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Abstract
Purpose Primary objective was to compare the per-patient detection rates (DR) of  [18F]DCFPyL versus  [18F]fluoromethylcho-
line positron emission tomography/computed tomography (PET/CT), in patients with first prostate cancer (PCa) biochemical 
recurrence (BCR). Secondary endpoints included safety and impact on patient management (PM).
Methods This was a prospective, open label, cross-over, comparative study with randomized treatment administration of 
 [18F]DCFPyL (investigational medicinal product) or  [18F]fluoromethylcholine (comparator). Men with rising prostate-specific 
antigen (PSA) after initial curative therapy were enrolled.  [18F]DCFPyL and  [18F]fluoromethylcholine PET/CTs were per-
formed within a maximum time interval of 12 days. DR was defined as the percentage of positive PET/CT scans identified 
by 3 central imaging readers. PM was assessed by comparing the proposed pre-PET/CT treatment with the local treatment", 
defined after considering both PET/CTs.
Results A total of 205 patients with first BCR after radical prostatectomy (73%; median PSA = 0.46 ng/ml [CI 0.16;27.0]) or 
radiation therapy (27%; median PSA = 4.23 ng/ml [CI 1.4;98.6]) underwent  [18F]DCFPyL- and/or  [18F]fluoromethylcholine 
-PET/CTs, between July and December 2020, at 22 European sites. 201 patients completed the study. The per-patient DR 
was significantly higher for  [18F]DCFPyL- compared to  [18F]fluoromethylcholine -PET/CTs (58% (117/201 patients) vs. 40% 
(81/201 patients), p < 0.0001). DR increased with higher PSA values for both tracers (PSA ≤ 0.5 ng/ml: 26/74 (35%) vs. 22/74 
(30%); PSA 0.5 to ≤ 1.0 ng/ml: 17/31 (55%) vs. 10/31 (32%); PSA 1.01 to < 2.0 ng/ml: 13/19 (68%) vs. 6/19 (32%);PSA > 2.0: 
50/57 (88%) vs. 39/57 (68%) for  [18F]DCFPyL- and  [18F]fluoromethylcholine -PET/CT, respectively).  [18F]DCFPyL PET/
CT had an impact on PM in 44% (90/204) of patients versus 29% (58/202) for  [18F]fluoromethylcholine. Overall, no drug-
related nor serious adverse events were observed.
Conclusions The primary endpoint of this study was achieved, confirming a significantly higher detection rate for  [18F]
DCFPyL compared to  [18F]fluoromethylcholine, in men with first BCR of PCa, across a wide PSA range.  [18F]DCFPyL was 
safe and well tolerated.
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Introduction

Prostate cancer (PCa) is the most common type of malig-
nancy in men, accounting for 10% of all cancer deaths 
among men within the European Union (EU) [1]. Most 

patients with metastatic PCa succumb to disease [2]. A ris-
ing of the prostate-specific antigen (PSA) tumour marker, 
after initial therapy, suggests biochemical recurrence (BCR). 
This may occur in 20–30% of PCa patients within five years, 
before metastatic disease can be established by conventional 
imaging modalities [3–7].

Correct localisation of BCR is essential for further 
treatment planning, since potentially curative treatment is Extended author information available on the last page of the article
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feasible in local recurrence or locoregional lymph node 
metastases, whereas in distant metastases, (palliative) sys-
temic treatment should be considered. Moreover, there is 
currently an increasing interest in metastasis-directed ther-
apies (MDTs) in patients with minimal metastatic tumour 
burden (oligometastatic disease) [8–10].

[18F]fluoromethylcholine has been approved in the EU 
since 2010 for the detection of recurrent PCa in patients with 
rising PSA. However,  [18F]fluoromethylcholine has clinical 
impact mainly when PSA exceeds 4 ng/mL [11]. The intro-
duction of a new class of positron emission tomography 
(PET) radiopharmaceuticals targeting the prostate-specific 
membrane antigen (PSMA), has facilitated the detection of 
recurrent or metastatic PCa cells that is otherwise occult on 
conventional imaging [12–15]. PSMA is a transmembrane 
glycoprotein expressed by the majority of PCa, with proven 
high detection rate at early BCR, which led PSMA PET to 
a grade A recommendation by the European Guidelines of 
PCa [16].

Various radiolabelled anti-PSMA small molecules and 
monoclonal antibodies have been used to detect PCa recur-
rence. 18F-Piflufolastat,  [18F]DCFPyL, is a radiolabelled 
small-molecule that binds to the extracellular domain of 
PSMA with high affinity and is approved for staging of pri-
mary and recurrent disease by the US FDA. Compared to 
68 Ga, 18F has the advantage of a shorter positron range, 
longer half-life (110 vs. 68 min), possibility of large-scale 
production, and ease of regional distribution. Over the last 
years, different radiopharmaceuticals targeting PSMA have 
been synthesised and used in academic investigator-spon-
sored studies and on compassionate use [17–19]. However, 
the performance of  [18F]DCFPyL, compared to  [18F]fluoro-
methylcholine has not been formally studied.

