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Metastatic castration-resistant prostate cancer (mCRPC) still represents a challenge and an unmet clinical need. RadioLigand therapy targeting PSMA (PRLT) has been used for several years with success and low toxicity. The first radionuclide used were radiolabeled antibody with limited dose due to hematologic toxicity. Rapidly, small molecules targeting PSMA were developed and used with lower toxicity, mostly related to mild transient xerostomia and nausea due to physiological PSMA expression in the salivary glands and proximal bowel.

Briefly, 2/3 of the patients may first respond to treatments followed by disease recurrence responding to further cycles for half of them. Therefore, there is a need to improve again the PRLT efficacy and the ways of improvement will be discussed in this review.
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Résumé

Le cancer de la prostate métastatique résistant à la castration (mCRPC) représente toujours un défi et un besoin clinique non satisfait. La radiothérapie par radioligand ciblant le PSMA (PRLT) est utilisée depuis plusieurs années avec succès et avec une faible toxicité. Les premiers radionucléides utilisés étaient des anticorps radiomarqués avec des doses limitées par leur toxicité hématologique. Rapidement, de petites molécules ciblant la PSMA ont été développées et utilisées avec une toxicité moindre, principalement liée à une xérostomie transitoire légère et à des nausées dues à l'expression physiologique de la PSMA dans les glandes salivaires et l'intestin proximal. Brièvement, les deux tiers des patients peuvent d'abord répondre aux traitements mais malheureusement récidiver, et pouvant être retraités avec succès pour la moitié d'entre eux. Par conséquent, il est encore nécessaire d'améliorer l'efficacité de la PRLT et les moyens de l'améliorer seront discutés dans cette revue.

Introduction

Prostate cancer represents more than a quarter of all new cancer cases reported per year in France with 71,220 incident cases estimated for 2011. Metastases appear in approximately 20% of patients. Initially treated with hormone therapy, disease can become hormone refractory needing the use of chemotherapy (metastatic castration-resistant prostate cancer, mCRPC), or other forms of hormone therapy, such as abiraterone. These molecules can reduce pain and even slow cancer growth but there is still an unmet clinical need. Once patient reach the mCRPC stage, their expected overall survival is low as was seen in the randomized phase 3 study of cabozantinib vs prednisone in men with mCRPC who had received prior docetaxel and abiraterone acetate and/or enzalutamide. The median overall survival of the prednisone control arm was 9.8 months vs 11 months for cabozantinib [START_REF] Smith | Phase III Study of Cabozantinib in Previously Treated Metastatic Castration-Resistant Prostate Cancer: COMET-1[END_REF] Radionuclide therapy has been successfully used for thyroid cancer and tends to be more effective in case of low burden slowly growing tumors. Most of metastatic prostate cancer maybe good candidate as it is radio-responsive and mostly develops slowly growing smallvolume metastases in lymphnodes and bone marrow.

PSMA is a non-secreted membrane enzyme with the activity of a peptidase and folate hydrolase, presenting with a large extracellular domain. The catalytic part has been the subject of the development of inhibitors that can be used for the synthesis of isotope-labelled tracers for diagnosis and therapy. The PSMA receptor has an oncogenic signaling role in the PCa cell, acting on glutamate receptors and activating the Pi3K and Akt growth pathways [START_REF] O'keefe | A Perspective on the Evolving Story of PSMA Biology, PSMA-Based Imaging, and Endoradiotherapeutic Strategies[END_REF][START_REF] Palamiuc | PSMA brings new flavors to PI3K signaling: A role for glutamate in prostate cancer[END_REF].

It is overexpressed in 90% of metastatic prostate cancer, mainly poorly differentiated and hormone-refractory carcinomas with a low level of physiological expression in normal tissues (prostate, small intestine, salivary gland, and kidney). Therefore, it is the ideal target for prostate cancer metastases imaging using 68Ga-PSMA and radionuclide therapy using radiolabeled anti-PSMA vectors following a theranostic procedure.

