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Prostate cancer is the most common malignant tumour and represents the third cause of cancermortality in men. The management of prostate cancer has dramatically changed over the last decades, mainly due to improvement of diagnostic modalities and development of new therapeutic strategies.

Imaging plays a key role in all the steps of prostate cancer management. In recent years, magnetic resonance imaging (MRI) and positron-emission tomography (PET)-computed tomography (CT) have emerged as two major tools for the detection of prostate cancer, tumour staging and treatment choice.

Both MRI and PET-CT -using choline or prostate-specific membrane antigen (PSMA) as radiotracer -have become mandatory. This article presents the contribution of the latest advances in these two imaging techniques of prostate cancer and their future developments.

Introduction

In western countries, prostate cancer is the most common malignant tumour and represents the third cause of cancer-mortality in men. The management of prostate cancer has dramatically changed over the last decades, due to prostate-specific antigen screening, improvement of diagnostic modalities and development of new therapeutic strategies. Imaging plays a key role in all the steps of prostate cancer management. In recent years, magnetic resonance imaging (MRI) and positron-emission tomographycomputed tomography (PET-CT) have emerged as two major tools for prostate cancer detection, tumour staging and treatment choice.

From an oncologist point of view, the most frequent and challenging questions regarding prostate cancer are: has this patient a potentially aggressive tumour? Is it possible to treat his cancer curatively? Is it possible to perform minimally invasive treatment? Is the tumour recurring? If yes, where is the location of recurrence? Both MRI and PET-CT -using choline or prostate specific membrane antigen as radiotracer -have become unavoidable to answer these questions.

Multiparametric MRI is now widely used by urologists and general practitioners to assess the risk of aggressive prostate cancer in patients with elevated prostate-specific antigen serum concentration. Not only the use of MRI-targeted biopsies improves tumour detection rates, but it also spares patients from unnecessary biopsies when imaging shows no suspicion of cancer. Moreover, MRI findings are correlated to the Gleason score of prostate cancer in 70% of patients [START_REF] Lanz | Gleason score determination with transrectal ultrasound-magnetic resonance imaging fusion guided prostate biopsies--Are we gaining in accuracy?[END_REF]. In patients with newly diagnosed clinically localized prostate cancer, MRI has also become the gold standard for tumour staging. It helps the clinician to make a choice between radical prostatectomy, external beam radiation, brachytherapy, focal treatment or even active surveillance.

In case of locally advanced or high-risk prostate cancer (with prostate-specific antigen serum concentration [PSA] > 20 ng/ml, Gleason score ≥8, clinical stage ≥ T2c), MRI and PET-CT are very helpful to detect small pelvic lymph nodes or seminal vesicles invasion [START_REF] Pinaquy | Comparative effectiveness of ( 18 F)-fluorocholine PET-CT and pelvic MRI with diffusion-weighted imaging for staging in patients with high-risk prostate cancer[END_REF]. Such findings will indicate a combination of radiation and hormone therapy rather than local treatment.

In case of prostate-specific antigen serum concentration elevation following primary local treatment, MRI and PET-CT now represent the optimal modalities to detect locoregional recurrence and/or distant micrometastases. After radical prostatectomy, for instance, MRI shows a sensitivity of 98% and a specificity of 94% for the detection of local recurrence when [PSA] is above 1 ng/ml [START_REF] Panebianco | Prostate cancer recurrence after radical prostatectomy: the role of 3-T diffusion imaging in multi-parametric magnetic resonance imaging[END_REF].

PET-CT using prostate membrane-specific antigen as a tracer (PSMA PET-CT) shows better performances than choline PET-CT for low levels of prostate-specific antigen serum concentration.

PSMA PET-CT has detection rates of 51%, 55%, 70% and 93% for [PSA] < 0.5 ng/ml, 0.5-1 ng/ml, 1-2 ng/ml and 2-5 ng/ml, respectively [START_REF] Evangelista | New clinical indications for ( 18 F)/( 11 C)-choline, new tracers for positron emission tomography and a promising hybrid device for prostate cancer staging: a systematic review of the literature[END_REF].