In this study, we aimed to compare the per-patient detec-
tion rates (DR) of  [18F]DCFPyL versus  [18F]fluoromethyl-
choline positron emission tomography/ computed tomogra-
phy (PET/CT), in patients with first BCR in PCa. Secondary 
endpoints included safety of  [18F]DCFPyL and impact on 
patient management (PM).

Methods

Study design

This was a prospective, open label, cross-over, comparative 
study with randomised treatment administration of  [18F]DCF-
PyL, as investigational medicinal product (IMP) and  [18F]
fluoromethylcholine, as comparator.  [18F]DCFPyL- and  [18F]
fluoromethylcholine-PET/CT scans were performed on the 
same scanner, within a maximum time interval of 12 days.

External, independent coded, blinded and centralized 
interpretation of  [18F]DCFPyL- and  [18F]fluoromethylcho-
line-PET/CTs was performed by three independent, expe-
rienced nuclear medicine physicians who were not other-
wise involved in the trial. The order of presentation of the 
PET/CTs with IMP and comparator was randomized, with 
a washout period of 2 weeks between the interpretation.

As part of the routine care practice, enrolled patients 
received appropriate treatment. Treatment decisions were 
pragmatic, at the discretion of the referring physician, 
based on all available clinical information, including local 
reports of both PET/CT scans and any other imaging find-
ings. For the purpose of the study, patients were followed-
up, up to 10 months after the second tracer injection, to 
provide any results of subsequent biopsies, imaging stud-
ies, clinical findings, PSA measurements, and disease 
management, if performed routinely.

Consensus on the disease status was obtained from a 
multidisciplinary independent board (truth panel), based 
on the surrogate standard of reference which included 
all available results. Assessments were made on a per-
region and per-patient basis. Additionally, the truth panel 
assessed the impact of each PET/CT examination on dis-
ease restaging and change in treatment intent, by filling in 
a PM questionnaire.

Patient population

Patients were enrolled between the  1st of July 2020 and the 
 4th of December 2020, from twenty-two sites in 4 Euro-
pean countries (France, Belgium, Spain and The Nether-
lands). Ethical approval was gained from all local institu-
tional review boards. All patients signed written informed 
consent prior to participation in this study.

Inclusion criteria were: male, age ≥ 18 years, histo-
pathological proven prostate adenocarcinoma, first sus-
pected recurrence of PCa based on rising PSA after initial 
curative therapy like radical prostatectomy (RP), with 
PSA ≥ 0.2 ng/mL confirmed by a subsequent PSA deter-
mination, or radiation therapy (RT) with PSA ≥ 2 ng/mL 
above the nadir after therapy, regardless of the serum con-
centration of the PSA nadir.

Exclusion criteria were: ECOG status > 2; history of 
previous salvage therapies (including salvage radiotherapy 
or salvage lymph node dissection), adjuvant radiotherapy, 
cryotherapy or high-intensity focused ultrasound (HIFU); 
other active malignant tumour; treatment with: androgen 
deprivation therapy (ADT) in the past 30 days/ ongoing; 
colchicine in the past 8  days/ ongoing or hematopoi-
etic colony stimulating factors (CSF) in the past 5 days/ 
ongoing.
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Sample size calculation

A sample size of 141 patients was calculated to achieve 90% 
power for showing a difference in per-patient detection rate 
of 12% between  [18F]fluoromethylcholine- and  [18F]DCF-
PyL-PET/CT at the two-sided type 1 error rate of 5%. The 
required sample size was set to 217 patients, assuming a rate 
of non-assessable patients among the randomised patients 
of approximately 35%.

Imaging procedures

For both tracers, whole body PET-acquisition started from 
the mid-thigh to at least the base of the skull. PET scans 
were acquired in three-dimensional (3D) mode with an 
acquisition time of 3 min per bed position or equivalent for 
continuous acquisition. Overall, PET coverage was identical 
to the anatomical CT scan range. Low-dose CT acquisition 
of parameters (such as kV, mAs, pitch in helical CT, dose 
modulation, etc.) was performed in accordance with insti-
tutional protocols.

Acquisition procedure for  [18F]fluoromethylcholine con-
sisted of a dynamic PET acquisition over the pelvis includ-
ing the prostate bed from 1 min post injection (p.i.) of 2 to 
4 MBq/kg body weight (140–280 MBq) up to 9 min p.i. (8 
images, 1 min each). Static whole-body PET acquisition fol-
lowed, 20 min p.i. If there was any doubt concerning poten-
tial lesions with a slight uptake, a second static acquisition 
was allowed 60 min p.i.. For  [18F]DCFPyL, a whole-body 
PET/CT was performed 120 (± 15) minutes p.i. of a standard 
dose of 330 MBq (300–360 MBq).

