

[image: Clinical Utility of 18F-PSMA-1007 Positron Emission Tomography/Magnetic Resonance Imaging in Prostate Cancer: A Single-Center Experience]
Clinical Utility of 18F-PSMA-1007 Positron Emission Tomography/Magnetic Resonance Imaging in Prostate Cancer: A Single-Center Experience





ORIGINAL RESEARCH

published: 11 February 2021

doi: 10.3389/fonc.2020.612701

[image: image2]


Clinical Utility of 18F-PSMA-1007 Positron Emission Tomography/Magnetic Resonance Imaging in Prostate Cancer: A Single-Center Experience


Ao Liu 1†, Miao Zhang 2†, Hai Huang 1, Chuanjie Zhang 1, Xiaohao Ruan 1, Wenhao Lin 1, Biao Li 2*, Lu Chen 1* and Danfeng Xu 1*


1 Department of Urinary Surgery, Ruijin Hospital, Shanghai Jiaotong University School of Medicine, Shanghai, China, 2 Department of Nuclear Medicine, Ruijin Hospital, Shanghai Jiaotong University School of Medicine, Shanghai, China




Edited by: 
Meng Zhang, First Affiliated Hospital of Anhui Medical University, China

Reviewed by: 
Xinbo Huang, Peking University, China

Yao Zhu, Fudan University, China

*Correspondence: 
Lu Chen
 cl12063@rjh.com.cn
 Biao Li
 lb10363@rjh.com.cn
 Danfeng Xu
 xdf12036@rjh.com.cn


†These authors have contributed equally to this work


Specialty section: 
 This article was submitted to Genitourinary Oncology, a section of the journal Frontiers in Oncology


Received: 30 September 2020

Accepted: 23 December 2020

Published: 11 February 2021

Citation:
Liu A, Zhang M, Huang H, Zhang C, Ruan X, Lin W, Li B, Chen L and Xu D (2021) Clinical Utility of 18F-PSMA-1007 Positron Emission Tomography/Magnetic Resonance Imaging in Prostate Cancer: A Single-Center Experience. Front. Oncol. 10:612701. doi: 10.3389/fonc.2020.612701




Purpose

This study aimed to evaluate the clinical utility of 18F-PSMA-1007 positron emission tomography (PSMA PET)/magnetic resonance imaging (MRI) imaging in patients with suspected or defined prostate cancer.



Methods

In the pilot study, we retrospectively investigated 62 patients who underwent PSMA-PET/MRI for suspected or defined PCa between June 2019 and June 2020. Patients were grouped into three subgroups: (1) suspected PCa without histological evidence, (2) primary PCa, (3) biochemical recurrent prostate cancer (BRPCa). Two nuclear physicians independently interpreted the results of PSMA-PET/MRI. Management strategies before PSMA-PET/MRI were retrospectively reported, and the management strategy was re-evaluated for each patient considering the PSMA-PET/MRI result. The changes in strategies were recorded. Besides, the correlation between prostate specific antigen (PSA) level and management changes was also accessed by Fisher exact test, and two-side p < 0.05 was assumed as statistical significance.



Results

There were 28 patients in the suspected PCa group (group 1), 12 in the primary PCa group (group 2), and 22 in the BRPCa group (group 3). Overall, the intended decisions were changed in 26 (41.9%) of 62 patients after PSMA-PET/MRI, including 11/28 (39.3%) in suspected PCa group, 1/12 (8.4%) in primary PCa group, and 14/24 (63.6%) in BCR group. In group 1, the main impact on subsequent management included decreased active surveillance (from 20 to 9) and increased prostate biopsy (from 8 to 19). PSA levels were not significantly associated with management changes in suspected PCa patients (p = 0.865). In group 2, the main impact on subsequent management included decreased radical surgery (from 8 to 7), and multimodal therapy appearance (n = 1). Only in the category of PSA levels of ≥20 ng/ml, the management of primary PCa was changed. In group 3, the main impact on subsequent management included decreased salvage radiotherapy (from 5 to 2), increased systemic therapy (from 6 to 7), and increased multimodal therapy (from 11 to 13). The highest proportion of management changes occurred in BCR patients with 0.5≤PSA<1 ng/ml.



