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ARTICLE INFO ABSTRACT
Keywords: Purpose: Next-generation imaging techniques, including PSMA-PET/CT and whole-body MRI (WB-MRI), are
Magnetic resonance imaging disrupting the management of prostate cancer (PCa). This study aimed to build a fast “All-In-One” WB-MRI
Whole body imaging protocol and to compare it to ®®Ga-PSMA-PET/CT for local (T), nodal (N), and distant staging (M1a, M1b, M1c).
PSMA-PET CT Methods: Fifty-two PCa patients at high-risk for metastases underwent a fast “All-in-One” WB-MRI (combining
Prostate cancer . . . . . . . . . .
Staging biparametric prostate assessment based on rapid T2-weighted and diffusion-weighted imaging (DWI) following
the PI-RADS v2.1 guidelines and the MET-RADS-P guidelines). This WB-MRI prococol was compared to routinely
performed PSMA-PET/CT read according to PSMA-RADS 1.0. Inter-technique agreement on staging and pro-
portion differences in positive findings were assessed using Gwet’s AC1 and Exact test.
Results: Fast “All-in-One” WB-MRI better detected local tumors (T) (87 % vs 77 %, p = 0.063), while PSMA-PET/
CT detected more nodes (40 % vs 29 %, p = 0.031) with a median small axis of 5 mm. No proportion difference
was observed in the detection of extra nodal metastases (M1b) (p > 0.999). Inter-technique agreement ranged
from good (AC1M!? = 0.68, AC1N = 0.79) to very good (AC1T = 0.86, AC1%PF = 0.89, ACIM!® = 0.93, AC1M!¢ =
0.96). Fewer oligometastatic patients were detected with PSMA-PET/CT (11 %) compared to WB-MRI (19 %).
Conclusion: A fast (<30 min) “All-In-One” WB-MRI protocol can be implemented in clinical routine. It provides
better anatomical characterization of the T2/T3 stage than 68Ga—PSMA—PET/CT, similar distant metastasis
detection rate, but slightly inferior detection rate of nodal metastases.
1. Introduction [1]. Thoraco-abdomino-pelvic computed tomography (TAP-CT) and
99mTc bone scintigraphy (BS) remain the standard diagnostic imaging
The management of prostate cancer (PCa) relies on the optimal modalities at diagnosis for high-risk patients [2,3]. The recently pub-
staging of newly diagnosed high-risk patients and recurrent disease. lished EAU EANM statement recommend ®®Ga-PSMA-PET/CT for newly
Multiparametric prostate magnetic resonance imaging (mp-MRI) is the diagnosed high-risk patients, for patients with biochemical recurrence
reference standard for diagnostic and local staging of prostate cancer (BCR) who may benefit from local treatment, or to confirm
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quartile Range; MET-RADS-P, METastasis Reporting and Data System for Prostate Cancer; mp-MRI, multiparametric MRI; PCa, Prostate cancer; Pi-RADS, Prostate
Imaging Reporting and Data System; PSMA-RADS, Prostate-specific Membrane Antigen Reporting and Data System; RP, Radical Prostatectomy; SUV, standardized
uptake value; WB-MRI, Whole Body-MRI.
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oligometastatic disease before metastasis-directed therapy (MDT) [4,5].

In 2014, Pasoglou and colleagues demonstrated the feasibility of a
“one-step TNM staging” of high-risk newly diagnosed PCa patients,
combining mp-MRI of the prostate including triplanar T2 fast spin echo
(FSE), axial diffusion-weighted imaging (DWI) and dynamic contrast-
enhanced MRI, and WB-MRI consisting of coronal 3D T1 and axial
DWI of the body and sagittal fat-suppressed proton density images of the
spine [6]. In 2017, Robertson and colleagues showed the feasibility of a
similar “All-in-One” approach in recurrent PCa [7]. The acquisition time
was almost one hour in both studies, which limited their implementation
in clinical routine and patient acceptance. Since then, technical ad-
vances in WB-MRI, such as the use of breath-hold 3D T1 gradient echo
Dixon sequences instead of 3D T1 FSE sequences allowed a 10-fold
reduction in acquisition time with even higher image quality [8,9].
Regarding local staging, the introduction of the Pi-RADS v.2 score in
2015 minimized the importance of dynamic contrast-enhanced MRI
sequences [10]. Several articles and meta-analyses have shown that a
biparametric examination (based on T2-weighted FSE and axial DWI
sequences) has pooled specificity and sensitivity similar to that of mp-
MRI (including post-contrast sequences) [11-14]. This biparametric
approach significantly reduces imaging time for local staging without
compromising diagnostic performance [15].

PSMA-PET/CT has been recommended during BCR and in high-risk
localized or locally advanced newly diagnosed PCa, to optimize both
local and distant staging [16]. Recently, some studies have compared
PSMA-PET/CT with mp-MRI for local staging, for the assessment of
extraprostatic extension (EPE) and for seminal vesicle invasion, showing
comparable sensitivities recently confirmed by a meta-analysis [17].