Safety analysis

The safety analysis set included all randomised patients who 
received at least one injection of either study product (IMP 
or comparator), regardless of any protocol deviations. All 
potential adverse events (AEs) described for the 2 radiop-
harmaceuticals were collected from the time of the injection 
up to 24 h and they were all documented. For a detailed 
description, see Supplemental file 1.

Statistical analyses

Analyses were performed mainly as descriptive statistics and 
were summarised depending on the nature of the analysed 
variables (see Supplemental file 2).

The analysis of the primary objective was performed in 
the full analysis set (FAS). The Prescott’s test was used to 
assess the difference between the two tracers in terms of 
detection. The per-patient detection rate was computed for 
each reader independently and the intra-reader variability 
and inter-reader variability were evaluated by the Cohen’s 

kappa coefficient and the Fleiss’ kappa coefficient, respec-
tively, on the FAS (without any imputation). P-values ≤ 0.05 
were considered statistically significant and were calculated 
only for the primary endpoint, without subgroup analysis, in 
order to avoid the tests multiplicity.

Results

Patients

Overall, 217 patients were enrolled. 201 out 217 patients 
(92.6%) met the definition for study completion and received 
both tracers. The reasons for 16 patients not completing 
the study were: PSA not measured on first PET/CT injec-
tion (n = 10), lost to follow-up (n = 1), disease progression 
(n = 1), COVID-19 disease (n = 1), and imaging/ technical 
issues (n = 3). Patient flow diagram is presented in Fig. 1.

Among 217 enrolled patients, 215/217 (99%) patients 
were randomised. Two-hundred-five out of 215 (95%) 
patients received at least one tracer injection (IMP or com-
parator) corresponding to 204 patients who received  [18F]
DCFPyL and 202 patients who received  [18F]fluorometh-
ylcholine. Two-hundred-one out of 205 (98.0%) patients 
received both tracers’ injections (IMP and comparator). 
Patient characteristics are provided in Table 1. Patients were 
followed-up for a period of up to 10 months after the second 
tracer injection.

Primary endpoint

A total of 205 patients with first BCR underwent  [18F]DCF-
PyL- and/or  [18F]fluoromethylcholine-PET/CT. Among 
them, 150 patients (73%) were treated with curative intent by 
RP ± extended lymph node dissection (eLND) (median PSA 
at first injection = 0.46 ng/ml [0.2;27.0]), and 55 patients 
(27%) were treated by external-beam RT or brachytherapy 
(median PSA at first injection = 4.23 ng/ml [1.4;98.6]). 
The per-patient DR, based on the number of observed 
cases receiving at least one tracer (N = 205), is presented 
in Table 1.

The per-patient DR, based on the number of observed 
cases receiving both tracers (N = 201), was significantly 
higher for  [18F]DCFPyL compared to  [18F]fluoromethyl-
choline-PET/CT (58% (117/201 patients) vs. 40% (81/201 
patients), p < 0.0001). DR increased numerically with higher 
PSA values for both tracers (PSA ≤ 0.5 ng/ml: 26/74 (35%) 
vs. 22/74 (30%); PSA 0.5 to ≤ 1.0 ng/ml: 17/31 (55%) vs. 
10/31 (32%); PSA 1.01 to < 2.0 ng/ml: 13/19 (68%) vs. 6/19 
(32%); PSA > 2.0: 50/57 (88%) vs. 39/57 (68%) for  [18F]
DCFPyL- and  [18F]fluoromethylcholine-PET/CT, respec-
tively). DR according to the PSA concentration level at first 
injection, for patients after RP ± eLND (observed case) is 
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presented in Table 2 and for patients after RT (observed 
case) in Table 3, respectively.

In the subanalysis, local recurrences (21% vs. 11%), bone 
metastases (17% vs. 9%) and metastases in other organs 
(9.0% vs. 2.0%) were more often detected by  [18F]DCFPyL 
PET/CT (all p < 0.001), while there was only a trend for a 
higher DR difference in the pelvic region (29% vs. 25%, 
p = 0.16) and no difference in pelvic vs. extra-pelvic lymph 
nodes (8.0% vs. 14%, p = 1.00). DR for pelvic and extrapel-
vic regions, based on observed cases, after  [18F]DCFPyL or 
 [18F]fluoromethylcholine PET/CT are presented in Fig. 2.

When considering the initial treatment with curative 
intent, the DR was: 47% (69/147) versus 30% (44/147) 
(p = 0.0002) for  [18F]DCFPyL and  [18F]fluoromethylcho-
line, respectively, in patients treated with RP ± eLND and 
89% (48/54) versus 69% (37/54) (p = 0.0018) for  [18F]DCF-
PyL- and  [18F]fluoromethylcholine-PET/CT, respectively, 
in patients treated with RT. In addition, per-patient DR was 
consistent with the data reported above, when combining the 
level of PSA and the initial treatment with curative intent.

