F) (13).

PSMA PET Imaging Protocols and Reporting
The recommended imaging protocols for 68Ga-PSMA-11 and

18F-DCFPyL are similar. In short, the administered activity, based
on the prescribing information, is 111–259 MBq (3–7 mCi) for
68Ga-PSMA-11 and 296–370 MBq (8–10 mCi) for 18F-DCFPyL.
The uptake time for 68Ga-PSMA-11 is 50–100 min and for
18F-DCFPyL is 60 min. A helpful resource for PSMA-11 PET is
provided in the joint European Association of Nuclear Medicine
(EANM) and Society of Nuclear Medicine and Molecular Imaging
(SNMMI) procedure guidelines (14). Delayed imaging can be
valuable in patients with high bladder urine activity in selected
cases. Some sites use furosemide or oral hydration, which can be
useful in some cases to decrease bladder activity but is limited by
potential incontinency and patient compliance. Similarly, the use
of iodinated contrast in the urogram phase may be beneficial in
some cases, particularly for separating ureteric activity from small
nodal abnormalities and characterizing local recurrence (15).
PSMA PET can be performed with both PET/CT and PET/MRI,
although the added value of PET/MRI is yet to be delineated.
Overall, PSMA PET imaging from PET/MRI and PET/CT is
equivalent, with a possible improvement in local disease detection
with PET/MRI (16). The CT protocol may be devised according
to the clinical requirements, which may comprise low-dose CT
(for anatomic correlation and attenuation correction) or diagnostic-
dose CT with or without intravenous or oral contrast agents. As
with any new modality, training and experience is required to
appreciate normal patterns, pitfalls, and typical and atypical pat-
terns of disease spread. For reporting, E-PSMA standardized
reporting guidelines provide a consensus statement from a panel
of experts in structured reports to harmonize diagnostic interpreta-
tion criteria (17).

Consideration of Prognostic Factors in Patient Selection
Prostate cancer is segmented into discrete clinical states, which

now have regulatory recognition in the approval of both drugs and
imaging agents (2). Each state has specific risk-stratifying criteria
that have been validated for predicting not only state-to-state tran-
sitions, but also the risk of dying of disease. These disease-related
risks must account for the health and viability of the patient, as
comorbid disease (i.e., competing risks) in an older patient popula-
tion may represent more risk than prostate cancer.
For men with localized disease, risk stratification has long been

dependent on a variety of factors, including Gleason score/Grade
Group, pretreatment prostate-specific antigen (PSA), and local
extent of disease. One of the most commonly used is the D’Amico
risk model, which predicts the risk of biochemical failure after
definitive local therapy (18). Another approach has been to incor-
porate these factors into nomogram-based models for ease of clini-
cal use, which now exist for preoperative patients, postoperative
patients, and preradiation patients when newly diagnosed with
localized disease (19–21). More recently, genomic classifiers have
been introduced that can further risk stratify patients to refine risk
identification more granularly than prior risk models could, both

before primary therapy and in the postoperative setting, in deter-
mining the need for adjuvant or salvage treatment (22–25). Blood-
based tests of kallikrein levels can also offer robust predictions of
aggressive disease and distant metastases (26).
Risk stratification schema for biochemically relapsed patients

after definitive initial therapy have used characteristics such as
original distribution of disease, Gleason score/Grade Group, time
from primary therapy to BCR, PSA doubling time (PSADT), and
trigger PSA levels to predict freedom from disease, metastasis-
free survival, and overall survival (27–29). PSADT has been key
to understanding the likelihood of developing metastatic disease in
the rising PSA population who have relapsed while receiving
androgen deprivation therapy (ADT) (nonmetastatic castration-
resistant prostate cancer [nmCRPC or M0 CRPC]) (30). As large-
scale genomic profiling of patients with prostate cancer is now
standard in men with a history of familial genetic disorders, high-
grade disease, or metastatic disease, the implications of these find-
ings for the clinical course of those with DNA repair defects or
high microsatellite instability disease will need to be better defined
and ultimately incorporated into future prognostic models.
For the purpose of this AUC document, we have chosen to mir-

ror National Comprehensive Cancer Network (NCCN) definitions
for patients with localized disease and have chosen not to incorpo-
rate risk stratification into the selection of imaging for recurrent
patients. It is important that the individual patient factors described
above be incorporated into the decision about when to image
patients with PSMA PET.