Conclusion

From our preliminary experience, PSMA-PET/MRI may be a valued tool for defining PCa lesions and changing management. The biggest impact of management intent was in patients with BRPCa, especially in patients with 0.5≤PSA<1 ng/ml. However, further studies are needed to confirm our pilot findings.
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Introduction

Prostate cancer (PCa) is the most frequent malignancy in men in the western world (1). In China, though lower incidence rate, significantly increased incidence and mortality of PCa are worth to rise our guard (2). Multi-parametric magnetic resonance imaging (mpMRI) is a standard imaging technique in the field of PCa, and confirmed its value in improving the detection of clinically significant PCa (csPCa) and guiding prostate biopsy (3). However, missed diagnoses of PCa and unnecessary biopsies are still unavoidable (4). For primary PCa, localized or locally advanced PCa is mainly treated with radical prostatectomy (RP), while metastatic PCa require systemic treatment via androgen deprivation therapy (ADT) or chemotherapy. Nevertheless, exact local and whole-body staging in a single investigation remains a challenge with conventional imaging techniques. Additionally, after primary treatment, increasing serum PSA levels greater than 0.2 ng/ml, confirmed by two consecutive measurements, can be defined as biochemical recurrence (BCR). In patients with recurrent disease, accurate evaluation of recurrence location and whole-body tumor burden are essential in patient-specific therapy planning. However, conventional imaging modalities including CT, bone scan, MRI, and more recently choline-PET/CT are all typically negative at low PSA values (5).

To solve this challenging issue, a new molecular imaging technique named prostate specific membrane antigen (PSMA) PET was introduced into clinical practice. This new PET tracer relies on the highly specific expression of PSMA by PCa cells. PSMA is a transmembrane type II glycoprotein, overexpressed in PCa cells, and increased with higher grades, metastasis development, and disease recurrence (6). A series of studies have indicated the priority of this new technique over conventional imaging in the field of primary staging and recurrence location (7). MRI provides much better soft tissue contrast and shows a higher sensitivity in detecting bone metastases in PCa. A combined approach with PSMA PET and mpMRI is capable of acquiring PET and MR data simultaneously or sequentially in a single examination. A potential added value of PSMA PET/MRI can be expected in prostate cancer. Recent studies suggested that PSMA-PET/MRI can provide superior detection efficacy as well as a considerable impact on decision-making (8). Sangwon Han et al. reviewed all studies assessing the impact of PSMA PE/CT and PET/MRI in patients with PCa, and found the proportion of management changes was 54% (9). To our knowledge, the impact of PSMA PET/MRI on the management has not been determined in patients with defined PCa. Moreover, its impact regarding changes in decision-making for patients suspected of PCa has not been assessed. It is important to evaluate the role of PSMA PET/MRI in management changes for wide acceptance of this new technology by referring physicians in clinical practice.

We initially performed simultaneous 18F-PSMA-1007 PET/MRI in patients with suspected PCa, primary PCa, and BRPCa patients, and investigated its impact on decision-making. Besides, we explored the potential association between PSA levels and management change.



Material and Methods


Patients and Methods

Patients were retrospectively identified and grouped into three subgroups: group 1 comprised patients with suspected PCa (PSA level >4 ng/ml, and/or digital rectal examination abnormality, and/or positive imaging); group 2 included men undergoing primary staging for primary PCa; group 3 comprised patients undergoing imaging for BCR with PSA levels greater than 0.2 ng/ml. Other inclusion criteria: age between 18 to 85 years, ability to understand study procedures, and volunteering to participate in this study. Exclusion criteria were acute prostatitis, the presence of any other concomitant cancers, PSA values less than 0.2 ng/ml, and transurethral resection of prostate (TURP) history. The study was approved by the Ethics Committee of Shanghai Ruijin Hospital (Approved No. 2019-18), and written informed consent was obtained from all patients.