Moreover, cellular studies have proved internalization of the anti-PSMA once bound on the protein. This leads to an intra-tumor cellular trapping of the isotope whilst normal tissues demonstrate a rapid wash out. This leads to a high tumor to background ratio on 68Ga-PSMA images, found to be prolonged in time on repeated acquisitions during radionuclide therapy protocols using gamma-emitters radio-isotopes. It also induces more DNA damages due to close contact between emitted particles and the nucleus.

In this setting, it is possible to address the patient for anti-PSMA targeted radionuclide therapy using particles emitter radio-isotopes such as the electrons emitter Lutetium-177, or Alpha-emitter such as Actinium-225.

Radioimmmunotherapy

Interesting results have been observed in phase I and II trials using radiolabeled anti-PSMA antibodies (mostly J591). When J591 was radiolabeld with Indium 111, it identified 93.7% of skeletal lesions and detected by conventional technique and could be used for dosimetric projections when using J591 radiolabeled with Yttrium-90 [START_REF] Morris | Pilot trial of unlabeled and indium-111labeled anti-prostate-specific membrane antigen antibody J591 for castrate metastatic prostate cancer[END_REF].

The use of Lutetium-177-J591 (177Lu-J591) showed acceptable toxicity with evident targeting of known metastatic sites in 35 patients a phase 1 trial [START_REF] Bander | Phase I trial of 177 lutetium-labeled J591, a monoclonal antibody to prostate-specific membrane antigen, in patients with androgen-independent prostate cancer[END_REF]. Myelosuppression was the dose limiting at 75 mCi (2,775 GBq) /m 2 ) and dose level was determined to be the single-dose MTD. Up to 3 doses of 30 mCi (1110 MBq) / m 2 could be safely administered. A ≥50% declines in prostate-specific antigen was observed in 4 patients.

In phase II, almost 60% of men showed a decline in serum PSA levels, 10.6% of them experiencing a >50% decline in PSA [START_REF] Tagawa | Phase II study of Lutetium-177-labeled anti-prostate-specific membrane antigen monoclonal antibody J591 for metastatic castration-resistant prostate cancer[END_REF]. Because of some intra-and inter-tumor heterogeneous PSMA expression with 10% of lesions demonstrating no PSMA expression, patient screening with 68 Ga-PSMA-PET is mandatory before treatment 177 Lu-PSMA treatment.

Biodistribution and Dosimetry

apoptosis [START_REF] Baum | 177 Lu-Labeled Prostate-Specific Membrane Antigen Radioligand Therapy of Metastatic Castration-Resistant Prostate Cancer: Safety and Efficacy[END_REF][START_REF] Kulkarni | PSMA-Based Radioligand Therapy for Metastatic Castration-Resistant Prostate Cancer: The Bad Berka Experience Since 2013[END_REF].

The effective half-life in tumor lesions was higher than in whole body, kidneys and parotid glands, resulting in higher mean absorbed doses delivered to the tumors. Radiolabeled anti-PSMA dosimetry studies favor peptides against antibodies with lower dose for the liver, bone marrow and kidneys. A maximum cumulative activity of 30 GBq would reach the 23 Gy dose-limiting (DL) kidney and 65 GBq to reach the 2 Gy bone marrow DL. On the other hand, the maximum dose to the tumor was estimated as being 468 Gy with approximately 5

GBq [START_REF] Baum | 177 Lu-Labeled Prostate-Specific Membrane Antigen Radioligand Therapy of Metastatic Castration-Resistant Prostate Cancer: Safety and Efficacy[END_REF].

Side effects

Most often, the administered activities at each cycle are about 7.4 GBq. Hematotoxicity grade 3 and 4 occurs in less than 10% of patients. Despite intense physiological renal uptake, there has been no reports of renal failure above grade 2 to date, however, renal failure is a contraindication for PRT. It is recommended to perform a kidney scan to assess kidney function and exclude possible obstacles on the urinary tract. However, there is no need for concomitant amino acid infusion. A xerostomia has been reported as moderate and transient for most patients, occurring despite the use of lemon juice gargle, cold and other techniques, and affects 3.5 to 37% of patients. Nausea has often been reported that may be limited by the use of anti-emetics, with the effect appearing more within a few hours after injection, maybe in relation with the high physiological uptake in the proximal small bowel.