PSMA PET and Stage Migration
Whether one uses the TNM staging system or the disease states

model, the presence of metastatic disease indicates a clinically dis-
tinct entity with clear clinical treatment and prognostic implica-
tions. However, the bedrock of clinical data that supports this
comes from less sensitive and specific techniques such as CT and
bone scintigraphy. The more sensitive and more specific PSMA
PET has introduced a lead-time bias known as the “Will Rogers
phenomenon” (31). This phenomenon happens when the disease
state of patients is reclassified on the basis of more sensitive tools
(31,32) and may happen with changes in staging classification sys-
tems (33). For example, PSMA PET M1 disease was detected in

TABLE 1
Dosimetry for 68Ga-PSMA-11 and 18F-DCFPyL

68Ga-PSMA-11 18F-DCFPyL

Organ

Kidneys (mSv/MBq) 0.371 0.123

Liver (mSv/MBq) 0.041 0.037

Spleen (mSv/MBq) 0.065 0.027

Bladder wall (mSv/MBq) 0.098 0.007

Dose

Effective dose (mSv/MBq) 0.017 0.011

Typical injected activity

MBq 259 370

mCi 7 10

Estimated effective dose
per scan (mSv)

4.4 4.3
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45% of early CRPC (PSA # 3 ng/mL) (34) and 55% of high-risk
nmCRPC (PSA . 2 ng/mL, PSADT # 10 mo or Gleason score
$ 8) (35,36). Merely identifying metastasis earlier with a more
sensitive measure can lead to longer survival with this newly
defined metastatic disease without affecting the natural history of
the patient. This lead-time bias affects prognostic values and limits
cross-trial comparisons that use different techniques unless there is
also a common set of tools used in the studies on which to anchor
the results (e.g., bone scintigraphy and CT).

Oligometastatic Disease and the Role of PSMA PET
Oligometastatic disease is defined as limited metastatic sites and

locations, with consensus publications recommending an upper
limit of either 3 or 5 lesions in up to 2 organ types (37–39). This
disease has long been recognized, but has recently been critically
scrutinized as an opportunity to change the natural history of meta-
static prostate cancer (37,40). For example, the STAMPEDE M1
RT trial has changed practice after finding that prostate irradiation
improves failure-free and overall survival in men with 3 or fewer
metastases on bone scan (41). Notably, the improved specificity of
PSMA PET may reclassify some oligometastatic bone scan find-
ings as false-positive and downstage patients with these findings
to M0 (42).
The advent of molecular imaging has allowed patients in BCR

to be reclassified as PET-oligometastatic. Several PET tracers
(18F-NaF, 11C-choline, and 18F-fluciclovine) are currently recom-
mended by the NCCN for imaging, although the guideline also
notes that “the Panel remains unsure of what to do when M1 is
suggested by these PET tracers but not on conventional imaging”
(43). 68Ga-PSMA-11 had higher detection rates than 18F-fluciclo-
vine did in a prospective trial of these 2 PET tracers (44), and with
U.S. Food and Drug Administration approval of PSMA PET,
PSMA radiopharmaceuticals are anticipated to be added to treat-
ment guidelines.
There has been increased interest in metastasis-directed therapy

(MDT), often ablative-dose radiation, to delay systemic therapy
with earlier detection of metastatic disease. The phase II STOMP
trial randomized men with BCR and 1–3 choline PET-detected
metastases to observation versus MDT, finding a significant
improvement in ADT-free survival and delay in development of
castration resistance with MDT (45). POPSTAR, a single-arm
pilot study, demonstrated a 48% 2-y freedom from ADT using
18F-NaF PET/CT to direct MDT (46). The ORIOLE trial, phase II
study reported a 6-mo progression-free survival (PFS) of 95%
with PSMA PET–guided MDT versus 62% with conventional
imaging–guided MDT (47). Recently developed larger randomized
phase III trials such as ECOG-ACRIN 8191 (NCT04423211),
PEACE-V (STORM, NCT03569241), VA STARPORT NCT047
87744, NCT04619069, PRESTO NCT04115007, and PILLAR
NCT03503344, which are evaluating the roles of MDT and ADT
for oligometastatic disease, rely on PET imaging for identification
of this new risk group and targeting of treatment.

PSMA PET and ADT
The expression of PSMA is known to be modulated by treat-

ments that inhibit the androgen receptor (AR). In patients with
hormone-sensitive metastatic prostate cancer, AR inhibition may
rapidly decrease PSMA expression in patients. However, in
patients with hormone-resistant disease, AR blockers such as
enzalutamide and bicalutamide may increase expression of
PSMA (48–51). Because of the complex modulation of PSMA

expression, the clinical use of PSMA PET imaging to evaluate
therapy response in the setting of ADT is not well defined. One
retrospective study showed that patients with BCR had a higher
detection rate while receiving ADT (52). Although assessment cri-
teria for response to systemic therapy were proposed, the clinical
impact of PSMA expression due to AR inhibition remains unclear
(53). Accordingly, the intensity of uptake alone should be used
with caution when assessing response to treatment.

