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Abstract
Prostate-specific membrane antigen (PSMA) is expressed by the majority of clinically significant prostate adenocarcinomas, and 
patients with target-positive disease can easily be identified by PSMA PET imaging. Promising results with PSMA-targeted radi-
opharmaceutical therapy have already been obtained in early-phase studies using various combinations of targeting molecules and 
radiolabels. Definitive evidence of the safety and efficacy of [177Lu]Lu-PSMA-617 in combination with standard-of-care has been 
demonstrated in patients with metastatic castration-resistant prostate cancer, whose disease had progressed after or during at least one 
taxane regimen and at least one novel androgen-axis drug. Preliminary data suggest that 177Lu-PSMA-radioligand therapy (RLT) also 
has high potential in additional clinical situations. Hence, the radiopharmaceuticals [177Lu]Lu-PSMA-617 and [177Lu]Lu-PSMA-
I&T are currently being evaluated in ongoing phase 3 trials. The purpose of this guideline is to assist nuclear medicine personnel, 
to select patients with highest potential to benefit from 177Lu-PSMA-RLT, to perform the procedure in accordance with current best 
practice, and to prepare for possible side effects and their clinical management. We also provide expert advice, to identify those clini-
cal situations which may justify the off-label use of [177Lu]Lu-PSMA-617 or other emerging ligands on an individual patient basis.
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Preamble

The Society of Nuclear Medicine and Molecular Imaging 
(SNMMI) is an international scientific and professional 
organization founded in 1954 to promote the science, tech-
nology, and practical application of nuclear medicine. The 
European Association of Nuclear Medicine (EANM) is a 
professional non-profit medical association that facilitates 
communication worldwide between individuals pursuing 
clinical and research excellence in nuclear medicine. The 
EANM was founded in 1985. SNMMI and EANM mem-
bers are physicians, technologists, and scientists special-
izing in the research and practice of nuclear medicine.

The SNMMI and EANM will periodically define new 
guidelines for nuclear medicine practice to help advance 
the science of nuclear medicine and to improve the quality 
of service to patients throughout the world. Existing prac-
tice guidelines will be reviewed for revision or renewal, 
as appropriate, on their fifth anniversary or sooner, if 
indicated.

Each practice guideline, representing a policy statement 
by the SNMMI/EANM, has undergone a thorough con-
sensus process in which it has been subjected to extensive 
review. The SNMMI and EANM recognize that the safe 
and effective use of diagnostic nuclear medicine imag-
ing requires specific training, skills, and techniques, as 
described in each document. Reproduction or modification 
of the published practice guideline by those entities not 
providing these services is not authorized.

These guidelines are an educational tool designed to 
assist practitioners in providing appropriate care for patients. 
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They are not inflexible rules or requirements of practice and 
are not intended, nor should they be used, to establish a legal 
standard of care. For these reasons and those set forth below, 
both the SNMMI and the EANM caution against the use of 
these guidelines in litigation in which the clinical decisions 
of a practitioner are called into question.

The ultimate judgment regarding the propriety of any spe-
cific procedure or course of action must be made by the phy-
sician or medical physicist in light of all the circumstances 
presented. Thus, there is no implication that an approach 
differing from the guidelines, standing alone, is below the 
standard of care. To the contrary, a conscientious practi-
tioner may responsibly adopt a course of action different 
from that set forth in the guidelines when, in the reasonable 
judgment of the practitioner, such course of action is indi-
cated by the condition of the patient, limitations of available 
resources, or advances in knowledge or technology subse-
quent to publication of the guidelines.

The practice of medicine includes both the art and the sci-
ence of the prevention, diagnosis, alleviation, and treatment of 
disease. The variety and complexity of human conditions make 
it impossible to always reach the most appropriate diagnosis 
or to predict with certainty a particular response to treatment.

Therefore, it should be recognized that adherence to 
these guidelines will not ensure an accurate diagnosis or a 
successful outcome. All that should be expected is that the 
practitioner will follow a reasonable course of action based 
on current knowledge, available resources, and the needs of 
the patient to deliver effective and safe medical care. The 
sole purpose of these guidelines is to assist practitioners in 
achieving this objective.

Introduction

Due to its overexpression in most clinically significant 
prostate adenocarcinomas, the prostate-specific membrane 
antigen (PSMA) is an important receptor for molecular tar-
geted imaging and therapy. [177Lu]Lu-PSMA-617 proved 
efficacy in a first phase 3 pivotal trial in patients post tax-
ane and one novel-generation androgen-axis targeting drug 
by demonstrating superiority compared to the standard-
of-care (usually a second novel-generation androgen-axis 
drug) for the co-primary endpoints of progression-free 
survival and overall survival and secondary endpoints, 
e.g., quality of life [1]. Consequently, the label obtained 
from the U.S. Food and Drug Administration (FDA) in 
March 2022 and the European Medicines Agency (EMA) 
in December 2022 only differ in detail and [177Lu]Lu-
PSMA-617 will most likely soon become a mainstay of 
radiopharmaceutical therapy.

