Journal of Nuclear Medicine, published on July 8, 2021 as do0i:10.2967/jnumed.120.261886

TITLE: Diagnostic performance and clinical impact of ®Ga-PSMA-11 PET/CT imaging in
early relapsed prostate cancer after radical therapy: a prospective multicenter study

(IAEA-PSMA study).

AUTHORS: Juliano J Cerci (1), Stefano Fanti (2), Enrique E Lobato (3), Jolanta Kunikowska
(4), Omar Alonso (5), Sevastian Medina (6), Fuad Novruzov (7), Thabo Lengana (8), Carlos
Granados (9), Rakesh Kumar (10), Venkatesh Rangarajan (11), Akram Al-lbraheem (12),
Mukbil Hourani (13), Nor S Ali (14), Azra Ahmad (15), Zohar Keidar (16), Ozlem Kiguk (17),

Umut Elboga (18), Mateos Bogoni (1), Diana Paez (3)

. Quanta Diagnostico e Terapia, Curitiba, Brazil.
. IRCCS Azienda Ospedaliero-Universitaria di Bologna, Italy.
. Division of Human Health, International Atomic Energy Agency, Vienna, Austria

. Nuclear Medicine Department, Medical University of Warsaw, Poland.

1
2
3
4
5. Centro Uruguayo de Imagenologia Molecular (CUDIM), Uruguay.
6. Instituto Nacional de Cancerologia, Mexico.

7. Nuclear Medicine Department, National Centre of Oncology, Azerbaijan.
8. University of Pretoria, South Africa.

9. Instituto Nacional de Cancerologia, Colombia.

10. All India Institute of Medical Sciences, India.

11. Tata Memorial Centre, India.

12. King Hussein Cancer Center, Jordan.

13. American University of Beirut; Medical Center, Lebanon.

14. Institute Kanser Negara, Malaysia.

15. Pakistan Atomic Energy Commission (PAEC), Pakistan.

16. Rambam Medical Centre, Israel.

17. Ankara University, Turkey.

18. University of Gaziantep, Turkey.



Correspondence:

Juliano Julio Cerci, M.D. PhD
Address: Rua Almirante Tamandaré, 1000. CEP 80045-170, Curitiba (PR), Brazil.
Phone/Fax: + 55 41 3362 9778

Email: cercijuliano@hotmail.com

First Author:

Juliano Julio Cerci, M.D. PhD
Address: Rua Almirante Tamandaré, 1000. CEP 80045-170, Curitiba (PR), Brazil.
Phone/Fax: + 55 41 3362 9778

Email: cercijuliano@hotmail.com

The authors have nothing to disclose.

This research was partially funded by IAEA.

This research was approved by the ethics committees.
Number of Words (text): 3034

Number of Words (Abstract): 356

Number of Tables: 3

Number of Figures: 4
RUNNING TITLE: PSMA-PET/CT IAEA Study

Immediate Open Access: Creative Commons Attribution 4.0 International License (CC BY)
allows users to share and adapt with attribution, excluding materials credited to previous
publications.

License: https://creativecommons.org/licenses/by/4.0/. ‘@ @ \

Details: https://jnm.snmjournals.org/page/permissions.



mailto:cercijuliano@hotmail.com
mailto:cercijuliano@hotmail.com
https://creativecommons.org/licenses/by/4.0/
https://jnm.snmjournals.org/page/permissions
msumimoto
CC

https://creativecommons.org/licenses/by/4.0/

ABSTRACT

Biochemical recurrence (BCR) is a clinical challenge in prostate cancer (PCa) patients
as recurrence localization guides subsequent therapies. The use of positron emission
tomography (PET) with prostate-specific membrane antigen (PSMA) provides better accuracy
than conventional imaging practice. This prospective, multicenter, international study evaluates
the diagnostic performance and clinical impact of PSMA-PET/CT in evaluating BCR in Pca in a

worldwide scenario.

Methods

Patients were recruited from 17 centers in 15 countries. Inclusion encompassed
histopathology-proven prostate adenocarcinoma with previous primary treatment and clinically
established BCR, with serum PSA < 4 ng/mL or < 10 ng/mL with negative MR and bone
scintigraphy. All patients underwent PET/CT scanning with ®Ga-PSMA-11. Images and data
were centrally reviewed. Multivariate logistic regression analysis was applied to identify the
independent predictors of PSMA-positive results. Variables were selected for this regression
model based on significant associations in the univariate analysis and previous clinical
knowledge: Gleason Score, PSA at PET time, PSA doubling time and primary treatment

strategy. All patients were followed for a minimum of 6 months.

Results

From a total of 1004 patients, 77.7% were treated initially with radical prostatectomy and
22.3% with radiotherapy. Overall, 65.1% presented PSMA-PET/CT positive scans. PSMA-
PET/CT positivity was correlated with Gleason, PSA at PET time, PSA doubling time and
radiotherapy as primary treatment (p<0.001). Treatment was modified based on PSMA-PET/CT
results in 56.8% of patients. PSMA-PET/CT positivity rates were consistent and not statistically

different among different income countries.



Conclusion

This multicenter international prospective trial on PSMA-PET/CT confirms its capability
in detecting local and metastatic recurrence in most prostate cancer patients in the setting of
BCR. PSMA-PET/CT positivity was correlated with Gleason score, PSA at PET, PSA doubling
time and radiotherapy as primary treatment. PSMA-PET/CT results led to changes in
therapeutic management in more than half of the cohort. The study demonstrates the reliability

of PSMA-PET/CT in the workup of PCa patients with BCR, and its worldwide feasibility.

Key Words: PSMA,; PET/CT; prostate cancer; biochemical relapse.



INTRODUCTION

Prostate cancer (PCa) is the second most common cancer in men, accounting for 7.1%
of all cancers in this population (1). Greater life expectancy worldwide and improved access to
screening and diagnostic methods in developing nations are mainly responsible for a current
trend of increment in incidence (2).

Initial treatment with curative intent is feasible, with radical prostatectomy or
radiotherapy, nevertheless, early recurrence occurs in up to 50% of patients within 10 years (3-
5). Biochemical recurrence (BCR) is defined as increasing serum prostate specific antigen
(PSA) levels following initial treatment, under specific criteria (6-8).

The key question in BCR remains whether the rise of PSA is reflective of local, regional,
or distant recurrence, for proper treatment planning. With increasing success rates of early
salvage therapy, the diagnosis of local tumor recurrence at the earliest possible stage has
become pertinent. Salvage radiotherapy after radical prostatectomy has been shown to be most
effective, reaching a durable response, when postoperative PSA is preferably below 0.5 ng/mL,
with better outcomes if the PSA level is still under 0.2 ng/mL (4,9).

Despite guidelines indicating PSMA-PET/CT as the imaging modality of choice in BCR
(10-17), in some countries, especially those of lower income, conventional imaging with
computed tomography (CT) and bone scintigraphy (BS) are still being used, even if the
diagnostic yield of these techniques is low, especially for patients with low PSA levels (11).

The majority of PSMA PET/CT studies have been carried out at a single institution, or
were retrospectively planned; furthermore, most reported studies were conducted in academic
centers of highly developed countries, and thus no data exists on large prospective international
trials. The International Atomic Energy Agency initiated a Coordinated Research Project to
evaluate the feasibility and usefulness of PSMA-PET/CT to study PCa patients with BCR in 15

countries worldwide, to inform international practice.



The primary aim of this prospective study was to evaluate the diagnostic performance of
PSMA-PET/CT in PCa patients with BCR worldwide, through an international multicenter effort,

and the impact of PSMA-PET/CT on clinical management.

MATERIALS AND METHODS

Study Design

Two investigators’ meetings were held: in 2017 and 2019. The first defined the study
protocol, while in the second, an interim evaluation was carried out, together with image and
data review. The study followed a prospective, multicenter, international design, encompassing
17 centers from 15 countries (Azerbaijan, Brazil, Colombia, India, Israel, Italy, Jordan, Lebanon,
Malaysia, Mexico, Pakistan, Poland, South Africa, Turkey, and Uruguay). Standard forms for
data registration were developed and agreed on between the investigators. Data were collected
for PSMA-PET/CT positivity rate, localization of positive findings and impact on patient
management (supplemental figure 1). All centers obtained local ethical clearance for
prospective recruitment of patients and data collection, according to national regulations. All

subjects signed an informed consent form.

Patients

Patients with histopathologically proven prostate adenocarcinoma who have undergone

primary definitive treatment (radical prostatectomy or radiotherapy), with BCR, were recruited.

All patients were followed for a minimum period of 6 months after PSMA-PET/CT.



Inclusion criteria were a) age >18yo; b) histopathology proven prostatic
adenocarcinoma; c) previous primary treatment for PCa (radical prostatectomy or radiotherapy);
d) BCR defined as after radical prostatectomy, a PSA level over 0.2 ng/mL confirmed by two
subsequent consecutive measurements; after radiotherapy, an absolute increase in PSA level
of 2 ng/mL above nadir; e) patients with PSA levels between 4-10 ng/mL were considered
eligible only if presenting negative conventional imaging (CT + BS) and MRI; f) written informed
consent.

Exclusion Criteria were a) history of any malignancy other than PCa; b) history of

Paget’s disease; c) patients with BCR and PSA levels =2 10 ng/mL.

PET/CT Imaging

All patients were submitted to PSMA-PET/CT using the same radiopharmaceutical 8Ga-
PSMA-11 (18-21), that was synthesized at the radiopharmaceutical laboratories of each
participating center. PET studies were carried out on dedicated PET/CT scanners with image
guality evaluated by board certified nuclear medicine physicians.

According to the methodology proposed in medical literature (10), patients were
administered %Ga-PSMA-11 (2MBqg per/Kg, minimum of 125 MBq) by slow intravenous
injection. Sixty to 90 minutes after the injection, standard image acquisition was carried out.
Low dose/diagnostic CT images were obtained from mid-thigh up to above the orbital-meatal
line. 3D PET images were acquired for the same body extension, for at least 2 minutes/bed
position. Real true body (images from head to toes), contrast enhanced CT, diuretic and late
images were allowed.

PET/CT studies were assessed by two nuclear medicine board certified physicians with

extensive experience in PSMA-PET/CT oncological imaging at each center and all scans were



later centrally reviewed. Discordant findings were addressed at consensus meetings and final

results were used for analysis.

PET/CT Images Analysis

The studies were classified either positive or negative regarding identification of suspect
findings for recurrence based on procedure guidelines for prostate cancer imaging (10) (Figure
1). The anatomical sites of the lesions were registered.

PSMA-PET/CT findings were compared with: a) Histology (when necessary, in the
judgment of the clinician); b) Correlative imaging methods, such as: CT with contrast, MRI,
whole body MRI and bone scan; and c) Clinical and laboratory data (PSA behavior). All data

provided in the normal care pathway.

