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Response Evaluation Criteria in Prostate-Specific Membrane Antigen
Imaging (RECIP) 1.0 is an evidence-based framework to evaluate ther-
apeutic efficacy in metastatic prostate cancer using prostate-specific
membrane antigen (PSMA) PET/CT. This study aimed to evaluate the
associations of interim PSMAPET/CT by RECIP 1.0 with short-term out-
come after radiopharmaceutical treatment. Methods: This multicenter
retrospective study included patients with metastatic castration-
resistant prostate cancer who underwent [177Lu]Lu-PSMA radiophar-
maceutical therapy at 3 academic centers and received PSMA
PET/CT at baseline and at 12 wk. Pairs of PSMA PET/CT images
were assessed by 5 readers for visual RECIP 1.0. The primary out-
come was the association of RECIP with prostate-specific antigen
progression-free survival (PSA-PFS) by Kaplan–Meier analysis.
Results: In total, 124 of 287 screened patients met the inclusion crite-
ria, with 0 (0%), 29 (23%), 54 (44%), and 41 (33%) of those 124
patients having complete response, partial response, stable disease,
or progressive disease (PD) by visual RECIP 1.0, respectively.
Patients with visual RECIP PD had a significantly shorter PSA-PFS
than those with RECIP stable disease or with RECIP partial response
(2.6 vs. 6.4 vs. 8.4mo; P, 0.001). Themedian PSA-PFS among patients
with RECIP PD versus those with non-RECIP PD was 2.6 versus 7.2mo
(hazard ratio, 13.0; 95% CI, 7.0–24.1; P , 0.001). Conclusion: PSMA
PET/CT by RECIP 1.0 after 2 cycles of [177Lu]Lu-PSMA is prognostic for
PSA-PFS. PSMA PET/CT by RECIP 1.0 may be used in earlier stages
of prostate cancer to evaluate drug efficacy and to predict progression-
free survival.
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Prostate-specific membrane antigen (PSMA) theranostics with
[177Lu]Lu-PSMA-617 improves the overall survival (OS) and
progression-free survival in patients with metastatic castration-
resistant prostate cancer (mCRPC) (1), which has led to drug
approval. The U.S. Food and Drug Administration approved
[68Ga]Ga-PSMA-11, [18F]DCFPyL, and [18F]rhPSMA-7.3 PET/CT
in patients with prostate cancer and suspected metastases who
were candidates for initial definitive therapy or who had sus-
pected recurrence based on elevated prostate-specific antigen
(PSA) levels to determine eligibility for [177Lu]Lu-PSMA-617
therapy (2–4).
Besides staging and restaging, cancer imaging can be used to

evaluate therapeutic efficacy. Objective criteria for measuring
response to cancer treatment are critical to clinical research and
practice (5). Therapeutic clinical trials of metastatic disease often
use radiographic endpoints to evaluate response to treatment (6).
Response Evaluation Criteria in PSMA Imaging (RECIP) ver-

sion 1.0 is an evidence-based framework to evaluate therapeutic
efficacy in metastatic prostate cancer using PSMA PET/CT and
was developed on the basis of OS outcomes in patients treated
with [177Lu]Lu-PSMA (7–9). Further studies validated RECIP 1.0
for measuring response based on associations with OS in mCRPC
patients who received androgen-receptor–signaling inhibitors
(10,11) and in early-stage prostate cancer patients with biochemi-
cal recurrence after the initial therapy (12).
PSA progression-free survival (PSA-PFS) is an efficacy end-

point commonly used in metastatic prostate cancer as a surrogate
for OS. Currently, evidence is lacking for the association of
RECIP 1.0 with short-term outcome, that is, progression-free
survival.
The current retrospective analysis aims to evaluate the associa-

tions of 12-wk PSMA PET/CT by RECIP 1.0 with progression-
free survival in mCRPC patients who receive [177Lu]Lu-PSMA.
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MATERIALS AND METHODS

Patients
Consecutive patients with mCRPC who were treated with [177Lu]Lu-

PSMA-617 or [177Lu]Lu-PSMA imaging and therapy (I&T) between
December 10, 2014, and July 19, 2019, at 3 academic medical centers
were screened for eligibility. Eligible patients had received PSMA
PET/CT at baseline and at 12 wk after 2 cycles of treatment (interim
PET) using the same PSMA-targeting radiotracer for the baseline and
interim PET examinations. Detailed inclusion and exclusion criteria are
given in Supplemental Figure 1 (supplemental materials are available at
http://jnm.snmjournals.org). Treatment protocols are detailed in the sup-
plemental materials. All patient data were previously reported (7–9).
These prior publications reported the development of RECIP 1.0 and
evaluated its prognostic value for OS. In contrast to prior work, this study
investigated the prognostic value of RECIP 1.0 for PSA-PFS after
[177Lu]Lu-PSMA radiopharmaceutical therapy. This retrospective analy-
sis was approved by the ethics committee of each participating site
(115/18S, 20-000954, and UKE 19-8570-BO), and the requirement for
study-specific consent was waived. PSMA PET/CT image acquisition
protocols were described previously (7) and are detailed in Supplemental
Table 1.

