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Abstract

Prostate-specific membrane antigen (PSMA) positron emission tomography (PET) computed tomography (CT), and
whole-body magnetic resonance imaging (WB-MRI) are superior to conventional CT and bone scan imaging for
detecting metastatic disease in patients with prostate cancer. While these higher-accuracy imaging methods have
already shown the potential to enhance patient outcomes, a thorough understanding of the relationship between the
treatment landscape and disease volume on conventional imaging, as well as the prognostic significance of the
prostate-specific antigen response, is crucial for determining how they can be more effectively incorporated.
Prospective clinical trials are required to evaluate whether PSMA-PET/CT and WB-MRI can genuinely improve clinically
relevant endpoints for patients through precise treatment adaptations. In this paper, we explore the specific
opportunities of PSMA-PET/CT and WB-MRI as biomarkers in multiple clinical domains, including metastasis detection
and staging, disease characterisation and aggressiveness assessments, biopsy target selection, impacts on treatment
planning, evaluation of therapeutic response, and theranostics. We highlight the central research questions that
require attention.

Key Points

Question Can PSMA-PET/CT and WB-MRI, with their superior ability to detect metastases in prostate cancer, truly improve
patient outcomes?

Findings High-accuracy imaging improves metastasis detection, staging, assessment of disease aggressiveness, and
enables more personalised treatment planning for advanced prostate cancer patients.

Clinical relevance PSMA-PET/CT and WB-MRI have the potential to alter the management of men with advanced prostate
cancer, but prospective clinical trials are needed to confirm benefits for survival or quality of life before recommending
routine use.

Keywords Advanced prostate cancer, Prostate specific membrane antigen positron emission tomography, Whole-
body magnetic resonance imaging, Metastasis

*Correspondence:

Anwar R. Padhani

anwar.padhani@stricklandscanner.org.uk

Full list of author information is available at the end of the article

. © The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
SPrlnger sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s)
— and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material
in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/

licenses/by/4.0/.



Woo et al. European Radiology

Introduction

Advanced prostate cancer (APC) refers to locally
advanced prostate cancer (PCa), metastatic hormone-
sensitive prostate cancer (mHSPC), and metastatic
castration-resistant prostate cancer (mCRPC) [1, 2]. APC
has a range of outcomes, from aggressive pelvic-confined
disease to rapid progression and death from metastases.
In the coming decades, we can expect an increasing reli-
ance on image-based diagnostic, prognostic, predictive,
and response biomarkers to advance patient care. Imaging
biomarkers will be integrated with molecular and clinical
parameters to enhance risk-based diagnoses and inform
therapy selection [3].

Key imaging methods include prostate-specific mem-
brane antigen (PSMA) positron emission tomography
(PET) computed tomography (CT) and whole-body
magnetic resonance imaging (WB-MRI), which demon-
strate superior diagnostic capabilities to detect metastatic
disease compared with conventional imaging (bone scans
(BS), CT, and regional MRI). Comparative studies show
that PSMA-PET/CT outperforms WB-MRI in the detec-
tion of nodal and bone metastases [4—6]. As a result,
PSMA-PET/CT has become an integral part of the stan-
dard of care in several clinical settings, with WB-MRI
playing a supportive role. A thorough understanding of
the relationship between the treatment landscape and
disease volume on conventional imaging, as well as the
prognostic significance of prostate-specific antigen (PSA)
response, is crucial for determining how higher-accuracy
imaging can be effectively incorporated.

In this multidisciplinary collaborative effort by radi-
ologists, nuclear medicine physicians, oncologists, and
urologists with expertise in APC, we explore the specific
opportunities for high-accuracy imaging in cancer
detection and staging, disease characterisation, and
aggressiveness assessments, as well as biopsy target
selection. The impacts on treatment planning, evaluation
of therapeutic response, and theranostics are assessed,
and major research questions that need to be addressed in
future clinical trials are posed.

Management landscape of mHSPC

mHSPC can present in men at the time of diagnosis
(synchronous) or develop in those who have previously
undergone definitive treatment (metachronous) [7].
Generally, patients are classified into low- and high-
volume disease states using CHAARTED criteria on
conventional imaging or LATITUDE criteria that addi-
tionally incorporate the Gleason score [8-10]. Both
emphasise the presence of bone and visceral disease as
adverse prognostic factors [11, 12], with patients with
nodal disease classified as having low volume/risk [4, 5].
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High-volume synchronous metastatic disease has the
poorest prognosis [7]. Endpoints, including radiographic
progression-free survival (rPES), time to development of
castration resistance, and overall survival (OS), are poorer
for higher disease volumes [13].

