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Background and Purpose

Volumetric modulated arc radiotherapy (RT) has become pivotal in the treatment of prostate cancer recurrence (RPC) to optimize dose distribution and minimize toxicity, thanks to the high-precision delineation of prostate bed contours and organs at risk (OARs) under multiparametric magnetic resonance (mpMRI) guidance. We aimed to assess the role of pre-treatment mpMRI in ensuring target volume coverage and normal tissue sparing.



Material and Methods

Patients with post-prostatectomy RPC eligible for salvage RT were prospectively recruited to this pilot study. Image registration between planning CT scan and T2w pre-treatment mpMRI was performed. Two sets of volumes were outlined, and DWI images/ADC maps were used to facilitate precise gross tumor volume (GTV) delineation on morphological MRI scans. Two rival plans (mpMRI-based or not) were drawn up.



Results

Ten patients with evidence of RPC after prostatectomy were eligible. Preliminary data showed lower mpMRI-based clinical target volumes than CT-based RT planning (p = 0.0003): median volume difference 17.5 cm3. There were no differences in the boost volume coverage nor the dose delivered to the femoral heads and penile bulb, but median rectal and bladder V70Gy was 4% less (p = 0.005 and p = 0.210, respectively) for mpMRI-based segmentation.



Conclusions

mpMRI provides high-precision target delineation and improves the accuracy of RT planning for post-prostatectomy RPC, ensures better volume coverage with better OARs sparing and allows non-homogeneous dose distribution, with an aggressive dose escalation to the GTV. Randomized phase III trials and wider datasets are needed to fully assess the role of mpMRI in optimizing therapeutic strategies.
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Introduction

Prostate cancer (PC) is the second most frequent tumor diagnosis in men, accounting for 1,276,106 new cases reported worldwide in 2018, with a higher prevalence in developed countries (1, 2).

In Italy, PC has been estimated to account for 9.6% of all tumors diagnosed in the whole population and 18.5% of those in males in the last year (3).

Several factors may affect the risk of developing prostate cancer, such as age, black race, given the reported higher levels of androgens, dihydrotestosterone (DHT) and 5-alpha reductase than in Caucasian men (4); hormonal and genetic factors; a family history of PC (on both the paternal and maternal side); metabolic syndrome (although there is insufficient evidence to justify recommending lifestyle changes or a modified diet to lower this risk), and smoking (5).

In recent years, screening and early detection of PC by prostate-specific antigen (PSA) blood test has become one of the most controversial topics in the Uro-Oncology community due to increasing evidence of some cases of overdiagnosis. Despite this, PSA remains a better predictor of cancer than either clinical rectal examination or transrectal ultrasound; therefore, an individualised risk-adapted strategy for early detection is recommended (6).

PSA is also crucial in the follow-up after prostatectomy. Six weeks after primary surgery, PSA is expected to drop to undetectable values; consequently, PSA levels higher than 0.2 ng/ml in at least two subsequent samples are conventionally taken to define the condition of post-prostatectomy biochemical recurrence (BCR) of PC (7, 8).

Radiation therapy (RT) has become pivotal in the treatment of PC. It may represent a radical, exclusive approach for organ-confined or locally advanced disease, and may also be performed as adjuvant or salvage treatment following radical prostatectomy, in cases with adverse pathological features (pT3a-pT3b-pT4 staging high- and very high-risk PC, positive surgical margins), biochemical failure and/or macroscopic evidence of disease recurrence (8, 9).

In the field of External Beam Radiotherapy (EBRT), advances in rotational, intensity-modulated delivery techniques with volumetric modulated arc irradiation (VMAT) have made it possible to individualize the radiation dose distribution to the prostate volume while sparing the surrounding normal tissues and organs, thus optimizing treatment efficacy and minimizing genitourinary (GU) and gastrointestinal (GI) toxicity (10, 11).

Magnetic resonance imaging (MRI) has gained increasing interest for the pre-treatment assessment of prostate cancer. Advances in diagnostic procedures, improving diagnostic reliability for primary and recurrent PC (RPC), have allowed a more accurate detection of prostatic lesions (6). In particular, given the better soft tissue contrast provided by anatomic MRI, the accuracy of prostate tumor identification, anatomic location and characterization in terms of extraprostatic extension and seminal vesicle involvement now ranges from 69 to 90% (12, 13). The addition of functional sequences, such as diffusion-weighted imaging (DWI), dynamic contrast-enhanced (DCE) imaging and MR spectroscopy has further improved the performance of MRI imaging in tumor detection (12, 13).