Efficacy and predictive factors

As reported by reviewers [START_REF] Fendler | Lu-PSMA Radioligand Therapy for Prostate Cancer[END_REF][START_REF] Rahbar | PSMA Theranostics: Current Status and Future Directions[END_REF], the observational studies performed mostly in Germany, reported PSA responses in more than one half of all treated patients and a trend toward increased OS [START_REF] Kulkarni | PSMA-Based Radioligand Therapy for Metastatic Castration-Resistant Prostate Cancer: The Bad Berka Experience Since 2013[END_REF]. After two RLT cycles, 4 (27%) patients had partial response, 6 (40%) had stable disease, and 5 (33%) had progressive disease according to RECIST [START_REF] Fendler | Preliminary experience with dosimetry, response and patient reported outcome after 177 Lu-PSMA-617 therapy for metastatic castration-resistant prostate cancer[END_REF]. RECIST criteria may be of few utility mainly in bone predominant disease. The role of 68 Ga-PSMA PET/CT has to be proved in prospective studies [START_REF] Heinzel | Ga-PSMA PET/CT for monitoring response to[END_REF][START_REF] Grubmüller | Response assessment using 68Ga-PSMA ligand PET in patients undergoing 117 Lu-PSMA radioligand therapy for metastatic castration-resistant prostate cancer[END_REF]. Pain relief was reported in 33 to 70%, improved quality of life in 60%, and improved performance status in 74% of mCRPC patients.

Pr. Hofman conducted the first prospective open-label, single-arm, non-randomized Phase II study of 177Lu-PSMA-617 in 30 mCRPC patients dosed with up to 4 cycles of 4-8 GBq administered every 6 weeks [START_REF] Hofman | 177 Lu-PSMA-617 radionuclide treatment in patients with metastatic castration-resistant prostate cancer (LuPSMA trial): a single-centre, single-arm, phase 2 study[END_REF]. The primary endpoints of this study were to evaluate both safety and efficacy, as measured by PSA response, bone pain score, quality of life measurements, imaging response and survival.

Of the screened patients, 85% were identified as PSMA-positive via PET imaging and eligible for treatment. Patients were also screened with a FDG-PET. In case of significant mismatches between the 2 PET findings, especially in case of FDG positive but PSMA negative liver lesions, patients would not be included.

In this heavily pre-treated patient population with few therapeutic alternatives, 57% of patients on 177Lu-PSMA-617 showed a PSA response defined by a reduction in PSA of at least 50% and 43% had a reduction of PSA of 80% or more. In 17 patients with measurable disease, the overall response rate as defined by RECIST criteria was 71% (complete response and partial response). Median overall survival was 12.7 months. A significantly improved quality of life scores in 37% and a reduction in pain scores in 43% of subjects were observed.

The same team compared dosimetry and clinical data in these patients. Giving the extent of the disease and the tumor heterogeneity, tumor dosimetry can be difficult to assess. They suggested to estimate the mean total body tumor dose alongside lesional tumor dosimetry postulating that this may be more clinically relevant. A 3 time point (H4, H24 and H96) 3D

dosimetry study allowed to draw the voxel of interest on normal tissues and tumors on SPECT-CT. The mean "whole body" tumor volume was determined by applying a 5 Gy threshold to the voxel dose volumes then removing regions of physiological uptake, obtaining the total tumor volume (TTV). It appeared to be correlated with PSA response at 12 weeks with a median dose of 14.1 Gy in patients achieving PSA ≥ 50% decline vs 9.6 Gy for those achieving PSA < 50% decline. Non responding patients achieved a significantly lower tumor doses than responders.