The management of mHSPC primarily stems from
clinical trials conducted in synchronous settings. Typi-
cally, patients are treated with androgen deprivation
therapy (ADT) and androgen receptor pathway inhibitors
(ARPI) as a doublet. Chemotherapy-fit patients may
benefit from treatment intensification with upfront use of
docetaxel (triplet therapy) when the disease burden is
high. The therapeutic goal of pelvic radiotherapy (curative
or palliative) is also influenced by the volume of meta-
static disease, aiming to improve OS for patients with low-
volume disease and achieve local tumour control for those
with high-volume disease, respectively [14, 15].

Power of PSA for response assessment and
discordance with imaging

Achieving a profound decline in PSA is a critical surrogate
marker of treatment efficacy and long-term prognosis in
mHSPC. Across multiple randomised controlled trials
and real-world data from the International Registry for
Men with Advanced Prostate Cancer IRONMAN), a PSA
nadir of <0.2ng/mL within the first 6-12 months of
systemic therapy has substantial prognostic and predictive
value for OS and rPFS [16, 17]. However, correlative
imaging studies suggest that biochemical responses alone
may not fully capture disease dynamics in men with
suboptimal PSA responses in both mHSPC and mCRPC.

PSMA-PET/CT

A systematic review of 268 mCRPC patients from 10 stu-
dies observed discordance between PSA and PSMA-PET/
CT responses in approximately one-quarter of cases [18].
Both discordant patterns (imaging progression/biochem-
ical response and biochemical progression/imaging
response) were documented across various therapeutic
settings and imaging criteria. More recent studies have
corroborated these findings [19-21]. For instance, in a
prospective study involving 69 mCRPC patients treated
with enzalutamide, PSA kinetics and PSMA-PET/CT
were only concordant in 48% [20].

WB-MRI

Similar discordances have been described between WB-
MRI and PSA responses, especially in mCRPC. For
instance, in a retrospective study evaluating WB-MRI in
patients with mHSPC and mCRPC undergoing doublet
treatment, all mHSPC patients who achieved a PSA level
of <0.2ng/mL exhibited no imaging progression [22].
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However, non-response or progression was detected in
33.3% of patients who did not achieve a PSA level of
<0.2ng/mL for mHSPC and in 54.5% of those who did
not have a > 50% decrease in PSA levels for mCRPC. WB-
MRI depicted disease progression with a suboptimal PSA
response had a higher risk of death (hazard ratio, 8.6).
Likewise, in a prospective study of mCRPC patients on
Olaparib, changes in circulating tumour cell dynamics
more strongly correlated with WB-MRI tumour burden
than serum PSA [23].

While the clinical implications of discordances between
PSA and PSMA-PET/CT or WB-MRI require further
investigation, earlier imaging identification of non-
responders may assist in avoiding unnecessary toxicity
and costs associated with ineffective therapies, allowing
for timely transition to alternative treatment strategies
when available.

Biases and the need for clinical trials to assess the
clinical impact of high-accuracy imaging

In comparison to conventional imaging, PSMA-PET/CT
and WB-MRI enhance both sensitivity and specificity for
detecting metastatic disease and assessing suboptimal
treatment responses. However, potential biases can create
dilemmas in treatment initiations and selections, which
include [3, 24-26]:

(1) Stage and risk migration. High-accuracy imaging
can detect cancer at earlier stages than
conventional imaging, leading to earlier treatment
exposure for some patients. The reclassification of
patients into different groups (e.g., from non-
metastatic to metastatic or low-volume to high-
volume disease) can inflate group survival rates
without an actual improvement of individuals in
each group, a phenomenon known as the “Will
Rogers effect”.

(2) Lead-time bias. High-accuracy imaging can identify
the presence of disease or progression earlier than
conventional imaging. If earlier therapy initiation
for a lower volume of detected disease yields no
additional therapeutic benefit, the apparent
extended period of survival is spurious, leading to
a false impression of improved effectiveness.

(3) Length-time bias. High-accuracy imaging can
detect slower-growing cancers more effectively
than conventional imaging. This can result in
apparent longer group survival durations due to
the over-detection and over-treatment of lower-risk
disease.