Promising anti-tumor-activity has also been reported 
for the ligand [177Lu]Lu-PSMA-I&T. Academically driven 

studies and retrospective analyses reported that the phar-
macokinetics and dosimetry of [177Lu]Lu-PSMA-I&T and 
[177Lu]Lu-PSMA-617 are similar [2]. Likewise, protocols 
of the respective phase 3 trials that evaluate [177Lu]Lu-
PSMA-617 (NCT04689828) and [177Lu]Lu-PSMA-I&T 
(NCT04647526) in the taxane-naïve setting share a com-
mon design. Thus, currently, it appears reasonable to con-
sider both compounds broadly equivalent for the purpose of 
this 177Lu-PSMA-RLT procedure guideline. However, this 
guideline recognizes that the level of evidence available for 
[177Lu]Lu-PSMA-I&T is often inferior compared to [177Lu]
Lu-PSMA-617, but expects that this will be updated as novel 
phase 3 evidence becomes available.

In addition to [177Lu]Lu-PSMA-617 and [177Lu]
Lu-PSMA-I&T, various PSMA-targeted radiopharmaceu-
ticals based on different ligands or radionuclides are cur-
rently under clinical evaluation, e.g., [177Lu]Lu-J591 [3], 
[177Lu]Lu-DOTA-rosopatamab (NCT04876651), [177Lu]
Lu-rhPSMA-10.1 (NCT05413850), [225Ac]Ac-PSMA-617 
(NCT04597411), [225Ac]Ac-PSMA-I&T (NCT05219500), 
[225Ac]Ac-J591 (NCT03276572), [161 Tb]Tb-PSMA-I&T 
(NCT05521412), [131I]I-1095 (NCT03939689), [227Th]
Th-BAY2315497 (NCT03724747), and [67Cu]Cu-SAR-
bisPSMA (NCT04868604). It is not our objective to perform 
a rating of the clinical potential of these approaches since the 
available clinical evidence does not yet allow final conclu-
sions. Due to their different pharmacokinetics or radiation 
characteristics, these radiopharmaceuticals are not directly 
comparable and cannot be incorporated into this generic 
guideline for 177Lu-PSMA-RLT.

Purpose

The purpose of this guideline is to assist nuclear medicine 
practitioners in the following:

1.	 Identifying suitable candidates to receive 177Lu-PSMA-
RLT

2.	 Performing the treatment procedures
3.	 Understanding the consequences of therapy—i.e., clini-

cal follow-up, management of possible side-effects, 
response assessment

Definitions

1.	 177Lu: 177Lutetium is a medium-energy β-emitter. The 
electron energies (including β-particles and internal con-
version electrons) are mean/max 147 keV/497 keV and 
correspond to ranges of approx. 0.28 mm/1.8 mm in soft 
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tissue. Its physical half-life is 6.65 days. Gamma co-
emissions at 208 keV (emission probability 10.4%) and 
113 keV (6.2%) enables detection of contaminations and 
scintigraphy [4, 5].

2.	 PSMA: It is a transmembrane enzyme with a large extra-
cellular domain that is significantly over-expressed on 
the cell surface of approx. 85% (range 60–100% depend-
ing on the definition of PSMA-positive) of prostate 
adenocarcinomas [6, 7]. With the exception of hetero-
geneous PSMA expression in neuroendocrine dedif-
ferentiated prostate cancers [8], it positively correlates 
with grading, i.e., more aggressive tumors tend to have 
higher expression [9, 10]. Ligand-induced internaliza-
tion results in partial endosomal trapping of radiolabeled 
PSMA-ligands [11, 12].

3.	 RLT: In this guideline, the term radioligand therapy 
(RLT) is used for the low-molecular-weight (< 10 kDa), 
Glu-urea-based, PSMA-targeting ligands PSMA-617 
and PSMA-I&T, whenever the commentary is generic.

4.	 CRPC: Briefly, castration-resistant prostate cancer, 
either metastatic (m-prefix) or non-metastatic (nm-
prefix) by imaging, is defined by two consecutive PSA 
progressions (min. 2 weeks apart) to a 25% increase over 
nadir or appearance of new lesions on imaging, despite 
hormonal manipulation leading to testosterone serum 
levels < 50 ng/dl (< 1.7 nmol/l) [13].

Level of evidence/strength 
of recommendations

FDA or EMA labels typically rely solely on the protocols 
and investigator brochures of a few randomized clinical trials 
(RCTs) [1, 14–17]. Being based on highly standardized inclu-
sion criteria, RCTs do not necessarily reflect typical real-
world patients. Prostate cancer patients are often elderly and 
affected by several comorbidities that would preclude eligi-
bility for clinical trial involvement. Consequently, the results 
of RCTs may not be generalizable to their individual clini-
cal situation. To enable recommendations regarding clinical 
situations where final evidence from prospective RCTs does 
not exist, a review of the literature was done in December 
2021 by searching PubMed.gov for the terms “(PSMA) AND 
(Lu-177 OR 177Lu OR Lutetium-177) AND (therapy OR 
theranostics OR dosimetry)” and checking results for appro-
priateness. A similar search strategy and statistical meta-
analysis of the identified studies was performed recently 
[18, 19]. Clinical experience with PSMA-617 was reported 
in 53 non-randomized prospective studies and retrospective 
analyses reflecting > 3600 patients even if some overlap of 
patient cohorts is considered likely [20–72]; PSMA-I&T was 
assessed in 11 retrospective analyses reflecting approx. 600 
patients [2, 73–82]. ClinicalTrials.gov identified ongoing 

phase 3 trials, considered appropriate to amend important 
novel information within a foreseeable time. A tabular sum-
mary of the studies contributing clinical experience regard-
ing safety and anti-tumor-activity, sorted by PSMA-617 vs. 
PSMA-I&T and retrospective vs. prospective, is provided in 
the Annex Tables 1, 2 and 3.