Secondary endpoints

Impact on patient management

The truth panel proposed to modify treatment intent in 
26.0% (N = 53 patients) and 21% (N = 43 patients) for  [18F]
DCFPyL- and  [18F]fluoromethylcholine-PET/CT, respec-
tively, when compared to the disease management before 
any PET/CT. According to the truth panel, PM proposed by 

the local team was impacted by the PET/CTs in 49% of the 
cases (100/205 patients). Among them, the impact of  [18F]
DCFPyL- and  [18F]fluoromethylcholine-PET/CT was 44% 
(90/204) and 29% (58/202), respectively (Fig. 3 and Fig. 4).

Similar results were observed when considering the initial 
treatment with curative intent. For RP ± eLND, a favourable 
management change occurred in 44.7% of cases (67/150), 
with an impact of the  [18F]DCFPyL in 40.0% (60/150) 
versus an impact of  [18F]fluoromethylcholine-PET/CT in 
24.0% (36/150). For RT, a favourable management change 
occurred in 60.0% of the cases (33/55), with an impact of 
the  [18F]DCFPyL in 55% (30/55) versus an impact of  [18F]
fluoromethylcholine-PET/CT in 38% (22/55). A clinical 
example of a patient with first prostate cancer biochemical 
recurrence, in whom the therapy was tailored based on the 
 [18F]DCFPyL PET/CT findings, is illustrated in Fig. 5.

Per‑region detection rate

The DR of  [18F]DCFPyL- was significantly higher than the 
detection rate of  [18F]fluoromethylcholine-PET/CT in the 
prostate bed, bones and other organs, but not on disease 
detection in the (extra)pelvic lymph nodes (Table 4). The 
per-region detection rate according to five pre-specified sub-
groups (initial treatment with curative intent, PSA level at 
first injection, PSA doubling time, D’Amico risk classes and 
ISUP grade) was barely interpretable considering the small 
number of patients per item evaluated. Per-region DR for 
the 3 different readers are presented in the Supplemental 
Tables 1, 2 and 3, respectively.

Fig. 1  Patient flow diagram Included patients
N=217

Randomised patients
N=215 (/217, 99.1%)

Screen failure (n=2/217, 0.9%)
Patients not meeting inclusion criteria

Patients having received at 
least one tracer injection 

N=205 (/215, 95.3%)

Patient randomised and no injection received (n=10/215, 4.7%)
Patients not meeting inclusion or exclusion criteria

Patients having received both tracer injections 

([
18

F]DCFPyL and 
18

F-FCH)
N=201 (/205, 98.0%)

Patients having received only one tracer (n=4/205, 2.0%)
• One patient only received 

18
F-FCH [

18
F]DCFPyL supply  issue)

• Three patients only received [
18

F]DCFPyL(two 
18

F-FCH 
supply/technical issues and one patient presenting COVID19 
infection)
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Table 1  Patient characteristics Characteristics [18F]Choline PET/CT 
followed by  [18F]DCFPyl 
PET/CT 
N = 102

[18F]DCFPyL PET/CT fol-
lowed by  [18F]Choline PET/CT 
N = 103

Total 
N = 205

Age at baseline visit (years) 
Mean ± SD 69.7 ± 6.4 70.3 ± 7.8 70.0 ± 7.1
Median [range] 70.0 [53-88] 71.0 [54-88] 71.0 [53-88]
BMI (kg/m2) 
Missing values 8 9 17
Mean ± SD 28.11 ± 4.23 27.20 ± 3.90 27.66 ± 4.08 
Median [range] 27.85 [20.6–42.0] 26.84 [18.9–39.0] 27.39 [18.9–42.0]
ECOG performance status (%)
Grade 0 98 (96.1) 91 (88.3) 189 (92.2)
Grade 1 4 (3.9) 10 (9.7) 14 (6.8)
Grade 2 0 (0.0) 2 (1.9) 2 (1.0)
Grade ≥ 3 0 (0.0) 0 (0.0) 0 (0.0)
Time since PCa diagnosis (months)
Mean ± SD 60.21 ± 46.69 64.22 ± 52.60 62.23 ± 49.66
Median [range] 45.57 [2.5–207.7] 45.57 [5.1–214.1] 45.57 [2.5–214.1]
ISUP grade (%)
Missing values 1 0 1
Grade 1 22 (21.8) 24 (23.3) 46 (22.5)
Grade 2 30 (29.7) 44 (42.7) 74 (36.3)
Grade 3 28 (27.7) 18 (17.5) 46 (22.5)
Grade 4 13 (12.9) 10 (9.7) 23 (11.3)
Grade 5 8 (7.9) 7 (6.8) 15 (7.4)
D’Amico risk classes (%)
Missing values 1 0 1
Low risk 13 (12.9) 12 (11.7) 25 (12.3)
Intermediate risk 19 (18.8) 25 (24.3) 44 (21.6)
High risk 39 (38.6) 40 (38.8) 79 (38.7)
Not applicable 30 (29.7) 26 (25.2) 56 (27.5)
TNM stage
Primary tumor (%)
Missing values 3 1 4
T1a 0 (0.0) 1 (1.0) 1 (0.5)
T1b 0 (0.0) 1 (1.0) 1 (0.5)
T1c 14 (100.0) 6 (75.0) 20 (90.9)
T2a 14 (26.4) 23 (34.3) 37 (30.8)
T2b 5 (9.4) 9 (13.4) 14 (11.7)
T2c 34 (64.2) 35 (52.2) 69 (57.5)
T3a 11 (39.3) 11 (44.0) 22 (41.5)
T3b 17 (60.7) 14 (56.0) 31 (58.5)
Regional lymph nodes (%)
Missing values 3 1 4
N0 64 (64.6) 60 (58.8) 124 (61.7)
N1 6 (6.1) 5 (4.9) 11 (5.5)
Nx 29 (29.3) 37 (36.3) 66 (32.8)
Initial treatment with curative intent (%)
Radical prostatectomy +/- 