Studies of PSMA-Targeted Radioligand Therapy That May
Affect Scenarios
Current clinical indications for PSMA PET primarily revolve

around the detection of metastatic disease at initial staging before
definitive therapy and at the time of BCR. PSMA PET can be
used as a biomarker for patient selection for PSMA-targeted radio-
ligand therapy (RLT). The results of the TheraP trial (54) and the
VISION trial (NCT03511664), as well as the potential subsequent
approval of 177Lu-PSMA-617, will support the use of PSMA
in patients with metastatic CRPC for the purpose of patient selec-
tion. Additional studies in earlier stages before chemotherapy
(PSMAfore NCT04689828, SPLASH NCT04647526, ARROW
NCT03939689) and in castration-sensitive prostate cancer (CSPC)
(PSMAddition NCT04720157, UpFrontPSMA) will further
expand the number of patients who may benefit from PSMA PET.
Optimal PSMA PET criteria for patient selection are not yet well
established and studies are warranted. 18F-FDG PET/CT may pro-
vide additional value in identifying 18F-FDG–positive, PSMA-
negative sites of disease (54).

METHODOLOGY

Workgroup Selection
The experts of the AUC workgroup were convened by the

SNMMI to represent a multidisciplinary panel of health-care pro-
viders with substantive knowledge of prostate cancer. In addition
to SNMMI members, international representatives from the Amer-
ican College of Nuclear Medicine (ACNM), American College of
Physicians (ACP), American Society of Clinical Oncology
(ASCO), American Urological Association (AUA), Australian and
New Zealand Society of Nuclear Medicine (ANZSNM), and
EANM were included in the workgroup. Sixteen physician mem-
bers were ultimately selected to participate and contribute to the
resulting AUC. A complete list of workgroup participants can be
found in Appendix A. Appendix B is a summary of definitions of
terms and acronyms, and Appendix C provides the disclosures and
conflicts of interest statement.

AUC Development
The process for developing AUC was modeled after the RAND/

UCLA Appropriateness Method (55,56) and included the develop-
ment of a list of common scenarios encountered in the manage-
ment of patients with prostate cancer, a systematic review of
evidence related to these scenarios, and the development of an
appropriateness score for each scenario using a modified Delphi
process. This process strove to adhere to the standards of the Insti-
tute of Medicine of the National Academies for developing trust-
worthy clinical guidance (57). The process included a systematic
synthesis of available evidence, individual and group ratings of the
scenarios using a formal consensus process, and AUC recommen-
dations based on final group ratings and discussions. Development
of these AUC based on traditional outcome measures would have
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been optimal, but a literature review did not find significant num-
bers of articles with this information.

Scope and Development of Clinical Scenarios (or Indications)
To begin this process, the workgroup discussed various poten-

tial clinical scenarios for which the use of PSMA PET might be
considered. The scope of this workgroup was to focus on the
appropriate use of PSMA PET, specifically for the diagnosis and
management of prostate cancer. For all scenarios, the relevant pop-
ulations were men of any age, race, or socioeconomic status who
had prostate cancer.
The workgroup identified 11 scenarios for patients with prostate

cancer. The scenarios are intended to be as representative of the
relevant patient population as possible for development of AUC.
The resulting AUC are based on evidence and expert opinion
regarding diagnostic accuracy and effects on clinical outcomes
and clinical decision making as applied to each scenario. Other
factors affecting the AUC recommendations were potential
harm—including long-term harm that may be difficult to cap-
ture—costs, availability, and patient preferences.

Systematic Review
ASCO conducted a systematic review to develop a comprehen-

sive clinical practice guideline for optimum imaging strategies for
advanced prostate cancer, and the same systematic review was
used by this AUC workgroup (58). The inclusion and exclusion
criteria for papers for this review were based on the study parame-
ters established by the workgroup, using the PICOTS (population,
intervention, comparisons, outcomes, timing, and setting)
approach. A protocol for each systematic review defined parame-
ters for a targeted literature search. Additional parameters included
relevant study designs, literature sources, types of reports, and pre-
specified inclusion and exclusion criteria for the literature identi-
fied. The protocol for this guideline was reviewed and approved
by the ASCO Clinical Practice Guidelines Committee’s Genitouri-
nary Cancer Guideline Advisory Group. and the Cochrane Collab-
oration Library electronic databases (with or without meeting
abstracts) were searched for evidence that reported on outcomes of
interest. Since the publication of the ASCO clinical practice guide-
line (58), we have updated this review to include recent literature.