Given the composite nature of the standard of reference, we could not calculate
sensitivity nor specificity; furthermore, a proper evaluation of negative findings was beyond the
scope of the present study, which focused on accessing PSMA-PET/CT detection rate (positive

rate), defined as proportion of patients with PSMA-PET/CT positive results.

Intent to Treat

Previously to the PSMA-PET/CT, an intent to treat questionnaire was filled by the
assistant uro-oncology teams by the time of referral for evaluation, and was thus categorized:
radiotherapy only, radiotherapy and anti-androgenic therapy (ADT), salvage lymphadenectomy,
ADT only, active surveillance, bilateral orchiectomy, second-generation ADT (abiraterone or

enzalutamide), radionuclide therapy and chemotherapy (taxane).



After the PSMA-PET/CT results were made available, the assistant uro-oncology team

filled the same questionnaire based on the actual treatments were submitted.

Statistical Analysis

The demographic and clinical variables were tabulated using descriptive analysis.
Continuous variables were assessed for the Gaussian distribution of the data and presented as
mean = standard deviation, if normally distributed, or median [percentile 25th, percentile 75th] if
non-normally distributed. Comparison between patients with positive vs negative PSMA were
performed using t-test or Wilcoxon-Mann-Whitney test, accordingly. Discrete variables were
presented as proportions and compared between groups using the Chi-squared test. We then
performed a multivariate logistic regression analysis to identify the independent predictors of
positive PSMA results. Variables were selected for this regression model based on significant
associations in the univariate analysis and previous clinical knowledge. Level of significance
was set as a p value < 0.05. Analyses were performed using Stata version 15.1 (Stata Corp,

College Station, Tx).

RESULTS

Patients’ Characteristics

From the 1198 PCa patients referred for PSMA-PET/CT between November 2017 and
December 2019 due to BCR were enrolled; 194 were subsequently excluded because of
missing information and/or loss of follow-up data. Therefore, a cohort of 1004 patients could be
analyzed, here divided by country: Azerbaijan (48), Brazil (165), Colombia (29), India (86), Israel

(16), ltaly (172), Jordan (26), Mexico (91), Malaysia (35), Pakistan (19), Poland (111), Turkey
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(57), South Africa (42) and Uruguay (42). Two nations (India and Turkey) had 2 centers
contributing, that were pooled together for the scope of the study (see list of participant centers
and contributors on the supplemental material). Patients' distribution according to Gleason
Score was: GS 7 = 613 patients (61.1%), GS 8 = 196 (19.5%), GS 9 9 = 180 (17.9%) anda GS
10 = 15 (1.5%); according to PSA at PET/CT: PSA <0.2 = 41 patients (4.1%), PSA =0.2 and
<0.5 = 188 (18.7%), PSA 20.5 and <1 = 232 (23.1%), PSA 21 and <2 = 235 (23.4%), PSA 22
and <4 = 206 (20.5%); and PSA 24 and <10 = 102 (10.2%). Mean PSA doubling time was 11.18
months (x13.15) (Table 1). Overall, 780 (77.7%) patients were treated initially with radical
prostatectomy while 224 (22.3%) with radiotherapy. The mean time from PCa diagnosis to BCR
was 15.6 months (0.6 - 43.7) at the time of PET, 248 (24.7%) patients were ongoing ADT; 630
(62.7%) presented PSA doubling time <10 months.

The mean age of patients was 67.3 years-old (range 45-87); 908 (90.4%) men fulfilled
eligibility based on having PSA < 4ng/mL, while 96 (9.6%) presented PSA concentration
between 4-10 ng/mL with negative MR, CT and BS. Mean PSA at PSMA was 1.55 ng/mL.
Regarding the stage at presentation, 443 men (44.1%) had clinical stages T1-2 and 341
(34.0%) clinical stages T3—4; in 220 (21.9%), T Stage was unknown. The mean duration of
follow-up after PSMA-PET/CT was 16.8 months (standard deviation 9.3 months).

Regarding income, there were 105, 509, and 390 patients in the lower middle, upper
middle- and high-income groups, respectively. PSA differences were not significant among them
(p = 0.94). Of notice, there were statistically significant differences regarding PSA doubling time,
ongoing ADT and radiotherapy as primary treatment between the different income groups.
Respectively, mean PSA doubling time was 9.14, 9.98 and 13.3 months (p < 0.001); ongoing
ADT patients totaled 40(38.1%), 131 (25.7%) and 77 (19.7%) (p < 0.001); and radiotherapy as
primary treatment was observed in 42 (40.0%), 129 (25.3%) and 53 (13.6%) patients (p <

0.001).
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PSMA-PET/CT

At least one malignant lesion was found in 65.1% (654/1004) of the patients, while
34.9% (350/1004) had a negative PSMA-PET/CT scan with no detectable disease. Summary
results of PSMA-PET/CT are reported in Table 1.

There was a correlation between PSMA-PET/CT and Gleason Score (GS) (p<0.001):
detection rate was 60.5% (371/613) for patients with GS 7, 66.3% (130/196) for GS 8, 77.8%
(140/180) for GS 9 and 86.7% (13/15) for GS 10 (Figure 2).

We also found a significant correlation between PSMA-PET/CT positivity and PSA
values (p<0.001): detection rate was 51.2% (21/41) for PSA <0.2, 44.7% (84/188) for PSA 20.2
and <0.5, 53.4% (124/232) for PSA 20.5 and< 1, 67.2% (158/235) for PSA 21 and <2; 83.0%
(171/206) for PSA 22 and <4; and 94,1% (96/102) for PSA 24 and <10 (Figure 3).

PSMA-PET/CT was positive in 69.4% (437/630) of the patients whose PSA doubling
time was < 10 months versus 58.0% (217/374) whose PSA doubling time was above 10 months
(p = 0.003) (Figure 4).

The positivity rates of PSMA-PET/CT per anatomical sites were prostate or prostatic bed
only in 13.7% (138/1004); at prostate or prostatic bed and pelvic lymph nodes in 3.9%
(39/1004); pelvic lymph nodes only in 20.5% (206/1004); metastasis at any site in 27.0%
(271/1004), being bone only in 10.0% (100/1004) (Table 2). At univariate analysis, factors
associated with a positive PSMA-PET/CT results were age, PSA at time of PET scan (PSA at
PSMA), PSA doubling time (PSAdt), initial PSA before therapy, TNM, Gleason score, ongoing
ADT and radiotherapy as first treatment. Logistic regression showed that positivity of PSMA-
PET/CT scan was associated with Gleason Score, PSA at PSMA, decreasing PSA doubling
time, and radiotherapy as primary treatment (Table 3).

From the 1004 cases included, 12.4% (124 patients) presented doubtful PET findings

(as reported by local readers); among these, 90 patients had other positive findings, regardless
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of the indeterminate one(s), thus, were already defined as PSMA-PET/CT positive scans. In the
remaining 34 patients (3.3%) in which the indeterminate lesion at PSMA-PET/CT was the sole
finding, 3 were confirmed to be true positive on basis of follow-up data, while 31 (3.1%) were
regarded as false positives (encompassing reactive lymph nodes, bone fractures, trauma, and

benign pulmonary lesions).

Impact of PSMA-PET/CT on Clinical Management

Patients’ disease management changed in 56.8% (570/1004) of our cohort after PSMA-
PET/CT information. The following changes occurred as a result of PSMA-PET/CT: 77 patients
were submitted to active surveillance, 35 to radiotherapy only, 55 to radiotherapy and ADT, 152
to ADT only, 48 to salvage lymphadenectomy, 5 patients to bilateral orchiectomy, 140
underwent a second-generation ADT (abiraterone or enzalutamide), 10 were submitted to
radionuclide therapy and 48 polymetastatic patients were started on taxane chemotherapy.

In 43.2% (434/1004) of the patients for which there was no management change
motivated by PSMA-PET/CT results: 118 patients remained under active surveillance, 57 were
submitted to radiotherapy only, 48 to radiotherapy and ADT, 5 to salvage lymphadenectomy,
155 to ADT, 2 to bilateral orchiectomy, 32 underwent a second-generation ADT (abiraterone or
enzalutamide) and 17 polymetastatic patients were submitted to taxane chemotherapy (Figure

5).

PSMA-PET/CT Worldwide

The centers were grouped in two distinct ways: by country income (high income: Israel,

Italy, Poland and Uruguay; upper middle income: Azerbaijan, Brazil, Colombia, Jordan, Mexico,
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Malaysia, Turkey, South Africa; lower middle income: India and Pakistan) and by continent
(Africa, America, Asia, Europe). There were no significant differences between positivity of
PSMA-PET/CT in lower middle, upper middle and high income (61%, 69% and 62%) and by
continent (Africa: 57%, Asia 65%, Europe 66% and Latin America 65%), p =0.07 and p = 0.73,

respectively; (Table 1).

DISCUSSION

Our findings resonate with the available literature on the use of PSMA-PET/CT in the
evaluation of PCa patients in the scenario of BCR (3-8,10,20-44). We analyzed four main
aspects of PSMA-PET/CT in this setting: positivity rate, clinical factors associated with PSMA-
positivity, differences of performance regarding continents and income reality and impact on
clinical management. The positivity rate of PSMA-PET/CT was 65.1%, similar to the positivity
rates reported in other studies, overall ranging from 63-75% (10,14,16,21,22). Also, increasing
PSA levels at the time of scan were associated with higher PSMA-PET/CT positivity, with similar
rates as previously reported (supplemental table 1), except for a higher PSMA-PET/CT positivity
in the PSA <0.2 group when compared to the mean of previously available literature: 51.2% vs
36.8% (3-8,10,20-44). This might be explained by the small number of patients in this group in
our cohort (41) but also the small number of patients evaluated in the sum of the cohort of all
patients reported (316). Nevertheless, 51.2% falls into the range observed in the literature (11.3
- 58.3%). In the other scenarios (PSA < 0.5, < 1.0 and < 2.0) the positivity rates were quite
similar (44.7% vs 43.3%; 53.4% vs 52.2% and 67.2% vs 58.9% respectively).

The observed location of malignant lesions is in agreement with previous reports, with
lymph nodes being the principal site of recurrence (24.4%), followed by local recurrence on

prostate bed (17.6%), and with any metastatic disease in 27.0% (9,45).
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Furthermore, higher positivity rates were also associated with features of advanced
and/or aggressive disease other than increasing PSA levels: shorter PSA doubling time (< 10
months) and higher Gleason Score. These findings are also in tune with the current available
literature (42,46) and are likely due to neoplastic lesions to be present to a greater extension,
and with higher tumoral cells turnover, thus, providing more available sites for PSMA ligand
binding, which leads to positive PET/CT results.