eLND
74 (72.5) 76 (73.8) 150 (73.2)

Radiation therapy 28 (27.5) 27 (26.2) 55 (26.8)
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Safety results

Twelve Treatment Emergent Serious Adverse Events (TEAE) 
(6 for IMP and 6 for comparator) were reported during the 
study in 8/205 (3.9%) patients. Among these TEAE with the 
 [18F]DCFPyL, 3/6 (50%) events were reported in the same 
patient. None of these TEAE were related to the  [18F]DCF-
PyL or  [18F]fluoromethylcholine and were all consistent with 

patient profile regarding their age, PCa stage, and medical his-
tory, notably regarding arterial hypertension. No safety signals 
in relation to tracer injection were reported for vital signs.

Inter‑ and intra‑observer variability

Per patient DR by reader (observed case) was higher for  [18F]
DCFPyL- versus  [18F]fluoromethylcholine- PET/CT, for all 

Table 1  (continued) Characteristics [18F]Choline PET/CT 
followed by  [18F]DCFPyl 
PET/CT 
N = 102

[18F]DCFPyL PET/CT fol-
lowed by  [18F]Choline PET/CT 
N = 103

Total 
N = 205

For patients treated with radical prostatectomy +/- eLND patients
PSA at first PET/CT injection (ng/mL)
Missing values 9 6 15
Mean ± SD 1.20 ± 3.38 0.67 ± 0.63 0.93 ± 2.39
Median [range] 0.47 [0.16–27.00] 0.46 [0.18–3.29] 0.46 [0.16–27.00]
PSA classes (ng/mL) (%)
 < 0.2 2 (3.1) 4 (5.7) 6 (4.4)
[0.2—0.5] 35 (53.8) 36 (51.4) 71 (52.6)
[0.51 – 1] 16 (24.6) 15 (21.4) 31 (23.0)
[1.01 – 2] 7 (10.8) 11 (15.7) 18 (13.3)
 > 2 5 (7.7) 4 (5.7) 9 (6.7)
For patients treated with radiation therapy
PSA at first PET/CT injection (ng/mL)
Missing values 3 2 5
Mean ± SD 9.39 ± 19.31 6.07 ± 6.30 7.73 ± 14.32
Median [range] 4.07 [2.2–98.6] 4.38 [1.4–33.8] 4.23 [1.4–98.6]
PSA classes (ng/mL) (%)
[1.01 – 2] 0 (0.0) 1 (4.0)
 > 2 25 (100.0) 24 (96.0) 1 (2.0) 49 (98.0)
PSA Doubling time (months) (%)
Missing values 87 90 177
Mean ± SD 9.53 ± 10.17 12.02 ± 14.76 10.80 ± 12.74
Median [range] 6.88 [0.3–64.4] 6.92 [0.8–91.5] 6.90 [0.3–91.5]
 ≤ 6 39 (44.8) 36 (40.0) 75 (42.4)
 > 6 48 (55.2) 54 (60.0) 102 (57.6)
Velocity (ng/mL/year)
Missing values 15 13 28
Mean ± SD 5.45 ± 16.94 5.18 ± 25.58 5.31 ± 21.71
Median [range] 0.77 [0.04–120.40] 0.80 [0.02–239.18] 0.80 [0.02–239.18]
[18F]DCFPyL injected activity (MBq) 
Missing values 8 8 16
Mean ± SD 313.19 ± 31.92 320.00 ± 23.98 316.56 ± 28.40
Median [range] 318.03 [186.9–373.0] 324.94 [228.6–364.3] 321.19 [186.9–

373.0]
Time between injection and DCFPyL PET/CT (min) 
Missing values 122.6 ± 7.5 120.6 ± 8.3 121.6 ± 7.9
Mean ± SD 120.0 [109–147] 120.0 [80–150] 120.0 [80–150]
Median [range]

 PSA: Prostate specific antigen; PCa: prostate cancer
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3 readers. DR for reader 1 was 64% (129 patients) for  [18F]
DCFPyL- versus 43% (86 patients) for  [18F]fluoromethylcho-
line PET/CT, while for reader 2 DR was 55% (111 patients) 
for  [18F]DCFPyL- versus 41% (83 patients) for  [18F]fluoro-
methylcholine -PET/CT. DR for reader 3 was 134 67% (134 
patients) for  [18F]DCFPyL- versus 44.% (89 patients) for 
 [18F]fluoromethylcholine -PET/CT, respectively. The overall 
Cohen’s Kappa was 0.54 [95%CI 0.39; 0.68].