Rating and Scoring Process
In developing these AUC for PSMA PET, the workgroup mem-

bers used the following definition of appropriateness to guide their
considerations and group discussions: “The concept of appropri-
ateness, as applied to health care, balances the risk and benefit of a
treatment, test, or procedure in the context of available resources
for an individual patient with specific characteristics” (59).
At the beginning of the process, workgroup members convened

virtually to develop the initial scenarios. On evaluating the evi-
dence summary of the systematic literature review, the workgroup
further refined its draft clinical scenarios to ensure their accuracy
and facilitate consistent interpretation when scoring each scenario
for appropriateness. Using the evidence summary, workgroup
members were first asked individually to assess the benefits and
risks of PSMA PET for each of the identified scenarios and pro-
vide an appropriateness score for each scenario. After deliberate
discussion, each member independently provided a second round
of scores for each scenario. For each scenario, the mode numeric
score was determined and then assigned to the associated appropri-
ate use category. The results of second-round scoring continued to
indicate some difference of opinion among members about the

appropriateness of certain scenarios. Therefore, the workgroup
continued its deliberations and further clarified the criteria for
assigning the different scores before conducting a third round of
scoring, which reflected a consensus of scores. For this final scor-
ing round, the members were asked to include their expert opinion.
All members contributed to the final discussion, and no one was
forced into consensus. After the rating process was completed, the
final appropriate use ratings were summarized in a format similar
to that outlined by the RAND/UCLA Appropriateness Method.
The workgroup scored each scenario as “appropriate,” “may be

appropriate,” or “rarely appropriate” on a scale from 1 to 9. Scores
of 7–9 indicate that the use of the procedure is appropriate for the
specific scenario and is generally considered acceptable. Scores of
4–6 indicate that the use of the procedure may be appropriate for
the specific scenario. This implies that more research is needed to
classify the scenario definitively. Scores of 1–3 indicate that the
use of the procedure is rarely appropriate for the specific scenario
and is generally not considered acceptable.
As stated by other societies that develop AUC, the division of

these scores into 3 general levels of appropriateness is partially
arbitrary, and the numeric designations should be viewed as a con-
tinuum. In addition, if there was a difference in clinical opinion
for a particular scenario such that workgroup members could not
agree on a common score, that scenario was given a score of 5 to
indicate a lack of agreement on appropriateness based on the avail-
able literature and the members’ collective clinical opinion, indi-
cating the need for additional research.

CLINICAL SCENARIOS AND AUC SCORES

Clinical scenarios for the use of PSMA PET and final AUC
scores in patients with prostate cancer are presented in Table 2.

Initial Staging
PSMA PET imaging has a higher accuracy in the initial staging

evaluation of men with newly diagnosed prostate cancer than
conventional imaging (bone scan and CT) does. In the multicenter
randomized ProPSMA trial of conventional imaging versus
68Ga-PSMA-11 PET for staging of men with high-risk prostate
cancer, PSMA PET had a 27% greater accuracy than conventional
imaging did (60). In another study of men with high-risk prostate
cancer undergoing radical prostatectomy, 18F-DCFPyL PET/CT
demonstrated high specificity (median 97.9%) for detection of pel-
vic lymph node metastasis, although with a limited sensitivity of
40% (61). These data support the utility of using PSMA PET
imaging to facilitate accurate risk stratification in men with newly
diagnosed high-risk prostate cancer.
Scenario 1: Patients with suspected prostate cancer (e.g., high/

rising PSA levels, abnormal digital rectal examination results) to
evaluate for targeted biopsy and detection of intraprostatic tumor
(Score 3 – Rarely Appropriate). Currently, evidence is limited for
the use of PSMA PET for patients before the pathologic diagnosis
of prostate cancer. There may be some settings, for example,
when MRI results are inconclusive or biopsy results are negative
(62), in which further supportive evidence may emerge to support
the use of PSMA PET in this setting, although such evidence is
currently lacking. Moreover, because PSMA expression is highly
heterogeneous, in some cases, the results may be negative both in
primary tumors and metastases (63). The multicenter, prospective,
cross-sectional clinical trial PRIMARY will provide further evi-
dence on the added value of PSMA PET to multiparametric MRI
for detecting clinically significant prostate cancer in men
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undergoing initial biopsy for suspected prostate cancer (64). With
the current paucity of evidence in this clinical space, the panel rec-
ommended PSMA PET as rarely appropriate in this clini-
cal scenario.
Scenario 2: Patients with very-low, low-, and favorable