In this scenario, multiparametric MR imaging (mpMRI) has emerged as helpful in the precise identification of tumor site and extent, extraprostatic and/or seminal vesicles involvement. mpMRI is also reported to allow the precise location of a recurrent prostate tumor, and so to assess if the disease relapse is strictly limited to the prostate bed since it appears as a T2-weighted (T2w) isointense to hyperintense lesion close to the surgical scar, with rapid early enhancement and washout on DCE MR sequences (14). Such a highly accurate delineation of the prostate contours under mpMRI guidance has also given rise to radiation treatment optimization: so-called dose-painting, that is targeting prostate tumor sites with a higher radiation dose, with or without a dose gradient on the lower-risk prostate/prostate bed areas, while guaranteeing maximum sparing of the bladder and rectum (13, 15). Most of the available literature is focused on the identification of dominant, intraprostatic lesions to define dose-escalation protocols in the radical setting (16, 17). On the contrary, data on the identification of post-prostatectomy RPC lesions to be safely boosted for an ablative eradication treatment protocol are still lacking. We carried out a prospective pilot study with the aim of assessing the role of pre-treatment mpMRI in target volume delineation and treatment planning for recurrent prostate cancer after radical prostatectomy, in terms of target volume coverage and normal tissue sparing.



Materials and Methods


Patient Selection and Treatment

Patients with post-prostatectomy BCR as per Phoenix criteria (7), and with macroscopic evidence of RPC, presenting at our Institution and eligible for salvage EBRT, were prospectively recruited to the study. A staging workup with 11C-Choline PET-CT was performed in cases with two consecutive PSA values ≥1 ng/ml, to exclude nodal and/or systemic metastatization.

Radiation treatment was performed using Image-guided radiotherapy (IGRT), VMAT technique, with daily cone beam CT scans for monitoring.

All the recruited patients underwent pelvic mpMRI before EBRT planning, regardless of any other morphological and/or functional workup already performed for diagnostic purposes. Then, planning pelvic CT scan with 3 mm slice was acquired, both for mpMRI and CT, in conventional, supine position.

The present study was carried out in accordance with the principles of Good Clinical Practice, conforming to the ICH GCP guidelines and the ethical principles contained in the Helsinki declaration.

Since the recruitment period started during the rapid COVID-19 spread in Italy, all the diagnostic and treatment procedures described below were performed in accordance with the Italian Government official recommendation statements and Italian Association of Radiotherapy and Clinical Oncology (AIRO) tips for the management of oncological patients in the context of the COVID-19 pandemic (18, 19).



mpMRI Protocol and Image Interpretation

The mpMRI was performed with a 1.5 T scanner (Philips Achieva 1.5), using a 16-channel surface coil in supine position according to the PIRADS 2.1 protocol.

The inhibition of intestinal peristalsis was guaranteed through the intramuscular injection of 10 ml/mg of N-butyl scopolamine (Buscopan, Boehringer Ingelheim, Germany), before the MRI test.

The imaging protocol consisted of the following sequences:

	T2-weighted Turbo Spin Echo (TSE), on the axial, coronal and sagittal planes.

	Axial FOV (AP 160, RL 160 mm, FH 82 mm), matrix 212 × 206 × 25 slices, NSA (number of signals) three;

	Coronal FOV (AP 66 mm, RL 160 mm, FH 160), matrix 200 × 195 × 20 slices, NSA (number of signals) two;

	Sagittal FOV (AP 160, RL 82 mm, FH 160 mm), matrix 200 × 199 × 25 slices, NSA (number of signals) two;

	TE 110 ms, TR shortest, section thickness 3 mm, 24–30 sections, acquisition time 3–3.5 min.

	T2-weighted Turbo Spin Echo (TSE), on the axial planes with wide view to evaluate lymph node involvement, FOV (AP 300, RL 300 mm, FH 258 mm), matrix 332 × 299 × 40 slices, NSA (number of signals) one;

	Dynamic THRIVE SPAIR, on the axial plane, FOV (FH 75mm, RL 200, AP 200 mm), matrix 112 × 171 × 25 slices, NSE (number of signals) one; TE/TR shortest, thickness 6 mm, 20 acquisition (10 s for each acquisition).

	DWI, on the axial plane, TE/TR shortest, section thickness 3 mm, with B value of 0.700, 1000 and 1400, FOV (RL 160, AP 160mm, F H 99 mm), matrix 64 × 56 × 25 slices, NSE (number of signals) one; ADC maps were subsequently calculated.