If clinical evidence is available from multicenter RCTs 
with low risk of bias and confounding, a recommendation 
is classified as “strong” and should apply to most patients in 
the particular clinical situation. Meta-analysis and system-
atic reviews of case control or cohort studies or RCTs with 
moderate risk of bias lead to moderate-strong recommenda-
tions. A clinical benefit appears reasonable for subgroups 
of patients, but individual risk factors must be considered, 
respectively. This guideline classifies recommendations as 
“weak” if they are based on case control or cohort studies 
(higher risk of confounding or bias than RCTs) or studies 
that only indirectly demonstrate causal relationships. Even 
case report and expert opinion (based on personal clinical 
observation) are considered, if they are addressing clini-
cal important questions. However, in situations with only 
low quality of evidence available, the best action will likely 
depend on patient’s individual circumstances.

Indications

1.	 Patients with PSMA-positive mCRPC, who progressed 
under at least one novel androgen-axis drug (e.g., enza-
lutamide or abiraterone) and at least one taxane regimen 
(and are unfit for or refuse a second taxane regimen). 
Strong recommendation according to highest level of 
evidence: For this setting, the international phase-3 
RCT VISION demonstrated superiority of [177Lu]Lu-
PSMA-617 over the best standard-of-care (defined by 
physician’s choice) regarding safety, efficacy, and qual-
ity-of-life [1].

2.	 Patients with PSMA-positive mCRPC who progressed 
under at least one novel androgen-axis drug (e.g., enza-
lutamide or abiraterone) and docetaxel, but would still 
be possible candidates to receive cabazitaxel: strong rec-
ommendation based on a high level of evidence—for 
this setting, the 11 center phase-2b RCT TheraP dem-
onstrated higher response rates (biochemical, imaging), 
longer progression free survival at an equal median over-
all survival, an increased number of long-term respond-
ers at 12 months, better patient-reported outcome in 
multiple domains, and a reduced number of grade 3/4 
toxicities of [177Lu]Lu-PSMA-617 compared to cabazi-
taxel [14].

3.	 Patients with PSMA-positive but taxane-naïve mCRPC 
who progressed under at least one novel androgen axis 
drug (e.g., enzalutamide or abiraterone).
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The benefit of 177Lu-PSMA-RLT appears reasonable, and 
it may be more tolerable than docetaxel for patients with indi-
vidual contra-indications against docetaxel (moderate strong 
recommendation for this subgroup of patients). For patients in 
good general condition who are likely to tolerate docetaxel, the 
balance between possible benefits and therapy-related risks is 
still uncertain, and 177Lu-PSMA-RLT cannot be recommended.

One single-center RCT demonstrated equality in PSA 
response rate, progression-free survival, or grade 3/4 adverse 
events between [177Lu]Lu-PSMA-617 and docetaxel, but 
definite conclusions are constrained by low patient num-
bers (n = 20 in both groups). However, a quality-of-life 
questionnaire favored [177Lu]Lu-PSMA-617 [15]. Single-
arm retrospective analyses reported favorable tolerabil-
ity and improved response rates of 177Lu-PSMA-RLT in 
chemotherapy-naïve versus post-taxane patients [20, 73]. 
However, these single-arm studies did not directly compare 
177Lu-PSMA versus docetaxel. Consequently, the level of 
evidence for this setting is still weak.

Currently, [177Lu]Lu-PSMA-617 and [177Lu]Lu-PSMA-
I&T are subject of high quality RCTs evaluating the impact 
of 177Lu-PSMA-RLT in this stage of disease (Annex 
Table 4). At present, both radiopharmaceuticals are lacking 
sufficient clinical evidence and no recommendation for one 
particular ligand can be given.

4.	 Currently, various clinical situations are being evaluated 
in ongoing phase 2/3 RCTs (Annex Table 4) and physi-
cians are encouraged to refer patients to RCTs whenever 

available. If no option to participate in an RCT exists 
and alternative treatment options have been exhausted 
or are contra-indicated, it is reasonable and ethically 
warranted (Article 37 of Helsinki Declaration) to offer 
177Lu-PSMA-RLT on an individual patient basis or in a 
compassionate care setting; but national regulations have 
to be considered.

Contra‑indications

A.	 Absolute: As 177Lu-PSMA-RLT is indicated for life-
threatening, malignant disease, it is not  reasonable 
to define absolute contra-indications. In general, the 
chances to improve should outweigh the risks of harming 
a patient. Therefore, the indication to treat patients with 
highgrade myelosuppression should be established with 
caution, and infrastructure to adequately deal with com-
plications should be available.

B.	 Relative contra-indications: A brief summary of factors 
that are typically considered as relative contra-indica-
tions are provided in Table 1.

C.	 Precautions for use:

1.	 In the VISION trial, combinations with standard-of-care 
therapy for prostate cancer (analgesics, ADT, NAADs, 
osteo-protection, and focused radiation therapy) were 
well-tolerated. No studies regarding the interaction with 
other medicinal products have been performed.

