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Abstract: Purpose: Prostate cancer is the most common male prevalent malignancy in Europe. Biological recurrence
occurs in 20-40% of patients within 10 years following treatment. ['*F]F-Choline PET/CT is the most used technique
for detecting recurrent disease but is rarely positive for low PSA levels. ['*F]PSMA-1007 PET/CT allows early detection
of recurrence sites. Methods: We conducted a prospective multicenter study. Each patient had access to a [*F]F-
Choline and [*F][PSMA PET/CT. The primary endpoint was to determine the therapeutic impact of the [F]PSMA
comparative to ["¥F]F-Choline PET/CT. Secondary endpoints were the diagnostic performance and the correlation
between PET/CT parameters and prognostic factors of prostate disease. Results: 47 patients were included. A
therapeutic modification was observed in 36% of them between what the clinicians expected after the [*F]F-Choline
PET/CT and what they finally decided after the [¥F][PSMA PET/CT. Diagnostic performance of ['F]F-Choline was
28% versus 70% for [F|PSMA with a significant difference. With [F]PSMA PET/CT, there was a significative
correlation between PSA level of biological recurrence and SUVmax but not between ISUP score and SUVmax of the
selected lesion. Conclusion: This study found a modification in therapeutic management following ['*F]PSMA
PET/CT in one third of patients. This change could result in earlier and better management with detection of lesions
at a lower PSA level than is possible with ['*F]F-Choline.

Keywords: [®F]PSMA-1007 PET/CT; [®F]F-Choline PET/CT; prostate; therapeutic management; PSA level;
SUVmax

INTRODUCTION

Prostate cancer is the most common male prevalent solid malignancy (1,2) in Europe, with high morbidity (3) and
it is the third most common with regards of mortality (4,5).

Despite highly successful treatments like radiotherapy and radical prostatectomy, prostate cancer recurrence
occurs in 20-40% of patients within 10 years following treatment (6). The biological recurrence of the disease is
considered after two consecutive prostate specific antigen (PSA) values of 0.2 ng/ml after radical prostatectomy or with
a PSA level of at least 2.0 ng/ml with 2 consecutive rises above the nadir after radiotherapy (7).

The major challenge is to be able to localize the recurrence (local recurrence, loco-regional or metastatic
recurrence) in order to optimize the therapeutic management (loco-regional or systemic treatment: hormone therapy,
chemotherapy, radiotherapy...). Imaging modalities play an important role in the restaging of prostate cancer (2,8).
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Currently, Fluor-18 ([®F]) Fluorocholine (F-Choline or FCH) positron emission tomography computed
tomography (PET/CT) is one of the most widely used diagnostic technique for detecting recurrent disease in prostate
cancer (5,6,8). It was demonstrated that ["8F]F-Choline PET/CT can better detect sites of prostate cancer recurrent in the
earlier phase of PSA recurrence than bone scans and CT scans, which are the standard imaging modalities in this
indication. However [**F]F-Choline PET/CT is rarely positive for patients with restaging PSA levels under 1 ng/ml
(9,10).

Prostate-specific membrane antigen (PSMA) is a glutamate carboxypeptidase type II membrane protein. It is
overexpressed in prostatic carcinoma cells, both in density (100-1000 times) and activity (8-10 times) compared to
benign prostatic tissue. The role and function of this protein are not exactly know but the main hypothesis is that it
plays a role in folate transportation and metabolism (11).

Indeed, PSMA can be labelled with two different radioactive molecules: [®#Fluor] and [#Gallium]. In terms of
Tumor Node Metastasis (TNM) staging, both tracers appeared widely exchangeable (12) and ['*F]PSMA-1007 PET/CT
performs at least equally to [#Ga]PSMA-11 (13-15). Physical half-life of the ['¥F] radioisotope is the longer (109 minutes
versus 68 minutes for the [#Ga])(13-16) and production methods differ: a limited quantity can be obtained from the
generator-produced [#Ga)]. Initially, [*F]PSMA-1007 had a temporary use authorization when ["F]F-Choline PET/CT
was negative or doubtful, which still remains the case when using a gallium-labelled PSMA. Since the 28t April 2022,
the French Health Authority has granted early access authorization for [F][PSMA-1007 PET/CT in patients with
biological recurrent prostate cancer, after radical treatment, with a re-increase in the serum concentration of PSA.

In several studies, PSMA-ligand imaging had better detection rate compared to [*¥F]F-Choline (10,17). In a meta-
analysis, PSMA PET/CT had a detection rate of 50% and 68%, respectively for prostate-specific antigen levels < 0.5
ng/ml and 0.5-2 ng/ml, whereas [*¥F]F-Choline PET/CT was rarely positive for patients with restaging PSA levels under
1ng/ml (9,10). ['F]F-Choline PET/CT sensitivity was 77.5%, 80.7%, 85.2%, and 92.8% for the trigger PSA levels of more
than 0.5, 1, 2, and 4 ng/ml, respectively (2). The performance of PSMA PET/CT is superior to [*¥F]F-Choline PET/CT,
with an estimated detection rate of 40-60% at early BR for PSMA PET/CT (PSA <1 ng/ml) (18-20). Compared to other
imaging modalities (like magnetic resonance imagining and pelvic scan), PSMA PET/CT has shown superiority in
patients with suspected biochemical recurrence (4,21,22), with high sensitivity (77-92%) and specificity (99%)(23).