To mitigate biases, rigorous methodological approaches
are necessary in clinical settings for specific clinical
scenarios.
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Opportunities for PSMA-PET/CT and WB-MRI

The opportunities of PSMA-PET/CT and WB-MRI as
biomarkers for metastasis detection and staging, disease
characterisation, and aggressiveness assessment, as well as
biopsy target selection, are highlighted below. While there
is no question regarding improved disease detection and
staging, it is unclear whether the prognosis of patients
whose bone metastases are detected solely through high-
accuracy imaging is the same as that of those identified
using conventional imaging (i.e., in the absence of tumour
engagement with the bone matrix) [25]. We also need to
remember that because nodal disease is considered low-
volume in the CHAARTED definition [8], the clinical
impacts of improved nodal disease detection on systemic
therapy and pelvic radiotherapy are uncertain. The clin-
ical benefits of therapy changes due to oligoprogession,
shown by high-accuracy imaging, also remain unknown
[27]. This highlights the need for prospective clinical
studies with surrogate endpoints that demonstrate clinical
benefit. In addition, while preliminary studies on cost-
effectiveness have demonstrated feasibility, in-depth eco-
nomic analysis and feasibility of implementing PSMA-
PET/CT and WB-MRI with consideration of resource
availability and allocation, need further investigation
[28-30]. Comparative features of the imaging modalities
and central research questions in these clinical domains
are highlighted in Tables 1 and 2. Example methodolo-
gical clinical trials are also highlighted in Table 2.

Disease detection and staging

PSMA-PET/CT

PSMA-PET/CT has greater accuracy in detecting meta-
static disease than BS-CT. In patients with high-risk PCa,
the ProPSMA trial demonstrated that PSMA-PET/CT
had higher sensitivity (85% versus 38%) and specificity
(98% versus 91%) for detecting pelvic nodal and distant
metastases [31]. The improved accuracy of PSMA-PET/
CT not only leads to upstaging/up-risking (due to higher
sensitivity) but also to downstaging/down-risking (due to
higher specificity) (Fig. 1). For example, 57% of positive
bone scans were false positives when compared with
PSMA-PET at initial staging [32]. Unterrainer et al [33]
evaluated 67 patients with mHSPC who had at least M1a
disease on conventional imaging. They noted that 24% of
patients with M1 disease had only local (NO) or pelvis-
confined (N1) disease on PSMA-PET/CT, with risk
assessment changes occurring in 42% (24% down-risked
and 18% up-risked).

WB-MRI

Lecouvet et al [34] demonstrated in patients with high-
risk PCa that WB-MRI has higher sensitivity than BS-CT
(98-100% versus 86%) for detecting bone metastases and
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Table 1 Specific features for imaging modalities as biomarkers in advanced prostate cancer clinical domains
Imaging Key features Biomarker type Guideline recommendation
modality/

clinical domain

Disease detection and staging

PSMA-PET

WB-MRI

BS

- Has superior accuracy, sensitivity, and - Diagnostic.

specificity for detecting metastases (lymph - Prognostic (predicting biochemical
nodes, bone, distant). recurrence-free survival).
- Redefines “detectable” metastatic disease

from anatomical to molecular staging.

Identifying microscopic metastatic disease

that is not visible on conventional imaging

potentially upstages and up-risks patients.

- Has high interobserver agreement.

- High diagnostic performance for - Diagnostic.

detecting and monitoring metastatic bone - Prognostic (providing quantitative
disease and soft tissue deposits. Generally, insights into tumour biology, e.g., ADC
poorer disease detection compared to and rFF, related to BCR-free survival).
PSMA-PET, particularly for nodal disease.

- Has higher sensitivity and specificity than

BS and CT for bone metastases.

- In a one-step approach, it can improve

T-staging and detect nodal/distant

metastases.

- Can be used to clarify potential false-

positive bone lesions seen on PSMA-PET.

May need to be combined with chest CT

to screen for lung deposits

- Is cost-effective and widely available for - Diagnostic (though with high

total body examination. propensity to false-positive uptake).
- Detects areas of active bone formation,

particularly around metastases where

osteoblastic activity is prominent.

- Can detect lesions not visible on CT in

some cases.