The strongest response predictor to PRLT is the decrease in PSA 2 months after the first cycle, correlating with progression-free survival and overall survival (68 weeks if PSA decreases after the first cycle versus 33 weeks) [START_REF] Ahmadzadehfar | Overall survival and response pattern of castration-resistant metastatic prostate cancer to multiple cycles of radioligand therapy using[END_REF][START_REF] Ahmadzadehfar | Predictive Factors of Response and Overall Survival in Patients with Castration-Resistant Metastatic Prostate Cancer Undergoing[END_REF]. However, patients who do not respond to the first cycle, further therapy cycles should be performed, because nearly onethird of the patients showed a delayed response after additional therapy cycles [START_REF] Rahbar | Delayed response after repeated 177 Lu-PSMA-617 radioligand therapy in patients with metastatic castration resistant prostate cancer[END_REF].

Ferdinandus's multivariate analysis revealed that the most significant independent factors were the number of platelets and regular need for pain medication. The response was independent of the amount of PSMA uptake as well as previous therapies, and other measured factors [START_REF] Ferdinandus | Predictors of response to radioligand therapy of metastatic castrate-resistant prostate cancer with 177 Lu-PSMA-617[END_REF]. The level of radiotracer uptake on the 68Ga-PSMA Presence of visceral metastases and rising LDH were associated with worse treatment outcome [START_REF] Heck | Treatment Outcome, Toxicity, and Predictive Factors for Radioligand Therapy with 177 Lu-PSMA-I&T in metastatic castration-resistant prostate cancer[END_REF]. One-third of patients do not respond to treatment and responses are often followed by a progressive recurrence of the disease during or shortly after treatment [START_REF] Kulkarni | PSMA-Based Radioligand Therapy for Metastatic Castration-Resistant Prostate Cancer: The Bad Berka Experience Since 2013[END_REF]. Due to the low toxicity, it is possible to retreat the patients with a new transient response [START_REF] Yordanova | Outcome and safety of rechallenge 177 Lu-PSMA-617 in patients with metastatic prostate cancer[END_REF]. The median OS was significantly longer in patients after rechallenge PRLT than in patients who received only baseline PRLT (12 and 9 months respectively).

Von Eyben conducted an extensive review of the literature to compare, in the absence of Phase III study data, the efficacy of PRLT and 3rd line treatment of metastatic and castrationresistant prostate cancer [START_REF] Von Eyben | Third-line treatment and 177 Lu-PSMA radioligand therapy of metastatic castration-resistant prostate cancer: a systematic review[END_REF]. A biological response with a decrease of at least 50% in PSA levels is observed in approximately 44% of patients with PRLT compared to 22% for the 3rd line (p = 0.0002, t test); a more frequent objective remission (31/109 patients for PRLT vs 43/275 for the 3rd line, p = 0.004, χ2 test); and the median survival was increased but not significantly (14 vs 12 months, p = 0.32, t test). Side effects were responsible for discontinuation of treatment for 0/469 PRLT patients and 22/66 patients treated with 3rd line (p < 0.001, χ2 test). However, Phase III studies are still needed to confirm these encouraging results.

The hypoxic tumor microenvironment of prostate cancer metastases can induce radiation resistance [START_REF] Deep | Hypoxia-Induced Signaling Promotes Prostate Cancer Progression: Exosomes Role as Messenger of Hypoxic Response in Tumor Microenvironment[END_REF]. Different tumor genetic profiles could also explain the resistance to 177Lu-PSMA as recently shown in a case of overexpression of BRCA2 [START_REF] Ahmadzadehfar | BRCA2 Mutation as a Possible Cause of Poor Response to 177 Lu-PSMA Therapy[END_REF]. Improvements are therefore still needed, whether by further modifying radiopharmaceuticals, their pharmacokinetics, better patient selection, or by combining these treatments with hormone therapy or immunotherapy.

Ways for improvement

Study design

We learned from peptide targeted radionuclide therapy applied for endocrine tumors the importance of prospective studies to prove the data notably in termes of overall survival benefit, and allow for routine use and reimbursement [START_REF] Strosberg | Phase 3 Trial of 177 Lu-Dotatate for midgut neuroendocrine tumors[END_REF]. The first and only available prospective study comes from Australia [START_REF] Hofman | 177 Lu-PSMA-617 radionuclide therapy in patients with metastatic castration-resistant prostate cancer -Author's reply[END_REF]. The other studies were all observational ones.