In such setting, MRI and PET-CT help to distinguish patients who are candidates for secondary local treatment (salvage external radiation or surgery, cryoablation, CyberKnife) and those who require systemic approach (androgenic deprivation and/or chemotherapy). It is acknowledged that they show better accuracy than conventional CT-scan and bone scintigraphy for initial tumour staging, as well as for the detection and evaluation of disease recurrence after primary treatment. However, due to cost issue their real place in routine practice need to be further clarified.

Multiparametric magnetic resonance imaging

Over the past ten years, multiparametric MRI has become an essential tool in the diagnosis, the evaluation and follow-up of prostate cancer. Its widespread has been encouraged by the publication in 2012 of guidelines and scoring system, the Prostate Imaging-Reporting and Data System (Pi-Rads).

The Pi-Rads classification

This system, promoted by the European Society of Urogenital Radiology and the American College of Radiology, aims to a standardization of both acquisition and reporting in the evaluation of prostate cancer, installing a 5-point scale assessment of cancer likelihood, from Pi-Rads 1, very low, to Pi-Rads 5, very high likelihood [START_REF] Turkbey | Prostate Imaging Reporting and Data System Version 2.1: 2019 update of Prostate Imaging Reporting and Data System Version 2.1[END_REF]. Since 2012, two newer versions have been published, currently leading to the utilisation of Pi-Rads v2.1.

Prostate MRI is composed of morphologic sequences (T2) and functional sequences, diffusionweighted imaging and dynamic contrast enhancement. Recent updates have acknowledged the decreasing role of dynamic contrast enhancement in the initial evaluation of prostate cancer, leading to progressive abandonment of gadolinium injection (biparametric MRI) in that clinical scenario. Quality of the results is dependent on the field strength of the magnet (1.5 T or 3 T) and the type of coil used (surface coil or endorectal coil). Although the Pi-Rads Steering Committee has not given definitive recommendations, it is largely admitted among uroradiologists that prostate MRI should be achieved using either 1.5 T-magnet with endorectal coil, or 3 T-magnet, resulting in good spatial resolution and high b values diffusion-weighted imaging (β ≥ 1000).

Reading and reporting with Pi-Rads is based on the concept of a key sequence, which differs with the anatomical region, the peripheral zone or the transition zone. In the peripheral zone, diffusionweighted imaging is almost the only determining factor. In the transition zone, T2 plays a major role, assisted by diffusion-weighted imaging in some cases (Fig 1).

Role of multiparametric MRI

The main indication of multiparametric MRI is the clinical suspicion of prostate cancer, with elevated prostate-specific antigen serum concentration and/or abnormal digital rectal examination, in biopsynaive men and in those with negative standard 12-core systematic biopsy. Expected results in that setting is, besides an accurate estimation of prostate volume, the presence of one or several target lesions, their size and their localisation in order to direct biopsies. Overall sensitivity in detection of significant prostate cancer (Gleason score equal or greater than 7, lesions larger than 1 cm) is 83% [START_REF] Wibulpolprasert | Detection and localization of prostate cancer at 3-T multiparametric MRI using Pi-Rads Segmentation[END_REF].

Multiparametric MRI will also assess the risk of extraprostatic extension of a target lesion with a sensitivity of 57% and a specificity of 91% [START_REF] Mehralivand | A grading system for the assessment of risk of extraprostatic extension of prostate cancer at multiparametric MRI[END_REF]. It will be a valuable tool to determine organconfinement in the setting of positive systematic biopsies or after incidental discovery of prostate cancer during prostatic resection; signs of extraprostatic extension are bulging or disruption of the prostatic capsule, invasion of the anterior fibromuscular stroma, of the periprostatic fat plane or T2 hypointense signal of the seminal vesicles (Fig 2 ); multiparametric MRI will participate in the evaluation of the pelvic lymph nodes.