- NCCN and EAU guidelines recommend its
use for initial staging of intermediate- and
high-risk prostate cancer, instead of BS-CT.
- ASCO imaging guidelines recommend, as a
second step after BS-CT, only when negative
or equivocal, or for low-volume disease, if
prognosis or management is altered. PSMA-
PET or WB-MRI are not recommended when
BS-CT scans are definitive regarding the
presence of high-volume or widespread M1
disease. This recommendation is generally
consistent with AUA/ASTRO guidelines as
well.

- EAU highlights the potential for metastatic
screening in high-risk prostate cancer.

- ASCO imaging guidelines recommend, as a
second step after Cl, when the result is
negative or equivocal, or for low-volume
disease, if the prognosis or management is
altered. They clearly state that if BS-CT scans
are definitive regarding the presence of
high-volume or widespread M1 disease,
there is no compelling indication for PSMA-
PET or WB-MRI.

- ESMO recommends staging intermediate-
and high-risk disease using conventional MRI
or CT, along with a bone scan (BS).

- Guidelines acknowledge increased
diagnostic performance. Not yet included in
the main guidelines due to a lack of Level I-lll
evidence for widespread adoption.

- Is the current standard for evaluating
osseous metastatic disease in intermediate-
and high-risk prostate cancer according to
EAU guidelines.

- It is often used in combination with CT for
metastatic screening of intermediate and
high-risk patients.

- ASCO imaging recommends its use as a
conventional imaging option for all patients
with APC.

- It is recommended by EAU for metastatic
screening if PSMA-PET/CT is not available.
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Imaging
modality/
clinical domain

Key features

Biomarker type

Guideline recommendation

cT

- Requires substantial cortical destruction/
remodelling for visibility.

- Is useful for assessing questionable bone
scan findings by demonstrating benign
conditions (e.g., trauma, degenerative
changes) that result in false-positive
appearances on bone scan.

- Is mainly used for evaluating chest or
abdominopelvic lymph-node metastasis.

- Low-dose whole-body CT as part of PET
evaluations can help classify patients and
potentially eliminate the need for multiple
imaging sessions and high-cost scans for
high-burden disease.

Disease characterisation

PSMA-PET

WB-MRI

BS

- Provides crucial functional and metabolic
information about tumours.

- Higher SUVmax correlates with aggressive
disease and less favourable biochemical
recurrence-free survival.

- Can indicate cancer's aggressiveness and
likelihood to spread.

- Helps identify active bone metastases
suitable for CT-guided biopsy

- Offers quantitative insights into tumour
biology, especially with ADC and rFF
mapping.

- Has high specificity for the presence of
active bone disease using multiparametric
features like hyperintensity on high b-value
DWI, low ADC and rFF values.

- Helps identify active bone metastases
suitable for CT-guided biopsy

- Assesses reactive osteoblastic uptake, but
does not directly evaluate malignant bone
disease or pure lytic metastases.

- Has limitations for direct evaluation of
malignant bone disease without a soft
tissue component.

- CT-guided biopsy is used to obtain tissue
for next-generation genomic sequencing
and molecular analysis.

- Multiple CT scan features can be used to
define aggressive prostate cancer variants.

- Diagnostic (though with limitations for
bone metastases and micrometastases,
as cortical destruction is needed for
visibility).

- Prognostic.
- Diagnostic (for identifying active
lesions and guiding biopsy).

- Prognostic.
- Diagnostic (for identifying active
lesions and guiding biopsy).

- Limited for aggressiveness assessment.

- Diagnostic (limited for aggressiveness
assessment).

- Is recommended by EAU for cross-sectional
abdominopelvic imaging for metastatic
screening.

- Is often used in combination with BS.

- ASCO recommends CT as a conventional
imaging option for all patients with APC.

- Is not specified for aggressiveness
assessment.

- Is not specified for aggressiveness
assessment.

- Is not specified for aggressiveness
assessment.

- Is not specified for aggressiveness
assessment.
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Imaging Key features
modality/