The early detection of lesions, allowed by PSMA PET/CT when ['*F]F-Choline PET/CT is not contributive because
of too low PSA levels (< 1 ng/ml), has a major interest on therapeutic decision-making permitting to choose the best
therapeutic strategy (1,6,24-26). A recent systematic review of the literature shows that PSMA PET/CT seems to be
effective in identifying recurrence localization also for very low levels of PSA (< 0.5 ng/ml) and this technique provided
significant changes in the therapeutic management of patients (24). Indeed, several studies have demonstrated a better
detection rate of the recurrence site thanks to PSMA tracers which had a significant clinical influence, notably in the
choice of treatment (27-33), but the majority of these studies focuses on [#¥Ga]PSMA-11 PET/CT, more difficult to
perform routinely.

The aim of our study was to explore the impact on therapeutic decision-making of ['F][PSMA-1007 PET/CT in the
biochemical recurrence of prostate cancer compared to [**F]F-Choline PET/CT.

METHODS

Study design and population

This study was a multicentric, prospective and observational study based on patients from two nuclear medicine
centers in Angers: the university hospital center (CHU) and the cancer center “Institut de Cancérologie de I'Ouest
(ICO), Paul Papin” between the first October 2021 and the first October 2022.

We included patients with biochemical recurrence for prostate cancer who underwent a [*F]JPSMA-1007 PET/CT
after ['®F]F-Choline PET/CT during this period. According to the literature, the diagnostic of recurrence was defined as
two consecutive increases in serum PSA concentration and/or PSA concentration > 2.0 ng/ml + nadir after radiation or
cryotherapy and/or serum PSA concentration > 0.2 ng/ml after prostatectomy (7). We excluded minor patients, patients
with contraindications to any ingredients of ABX-PSMA-1007 and all patients included in a clinical trial involving
Lutetium-PSMA.

These data were collected by consulting the patients' medical records. When data were not available or not clear,
a questionnaire was sent in a secure way to the prescriber (Error! Reference source not found.), after the ['SF|PSMA-
1007 PET/CT, to know if this exam modified the therapeutic decision-making. This questionnaire included 2 questions
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with different options to check: has the therapeutic management been modified by the imaging examination? What
treatment has been decided for the patient (chemotherapy, hormone therapy, radiotherapy, therapeutic abstention)?
This questionnaire was validated by physicians specialized in oncology and with an experience in prostate pathology.

We collected the following clinical data at enrolment: population characteristics, initial prognostic parameters
(International Society of Urological Pathology (ISUP) classification, initial level of PSA, TNM classification), type of
curative treatment, existence of previous recurrence before the biological recurrence for which [18F]PSMA-1007
PET/CT was realized, time to biological recurrence for which [18F]PSMA-1007 was realized and PSA levels at
recurrence. We also collected technical data for dosimetry, the delay between injection and acquisition for [18F]F-
Choline PET/CT and [18F]PSMA-1007 PET/CT.

A follow-up was carried out during six months to recover data concerning the therapeutic management of the
patients.

Authorizations and information

According to institutional policies, all patients received an information letter and they could request at any time
that their data not be used for this study. They underwent a ['¥F]PSMA-1007 PET/CT according to cohort authorization
criteria between the 1t October 2021 and 28t April 2022, and after 28 April 2022 according to early access authorization
criteria.

Anindependent local ethic committee approved the study protocol (number 2022-046). The collection of data was
carried out after authorization of the French data protection authority.

PET/CT acquisition

Acquisition of images was realized on 2 different PET/CT:

A digital PET Philips Vereos with an acquisition of one minute per step with an OSEM (ordered subset
expectation maximization) reconstruction, 2 iterations with 5 subsets, Field of View (FOV) of 567mm, Gaussian filter
with FWHM (Full Width at Half Maximum) of 2 mm;

An analogic PET General Electric Discovery IQ5 with an acquisition of 2 minutes per step, 2 iterations with 12
subsets, FOV of 700mm, Gaussian filter with FWHM of 2mm.

The scanners were standardized in an EARL (resEARch 4 Life ©)-like protocol (34). The delivered dose was
measured according to the Dose-Length-product (DLP) model and was expressed in mGy.cm (milliGray.centimeter).
The acquisition was performed from the vertex to the midthigh level, arm raised when possible. After the injection of
the radiotracer, a diuretic (20 mg of furosemide) was administered to the patients, to avoid urinary stasis of the tracer.
The patients who performed their examination at the ICO (n=31) may also have an injection of iodinated contrast
product IOMERON 3509, the dose administered depended on the patient's weight. The scanner acquisition started 55
to 60 seconds after the intravenous injection.

Interpretation

Interpretation of the images was performed on Syngo.via® post-acquisition software (Siemens healthineers) by
an experienced nuclear physician. PSMA interpretation was not performed blind to [**F]F-Choline PET/CT. In case of
doubt, a second advice was requested from another nuclear physician.

The physicians had access to the patient's previous examinations, clinical and biological information.

An examination was considered as positive after interpretation if a non-physiological uptake was found in the
prostatectomy territory, in lymph nodes, in bone or in visceral organs. This abnormal uptake should be higher than the
background (35). Uptake foci known to be false positives in literature were excluded.