Discussion

In this prospective, cross-over, open-label study, per-patient 
DR, impact on PM and safety profiles were evaluated and 
compared for  [18F]DCFPyL- and  [18F]fluoromethylcholine-
PET/CT, in patients with first BCR PCa, after primary 

therapy with curative intent. Efficacy results showed greater 
DR and impact on PM for  [18F]DCFPyL- compared to  [18F]
fluoromethylcholine-PET/CT. Furthermore,  [18F]DCFPyL 
demonstrated a favourable toxicity profile, without any 
related serious AE.

PYTHON is the first comparative study, with randomized 
treatment administration of ‘next generation imaging’ with-
out censorship by conventional imaging. Another phase III 
prospective, single-arm study, CONDOR, has evaluated the 
diagnostic performance and safety of  [18F]DCFPyL in BCR 
PCa patients with negative/ equivocal findings on conven-
tional imaging.  [18F]DCFPyL was able to localize the site 
of BCR in 60.4%, and provided substantial PM change [20].

The diagnostic performance of  [18F]DCFPyL was also 
investigated in cohort B of the prospective OSPREY trial, by 
comparing imaging results to histopathology. In 93 evalua-
ble patients, median sensitivity and positive predictive value 
for extraprostatic lesions were 96% (95% CI: 87.8%-99.0%) 
and 82% (95% CI: 73.7%-90.2%), respectively. Remarkably, 
more than half of the patients (57.6%; 19/33) presenting with 
negative findings on conventional imaging, had likely distant 
metastases on  [18F]DCFPyL [21].

Per-patient DR in the PYTHON study was significantly 
higher for  [18F]DCFPyL than  [18F]fluoromethylcholine-
PET/CT, 58% versus 40%, respectively. This is in line with 
the CONDOR study, reporting  [18F]DCFPyL PET/CT 
detected ≥ 1 lesion in 59% to 66% patients, as assessed by 
central reading. The DR between the 2 studies was com-
parable at low PSA values, 36% and 35% for CONDOR 
and PYTHON, respectively. The number of patients with 
PSA level < 0.5 ng/mL, was comparable in CONDOR and 
PYTHON (69 vs. 77 patients, respectively). Results are also 
consistent with the findings of Ma et al. reporting higher 
DR for PSMA-radiotracers, when systematically assessing 
BCR PCa by means of PSMA, choline, and fluciclovine-
radiotracers [22].

In PYTHON, per-patient DR according to PSA concen-
tration level at first injection for patients after RP ± eLND 
(observed case) tended to be higher for  [18F]DCFPyL, 
across all PSA ranges (see also Supplemental Fig. 1). P 
values are not provided since statistics was not designed 
for multiplicity tests. However, no difference in DR was 
observed between  [18F]DCFPyL and  [18F]fluoromethylcho-
line-PET/CT for the PSA range 0.2–0.5 ng/mL. Since BCR 
after RP, at low PSA value, usually indicates a local relapse 
in prostate-bed, one explanation might be that both tracers 
are renally excreted. In absence of diuretics use and an early 
dynamic phase for  [18F]DCFPyL, the visualization of the 
prostate bed might be hampered by the radioactivity in the 
urinary bladder.

Another explanation may be the intra-reader variability 
(i.e., comparison of readings made twice by a same reader), 
which was evaluated by the Cohen’s Kappa coefficient. The 

Table 2  Per-patient detection rate according to the PSA concentration 
level at first injection for patients after radical prostatectomy ± eLND 
(observed case) – full analysis set (N = 205)

Observed case: missing or indeterminate results are not imputed 
Explanatory note: Full analysis set comprised 205 patients that 
had been imaged with only one tracer. Observed case refers to 201 
patients that were scanned with both tracers. One-hundred-fifty out 
of 201 patients had radical prostatectomy ± eLND. From these, 15 
patients had no PSA at baseline and 3 patients had only one tracer, 
resulting in a total number of 132 patients

Per-patient detection rate [95% CI]

PSA concentration 
level at first injection

[18F]DCFPyL
N = 201

[18F]Choline
N = 201

 < 0.2 (N = 6) 2 (33.3%) [0.0;71.1] 1 (16.7%) [0.0;46.5]
[0.2–0.5] (N = 68) 24 (35.3%) [23.9;46.7] 21 (30.9%) [19.9;41.9]
[0.51–1] (N = 31) 17 (54.8%) [37.3;72.4] 10 (32.3%) [15.8;48.7]
[1.01–2] (N = 18) 13 (72.2%) [51.5;92.9] 6 (33.3%) [11.6;55.1]
 > 2 (N = 9) 7 (77.8%) [50.6;100.0] 4 (44.4%) [12.0;76.9]