This study evaluates the feasibility of a fast “All-In-One” WB-MRI
protocol and compares its findings to those from daily routine clinical
58Ga-PSMA-PET/CT exams performed to rule out extra-prostatic disease
(N, M) in case of high-risk PCa or to identify the site of the BCR.

2. Material and Methods
2.1. Study population

This single-center prospective study included 52 consecutive pa-
tients between April 2020 and January 2023 with either newly diag-
nosed high-risk PCa (38/52) or BCR (14/52) who had routine PSMA-
PET/CT in their diagnostic imaging pathway. Inclusion criteria for
freshly diagnosed high-risk PCa were defined as PSA levels >20 mg/ml
or ISUP (International Society of Urological Pathology) grade >4/5 or
cT3 or cT4 based on digital rectal examination according to EAU
guidelines. Inclusion for BCR was defined as PSA doubling time
(PSADT) < 1 year after radical prostatectomy (RP) or pathological
Gleason score 8-10 at RP and interval to BCR < 18 months for patients
treated with external beam radiotherapy (EBRT) or brachytherapy or
pathological Gleason score 8-10 on biopsies. Exclusion criteria were
severe claustrophobia and MRI-incompatible implanted medical de-
vices. After institutional review board approval (2019/06FEV/060),
written informed consent was obtained from all participants. All patients
underwent WB-MRI and PSMA-PET/CT within one month (median 11
days; IQR 7-21 days). Follow-up of the PCa patients was done according
to best urological practice including clinical visit and PSA testing for 18
patients and imaging tests upon request based on the appearance of
symptoms, suspicion of complications or recurrence.

2.2. MR imaging

The following strategy was adopted to develop a fast “All-in-One”
MRI protocol and to reduce the total acquisition time. The examinations
were performed on a 1.5 T magnet using a 16-channel phased array coil
(1.5 T MR450W GEM, GE HealthCare). For local staging, a biparametric
prostate MR protocol was implemented including axial T2-weighted FSE
images, coronal and sagittal T2 PROPELLER images and axial DWI
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images. Recent technical advances in DWI, clinically validated for PCa
detection [18], allowed the acquisition of only two b-values b = 50 s/
mm? and b = 800 s/mm? and the calculation of higher b-values images
(b = 1400 s/mm? and b = 2000 s/mm?) to reconstruct the apparent
diffusion coefficient (ADC) map, thus reducing the acquisition time to 3
min 12 s (compared to a previous biparametric acquisition time of 3 min
55 s) [15]. A low b-value = 50 s/mm? was chosen to reduce the
contribution of the microperfusion fraction to the ADC following current
guidelines [16,19]. Axial FSE images (slice thickness 3 mm) were ac-
quired with a higher number of signal averages to increase the signal-to-
noise ratio (6 min 51 s) and to avoid some contrast inconsistencies with
the PROPELLER sequences [20].

For locoregional and distant metastatic assessment, a WB-MRI pro-
tocol covering the body from head to mid-thigh was performed
including breath-hold coronal T1 gradient echo images (LAVA-Flex; 19 s
per stack; 3 stacks) and axial WB-DWI (3 min 6 s per stack; 5 stacks). The
total acquisition time was 16 min 45 s. Acquisition of 3D T1 images
allowed image reconstruction in different planes, and the low b-value
DWI image provided T2 equivalent images, allowing the examination to
meet MET-RADS-P guidelines [21]. The total acquisition time for the
fast “All-In-One” WB-MRI for TNM staging was 29 min 23 s. The
acquisition parameters are summarized in Table 1.

2.3. PSMA-PET/CT imaging

The %8Ga-PSMA-PET/CT scan was performed under routine clinical
conditions after intravenous injection of a target activity of 111 MBq
(IQR 93.6-148 MBq) of locally synthesized %8Ga-PSMA-11 using a
Scintomics GRP4V synthesizer (PSMA-HBED-11 labeling kits provided
by ABX, Germany; 68Ge/%%Ga Galli Ad generator, IRE Elite, Fleurus,
Belgium). Images were acquired at least 60 min after injection (IQR
76-88 min) from skull to mid-thigh, on either a Gemini-TF 64-slice or a
Vereos digital PET/CT (Philips Healthcare, Best, The Netherlands) and
reconstructed with full physical corrections, including attenuation
correction based on low-dose CT. For 69 % of the patients, a second
abdomino-pelvic contrast-enhanced acquisition was acquired in portal
phase (70 s post injection) to improve the visualization of the anatomical
background and lymph nodes discrimination from the surrounding
structures (vessels, ureteral tracts, gut...). As routine mp-MRI evaluation
was evaluable for each patient, no dedicated PSMA-PET/CT protocol
was used to prospectively address the characterization of the extrapro-
static PCa extension (no prospective T-stage evaluation). Historical cases
were retrieved and anonymized before the blinded revision for the aim
of this retrospective comparison with WB-MRI.