PET/CT analysis was performed by using: a visual analysis and a semi-quantitative analysis with the use of the
parameter “maximum standardized uptake value” (SUVmax). SUV is the ratio of the activity concentration in the lesion
to the activity concentration in the whole body. It is the highest value of a single voxel in the volume of interest (VOI).
SUV = (tissue radioactivity [Bq] / tissue weight [g]) / (injected activity [Bq] / body weight [g]).

The primary endpoint was to determine the therapeutic impact of the [¥F|[PSMA-1007 PET/CT comparative to
[*F]F-Choline PET/CT. The secondary endpoints were to compare the diagnostic performance of these 2 tracers. The
diagnostic performance was defined as the ability to detect uptake in an area of recurrence. An evaluation of the
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correlation between ['F]PSMA-1007 PET/CT parameters and known prognostic factors of prostatic neoplasia (PSA
level at recurrence and ISUP grade at diagnosis) was realized.

Statistical analysis

Continuous data were described by the mean and standard deviation, interval confidence (IC), median, minimum
and maximum can be specified if it was relevant. Categorical variables were described by the number and percentage
of each modality of the variable. The difference between [**F]F-Choline PET/CT and [*F]PSMA-1007 PET/CT diagnostic
performances was calculated with a McNemar test. A calculation of the kappa concordance coefficient was carried out
and a Landis & Koch classification was use for the interpretation after calculating the observed concordance coefficient
corrected by the chance concordance coefficient. Comparisons between groups were made by the Pearson’s test for
continuous variables whom following a normal distribution. The analyses evaluating the associations between PSA
levels at recurrence and SUVmax were performed with univariable logistic regression models. Analyses were
performed using Microsoft Excel, AnaStats and R® for macOS version 4.2.2. In order to determine the correlation
between the ISUP score and the SUVmax and between subgroups of PSA levels and SUVmax, a non-parametric test
was carried out (Kruskal-Wallis test), as the numbers compared were small. All tests used were two-sided with an
alpha threshold at 5%. Differences were considered as statistically significant when p-value was below 0.05.

RESULTS

Population description

47 patients were included between the 1% October 2021 and the 1+October 2022. 16 patients underwent their exam
in Angers CHU and 31 patients underwent their ['F]PSMA-1007 PET/CT in ICO Paul Papin (Error! Reference source
not found.).

17 patients underwent [*F]PSMA-
1007 PET/CT at Angers CHU

‘ 1 patient was not included because he
l didn’t have [**F]F-Cheline PET/CT

16 patients were included in the

analysis for Angers CHU center

33 patients underwent ['*F]PSMA-
1007 PET/CT at 1CO Paul Papin

22 patients were not included because

they didn’t have ["*F]F-Choline PET/CT

A

31 patients were included in the

analysis for [CO Paul Papin center

Figure 1. Flow chart for patient’s inclusion.
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The characteristics of the patients have been described in Table I. Patients included had a PSA level at diagnosis
mainly below 10 ng/ml (24 patients/47), they were mostly classified as ISUP 3 (17/47), TSNOMO. Biochemical recurrence
occurred mostly in the first 5 years (16/47) of their initial management, with a mean PSA at 2.4 ng/ml.

Table I. Population characteristic

Total of patients n =47

Age at initial diagnostic - Mean [years] 62
Center University hospital o'f Angers 16 (34%)
ICO Paul Papin 31 (66%)
Histological type Adenocarcinoma 47 (100%)
Mean 13.2
<10 ng/ml 24 (51%)
PSA at diagnostic [ng/ml] 10-20 ng/ml 10 (21%)
>20 ng/ml 7 (15%)
Missing data 6 (13%)
1 5 (11%)
2 11 (23%)
ISUP at diagnostic 3 17 (36%)
4 10 (21%)
5 4 (9%)
T1 0(0%)
T2 19 (40%)
TNM: T T3 24 (51%)
Doubt between T2 and T3 4 (9%)
Nx 1(2%)
TNM: N NO 41 (87%)
N1 5 (11%)
MO 46 (98%)
TNM: M M1 1 (2%
Prostatectomy 45 (96%)
Total 31 (66%)
Scraping Bilateral ilio-obturator 30 (97%)
Unilateral ilio-obturator 1(3%)
Initial pelvis radiotherapy 2 (4%)
Other recurrence before this study 24 (51%)
Mean 7.1

Time [years] between initial

1 7 (159
diagnosis and the < year ( Sﬁ))
. [1-5] years 16 (34%)

recurrence for which [**F]F-

Choline was realized I5-10] years 14 (30%)
>10 years 10 (21%)

Mean 24
PSA at biological recurrence <1ng/ml 14 (30%)
[ng/ml] 1-2 ng/ml 17 (36%)
>2 ng/ml 16 (34%)

The average time of tracer uptake before acquisition was 51 minutes (+ 10.7) for [*¥F]F-Choline PET/CT and 91 minutes (+ 2.3) for
['F][PSMA-1007 PET/CT, respectively. The mean dose of ['F[PSMA-1007 administered to patients was 226.7 Mega Becquerel (MBq)
(£62.8).

Among the 47 patients included, considering the therapeutic decision expected after completion of the [18F]F-
Choline PET/CT and what was finally decided after completion of the [18F]JPSMA-1007 PET/CT (Error! Reference
source not found.), a modification of therapeutic management was observed in 36% of case (17 patients)
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17 patients
36%

30 patients
64%

Change in therapeutic decision after [18F]PSMA-1007 PET/CT
No change in therapeutic decision after [I8F]PSMA-1007 PET/CT

Figure 2. Therapeutic impact of ['*F]PSMA-1007 PET/CT.