In the recent years, active surveillance has become an increasingly chosen option after prostate cancer diagnosis; although, the respective role of multiparametric MRI and biopsies is not yet been definitely determined, change in size, modification of signal on diffusion-weighted imaging or lowering of the apparent diffusion coefficient signs a progression of cancer.

After surgery, radiotherapy or brachytherapy, in the presence of rising prostate-specific antigen serum concentrations, multiparametric MRI can be used to assess local recurrence, showing a hypointense focal mass in T2, with restricted diffusion and uptake of contrast after injection of gadolinium-based agent or suspicious pelvic lymph nodes (Fig 3).

Whole-body MRI

When advanced prostate cancer is discovered, exploration of the skeletal system is essential with metastasis disease confined to the bones in 62% of patients at first presentation [START_REF] James | Survival with newly diagnosed metastatic prostate cancer in the "docetaxel era": data from 917 patients in the control arm of the STAMPEDE trial (MRC PR08, CRUK/06/019[END_REF]. Whole-body MRI outperforms bone scan, with a sensitivity of 95% that reach 100% with diffusion-weighted imaging and a specificity of 97% [START_REF] Jambor | Prospective evaluation of planar bone scintigraphy, SPECT, SPECT/CT, ( 18 F)-NaF PET/CT and whole body 1.5T MRI, including DWI, for the detection of bone metastases in high risk breast and prostate cancer patients: SKELETA clinical trial[END_REF]. Whole-body MRI will also detect metastatic lymph nodes based on morphologic criteria but mostly by showing hyperintense signal on diffusion-weighted imaging, with a sensitivity of 72% and a specificity of 86% [START_REF] Thoeny | Metastases in normal-sized pelvic lymph nodes: detection with diffusion-weighted MR imaging[END_REF].

Ultrasound-MRI imaging fusion techniques

While detecting area suspicious for prostate cancer is the primary goal of imaging, accurate localisation of target lesions has then become an increasing challenge, either for biopsies or for fiducial markers positioning. While cognitive targeting lacks precision for small lesions, two approaches have been developed in the past years, in bore-MR localisation and ultrasound-MR fusion techniques. Each method has its advantages and drawbacks [START_REF] Verma | The current state of MR imaging-targeted biopsy techniques for detection of prostate cancer[END_REF]. In-bore-MR targeting is the more precise, with direct visualisation of the target and the needle but has a restricted availability and long procedure duration; ultrasound-MR fusion targeting requires a steep learning curve but easily available and allows systematic 12-core biopsies at the same time.

PET/CT for prostate cancer

Positron emission tomography/computed tomography (PET/CT) has recently emerged as a promising diagnostic imaging platform for prostate cancer. Several radiolabelled tracers have demonstrated efficacy for cancer detection in various clinical settings.

In patients diagnosed with intermediate-to high-risk prostate cancer and those with biochemical recurrence, current guidelines recommend disease staging using conventional imaging modalities including CT or MRI of the abdomen and pelvis as well as whole-body bone scintigraphy [START_REF] Thompson | Guideline for the management of clinically localized prostate cancer: 2007 update[END_REF][START_REF] Hovels | The diagnostic accuracy of CT and MRI in the staging of pelvic lymph nodes in patients with prostate cancer: a metaanalysis[END_REF].

Unfortunately, these methods frequently underestimate the stage of the metastatic disease. As anatomical imaging techniques such as CT or MRI depend solely on morphological features for identifying metastatic disease, lesions smaller than the 8-10 mm threshold are frequently missed [START_REF] Mottet | EAU-ESTRO-SIOG guidelines on prostate cancer. Part 1: screening, diagnosis, and local treatment with curative intent[END_REF][START_REF] Heesakkers | MRI with a lymph-node-specific contrast agent as an alternative to CT scan and lymph-node dissection in patients with prostate cancer: a prospective multicohort study[END_REF]. On the other hand, malignant lytic bone lesions may have little uptake on bone scan, whereas areas of benign degenerative changes can be mistaken for osteoblastic osseous metastases [START_REF] Horiuchi-Suzuki | Skeletal affinity of Tc(V)-DMS is bone cell mediated and pH dependent[END_REF].