Therefore, some prospective studies have been organized and started to recruit patients.

The largest is an ongoing international phase III trial (VISION, by Endocyte, NCT03511664)

with 750 patients expected. Patients with PSMA positive scans will be randomized in a 2:1 ratio to receive either 177Lu-PSMA-617 plus best supportive/best standard of care or to receive best supportive/best standard of care only. Primary endpoint will be the overall survival. This study should be completed by May 2021.

The Australian study conducted by Pr. Hofman will be an open label, randomised, stratified, 2-arm, multicentre, phase 2 trial aiming to determine the activity and safety of 177Lu-PSMA vs cabazitaxel in men with progressive metastatic castration resistant prostate cancer (NCT03392428). Two hundred patients will be included and the study should be completed by January 2021. Interestingly, the first dose will be administered at 8.5GBq, reducing by 0.5GBq with every cycle given (i.e. to 6.0GBq on the sixth cycle, if reached). In some patients who have an exceptional response, treatment will be paused but can be recommenced up to the maximum of 6 cycles upon progression.

PRLT with Alpha particles emitters

In order to increase the DNA damages, modifications of the radiophamaceutical have been made using PSMA ligands radiolabelled with an alpha particle-emitting isotope such as Actinium 225, with sometimes spectacular results but frequent xerostomias that can be complete and thus alter patients' quality of life. It was Dr. Kratochwil in the Heidelberg team who reported his first experience with 40 patients treated with 3 cycles of 100 kBq/kg of 225Ac-PSMA-617, each 2 months apart [START_REF] Kratochwil | Targeted α-Therapy of Metastatic Castration-Resistant Prostate Cancer with 225 Ac-PSMA-617: Swimmer-Plot Analysis Suggests Efficacy Regarding Duration of Tumor Control[END_REF]. Patients were selected for these treatments over a large tumor volume, or a diffuse osteomedullary invasion making it dangerous for Beta particle emitters to travel longer distances than Alpha particles. These patients therefore had a shorter life expectancy, thus reducing the risk of late xerostomia. Five patients had to stop treatment due to progressive continuation and 4 due to xerostomia. Of patients who survived at least 8 weeks, 63% had a decline of more than 50% of PSA, and 87% a decline of any degree of PSA. The median survival time was 5 months and 5 patients had a prolonged survival of more than 2 years, comparable to the median overall survival obtained in the first-, 2nd, 3rd and 4th line respectively with abiraterone (median 10.0 mo), docetaxel (6.5 mo), enzalutamide (6.5 mo), and cabazitaxel (6.0 mo).

The dosimetry was consistent with toxicity [START_REF] Kratochwil | Targeted α-Therapy of Metastatic Castration-Resistant Prostate Cancer with 225 Ac-PSMA-617: Dosimetry Estimate and Empiric Dose Finding[END_REF]. Kratochwil and al. performed another dosimetry study when using another Alpha-emitter, the Bismuth 213 with a shorter physical half-life than Actinium 225 (46 min vs 9.9 Days) and compared the results to the different radiopharmaceuticals [START_REF] Kratochwil | Targeted α-Therapy of Metastatic Castration-Resistant Prostate Cancer with 225 Ac-PSMA-617: Swimmer-Plot Analysis Suggests Efficacy Regarding Duration of Tumor Control[END_REF]. When assuming a relative biological effectiveness of 5 for alpha radiation, salivary glands would absorb the maximal dose, thus in equality with the kidneys.

The estimate equivalent doses per GBq in these 2 organs would be higher than the tumors dose (median 9.7 Sv RBE5 /GBq and 7.6 Sv RBE5 /GBq respectively), leading to an inferior therapeutic index with 213 Bi-PSMA-617 compared to 225Ac-PSMA-617 for which the ratio favors the tumor absorbed doses. This stresses the importance of using longer physical halflife radioisotope with rapid wash-out from normal tissues and increasing uptake in the tumors.