One interesting finding was the association of radiotherapy as primary radical treatment
with PSMA-PET/CT positivity in the BCR setting. Although patients submitted to radiotherapy
represented only 22.3% of all patients, they comprised 28.9% of all positive PSMA-PET/CT
results (p<0.001). It is already known that, in comparison to radical prostatectomy, radiotherapy
is associated with higher biochemical recurrence rates (46). Our results suggest that in addition
to more frequent residual/recurrent disease, these patients are also more likely to present a
positive PSMA-PET/CT scan in the BCR setting.

The most relevant finding in our understanding is that there were no statistically
significant differences in PSMA-PET/CT performance among continents, nor among the
different income categories in which the participants were distributed. This is important as it
highlights that even though great heterogeneities exist among nations, this does not seem to
interfere with each country’s capacity of providing high quality PSMA-PET/CT studies in the
appropriate medical centers.

PSMA-PET/CT impacted clinical management in more than half of our cohort, as the
therapeutic strategy was altered by PSMA-PET/CT results in 56.8% of the time, similar to
previous reports in different studies (13,16,21).

Regarding the limitations of the present study, a major one is that histopathology as a
gold standard was only available in a minority of cases. It is well known that histopathologic
confirmation in all patients is not feasible because of practical and ethical issues. Hence, in

most patients, a composite standard of reference (histopathology, clinical and laboratory
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evaluation) was used. Another important limitation are the relatively small percentages of
patients included in low-income countries and in Africa. Furthermore, South Africa’s income
reality and PSMA PET/CT availability do not paint a representative picture of the continent.
Moreover, regarding the impact of PSMA-PET/CT impact on clinical management, the available
data unfortunately do not permit evaluation of its effects on survival rates.

The endeavor of performing this multicenter international study, enrolling more than a
thousand patients from around the globe, was only made possible by the conjunct effort of
several different researchers, with the support of the International Atomic Energy Agency, a

non-profit agency, which enabled gathering this large and diverse cohort.

CONCLUSION

This multicenter international prospective trial on PSMA-PET/CT confirms its capability
in detecting local and metastatic recurrence in most prostate cancer patients in the setting of
biochemical recurrence. PSMA-PET/CT positivity was correlated with Gleason score, PSA at
PET, PSA doubling time and radiotherapy as primary treatment. PSMA-PET/CT results led to
changes in therapeutic management in more than half of the cohort. The study demonstrates
the reliability of PSMA-PET/CT in the workup of PCa patients with BCR, and its worldwide

feasibility.
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KEY POINTS
Question

In a large international cohort of prostate cancer patients in the setting of biochemical
recurrence, how similar are PSMA-PET/CT positivity rates and impact on clinical management
among countries from different continents and incomes?
Pertinent Findings

PSMA-PET/CT positivity has shown correlation with Gleason Score, serum PSA levels
and radiotherapy as primary treatment. Impact on clinical management following PSMA-PET/CT
results was observed in the majority of cases. All findings were similarly consistent regardless of
the country.
Implications for Patient Care

Our results confirm the worldwide feasibility and usefulness of PSMA-PET/CT in the

setting of prostate cancer biochemical recurrence.

ACKNOWLEDGMENTS

We thank the following individuals for their contribution:

From National Centre of Oncology, Azerbaijan: Aliyev JA; Guliyev F; Mehdi E; Valiyev M;
Mehmetbeyli L. From Brazil: Masukawa M; Pereira J; Luz M; Cerci RJ; Morita M. From Azienda
Ospedaliero-Universitaria di Bologna, Italy: Farolfi A; Castellucci P; Cervati V; Serani F;
Schiavina R. From King Hussein Cancer Center, Jordan: Al-Rasheed U; Salah S. From
University of Pretoria, South Africa: Sathekge M; From Centro Uruguayo de Imagenologia

Molecular, Uruguay: dos Santos G; Silvera E; Rodriguez M.

16



REFERENCES

1) Ferlay J EM, Lam F, Colombet M, et al. Global cancer observatory: cancer tomorrow. Lyon,
France: International Agency for Research on Cancer. Available from: https://gco.iarc.

frltomorrow, Accessed 01 December 2020.

2) Rawla P. Epidemiology of prostate cancer. World J Oncol. 2019;10:63-89.

3) Gupta SK, Watson T, Denham J, et al. Prostate-specific membrane antigen positron emission
tomography-computed tomography for prostate cancer: distribution of disease and implications

for radiation therapy planning. Int J Radiat Oncol Biol Phys. 2017;99:701-9.

4) Meredith G, Wong D, Yaxley J, et al. The use of (68) Ga-PSMA PET CT in men with
biochemical recurrence after definitive treatment of acinar prostate cancer. BJU Int.

2016;118(Suppl 3):49-55.

5) Morigi JJ, Stricker PD, van Leeuwen PJ, et al. Prospective comparison of 18F-
fluoromethylcholine versus 68Ga-PSMA PET/CT in prostate cancer patients who have rising
psa after curative treatment and are being considered for targeted therapy. J Nucl Med.

2015;56:1185-1190.

6) Afshar-Oromieh A, Avtzi E, Giesel FL, et al. The diagnostic value of PET/CT imaging with the

(68)Ga-labelled PSMA ligand HBED-CC in the diagnosis of recurrent prostate cancer. Eur J

Nucl Med Mol Imaging. 2015;42:197-209.

17



7) Afshar-Oromieh A, Holland-Letz T, Giesel FL, et al. Diagnostic performance of (68)Ga-
PSMA-11 (HBED-CC) PET/CT in patients with recurrent prostate cancer: evaluation in 1007

patients. Eur J Nucl Med Mol Imaging. 2017;44:1258-68.

8) Calais J, Czernin J, Cao M, et al. (68)Ga-PSMA-11 PET/CT mapping of prostate cancer
biochemical recurrence after radical prostatectomy in 270 patients with a PSA level of less than

1.0 ng/mL: impact on salvage radiotherapy planning. J Nucl Med. 2018;59:230-7.

9) Dietlein F, Kobe C, Neubauer S, et al. PSA-stratified performance of (18)F- and (68)Ga-
PSMA PET in patients with biochemical recurrence of prostate cancer. J Nucl Med.

2017,58:947-52.

10) Fendler WP, Eiber M, Beheshti M, et al. 68Ga-PSMA PET/CT: Joint EANM and SNMMI
procedure guideline for prostate cancer imaging: version 1.0. Eur J Nucl Med Mol Imaging.

2017;44:1014-1024.

11) Eiber M, Maurer T, Souvatzoglou M, et al. Evaluation of hybrid (6) (8)Ga-PSMA ligand
PET/CT in 248 patients with biochemical recurrence after radical prostatectomy. J Nucl Med.

2015:56:668-74.

12) Hofman MS, Hicks RJ, Maurer T, Eiber M. Prostate-specific membrane antigen PET: clinical

utility in prostate cancer, normal patterns, pearls, and pitfalls. Radiographics. 2018;38:200-217.

13) Han S, Woo S, Kim YJ, Suh CH. Impact of 68Ga-PSMA PET on the management of
patients with prostate cancer. a systematic review and meta-analysis. Eur Urol. 2018;74:179-

190.

18



14) Bashir U, Tree A, Mayer E, et al. Impact of Ga-68-PSMA PET/CT on management in
prostate cancer patients with very early biochemical recurrence after radical prostatectomy. Eur

J Nucl Med Mol Imaging. 2019;46:901-907.

15) Albisinni S, Artigas C, Aoun F, et al. Clinical impact of 68 Ga-prostate-specific membrane
antigen (PSMA) positron emission tomography/computed tomography (PET/CT) in patients with
prostate cancer with rising prostate-specific antigen after treatment with curative intent:

preliminary analysis of a multidisciplinary approach. BJU Int. 2017;120:197-203.

16) Mattiolli AB, Santos A, Vicente A, et al. Impact of 68 GA-PSMA PET / CT on treatment of
patients with recurrent / metastatic high risk prostate cancer - a multicenter study. Int Braz J

Urol. 2018;44:892-899.

17) Matushita CS, da Silva AMM, Schuck PN, et al. 68Ga-Prostate-specific membrane antigen
(psma) positron emission tomography (pet) in prostate cancer: a systematic review and meta-

analysis. Int Braz J Urol. 2021 Feb 11;47.

18) National Cancer Institute. Cancer Reference Information.

https://www.cancer.gov/publications/dictionaries/cancer-drug/def/gallium-ga-68-labeled-psma-

11 (accessed September 24, 2020).

19) Ceci F, Oprea-Lager DE, Emmett L, et al. E-PSMA: the EANM standardized reporting

guidelines v1.0 for PSMA-PET. Eur J Nucl Med Mol Imaging. 2021 Feb 19.

19


https://www.cancer.gov/publications/dictionaries/cancer-drug/def/gallium-ga-68-labeled-psma-11
https://www.cancer.gov/publications/dictionaries/cancer-drug/def/gallium-ga-68-labeled-psma-11

20) Markowski MC, Chen Y, Feng Z, et al. PSA doubling time and absolute psa predict
metastasis-free survival in men with biochemically recurrent prostate cancer after radical

prostatectomy. Clin Genitourin Cancer. 2019;17:470-475.el.

21) Hope TA, Aggarwal R, Chee B, et al. Impact of (68)Ga-PSMA-11 PET on management in

patients with biochemically recurrent prostate cancer. J Nucl Med. 2017;58:1956-61.

22) Tan N, Bavadian N, Calais J, et al. Imaging of prostate specific membrane antigen targeted
radiotracers for the detection of prostate cancer biochemical recurrence after definitive therapy:

a systematic review and meta-analysis. J Urol. 2019;202:231-240.

23) Fendler WP, Calais J, Eiber M, et al. Assessment of 68Ga-PSMA-11 PET accuracy in
localizing recurrent prostate cancer: a prospective single-arm clinical trial. JAMA Oncol.

2019;5:856-863.

24) Sachpekidis C, Eder M, Kopka K, et al. (68)Ga-PSMA-11 dynamic PET/CT imaging in

biochemical relapse of prostate cancer. Eur J Nucl Med Mol Imaging. 2016;43:1288-99.

25) Schmuck S, Nordlohne S, von Klot CA, et al. Comparison of standard and delayed imaging
to improve the detection rate of [(68) Ga]PSMA I&T PET/CT in patients with biochemical
recurrence or prostate-specific antigen persistence after primary therapy for prostate cancer.

Eur J Nucl Med Mol Imaging. 2017;44:960-8.

26) Kranzbuhler B, Nagel H, Becker AS, et al. Clinical performance of (68)Ga-PSMA-11
PET/MRI for the detection of recurrent prostate cancer following radical prostatectomy. Eur J

Nucl Med Mol Imaging. 2018;45:20-30.