clinical domain

Biomarker type

Guideline recommendation

Impacting treatment management
PSMA-PET - Enables personalised treatment planning
by providing precise information about the
tumour location and extent.
- Is instrumental in guiding the selection of
patients for PSMA-RLT. Low or absent
PSMA uptake in known metastatic sites
suggests that the patient may not benefit
from PSMA-targeted RLT.
- Refines radiation treatments by
improving target identification and dose
management, and allowing for dose
escalation to disease not visible with
conventional imaging.
- Informs the development and updating
of pelvic lymph node contouring
guidelines.
- Can guide highly focused therapies, such
as stereotactic body radiation therapy
(SBRT), to specific regions (metastasis-
directed therapy).
WB-MRI - Enables guiding MDT in oligometastatic
PCa.
- Provides detailed anatomical and
functional information, allowing for a more
personalised approach to prostate cancer
management.
- Can help confirm bone metastatic disease
by excluding PSMA false-positive lesions.
BS - Primary tumour radiotherapy treatment
decisions are often based on conventional
imaging findings, which include BS.
- Disease volume on BS-CT is used to
inform the systemic anticancer therapy
approach.
cT - Primary tumour radiotherapy treatment
decisions are often based on conventional
imaging findings, which include CT.
- Disease volume on BS-CT is used to
inform the systemic anticancer therapy
approach.
- Is often used as part of PSMA PET/CT for
anatomical correlation. Contrast-enhanced
CT or MRI may be done before RLT to
detect PSMA-negative disease and
consider its extent.

- Diagnostic (for guiding therapy
choice).

- Prognostic (higher volume of PSMA-
expressing disease confers worse
survival)

- Predictive (higher PSMA SUVmean
predictive for RLT response and patient
selection).

- Diagnostic (for guiding therapy).
- Predictive (for MDT).

- Prognostic.
- Predictive.

- Diagnostic (provides anatomical
context for theranostics).

- Prognostic

- Predictive.

- ASCO advises considering the imaging
modality to guide treatment or change
clinical treatment decisions.

- PSMA PET is used for patient selection for
PSMA-Radioligand Therapy (PSMA-RLT).

- Is not specified for treatment planning.

- NCCN and EAU guidelines recommend
conventional imaging with BS-CT to guide
prostate radiotherapy in addition to systemic
therapy.

- NCCN and EAU guidelines recommend
conventional imaging with BS-CT to guide
prostate radiotherapy in addition to systemic
therapy.
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Imaging Key features
modality/

clinical domain

Biomarker type

Guideline recommendation

Disease monitoring and response assessment
PSMA-PET - Can determine if the disease is regressing,
stable, or progressing, allowing timely
identification of treatment failure.
- PPP (for limited disease/mHSPC) and RECIP
(for advanced disease/mCRPC) were
developed to standardise the interpretation
of responses. PROMISEV2 framework
proposes standardised parameters for
longitudinal reporting of PSMA-PET using
PPP, RECIP and tumour volume assessments
- Can indicate treatment success or
emerging resistant disease before clinical or
biochemical failure becomes obvious.
WB-MRI - Objective measures, such as relative T1-
weighted MRI signal intensity and rFF, correlate
with survival and biochemical progression.
- Allows for the objective measurement of
nodal, visceral, and skeletal bone metastases, as
well as their response to therapy.
- Multiparametric assessments encompassing
diffusion signal intensity, ADC values and rFF is
needed for successful response interpretations.
BS - Historically used to assess progression
only, but has significant limitations,
including low specificity, inability to
evaluate soft tissue or pure lytic lesions,
and the flare phenomenon (mimicking
progression due to healing).
- PCWGS3 criteria are reproducible, easy to
apply, and account for the flare response.
cT - Requires substantial changes in bone
density to distinguish between
osteoblastic healing and osteoblastic
progression after treatment.

- Response.
- Prognostic.

- Response.

- Prognostic (an increase in tumour fat
is a powerful prognostic factor for a
longer response.

- MET-RADS-P response assessment
categories correlate with the risk of
death.

- Response (limited utility for bones
only).
- Prognostic.

- Response (limited utility for bone).
- Prognostic.

- ASCO guideline notes that advanced
imaging, such as PSMA-PET or WB-MRI, may
play a role if performed at baseline,
facilitating comparison of subsequent
imaging findings and assessing the extent of
progression.

- PSMA PET/CT: joint EANM guideline/
SNMMI procedure standard suggests the
potential for response monitoring, including
PSMA-targeted RLT.

- ASCO guideline notes that advanced
imaging, such as PSMA-PET or WB-MRI, may
play a role if performed at baseline,
facilitating comparison of subsequent
imaging findings and assessing the extent of
progression.

- PCWG3 criteria for determining progression
require identifying at least two new lesions
on the first assessment following a baseline
scan and at least two further new lesions on
a subsequent confirmatory scan.

- APCCC and ASCO imaging guidelines
suggest that conventional imaging should
be used at PSA progression in mHSPC.
Regular imaging is advised for mCRPC.