Table 1   Relative contra-indications against 177Lu-PSMA-RLT

a In selected cases, it can be reasonable to treat more compromised patients (e.g., “superscan” patients) because improvement of tumor-related 
baseline cytopenia has been reported several times (weak recommendation, best-available-evidence are case reports and expert opinion, because 
these patients have a priori been excluded from phase 3 recruitment); but then close monitoring of blood cell count is mandatory
WBC total white blood cell-count, ANC absolute neutrophil count, PLT platelets, ULN upper limit of normal, ECOG Eastern Cooperative Oncol-
ogy Group Performance Status

Relative contra-indication Comment

Life expectancy < 3 months Except the main purpose is palliative (treatment of tumor-related symptoms)
ECOG ≥ 3 High radiation burden to caregivers and relatives, while most likely only prolonging suffering 

but not quality-life-time
Unmanageable urinary incontinence A urinary catheter alone is no contra-indication; it should eventually be even considered to 

improve radiation protection
Acute urinary tract obstruction or hydronephrosis Patients with diagnosed or risk of urinary retention, [99mTc]Tc-MAG3 or -DTPA renal scin-

tigraphy should be considered a baseline exam [83]
Unmanageable psychiatric comorbidities Patient unable to be isolated on a nuclear medicine therapy unit (if requested by local radia-

tion protection regulations)
Other severe (e.g., cardiovascular) comorbidities e.g., patient must be able to tolerate increased hydration
Progressive deterioration of organ function/risk 

of multiorgan failure
e.g., GFR < 30 ml/min, creatinine > twofold ULN, liver enzymes > fivefold ULN

Acute infections –
Myelosuppressiona WBC < 2.5/nl

ANC < 1.5/nl
PLT < 75/nl
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2.	 Due to their well-known effects on red-marrow suppres-
sion, large-field external beam radiotherapy, chemother-
apy, or treatment with radioactive bone-seekers should 
be discontinued for at least 4 weeks.

3.	 Clinical experience for patients with moderately reduced 
kidney function (GFR 30–50 ml/min) is still limited. 
In patients that started 177Lu-PSMA-RLT with reduced 
baseline kidney function, renal impairment with prob-
abilities contributable to the standard risk factors for 
chronic kidney disease alone was reported [21, 74]. 
However, GFR should carefully be monitored from cycle 
to cycle and 177Lu-PSMA-RLT should be discontinued 
if eGFR declines to < 30 ml/min).

4.	 Patients with reduced kidney function (delayed blood 
clearance), extensive previous chemotherapy, or history 
of prolonged hematological toxicity (both indicators of 
potentially reduced red-marrow reserve) may be more 
prone to develop higher grade myelotoxicity.

5.	 Without specific evidence for 177Lu-PSMA-RLT, but 
according to general knowledge of radiopharmaceuti-
cals: Due to the pro-mutagenic characteristics of any 
radioactive drug, sufficient contraception is needed 
during and for 3  months after therapy. Eventually 
related to the cumulative life dose, the risk to develop 
irreversible infertility must be considered. The occur-
rence of therapy-associated myelodysplastic syndrome 
and secondary leukemia may be increased, particu-
larly in patients with previous extensive exposure to 
conventional chemotherapy, radio-therapy, or other 
radiopharmaceutical therapies. These late side effects 
appear with a delay of several years and are probably 
not relevant in the setting of mCRPC (even in long-
term survivors, they have not been reported), but might 
be considered if 177Lu-PSMA-RLT is used in earlier 
stage patients.

Factors associated with survival

Several known prognostic factors (i.e., factors associated 
with patient outcome, regardless of the specific therapy 
applied) in mCRPC are also associated with lack of response 
or short durability of benefit from PSMA-RLT. These prog-
nostic markers can be used by physicians to identify more 
vulnerable patients. However, due to also being negatively 
associated with response to several other treatment options, 
they cannot be used for tailoring therapy [1, 84–86].

Prognostic factors associated with poor treatment 
outcome:

1.	 Clinical patient/tumor characteristics: Age < 65, 
ECOG ≥ 2, symptomatic patients, high Gleason score, 
short response to hormonal intervention (ADT, NAAD).

2.	 Imaging findings: Presence of visceral metastases, pres-
ence of bone-metastases vs. LN-metastases only, extent 
of bone metastases, total tumor volume, high [18F]FDG-
uptake.

3.	 Lab tests: High PSA, short PSA doubling time, high 
LDH, high CRP, high ALP, low Hb.

A few predictive factors (i.e., factors associated with 
clinical outcome of a patient undergoing a specific therapy) 
have also been identified. These can help stratifying can-
didate patients to select the most promising subjects for 
177Lu-PSMA-RLT and, on the contrary, to identify those 
for whom 177Lu-PSMA-RLT may not be the best treatment 
option [22, 23, 85, 87–90].

Predictive factors associated with sub-standard response 
to 177Lu-PSMA-RLT:

1.	 Low tumor uptake of radiolabeled PSMA-ligands; also 
expressed as low tumor absorbed dose in patient-specific 
dosimetry, low SUVs in PSMA-PET, low tumor/liver-
ratio, or low tumor/parotid-ratio in PSMA-SPECT/scin-
tigraphy.

2.	 Presence of viable ([18F]FDG-positive) but PSMA-neg-
ative tumor lesions.

As PSMA-PET (or PSMA-SPECT) is a strong and rela-
tive unique factor for prediction of an individual patient’s 
response probability to 177Lu-PSMA-RLT, its impact on 
patient selection is thoroughly discussed in the related chap-
ter of this guideline.