20



27) Miksch J, Bottke D, Krohn T, et al. Interobserver variability, detection rate, and lesion
patterns of 68Ga-PSMA-11-PET/CT in early-stage biochemical recurrence of prostate cancer

after radical prostatectomy. Eur J Nucl Med Mol Imaging. 2020;47:2339-2347.

28) Sonni |, Eiber M, Fendler WP, et al. Impact of 68Ga-PSMA-11 PET/CT on staging and
management of prostate cancer patients in various clinical settings: a prospective single-center

study. J Nucl Med. 2020;61:1153-1160.

29) Sanli Y, Kuyumcu S, Sanli O, et al. Relationships between serum PSA levels, Gleason
scores and results of 68Ga-PSMA PET/CT in patients with recurrent prostate cancer. Ann Nucl

Med. 2017;31:709-17.

30) Lengana T, van de Wiele C, Lawal |, et al. 68Ga-PSMA-HBED-CC PET/ CT imaging in
black versus white South African patients with prostate carcinoma presenting with a low volume,
androgen dependent biochemical recurrence: a prospective study. Nucl Med Commun.

2018;39:179-85.

31) Rauscher I, Diwel C, Haller B, et al. Efficacy, predictive factors, and prediction nomograms
for (68)Ga-labeled prostate-specific membrane antigen-ligand positron-emission
tomography/computed tomography in early biochemical recurrent prostate cancer after radical

prostatectomy. Eur Urol. 2018;73:656—61.

32) Berliner C, Tienken M, Frenzel T, et al. Detection rate of PET/CT in patients with
biochemical relapse of prostate cancer using [(68) Ga]PSMA 1&T and comparison with

published data of [(68)Ga] PSMA HBED-CC. Eur J Nucl Med Mol Imaging. 2017;44:670-7.

21



33) Derlin T, Schmuck S, Juhl C, et al. PSA-stratified detection rates for [(68)Ga]THP-PSMA, a
novel probe for rapid kit-based (68)Galabeling and PET imaging, in patients with biochemical
recurrence after primary therapy for prostate cancer. Eur J Nucl Med Mol Imaging.

2018;45:913-22.

34) Grubmuller B, Baltzer P, D’Andrea D, et al. (68)Ga-PSMA 11 ligand PET imaging in patients
with biochemical recurrence after radical prostatectomy—diagnostic performance and impact on

therapeutic decision-making. Eur J Nucl Med Mol Imaging. 2018;45:235-42.

35) Deandreis D, Guarneri A, Ceci F, et al. 68Ga-PSMA-11 PET/CT in recurrent hormone-
sensitive prostate cancer (HSPC): a prospective single-centre study in patients eligible for

salvage therapy. Eur J Nucl Med Mol Imaging. 2020;47:2804-2815.

36) Farolfi A, Ceci F, Castellucci P, et al. 68Ga-PSMA-11 PET/CT in prostate cancer patients
with biochemical recurrence after radical prostatectomy and PSA <0.5 ng/mL. Efficacy and

impact on treatment strategy. Eur J Nucl Med Mol Imaging. 2019;46:11-19.

37) Hoffmann MA, Buchholz HG, Wieler HJ, et al. PSA and PSA kinetics thresholds for the
presence of 68Ga-PSMA-11 PET/CT-detectable lesions in patients with biochemical recurrent

prostate cancer. Cancers (Basel). 2020;12:398.

38) Kraft P, Maurer T, Gafita A, et al. Pre-test ¥8Ga-PSMA-ligand PET/CT positivity in early

biochemical recurrent prostate cancer after radical prostatectomy-validation of a prediction

model. EINMMI Res. 2020;10:6.

22



39) Bianchi L, Borghesi M, Schiavina R, et al. Predictive accuracy and clinical benefit of a
nomogram aimed to predict 68Ga-PSMA PET/CT positivity in patients with prostate cancer
recurrence and PSA < 1 ng/ml external validation on a single institution database. Eur J Nucl

Med Mol Imaging. 2020;47:2100-2105.

40) Calais J, Ceci F, Eiber M, et al. 8F-fluciclovine PET-CT and ®Ga-PSMA-11 PET-CT in
patients with early biochemical recurrence after prostatectomy: a prospective, single-centre,

single-arm, comparative imaging trial. Lancet Oncol. 2019;20:1286-1294.

41) McCarthy M, Francis R, Tang C, Watts J, Campbell A. A multicenter prospective clinical trial
of ®8Gallium PSMA HBED-CC PET-CT restaging in biochemically relapsed prostate carcinoma:
oligometastatic rate and distribution compared with standard imaging. Int J Radiat Oncol Biol

Phys. 2019;104:801-808.

42) Verburg FA, Pfister D, Heidenreich A, et al. Extent of disease in recurrent prostate cancer
determined by [(68)Ga]PSMA-HBED-CC PET/CT in relation to PSA levels, PSA doubling time

and Gleason score. Eur J Nucl Med Mol Imaging. 2016;43:397—-403.

43) Fourquet A, Aveline C, Cussenot O, et al. 8Ga-PSMA-11 PET/CT in restaging castration-
resistant nonmetastatic prostate cancer: detection rate, impact on patients' disease

management and adequacy of impact. Sci Rep. 2020;10:2104.

23



44) Treglia G, Annunziata S, Pizzuto DA, Giovanella L, Prior JO, Ceriani L. Detection rate of
18F-Labeled PSMA PET/CT in biochemical recurrent prostate cancer: a systematic review and

a meta-analysis. Cancers (Basel). 2019;11:710.

45) Barbosa FG, Queiroz MA, Nunes RF, et al. Revisiting prostate cancer recurrence with

PSMA PET: atlas of typical and atypical patterns of spread. Radiographics. 2019;39:186-212.

46) Perera M, Papa N, Christidis D, et al. Sensitivity, specificity, and predictors of positive 68Ga-

prostate-specific membrane antigen positron emission tomography in advanced prostate

cancer: a systematic review and meta-analysis. Eur Urol. 2016;70:926-937.

24



GRAPHICAL ABSTRACT

[ PSMA-PET/CT evaluation of patients with biochemical recurrence of prostate cancer

CONSISTENT CORRELATION AMONG COUNTRIES OF
1004 PATIENTS PSMA-PET/CT POSITIVITY RATES WITH:

FROM 15 COUNTRIES

PSA levels (<0001 Gleason Score ip<aoo)

PSA(ng/imL)  PSMA positive (%)
PSMA positive (%)
<02 51.2% 202
o
and <0.5 44.7% 60.5%
20.5 and <1 53.4% 66.3%
21 and <2 67.2% ‘
i 77.8%
22 and <4 83.0%
24 and <10 94.1% 86.7%

IMPACT OF PSMA-PET/CT RESULTS ON CLINICAL
MANAGEMENT IN MOST CASES:

+ 56.8% (570/1004)

There were no statistically significant differences in PSMA-PET/CT performance among continents (Africa, America, Asia and Europe),

nor among the different income categories in which the participants were distributed.
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Figure 1: Panels A-C show a 65yo patient, T3bNO, submitted to radical prostatectomy + PNLD, with BCR
(PSA 0.55 ng/mL) showing a PSMA-PET/CT-negative scan. Treatment plan was not altered by PSMA-
PET/CT results (radiotherapy) (A: axial CT; B: axial fusion and C: MIP). Panels D-F show a 67yo patient,
T2aN1, submitted to radical prostatectomy + PNLD, with BCR and PSA 0.4 showing a PSMA-PET/CT-
positive scan. Treatment plan was modified from radiotherapy to ADT (D: axial CT, E: axial fusion and F:
MIP) with 0,4cm lymph nodes commitment (red arrows). Panels G-I show a 65yo patient, T3aNO,
submitted to radical prostatectomy + PNLD, with BCR and PSA 0.2 showing a PSMA-PET/CT-positive
scan. Treatment plan was modified from radiotherapy to chemotherapy (G: axial CT, H: axial fusion and I:

MIP) with metastatic bone lesions (green arrows).
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Figure 2: Correlation between PSMA-PET/CT positivity and Gleason Score.
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Figure 3: Correlation between PSMA-PET/CT positivity and PSA values.
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Treatment pre and post PSMA

Figure 4: Impact of PSMA-PET/CT on Clinical Management.
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PSMA-PET/CT

Number of patients All Eatients negative PSMA-PEI/CT positive
n=1004 n=350 n=654
Age 67.29 + 7.48 66.37 + 7.36 67.77 £ 7.51 0.005
PSA at PSMA <0.00
1
<02 41 (4.1%) 20 (5.7%) 21 (3.2%)
0.2-05 188 (18.7%) 104 (29.7%) 84 (12.8%)
0510 232 (23.1%) 108 (30.9%) 124 (19.0%)
1-2 235 (23.4%) 77 (22.0%) 158  (24.2%)
2-4 206 (20.5%) 35  (10.0%) 171 (26.1%)
>4 102 (10.2%) 6 (L.7%) 9  (14.7%)
PSA Doubling Time 11.18 + 13.15 12.97 + 14.04 10.22 + 12.56 0.002
'T”r:gf‘;;ySA Before 17.27 £ 22.10 14.63 + 17.69 18.69 + 24.02 0.006
TNM <0.00
1
TL 4 (0.5%) 2 (0.6%) 2 (0.4%)
T2 439 (56.0%) 208  (65.8%) 231 (49.4%)
T3 333 (42.5%) 103 (32.6%) 230 (49.1%)
T4 8 (1.0%) 3 (0.9%) 5 (1.1%)
On going ADT 248 (24.7%) 62 (17.7%) 186 (28.4%) <0i00
Egg{‘r’;gﬁ{ 19 8 It 204 (22.3%) 35 (10.0%) 189 (28.9%) <0.00
Time to Relapse 23.0 8.0, 49.0] 22.5[8.0, 48.0] 24.0[9.0, 51.0] 0.57
Gleason <0.00
1
7 613 (61.1%) 242 (69.1%) 371 (56.7%)
8 196 (19.5%) 66 (18.9%) 130 (19.9%)
9 180 (17.9%) 40 (11.4%) 140 (21.4%)
10 15 (1.5%) 2 (0.6%) 13 (2.0%)
Country Income 0.07
High income 390 (38.8%) 149  (42.6%) 241 (36.9%)
Upper middleincome 509 (50.7%) 160 (45.7%) 349 (53.4%)
Lower middleincome 105 (10.5%) 41 (11.7%) 64 (9.8%)
Continent 0.73
Africa 42 (4.2%) 18 (5.1%) 24 (3.7%)
Asia 182 (18.1%) 64 (18.3%) 118 (18.0%)
Europe 388 (38.6%) 132 (37.7%) 256  (39.1%)