2.4. Image reading

All images were reviewed on the institutional picture archiving and
communication system (PACS) (Carestream Vue, Philips, Best, The
Netherlands) using the workstation’s windowing, multiplanar reforma-
tion, linking and scrolling tools. Two board-certified radiologists (R1: 3
years’ experience, R2: 10 years’ experience) performed the MRI read-
ings independently, then reviewed discordances in consensus (being
blinded to patient clinical and other imaging information). A board-
certified nuclear medicine physician (R3: 20 years of experience) per-
formed the PSMA-PET/CT readings using Osirix MD software (Pixmeo
SARL, Bernex, Switzerland). Readings were blinded to other imaging
and clinical records. Structured reporting was performed according to
PSMA-RADS 1.0 [22].

All readers assessed local tumor extension (T) or recurrence in the
prostatic bed according to the PSMA-RADS guidelines for PSMA-PET/CT
and Pi-RADS v2.1 for biparametric prostate MR protocol, using the
segmentation of each prostate lobe into three parts (base, mid-region
and apex) according to PSMA-RADS 1.0. The presence of extrapro-
static extension (EPE) on MRI and its localization (extracapsular, sem-
inal vesicle or other) were assessed using the grading system from
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Table 1

European Journal of Radiology 186 (2025) 112033

MRI acquisition parameters. FOV, Field of View; TR, Repetition Time; TE, Echo Time; DWI, diffusion weighted-imaging; EPI-SPAIR, Spectral Attenuated Inversion
Recovery; LAVA-Flex, liver imaging with volume acceleration-flexible; NEX, number of Excitations; TA, Time of acquisition.

Sequence type Prostate bed assessment

Whole-Body assessment

T2 FSE T2 T2 TSE-DWI LAVA Flex EPI-SPAIR-DWI
PROPELLER PROPELLER
Plane of acquisition Axial Sagittal Coronal Axial Coronal Axial
FOV (mm) 200 x 200 260 x 260 260 x 260 400 x 400 480 x 480 440 x 440
Voxel size (mm) 0.6 x 0.6 x 3.0 0.8 x 0.8 x 3.5 0.8 x 0.8 x 3.5 3.1 x 3.1 x 4.0 1.5 x 1.5 x 4.6 x 3.4 x 6.0
4.0
TR/TE (ms) 8388/100 5576/100 5576/100 5200/72.9 6.1/2.1 10,235/72.1
Flip angle (°) - - - - 12 -
NEX 3 1.5 1.5 0.5 —
b-value - - - b = 50 s/mm? - b = 50 s/mm?
and b = 800 s/mm? and b = 800 s/mm?
Calculated b = 1400 s/
mm
b = 2000 s/mm*
Breathing Free breathing  Free breathing Free breathing Free breathing Breath-hold Respiratory gating for chest and abdominal
management stacks
TA per stack (min, s) 6 min 51 s 1min13s 1 min 07 s 3min 12 s 0.19s 3 min 06 s
Number of stacks 1 1 1 1 3 5
Total TA (min,s) 6 min 51s 1min13s 1 min 07 s 3min 12 s 57s 15min 30 s

Mehralivand et al [23]. Tumor Contact Length (TCL) was also measured
for each lesion. Evaluation of EPE on clinical PSMA-PET/CT was visually
assessed as positive according to maximum standardized uptake values
(SUV max) outside the prostatic gland or at the level of the seminal
vesicle as previously described [24].

Locoregional lymph nodes were considered pathological at MRI if
their short axis was > 8 mm in the pelvic region, > 5 mm in the mes-
orectum (pararectal), and > 10 mm in the retroperitoneal space. At
PSMA-PET/CT, they were considered pathological if there was intense
uptake of lymph nodes (SUVmax > 3) regardless of their small axis
(PSMA-RADS 4) or lymph nodes with intense uptake and a short axis
>10 mm (PSMA-RADS 5) [25]. Locoregional nodes (N) were categorized
into five anatomical regions: internal iliac, external iliac, obturator,
presacral and other pelvic regions. Distant metastatic nodes (M1a) were
classified into four regions: common iliac, retroperitoneal and
supradiaphragmatic.

Bone metastases (M1b) were considered pathological on WB-MRI
according to the MET-RADS-P guidelines if showing low signal in-
tensity on T1 and high signal on DWI images, with a diameter >10 mm
[21]. Six anatomical regions were considered: pelvis, lumbar spine,
dorsal spine, cervical spine, thorax including sternum, scapula and ribs,
and appendicular including both femurs and humerus. Other metastatic
sites (M1c) included liver, lung and adrenal glands. On PSMA-PET/CT,
metastatic sites were considered pathological if there was intense up-
take, superior to the surrounding background (and SUVmax > 3).

For each stage (T, N, M1a, M1b, M1c), a categorical score (presence
of at least one lesion = yes/no corresponding to a score = 1/0) was
assessed. For local staging (T), numerical scores (TO, T1-2, T3a-b and
T4) were reported. The presence/absence of EPE, their grade on MRI
(T3a-b and T4 together) was also assessed. The number of bone metas-
tases (M1b) was assessed using a semi-quantitative score coded on the
following scale: no lesion = score 0, 1 lesion = score 1; 2-4 lesions =
score 2; 5-10 lesions = score 3; and > 10 lesions = score 4.