Increased proliferation-based PET imaging: ( 11 C)-choline and ( 18 F)-fluorocholine

Choline is the precursor for phosphatidylcholine, a major component of the cellular membrane. Accumulation of choline is observed in prostate cancer as it is increasingly incorporated into the proliferating tumour cell membranes. Choline analogues radiolabelled with 11 C and 18 F have been used with similar efficacies. Both have shown clear superiority over ( 18 F)-fluorodeoxyglucose. While the ( 18 F)-choline tracer has a much longer half-life (T1/2 = 109.8 min; compared to T1/2 = 20.4 min for 11 C), making its use possible in PET centres without an onsite cyclotron, it is also excreted in the urine within minutes of injection, making assessment of the prostatic bed difficult. Currently, choline PET/CT has been the most extensively studied modality. Although having superior specificity, choline PET/CT suffers from low sensitivity, especially at low prostate-specific antigen serum concentrations.

Nevertheless, choline PET/CT was found to significantly improve upon conventional imaging modalities in the detection of metastatic lesions at biochemical recurrence.

Local detection and primary staging

The shortcomings of choline-based PET/CT radiotracers for the local detection and the ability to detect extraprostatic extension have been well documented. The sensitivity of choline PET/CT for detecting nodal metastases on primary staging was equally poor; however, choline PET/CT has consistently been demonstrated to have higher accuracy for lymph node metastases detection than CT scan and improved sensitivity was demonstrated in patients with high D'Amico risk prostate cancer as well as for lymph node metastases larger than 5 mm [START_REF] Beheshti | F)-choline PET/CT in the preoperative staging of prostate cancer in patients with intermediate or high risk of extracapsular disease: a prospective study of 130 patients[END_REF][START_REF] Evangelista | Comparison between conventional imaging (abdominal-pelvic computed tomography and bone scan) and ( 18 F)-choline positron emission tomography/computed tomography imaging for the initial staging of patients with intermediate-to high-risk prostate cancer: a retrospective analysis[END_REF].

Choline PET/CT has repeatedly shown superior accuracy than bone scan due to its higher image resolution and ability to detect bone marrow metastases at early metabolic stage.

Recurrent staging

Upon biochemical recurrence, choline PET/CT was only able to detect 54 to 73% of local relapsing lesions, clearly underperforming multiparametric MRI. Where choline PET/CT has demonstrated diagnostic value is in the detection of nodal metastases after primary therapy failure (Fig 4). More importantly, choline PET/CT findings at biochemical recurrence have been effectively used to direct site-specific therapy.

The value of recurrent staging by choline PET/CT is augmented by its improved recognition of skeletal metastases. Upon biochemical recurrence after radical prostatectomy, choline PET/CT detected occult bone lesions in 14.6% of patients with negative bone scans (Fig 5).

Strategies for improvement

Choline PET/CT is likely to be useful when prostate-specific antigen serum concentration is above 2 ng/mL and/or its doubling time is less than 6 months. At levels above 2 ng/mL, the majority of the reported sensitivities were above 80% [START_REF] Giovacchini | Predictive factors of ( 11 C)-choline PET/CT in patients with biochemical failure after radical prostatectomy[END_REF]. However, to be useful in guiding salvage radiotherapy within the therapeutic window, choline PET/CT also needs to demonstrate efficacy at low prostatespecific antigen serum concentration ranges after radical prostatectomy failure.

Despite its low sensitivity, choline PET/CT is a good option for prostate cancer staging, most helpful when used to detect recurrent cancer after primary treatment failure. Choline PET/CT has been quickly adopted into clinical practice throughout the world. However, caution must be exercised in interpreting the data until prospective evaluation determines whether the enhanced disease detection can be translated into improved patient outcomes.