Latin America

392 (39.0%)

136 (38.9%)

256  (39.1%)

Table 1: Patients’ characteristics based on PSMA PET results.
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PSMA-PET/CT
positive studies

Anatomical site
Prostate or prostatic bed only

Prostate or prostatic bed +
lymph nodes

Lymph nodes only

Metastasis at any site

Bone only

138 (13.7%)

39 (3.9%)

206 (20.5%)
271 (27.0%)

100 (10.0%)

Table 2: PSMA-PET/CT positive studies per anatomical sites.
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Age

PSA at PCa

diagnosis

Gleason Score

PSA at PSMA-

PET/CT

PSA Doubling Time

On going ADT

Radiotherapy First

1.01

0.99

1.37

1.72

0.98

1.23

2.17

1.69

-0.05

3.30

7.57

-3.30

1.14

3.56

0.091

0.958

0.001

0.001

0.001

0.255

0.001

0.99

0.99

1.25

1.47

0.97

0.93

1.42

1.03

1.01

1.65

1.97

0.99

1.76

3.34

Table 3: Association of clinical covariates with likelihood of detection by PSMA-PET/CT.
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SUPPLEMENTAL MATERIAL

List of participant centers and contributors:

Austria: Division of Human Health, International Atomic Energy Agency
Azerbaijan: National Centre of Oncology, Azerbaijan

Brazil: Quanta Diagnostics and Therapy

Colombia: Instituto Nacional de Cancerologia

India: All India Institute of Medical Sciences; Tata Memorial Centre
Israel Rambam Medical Centre

Italy: Azienda Ospedaliero-Universitaria di Bologna

Jordan: King Hussein Cancer Center

Lebanon: American University of Beirut; Medical Center
Malaysia: Institute Kanser Negara

Mexico: Instituto Nacional de Cancerologia

Pakistan: Pakistan Atomic Energy Commission (PAEC)

Poland: Medical University of Warsaw

South Africa: University of Pretoria

Turkey: Ankara University, Turkey; University of Gaziantep

Uruguay: Centro Uruguayo de Imagenologia Molecular
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Supplemental Figure 1: Final Form Report

IAEA

International Atomic Energy Agency

Final Form Report

IAEA CRP “Use of PET-CT with Gallium-68 Labelled Prostrate Specific Membrane Antigen in the Diagnosis
and Follow-up of Patients with Prostate Cancer”

(Ta be completed by the local centre enrolling the patient)

Version 2 from 2020-03-09

Form completed dafmmsna) | | Toasy |
Patient information _

Institution Brasil - Quanta Diagnostico e Terapia

Patient Initials

ME fat the time of the scan)
Clinical Information

THM |

R O Mot applicable ONegative surgical margin (C)Positive margin
Pathological data

Gleason Score | Expressed as primary + secondary G5 je.g. 4+3)

Initial PSA before primary therapy

Radical therapy adical prostatectomy (O Primary radiotherapy

Date of primary treatment | iddsmm vy

RT-Adjuvant ]g‘lu Cl‘f'es

Date RT | tddimmbnwy

] OProstate bed ) Pelvic lymph nodes
—— O prostate bed + hn O licable
state lymph nodes MNot applicab

ADT Adjuvant g:r:;nal therapy after primary treatment with adjuvant intent

Biochemical Relapse Data

And n deprivation therapy
{ADT) dm:;achenical relapse Ono Oves
On-going ADT ()1 ADT on-going at the time of the scan ONo ADT
DSaIvage RT DSalwage pLnD ) Other salvage procedures
(ONo salvage therapy during BCR

Salvage therapy

Date of salvage therapy | fodfmmiypy

si grnstate Bed (Pelvic LNs (O)Retroperitoneal and distant LNs
te salvage
rostate Bed + LNs Other

Time to relapse {in manths

PSA PET jng/mL t e of the soon (+-2weeks)

Date of PSA performed for PSMA-

Fs.ﬁdn-uhlh'gtime i FROEThS) !
PSMA, PET/CT Results and Findings

Date of PSMA scan dd/mm, vy

CT of PET/CT Low dose (O Diagnostic ) CECT

PET results (O Positive for suspected PCa lesions () Negative for suspected PCa lesions

PET indeterminate finding | OAn indeterminate for suspected PCa lesions
Mo indeterminate PCa lesions
Prostate/prostate bed relapse OND relapse

Prostate bed

IAEA-CRP E13046 “PSMA Prostate Cancer”
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IAEA

International Atomic Energy Agency

dlocal Tronswerse Wew, dimendion of the biggest lesion, e.g.- 2 x 2 cm
SUVmax local OF the fesion with highest uptoke
MNumber of local lesions Select number. .,
LN local () Pelvic LNs suspected for PCa relapse () No suspected pelvic LNs
dLN local Tronsverse wew, dimension of the biggest lesion, e.g.: 2 x 2 om
SUVmax LN local Of the lesion with highest uptake
Number of ymph nodes Select number... ]
Bone () Bone lesions (C)No bone lesions
dbone Tronsverse wiew, dimension of the biggest lesion, e.g. 2 5 2 om
SUVmax Bone local Of the lesion with highest uptoke
Bone number lesion Site of the lesion
Other No OLung r ClOther
If ather, please specify Co-100> 10
Other lesion dimension Transverse wiew, dimension of the biggest lesion, e.g.: 2x 2
SUVmax other Of the lesion with highest wptoke
Doubtful findings Oves ONo
If yes, please specify
Correlative Imaging
MR Not performed ( )Negative scan{l) Positive scan
cT Not performed (MNegative scan {)Positive scan

If positive scan showed

Less PCa lesions than PSMS C}Same lesions as PSMA
More PCa lesions than PSMA

Bone scan

Mot performed ()MNegative xm@?ﬂﬂti&e scan

If positive scan showed

OLess PCa lesions than PSM5 {)5ame lesions as PSMA
More PCa lesions than PSMA

TRUS

Not performed (ONegative scan (QPositive scan

If positive scan showed

Less PCa lesions than PSMS (C)5ame lesions as PSMA
More PCa lesions than PSMA

PET Chaoline

O ot performed ONegative scan OPositive scan

If positive scan showed

OlLess PCa lesions than PSMS () Same lesions as PSMA
(O More PCa lesions than PSMA

PET Fluoride

() Not performed (QNegative scan (DPositive scan

If positive scan showed

() Less PCa lesions than PSMS {{)Same lesions as PSMA
{OMare PCa lesions than PSMA

Intent to Treatment

Salvage Radiotherapy

Ono Qves

Slte S-RT (site of irrodistion)

QO prostate bed OPelvic LNs O Prostate bed + Pelvic LNs

Salvage lymphadenectomy

Q No Oves

Site S-PLND

(O Pehvic-LND () Extended-PLND

Dther surgery No Oves
If yes, please specify

Chemotherapy OiNo Oabiraterone  O)Enzalutamide O)Other
If other, please specify

Hormone therapy Cino Oves

Radio nuclide therapy Oine Cizzara O)177-Lu

Further imaging required

Ono QTRUs O T QMR Qcholine PET () Fluoride

PET

Further biopsy required

Ono Ores

If yes, please specify

Page

IAEA-CRP E13046 “PSMA Prostate Cancer”
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IAEA

International Atomic Energy Agency

Follow-up Data
Follow-up (dote) l {dd/men/yyyy)
PSA _ ] report all the PSA wolues ossessed during patient follow-up
Progression No Oves
Date of progression _ ] (dd/mm/yyyy)
Death es
Date of death | tad/mmsyyw)
Histological confirmation of the prostate bed relapse obtained
Histology Prostate Bed N:D"' sgical coillnmation v e
istological confirmation of LNs relapse obtained
T—— No histological confirmation
Histological confirmation of bone lesion obtained
i No histological confirmation
Histological confirmation of other lesion obtained
PR QU No hlstglo!lcal confirmation
If other, please specify
Metastasis directed therapy performed according to PSMA results
MDT
No MDT
Salvage Radiotherapy No ()Yes | | (dd/mmtvyyy)
Site S-RT (site of imatonon) | OProstate bed QPelvic LNsQ Prostate bed + Pelvic LNs
Site 5-PLND OPrelvic-IND O Extended-PLND
Other surgery Ono Oves [ | (dd/mmiyyyy)
_ If other, please specify .
Chemotherapy Ono OAbiraterone Oenzalutamide (Other
if yes, the date | (ad/mmpyyy)
If other, please specify
Hormone therapy No ()Yes if yes, provide starting date (da/mm/yyyy)
Radio nuclide therapy ONo (223ra 0177-Lu if yes, provide date (det/mm/yyyy)
Further imaging required [ ONo O TRUS O €T OMR OCholine PET O Fluoride PET




Supplemental Table 1: Table of studies reporting on PSMA positivity in early recurrence

prostate cancer at different PSA levels:

Studies reporting on imaging in early recurrent prostate cancer at PSA level < 0.2 ng/mL

Author (year)

Standard of reference

N  Sensitivity (%)

Meredith et al. (2016)

Dietlein et al. (2017)

Sachpekidis et al. (2016)

Schmuck et al. (2017)

Afshar-Oromieh et al. (2017)

Afshar-Oromieh et al. (2015)

Gupta et al. (2017)

Hope at al. (2017)

Kranzbuhler et al. (2018)

Miksch et al. (2020)

Sonni et al (2020)

PET/CT result alone

Clinical and imaging follow-

up, histology

PET/CT result alone

Clinical and imaging follow-up
histology in a minority of

patients (n=112)

PET/CT result alone

Clinical and imaging follow-
up, histology in a minority of

patients (n=42)

PET/CT result alone

Clinical and imaging follow-up

PET/CT result alone

Clinical and imaging folllow-

up

Clinical follow-up

124

18

69

17

12

12

18

24

11.3%

22.2%

25.0%

38.9%

46.4%

47.1%

41.7%

58.3%

44.4%

27.0%

42.0%
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Author (year)

Standard of reference

N  Sensitivity (%)

Dietlein et al. (2017)

Sanli et al. (2017)

Sachpekidis et al. (2016)

Calais et al. (2018)

Afshar-Oromieh et al. (2017)

Afshar-Oromier et al. (2015)

Morigi et al. (2015)

Lengana et al. (2018)

Rauscher et al. (2018)

Eiber et al. (2015)

Meredith et al. (2016)

Clinical and imaging follow-up

Clinical and imaging follow-up

PET/CT result alone

Histology, clinical and
imaging follow-up in a

minority of patients

PET/CT result alone

Histology in a minority of

patients (n=42)

Histology in a minority of

patients (n=9)