2.5. Statistical analysis

Summary characteristics of the patient population were reported as
mean values (median values when the data distributions were non-
normal according to the Shapiro-Wilk test) and as proportions, with
their associated 95 % Confidence Interval (CI) given into brackets.

Inter-technique agreement on staging (T, N, M1a, M1b and M1c) and
on the semi-quantitative count of bone metastases (M1b) were assessed
using Gwet’s AC1 agreement coefficient [26]. Strength of agreement

was interpreted as follows: poor: AC1 < 0.20, fair: 0.20 < AC1 < 0.40,
moderate: 0.40 < AC1 < 0.60, good: 0.60 < AC1 < 0.80, very good: AC1
< 0.80.

A 2-sided paired Exact test was used to assess proportion differences
between MRI and PSMA-PET/CT in terms of positive findings in T, N,
M1la, M1b and Mlc. The distribution of differences between MRI and
PSMA-PET/CT regarding the semi-quantitative count of bone metastases
(M1b) was also examined.

Statistical significance was declared at a p-value < 0.05 for all the
above tests. All calculations were performed using Statsdirect software
v3.3.5.

3. Results
3.1. Population

Of the 58 patients eligible for inclusion, 6 were excluded due to
incomplete, missing or poor quality PSMA-PET imaging data (Fig. 1). Of

the 52 patients included, 38 patients presented with newly diagnosed
PCa and 14 patients presented with BCR after RP (3/14), ADT (1/14),

Recruited

patients
n =58

Exclusion
(PSMA-PET imaging data
missing or incomplete)
n==6

A

Total study
population
n=52

R

BCR

n=38 n=14

Fig. 1. Study flow chart. ND = newly diagnosed; BCR = biochem-
ical recurrence.
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radiotherapy (7/14), brachytherapy (3/14). Patient demographics are
shown in Table 2.

3.2. Staging

Staging according to each imaging technique (“All-in-One” WB-MRI
and PSMA-PET/CT) is shown in Table 3. A total of 40/52 patients were
positive for a local lesion (T) according to both techniques (Fig. 2), while
7/52 patients were negative according to both techniques. T staging
results according to fast WB-MRI and PSMA-PET/CT are included in
Table 3. A slightly higher TCL measure was observed with PSMA-PET/
CT compared to MRI (difference = +3.75 mm [+0.50 mm; +7.50
mm], p = 0.016). MRI detected intra-prostatic PCa without any signif-
icant PSMA expression in 5/52 patients (proportion difference = +10 %,
p = 0.063) (Fig. 3) (Table 4).

Twenty-one and fifteen patients had locoregional pathological
lymph nodes, according to PSMA-PET/CT and to WB-MRI, respectively
(proportion difference = +12 %, p = 0.031). There was concordance in
N staging in 15 patients (Fig. 4). PSMA-PET/CT detected 6 additional
patients with pathological loco-regional lymph nodes (Fig. 5) -and 4
additional patients with pathological distant metastatic lymph nodes in
patients with both lymph node and bone metastases. This resulted in
more patients with localized PCa on the “All-in-One” WB-MRI (34 vs 30
patients).

Both imaging techniques detected only three patients with distant
metastatic lymph nodes (M1a), whereas PSMA-PET/CT detected four
more M1a lesions in patients with M1b disease. Both imaging techniques
detected 19 patients with bone metastases and 2 patients with both
visceral and bone metastases (Fig. 6).

3.3. Inter-technique agreement

AC1 agreement coefficients are shown in Table 4. Inter-technique
agreement on the presence or absence (in case of BCR) of PCa in the
prostatic bed was very good (AC1T = 0.86). Agreement on the value of
the local staging was good (AC1™™eri<@l T — 0 75) (Fig. 2). Five TO pa-
tients according to PSMA-PET/CT were assessed as T1-2 (n = 1), T3a-b
(n = 3) and T4 (n = 1) by WB-MRI confirmed by histopathological re-
sults (Fig. 3). Two T1-2 patients according to PSMA-PET/CT were
assessed as T3a-b (n = 1) (Fig. 7) and T4 (n = 1) by WB-MRI. Two T3a-b

Table 2

Patient characteristics. ND, newly diagnosed; BCR, biochemical recurrence;
EBRT, external beam radiation therapy; PSA DT, PSA doubling time; RP, radical
prostatectomy; ISUP, International Society of Urological Pathology; ADT,
androgen deprivation therapy, ARTA: androgen receptor targeted-agents.