Among the 17 patients who had a modification of their therapeutic management following [*F][PSMA-1007
PET/CT (Error! Reference source not found.), it was decided to perform hormone therapy and radiotherapy at the site
of recurrence instead of follow-up for 5 patients (29.4%). For these 5 patients, the ['*F]F-Choline PET/CT didn't reveal
any suspicious or positive localization, unlike the [*F]JPSMA-1007 PET/CT did. For 4 patients (23.5%), surveillance was
abandoned for hormone therapy. ['F]F-Choline PET/CT was negative for these 4 patients whereas [**F]PSMA-1007
PET/CT showed subdiaphragmatic lymph node involvement for 3 patients and prostatectomy area involvement for
one patient. One patient (5.9%) changed of therapeutic trial (CARLHA 2 trial to oligo-pelvis 2 trial) because the
[18F]PSMA-1007 PET/CT was positive for several iliac nodes versus only one on [18F]F-Choline PET/CT. The
therapeutic plan of radiotherapy was abandoned for exclusive hormone therapy in 2 patients (11.8%) because the
[18F]PSMA-1007 PET/CT was negative for a single suspicious lymph node involvement and has shown a more diffuse
recurrence of the disease. In one patient (5.9%), hormone therapy was added to the radiotherapy plan because the
[18F]PSMA-1007 PET/CT has highlighted a recurrence in the prostatectomy area that [18F]F-Choline PET/CT had no
showed and didn’t reveal any localized supra-diaphragmatic lymph node involvement as demonstrated by the initial
scan. In one patient (5.9%), the treatment by hormone therapy with radiotherapy was modified after the [18F]PSMA-
1007 PET/CT to expand the field of radiotherapy. For another patient (5.9%), radiation therapy was added to the
hormone therapy plan after [18F]JPSMA-1007 PET/CT brought to light an external iliac lymph node involvement
accessible to local treatment. One patient (5.9%) who was scheduled to receive hormone therapy prior to [18F][PSMA-
1007 PET/CT was finally able to have an exclusive surveillance because the lymph node suspects in [18F]F-Choline
PET/CT were negative in [18F]PSMA-1007 PET/CT. For one patient (5.9%), the hormone therapy was changed to a
second generation instead of a first generation because the [18F][PSMA-1007 PET/CT has shown a multiple lymph node
involvement whereas [18F]F-Choline PET/CT was normal. It should be noted that the [18F]E-Choline PET/CT allowed
the diagnosis of lung cancer for a patient.
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After ["F]F-Choline After ["F]PSMA-1007
PET/CT and before | L —ZT T

1st generation (3)
Hormone therapy (4)
Follow-up (9 patients) 2nd generation (1}

Hormone therapy | radiotherapy (5)

2nd generation of hormone therapy (1)

Tst generation of hormone therapy (3) Follow-up (1)

Addition of Radiotherapy (1)

Therapeutic trial of only one site of . RAE : :
recurrence (1) ———& Therapeutic trial of oligometastic recurrence (1)

Exclusive hormone therapy (2)
Lxclusive radiotherapy (3)

Addition of hormone therapy (1)

Hormone therapy — radiotherapy (1) ~———— Moedification of the iradiation fiedl (1)

Figure 3. Therapeutic modification after ['*F]PSMA-1007 PET/CT (number of patients).

On the other side, 30 patients out of 47 did not have any change in their therapeutic management following
[*F]PSMA-1007 PET/CT.

Among these 30 patients, it was decided to start a first-generation hormone therapy for 9 patients (30.0%), to
continue the surveillance for 8 patients (26.7%), to make a combination of hormone therapy and radiotherapy for 5
patients (16.7%), to start a second-generation hormone therapy in 2 patients (6.7%), to maintain an inclusion in a trial
for 2 patients (6.7%), to make an exclusive radiotherapy at the site of recurrence for 2 patients (6.7%), to combined 2
hormone therapies for 1 patient (3.3%) and to start an immunotherapy for 1 patient (3.3%) (Error! Reference source not
found.).
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Immunotherapy 1
—
2nd generation hormone therapy 2
- —
Radiotherapy 2
e —
Therapeutic trial 2
 ——
Association Ist and 2nd generation of hormone therapy 2
S —
Hormone therapy + radiotherapy 5
Follow up 8
1st generation hormone therapy 9
Number of patients 0 1 ) 3 4 5 6 7 3 9

Figure 4. Description of therapeutic management not modified after ['*F]PSMA-1007 PET/CT.

Diagnostic performances of [*¥F[Fluorocholine PET/CT and [¥F][PSMA-1007 PET/CT

47 imaging examinations were studied for each of the two tracers.

Regarding the diagnostic performance of these 2 modalities, 13 exams (28%) of [®*F]F-Choline PET/CT were
positive, 10 (21%) were dubious and 24 (51%) were negative. For the 13 positive ['F]F-Choline PET/CT, which didn’t
fall under the conditions of the Temporary Authorization of Use, an additional ['*F][PSMA-1007 PET/CT was requested
because it was considered important to improve recidivism assessment (especially for distant metastases) to optimize
management.