Performing the 177Lu‑PSMA‑RLT procedure

Facility and personnel prerequisites

Radiopharmaceuticals may be received and administered 
only by authorized persons in designated facilities that 
are subject to national regulations. Its radioactive mate-
rial license must cover appropriate activities of 177Lu. The 
facility in which the treatment is administered must have 
appropriate personnel, radiation safety equipment, proce-
dures available for handling and disposal of waste, handling 
of contamination, and monitoring personnel for accidental 
spills and controlling contamination spread. Normally, the 
request for 177Lu-PSMA-RLT will be initiated by an oncolo-
gist or urologist, but ideally by an interdisciplinary tumor-
board decision. The nuclear medicine specialist is respon-
sible for the 177Lu-PSMA-RLT administration, aftercare, 
follow-up, and their coordination in close liaison with the 
referring physicians and other physicians involved in manag-
ing the patient. The nuclear medicine specialist is obliged to 
discuss the technical and clinical aspects of treatment with 
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the patient prior to therapy. A long-term follow-up must be 
ensured to allow an oncological quality control and detection 
of possible therapy-related late effects. Involved physicians 
are encouraged to report any suspected adverse reactions 
via national reporting systems. Since the treatment is cur-
rently standardized and involves the administration of a fixed 
activity, there is no medical necessity to routinely consult 
a medical physics expert. However, depending on national 
legislation and regulations, a medical physics expert should 
be available for consultation.

In addition to the specific demands of nuclear medicine 
and radiopharmaceutical therapy, the clinical care for pros-
tate cancer patients generally also involves several other 
specialists; hence, treatment per multidisciplinary team 
management (e.g., in a dedicated cancer center) is preferred.

Patient selection

PSMA-targeted therapy will only be effective against tumor 
lesions with sufficient expression of the target-receptor. The 
pattern of tumor PSMA expression should be evaluated per 
molecular imaging (preferred: 68 Ga/18F-PSMA PET; alter-
natively: 99mTc-PSMA SPECT/scintigraphy) together with 
a conventional comparator (e.g., CT, MRI, or bone scan) to 
rule out a relevant fraction of PSMA-negative lymph-node 
or visceral metastases or active/lytic bone lesions (strong 
recommendation) [91, 92].

The stringent exclusion of all FDG/PSMA mismatch 
patients on the TheraP trial reduced patient eligibility, but 
provided higher PSA-response rates compared to VISION 
that omitted [18F]FDG-PET/CT evaluation [1, 14]. How-
ever, improved overall survival was only proven by VISION, 
which also recruited patients with small (< 1 cm visceral 
or < 2.5 cm lymph node) PSMA-negative tumor sites as long 
as larger lesions demonstrated uptake greater than liver [1, 
93]. Thus, simultaneous [18F]FDG-PET appears not manda-
tory for all patients, but may be helpful in cases with several 
lesions of uncertain tumor viability or suspicion of PSMA 
negativity. A conversion from PSMA-positive to PSMA-
negative phenotype has repeatedly been reported for liver 
metastases; hence, especially liver metastases may benefit 
from a complementary evaluation per [18F]FDG-PET (weak 
recommendation, based on case reports and expert opinion).

Inter-lesion tumor heterogeneity is common in prostate 
cancer, and PSMA-immunostaining of a single lesion’s 
biopsy is not necessarily representative for the majority of 
other tumor sites [94, 95]. Thus, immunohistochemistry is 
not considered an appropriate substitute for PSMA-PET/
SPECT.

Tumor and normal organ uptake depends on the tracer 
used for PSMA imaging and SUVs depend on reconstruc-
tion parameters and scanner calibration. Regarding the cur-
rently most frequently used ligands ([68 Ga]Ga-PSMA-11, 

[18F]DCFPyL, 18F-PSMA-1007, 18F-rhPSMA-7.3, [99mTc]
Tc-PSMA-I&S, [99mTc]Tc-MIP1404), various groups 
reported that tumor-to-salivary gland or tumor-to-liver ratios 
can serve as scanner-independent surrogate criteria [96], but 
in exchange the confounder “reference-organ variability” 
becomes an issue. Patients with lesions with diameter ≥ 1 cm 
showing tumor uptake < 0.5-fold of parotid (which approxi-
mately equals < 1.0-fold liver-uptake of [68 Ga]Ga-PSMA-11 
that has been used in VISION) should be excluded from 
receiving 177Lu-PSMA-RLT [97]. However, response prob-
ability correlates with absorbed dose, which (moderately) 
correlates with uptake values in PET [87, 90, 98].

PSMA uptake may also be used to determine the optimal 
sequence of therapies. Preliminary data imply that clini-
cally relevant anti-tumor activity is most likely observed 
in patients with > onefold parotid uptake in the majority of 
lesions (approx. SUV > 10), and only such patients should 
actively be encouraged to receive PSMA-RLT [90]; for 
patients with low PSMA uptake or negative sites, alterna-
tive options should be prioritized.

Recommendations regarding the use of 177Lu-PSMA-RLT 
beyond its approved indications are challenging. The deci-
sion whether a patient is ineligible for a particular alternative 
treatment is commonly outside the expertise of a nuclear 
medicine physician alone and should be assessed with the 
multidisciplinary team. With regard to androgen deprivation 
therapy (LHRH-analogs/-antagonists and first-generation 
antiandrogens) and novel androgen-axis drugs (e.g., abira-
terone, enzalutamide), the advice of a board-certified urolo-
gist, with regard to chemotherapy, and the advice of a board-
certified oncologist or a specialized uro-oncologist can be 
considered sufficient. The decision of an interdisciplinary 
tumor-board should be preferred. The right of self-deter-
mination is a high value in SNMMI and EANM member 
states, and patients cannot be forced to accept guideline-
advised treatment sequences. Nevertheless, patients should 
be informed that disregarding disease-related guidelines will 
commonly preclude reimbursement by the public health-
care provider. In any case, it should be documented that the 
patient has been informed about potential risks and ben-
efits of the alternative treatment options by an expert in the 
respective field (board-certified uro-/oncologist).