Selection of patients

It is also important to note the need to clearly define patient selection criteria for PRLT. In the Australian prospective ongoing study, Pr. Hofman retained a threshold greater than 1.5 times than hepatic background noise of tumor lesions uptake and the absence of significant discrepancy between PET-FDG and PET-PSMA as performed in their first phase II study [START_REF] Hofman | 177 Lu-PSMA-617 radionuclide therapy in patients with metastatic castration-resistant prostate cancer -Author's reply[END_REF]. Treating with PRLT patients with threatening liver lesions non PSMA avid but seen on FDG PETscan would almost be unethical and could partially explain still unsatisfactory results. In addition, the selection criteria in the Australian Phase III are as follows: tumor avidity is retained as significant if at least 1 site is fixed with a SUVmax of 20, and SUVmax > 10 for lesions of at least 1 cm. However, Ferdinandus did not find a relationship between the level of PET-PSMA fixation of lesions and the response to PRLT [START_REF] Ferdinandus | Predictors of Response to Radioligand Therapy of Metastatic Castrate-Resistant Prostate Cancer with 177 Lu-PSMA-617[END_REF]. Since PSMA expression appears to be related to tumor aggressiveness, a higher level of uptake would be a factor in poor prognosis and therefore at risk of a poor response to PRLT. Prospective studies will provide an opportunity to validate or not these criteria and a consensus will be required in the long term.

The role of dosimetry to calculate the optimal activity

So far there has been no real phase 1 study to evaluate the MTD of 177Lu-PSMA. The activities usually administered are around 7.4 GB repeated every 6 weeks for 4-6 cycles, without toxicity but again, ever-improvable clinical benefits. As the dose seems to be related to disease response [START_REF] Violet | Dosimetry of Lu-177 PSMA-617 in metastatic castration-resistant prostate cancer: correlations between pre-therapeutic imaging and "whole body" tumor dosimetry with treatment outcomes[END_REF], it may be interesting to increase the tumor absorbed dose by increasing the administered activity of 177Lu-PSMA.

Hofman personalized the treatments by adjusting the administered activity on the basis of the following data: activity was increased by 1 GBq if there were >20 sites of disease, decreased by 1 GBq if < 10 sites, increased by 0.5 GBq per factor if weight was >90 Kg or GFR >90 mL/min, and decreased by 0.5 GBq if weight < 70 Kg or GFR < 60 mL/min. Up to four cycles of therapy were administered at 6 weekly intervals [START_REF] Hofman | 177 Lu-PSMA-617 radionuclide therapy in patients with metastatic castration-resistant prostate cancer -Author's reply[END_REF]. Mean administered activity was 7.8 GBq (range 5.7-8.7 GBq). The mean absorbed doses to the kidneys were 12.5 Gy, and parotid glands 18.6 Gy, submandibular glands 14.1 Gy and bone marrow 1.8 Gy.

Dosimetry can help to calculate the activity as it reflects and results from all these data. We usually use the empiric maximal absorbed dose tolerated by normal tissues irradiated with external beam radiotherapy: 23 Gy for the kidneys and 2 Gy for the bone marrow. For endocrine tumors PRRT (using 177 Lu labeled somatostatin analogues), using these constrains on a 3D dosimetry study, Pr. Beauregard calculated the total maximal activity administrable for each of the 27 patients studied. He reached highly variable activities : 43.7 ± 16.5 GBq (10.9 GBq ± 5 GBq per cycle), without any kidney failure observed [START_REF] Del Prete | Personalized 177 Lu-octreotate peptide receptor radionuclide therapy of neuroendocrine tumours: a simulation study[END_REF]. The Uppsala team evaluated the number of patient who would be over-treated or under-treated by applying the usual schema of 4 cycles of 7.4 GBq of 177Lu labeled somatostatin analogues ( 177 Lu-Dotatate). They estimated that of 200 patients with metastatic endocrine tumors, 123 (61.5%) patients received the maximum tolerated doses to the kidneys and bone marrow in 3 to 9 cycles of 7.4 GBq [START_REF] Garske-Román | Prospective observational study of 1 77 Lu-DOTA-octreotate therapy in 200 patients with advanced metastasized neuroendocrine tumours (NETs): feasibility and impact of a dosimetry-guided study protocol on outcome and toxicity[END_REF]. The median OS of all patients was 43 months; the OS of patients who reached the MTD was 54 months vs 25 months for the patients who didn't reach the MTD.