['!F]PSMA-1007 PET/CT were positive for 33 patients (70%), negative for 13 patients (28%) and doubtful in one
case (2%).

Differences in detection were found between the 2 modalities for 30 patients (64%). Some differences concerned
several locations (for example: lymph nodes and bone locations) in the same examination.

For 16 exams (60% of discordant exams), the difference concerned lymph nodes:

For 8 exams, ["8F]F-Choline PET/CT didn’t show lymph node significant uptake whereas PSMA did. The majority
of lymph node uptake foci were sub-centimetric.

For 4 exams, the number of nodes was significantly higher on the [**F]PSMA-1007 PET/CT compared to [**F]F-
Choline PET/CT. They all concerned the pelvic region.

For 4 exams, [*F]PSMA-1007 PET/CT refuted the lymph node involvement described on the [*F]F-Choline
PET/CT. These lymph nodes were located for 50% of the cases in the supra-diaphragmatic region.

For 8 exams (30% of discordant exams), the difference concerned bone locations:

For 7 exams, bone involvement was not visible on [*F]F-Choline PET/CT, unlike [*¥F]PSMA-1007 PET/CT. The
majority of the lesions were localized on the axial skeleton: rachis for 4 cases and pelvis for 4 cases (Error! Reference
source not found.)

For 1 exam, the ['8F]F-Choline PET/CT showed a suspicious spinal injury, which was not visible on the other
imaging modality.

For 5 exams (19% of discordant exams), [®FJPSMA-1007 PET/CT brought to light a recurrence in the
prostatectomy area, which was not visible on [*F]F-Choline PET/CT (Error! Reference source not found.).

Finally, for one ['8F]F-Choline exam, the prostatectomy area recurrence was refuted by [**F]PSMA-1007 PET/CT.
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The differences between the 2 examination modalities and their results are summarized in the Error! Reference
source not found.. For example, of the 10 examinations that were doubtful for [*8F]F-Choline PET/CT, 7 were positive
with [#F][PSMA-1007 PET/CT, 2 were negative and only one was still doubtful.

Table II. Contingency table with the [**F]F-Choline and [®F]PSMA-1007 PET/CT results.

[®F]F-Choline PET/CT
Negative  Positive  Doubtful

Negative 11 0 2
[®FIPSMA-1007 PET/CT  Positive 13 13 7
Doubtful 0 0 1

The diagnostic performances of the 2 tracers for the 47 imaging examinations are represented in the Error!
Reference source not found.. The diagnostic performance is defined as the ability to detect uptake in an area of
recurrence. A significant difference was found between the two diagnostic performances (p=6.523x10-). The higher
detection rate of ['*F]PSMA-1007 PET/CT was significantly higher than the one of ['F]F-Choline PET/CT.

Number of examinations

33 posilive examinations
35 70%

13 positive
examinations
20 28%

['*F]F-Choline PET/CT [*FIPSMA-1007 PET/CT

Figure 5. Diagnostic performances of [**F]F-Choline PET/CT and ['*F]PSMA-1007 PET/CT for positive examinations.

Distribution of the results of examinations of each radiotracer is represented on the Error! Reference source not
found. and on the Error! Reference source not found..

Out of the 10 suspicious examinations on ['*F]F-Choline PET/CT, 7 were positive, 2 were negative and 1 was still
doubtful after [8F]PSMA-1007 PET/CT (Error! Reference source not found.).

Among the 24 negative examinations on ['*F]F-Choline PET/CT, 13 were finally positive and 11 were still negative
in [8F]PSMA-1007 PET/CT (Error! Reference source not found.)
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10 B
T — 33
13
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[18F]choline PET/CT [18F]PSMA-1007 PET/CT

Positive Doubtful Negative

Figure 6. Distribution of the results of the [**F]F-Choline and [**F]PSMA-1007 PET/CT and the modification of doubtful
and positive ["*F]F-Choline PET/CT after ['*F]PSMA-1007 PET/CT (number of examinations).

13
11
24
1
13
10
33
13
[18F]choline PET/CT [18F]PSMA-1007 PET/CT

Positive Doubtful Negative

Figure 7. Distribution of the results of the [**F]F-Choline and ['*F]PSMA-1007 PET/CT and the modification of negative
['8F]F-Choline PET/CT after ["*F][PSMA-1007 PET/CT (number of examinations).

The kappa concordance coefficient, measuring the proportion of identical results between [*F]F-Choline PET/CT
and [¥F]PSMA-1007, was k=0.29, meaning a poor concordance according to the classification of Landis & Koch, which
is consistent with the results found previously.
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Diagnostic performances by subgroups analysis for PSA levels

An analysis by sub-group for PSA serum levels at recurrence was performed. 3 sub-groups of patients were
considered: PSA lower than 1 ng/ml, PSA between 1 and 2 ng/ml and PSA higher than 2 ng/ml. The distribution of test
results (positive, inconclusive or negative) according to PSA serum level for each subgroup and each radiotracer has
been represented in Error! Reference source not found. and Error! Reference source not found..

Table IIL Distribution of test results according to PSA serum levels for [*F]F-Choline PET/CT.

PSA serum levels
<Ing/ml 1-2ng/ml >2ng/ml

Negative 7 11 6
[8F]F-Choline PET/CT results Positive 1 4 8
Doubtful 6 2 2

Table IV. Distribution of test results according to PSA serum levels for ['*F]JPSMA-1007 PET/CT.