Radiopharmaceuticals

Both [177Lu]Lu-PSMA-617 and [177Lu]Lu-PSMA-I&T 
belong to the group of PSMA inhibitors that are based on 
the glutamate-urea-lysine targeting moiety. The precursor 
PSMA-617 is tagged with a DOTA chelator and has a molar 
mass of 1042 g/mol (lutetium-labeled: 1216 g/mol). PSMA-
I&T is tagged with the DOTAGA chelator, and the precursor 
molar mass is 1498 g/mol. The sterile therapy solution is 
typically diluted to ≤ 1000 MBq/ml to reduce the activity 
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concentration in case of extravasation. It is a clear, color-
less to slightly yellow solution, free from visible particulates 
with a radiochemical purity of ≥ 97%.

Currently, only [177Lu]Lu-PSMA-617 is available as an 
approved drug in the USA, Canada, UK, and EU (177Lu 
vipivotide tetraxetan, Pluvicto™). The product liability and 
compliance to Good Manufacturing Practice, according to 
USP (US Pharmacopeia) or EP (European Pharmacopoeia) 
standards, is the responsibility of its commercial provider. 
This formulation should be used for all approved in-label 
applications of [177Lu]Lu-PSMA-617.

Whenever 177Lu-PSMA-RLT is considered outside the 
already-approved indications, the aim should be to recruit 
patients into a formal clinical trial. In this setting, the com-
pliance of the respective radiopharmaceutical to the Inves-
tigational Medicinal Product Dossier or the Investigational 
New Drug application is ensured by the respective sponsor 
of the trial.

According to article 7 2001/83/EG, in particular situa-
tions, drugs can be used without formal approval. National 
regulations must be considered. Retrospective analyses of 
“unproven interventions in clinical practice” and some pro-
spectively-performed single-arm studies (Annex, Table 1, 
2 and 3) reported safety and efficacy for various formulations 
of [177Lu]Lu-PSMA-617 and [177Lu]Lu-PSMA-I&T follow-
ing site-specific, in-house labeling conditions. Advice for 
production and QC of such formulations is not in the scope 
of this guideline and should only be done in centers with an 
adequately qualified radiopharmacy. Otherwise, we recom-
mend off-label use of the approved formulation whenever 
patients cannot be recruited to clinical trials when it is pos-
sible to obtain the drug and full reimbursement.

Process of treatment procedure

	 1.	 Patient data, medical history (i.e., previous treatments 
for prostate cancer, current medication for prostate 
cancer, and comorbidities), recent staging exams, and 
current general clinical condition are collected. ADT 
should be continued during PSMA-RLT; bisphospho-
nates or denosumab are permitted. In the post-taxane 
setting, standard-of-care treatment with novel andro-
gen-receptor targeting agents might be given in parallel 
[1, 99]. Informed consent (written and 24 h in advance 
of first cycle depending on national legislation) must 
be obtained.

	 2.	 Lab tests not older than 5 days are obtained in advance 
of each treatment cycle: blood cell count, creatinine, 
eGFR, AST/GOT, ALT/GPT, total bilirubin, albumin, 
AP/ALP, LD/LDH, PSA, and CRP.

	 3.	 The 177Lu-PSMA radiopharmaceutical solution is 
stored below 30 °C in its glass vial inside a lead-
shielded unit, where the syringe is prepared under 

aseptic conditions. The activity in the syringe is meas-
ured in a dose calibrator (well counter) before and after 
administration.

	 4.	 Sufficient hydration should be ensured by intravenous 
infusion (e.g., 500–1000 ml of 0.9% saline at a rate of 
250 ml/h) starting 30 min in advance and few hours 
following administration. In compliant patients, oral 
hydration is also feasible. Patients should be advised 
to drink a lot of fluids during the next 1–2 weeks.

	 5.	 There is no compelling evidence suggesting mandatory 
co-medication. Prophylactic antiemetic therapy, e.g., 
ondansetron, is permitted. Corticosteroids before and 
up to several days after RLT (mandatory in case of cer-
ebral, spinal, or other metastases with risk of painful or 
obstructive swelling) are allowed per patient’s need and 
physician’s choice; most experience exists for an average 
dose of 4 mg dexamethasone given for 5 days [24].

	 6.	 A 10-ml saline flush ensures patency of the IV line 
before administering therapy. 177Lu-PSMA-RLT is 
slowly administered intravenously over > 30 s and fol-
lowed by a saline flush with at least twice the volume 
needed for RLT application.

	 7.	 To support kidney clearance, the patient is encouraged 
to increase fluid intake during the first 3–4 days fol-
lowing treatment. In patients with high tumor burden 
(increased risk of tumor lysis syndrome), allopurinol 
can be prescribed during the first week following ther-
apy. Per individual cardiovascular condition, it may 
be necessary to decrease hydration or to apply diu-
retics. To reduce bladder dose, patients should void 
frequently during the first 6–10 h.