Patient characteristics ND (n = 38) BCR (n = 14)

71.4 (61.6-73.4)
11.7 (7.30-40.8)
0.35 (0.18-1.03)
0.40 (0.25-0.70)

Age, median (IQR), years
PSA, mean (IQR), ng/ml
PSA density (IQR), ng/ml
PSADT, mean (IQR), years
Clinical stage

71.8 (64.1—85.3)
11.5 (6.40-23.7)
0.28 (0.16-0.69)
0.47 (0.30-0.70)

cT1 0 2
cT2 7 6
¢T3 22 5
cT4 5 1
ISUP grade

1 0 2
2 0 3
3 4 2
4 8 2
5 22 5
Treatment Treatment post-diagnosis Previous treatment
ADT 10 1
RP 8 3
EBRT + ADT 8 7
Brachytherapy 0 3
ADT + chemotherapy 3 0
ADT + ARTA 5 0
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Table 3

Patient staging with WB-MRI and with PSMA-PET/CT. csPCa, clinically signif-
icant PCa; EPE, Extraprostatic Extension; N1, unilateral regional nodes; N2,
bilateral regional nodes; Mla; distant nodes; M1b, bone metastasis; Mlc,
extraosseous/visceral metastasis; T, tumor

Fast “All-in-One” WB- 58Ga-PSMA-PET/CT

MRI

Patient staging

Local staging

T 87 % (45/52) 77 % (40/52)

Tumor Contact Length 30 mm [20 mm; 36 mm] 35 mm [24 mm; 42
(TCL)* mm]

TO 13 % (7/52) 23 % (12/52)

T1-T2 25 % (13/52) 21 % (11/52)
T3a-b 54 % (28/52) 48 % (25/52)
T4 9.6 % (5/52) 7.7 % (4/52)
EPE (T3a-b + T4) 64 % (33/52) 56 % (29/52)
EPE grade 1 9.0 % (3/34) -

EPE grade 2 50 % (17/34) -

EPE grade 3 41 % (14/34) —

Nodes

N1 21 % (11/52) 25 % (13/52)
N2 7.7 % (4/52) 15 % (8/52)
Distant metastases

Mla 5.7 % (3/52) 5.7 (3/52)
M1b 36 % (19/52) 36 % (19/52)
M1a within M1b 13 % (7/52) 21 % (11/52)
Mlc 3.9 % (2/52) 3.9 % (2/52)

Localized csPCa
Oligometastatic (n < 4)

65 % (34/52)
19 % (10/52)

57 % (30/52)
11 % (6/52)

" A slightly higher TCL measure was observed with PSMA-PET/CT compared
to MRI (difference = +3.75 mm [+0.50 mm; +7.50 mm], p = 0.016).

patients according to PSMA-PET/CT were assessed as T1-2 by WB-MRI.
One T4 patient according to PSMA-PET/CT was assessed as T3a-b by
WB-MRI.

In the subgroup of patients with local staging (T) > TO, the inter-
technique agreement for suspicion of EPE was very good (AC1EFE =
0.83). According to both techniques, 27/40 patients had an EPE and 9/
40 had not. Two patients had EPE according to either WB-MRI only or
PSMA-PET/CT only. There were discrepancies between the two tech-
niques for T3a/T3b/T4 stage assessment in 4 patients, as these stages are
better characterized by MRI due to the lack of clear anatomical delin-
eation of the sphincters (external/vesical), feet of seminal vesicles, and
topography of capsule boundaries on PSMA-PET/CT (Fig. 7).

Inter-technique agreement on N and M1a stages was good (AC1N =
0.79, ACIM!2 = (0.68) while it was very good for M1b and Mlc stages
(ACIM™® = 0.93, ACIM!® = 0.96). The proportion of positive findings
detected by one imaging technique but not the other was in N (0.0 % in
MRI only; 12 % in PSMA-PET/CT only), in M1a (7.7 % in MRI only; 13 %
in PSMA-PET/CT only), in M1b (1.9 % in MRI only, 1.9 % in PSMA-PET/
CT only) and in M1c (1.9 % in MRI only, 1.9 % in PSMA-PET/CT only).

Inter-technique agreement on the semi-quantitative count of bone
metastases (M1b) was very good (AC1Mlb = 0.87). The distribution of
differences in the semi-quantitative score showed the following trends.
Differences in score were at worst equal to 1. A higher score corre-
sponding to a higher number of lesions was observed in 1.9 % (1/52
patients) with MRI (compared to PSMA-PET/CT) and in 9.6 % (5/52
patients) with PSMA-PET/CT (compared to MRI). PSMA-PET/CT
detected 9.6 % of lesions smaller than 5 mm (Fig. 8), while WB-MRI
only detected bone lesions of at least 10 mm [21]. Fewer oligometa-
static patients were detected with PSMA-PET/CT (11 %, 6/52)
compared to MRI (19 %, 10/52).

4. Discussion

The “All-in-One” WB-MRI approach to PCa combines local cancer
assessment with distant node and metastasis screening in a single im-
aging step. In newly diagnosed PCa with a high risk of metastasis/locally
advanced disease, both local and distant staging are required before
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Fig. 2. Concordant local extension according to both the fast “All-in-One” WB-MRI and the ®®Ga-PSMA-PET/CT, in a 65-year-old man with a PSA = 8.2 ng/ml who
had benefited from radical prostatectomy. Panels a-c (fast “All-in-One” WB-MRI) showed a Pi-RADS 5 lesion of 18 mm confined in the left posterolateral, poster-
omedian and anterior apex (arrows) with low signal intensity on T2-weighted images (a), restriction of diffusion on high b-value (b = 2000 s/mm?) (b), and an ADC
= 0.52 x 10%® mm?/s (c). Transverse section of fused ®®Ga-PSMA-PET/CT image showed the same localized lesion (d). Absence of EPE was confirmed on the
prostatectomy specimen (pT2c).