Clinical and imaging follow-up

Histology in a minority of

patients

PET/CT result alone

PET/CT result alone

NA

10

153

177

134

206

11.0%

20.0%

37.5%

40.5%

46.3%

48.1%

50.0%

55.0%

55.0%

58.0%

17.5%
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Gupta et al. (2017)

Schmuck et al. (2017)

Berliner et al. (2017)

Derlin et al. (2018)

Hope et al. (2017)

Grubmuller et al. (2018)

Fendler et al. (2019)

Deandreis et al. (2020)

Ceci et al. (2019)

Farolfi et al. (2019)

Miksch et al. (2020)

Hoffmann et al (2020)

Kraft et al (2020)

PET/CT result alone

Histology, clinical and
imaging follow-up in a

minority of patients (n=112)

Histology in a minority of

patients (n=2)

Clinical and imaging follow-

up, histology

Clinical and imaging follow-up

Clinical and imaging follow-

up, histology

Clinical, PSA and imaging

follow-up

Clinical and imaging follow-

up, histology when feasible

Clinical and imaging follow-

up, histology

PET/CT result alone

Clinical and imaging folllow-

up

Clinical and imaging follow-
up, histology in a minority of

patients

Clinical and imaging follow-

28

52

33

24

26

NA

52

79

138

119

28

27

151

42.9%

50.0%

51.5%

20.8%

61.5%

65.0%

38.0%

23.2%

37.9%

34.4%

55.0%

40.0%

59.0%
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Bianchi et al. (2020)

Sonni et al. (2020)

Calais et al. (2019)

McCarthy et al. (2019)

up, histology when feasible

Clinical follow-up 249

Clinical follow-up 21

Clinical and imaging follow-

up, histology in a minority of 26
patients
PET/CT result alone 63

35.8%

62.0%

46.0%

50.8%

Author (year)

Standard of reference N

Positivity rate

Derlin et al. (2018)

Sanli et al. (2017)

Sachpekidis et al. (2016)

Verburg et al. (2016)

Calais et al. (2018)

Clinical and imaging follow-

38
up, histology
Clinical and imaging follow-up 14
PET/CT result alone 11
Histology in a minority of
patients (n = 18), follow-up in 27
a minority of patients (n = 7)
Histology, clinical and
imaging follow-up in a 270

minority of patients

18.4%

21.4%

36.4%

44.4%

49.0%
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Berliner et al. (2017)

Afshar-Oromieh et al. (2015)

Schmuck et al. (2017)

Afshar-Oromieh et al. (2017)

Rauscher et al. (2018)

Eiber et al. (2015)

Meredith et al. (2016)

Gupta et al. (2017)

Hope et al. (2017)

Fendler et al. (2019)

Ceci et al. (2019)

Miksch et al. (2020)

Hoffmann et al. (2020)

Kraft et al. (2020)

Histology in a minority of

patients (n = 2)

Histology in a minority of

patients (n = 42)

Clinical and imaging follow-
up, histology in a minority of

patients (n = 112)

PET/CT result alone

histology in a minority of

patients

PET/CT result alone

PET/CT result alone

PET/CT result alone

Clinical and imaging follow-up

Clinical, PSA and imaging

follow-up

Clinical and imaging follow-

up, histology

Clinical and imaging folllow-

up

Clinical and imaging follow-
up, histology in a minority of

patients

Clinical and imaging follow-

44

51

81

296

272

52

258

46

37

45

92

77

48

141

52.3%

52.9%

53.1%

57.1%

64.7%

67.3%

25.2%

37.0%

62.2%

57.0%

53.6%

68.0%

61.5%

79.0%
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up, histology when feasible

Bianchi et al. (2020) clinical follow-up 164 54.7%

Clinical and imaging follow-

Calais et al. (2019) up, histology in a minority of 18 67.0%
patients
McCarthy et al. (2019) PET/CT result alone 24 66.7%

Author (year) Standard of reference N  Positivity rate
Sanli et al. (2017) PET/CT result alone 16 31.7%
Derlin et al. (2018) PET/CT result alone 60 39.1%
Lengana et al. (2018) Clinical and imaging follow-up 23 39.1%
Sachpekidis et al. (2016) None 15 46.7%

Histology in a minority of
Berliner et al. (2017) 54 55.6%
patients (n = 2)

Clinical and imaging follow-
Ceci et al. (2015) 37 56.7%
up, histology

Histology in a minority of
Verburg et al. (2016) 9 ty 46 58.7%

patients (n = 18), follow-up in
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Schmuck et al. (2017)

Morigi et al. (2015)

Afshar-Oromieh et al. (2015)

Afshar-Oromieh et al. (2017)

Eiber et al. (2015)

Meredith et al. (2016)

Gupta et al. (2017)

Hope et al. (2017)

Fendler et al. (2019)

Deandreis et al. (2020)

Ceci et al. (2019)

Hoffmann et al. (2020)

Fourquet et al. (2020)

a minority of patients (n = 7)

Clinical and imaging follow-
up, histology in a minority of

patients (n = 112)

Histology in a minority of

patients (n = 9)

Histology in a minority of

patients (n = 42)

PET/CT result alone

PET/CT result alone

PET/CT result alone

PET/CT result alone

Clinical and imaging follow-up

Clinical, PSA and imaging

follow-up

Clinical and imaging follow-

up, histology when feasible

Clinical and imaging follow-

up, histology

Clinical and imaging follow-
up, histology in a minority of

patients

Clinical and imaging follow-

up, histology in a minority of

120

30

90

462

124

316

54

60

75

106

102

61

10

59.2%

60.0%

61.1%

65.2%

82.3%

35.7%

40.7%

68.3%

84.0%

49.6%

71.3%

70.0%

70.0%
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patients (n=5)

Sonni et al. (2020) Clinical follow-up 38

Clinical and imaging follow-

Calais et al. (2019) up, histology in a minority of 6
patients
McCarthy et al. (2019) PET/CT result alone 24

82.0%

67.0%

62.5%
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Case Report Form

IAEA CRP “Use of PET-CT with Gallium-68 Labelled Prostrate Specific Membrane Antigenin the
Diagnosis and Follow-up of Patientswith Prostate Cancer”

(To be completed by the local centre enrolling the patient)

Form completed  (dd/mm/yyyy) |[ Today | today
Study O Baseline O Follow-up
Follow-u O1 02 O3 O4 O506 0708 O9
P 01001101220 130140 15
Patient information
Institution Select Centre ...

Patient Initials |

Age (at the time of the scan) ||:I

Weight

Height
Clinical Information

Previous malignancies O No O Yes

If yes, please specify |
Current infectious disease O No O Yes
If yes, please specify |

ECOG Grade Oo O1 02 O3 O4 Os

TNM | |

R O Not applicable O Negative surgical margin ) Positive margin
Pathologicaldata

Gleason Score expressed asprimary + secondary GS (e.g. 4+3)

Initial PSA before primary therapy

Radical therapy O Radical prostatectomy (O Primary radiotherapy

Date of diagnosis (dd/mm/yyyy)

Date of primarytreatment (dd/mm/yyyy)

Pelvic lymph node dissection O Nodissection () Pelvic lymph node dissection
performed O Not applicable

RT-Adjuvant O No O VYes

DateRT | | (dd/mm/yyyy)

. O Pprostatebed QO Pelvic lymph nodes O Prostate bed + lymph
Site RT .
nodes O Notapplicable
. Hormonal therapy after primary treatment with adjuvant intent

ADT Adjuvant 8 No ADT
Biochemical Relapse Data

Androgen deprivation therapy (ADT
during biochgemicalr:elapse Pt ) O No O Yes
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PSA Nadir

O Lowest PSA after radiotherapy O Not applicable

On-going ADT

(O 1 ADTon-going at the time of the scan O No ADT

Salvage therapy

O salvageRT O Salvage PLND O other salvage procedures
O No salvage therapy during BCR

Date of salvage therapy

| | (dd/mm/yyyy)

O ProstateBed () Pelvic LNs() Retroperitoneal and distant LNs

Site salvage O Prostate Bed + LNs O Other

PSA BCR (ng/mL) First PSA level as assessed when BCR occurred
PSA BCR date (dd/mm/yyyy)

Time to relapse (in months)

Testosterone

PSA PET (ng/mL)

At the time of the scan (+2weeks)

Date of PSA performed for PSMA-PET

(dd/mm/yyyy)

PSA doubling time (in months)

_
At the time ofthe scan

PSA Velocity (ng/mL/yr)

At the time ofthe scan

PSMA PET/CT Results and Findings

Date of PSMA scan

| |

(dd/mm/yyyy)

CT of PET/CT

O Low dose () Diagnostic () CECT

PET results

O Positive for suspected PCa lesions () Negative for suspected PCa lesions

PET indeterminate finding

O Anindeterminate for suspected PCa lesions () No indeterminate
PCa lesions

Prostate bed

O Prostate/prostate bed relapse ) No relapse

dlocal

Transverse view, dimension of the biggest lesion, e.g.:2 x 2 cm

SUVmax local

Of the lesion with highest uptake

Number of local lesions

Select number...

LN local

O Pelvic LNs suspected for PCa relapse O No suspected pelvic LNs

dLN local

Transverse view, dimension of the biggest lesion, e.g.: 2 x2 cm

SUVmax LN local

Of thelesion with highest uptake

Number of lymph nodes

Select number...