Patient-related clinical information was collected by a urologist with more than 3 years’ experience. Serum PSA levels were recorded closest to the scan. Two records of PSA value for each BRPCa patient within a 12-mo period before the scan were applied to calculate PSA doubling time (PSADT). A questionnaire was adapted from Roach et al. (10) to record management plans before and after PSMA PET/MRI. Management strategies were decided by a multidisciplinary meeting (MDM) consisting of urologists, pathologists, radiologists, and nuclear medicine physicians. All patients underwent a simultaneous 18F-FDG PET and mpMRI before PSMA-PET/MRI examination. The initial management strategy was retrospectively decided by MDM discussion according to simultaneous 18F-FDG PET and mpMRI results. After PSMA-PET/MRI examination, each pre-planned strategy was modified according to the PSMA-PET/MRI result, and revised managements from MDM discussion were recorded. The impact of PSMA PET/MRI on management was measured as the proportion of patients whose treatment was changed from a previous plan.



Imaging Protocol and Interpretation

18F-PSMA-1007 was produced as described by Cardinale et al. (11). Each patient received an intravenous injection of 18F-PSMA-1007 with a median dose of 263 MBq (range 164-353 MBq), then a PET/MRI examination was performed from the vertex to mid-thighs after 60 min of tracer uptake time using an integrated PET/MRI system (Biograph mMR, Siemens Healthcare). All 18F-PSMA-1007 PET/MRI images were analyzed independently with dedicated software (Syngovia version VB 10, Siemens Healthcare). In line with published literature, any focal uptake of 18F-PSMA-1007 ligand higher than the surrounding background without correspondence to physiologic uptake was considered positive. Two experienced nuclear medicine physicians (M.Z., B.L.) interpreted the 18F-PSMA-1007 PET/MRI images, and disagreements were resolved by consensus.



Management Decision Review

Based on the NCCN guidelines strictly, both the initial management plan and the revised management plan were made by MDM discussion (two urologist, one pathologist, one radiologist, and two nuclear medicine physicians), and all disagreements were resolved by consensus. For patients with suspected PCa, management decisions were categorized as active surveillance (AS) and prostate biopsy. A prostate biopsy was suggested for patients with elevated PSA levels (more than 4 ng/ml), or digital rectal examination abnormality, or positive imaging. For defined PCa patients, management decisions were categorized as active surveillance (AS), surgery (radical prostatectomy with or without pelvic lymph nodes dissection), salvage radiotherapy (sRT), systemic therapy (anti-androgen therapy or chemotherapy), and multimodal therapy (more than one type of the therapies mentioned above). Radical prostatectomy (RP) was a standard therapy for primary localized or locally advanced PCa. Systemic therapy was considered when patients with positive lymph nodes (LNs) out of pelvic and/or distant metastases in patients with primary PCa. For BRPCa patients, when the imaging was negative, AS, sRT, or ADT were selected according to clinical treatment history or doctor’s experience. Systemic therapy or multimodal therapy was considered when imaging was positive. Additionally, simultaneous integrated boost intensity-modulated RT (SIB-IMRT) was considered when imaging was positive in the prostate bed or pelvic LNs. Stereotactic body radiotherapy (SBRT) is also considered as an option in oligometastatic patients.



Statistical Analysis

All the demographic and clinical data were assessed by descriptive analysis. For continuous variables, medians and interquartile range (IQR) were reported. For categorical variables, counts and percentages were calculated. PSADT was calculated according to the method described by Khan et al. (12). All analysis was assessed using SPSS software (version 22.0.0, IBM Corp., Armonk, NY, USA) and R 3.6.2 framework. Relationships between clinical variables and positive rates or management change accessed by Fisher’s exact test, and two-side p < 0.05 was assumed as statistical significance.