Image Analysis
PSMA PET/CT images were interpreted independently by 5 experi-

enced nuclear medicine physicians. Each reader was provided with
guidelines for image interpretation (supplemental materials), was
masked to the outcome data, and was not involved in the study design.
Readers were asked to interpret the baseline and 12-wk posttreatment
PSMA PET/CT scans for visual RECIP and quantitative RECIP 1.0,
as described previously (9).

Visual RECIP was determined by combining changes in PSMA-
positive total tumor volume evaluated visually by nuclear medicine
physicians with the status of new lesions. Visual assessment of
changes in PSMA-positive total tumor volume were approximated
qualitatively by means of side-by-side comparison of baseline and
follow-up maximum-intensity projection PSMA PET/CT images. In
borderline cases, additional analysis of axial sections was performed.

Quantitative RECIP was determined by combining changes in
PSMA-positive total tumor volume determined by a nuclear medicine
physician using tumor segmentation software (qPSMA software (13))

with the status of new lesions. After tumor segmentation was per-
formed, the PSMA volume was obtained by calculating the volume of
all voxels that were annotated as PSMA-positive tumors. Changes in
total tumor volume were determined by calculating the percentage
change between baseline and follow-up PSMA PET/CT scans.

Disagreement among readers was resolved by majority rule. Defini-
tion of RECIP 1.0, including definition of occurrence of new lesions,
is given in Table 1.

Statistical Analysis
Values are reported as medians with interquartile ranges for contin-

uous variables and numbers with percentages for categoric variables.
Response according to RECIP 1.0 was classified into progressive dis-
ease (PD), stable disease (SD), partial response (PR), or complete
response and dichotomized for the differentiation of progression ver-
sus nonprogression (RECIP PD vs. non-PD, where non-PD included
complete response, PR, and SD). The primary outcomes of our study
were the associations of RECIP 1.0 with PSA-PFS. Associations
between RECIP 1.0 and PSA-PFS were tested by Cox regression anal-
yses, and the hazard ratio (HR), its 95% CI, and the corresponding
P values were derived. PSA progression was defined per Prostate Can-
cer Clinical Trial Working Group 3 criteria as the time from treatment
initiation to PSA progression ($25% increase from baseline). The
median survival time and its 95% CI for each group of patients and
the entire cohort were calculated using Kaplan–Meier analysis.
Kaplan–Meier curves were truncated when the number at risk fell
below 10. Subgroup analyses were performed to evaluate associations
of RECIP 1.0 with PSA-PFS for each treatment type, that is,
[177Lu]Lu-PSMA-617 and [177Lu]Lu-PSMA I&T. A P value of less
than 0.05 was considered indicative of a statistically significant differ-
ence. All statistical analyses were performed using SPSS Statistics,
version 27 (IBM).

RESULTS

In total, 124 of 287 (43%) screened patients with mCRPC were
eligible and included. Of the 124 eligible patients, 102 (82%)
received treatment with [177Lu]Lu-PSMA I&T and 22 (18%)
received treatment with [177Lu]Lu-PSMA-617. The median age
was 73 y (interquartile range, 67–76 y). In total, 99 of 124 (80%)
patients received taxane-based chemotherapy and 123 of 124

TABLE 1
Definitions of New Lesions and RECIP

Parameter Definition

New lesion Any new focal uptake of PSMA ligand

Higher than the surrounding background

With tumor SUVmax . blood-pool SUVmax

Not present on baseline scan (tumor SUVmax , blood-pool SUVmax)

With tumor uptake not attributable to physiologic uptake or pitfalls

Any new malignant lesion detected on follow-up CT images independent of PSMA-ligand uptake

RECIP 1.0

RECIP-CR Absence of any PSMA-ligand uptake on follow-up PET scan

RECIP-PR $30% decrease in PSMA-VOL without appearance of new lesion

RECIP-PD $20% increase in PSMA-VOL with appearance of new lesion

RECIP-SD Does not meet the criteria for CR, PR, or PD

CR 5 complete response; PSMA-VOL 5 volume of PSMA.
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(99%) received androgen-receptor–signaling inhibitors. Detailed
patient characteristics are given in Table 2. The data cutoff date
for the final analysis was July 1, 2022, and all patients had PSA
progression at the last follow-up. The median PSA-PFS was