PSA serum levels

<1 ng/ml 1-2 ng/ml >2 ng/ml
Negati 4 7 2
['8F] PSMA-1007 egfa '1ve
PET/CT results Positive ) 10 1
Doubtful 1 0 0

For the 33 patients with positive ['!F]PSMA-1007 PET/CT, 9 had a PSA serum levels lower than 1 ng/ml, 10 had a
PSA serum levels between 1 and 2 ng/ml and 14 had a PSA serum levels higher than 2 ng/ml.

For the 13 patients with positive [*¥F]F-Choline PET/CT, 1 had PSA serums levels lower than 1 ng/ml, 4 had a PSA
serum levels between 1 and 2 ng/ml and 8 had a PSA serum levels higher than 2 ng/ml.

The diagnostic performance by PSA subgroups of the 2 tracers is represented in the Error! Reference source not
found..

100%

90% 87.50%

80%

70% 64.29%

58.82%
60%

50.00%
50%

40%

0% 23.53%
20%
0%
<1 ng/ml 1-2 ng/ml >2 ng/ml

14 patients 17 patients 16 patients
[18F]choline PET/CT = [18F]PSMA-1007 PET/CT

Figure 8. Diagnostic performances by PSA subgroups for positive examinations (percentage of positive tests out of total
tests found, expressed for both radiotracer).

Correlation between PSA levels and SUVmax

We studied the correlation between the PSA serum level during the biological recurrence of prostatic neoplasia
and the SUVmax of the most fixative lesion when [F][PSMA-1007 PET/CT was positive. The distribution of PSA levels
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and SUVmax was described in Error! Reference source not found.. A significant correlation was found after
univariable analysis (p=9.4x107), with a correlation coefficient of 0.73 (Error! Reference source not found.).

~
w
I

|50-

SUVmax_of _18F__PSMA_PET CT
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1

0 5 10 15 20 25
PSA_levels

Figure 9. Correlation between PSA serum levels (ng/ml) and SUVmax on [**F]PSMA-1007 PET/CT.

In the PSA subgroups analysis, the mean values of SUVmax [®*F]PSMA-1007 PET/CT increased with the PSA
levels (8.4, 10.5 and 17.1 for < 1 ng/ml, 1-2 ng/ml and > 2 ng/ml respectively). The median values of SUVmax were 7.7,
4.8 and 8.7 for subgroups <1 ng/ml, 1-2 ng/ml and > 2 ng/ml, respectively (Error! Reference source not found.).
However, there are ranges of overlap between the different SUVmax values for each group (Error! Reference source
not found.). As the number of data compared was small, a non-parametric test was performed (Kruskal-Wallis test).
The exact interpretation is that the mean rank of SUVmax is not significantly different according to PSA levels
subgroups (p=0.9).

SUVmax
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< Ing/ml 1-2ng/ml >2ng/ml

Figure 10. Box plots showed the distribution of SUVmax in subgroups for PSA serum levels (ng/ml).
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Correlation between ISUP score and SUVmax

A correlation between ISUP score and SUVmax of the selected lesion in [8F]JPSMA-1007 PET/CT was bot found
in this study: the mean rank of SUVmax lesion is not significantly different according to ISUP (p=0.69). SUVmax
distribution in the different ISUP groups was described in Error! Reference source not found. and in Error! Reference
source not found..
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Figure 11. Distribution of SUVmax in ISUP groups (box plots).
DISCUSSION

The main objective was to evaluate the therapeutic impact of [*F][PSMA-1007 PET/CT in biological recurrence of
prostate cancer. We showed a change in patient management in one more than third of cases (36% of cases). A recent
prospective multicenter study (29) has shown a modification of treatment based on [#Ga]Ga-PSMA-11 PET/CT results
in 56.8% among 1004 patients with biochemical recurrence in prostate cancer. Significant changes in the therapeutic
management of patients after [#Ga]Ga-PSMA-11 PET/CT was also described in a systematic review of the literature
(24) published in 2018 which analyzed 37 articles. In this review, the change in the treatment plans ranged from 28.6%
up to 87.1%. But only four studies were prospective. Sangwon Han et al. has realized a meta-analysis to study the
impact of [¥Ga]Ga-PSMA-11 PET/CT on the management of patients with prostate cancer (primary staging,
biochemical persistence or recurrence). Fifteen studies (1163 patients) were included. The proportion of management
changes was 54% (95% IC 47-60%), highlighting the impact of [$Ga]Ga-PSMA-11 PET/CT on the management of
patients with prostate cancer (36), thanks in particular to earlier management of the recurrence, improving the patient
prognosis. In the literature, most of the studies are considering the impact of [$5Ga]Ga-PSMA-11 instead of [**F][PSMA-
1007 PET/CT imaging. The main advantage of using a [#Ga]Ga-PSMA-11 tracer is for the theranostic approach. The
term theranostic is a contraction of the words diagnostic and therapeutic, which refers to the combination of a same
biomarker that is used for the diagnostic ([%*Ga]Ga-PSMA-11) with a different isotope ([”7Lutetium], a p- emitter)
leading to a therapeutic agent ['”7Lu]Lu-PSMA-617, for the prostate cancers.