All the images were reviewed and interpreted by two radiologists (with 20 and 4 years’ experience, respectively).

The RPC diagnosis was based on the presence of solid nodules on T2w scan, with close evaluation of the most frequent location on the vesicourethral anastomosis, discretely vascularized after the injection of contrast agent, showing signal restriction in the DWI sequences and a low signal on the ADC (apparent diffusion coefficient) map.

The presence of any other pelvic tumor mass and enlarged hypogastric, obturator, iliac and sacral lymph nodes (diameter > 5 mm) was checked.

Areas of signal intensity restriction on DWI/ADC images, as well as enhancing areas with no visible pathologic tissue on morphologic T2w images, were also recorded.



Planning Computed Tomography Acquisition Protocol

Before CT simulation, all patients underwent rectal emptying (using an enema 2–3 h before the procedure) and comfortable bladder filling (complete urination 30 min before CT scan, then drinking 500 ml of water until CT execution), in order to ensure inter-fraction setup reproducibility during treatment delivery and improved sparing of organs at risk (OARs).

CT simulation was acquired with patients in supine position, hands over the chest, using foot lock and kneefix support systems. Longitudinal alignment along the sternum and navel and transverse alignment at the level of the pubic symphysis were ensured, while the field depth was defined at the patient’s hemi-thickness. Skin reference points were marked at the laser crossings, with corresponding placement of three radiopaque markers.

A control scan was first performed to assess the correct alignment of the patient on the CT table, and the longitudinal alignment was checked on the anterior topogram. Once the patient’s position had been verified, CT scan with 3 mm slices was acquired. At the end of the procedure, the correct position of the radiopaque markers on the zero slice, adequate bladder filling, and rectal emptying were checked.



Radiation Treatment Planning

Target volume delineation and RT planning were performed using the Monaco® HD Treatment Planning System (TPS) 5,11,03 by Elekta. In cases of MR evidence of RPC lesions, image registration between the planning CT scan and T2w plus DWI mpMRI images was performed. Two sets of volumes were contoured, with and without mpMRI-guidance. Gross tumor volume (GTV) was outlined in both the CT simulation and the T2w MR scan, DWI images and related apparent diffusion coefficient (ADC) maps were used to facilitate the precise GTV contouring onto the morphological MR scans. Clinical target volume (CTV) was defined as the prostate fossa, and contoured as per the Kirsty et al. consensus definition for the anatomic boundaries of the prostate bed (20): the superior boundary was the superior surgical clips (if present) or 5 mm above the inferior border of the vas deferens; the inferior boundary was 8 mm below the vesicourethral anastomosis or the top of the penile bulb; the posterior 15 mm of the bladder wall was taken as the anterior, cranial boundary; the posterior edge of the pubis symphysis up to the top of the pubis symphysis as the anterior, caudal boundary; the lateral, cranial boundary was the sacrorectogenitopubic fascia, lateral to the neurovascular structures; the posterior, cranial boundary was the mesorectal fascia; the lateral, caudal boundary was the medial border of the levator ani and obturator internus muscles; the anterior border of the rectal wall and levator ani muscle was the posterior, caudal boundary; a 10-mm extension of the outlined boundaries was made beyond the GTV and the visible surgical clips located outside the boundaries, if present, except for high lymphadenectomy vessel clips. An isotropic, 5 mm expansion was applied to the CTV to obtain the Planning treatment volume (PTV) (prostate bed), and to the GTV to obtain the PTV (boost). OARs (bladder, rectum, penile bulb, femoral heads) were delineated in both mpMRI and planning CT scan.

Two rival plans were drawn up, one per each set of volumes, taking into account the dose constraints for limiting normal tissue toxicity based on the quantitative Analysis of Normal Tissue Effects in the Clinic (QUANTEC) (21) and the Radiation Therapy Oncology Group (RTOG) GU consensus (22). The GU OAR dose constraints applied for VMAT inverse treatment planning are summarized in Table 1. Dose prescription, dose recording and reporting were performed as per ICRU Report 83 (23). We ensured that the same target volumes coverage was obtained in the rival plans.


Table 1 | QUANTEC dose constraints for inverse treatment planning (21, 22).



The prescribed dose was 70 Gy in 35 daily fractions on the prostate lodge, with a sequential boost or higher doses targeting any macroscopic evidence of RPC at the pre-treatment mpMRI.