intermediate-risk prostate cancer (Score 2 – Rarely Appropriate).
The NCCN guidelines for prostate cancer stratify the initial risk
for clinically localized disease as very low, low, intermediate
(favorable, unfavorable), high, and very high on the basis of sev-
eral clinical and pathologic features (3). For very-low, low-, and
intermediate- (favorable) risk disease, imaging is generally not
indicated and may be considered only in certain circumstances.
Moreover, observation or active surveillance is often the preferred
initial management for patients with these risk levels, depending
on expected survival. In accordance with the NCCN guidelines,
the paucity of relevant evidence, and the morbidity and financial
cost associated with screening for clinically insignificant prostate
cancer, the panel recommended PSMA PET as rarely appropriate
in this clinical scenario.
Scenario 3: Newly diagnosed unfavorable intermediate-, high-

risk, or very-high-risk prostate cancer (Score 8 – Appropriate).
To align with the NCCN categories and because of the potentially
important role of imaging in depicting the extent of disease, the
panel decided to include unfavorable intermediate- along with
high-risk and very-high-risk categories in relation to the relevance
of PSMA PET. There is supportive evidence in this clinical setting
that PSMA PET is more informative than conventional imaging
and so may be considered the “new” conventional imaging. Pro-
spective trials of both 68Ga-PSMA-11 and 18F-DCFPyL have
demonstrated a sensitivity of 40% for PSMA PET for the detection
of pelvic node metastasis in comparison with pathology at the
time of radical prostatectomy and pelvic node dissection (65,66).
In addition, the proPSMA randomized trial compared PSMA PET
and conventional imaging for staging high-risk prostate cancer
before curative intent surgery or radiotherapy. PSMA PET was
more accurate than conventional imaging, with fewer equivocal

imaging results, lower radiation exposure to the patient, and
greater treatment impact (60). Moreover, a decision tree analysis
of the cost per accurate diagnosis demonstrated that PSMA PET/
CT was also less costly than conventional imaging for detection of
disease spread (67). In view of supportive high-level evidence, the
panel recommended PSMA PET as appropriate in this clini-
cal scenario.
Scenario 4: Newly diagnosed unfavorable intermediate-, high-

risk, or very-high-risk prostate cancer with negative/equivocal or
oligometastatic disease on conventional imaging (Score 8 –

Appropriate). The panel acknowledges that clinicians may continue
to use conventional imaging in their management algorithms and
that it will take some time before new-generation imaging such as
PSMA PET is adopted as first-line imaging. Randomized trials such
as ProPSMA have demonstrated the superiority of PSMA PET over
conventional imaging in staging high-risk localized prostate cancer.
PSMA PET may demonstrate sites of disease that are not identified
or are equivocal on conventional imaging. Moreover, because of the
higher sensitivity of PSMA PET, metastatic disease will be detected
earlier. In addition, oligometastatic disease as identified on conven-
tional imaging may in fact be polymetastatic disease, which can
have an impact on subsequent clinical management decisions (e.g.,
MDT vs. systemic therapy) (45,47). In keeping with the supportive
evidence in this clinical space, the panel recommended PSMA PET
as appropriate in this clinical scenario.
Scenario 5: Newly diagnosed prostate cancer with widespread

metastatic disease on conventional imaging (Score 4 – May Be
Appropriate). There is little evidence that PSMA PET adds addi-
tional value in the setting of known widespread metastatic disease
identified on conventional imaging, given that the detection of
additional disease sites will likely have no major clinical manage-
ment implications. A phase 3 trial on metastatic CSPC that com-
pares 177Lu-PSMA-617 and AR therapy is currently under way
(NCT04689828). Until approval of PSMA RLT in this setting is
obtained, the panel recommended PSMA PET as may be appropri-
ate for this clinical scenario.

TABLE 2
Clinical Scenarios for PSMA PET

Scenario no. Description Appropriateness Score

1 Patients with suspected prostate cancer (e.g., high/rising PSA levels, abnormal
digital rectal examination results) evaluated for targeted biopsy and detection
of intraprostatic tumor

Rarely appropriate 3

2 Patients with very-low, low-, and favorable intermediate-risk prostate cancer Rarely appropriate 2

3 Newly diagnosed unfavorable intermediate-, high-risk, or very-high-risk prostate
cancer

Appropriate 8

4 Newly diagnosed unfavorable intermediate-, high-risk, or very-high-risk prostate
cancer with negative/equivocal or oligometastatic disease on conventional
imaging