Results


Patient Characteristics

From June 2019 to June 2020, 62 consecutive patients who underwent PSMA-PET/MRI were retrospectively identified. The basic information of patients was summarized in Table 1. There were 28 patients in group 1 with median age of 63.5 years (IQR 60.5–68.0 years), and median PSA level of 9.8 ng/ml (IQR 6.5–13.1). Fifteen (53.6%) patients in group 1 had received a prostate biopsy in the past. There were 12 patients in group 2 with median age of 68.5 years (IQR 64.5–73.8 years), and median PSA level of 29.9 ng/ml (IQR 7.0–100.7). Four patients in group 2 had distant metastasis. Moreover, five patients in group 2 were receiving ADT at PET/MRI. There are 22 patients in group 3 with median age of 70.5 years (IQR 63.0–75.8 years), and median PSA level of 2.0 ng/ml (IQR 0.94–4.67). In 17 (77.3%) of 22 patients, the initial treatment was curative therapy, and in 5 (22.7%) of 22 patients, the initial treatment was ADT. There were 15 patients in group 3 were receiving ADT at PET/MRI, and 19 patients had ADT history. Management change details and follow-up information were presented in Table 2. A rose diagram shows the distribution of managements before PSMA PET/MRI, after PSMA PET/MRI, and implemented management in Figure 1. The management changes of each patient were detailed in Supplementary Figure 1.


Table 1 | Basic characteristics of patients.




Table 2 | Management before and after 18F-PSMA-1007 PET/MRI in patients with suspected PCa, primary PCa, and BRPCa.






Figure 1 | Rose diagram shows the distribution of managements before 18F-PSMA-1007 PET/MRI (initial management), after 18F-PSMA-1007 PET/MRI (revised management), and implemented management (actual management). Management decisions were categorized as active surveillance, prostate biopsy, localized therapy (surgery and salvageable pelvic radiotherapy), systemic therapy (anti-androgen therapy or chemotherapy), and multimodal therapy (more than one therapy type).





Changes in Suspected Prostate Cancer

18F-PSMA-1007 PET/MRI was positive in 17 (60.7%) patients and negative in 11 (39.3%) patients. 18F-PSMA-1007 PET/MRI resulted in a change of management in 11 (39.3%) patients. Before PSMA, 8 patients planned to perform prostate biopsy, and 20 patients planned to undergo AS. After 18F-PSMA-1007 PET/MRI, we suggested 19 patients perform prostate biopsy, and 9 patients to perform AS. In 27 suspected PCa patients with PSA data before PSMA PET/MRI, the positive rates were 0, 73, and 75% with PSA levels of <4 ng/ml, 4 ≤ PSA < 10 ng/ml, and PSA ≥ 10 ng/ml, respectively. The proportions of management changes were 0, 55, and 42% with PSA <4 ng/ml, 4 ≤ PSA < 10 ng/ml, and PSA ≥ 10 ng/ml, respectively (Figure 2). There was a significant association between PSA groups and PSMA positivity (p = 0.027). Higher PSA levels were not associated with decision-making changes (p = 0.865). A patient who shifted treatment was exemplified in Figure 3.




Figure 2 | Positive rates and management change proportions at different PSA levels in suspected PCa, primary PCa, and BRPCa.






Figure 3 | A patient treated with management change in suspected PCa. Images from a 59-year-old male with a PSA level of 7.07 ng/ml. No tumor detection within the prostate is achievable with T2-weighted or DWI sequence alone (A, B), but fused PET/MRI demonstrates tumor involvement of the left lobe (C, white arrow). The management plan was shifted from active surveillance to biopsy. The subsequent prostate biopsy confirmed Gleason 4 + 3 prostate cancer in the ipsilateral lobe.