Therefore, we should be able to use these schema to optimize the PRLT adding the salivary gland dose constrain of 25 Gy as the MTD for the salivary glands. This needs again to be proved in prospective studies, using reliable and easily achievable dosimetry methods. The results of the dosimetry have to be systematically compared to toxicity and tumor response over time to be validated, and to help to define the real MTD for normal tissues exposed to radionuclide therapy. Moreover, the 23 Gy MTD to the kidney is related to the risk of nephrotoxicity that may occur within the 5 years after external beam radiation. This might not be relevant when facing the median 10 months OS of mCRPC patients.

Increasing lesions PSMA expression

Ghosh A. showed that PSMA expression is regulated by the Androgenic Receiver (AR) [START_REF] Ghosh | Tumor target prostate specific membrane antigen (PSMA) and its regulation in prostate cancer[END_REF].

In the presence of androgen, the stimulation of AR leads to the blocking of PSMA synthesis.

On the other hand, in the absence of androgen, the AR is in an intracytoplasmic position and therefore non-stimulable, allowing PSMA overexpression. The tumors increase in PSMA expression was subsequently observed in a small animal experiment, and in one patient after 1 month of androgenic blockade, leading to a marked increase in the intensity of the foci already visualized and the appearance of 13 new foci [START_REF] Hope | 68Ga-PSMA-11 PET Imaging of Response to Androgen Receptor Inhibition: First Human Experience[END_REF]. This would suggest the possibility for a synergic effect of androgen blockade and PRLT. A recent study demonstrated an increased 68Ga-PSMA uptake in metastatic CRPC patients after the introduction of Abiraterone or Enzalutamide, confirming Bakht hypothesis [START_REF] Bakht | Influence of Androgen Deprivation Therapy on the Uptake of PSMA-Targeted Agents: Emerging Opportunities and Challenges[END_REF]. Interestingly, PSMA expression decreased on repeated 68Ga-PSMA PET after androgen blockade in metastatic hormone-naïve patients, in concordance with PSA decrease. 68Ga-PSMA PET may be used to select hormonal sensitivity of metastases. However, heterogeneous response was observed inside the same patient as some lesions increased in intensity and could therefore reflect an early clone resistance to hormonal treatments.

Association with other treatments

As previously discussed, androgenic blockade, Enzalutamide or Abiraterone may enhance PSMA expression in mCRPC. Thus, a considerable portion of patients undergoing 177Lu-PSMA RLT reported in the literature had concomitant androgen-deprivation therapy documenting acceptable safety for this combination. Kranzbuhler and al., demonstrated an in vitro cell lines enhancement with Enzalutamide, but also with Rapamycin (Sirolimus) a specific mTOR inhibitor, but also when using dutasteride given to patients to reduce prostate benign hypertrophy [START_REF] Kranzbühler | Pharmacological upregulation of prostate-specific membrane antigen (PSMA) expression in prostate cancer cells[END_REF].

Immunotherapy in prostate cancer seems to be promising but still with conflicting results [START_REF] Baxevanis | Prostate cancer: any room left for immunotherapies?[END_REF]. The association of radiotherapy and immunotherapy is clearly synergistic as it increases the expression of tumour-associated antigens, causes release of cytokines and stimulates the proliferation and priming of cytotoxic CD8+ T cells in the tumour microenvironment. The benefit of the association of immunotherapy with 177-Lu-PSMA in mCRPC patients will be evaluated in two prospective phase I/II trials (NCT03658447 in Australia, conducted by Pr.

Hofman, and NCT03805594 in the USA).

Conclusion

PRLT will be part of the therapeutic arsenal for the treatment of metastatic prostate cancer.

But as most mCRPC patients tend to relapse, there is a need to improve treatment efficacy to induce a benefit on patients' survival. There are many ways as we described inviting us for more studies.
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