Appropriate 8

5 Newly diagnosed prostate cancer with widespread metastatic disease on
conventional imaging

May be appropriate 4

6 PSA persistence or PSA rise from undetectable level after radical prostatectomy Appropriate 9

7 PSA rise above nadir after definitive radiotherapy Appropriate 9

8 PSA rise after focal therapy of the primary tumor May be appropriate 5

9 nmCRPC (M0) on conventional imaging Appropriate 7

10 Posttreatment PSA rise in the mCRPC setting May be appropriate 6

11 Evaluation of response to therapy May be appropriate 5
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Biochemical Recurrence
BCR is experienced by about 40% of patients who undergo

local definitive therapy within 10 y of surgery (68). After success-
ful radical prostatectomy, the PSA level is anticipated to fall
to undetectable levels; otherwise, the condition is termed PSA
persistence. After prostatectomy, BCR is defined as a PSA rise of
$ 0.2 ng/mL measured at 6–13 wk after surgery and confirmed by
a second determination of the PSA level of . 0.2 ng/mL (69). In
patients who receive definitive radiation therapy, BCR is defined
as a PSA rise of $ 2 above the nadir achieved after radiotherapy,
regardless of ADT (70). BCR signals locally recurrent disease,
metastatic disease, or both. Accurate identification of disease sites
on imaging allows for the selection of an appropriate intervention.
The sensitivity of conventional imaging is limited in localizing

disease in many patients, with either falsely negative findings or
underestimation of disease burden, compared with that of new-
generation imaging techniques. Evidence for the utility of PSMA
PET in the setting of BCR is robust, including prospective studies
with 68Ga-PSMA-11 (44,71) and 18F-DCFPyL (72), which have
demonstrated high patient-level detection rates, positive predictive
values, and sensitivities for the localization of disease in the set-
ting of BCR after definitive therapy.
Scenario 6: PSA persistence or PSA rise from undetectable

level after radical prostatectomy (Score 9 – Appropriate). The
consensus was that PSMA PET should be used to localize disease in
patients with BCR or persistence after radical prostatectomy. There
was some debate about whether a PSA threshold should be used to
determine the time at which patients should be imaged with PSMA
PET, and it was decided that a threshold should not be defined. One
reason is that the absolute PSA value does not include consideration
of other risk factors for disease such as PSADT or genomic risk
scores. In addition, salvage treatments are often used at PSA values
below the standard AUA definition of BCR (69), and PSMA PET
has been shown to localize recurrent disease at lower PSA levels.
The panel agreed that patient-specific risk factors, as discussed
above, should determine whether or not PSMA PET should be con-
sidered. The high sensitivity of PSMA PET in localizing recurrent
disease has also been shown to significantly affect clinical manage-
ment (73–75). Trials are currently under way to determine whether
this change in management improves patient outcomes (76,77). The
panel recommended PSMA PET as appropriate in this clinical sce-
nario on the basis of high-quality supportive evidence.
Scenario 7: PSA rise above nadir after definitive radiotherapy

(Score 9 – Appropriate). The supportive evidence for this scenario
is similar to that presented for Scenario 6. Also similar to that for
Scenario 6, the group consensus was to not limit the utility of
PSMA PET to only BCR as defined by the ASTRO-Phoenix crite-
ria, because treatment of patients frequently occurs before the
threshold criteria for BCR is met. Additional patient-specific fac-
tors beyond the PSA level should be considered, including PSADT.
The panel recommended PSMA PET as appropriate in this clinical
scenario on the basis of high-quality supportive evidence.
Scenario 8: PSA rise after focal therapy of the primary tumor

(Score 5 – May Be Appropriate). There was significant debate
regarding this indication. Overall, it was acknowledged that there are
scarce data on using PSMA PET in this setting. In addition, after
focal therapy, it is unclear what the definition of biochemical failure
is, given that normal prostate parenchyma is present. Finally, as most
patients who are treated with focal therapies have low-grade disease,
it was not clear whether patients should be staged using PSMA PET.
Therefore, the panel was not fully supportive of this indication. They

recommended that the role of PSMA PET should be determined
from the initial risk stratification provided in indications 1–5.

Castration-Resistant Prostate Cancer
CRPC is defined as progressive disease despite low levels of

testosterone; it can exist with or without metastases. The modali-
ties available for assessment include bone scans to assess osseous
metastases and CT and MRI to assess nodal, soft-tissue, and vis-
ceral metastases. 18F-FDG PET scans are not recommended by
NCCN for staging prostate cancer but are recognized by the Cen-
ters for Medicare and Medicaid Studies as having a possible role
in assessing response to therapy in metastatic disease. Conven-
tional imaging is used when symptoms change, when there is a
change in systemic therapy to establish a new baseline, or to assess
response to therapy in addition to serum PSA levels. Assessing
response in bone-only disease continues to be challenging (58,78).
At this time, 18F-fluciclovine PET is not used in CRPC.
Many life-prolonging therapies have been approved in CRPC. For