- For soft tissue (nodal and visceral) disease,
PCWGS3 criteria incorporate RECIST 1.1
criteria for assessing response.

- There are no CT scan-specific criteria for
assessing bone treatment response.

- According to RECIST 1.1, bone lesions are
considered non-measurable disease.

ADC apparent diffusion coefficient, APCCC Advanced Prostate Cancer Consensus Conference, ASCO American Society of Clinical Oncology, ASTRO American Society for
Radiation Oncology, AUA American Urology Association, BCR biochemical recurrence, BS bone scan, C/ conventional imaging, CT computed tomography, DW/
diffusion-weighted imaging, EAU European Association of Urology, ESMO European Society of Medical Oncology, MET-RADS-P METastasis Reporting and Data System
for Prostate Cancer, NCCN National Comprehensive Cancer Network, PCa prostate cancer, PCWG3 Prostate Cancer Clinical Trials Working Group 3, PET positron
emission tomography, PPP PSMA PET progression, PROMISE prostate cancer molecular imaging standardised evaluation, PSMA prostate-specific membrane antigen,
RECIST response evaluation criteria in solid tumours, rFF relative fat fraction, RLT radioligand therapy, RECIP response evaluation criteria in PSMA PET/CT, SUVmax
maximum standardised uptake value, WB-MRI whole-body magnetic resonance imaging
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similar sensitivity to CT (77-82% for both) for detecting
metastatic nodes. A comparative study between PSMA-
PET and WB-MRI showed that while the capability for
detecting distant metastasis was similar, WB-MRI had a
slightly inferior ability to detect nodal metastases [35].
WB-MRI also alters the risk burden of men with mHSPC,
primarily related to the higher detection of bone-only
metastases. In more than 200 age-matched patients,
Hassan et al [36] noted that WB-MRI risk classification
was more effective than BS-CT for predicting overall
survival in men with mHSPC. The tumour burden
depicted on WB-MRI was also found to be prognostic in
mCRPC [37, 38].

Disease characterisation

Identifying biopsy targets for molecular analysis

Rebiopsy and genomic analysis are recommended for
patients exhibiting intrinsic or acquired resistance to
guide treatment and inform potential trial involvement.
For patients with metastatic PCa, bone biopsies are often
the only source for molecular analysis of actionable
mutations. Successful tissue sampling can aid in identi-
fying mutations that inform personalised treatments [39].

PSMA-PET/CT

Several studies have demonstrated that PSMA-PET/CT-
informed bone biopsy results in high success rates for
molecular analysis, ranging from 66% to 70% [40, 41].
High maximum standardised uptake values (SUVmax) at
PSMA-PET and low Hounsfield Units (HUs) at CT are
strong predictors of success. In a study of 69 patients who
underwent PSMA-PET/CT, samples suitable for whole-
genome sequencing had a median SUVmax of 20.9 and a
HU of 786 [41]. Donners et al [42] also noted that HU
affected histological yields, with a 610 HU threshold
having a positive predictive value of 89% for tumour-
positive biopsies and a 370 HU threshold for successful
next-generation sequencing.

WB-MRI

Similarly, a prospective study of 20 patients using multi-
parametric WB-MRI assessments found that 85% of
samples were positive for bone metastasis; 72% were
suitable for genomic sequencing [43]. Using biopsy yields
in 43 patients evaluated on WB-MRI, the combination of
hyperintensity on high b-value diffusion-weighted images
(DWI), apparent diffusion coefficient (ADC) values <
1100 pm2/s, and a relative fat fraction (rFF) of <20%
based on the T1-weighted Dixon technique had a PPV of
93% [44]. Another report on 10 patients with mCRPC
showed that combining multiparametric PSMA-PET/CT
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and WB-DWT had success rates of 90% for positive biopsy
and 80% for successful molecular analysis [45].