Statistical Analysis

A sample size of at least 10 RPC patients was arbitrarily defined, since this was a pilot, prospective trial and no similar study designs with which to compare accrual evaluation have been reported in literature. Statistical analysis is intended as descriptive for future findings and data integration. For the same purpose, the size of the obtained CTV (prostate bed) (cm3), the dose covering 98% of the PTV (boost) (D98%), the volume (%) of rectum receiving 50, 65, and 70 Gy (V50Gy, V65Gy and V70Gy), the volume (%) of bladder receiving 55, 65 and 70 Gy (V55Gy, V65Gy and V70Gy), the volume (%) of femoral heads receiving 50 Gy (V50Gy), the mean dose to 95%, and the dose delivered to 70% of the penile bulb volume (D70%) were chosen as referral parameters for statistical comparison between the rival mpMRI and non-mpMRI plans.

Statistical analysis was performed using SPSS statistical software v25.0. To describe the data, median and ranges were used and proportions and percentages for categorical variables. Differences between two-sample central tendencies were assessed with two independent samples t-test. A p value of <0.05 was considered statistically significant.




Results

From April 2020 to October2020, a total of 17 patients fitted the selection criteria.

Choline-PET restaging was negative in all the patients who performed it.

Negative pre-treatment mpMRI confirmed biochemical recurrence in 7 (41.2%) patients.

Ten (58.8%) patients showed macroscopic disease recurrence at the pre-EBRT mpMRI, PSA values ranging from 0.52 to 6.9 ng/ml. Among these, all but one underwent a total dose of 70 Gy—2-Gy/fraction on the prostate fossa, then a sequential boost on the RPC lesion(s) was delivered according to the following schedules: additional 2 Gy per five fractions (80 Gy in total) for 3 patients (30%), 6 Gy in three fractions (total 76 Gy) for two (20%) patients, and 2 Gy per four fractions (total 78 Gy) for four (40%) of them; one (10%) patient underwent a total dose of 80 Gy on the entire prostate bed.

An example of CT-based target volume and OAR delineation with and without mpMRI co-registration in our series is reported in Figure 1 and Figure 2.




Figure 1 | mpMRI-based (A) vs CT-based (B) CTV/PTV (prostate bed) and OARs delineation: red, CTV (prostate bed); blue, PTV (prostate bed); yellow, bladder; orange, rectum; dark green, femoral heads.






Figure 2 | mpMRI-based (A) vs CT-based (B) GTV/PTV (boost) and OARs delineation: brown, GTV; light green, PTV (boost); yellow, bladder; orange, rectum; dark green, femoral heads.



Preliminary dosimetric comparison between mpMRI-based and non-mpMRI-based treatment plans was made in the 10 enrolled patients with macroscopic RPC. The results obtained are reported in Table 2 and Table 3. Median delineated CTV (prostate bed) was 15.7 cm3 in size (range 5.6–30.7) on the T2w MRI scan, compared to median 33.4 cm3 (range 19.5–51.0) for those outlined on the CT simulation only, with a median difference of 17.5 cm3 (range 8.3–26.7) between the two contour sets (p = 0.0003). No substantial differences were found in terms of the boost volume coverage, median D98% for PTV (boost) was 76.3 Gy (range 74–78.5) for mpMRI-based delineation and 76.1 Gy (range 73.8–77.2) for CT-based delineation only (p = 0.376).


Table 2 | Dosimetric comparison between mpMRI-based and non-mpMRI-based RT plans: target volume coverage (significant correlations shown in bold).




Table 3 | Dosimetric comparison between mpMRI-based and non-mpMRI-based RT plans: high-doses OAR sparing (significant correlations shown in bold; outrange values highlighted).



As to OARs, no differences were found in terms of femoral heads and penile bulb sparing, nor differences in rectum V50Gy and V65Gy, bladder V55Gy and V65Gy, respectively (data not shown). However, we recorded a median rectal V70Gy 4% (range 0.2–5.7) smaller for treatment delineation on T2w MRI scans, with a median V70Gy of 9.2% (range 4.9–13.8) for mpMRI-based RT plans, and of 13.5% (range 5.1–16.7) for non-mpMRI based RT plans (p = 0.005). Likewise, there was a median bladder V70Gy of 22.6% (range 10.3–35) for mpMRI-based RT plans, compared to median 27.6% (range 14.5–37.3) for CT-based RT plans, with a median bladder V70Gy difference of 4% (range 0.3–5.8) between the two rival plans (p = 0.210).