patients with nmCRPC (M0 CRPC), 3 next-generation androgen axis
inhibitors (enzalutamide, apalutamide, and darolutamide) have been
approved (79–81). Several classes of drugs are available for meta-
static castration-resistant prostate cancer (mCRPC): hormonal agents
(enzalutamide and abiraterone), chemotherapies (docetaxel and caba-
zitaxel), immunotherapies (sipuleucel-T and pembrolizumab), poly(-
ADP-ribose) polymerase inhibitors (olaparib and rucaparib), and
223Ra dichloride for patients with bone-dominant disease. Radioli-
gand therapies such as 177Lu-PSMA-617 are likely to be approved
soon in this space. Optimum sequencing of these agents is unclear.
Overall, given that these therapies are systemic, the role of imaging is
to evaluate progression rather than localize metastatic disease.
Scenario 9: nmCRPC (M0) on conventional imaging (Score 7 –

Appropriate). PSMA PET has been studied in the M0 CRPC popu-
lation. Nearly all patients who were categorized as M0 CRPC on the
basis of conventional imaging had PSMA-positive disease and 55%
were categorized as M1 by PSMA PET (36). There was some discus-
sion by the panel regarding final scoring for this scenario, primarily
because it was unclear how PSMA PET would change management,
as all drugs approved in the M0 CRPC space are also approved for
the metastatic setting (79,80). Overall, there is an appreciation that
external beam radiation is being used to treat patients with oligometa-
static CRPC, with some preliminary data on its effectiveness (82);
therefore, PSMA PET is important for correctly characterizing dis-
ease in these patients. On this basis, the panel decided to support
PSMA PET as appropriate in this clinical scenario.
Scenario 10: Posttreatment PSA rise in the mCRPC setting

(Score 6 – May Be Appropriate). There was general consensus
that PSMA PET provides improved staging in patients with
mCRPC compared with that of conventional imaging, but it was
unclear how this improved staging would result in improved man-
agement of patients with metastatic disease demonstrated on con-
ventional imaging. Although the panel acknowledged the role of
MDT in the M0 CRPC population in Scenario 9, in the mCRPC
setting, this role was less clear.
The VISION trial, which randomized PSMA RLT to the best

standard of care, showed that radiographic PFS was improved to
8.7 mo with PSMA RLT versus 3.4 mo for standard of care (haz-
ard ratio 0.40), with an associated improvement in overall survival
(15.3 vs. 11.3 mo, respectively, hazard ratio 0.62) (83). The
TheraP trial (PSMA RLT vs. cabazitaxel) demonstrated that
PSMA RLT was associated with higher PSA response, longer
PFS, and fewer grade 3 or 4 adverse events than with cabazitaxel
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(54). With the anticipated approval of PSMA-based RLTs, given
the results of the VISION study, PSMA PET will likely have an
important role in this disease setting, and the scoring of this indi-
cation will then be revisited. However, at this time, the panel rec-
ommended PSMA as may be appropriate for this clinical scenario.
Scenario 11: Evaluation of response to therapy (Score 5 – May

Be Appropriate). The panel agreed that data are limited regarding
how PSMA PET should be used for response assessment.
Although there are preliminary response assessment criteria (84),
they have not been validated in clinical trials. With the approval of
PSMA-based RLTs, PSMA PET may have an important role in
assessing response. Also important is that therapies that target the
androgen axis affect PSMA expression, which may not correlate
with response, confounding the ability for PSMA PET to be used
as a response biomarker (51,85). The effect of various other cur-
rent and emerging therapies on PSMA expression will also need
additional studies. At this time, the panel recommended PSMA as
may be appropriate for this clinical scenario.

BENEFITS AND HARMS OF IMPLEMENTING THE
AUC GUIDANCE

Some providers have raised the concern that AUC for medical
imaging might inappropriately limit access to health-care services
(86). For example, several authors of papers included in our metaa-
nalysis suggested that the AUC might lead to denial of reimburse-
ment for needed imaging services because of incomplete AUC or
lack of strong evidence for a particular procedure (87). It is hoped
that besides providing recommendations for the appropriate use of
PSMA PET, this document will demonstrate gaps in the literature
and subsequently encourage new investigations to address these gaps.
Integration of AUC into clinical decision support tools can

assist health-care providers and offer a way to track comparisons
between the AUC model and the payer’s reimbursement policy
(87,88). Ultimately, this may lead to a more efficient approval pro-
cess for advanced diagnostic imaging procedures, including radiol-
ogy and nuclear medicine procedures, saving time and effort for
the referring provider and the imaging facility. However, the diffi-
cult task of writing AUC for all scenarios and keeping the AUC
current remains a large obstacle to the effective use of the clinical
decision support model.