Follow-up is available for a median of 5.5 months (range 4–15 months) in 28 suspected patients. Details of management implementation were given in Figure 1 and Table 2. There were 13 patients underwent biopsy (one patient have RP directly), 14 patients insisted on active surveillance, and one patient without pathological evidence underwent ADT directly, and was followed with decreased PSA level. Finally, seven patients were confirmed as PCa, six patients were negative for PCa. For the three positive patients who insisted on active surveillance, one patient had increased PSA (up to 13.8 ng/ml), one patient was lost, and one patient had stable PSA (19.2 ng/ml). For the 11 patients with negative PSMA PET/MRI, all of them selected AS, and no PCa was found till the last follow-up date. The follow-up PSA evolution and pathology evolution were detailed in Table 2.



Changes in Primary Prostate Cancer

18F-PSMA-1007 PET/MRI was positive in all primary patients and resulted in a change of management in 1 (8.3%) patient. One patient shifted management from RP with PLND to multimodal therapy because of the detection of oligometastatic lesions. As shown in Figure 2, No management changes occurred in patients with PSA less than 20 ng/ml. Only in the category of PSA levels of ≥20 ng/ml, the management of primary PCa was changed (14% of patients).

Follow-up is available for a median of 9 months (range 4–15 months) in 12 primary PCa patients. Details of management implementation and follow-up PSA evolution were given in Figure 1 and Table 2. PSMA PET/MRI identified localized or locally advanced PCa in seven patients, and PCa with distant metastases in five patients. In the seven patients without metastases, five patients underwent RP and the majority was followed with undetectable PSA level (defined as <0.008 ng/ml), one patient with advanced PCa was planned to underwent neoadjuvant complete androgen blockade (CAB) for 3 to 6 months, and one patient with life expectancy <5 years also received CAB therapy. In the five patients with distant metastases, four patients with systemic therapy was followed with decreased PSA level, one patient was treated with Chinese traditional medicine and was followed with decreased PSA level.



Changes in Biochemical Recurrent Prostate Cancer

In the BRPCa group, 18F-PSMA-1007 PET/MRI was positive in 20 (90.9%) of 22 patients. Fourteen (63.6%) of 22 patients changed management plans after the examination. In three patients with positive finding beyond pelvis, the initial pelvic radiotherapy was changed into multimodal therapy. One patient in the multimodal group shifted to systemic therapy, and the other 10 patients in multimodal therapy also had minor management changes (the combination of therapy types changed, or the same treatment types with more or less aggressive/extended approach), as exemplified in Figure 4. Finally, the number of patients of sRT decreased from 5 to 2, systemic therapy increased from 6 to 7, and multimodal therapy increased from 11 to 13. No patients with PSA values less than 0.5 ng/ml had positive imaging, and all patients with PSA values of ≥0.5 ng/ml had at least one positive lesion. Management change rate ranged from 0 to 100% for the several categories of PSA levels. The highest proportion of management change occurred in patients with 0.5 ≤ PSA < 1 ng/ml (Figure 2). Higher PSA levels were significantly associated with positive results (p = 0.004). There was no significant association between PSA and management change (p = 1.000). We also explored the relation between PSADT and positive rates or proportions of management change, though only 16 patients had sufficient information. From patients with PSADT levels of ≤3 months to >3 months, the positive rate decreased from 90.9 to 80.0% and the proportion of management change decreased from 63.6 to 40.0%. PSADT categories were not significantly associated with positive rates (p = 1.000) or proportions of management change (p = 0.596).




Figure 4 | A patient treated with management change in BRPCa. Images from 79-year-old male after radical prostatectomy (June 2018, Gleason score 4 + 4), following with combined androgen blockade therapy, and with PSA values rising to 0.375 ng/ml (August 2019). T2-weighted and DWI images show multiple suspicious nodes in the pelvis (B, C). However, maximum-intensity projection of 18F-PSMA-1007 PET and fused PET/MRI images show intense tracer-associated uptake in only two lymph nodes (A, D, red arrow). Management plan was revised from androgen deprivation therapy combined with external beam radiotherapy to salvage pelvic lymph nodes dissection in combination with external beam radiotherapy.