	 8.	 After administration of the radiopharmaceutical, the 
patient presents a theoretical risk to other people due 
to external radiation (gamma co-emissions of 177Lu) or 
possible exposure to excreted radioactivity. Depending 
on national legislation, up to 48–72 h isolation on a 
radioisotope ward may be necessary to reach the local 
discharge threshold (µSv/h). Where out-patient therapy 
is allowed, patients should nevertheless be kept in iso-
lation for approx. 2 h to monitor side effects, ensure 
sufficient hydration, and complete first urination before 
release. Patients should be instructed how to minimize 
exposure to others (e.g., avoiding prolonged close con-
tact with pregnant women or infants).

	 9.	 At least one planar post-therapeutic emission scan 
should be obtained > 2 h p.i. to rule out extravasation 
and confirm physiological tracer biodistribution/excre-
tion [100] (cf. Dosimetry section).

	10.	 The discharge letter should contain relevant patient 
data, date of therapy, the administered radionuclide 
(177Lu) and radiopharmaceutical, administered activ-
ity, details on necessary aftercare, and next follow-up 
appointment.
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	11.	 In non-compromised patients, the approved treat-
ment regimen for [177Lu]Lu-PSMA-617 is 7.4 GBq 
(200 mCi) per cycle at 6 w (± 1 w) interval for a maxi-
mum of 6 cycles. In clinical practice, safety and anti-
tumor activity of [177Lu]Lu-PSMA-617 and [177Lu]
Lu-PSMA-I&T have successfully been demonstrated 
for a range of 6–9.3 GBq per treatment and for treat-
ment intervals of 4–10 weeks [25, 26].

Follow‑up

1.	 Blood cell counts and creatinine should be checked 
at least 2–3 weeks after each cycle (anticipated nadir) 
and 4–6 weeks after the last treatment cycle; the con-
sequences of pathological findings are described in the 
“Management of side effects” section.

2.	 PSA follow-up should be obtained at each cycle as well 
as 4–6 weeks after the end of therapy and interpreted in 
accordance with the PCWG3 criteria [13]. Due to the 
possibility of PSA flare-up (due to wash-out effects) 
or delayed response, PSA response becomes a reliable 
marker 2–3 weeks after the 2nd cycle [27, 28, 101]. Then 
every increase of > 25% should potentially be considered 
resistance and trigger imaging-based restaging [29].

3.	 Scintigraphy (optionally SPECT) of the lutetium gamma 
co-emissions, 1–2 days after infusion, can serve as an 
easily available imaging to follow-up response of PSMA-
positive lesions. A medium energy collimator is recom-
mended to image the upper 208-keV photo-peak [4, 100].

4.	 Optimal modality for imaging-based restaging is PSMA-
PET/CT. Where PSMA-PET is not available, PSMA-
SPECT or scintigraphy is possible. It is mandatory to 
include a second modality to allow detection of possible 
PSMA-negative lesions; this may be a fully diagnostic 
CT as part of an integrated PET/CT exam or a dedicated 
diagnostic CT; in selected patients, also a bone-scan or 
[18F]FDG-PET/CT. Frequency and extent of restaging 
can be adjusted to the reliability of post-treatment scans 
and PSA response and is usually recommended every 
12 weeks and at the end of each series of PSMA-RLT.

5.	 Assessment of patient-reported well-being (i.e., fatigue, 
pain, level of activity) is the key parameter for the deci-
sion to continue therapy or not.

Management of side effects

Expected side effects include fatigue, acute hematologi-
cal and chronic renal, or chronic salivary gland toxicity. 
Grade ≥ 3 side effects occur in < 10% of patients.

1.	 If acute hematological toxicity (i.e., anemia, leukope-
nia or neutropenia, thrombocytopenia) of grades 3 or 4 
is demonstrated at interim lab test between two cycles: 

Next cycle should be postponed by 2 weeks and might 
then be canceled when no recovery is seen. For neutro-
penia, the use of growth factors (G-CSF) is permitted 
until toxicity resolves to grade 1, but there should be at 
least a 2-week interval between G-CSFs and injection of 
radioactivity. For anemia, transfusion or erythropoietin 
may be given as clinically indicated.

2.	 If acute hematological toxicity of ≥ grade 2 is demon-
strated at the scheduled treatment date: Treatment activ-
ity is reduced by 20% or postponed.

3.	 Acute loss of eGFR > 40% but still > 30 ml/min: Treat-
ment activity is reduced by 20%.

4.	 Non-hematological toxicities (e.g., gastrointestinal tox-
icity, fatigue, electrolyte, or metabolic abnormalities) of 
grade 3 or 4: Hold 177Lu-PSMA-RLT until recovery to 
grade 2 or baseline.

5.	 Skeletal adverse events: Hold 177Lu-PSMA-RLT until 
complication is adequately treated as deemed appropri-
ate by the treating physician (radiation-oncologist or 
orthopedic surgeon).

6.	 Any toxicity that is considered unacceptable by the 
patient, any life-threatening toxicity that does not resolve 
within 4 weeks, GFR loss to < 30 ml/min, or unexpected 
liver toxicity (AST or ALT > fivefold upper-limit of nor-
mal): Discontinue 177Lu-PSMA-RLT.

7.	 Mild cases of xerostomia can be alleviated with coping 
water or sprays with artificial salivary supplements or 
xylitol lozenges; moderate strong recommendation.

8.	 “Unacceptable” xerostomia may eventually be improved 
by retrograde sialendoscopy and flushing with steroids 
(weak recommendation based on a single cohort study 
[102]). Due to its own side effects and contra-indications, 
the use of parasympathomimetics (e.g., the FDA and 
EMA approved pilocarpine) must consider patient’s 
individual situation because benefits and risks could be 
closely balanced [103].