Bone

O Bone lesions ) No bone lesions

dbone

Transverse view, dimension of the biggest lesion, e.g.: 2 x 2 cm

SUVmax Bone local

Of thelesion with highest uptake

Bone number lesion

Site ofthe lesion

Other O No O Lung O Liver O Other

If other, please specify OQo0100>10

dother Transverse view, dimension of the biggest lesion, e.g.: 2 x 2
SUVmax other Of the lesion with highest uptake

Doubtful findings

O Yes O No

If yes, please specify

Correlative Imaging

MR

O Not performed () Negative scan () Positive scan

CcT

O Not performed O Negative scan O Positive scan

If positive scan showed

O Less PCa lesions than PSMS O Same lesions as PSMA (O More PCa lesions
than PSMA

Bone scan

O Not performed O Negative scan O Positive scan

If positive scan showed

O Less PCa lesions than PSMS O Same lesions as PSMA (O More PCa lesions
than PSMA

TRUS

O Not performed O Negative scan () Positive scan
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If positive scan showed

O Less PCa lesions than PSMS O same lesions as PSMA O More PCa lesions
than PSMA

PET Choline

O Not performed ) Negative scan () Positive scan

If positive scan showed

O Less PCa lesions than PSMS O Same lesions as PSMA O More PCa lesions
than PSMA

PET Fluoride

O Not performed () Negative scan () Positive scan

If positive scan showed

O Less PCa lesions than PSMS O Same lesions as PSMA (O More PCa lesions
than PSMA

Intent to Treatment
Salvage Radiotherapy O No O Yes
Site S-RT (site of irradiation) O Prostatebed O Pelvic LNs ) Prostate bed + Pelvic LNs
Salvage lymphadenectomy O No O Yes
Site S-PLND O Pelvic-LND O Extended-PLND
Other surgery O No O Yes
If yes, please specify |
Chemotherapy O No O Abiraterone () Enzalutamide () Other

If other, please specify

Hormone therapy

O No O Yes

Radio nuclide therapy

O No O 223Ra O 177-Lu O Other Please specify |

Further imaging required

O No O TRUS O ¢t O MR O choline PET O Fluoride PET

Further biopsy required

O No O Yes

If yes, please specify

Follow-up Data

Follow-up

O Follow-up available O Follow-up not available

Follow-up (months)

months of follow-up after PSMA

PSA during follow-up

report all the PSAvalues assessed during patient follow-up

Progression O No O VYes
Date of progression |_ | (dd/mm/yyyy)
Death O No O Yes
Date of death | | (dd/mm/yyyy)

Histology Prostate Bed

QO Histological confirmation of the prostate bed relapse obtained
O No histological confirmation

Histology LNs

QO Histological confirmation of LNs relapse obtained
O No histological confirmation

Histology Bone

QO Histological confirmation of bone lesion obtained
O No histological confirmation

Histology other

O Histological confirmation of other lesion obtained
O No histological confirmation

If other, please specify

O Metastasisdirected therapy performed according to PSMA results

MDT O NoMDT
Date of therapy [ | (dd/mm/yyyy)
Salvage Radiotherapy O No O VYes

Site S-RT (site of irradiation)

O Prostate bed O Pelvic LNs O Prostate bed + Pelvic LNs

Site S-PLND

O Pelvic-LND (O Extended-PLND

Other surgery

O No O Yes

If other, please specify
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Chemotherapy O No O Abiraterone O Enzalutamide ) Other
If other, please specify | |
Hormone therapy O No O Yes
Radio nuclide therapy O No O 223Ra O 177-Lu QO Other Please specify | |
Further imaging required O No O TRUS O ct O MR O choline PET O Fluoride PET
Further biopsy required O No O Yes
If yes, please specify B |
Validate Data Submit Data
FOR DMC USE ONLY

Form received:: | |[ Today | (da/mmsyyyy) Comments:
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68Ga-PSMA PET/CT IN EARLY RELAPSED PROSTATE CANCER PATIENTS AFTER RADICAL THERAPY



1. Introduction



Prostate cancer (PCa) is the most common solid malignancy in men and the third leading cause of cancer-relata death in western Europe and the United States. The biochemical recurrence (BR) is defined as increasing the value of serum PSA after radical therapy, it is a common occurrence and occurs in about 20-30% of patients treated with radical prostatectomy (RP) and up to 60% in patients treated primary with external beam radiotherapy (EBRT). In accordance with the nomograms, local recurrence in prostate bed after RP can be predicted with an accuracy of about 80% in patients in whom there is a BR in more than 3 years after RP, a PSA doubling time (PSADT)> 11 months, Gleason Score (GS) <7 and a pT3apN0 and pTxN1. In contrast, systemic recurrence can be predicted with an accuracy of about 80% in patients in whom there is a BR distance of less than 1 year after RP, PSADT of about 4-6 months, GS> 7 and stage of pT3b and pTxpN1. Despite a good sensitivity in distinguishing between local recurrence and distant recurrence, the nomograms do not provide information either about the real site of recurrence (lymph node vs. bone; Pelvic vs. extra-pelvic) or the actual number of metastases. Moreover, the majority of patients have features that can be compatible, in agreement with the nomograms, both with local recurrence with both systemic recurrence. For this reason, targeted rescue therapies can not be planned considering the probability of risk provided by only nomograms. Patients are therefore generally directed to a salvage radiotherapy (RT-S) on the prostate bed (suspicion of local recurrence) or to a systemic treatment with hormonal therapy (ADT; in case of suspicion of systemic recurrence). Conventional imaging, including computed tomography (CT), bone scintigraphy (BS) and magnetic resonance (MR), showed low accuracy values ​​for restaging patients being BR. During the last decade, the nuclear medicine techniques such as positron emission tomography (PET), with 11C-choline and 18F-choline, were found to be more accurate than conventional diagnostic, for restaging patients with PCa in progress BR, allowing the differentiation of a local recurrence still confined within the pelvis by a systemic recurrence. However, the PET/CT with choline showed a suboptimal sensitivity if performed in patients with early biochemical recurrence, ie in patients with low serum PSA (< 0.2 ng/mL) after radical therapy. The optimal timing to implement rescue treatments (as the S-RT), in order to obtain the best results from a prognostic point of view, is instead when the extension of the disease is low, then just the serum PSA levels reach values detectable after radical therapy. In this context, the availability of a diagnostic test potentially able to differentiate between an initial relapse, or loco-regional, from a systemic recurrence only treatable with therapeutic approaches palliatives, may be crucial.

Recently, it developed a new molecule that targets the prostate-specific membrane anitgene (PSMA). The PSMA is a membrane enzyme that is mainly expressed in PCa cells when compared with its expression in healthy prostate tissue. The bond with the catalytic site of PSMA in its extracellular domain allows the development of small-specific inhibitors that are internalized after ligand binding. The recent development of 68Ga-PSMA (Glu-NH-CO-NH-Lys- (Ahx) - [68Ga (HBED-CC)]), as extracellular inhibitor of PSMA used as a radiopharmaceutical for PET/CT  imaging, showed in preliminary studies, the diagnosis of early disease recurrence, significantly higher than the 18F-choline PET/CT  accuracy. These studies have also documented a better tumor to background ratio (TBR) of 68Ga-PSMA PET/CT  compared with 18F-choline PET/CT  in identifying suspicious lesions for relapse. Further studies in the literature and conducted in larger patient populations with BR after radical therapy, showed excellent diagnostic power of 68Ga-PSMA PET/CT  in restaging patients with biochemical recurrence of the disease even when serum PSA values ​​very low. In recent months, the use of this tracer has been the subject of particular and growing interest of the scientific community. This radiopharmaceutical has also showed high specificity (> 90%) in studies using histological analysis as a reference standard for validation of PET results. Finally, none of the studies in the literature have been reported adverse events or clinically detectable pharmacological effects concurrently and, after executing the PET/CT  68Ga-PSMA. For the reasons explained above, the PSMA could be an excellent molecular target for the development of radiotracers for PET/CT imaging that could detect early relapse of disease. This type of information would be even more relevant especially in emerging countries and diferente heath care systems around the world.

2. Objectives of the study

2.1 The primary objective



To evaluate the sensitivity of 68Ga-PSMA PET/CT  in detecting the presence of local and / or systemic disease in early laboratory recurrence setting.

2.2 Secondary objectives

The secondary objectives are:

Compare the performance of PSMA PET/CT to the results and clinical factors (Gleason, PSA, PSA kinetics), CT, MR AND BS used in the normal care pathway.

To evaluate PSMA PET/CT detection rate, accuracy, specificity and positive predictive value (PPV).

Evaluate prognostic value of PSMA PET/CT number of lesions, SUVmax in prostate bed, lymph nodes, extranodal lesions.

Evaluate clinical impact of PSMA PET/CT on clinical management.

The duration of the enrolment sample is of twenty-four months. The duration of follow-up of the clinical data collection for each individual patient is also twenty-four months. 



3. Study Plan

3.1 Study Design



Multicenter, prospective nature, in patients with prostate cancer with biochemical recovery diagnosis of disease already undergoing primary radical therapy, such as radical prostatectomy or primary radiation therapy.

Patients included in the study will be submitted to a PET/CT  scan with 68Ga-PSMA in order to evaluate the role of this tracer in the evaluation of recurrent disease and the evaluation of the possible involvement of local and / or systemic.

Especially at Time 1 (T1), on the basis of clinical examinations performed routinely in the normal care pathway, patients meeting the inclusion criteria will be informed about the opportunity to participate in the study through the administration of the information sheet. Patients who decide to participate in the study, must sign the informed consent before the test PET/CT  68Ga-PSMA in its reference center (time 2 -T2-). For the purposes of the study at Time 3 (T3) the test results performed with the tracer 68Ga-PSMA will be compared with data derived from other biochemical, clinical and instrumental carried out under the normal care pathway.

As expected from the normal care pathway patients will then be submitted to the local and/or systemic therapy in accordance with the recommendations by the European guidelines. In case of positive findings at the level of the prostate bed, the clinician can decide whether to perform a transrectal ultrasound (TRUS) guided biopsy with possible echo. The clinical, based on the clinical laboratory and instrumental information at its disposal will choose, as provided in the normal care pathway, the most appropriate treatment approach for an individual patient (T4). Patients will then be followed longitudinally with the only data collection resulting from biochemical, clinical and instrumental carried out under the normal care path: with a 3-month intervals during the first year (T5-T6-T7-T8) and six months during the second year of follow-up (T9-T10).

The duration of the enrollment sample of twenty-four months. The duration of follow-up of the clinical data collection for each individual patient is twenty-four months.



3.2 Study Population



The study will enrol 1000 patients with PCa already undergoing radical therapy (primary RP or EBRT) diagnosed with BR. Enrolled patients have to meet the inclusion criteria and they have to sign informed-consent for participation in the study.

Inclusion criteria



1. Patients with histologically proven diagnosis of PCa

2. Patients with PCa that following RP or EBRT (with or without any adjuvant therapy) with serum levels of PSA between 0.2 ng/mL and 4 ng/mL, or PSA between 4-10 ng/mL with necessary negative imaging investigation (BS, MR, CT).

3. Gleason Score ≥ 7

4. Age ≥ 35 years



Exclusion criteria



1. Untreated patient with radical therapy (RP or EBRT)

2. Previous cancer from other origin except non-melanoma skin cancer

 

3.3 68Ga-PSMA PET/CT 



Since this is a non-randomized study, all patients will be submitted to PET/CT with 68Ga-PSMA. The radiopharmaceutical study of the tracer 68Ga-PSMA will be synthesized at the radio pharmaceutical laboratory of each participating. The PET/CT scan will be conducted with technical standards as specified below. 



PET/CT Scan 

Studies will be carried out on a PET/CT scanner. The tomography is valid for an accurate quantization  and image quality by experts of the individual participating centres and will follow the daily and periodic quality control procedures recommended by the manufacturer. Patients will not have to undergo a specific preparation before the test. 

 According to the methodology proposed in the literature in recent publications, the patient will be injected with the tracer 68Ga-PSMA (2MBq/per Kg, minimum of 125 MBq) by slow intravenous injection. 