QUALIFYING STATEMENTS

Study/Evidence Limitations
Although a large body of literature focuses on PSMA PET, the

workgroup found the body of medical literature regarding the use
of PSMA PET to be limited when rigorous inclusion criteria were
applied to the systematic literature review. Most articles did not
use pathologic findings or patient follow-up to assess accuracy,
and so sensitivity and specificity measurements were often limited.
Information was also scarce on the role of PSMA PET in patients
with low-grade disease at initial staging and in patients with
CRPC. In addition, little data were available on how PSMA PET
can be used to predict and evaluate response to RLT. Preliminary
studies have shown that PSMA PET patterns are prognostic of out-
come after radical prostatectomy (89,90), after stereotactic radiation
therapy (SRT), or after oligo-MDT (91). Prospective randomized
studies powered for clinical outcome that use PSMA PET will give
guidance to clinicians on how to act on the PSMA PET information.
PSMA PET may improve patient outcomes by better definition of
the extent and location of the disease (treatment planning), but more

important, by acting as a biomarker tool for patient selection for spe-
cific treatment. The positive randomized trial EMPIRE-1 (standard
salvage radiotherapy vs. fluciclovine PET-based SRT) provides
some evidence that patient selection and treatment planning-based
PET imaging can improve patient clinical outcome (76). Similar or
even superior results can be expected with PSMA PET. Several ran-
domized studies are ongoing for initial therapy (NCT04457245 and
NCT04557501), salvage therapy (NCT03582774, NCT035252880,
and NCT04794 777), FACBC-based versus PSMA-based SRT
(NCT03762759), and oligometastatic-directed therapy (standard sys-
temic therapy vs. systemic therapy 1 PSMA-based oligo-MDT) in
CSPC (NCT04787744, NCT04619069, NCT04115007) and CRPC
(NCT03503344).

Implementation of This AUC Guidance
SNMMI has been working with several other medical specialty

societies to develop broad-based multidisciplinary clinical guid-
ance documents. This collaboration should foster the acceptance
and adoption of this guidance by other specialties.
SNMMI has developed a multipronged approach to disseminate

the AUC for PSMA PET in prostate cancer to all relevant stake-
holders—referring physicians, nuclear medicine physicians, and
patients. The dissemination and implementation tactics will be a
mix of outreach and educational activities and will be targeted to
each of these audiences.
SNMMI will create detailed case studies for its members and

for referring physicians and make them available via online mod-
ules and webinars. These cases will cover the appropriate clinical
scenarios for the use of PSMA PET, as well as some cases in
which the results of PSMA PET are equivocal.
Related resources such as the systematic review supporting the

development of these AUC, a list of upcoming education events
on these AUC, factsheets, and other didactic materials will be
made available on the SNMMI webpage dedicated to the PSMA
PET AUC. Live sessions will be held at the SNMMI annual and
midwinter meetings, as well as at the relevant societal meetings of
referring physicians, to highlight the importance of these AUC.
SNMMI also aims to create a mobile application for the PSMA

PET AUC for both Apple and Android platforms. Mobile applica-
tions are becoming increasingly popular in the health-care industry
and can be used to distribute updates to all users.
In addition to these activities, SNMMI will undertake patient-

focused outreach to provide education on how AUC can play an
invaluable role in achieving a more accurate diagnosis.
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APPENDIX B: SUMMARY OF DEFINITIONS OF TERMS
AND ACRONYMS

ACNM: American College of Nuclear Medicine
ACP: American College of Physicians
ADT: androgen deprivation therapy
ANZSNM: Australian and New Zealand Society of Nuclear

Medicine
AR: androgen receptor
ASCO: American Society of Clinical Oncology
AUA: American Urological Association
AUC: appropriate use criteria
BCR: biochemical recurrence
CRPC: castration-resistant prostate cancer
CSPC: castration-sensitive prostate cancer
CT: computed tomography
EANM: European Association of Nuclear Medicine
E-PSMA: EANM standardized reporting guidelines for

PSMA-PET
18F-FDG: 18F-fluorodeoxyglucose
M0 CRPC: nonmetastatic castration-resistant prostate cancer
mCRPC: metastatic castration-resistant prostate cancer
MDT: metastasis-directed therapy
MRI: magnetic resonance imaging
NCCN: National Comprehensive Cancer Network
nmCRPC: nonmetastatic castration-resistant prostate cancer
PET: positron emission tomography
PFS: progression-free survival
PICOTS: population, intervention, comparisons, outcomes,

timing, and setting
PSA: prostate-specific antigen
PSADT: prostate-specific antigen doubling time
PSMA: prostate-specific membrane antigen
RLT: radioligand therapy
SNMMI: Society of Nuclear Medicine and Molecular Imaging
SRT: stereotactic radiation therapy
TNM: tumor, node, metastasis
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