Discussion

The addition of image registration with pre-treatment mpMRI to CT-based target volume delineation has dramatically improved the accuracy of treatment planning for prostate cancer. MR imaging is well known to provide better soft tissue contrast than conventional morphological imaging techniques such as ultrasound or computed tomography (CT). For this reason, mpMRI may ensure a proper definition of the pelvic organs anatomy, of the prostate and prostate bed boundaries, so that several publications have highlighted a smaller prostate volume delineated on MRIs than on CTs (13–17). Moreover, the addition of functional sequences like DWI, DCE, and MR spectroscopy further improved the precise location and characterization of primary and recurrent prostate tumor lesions, even in the post-prostatectomy setting (14). Such findings, together with the possibility of dose-painting and advances in stereotactic EBRT and VMAT delivery techniques, have opened out a new era allowing highly non-homogeneous dose distributions, with aggressive dose escalation to the GTV while contemporarily reducing the dose to lower-risk areas of the prostate, and improving OARs sparing (13, 15).

Post-prostatectomy recurrent tumors may be found at the urethrovesical anastomosis, seminal vesicles bed, bladder posterior wall or rectal anterior wall. Boonsirikamchai et al. retrospectively showed >90% accuracy of DCE MR scans in the detection of prostate bed recurrences (14). Currently, mpMRI is the only imaging technique recommended by the European Society of Urogenital Radiology (ESUR) for the detection of pelvic post-prostatectomy RPC in patients with PSA rising to conventional biochemical relapse values (0.2–2 ng/ml) (24, 25), given its higher sensitivity in detecting local lesions, especially small ones (<10 mm) with low blood PSA levels (26). Detection rates of 84–95% have been reported using endorectal coil-mpMRI for PSA values >1 ng/ml, while other retrospective studies and a metanalysis reported recurrence rates ranging from 24 to 91%. This variability is due to the retrospective nature of the study designs and extremely heterogeneous sample sizes and procedures (15).

The addition of functional DWI and DCE perfusion scans to the morphological T2w imaging dramatically improved the performance of MRI in detecting malignant lesions, with their typical, albeit relatively variable, early uptake and early washout of the contrast material (15).

DWI imaging is also powerful in detecting tumor masses since they appear as highly cellular tissues. However, in the prostate setting, the ADC alone, derived for absolute quantification, may be vague and difficult to interpret. mpMRI can overcome the problem of the unavoidable heterogeneity of the ADC maps due to the well-known highly heterogeneous cell density between malignant and benign prostate areas, which may obscure small lesions or part of tumor masses (27).

The precise location and segmentation of a tumor mass have given rise to better patient selection for focal therapy (28). In the field of EBRT, Stoyanova and colleagues analyzed mpMRI of 65 planned and treated prostate cancer patients and found they could detect the tumor burden by including ADC and DCE-MRI information, imported in a DICOM-RT ready format, into the radiotherapy TPS (29). They subsequently created an automated, mpMRI-based, quantitative method to guide dose-escalation to more aggressive prostate tumor masses, referenced to the prostatectomy Gleason score (30). This means that mpMRI-guided, precise delineation of tumor boundaries may allow the complete eradication of disease through highly-escalated dose delivery, leading to radiation doses of up to 80 Gy on the high-risk GTVs while ensuring lower doses to the low-risk, less aggressive prostate areas, with better OARs dose saving and hence limited treatment-related toxicity. In this regard, the ongoing prospective, phase II trials, hypo-FLAME Trial and DELINEATE Trial, both reached their primary endpoint in terms of acceptable acute toxicity with simultaneous focal boosting to the mpMRI-detected macroscopic tumor(s) in addition to whole gland prostate irradiation (31, 32). Thus, in the setting of salvage RT for macroscopic, local recurrence of PC after radical prostatectomy, such findings are likely to improve the efficacy and safety of radiotherapy: firstly, thanks to a dose-escalated boost over the mpMRI-delineated RPC lesions, in addition to the 64 to 70 Gy-standard irradiation of the prostate fossa (33, 34); secondly, thanks to the precise segmentation of prostate bed recurrent masses with the help of mpMRI co-registration, enabling stereotactic salvage treatments to be performed in the attempt to provide a better local control than the conventional, normofractionated RT protocols (35).