This multicentric study have shown a significant difference between diagnostic performance of [**F]Fluorocholine
PET/CT (28% of positive examinations) and ['*F]PSMA-1007 PET/CT (70% of positive examinations). [*F]PSMA-1007
PET/CT improves the sensibility of detection and makes it possible to classify the quasi-majority of patients doubtful
on [F]F-Choline PET/CT. Only one of the 10 doubtful [*F]F-Choline PET/CT could not be conclusive in ['sF]PSMA-
1007 PET/CT. Many studies have also shown a higher detection rate for PSMA PET/CT than for ['F]F-Choline PET/CT,
such as this French study of 33 patients where 76% of PSMA-PET/CT were positive versus 33% for [*F]F-Choline
PET/CT, with a modification in therapeutic management for 2 of 3 patients (37). Another study performed an analysis
by lesion and a total of 78 specific lesions of prostate cancer were detected in 32 patients using [#Ga]Ga-PSMA-11
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PET/CT and 56 lesions were detected in 26 patients using ['*F]F-Choline PET/CT, with a significant higher detection
rate in [¥Ga]Ga-PSMA-11 PET/CT (p=0.04) (38).

In our study, diagnostic performance by PSA subgroups was 7.14% and 64.29% for PSA serum levels lower than
1ng/ml, 23.53% and 58.82% for PSA serum levels between 1 and 2 ng/ml and 50.00% and 87.50% for PSA serum levels
higher than 2 ng/ml for [*F]E-Choline PET/CT and [*F]PSMA-1007 PET/CT respectively. Low positivity rate of ['*F]F-
Choline is explained by the fact that [F]PSMA-1007 PET/CT was initially not recommended when [*8F]F-Choline
PET/CT was positive. In a German study of 248 patients with biological recurrence after prostatectomy, 222 (90%)
patients showed pathologic uptake in [#Ga]Ga-PSMA-11 PET/CT. The detection rates were 57.9%, 72.7%, 93.0% and
96.8% for PSA serum levels of < 0.5 ng/ml, 0.2 to < 0.5 ng/ml, 0.5 to 1 ng/ml, 1 to <2 ng/ml and > 2, respectively. This
trial reveals a high number of positive findings in the clinically range of low PSA values (<0.5 ng/ml), which can
influence the further clinical management (39).

Our prospective multicenter study was able to show a significant correlation between the PSA serum level at
recurrence and the maximum uptake of [*FJPSMA-1007 but not between the ISUP score and the intensity of fixation
of [*FJPSMA-1007. Our subgroup analysis also did not reveal a significant difference between subgroups of PSA levels
and uptake intensity (SUVmax). We decided to study these two parameters because they have been described in many
studies as prognostic markers of positivity of PSMA-PET/CT and also as prognostic markers of the prostate neoplasia.
SUVmax is the most commonly used semi-quantitative parameter in nuclear medicine. It has a considerable importance
because it is not dependent on the size of the selected VOI, allowing a high reproducibility between physicians. This
parameter is mainly used in ['*F]Fluorodeoxyglucose (FDG) examinations to characterize lesions and assess therapeutic
responses in oncology for example. SUV measurements in PSMA PET/CT or in [18F]F-Choline PET/CT are not done
routinely, physicians using only visual analysis of images. Several studies, mostly performed with Gallium, have
shown a correlation between PSMA uptake and PSA levels (40-43). Previous studies have investigated prognostic
factors and their possible correlation with uptake intensity at PSMA PET/CT positivity and PSA levels (44).

A positive correlation between tumor grade of primary tumor and fixation intensity has been described in a study
with 141 patients: the mean SUVmax values of high-risk patients were significantly higher than those of low-risk
patients (18.9 £ 12.1 versus. 7.16 £ 6.2, respectively) (p <0.001). A SUVmax cut-off of 9.1 showed a high sensitivity (78%)
and specificity (81%) for detection of high risk disease (41) suggesting that the intraprostatic uptake of PSMA intensity
can provide prognostic information (35).

Many other predictors of PSMA PET/CT positivity were described in literature such as PSA doubling time, PSA
velocity (24) and lesion size (45). Eiber et al. has assessed [%#Ga]Ga-PSMA-11 PET/CT for the detection and the
localization of recurrent disease in a large cohort of patients (248 men) after radical prostatectomy. This study showed
that detection rates of [#Ga]Ga-PSMA-11 PET/CT increased with a higher PSA velocity (81.8%, 82.4%, 92.1%, and 100%
in<1, 1to <2, 2 to <5, and 25 ng/ml/y, respectively) and in higher Gleason score (<7 versus >8) (p=0.0190) (39). But the
majority of these studies were retrospective with a lack of power. It is also known that, as [**F]F-Choline PET/CT, the
diagnostic accuracy of ['F]PSMA-1007 PET/CT increases with the PSA serum levels (46).

This study has some limitations. Our study is a multicentric trial but the number of patients is limited to only 47
patients. The low number of patients is explained by the fact that the temporary authorization of use of PSMA-imaging
was replaced on April 28, 2022 by an early access authorization in France. The ['F]F-Choline PET/CT was therefore
no longer mandatory to request a [**F][PSMA-1007 PET/CT. Few patients were included after this date. The low power
of the study may also be explained by the fact that we chose to select only [*F]JPSMA-1007 labelled examinations. In
fact [%Ga]Ga-PSMA-11 PET/CT were mainly used in the assessment of multi-metastatic patients before vectorized
internal therapy by [’Lu]Lutetium-PSMA-617. Some patients were injected with iodinated contrast product, which
can increase the specificity and the sensibility of the examination. All of these differences decreased the reproducibility
between examinations. Finally, acquisitions were made on 2 different machines (one analogic and one digital PET/CT)
with non-overlapping parameters. The worse sensibility of detection of analogic PET/CT may have missed secondary
lesion.