Fig. 3. Discrepancy in local staging between fast “All-in-One” WB-MRI and ®®Ga-PSMA-PET/CT, in a 72-year-old man with a PSA = 4.6 ng/ml with TURP and diffuse
ISUP 5 at histopathology. Panels a-c (fast “All-in-One” WB-MRI) showed a Pi-RADS 5 lesion infiltrating both lobes (arrows) with low signal intensity on axial T2-
weighted images (a), restricted diffusion on high b-value (b = 2000 s/mm?) (b), and an ADC = 0.62 x 10° mm?/s (c). Panel (d) (transverse section of the
fused ®®Ga-PSMA-PET and axial DWI image (b = 2000 s/mm?) were obtained for comparison) showed only excreted urinary activity at the site of TURP cavity
(arrowheads), without any ®3Ga-PSMA uptake of the pathological infiltrating prostate cancer (d).

Table 4

Inter-technique agreement on positive findings and on extracapsular extension. A 2-sided Exact test (at p < 0.05) is used to assess the significance of proportion
differences. T, tumor; exact T, TO, T1-2, T3a-b, T4; N, node; M1a, distant node; M1b, bone metastasis; M1c, extraosseous/visceral metastasis; EPE, extraprostatic
extension.

WB-MRI PET Proportion difference Agreement Discordances
positive findings positive findings AC1 MRI + only PET + only Total
Prostatic lesion 87 % 77 % +10 % [+0.5 %; +20 %] for WB-MRI ~ 0.86 [0.74; 0.99] 9.6 % 0.0 % 9.6 %
(45/52) (40/52) p = 0.063 (5/52) (0/52) (5/52)
T - - - 0.75 [0.62; 0.89] - - -
N 29 % 40 % +12 % [+2.1 %; +21 %] for PET 0.79 [0.62; 0.95] 0.0 % 12% 12%
(15/52) (21/52) p=0.031 0/52) (6/52) (6/52)
Mila 19 % 25 % p = 0.549 0.68 [0.48; 0.87] 7.7 % 13 % 21 %
(10/52) (13/52) (4/52) (7/52) (11/52)
M1b 37 % 37 % p > 0.999 0.93 [0.83; 1.03] 1.9% 1.9% 3.9%
(19/52) (19/52) (1/52) (1/52) (2/52)
Mlc 3.9% 3.9% p > 0.999 0.96 [0.90; 1.02] 1.9% 1.9% 3.9%
(2/52) (2/52) 1/52) 1/52) (2/52)
Subgroup of patients with staging T > TO according to both techniques
EPE (T3a-b + T4) 73 % 73 % p > 0.999 0.83 [0.67; 1.00] 5.0 % 5.0 % 10 %
(29/40) (29/40) (2/40) (2/40) (4/40)
treatment decision. At BCR, evidence and localization help tailor salvage It shortens the diagnostic pathway and reduces radiation exposure
treatments, as the disease may involve the prostate bed, lymph node or associated with older generation bone scintigraphy and CT [27]. While
other metastatic area. Providing local and distant staging in a single PSMA-PET/CT could be preferred when considering surgery in high-risk
imaging session allows a straightforward and comprehensive diagnosis. patients, “All-in-One” WB-MRI is a credible imaging option when the
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Fig. 4. Concordant lymph node staging between fast “All-in-One” WB-MRI and °®Ga-PSMA PET/CT, in a 75-year-old man with high-risk PCa. Panels a-b (fast “All-in-
One” WB-MRI) show coronal WB-MRI T1 Dixon fat only (a), and coronal reformatted DWIBS (b = 1000 s/mm?; inverted grey scale) images showed a left 8 mm
mesorectal lymph node metastasis (arrow) (b). Panels c-d (°8Ga-PSMA-PET/CT) show coronal metabolic PET (c), and coronal reformatted fused PET/CT images

showed the same lymph node metastasis with PSMA expression (arrow) (d).
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Fig. 5. Discrepancy in lymph node staging between fast “All-in-One” WB-MRI and ®®Ga-PSMA-PET/CT, in a 58-year-old man with high-risk PCa. Panels a-b (fast “All-
in-One” WB-MRI) show coronal WB-MRI T1 Dixon Fat only (a), and coronal reformatted DWIBS (b = 1000 s/mmz; inverted grey scale) images showed a retrospective
left 4 mm presacral lymph node that was not considered metastatic due to its small size (arrow) (b). Panels c-d (°®Ga-PSMA-PET/CT) show coronal metabolic PET (),
and coronal reformatted fused PET/CT with a presacral lymph node metastasis with PSMA expression (arrow) (d).

therapeutic approach consists of systemic treatment +/- local/regional
irradiation. MRI can also be used when access to PSMA-PET/CT is
limited or associated with long waiting times.