60 to 90 minutes after the injection, standard acquisition will be carried out of the whole body with multiple beds from mid-thigh to extend above the orbital-meatal line. 

The images will be acquired on a 3D tomograph for at least 2 minutes/bed position. 

It will also be simultaneously performed a CT for attenuation correction (low dose/diagnostic). 

Real true body, CECT, diuretic and late images are allowed.



Diagnostic procedure 



Image evaluation



· The PET/CT scan will be assessed by two nuclear medicine physicians with extensive experience in oncology. The viewing and the processing of the images will be made in a semi quantitative work station;

· To properly interpret them, they will be displayed simultaneously as PET, CT, PET/CT fusion in axial cuts, sagittal and coronal, and 3D MIP (maximum intensity projection);

· Functional images with different colour scales and the oblique cut of images that enable an optimal localization of pathological findings will be presented too.

It will be given a category, positive or negative, respectively, for the identification of suspicious of disease recurrence locations. 

The main criterion of positivity will be the presence of focal uptake areas of the radiopharmaceutical in one or more locations, higher than in the surrounding tissue background, excluding the articular processes and physiological uptake areas (for example, liver, pancreas, bone marrow), regardless of the presence or absence of lesion to the corresponding CT images at low dose. 

A semi-quantitative SUVmax (maximum standardized uptake value) will be calculated in the lesion with higher uptake in the prostate bad, nodal lesion, extranodal lesion. Also background SUV mean will be measured in right gluteus muscle ROI/VOI size (2 x 2 pixels/voxels).

The size of the finds will be measured on the corresponding CT images at lower dose or by CT and MRI data available.

Indeterminate PSMA findings will be analysed in light of clinical follow up, including PSA, imaging and response to therapy; and this information should be available during the review panel.

The examination PET/CT  quantitative indicators with 68Ga-PSMA will be first: number and location of lesions, SUVmax, TBR.

Gold standard will be composed by PSA, imaging and response to therapy.



Concomitant therapies

At the time of entry study all patients that are undergoing drug-use cures in the normal care pathway are admitted.



Management intent to treatment (intra and intermodality):

· Treatment



· Pre PSMA PET/CT intent to treat will be measured:

· Salvage Radiotherapy (including field of radiotherapy)

· Salvage lymphadenectomy (including chains of lymphadenectomy)

· Other surgery

· Chemotherapy

· Hormone therapy

·  Post PSMA PET/CT (special attention to radiotherapy field, systemic therapy)

· Salvage Radiotherapy (including field of radiotherapy)

· Salvage lymphadenectomy (including chains of lymphadenectomy)

· Other surgery

· Chemotherapy

· Hormone therapy





· Additional tests saved

· MR

· BS

· Biopsy

· CT

Progression Survival and Overall Survival

	Progression is defined as time from PSMA PET/CT until disease progression (>25% PSA after a minimal 3 weeks after therapy) or death. Overall survival is defined as time from PSMA PET/CT until death from any cause.



Participation discontinuation 

Every patient has the duty to stop the study at any time. At the same time also medical staff can interrupt the study if this involves an improving of the patient’s health. 

At the time of entry study all patients that are undergoing drug-use cures in the normal care pathway are admitted.



Management intent to treatment (intra and intermodality): 

· Treatment

· Pre PSMA PET/CT intent to treat will be measured:

· Hormonal therapy

· Chemotherapy

· Radiotherapy 

· Surgery options

· Nuclear medicine therapy

· Post PSMA PET/CT (special attention to radiotherapy field, systemic therapy)

· Hormonal therapy

· Chemotherapy

· Radiotherapy 

· Surgery options

· Nuclear medicine therapy



· Additional tests saved

· MR

· BS

· Biopsy

· Fluride PET/CT

· Choline PET/CT

Progression Survival and Overall Survival

	Progression is defined as time from randomization until disease progression or death. Overall survival is defined as time from randomization until death from any cause.



Treatment discontinuation 

Every patient has the duty to stop the study at any time. At the same time also medical staff can interrupt the study if this involves an improving of the patient’s health. 



3.4. Visits and assessments.

The scheme of visits and evaluations required by the study is given in Table 1.

[bookmark: _GoBack]Supplemental Table 2. Workflow

		Time

		

T 1



		T 2

		

T3



		

T 4



		

T 5



		

T 6



		

T7



		

T8



		

T9



		

T10





		Evaluation of inclusion / exclusion criteria

		X

		

		

		

		

		

		

		

		

		



		Signing the Informed Consent

		

		X

		

		

		

		

		

		

		

		



		PET/CT  68Ga-PSMA Scans

		

		X

		

		

		

		

		

		

		

		



		Clinical data collection, laboratory and imaging examinations carried out under the normal care pathway

		

		X

		

		

		

		

		

		

		

		



		Comparison between PET/CT results performed with 68Ga-PSMA and the data resulting from other biochemical, clinical and instrumental carried out under the normal care pathway

		





		

		X

		

		

		

		

		

		

		



		Treatment: local or systemic as expected in the normal care pathway

		

		

		

		X

		

		

		

		

		

		



		Collection of data arising from biochemical, clinical and instrumental carried out under the normal care pathway: at intervals of 3 months during the first year of follow-up.

		

		

		

		

		



X

		



X

		



X

		



X

		

		



		Collection of data arising from biochemical, clinical and instrumental carried out under the normal care pathway: at intervals of six months during the second year of follow-up.

		

		

		

		

		

		

		

		





		



X

		



X







3.5. Efficacy assessments



Criteria for positive 68Ga-PSMA PET/CT findings will be compared with:

1) Histology (when necessary in the judgment of the clinician as expected in the normal care pathway), using ultrasound-guided biopsy in suspected local recurrence in prostate bed or during the pelvic lymph node dissection and / or Extraperitoneal in cases of suspected nodal recurrence

2) Comparison of PET data with those derived from conventional imaging methods carried out under the normal care pathway, such as: CT with contrast, MRI pelvic multiparametric, axial MRI and bone scan.

3) Compared with clinical and laboratory data (eg PSA serum) provided in the normal care pathway.



4. Data management and statistical analysis

4.1. Data management

The staff designated by the investigator must contain the information required by the Protocol on the Card Data Collection (Case Report Form, CRF) in electronic format.



4.2 Statistical methods

The demographic and clinical variables will be tabulated using descriptive analysis.

Accuracy will be calculated (with the respective confidence intervals I.C.-to-95%) of 68Ga-PSMA PET/CT. Simultaneously will also be calculated sensitivity, specificity and PPV.

The relationship between the PET/CT and clinical indicators of disease status will be assessed by univariate and multivariate logistic regression. Similarly it will be evaluated the relationship between the PET/CT results with 68Ga-PSMA and those resulting from imaging tests carried out under the normal care pathway.

Finally tabulation of safety data based on the recording of adverse events will be made.

The data will be analyzed using the statistical package SPSS version 21 for Windows.



4.3 Sample size



Based on our clinical experience we expect to be able to enlist in the period designated enrollment study, at least 500 patients with PCa already undergone radical treatment with RP or EBRT and primary diagnosis of biochemical disease recurrence.This sample size, is based on the data in the literature to date, that would allow us to evaluate the diagnostic accuracy of PET/CT  68Ga-PSMA to 87% in the evaluation of recurrent disease with I.C. (95%) between +/- 2.9%.



4.4 Partial annalysis

After 12 months, PET/CT scans and CRF’s of the included patients will be sent to the core lab. 

After 18 months, in the midterm meeting, partial annalysis will be performed.

Protocol violations should followed and discussed in final consensus meeting.



5. Administrative procedures

Good Clinical Practice standards

This study will be conducted in accordance with the principles of Good Clinical Practice (GCP, Good Clinical Practice) [ICH Harmonized Tripartite Guidelines for Good Clinical Practice in 1996 Directive 91/507 / EEC; D.M. 15.7.1997], the Declaration of Helsinki and national regulations regarding the conduct of clinical trials. The experimenter, by signing the Protocol, agrees to adhere to the procedures and the instructions contained therein and to conduct the study in accordance with GCP, the Declaration of Helsinki and the national regulations governing clinical trials.

Amendments to the Protocol or any other amendments to the conduct of the study

Any changes to the protocol will be made as an amendment. Any modification to the protocol during the study period. Any unexpected change in the conduct of the trial will be recorded in "Clinical Study Report."

Ethics Committee and informed consent

Before starting any specific procedure of the study, the researcher must inform the patient about the goals and characteristics of the study and obtain the signature of informed consent.

The study protocol, any amendment of the protocol, informed consent and any other information for patients must be approved by the Ethics Committee of the structure where it operates the Investigator.

As regards the amendments, the investigator can immediately apply them by written notice to the Ethics Committee, without waiting for the approval of the Ethics Committee, if the safety of patients participating in the study is at stake. Also, if the investigator believes that patient safety reasons it is necessary to immediately make a change to the protocol, it must put aware the Ethics Committee of the center within 10 working days.

Monitoring procedures

The clinical study will be monitored by: Investigational Drug Service (IDS).



Documentation Repository

The investigator is responsible for filing and storage of essential documents of the study, before, during conducting and after the completion or termination of the study, according to the / and for the time provided by law and by GCP.

The data collected on the CRF will be strictly anonymous and the subject will be solely identified with a number and the initials.

The investigator must keep the patient's original data (eg. Demographic and medical information, laboratory data, electrocardiograms etc.) and a copy of the written informed consent signed. For some data may be established, before the beginning of the study, which are written directly on the CRF, which thus in this case will act as the original data.

Inspection / Audits

If the Regulatory Authority requires an inspection, the investigator must immediately inform the Ethics Committee.

medication management study

The study drug will be provided by the radiopharmaceutical in single-dose syringes for intravenous injection. The investigator must ensure that the study drug is used in accordance with the protocol.

Publication of results

The data will be analyzed for publication within 12 months of the end of the trial.

Study Termination

The investigator has the right to stop the study if it is not guaranteed the patient's well-being.

Contact Persons

The telephone and fax numbers of the contact persons for the conduct of the study are reported in the 'Investigator Folder provided at the center.



6. Potential publications

-          MAIN PAPER

-          Clinical Impact (intention to treat)

-          Time to Disease Progression

-          Role of SUV

-          Prognostic value before PSMA based therapy

-          Correlation with ADT

-          Metabolic Tumor Burden

-          Texture Analysis

-          Pitfalls and Distribution
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STARD flow diagram

Patients consented for study

n=1198

Excluded (n=194):

- Eligibility criteria failure (n=93)

- Unconformity images available for
review (n=12)

- Lost to follow-up (n=89)

Patients with both PET/CT and
follow up
n=1004
PSMA negative PSMA positive

n =350 n =654