9.	 A flare-up of tumor-related pain can occur during the first 
week following therapy but in responding patients often 
improves below baseline after the second week. Initial 
worsening of pain can be caused by radiation-induced 
edema, best responding to steroids or non-steroidal anti-
inflammatory drugs. In severe cases, opioids can tempo-
rarily be used. Once interim lab tests demonstrate PSA 
response, an attempt should be made to reduce analgesics.

Dosimetry

According to the dosimetry sub-study of VISION, the 
radiation absorbed dose to potentially dose-limiting organs 
in 29 patients was 2.1 (± 0.47) Gy/GBq for lacrimal and 
0.63 (± 0.36) Gy/GBq for salivary glands; kidneys were 
0.43 (± 0.16) Gy/GBq and red-marrow 0.035 (± 0.02) Gy/
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GBq after the first treatment cycle [104]. These doses were 
extrapolated to all 6 cycles (scaled by a one time-point image 
for the subsequent cycles) to approximate the cumulative 
doses for kidneys (19 ± 7.3) Gy and red-marrow (1.5 ± 0.9) 
Gy with acceptable accuracy [105]. The dosimetry results 
in this sub-study were consistent with the clinically good 
safety profile of VISION, with low frequency and severity 
of radiation-induced adverse events to organs at risk over 6 
cycles. Consequently, [177Lu]Lu-PSMA-617 was approved 
using fixed standard treatment activities, and patient indi-
vidual dosimetry is not mandatory for in-label use.

Comparable dosimetry estimates have also been obtained 
in several academically driven dosimetry studies covering 
various in-house formulations of [177Lu]Lu-PSMA-617 (e.g., 
with different specific activities GBq/mmol) [22, 23, 31, 36, 
61, 70, 87–90, 106–122] (Annex Table-5). Similar absorbed 
doses to organs-at-risk have also been approximated when 
using [177Lu]Lu-PSMA-I&T [75, 81, 98, 123–126] (Annex 
Table-5). The technical aspects of the respective studies 
have recently been summarized in a systematic review 
[127]. A comparative retrospective analysis, evaluating both 
radiopharmaceuticals with identical methods, confirmed the 
similarity of [177Lu]Lu-PSMA-617 and [177Lu]Lu-PSMA-
I&T regarding organs at risk [2] but has the limitation of low 
patient numbers and retrospective matched-pair analysis.

There are different institutional practices regarding post-
therapeutic scintigraphy. They are relatively uncommon in 
some states of the USA. In contrast, according to EC Direc-
tive 2013/59/Euratom article 56, at least one post-therapeu-
tic scan can be considered mandatory for therapy verification 
in most member-states of the EU. However, for standard 
treatments, a complete dosimetry is optional [128].

As there is significant inter-patient variability, higher 
treatment activities or more treatment cycles may be pos-
sible for several patients under patient individual dosimetry 
concepts. Recommendations for patient-specific dosimetry 
that might allow individualized treatment regimens have 
been provided by the EANM dosimetry committee recently 
[100]. The clinical status of the patient should be taken into 
account when considering serial imaging. The ability of the 
patient to return for additional visits may also be prohibitive 
if the imaging center is a fair distance away. Novel simpli-
fied dosimetry approximation methods, e.g., based on a sin-
gle posttreatment SPECT/CT scan, have been developed in 
single-center studies [87, 106]. Whether they can improve 
clinical outcome by individualized dosimetry-guided treat-
ment regimens still needs confirmation.

Open points/miscellaneous

1.	 Benefit of additional therapy cycles or later re-treat-
ment in advanced disease (higher cumulative absorbed 
dose) is still unclear and needs to be studied.

2.	 The impact of fractionation is still unclear. Different 
dosing regimens with shorter or longer intervals, more 
or less sessions and eventually considering individual 
prognostic factors (e.g., PSA doubling time), need to be 
studied—especially in the perspective that 177Lu-PSMA-
RLT moves into earlier treatment lines.

3.	 The clinical relevance and potential consequences of 
the tumor-sink-effect, i.e., (in)variance of normal organ 
dosimetry at very high tumor load [129, 130], are still 
unclear and need to be studied.

4.	 Several drug interventions (e.g., oral glutamate, atropine 
injections, pre-dosing with unlabeled PSMA ligands) to 
reduce off-target uptake of PSMA ligands in salivary glands 
or kidneys have been suggested [103]. Due to the limited evi-
dence available, at this point, no general recommendation can 
be given. Please pay attention as such interventions may also 
affect tumor-to-organ ratios that are used for patient selection.

5.	 It is not clear whether it is needed (and if yes, how) to 
take prior doses by external-beam radiotherapy (EBRT) 
or bone-seeking radiopharmaceuticals into account, or 
conversely, in the case of EBRT after 177Lu-PSMA-RLT 
(e.g., palliative therapy of painful bone lesions).

6.	 The prognostic or predictive potential of several molecu-
lar biomarkers (e.g., genomic instability, index muta-
tions in DNA or RNA (including splicing variants), 
tumor stroma or immune related factors) have not suf-
ficiently been evaluated.

7.	 It remains unclear whether response to previous EBRT has 
prognostic or predictive impact. However, previous treat-
ment with [223Ra]RaCl2 had no relevant effect on safety and 
efficacy of a succeeding 177Lu-PSMA-RLT [20].
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