3.8mo (95% CI, 3.1–4.6mo). After the majority rule of the 5 read-
ers for visual RECIP 1.0 was applied, 41 of 124 (33%) patients
had RECIP PD and 83 of 124 (67%) had RECIP non-PD, of
whom 0 (0%), 29 (23%), and 54 (44%) of the 124 patients had

TABLE 2
Patient Characteristics (n 5 124)

Characteristic Data

Age (y) 73 (67–76)

Time since diagnosis of prostate cancer (y) 6 (4–11)

Gleason score at diagnosis*

,8 36 (32%)

$8 75 (68%)

M status at diagnosis

M0 75 (60%)

M1 49 (40%)

Primary treatment

Prostatectomy with or without lymphadenectomy 70 (56%)

Local radiotherapy 12 (10%)

Systemic treatment 42 (34%)

PSA (ng/mL) 139 (37–427)

Lactate dehydrogenase (U/L) 286 (223–408)

Total alkaline phosphatase (U/L) 125 (81–250)

Hemoglobin (g/dL) 9.9 (11.3–12.7)

ECOG performance status

0 31 (25%)

1 83 (67%)

2 10 (8%)

Previous mCRPC treatments

Previous chemotherapy 99 (80%)

Docetaxel 98 (79%)

Cabazitaxel 20 (16%)

Androgen-signaling inhibitors 123 (99%)

Abiraterone 111 (90%)

Enzalutamide 78 (63%)
223Ra 24 (19%)

Prior lines of mCRPC systemic treatment

1 9 (7%)

$2 115 (93%)

$3 71 (57%)

$4 33 (27%)

Sites of disease on PSMA PET/CT

Bone 114 (92%)

Nodal 101 (81%)

Bone plus nodal 92 (74%)

Visceral 32 (26%)

Bone plus nodal plus visceral 27 (22%)

*Data missing for 13 patients.
M 5 metastasized; ECOG 5 Eastern Cooperative Oncology Group.
Continuous data are median and interquartile range. Qualitative data are number and percentage.
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visual RECIP complete response, PR, and SD, respectively. After
the majority rule for quantitative RECIP 1.0 was applied, 40 of
124 (32%) patients had RECIP PD and 84 of 124 (68%) had
RECIP non-PD, of whom 0 (0%), 40 (32%), and 44 (36%) of the
124 patients had visual RECIP complete response, PR, and SD,
respectively.

PSA-PFS
Visual RECIP. The median PSA-PFS among patients with

RECIP PD versus RECIP SD versus RECIP PR was 2.6 versus
6.4 versus 8.4mo, respectively (Fig. 1). RECIP PD was associated
with a significantly shorter PSA-PFS than that with RECIP SD
(HR, 11.2; 95% CI, 6.0–21.3; P , 0.001) and that with RECIP
PR (HR, 17.1; 95% CI, 8.4–34.9; P , 0.001). RECIP SD was
associated with shorter—albeit not statistically significant—PSA-
PFS than that with RECIP PR (HR, 1.5; 95% CI, 0.9–2.5; P 5

0.10). The median PSA-PFS among patients with RECIP PD ver-
sus RECIP non-PD was 2.6 versus 7.2mo (HR, 13.0; 95% CI,
7.0–24.1; P , 0.001) (Fig. 1). In the subgroup analysis, RECIP
PD was associated with shorter PSA-PFS than was RECIP non-
PD in patients treated with [177Lu]Lu-PSMA I&T (HR, 12.7; 95%

CI 6.4–25.1; P , 0.001) or [177Lu]Lu-PSMA-617 (HR, 10.5; 95%
CI, 2.5–43.0; P 5 0.001) (Supplemental Fig. 2).
Quantitative RECIP. The median PSA-PFS for RECIP PD ver-

sus that for RECIP SD versus that for RECIP PR was 2.7 versus
5.4 versus 8.9mo, respectively (Fig. 1). RECIP PD was associated
with significantly shorter PSA-PFS than were RECIP SD (HR,
4.7; 95% CI, 2.8–7.9; P , 0.001) and RECIP PR (HR, 10.7; 95%
CI, 6.0–19.2; P , 0.001). RECIP SD was associated with signifi-
cantly shorter PSA-PFS than was RECIP PR (HR, 2.9; 95% CI,
1.4–3.7; P , 0.001). The median PSA-PFS among patients
with RECIP PD versus RECIP non-PD was 2.7 versus 6.5mo
(HR, 6.8; 95% CI, 4.1–11.2; P , 0.001) (Fig. 1). In the subgroup
analysis, RECIP PD was associated with shorter PSA-PFS
than was RECIP non-PD in patients treated with [177Lu]Lu-PSMA
I&T (HR, 6.3; 95% CI, 3.7–10.9; P , 0.001) or [177Lu]Lu-
PSMA-617 (HR, 10.5; 95% CI, 2.5–43.0; P 5 0.001) (Supple-
mental Fig. 2).