Table 3  Per-patient detection rate according to the PSA concentration 
level at first injection for patients after radiation therapy (observed 
case) – full analysis set (N = 205)

Observed case: missing or indeterminate results are not imputed 
Explanatory note: Full analysis set comprised 205 patients that had 
been imaged with only 1 tracer. Observed case refers to 201 patients 
that were scanned with both tracers. Fifty-five out of 201 patients had 
radiation therapy. From these, 5 patients had no PSA at baseline and 1 
patient had only one tracer, resulting in a total number of 49 patients

Per-patient detection rate [95% CI]

PSA concentration 
level at first injection

[18F]DCFPyL
N = 201

[18F]Choline
N = 201

[0.2—1] (N = 0) 0 (0.0%) [0.0;0.0] 0 (0.0%) [0.0;0.0]
[1.01—2] (N = 1) 0 (0.0%) [0.0;0.0] 0 (0.0%) [0.0;0.0]
 > 2 (N = 48) 43 (89.6%) [80.9;98.2] 35 (72.9%) [60.3;85.5]



 European Journal of Nuclear Medicine and Molecular Imaging

1 3

overall Cohen’s Kappa was 0.54 [95% CI 0.39; 0.68]. This 
low value, considered as moderate according to Landis and 
Koch classification, was due to reader 3. Indeed, this reader 
reported only a Cohen’s Kappa [95% CI] of 0.33 [0.05; 
0.62]. On the contrary, reader 1 and 2 obtained a Cohen’s 
kappa of 0.64 [0.40; 0.88] and 0.62 [0.39; 0.84], considered 
as substantial. The interobserver variability of three clini-
cally frequently used PSMA tracers in PCa was previously 
discussed by Hagens et al., concluding that training on inter-
pretation is essential [23].

In a meta-analysis including 5 studies and 257 BCR PCa 
patients, Treglia et al. performed a head-to-head comparison 
between choline and PSMA in BCR PCa [24]. Overall a DR 
of 56% [95%CI,37–75%] for radiolabelled choline PET/CT 
and 78% (95% CI: 70–84%) for radiolabelled PSMA PET/
CT were observed, but without a statistical significant dif-
ference at the pooled analysis and without blinded reads. 
Significant difference of DR was found only in patients with 
PSA ≥ 1 ng/ml. Radiolabelled PSMA PET/CT proved to be 
clearly superior in detecting BR PCa lesions, similarly to 
the PYTHON study.

In the PYTHON study, PM was changed by the PET/CTs 
in 49% of the cases, with an impact of  [18F]DCFPyL- and 

 [18F]fluoromethylcholine -PET/CT of 44% and 29%, respec-
tively. The PM impact in the CONDOR study was 64%. The 
difference may be explained by the CONDOR population 
including mainly patients after RP + RT or RT, with negative 
findings on conventional imaging, while in PYTHON the 
patients after RT were in the minority (27%). A PM change 
of 60% was also described by Song et al. in an academic-
center prospective evaluation of  [18F]DCFPyL PET/CT [25].

Regarding the acquisition parameters,  [18F]fluoromethyl-
choline PET/CT images were acquired 20 min p.i., follow-
ing the approved image acquisition recommendations of the 
summary of product characteristics.  [18F]DCFPyL PET/CT 
images were acquired 120 min p.i., in line with the simpli-
fied methods for quantification of the tracer, demonstrat-
ing that  [18F]DCFPyL uptake in prostate cancer metastases 
rises continuously during the first 2 h after injection [26]. 
This finding was also supported by the observations made by 
Wondergem et al., who demonstrated that the detectability 
of metastases was higher at an uptake interval of 120 min, 
compared to 60 min p.i. [27].

An important aspect when visually interpreting the PSMA 
PET/CT scans is the non-specific bone activity. Although in 
present study the number of bone lesions visualised on the 

Fig. 2  Detection rate for pelvic (A, C) and extrapelvic regions (B, D). Number of patients and detection rate (%) [95%, CI] on observed case 
after [18F]DCFPyL or  [18F]fluoromethylcholine injection
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Fig. 3  Proposed disease management by the Truth Panel in patients initially treated by radical prostatectomy with/without lymph node dissection

Fig. 4  Proposed disease management by the Truth Panel in patients initially treated by curative radiation therapy
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 [18F]DCFPyL PET/CT scans was higher than on the  [18F]flu-
roromethylcholine PET/CT, we did not report any indetermi-
nate bone lesions. This is partially attributed to the reduced 
number of patients with bone lesions and the limited number 
of histopathologically confirmed bone metastases. However, 

indeterminate bone lesions on  [18F]DCFPyL PET/CT are 
common, as demonstrated by Phelps et al. [28]. Therefore, 
the use of different parameters, like bone lesion location, 
intensity of the uptake, and additional scan findings is rec-
ommended since it can aid interpretation.