As we have seen previously, [¥F][PSMA-1007 or [#Ga]Ga-PSMA-11 PET/CT is a major advance in the
management of recurrent prostatic cancer. It allows earlier detection of recurrence sites and leads to a change in
therapeutic management in a significant number of patients. However, PSMA PET/CT has also showed interesting
applications for tumor primary detection, primary staging, assessment of therapeutic responses and treatment
planning (47,48). We already know the main role of MRI in the positive diagnosis and staging of prostate
adenocarcinoma (49,50). Multipara-metric MRI (mpMRI) is widely used by physicians to assess the risk of aggressive
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prostate cancer in patients with elevated PSA serum concentration and to improves tumor detection at biopsies. MRI
is also the gold standard for tumor staging and helps the clinician to make a therapeutic choice especially between
radical prostatectomy, radiotherapy or active surveillance (51). However, the limitation of mpMRI is its poor specificity
for the differentiation of “significant” from “indolent” prostatic cancer. Furthermore, the sensitivity and specificity of
mpMRI can range between 22%-85% and 50%-99% respectively, depending on technical variables and the study
population (44). New technological advances have made it possible for several years to combine functional imaging by
PET with the precision and the high sensibility of multimodal MRI. A recent meta-analysis and systematic review of
23 articles and 50 articles respectively, showed in primary tumors, a pooled sensitivity of PSMA-MRI of 94.9% on the
patient-based analysis. At restaging, after recurrence, the pooled detection rate was 80.9% and was higher for
radiolabeled PSMA (81.8%) than for ['*F]F-Choline (77.3%). PSMA PET/MRI has highly sensitive in detecting primary
prostate adenocarcinoma (94.9%) and a high detection rate for recurrent disease (80.9%), and the pooled detection rate
was higher for radio-labelled PSMA than for ['*F]F-Choline (81.8% and 77.3%, respectively)(52). [#Ga]Ga-PSMA-11
PET/CT and PET/MRI are likely to become the standard imaging modalities in the staging of intermediate-to-high-risk
primary prostatic adenocarcinoma (53,54). PSMA PET might also increase the accuracy of mpMRI for biopsies
guidance, mostly in patients with a high clinical suspicion when mpMRI results are negative or inconclusive (1). In the
near future, the use of multi-modal imaging with the combination of MRI and PET could also find a place in the
planning of external pelvic radiotherapy (55-57). Zamboglou et al. has shown in small cohort that intensity modulated
radiation therapy (IMRT) dose escalation on Gross tumor volumes (GTV) based on combination of mpMRI and PSMA
PET/CT was feasible. Boosting GTV-union resulted in significantly higher tumor control probability with no or minimal
increase of normal tissue complication probabilities (56). However, MRI-PET remains a rare commodity, only a few
centers in France are equipped.

With this increasing utilization of PSMA PET/CT imaging, the application of standardized methods to interpret
images is become necessary, in particular to harmonize diagnostic interpretation criteria and unified language (56). In
2018, standardization criteria for PSMA PET/CT and PET/MRI have been proposed: The PROMISE criteria (Prostate
Cancer Molecular Imaging Standardized Evaluation criteria). This score defines categories for staging the disease: a
miTNM score (version 1.0). miPSMA categories were defined in relation to mean PSMA uptake in the blood pool, the
liver and the parotid gland. Results are reported as 0, 1, 2, or 3 for respectively: no, low, intermediate or high PSMA
expression. Scores 2 and 3 are considered as cancer lesions (58). Specific applications, such as the impact on prognosis
or on management, should be evaluated in future prospective trials. More recently, in 2021, the European Association
of Nuclear Medicine (EANM) has published the E-PSMA standardized reporting guidelines. This guidelines aims at
the implementation of consensus statements, with a panel of experts in PSMA-PET imaging, to harmonize diagnostic
interpretation criteria for PSMA-PET in prostate cancer in staging, recurrent setting, advanced setting and response to
therapy (11).

CONCLUSION

This prospective multicentric observational study found a change in therapeutic management in biological
recurrence of prostate cancer after [**F][PSMA-1007 PET/CT in more than one third of cases (36%).

A significant difference between diagnostic performance of [**F]F-Choline PET/CT (28%) and [*F]PSMA-1007
PET/CT (70%) was demonstrated and this study also showed a correlation between PSA serum levels at recurrence
and the highest lesion uptake (SUVmax) on [F][PSMA-1007 PET/CT.

This change in the therapeutic treatment of patients results in earlier and better management with detection of
small lesions at a lower PSA serum level than is possible with ['*F]F-Choline PET/CT, with a better specificity of uptake.

This study focuses on the changes in patients’ management caused by [*F][PSMA-1007 PET/CT. In a future
prospective and multicentric study, it would be interesting to investigate the impact of these therapeutic modifications
permitted by an earlier detection of the recurrence sites on overall survival, progression-free survival and quality of
life.
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