Follow-up is available for a median of 9 months (range 4–15 months) in 22 BRPCa patients. Details of management implementation were given in Figure 1 and Table 2. Two patients with negative 18F-PSMA-1007 PET/MRI results selected combined androgen blockade (CAB) therapy, as there was ongoing concern about regional recurrent disease due to a continuing rise in PSA, and finally achieved undetectable PSA level. In the 20 patients with positive PSMA-PET/MRI imaging, 7 patients underwent CAB therapy or ADT plus abiraterone therapy, and 13 patients underwent multimodal therapy. The majority of patients with multi-modal treatment received ADT and sRT except one patient who received salvage PLND combined with CAB therapy. The follow-up PSA evolution was detailed in Table 2.



Management Plans Remained After 18F-PSMA-1007 Positron Emission Tomography/Magnetic Resonance Imaging

Concerning the patients whose treatment plans were not revised after 18F-PSMA-1007 PET/MRI, group 1 included 17/28 patients, group 2 included 11/12 patients, and group 3 included 8/22 patients. In the suspected PCa group, nine patients with negative PSMA results remained AS, and eight patients met the criteria of biopsy and were suggested to perform prostate biopsy. In group 2, surgery was already planned in seven patients with localized PCa, and subsequent PSMA PET/MRI confirmed localized disease. Four patients with multiple metastases were unfit for focal treatment after the initial evaluation and then confirmed by the PSMA PET/MRI. In group 3, there were six patients with multiple metastasis remained systemic therapy, and two patients with both negative conventional imaging and PSMA-PET/MRI remained sRT. The plans that were not altered are presented in detail in Table 3.


Table 3 | Management plans that were not altered after 18F-PSMA-1007 PET/MRI.






Discussion

Accurate detection of tumor existence, tumor staging as well as the recurrent lesions is crucial for patients before initiation of any kind of management. PET/MRI has emerged as a promising molecular imaging technique being explored in the field of prostate cancer (9). Despite a relatively small sample size, we reports that 18F-PSMA-1007 PET/MRI could change the clinical decision‐making in 39.3% of suspected PCa patients, 8.4% of primary PCa patients, and 63.6% of BRPCa patients. Our results indicate that the biggest impact caused by 18F-PSMA-1007 PET/MRI on decision-making occurred in the BRPCa group, especially in patients with 0.5 ≤ PSA <1 ng/ml. A review of the literature shows that 27 studies also reported the impact of PSMA-PET on management in patients with primary PCa or BRPCa, but only one looked at primary PCa patients was based on PSMA-PET/MRI (Supplementary Table 1). To our knowledge, this is the first study to explore the impact of simultaneous 18F-PSMA-1007 PET/MRI on clinical management in suspected PCa, primary PCa, and BRPCa patients. Totally, we conducted a real-life clinical utility of 18F-PSMA-1007 PET/MRI in PCa field and it has been shown to be promising and useful tools in the clinical decision making of PCa patients, especially for BRPCa patients.