Receptor targeted PET imaging: prostate-specific membrane antigen

Newer methods using prostate-specific membrane antigen-targeted radiotracers have preliminarily demonstrated great promise in primary and recurrent staging of prostate cancer. This is based on that over 90% of prostate cancer overexpress prostate-specific membrane antigen, which can be actively targeted by ( 68 Ga)-PSMA PET/CT imaging. The overexpression of prostate-specific membrane antigen in prostate cancer makes it an interesting target for molecular imaging, with normal tissue having almost no expression of this molecule further enhancing delineation between malignant and healthy tissue. On the other hand, prostate-specific membrane antigen expression had been linked to increased cancer aggressiveness as well as progression to androgen independence [START_REF] Cuccurullo | Nuclear medicine in prostate cancer: a new era for radiotracers[END_REF].

As seen with choline PET/CT, detection rates correlated with increasing prostate-specific antigen serum concentration.

The main strength of PSMA PET/CT is its ability to identify small (less than 8 mm) pathological lymph nodes, upstaging nodal status in up to two-thirds of cases. Additionally, PSMA PET/CT, detects bone and bone marrow metastases missed by conventional bone and CT imaging. Thus, PSMA PET/CT has major impact on patient management, with studies reporting overall changes in 39 to 76% of cases.

PSMA PET/CT remains an emerging modality that has not yet been endorsed in the guidelines for the management of prostate cancer pending more established evidence to prove its efficacy.

Additional tracers

Additional ( 18 F)-labelled PET tracers are currently under investigation. Of these, ( 18 F)-PSMA-1007 has already shown efficacy in humans. ( 18 F)-labelled triazolylphenylurea and ( 18 F)-10a are just two of the myriads ( 18 F)-labelled prostate-specific membrane antigen targeted compounds in preclinical development today [START_REF] Treglia | Detection rate of ( 18 F)labeled PSMA PET/CT in biochemical recurrent prostate cancer: a systematic review and a metaanalysis[END_REF].

Conclusions

Multiparametric MRI and PET/CT have emerged as a promising staging modality for both primary and recurrent prostate cancer. Newer tracers for PET/CT have increased detection accuracies for small, incipient metastatic foci. The clinical implications of these occult PET/ CT detected disease foci require organized evaluation.

Depending on the clinical status of the patient at presentation, the following strategies could be suggested: 
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 2 Fig 2. Prostate cancer imaging: extraprostatic extension. Axial T2-weighted image of a 67-yearold man, with a prostate-specific antigen serum concentration of 42 ng/ml, showing large hypointense lesion with disruption of the prostatic capsule and invasion of the periprostatic fat.

Fig 3 .

 3 Fig 3. Prostate cancer imaging: post-therapeutic relapse. a,b: MRI in a 67-year-old man with rising prostate-specific antigen serum concentration 3 years after prostatic radiotherapy; a: T2-weighted MRI showing diffuse hypointense aspect of the prostate; b: hypersignal of the posterior part of the right lobe on diffusion-weighted MRI, consistent with relapse; c,d: MRI in a 63-year-old man, with a prostate-specific antigen serum concentration of 3 ng/ml after radical prostatectomy; c: T2-weighted MRI showing a 5 mm-hypointense nodule at the right anterior aspect of vesicoureteral anastomosis; d: with corresponding hypersignal on diffusion-weighted MRI.

Fig 4 .

 4 Fig 4. Prostate imaging in a 73-year-old male with prostate adenocarcinoma status post-radiotherapy and biochemical relapse (prostate-specific antigen serum concentration 4.7 ng/mL). Sagittal fused positron-emission tomography-computed tomography (PET-CT) and CT images demonstrating four focal increased 18 F-choline uptake in lombar metastatic lymphe nodes (arrows).

Fig 5 .

 5 Fig 5.Prostate imaging in a 68-year-old male with prostate adenocarcinoma status postradical prostatectomy and radiotherapy and biochemical relapse (prostate-specific antigen serum concentration 6.7 ng/mL). Axial fused positron-emission tomography-computed tomography (PET/CT) image demonstrating bone focal increased ( 18 F)-choline uptake in thoracic vertebra, highly

suspicious of bone metastasis at early metabolic stage because without morphological lesion in the corresponding CT.