On the other hand, there are some intrinsic limitations due to the non-linear information content of the registered MR images compared to planning CT scan, as the former is usually performed regardless of the radiation treatment position, with a different appearance of the surrounding hollow OARs, often with the use of an endorectal coil which is helpful in the correct delimitation of prostate boundaries from the rectal wall, but in contrast with the EBRT patients setup requiring an empty rectum and comfortable bladder filling (36). In this regard, Couñago and colleagues first found a significantly higher probability of radiological evidence of local recurrence at the pre-treatment mpMRI without endorectal coil in patients undergoing salvage EBRT for biochemical relapse after prostatectomy with PSA doubling time >14 months (adjusted Odds ratio (OR) 7.12, p = 0.01) and/or PSA levels >0.5 ng/ml (adjusted OR 6.25, p = 0.02) (37). Ciardo et al. also described a multimodal, voxel-based and contrast enhancement-based deformable registration procedure, with acceptable accuracy despite varying setups in MRI (17).

Despite the limitation of the few analyzed cases and intrinsic biases due to the pilot study design, our results are in line with the scarce available literature, and support the use of pre-treatment mpMRI to better assess the prostate tumor phenotype and personalize radiation treatment segmentation and dose prescription. In our series, mpMRI was acquired without an endorectal coil, in view of the patient treatment position. The possibility of EBRT treatment planning with the help of image registration with pre-treatment mpMRI allowed high-precision matching and target volume delineation. This made it possible to deliver doses up to 80 Gy to the RPC lesions or to the whole prostate bed without compromising treatment safety and tolerability, possibly improving the sparing of the surrounding normal tissues and OARs.

Another limitation of our study is the unavoidable, intrinsic variability of the CTVs and GTVs due to the extension of the RPC lesions and patients anatomy, affecting the outlined volumes. However, the mpMRI-based CTV (prostate bed) were significantly smaller than the CT-based ones in all the recruited patients, with a significant median reduction of 17.5 cm3. These findings support the more accurate identification and delineation of the volumes of interest through the better soft tissue contrast provided by mpMRI, together with the possible better dose saving to the surrounding normal tissues.

Equally importantly, dosimetric evaluation showed that rectum and bladder sparing were most evident in the analysis of high doses. Since the macroscopic RPC is the volume of interest, receiving the higher radiation dose up to 76–80 Gy, the greatest difference in terms of normal tissues sparing is reasonably expected at the highest dose levels. Our results seem to confirm this trend.

International guidelines recommend rectum V70Gy <20% and bladder V70Gy <35% (21, 22). These dose constraints were respected in both rival plans for all the recruited patients, except for one case of bladder V70Gy 37.3% in the non-mpMRI-based RT plan, which we could reduce to below threshold (V70Gy 35%) with the help of mpMRI registration (Table 3). Our series revealed a median 4% reduction in rectum and bladder V70Gy, although the latter was not statistically significant. Such differences may be relevant to prevent exceeding or not the recommended dose constraints, and this may have a non-negligible impact on treatment tolerance and toxicity. Therefore, if such results should be confirmed in a wider series, it may be reasonable to define the percentage of OAR volume receiving more than a 70 Gy dose as the most useful parameter to ensure dose saving to the rectum and bladder during post-prostatectomy prostate bed irradiation.

Further studies are warranted to fully assess the role of mpMRI in optimizing therapeutic strategies, especially in the field of post-prostatectomy recurrent PC, as well as the ability of combined anatomic and functional MR scans to provide biological and pathophysiological information on prostate cancer behavior, and so radiation resistance (38).

The completion of our statistical analysis on a wider dataset will strengthen the statistical power of our series and possibly provide a definitive validation of our promising findings.

Noteworthily, in the era of next-generation IGRT, where MR-Linac EBRT has been gaining increasing interest in the field of prostate cancer (39–41), radiation treatment planning with mpMRI appears as a cost-effective procedure and may contribute to ensure quality oncological healthcare in the South of Italy.

In conclusion, mpMRI may improve the accuracy of radiation treatment planning in the setting of salvage EBRT for recurrent prostate cancer after prostatectomy, provide high precision target volumes and OAR delineation, thus ensuring better target volume coverage with better OAR sparing. The addition of mpMRI to conventional, CT-based EBRT planning may also improve the optimization of dose distribution, as it allows a dose reduction to lower-risk areas of the prostate fossa, together with an aggressive dose escalation to the macroscopic RPC lesions, while reducing the dose delivered to the surrounding normal tissues.

In the future perspective of patient-tailored medicine, prospective, randomized, phase III studies, and validation of our findings on a wider dataset are needed to complete the assessment of the power of T2w/ADC-based target volume segmentation and dose prescription in improving the accuracy and precision, hence safety and effectiveness, of radiation treatment delivery for primary and recurrent prostate cancer.
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