PSMA-PET/CT and WB-MRI are the current optimal approaches for
staging PCa [28,29]. Mp-MRI is the gold standard for local assessment of
PCa [3]. Previous work has demonstrated the feasibility of combining
local and distant staging of PCa in a single MRI session [6,7]. However,
despite reducing the number of examinations and appointments, this
“All-In-One” approach has not been widely adopted in routine practice
due to the long examination duration. Since then, technical advances
and careful selection of sequences have significantly reduced the
acquisition time. Biparametric prostate MRI allows staging in high-risk
patients without compromising performance [30]. Implementing the

3D Dixon gradient echo technique in breath-hold acquisition within a
WB-MRI examination is a validated alternative to T1 FSE sequences for
detecting skeletal and nodal lesions [21]. It significantly reduces
acquisition time. Here, we combined these two approaches in a single
MRI session.

The first aim of our study was to build a fast “All-in-One" WB-MRI
protocol that could be implemented into daily practice. Our protocol
has a total acquisition time of 29 min 23 s, which is acceptable for the
patient and imaging professionals. Reducing the duration of MRI ex-
aminations by a factor of >2 would allow a greater number of patients to
benefit from this technology, reduce the discomfort associated with the
examination, and make the process more manageable within MRI units
whose schedules are often densely packed with examinations.
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Fig. 6. Concordant evaluation of distant extension between fast “All-in-One” WB-MRI and ®Ga-PSMA-PET/CT in a 63-year-old man with high-risk PCa. Panels a-b
(fast “All-in-One” WB-MRI) show coronal WB-MRI T1 Dixon Fat only (a), and coronal reformatted DWIBS (b = 1000 s/mmz; inverted grey scale) images showed right
lung (arrow) and left ischiopubic bone (arrowhead) metastasis (arrow) (b). Panels c-d (°®Ga-PSMA-PET/CT) show coronal metabolic PET (c), and coronal reformatted
fused PET/CT with the same lung (arrow) and bone metastasis with PSMA expression (arrowhead) (d).

Fig. 7. Discordant local extension between fast “All-in-One” WB-MRI and ®®Ga-PSMA-PET/CT, in a 49 year-old man with a PSA = 32.6 ng/ml who benefited from a
RP. Biparametric MRI based on on axial T2-weighted images (a), and axial DWI (b = 2000 s/ mm?) with an ADC map (c) showed a large Pi-RADS 5 lesion infiltrating
the right and left lobes (arrows), with low Signal Intensity on T2, restricted diffusion and right posterolateral EPE (arrowhead; EPE2; TCL 41 mm) confirmed pT3a at
RP (c). The corresponding transverse section of fused %8Ga-PSMA-PET/CT was not able to detect EPE (d).

The second aim was to compare the diagnostic value of this non-
irradiating fast MRI protocol to that of ®®Ga-PSMA-PET/CT, the cur-
rent gold standard for distant staging. Aside from its diagnostic value for
whole-body staging, °®Ga-PSMA-PET/CT has also emerged as a valuable
strategy for local staging [31]. Of note, one study also suggested a “All-
In-One” whole body staging using ®®Ga-PSMA-11PET/MRI in high-risk
PCa patients [32].

Regarding local assessment, a very good agreement was observed
between both techniques, with however a better detection of the pri-
mary cancer by the fast WB-MRI (+10 %, p = 0.063). These observations
are consistent with a systematic review comparing PSMA/PET-CT and
mp-MRI for the detection of clinically significant PCa [33]. MRI detected
local cancer in five additional patients. Among them, three patients had
previously undergone transurethral resection of the prostate (TURP),
which may have masked prostate lesions due to the presence urine with
high concentration of %8Ga-PSMA [34]. The two other patients showed
no %8Ga-PSMA uptake despite confirmation of clinically significant PCa
on histology specimen. This observation is consistent with the study by

Arslan A et al, who demonstrated superior detection of index lesions on
MRI compared to ®8Ga-PSMA-/PET/CT [35].