DISCUSSION

OS is a gold standard endpoint in cancer research and is desired
by regulatory authorities for drug approval in phase 3 registration

FIGURE 1. Associations between visual RECIP 1.0 (A and B) and quantitative RECIP 1.0 (C and D) responses with PSA-PFS. nPD5 non-PD.
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trials. Surrogate endpoints are increasingly accepted by regulatory
bodies for accelerated approvals of prostate cancer therapies, parti-
cularly in earlier disease stages, for example, metastatic hormone-
sensitive prostate cancer, nonmetastatic CRPC, or early-stage
mCRPC, in which the average life expectancy exceeds 2 y. Up to
48% of prostate cancer therapeutic trials use progression-free sur-
vival as a surrogate endpoint for OS (14). PSA-PFS is often used
as a primary endpoint in phase 2 clinical trials of prostate cancer
to investigate principal drug efficacy. For example, the EnzaP
randomized trial of enzalutamide versus enzalutamide plus
[177Lu]Lu-PSMA-617 in chemotherapy-naïve mCRPC patients
used PSA-PFS as the primary endpoint (15), whereas the TheraP
randomized trial of [177Lu]Lu-PSMA-617 versus cabazitaxel in
postchemotherapy mCRPC patients used PSA-PFS as the second-
ary endpoint (16).
The present analysis found that response evaluation by RECIP

1.0 at 12-wk PSMA PET/CT is associated with progression-free
survival after [177Lu]Lu-PSMA radiopharmaceutical therapy.
Patients with RECIP PD had significantly shorter PSA-PFS than
those patients with RECIP SD and RECIP PD. These findings sug-
gest that PSMA PET/CT performed after 2 cycles of [177Lu]Lu-
PSMA may identify patients who will shortly progress by PSA. A
strategy in which patients with RECIP PD at 12 wk switch to a
more efficacious treatment may improve clinical outcomes.
RECIP 1.0 is a framework for response evaluation that can be

determined in two ways, that is, qualitatively by visual reads of
nuclear medicine physicians and radiologists (visual RECIP) or
quantitatively using tumor segmentation software (quantitative
RECIP). A recent study found a 95% agreement between quantita-
tive and visual RECIP PD versus non-PD. In the present analysis,
visual RECIP PR failed to show significantly superior PSA-PFS
compared with that of RECIP SD (HR, 1.5; P 5 0.10), whereas the
quantitative RECIP PR showed superior PSA-PFS compared with
that of RECIP SD (HR 5 2.9; P , 0.001), highlighting the need
for training in evaluating responses in total tumor volume in PSMA
PET/CT before applying visual RECIP 1.0 in clinical practice.
Altogether, previous and current findings demonstrated that

RECIP 1.0 is associated with PSA-PFS and OS in mCRPC. The
data support the implementation of RECIP 1.0 in daily practice
and clinical trials for treatment response evaluation in mCRPC
patients during [177Lu]Lu-PSMA radiopharmaceutical therapy.
Notably, visual RECIP 1.0 should be used to determine only clini-
cally relevant PD versus non-PD, whereas quantitative RECIP 1.0
can be used to classify PR versus SD versus PD. Further, the data
encourage evaluation of associations of RECIP 1.0 with outcome
data in patients who are earlier in the disease trajectory and who
have a longer life expectancy.
The main limitation of this study is the use of the same patient

cohort that was used to develop RECIP 1.0 (7). However, the cur-
rent study used PSA-PFS as the study outcome, whereas the initial
analysis used OS as the endpoint. Other limitations include the
study’s retrospective design and lack of a comparative treatment
arm to test the prognostic versus predictive value of RECIP 1.0.

CONCLUSION

PSMA PET/CT by RECIP 1.0 after 2 cycles of [177Lu]Lu-
PSMA is prognostic for PSA-PFS. PSMA PET/CT by RECIP 1.0
may be used in earlier stages of prostate cancer to evaluate drug
efficacy and to predict progression-free survival. Further studies to
validate our findings in a prospective setting are warranted.

KEY POINTS

QUESTION: Is RECIP 1.0 associated with progression-free
survival in patients with mCRPC who are treated with
[177Lu]Lu-PSMA?

PERTINENT FINDINGS: This retrospective multicenter analysis
demonstrated that interim PSMA PET/CT performed after 2 cycles
of [177Lu]Lu-PSMA and evaluated by RECIP 1.0 is significantly
associated with PSA-PFS.

IMPLICATIONS FOR PATIENT CARE: PSMA PET/CT by RECIP
1.0 may be used in earlier stages of prostate cancer to evaluate
drug efficacy and predict progression-free survival.
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