Fig. 5  Clinical example of a 
patient with first prostate cancer 
biochemical recurrence. Sagittal 
Maximum Intensity Projec-
tion  [18F]DCFPyL PET (upper 
right),  [18F]fluoromethylcholine 
(upper left), axial fused  [18F]
DCFPyL (bottom right) and 
 [18F]fluoromethylcholine PET/
CT images (bottom left) of a 
77-year old patient who under-
went prostatectomy without 
lymph node dissection for ISUP 
grade 2 PCa, followed by an 
undetectable PSA level, with 
BCR 13 years later, at a PSA 
of 5.6 ng/ml.  [18F]fluorometh-
ylcholine -PET shows equivo-
cal uptake in the prostate bed 
(SUVmax 4.1) while  [18F]
DCFPyL PET shows intense 
PSMA expression in the pros-
tate bed (SUVmax 23.7). The 
patient underwent salvage RT of 
the prostate bed after PET, lead-
ing to a subsequent PSA drop 
to < 0.01 ng/ml

[

118

FF ] fluorocholine PET/CT [

18

F ]DCFPyL PET/CT

Table 4  Per-region detection 
rate (observed case) – full 
analysis set (N = 205)

Observed case: missing or indeterminate results are not imputed
[a] P-value issued from Prescott’s test

Per region detection rate [95% CI]

Region [18F]DCFPyL
N = 201

[18F]Choline
N = 201

P-value [a]

(T) Prostate bed 43 (21.4%) [15.7;27.1] 22 (10.9%) [6.6;15.3]  < 0.0001
(N) Pelvic lymph node(s) 58 (28.9%) [22.6;35.1] 50 (24.9%) [18.9;30.9] 0.1636
(M1) Extra pelvic 56 (27.9%) [21.7;34.1] 42 (20.9%) [15.3;26.5] 0.0285
(M1a) Extra pelvic lymph node(s) 16 (8.0%) [4.2;11.7] 29 (14.4%) [9.6;19.3] 0.9971
Retroperitoneal lymph node(s) 15 (7.5%) [3.8;11.1] 25 (12.4%) [7.9;17.0] 0.9889
Supradiaphragmatic lymph node(s) 7 (3.5%) [1.0;6.0] 6 (3.0%) [0.6;5.3] 0.5008
(M1b) Bone 35 (17.4%) [12.2;22.7] 17 (8.5%) [4.6;12.3] 0.0002
Spine 12 (6.0%) [2.7;9.3] 5 (2.5%) [0.3;4.6] 0.0194
Ribs sternum and scapula 22 (10.9%) [6.6;15.3] 10 (5.0%) [2.0;8.0] 0.0019
Iliac and sacrum 17 (8.5%) [4.6;12.3] 11 (5.5%) [2.3;8.6] 0.0553
Femur and humerus 4 (2.0%) [0.1;3.9] 3 (1.5%) [0.0;3.2] 0.5012
Others bone involvement 1 (0.5%) [0.0;1.5] 1 (0.5%) [0.0;1.5] 0.7488
(M1c) Other organ(s) 18 (9.0%) [5.0;12.9] 4 (2.0%) [0.1;3.9] 0.0003
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In this study, the intra-reader variability was low. Intra-
reader variability is usually linked to deviation from study-spe-
cific image interpretation criteria on which readers have been 
trained, while inter-reader variability links essentially to read-
ers’ skill. Since PET/CT readers were trained nuclear medicine 
physicians with track record in prostate cancer imaging, includ-
ing PSMA interpretation, other possible reasons were revised 
for final recommendations. Our conclusion is that in order 
to reduce the variability, it is recommended to standardized 
image acquisition, to uniform the available information using 
the blinded setting, to standardize reader training, and to retrain 
the readers in case of substantial discordance is identified.

As part of the routine care practice, enrolled patients 
received appropriate treatment and follow-up, in a mul-
ticentre frame. The investigating sites were requested for 
the period of up to 10 months after the second tracer injec-
tion, to provide any results of subsequent biopsies, imaging 
studies, clinical findings, PSA measurements, and disease 
management if performed in routine practice. However, this 
study was not devoid of limitations. Contrary to other stud-
ies in BCR population, no standard of truth was used. Thus, 
treatment decisions were pragmatic, made at the discretion 
of the referring physician, and based on all available clinical 
information. Local reports of both PET/CT scans were not 
standardised, but followed the clinical routine, with positive 
findings not always being confirmed by histopathology.

Conclusions

The per-patient detection rate of the  [18F]DCFPyL PET/CT 
over  [18F]fluoromethylcholine PET/CT was significantly 
higher, independent of the initial treatment with curative 
intent, the PSA level, the PSA doubling time, the ISUP grade 
or the d’Amico risk classification. In addition,  [18F]DCFPyL 
PET/CT showed significantly higher per-patient sensitivity 
in comparison to  [18F]fluoromethylcholine PET/CT.  [18F]
DCFPyL PET/CT had an impact on patient management 
in 44% of the patients, while being safe and well tolerated.

Supplementary information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00259- 023- 06301-5.
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