Changes in Suspected Prostate Cancer

In recent years, several small-scale reports have successively confirmed the application of PSMA-PET in suspected PCa. Especially, PSMA-PET guided prostate biopsy may be a valuable alternative to improve the detection rate of clinically significant prostate cancer (csPCa). Le-Le Zhang et al. included 60 patients with suspected PCa, 25 patients with positive results underwent PSMA-PET guided target biopsy. Finally, PCa and csPCa were detected in 21/60 (35.0%) and 20/60 (33.3%) patients, respectively (13). Chen Liu et al. investigated 31 suspected PCa patients with prior negative biopsy. All patients underwent PSMA PET-ultrasound fusion image-guided biopsy. Imaging was positive in 18 patients, and csPCa was detected in 12 of 31 patients (38.7%) (14). Lopci et al. prospectively observed 45 patients suspicious for prostate cancer. The cohort comprised men with equivocal mpMRI and at least one negative biopsy. Twenty-five patients (55.5%) with positive results underwent PSMA-PET guided prostate biopsy, and the detection rate of prostate cancer was 44% (15). In our study, 13/17 patients with positive results underwent biopsy (including one patient who underwent RP directly). Finally, seven (53.8%) and six (46.2%) patients were confirmed as PCa and csPCa (Gleason score 7 or greater), respectively. Compared with Lopci et al., we included three patients with positive MRI and only 15 of 23 (53.6%) patients had negative biopsy history, which may partly explain the high positive rates of imaging and pathology. After 18F-PSMA-1007 PET/MRI, there was an increase in the use of prostate biopsy and a decrease in the use of AS. Our results indicate that PSMA PET/MRI may improve the detection rate of PCa and avoid unnecessary biopsy.



Changes in Primary Prostate Cancer

Many published data confirmed the performance of PSMA PET regarding the detection of lymph node and distant metastases in staging before surgery. The treatment modification was due to the high sensitivity of the PSMA-PET for small distant metastatic spread. Kulkarni et al. prospectively investigated 50 patients with high-risk PCa. Of the 50 patients, 12 (24%) had management changed after PSMA PET/CT imaging (16). Hofman et al. designed a randomized phase 3 study, and recruited men with high-risk PCa in Australia, the result provided compelling evidence that PSMA-PET/CT conferred management change in 41/148 (28%) patients (17). In our study, PSMA-PET/MRI changed the clinical strategy in 8.3% of the patients with primary PCa, which was lower than Hofman’s and Kulkarni’s study. On the one hand, the number of the patient was quietly limited in this subgroup. On the other hand, we analyzed all primary PCa patients, rather than focused on high-risk PCa, as high-risk PCa is more likely to develop metastasis. This may underestimate the impact on management change. In our study, only one patient with PSA >20 ng/ml changed management after imaging, no management change happened in patients with PSA <20 ng/ml. However, Kulkarni et al. demonstrated that patients with PSA <20 ng/ml had more frequent management changes than PSA >20 ng/ml, which was contrary to ours. The relationship between PSA and management change in primary PCa is still inconclusive.



Changes in Biochemical Recurrent Prostate Cancer

Our study found that the biggest impact of management intent was in patients with BRPCa, with a 63.6% intended management change noted. We found that PSMA-PET/MRI detected no site of uptake in patients with PSA levels less than 0.5 ng/ml, whereas published literature described detection rates in the order of 45–60% (18). All patients with PSA levels of more than 0.5 ng/ml had positive images, suggested the great performance of 18F-PSMA-1007 PET/MRI. A meta-analysis showed the pooled detection rate of 18F-labeled PSMA PET/CT was 49% for PSA <0.5 ng/ml and 86% for PSA ≥0.5 ng/ml (19). There are two possible explanations for the different positive rates between meta-analysis and our reports. On the one hand, our patient number is too limited. On the other hand, the detection rates of PSMA PET in BRPCa patients influenced by many heterogeneous factors, such as received ADT before PSMA-PET, types of tracer (68Ga or 18F labeled), scan model (PET/MRI or PET/CT), or have undergone either RP and RT history. The impact of PSMA PET on the management in BRPCa patients has been widely evaluated. Overall management impact has been reported in the range from 51 to 76% (9, 20). In the present study, management change occurred in 63.6% BRPCa patients, which was comparable with other published studies. Moreover, the concomitant administration of ADT in patients, PET positivity, PSA levels, and PSADT had recently been reported as the most common heterogeneous source of management change. Our result suggested that management changes occurred mostly in patients with 0.5 ≤ PSA <1 ng/ml. For patients with PSA >1 ng/ml, there is a decreased trend of the proportion of management change in BRPCa patients. One possible explanation for the trend may be the advantage of PSMA-PET/MRI over conventional imaging is not obvious at a high recurrent PSA level, and the proportion of management change decreased. This finding was consistent with the EAU guideline, which suggested PSMA PET in BRPCa patients with lower recurrent PSA levels.