Regarding local extension assessment, MRI tended to detect more
EPE compared to PSMA-PET/CT (64 % vs 56 %). The sensitivity of
PSMA-PET/CT to detect seminal vesicles infiltration has been reported
to be only 75 % when compared with the results of pathological analysis
after radical prostatectomy [36]. Our results demonstrating superior
assessment of EPE with MRI are in line with a previous study showing a
performance in terms of Area Under the ROC curve (using pathological
results as reference) of AUC = 0.80 compared to AUC = 0.57 for PSMA-
PET/CT [24]. The lower ability of PSMA-PET/CT to characterize PCa
invasion at the borders of the prostate may be due to high levels of ac-
tivity in the urine near the vesico-urethral junction or in the center of the
prostate after TURP, leading to false-negative results. It is also related to
the lower spatial resolution of PET/CT compared to MRI to correctly
localize the critical anatomical boundaries of the gland (feet of the
seminal vesicles, prostate capsule, external sphincter, rectal wall)
required for a correct T3a-b/T4 staging [34]. Studies using 18-F PSMA-
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Fig. 8. Discordant distant extension between fast “All-in-One” WB-MRI and ®®Ga-PSMA-PET/CT, in a 76-year-old man with high-risk PCa. Coronal WB-MRI T1 Dixon
Fat only (a), and coronal reformatted DWIBS (b = 1000 s/mm?; inverted grayscale) showed vertebral bone lesion and left locoregional lymphnode metastasis (arrow)
(b). Bilateral total hip replacement (*) was responsible for artefacts. °®Ga-PSMA-PET/CT (c), and reformatted fused PET/CT showing one more 5 mm bone lesion of
the right iliac bone not shown on WB-MRI due to total hip replacement (arrowhead) (c).

1007, with better spatial resolution and lower urinary excretion showed
higher detection rate of T3a-T3b [37].

Regarding locoregional metastatic lymph node assessment, PSMA-
PET/CT had a superior performance compared to MRI, with an
increased detection rate of + 12 % of lesions. This observation is
consistent with the results of previous studies and recent meta-analysis
that compared PSMA and mp-MRI in the staging of newly diagnosed PCa
patients [17]. This difference of performance is attributed to the fact that
the detection of metastatic lymph nodes on WB-MRI is based solely on
the measurement of the smallest axis of the lymph node with a threshold
of 8 to 10 mm [38]. In our study, pathological lymph nodes detected by
PSMA-PET/CT, which relies only on the PSMA expression and SUV max
of the lesion, had a size of 5 mm +/- 1.5 mm, which is below the
threshold for positivity on WB-MRI.

Regarding distant staging, both imaging techniques had very similar
value in assessing metastatic disease (M1b and Mlc). This finding is
consistent with our previous publication, which shows no significant
difference in distant staging between the two techniques [38]. Semi-
quantitative assessment (M1b) showed very good agreement between
both techniques, although MRI detected fewer bone metastases, as le-
sions measuring less than 5 mm did not meet the MET-RADS-P inclusion
criteria (10 mm). This discrepancy may affect the overall staging per
patient and, in particular, the classification of oligometastatic patients
using WB-MRI. However, according to the current literature, this does
not affect the clinical management of patients, as there are insufficient
randomized clinical trials comparing WB-MRI and PSMA-PET/CT in this
new therapeutic area [39,40].

This prospective study has limitations, including its monocentric,
retrospective design and small cohort size limiting the statistical power.
However, we did not find any previous study in the literature of
simultaneous “All-in-One” WB-MRI and PSMA-PET/CT. As previously
mentioned, only 8 patients had radical prostatectomy, which did not
allow to perform statistical tests to compare T staging and EPE extension
as evaluated by both imaging modalities.

Of note, another clinical trial evaluating an “All-in-One” WB-MRI
approach is underway with an estimated completion date of August
2026 and a sample size of 400 patients. This new trial will compare the
fast “All-in-One” approach to conventional (BS + CT) imaging (ClinicalT

rials.gov ID: NCT06071195).

PSMA-PET/CT scans were acquired as routine clinical examination,
without an optimized protocol, and read by a nuclear medicine physi-
cian. Further trials should aim to compare WB-MRI with optimized
PSMA-PET/CT examinations, especially for T staging (for example using
a tracer with less urinary excretion, e.g. using 18F-PSMA —1007).

Inter- and intra-reader agreements were not assessed. However, the
PSMA-RADS template is known to be highly reproducible [41]. Inter-
reader agreement of the Pi-RADS lexicon v.2 has been demonstrated
[42]. Excellent inter-reader agreement has also been shown for WB-MRI
[43].

Recent and future technological advances will undoubtedly allow
further acceleration of MRI examinations for the “All-In-One” staging.
For prostate imaging, Bischoff L.M. et al. demonstrated a 36 % decrease
in acquisition time for T2 FSE sequences by using deep-learning recon-
struction of low resolution T2 FSE sequences rather than standard FSE
T2 sequences, while maintaining excellent agreement in Pi-RADS scores
[44]. For WB-MRI, the application of a deep-learning based recon-
struction significantly improved the signal-to-noise ratio and reduced
the acquisition time of DWI sequences by a factor of >2 [45]. Other
recent studies showed the increasing impact of deep-learning techniques
on MR protocol acceleration [46].

5. Conclusion

A non-irradiating fast “All-In-One” WB-MRI protocol for TNM stag-
ing of PCa is feasible in less than 30 min. Compared to PSMA-PET/CT,
this protocol offers native superiority for the anatomical (T) assess-
ment, provides a comparable categorical result for distant (M) staging,
but detects less nodal metastases.

6. Summary Statement

A fast “All-in-One” WB-MRI is feasible in less than 30 min and offers
high diagnostic accuracy for TNM staging of prostate cancer.


http://ClinicalTrials.gov
http://ClinicalTrials.gov
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