Previous studies on this new technology have mostly been based on 68Ga-PSMA-11 PET/CT, while studies focusing on 18F-PSMA-1007 PET/MRI were less numerous. Compared with 68Ga-labeled radiotracers, 18F-PSMA-1007 has a longer half-life, is easily available, and has significant hepatobiliary clearance (21). Therefore, 18F-PSMA-1007 PET/MRI may have advantages in detecting local recurrence and easily popularize in clinical practice. Our study evaluated changes between the intended management plan and the revised plan after PSMA PET/MRI, then indicated the clinical value of PSMA PET/MRI. However, a prior study suggested that the implanted management was quite different from the revised treatment plan (22). Studies evaluated the impact of this new technology on actual management is also necessary. Additionally, a cost-effectiveness analysis has to be addressed in a dedicated evaluation before clinical recommendation. Moreover, whether the treatment decision based on PSMA-PET/MRI is beneficial for longer or better survival have yet to be concluded. A multicenter phase III trial (SPPORT trial) in patients with BCR showed freedom-from-progression rate increased from 71.7% in patients who received prostate bed radiation alone to 89.1% in patients who received prostate bed radiation, pelvic lymph node radiation and short-term ADT (23). Such changes in practice could mean that PSMA-PET may add survival benefit when extra-pelvic oligometastatic lesions are detected which may benefit from targeted radiation (24). Further studies are warranted to elucidate whether the change of management will directly translate into survival benefit.

Some limitations of the present study should be noted. Firstly, the patient number is lower than previous studies, with a median patient number of 117 patients (range 15–431) per study, which affects the confidence of our results. However, we report a 41.9% of management change, which is comparable to previous studies (Supplementary Figures 2-3). This limitation can be explained by that only preliminary results from our institution are presented, and will disappear once our future larger prospective study is completed (ChiCTR2000036425). For the same reason, to date, no long-term follow‐up is available. Secondly, the lack of histological validation is a common limitation in imaging studies. Only a part of patients in suspected and primary PCa groups have pathological confirmation. We were unable to report confirmed pathological data in the BRPCa patients of PSMA-positive lesions due to ethical reasons. Certainly, our study was also limited by the retrospective nature. Finally, our patient cohort was heterogeneous. For one thing, we included patients of suspected PCa, primary PCa, and BRPCa. For another, types of initial treatments in BRPCa patients were also different (including curative and palliative therapy). Nonetheless, this showed a real-life situation that physicians always preferred to apply new imaging technology into different types of patients, and then the best appropriate indications were identified.




Conclusion

From our preliminary experience, PSMA-PET/MRI altered intended decision-making in 39.3% of patients with suspected PCa, 8.3% of patients with primarily diagnosed PCa, and 63.6% patients with BRPCa respectively. The biggest impact of management intent was in patients with BRPCa, especially in patients with 0.5 ≤ PSA <1 ng/ml. This result indicated that PSMA-PET/MRI could be a valued tool for defining lesions in the PCa field and making a personalized clinical decision. However, further larger studies are needed to confirm our pilot findings.
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Supplementary Figure 1 | Details of managements before 18F-PSMA-1007 PET/MRI, after 18F-PSMA-1007 PET/MRI, and implemented managements based on per patient. AS, active surveillance; RP, radical prostatectomy; sRT, salvage radiotherapy.

Supplementary Figure 2 | Summarize related literatures, regarding the positive rate and management impact of PSMA-PET in PCa patients. Our results were in line with previous studies.

Supplementary Figure 3 | Point diagram describes the positive rate and management impact of PSMA-PET in PCa patients at per study level.
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