Characterising aggressive disease variants

While ARPIs are the backbone of mHSPC treatment,
20-25% of patients do not experience durable responses
beyond 2 years [46—48]. Aggressive histologic and clinical
phenotypes can emerge, which are less dependent on
androgen receptor signalling, including neuroendocrine,
small cell, and aggressive variant adenocarcinomas
(Fig. 2). Multiple molecular events (e.g., PTEN deletion,
RB1 loss, and p53 deficiency; intrinsic or as a result of
effective androgen receptor blockade) can contribute to
lineage plasticity, resulting in the appearance of
treatment-emergent aggressive variants [49]. Conven-
tional imaging features can suggest the presence of
aggressive variants, such as the presence of bulky meta-
static disease, predominant lytic bone metastases, and
very low PSA levels when associated with a high tumour
volume [50]. The role of WB-MRI or PSMA-PET/CT for
identifying and assessing the therapy response of aggres-
sive disease variants is not well established. WB-MRI can
be effective because it evaluates tissue cellularity and bone
marrow replacement. On the other hand, early studies
indicate that aggressive variants may downregulate PSMA
expression [51] and upregulate glycolytic metabolic
activity, enabling [18 F]-fluorodeoxyglucose (FDG)-PET
to serve as a prognostic biomarker [52]. Furthermore, an
integrated assessment using multiple PET radioligands
(e.g., upfront FDG-/PSMA-PET followed by DOTA-
TATE-PET) may provide prognostic information to assist
in decision-making [53].

Impacting treatment management

The higher accuracy of PSMA-PET/CT is refining
radiotherapy (RT) planning at initial staging, for salvage
and metastasis-directed radiotherapy [54].

Metastasis-directed therapy for oligometastatic disease

The ability to accurately identify small lesions can guide
highly focused therapies, such as stereotactic body
radiation therapy, thereby minimising collateral damage
to healthy tissues. Oligometastatic disease represents an
intermediate state in which targeted local therapy can be
beneficial [55]. Both PSMA-PET/CT and WB-MRI are
used for patient selection and to guide metastasis-directed
treatments (MDT) in patients who typically have five or
fewer metastatic sites of disease [55]. MDT has demon-
strated favourable disease-free survival and OS, particu-
larly for patients with low-volume bone disease in the
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Table 2 High-accuracy imaging, key research questions, and clinical trials in advanced prostate cancer

Major research questions

Clinical trials

Disease detection and staging

- How does disease volume depicted on PSMA-PET or WB-MRI relate to
disease volume seen on conventional imaging?

- How can the disease burden on PSMA-PET or WB-MRI be optimally
applied to clinical practice or trials?

- How can false positives on PSMA-PET be more reliably differentiated
from actual metastatic disease to avoid over-interpretation and
unnecessary interventions?

- What are the optimal imaging protocols and interpretation criteria for
PSMA-PET and WB-MRI to maximise diagnostic accuracy and minimise
inter-reader variability for nodal and distant metastases?

- What is the long-term impact of PSMA-PET guided initial staging for
metastatic disease on patient outcomes, including metastasis-free survival
and quality of life?

- How can the low detection sensitivity for identifying small lymph node
metastases be incorporated into multivariable risk calculators for specific
patient subgroups in de-escalation strategies aimed at avoiding pelvic
lymph node dissection?

- What are the optimal complementary roles of PSMA-PET and WB-MRI in
initial staging, particularly for detecting pelvic nodal and distant
metastases?

- How can the suboptimal capability of WB-MRI for assessing lung
metastases be improved?

- How can Al improve image quality, lesion detection, segmentation, and
lesion tracking in PSMA-PET/CT and WB-MRI?

- Can nanoparticle-MRI using ultrasmall superparamagnetic iron oxide
contrast agent be used to improve nodal staging of WB-MRI?

Disease characterisation

- How can quantitative imaging biomarkers from PSMA-PET and WB-MRI
be better integrated with molecular biomarkers to characterise tumour
aggressiveness and heterogeneity in patients with mHSPC more
accurately?

- How can combined imaging and molecular insights predict treatment
response and long-term outcomes more effectively?

- What are the optimal thresholds or imaging patterns on PSMA-PET and
WB-MRI that reliably differentiate patients likely to have a more indolent
from an aggressive disease course?

Impacting treatment management

- How effectively does PSMA-PET and WB-MRI-guided treatment
intensification in mHSPC lead to improved long-term patient outcomes
compared to conventional imaging-guided approaches?

- How can advanced imaging be integrated into adaptive radiotherapy
planning to account for tumour changes in nodal and metastatic sites
during treatment, and what is the clinical benefit of such adaptive
strategies?

- How can PSMA-PET serve as a predictive biomarker for the efficacy of
PSMA-targeted RLT, and what are the optimal patient selection criteria
based on imaging characteristics to maximise therapeutic benefits?

- The AVIDITY study will assess the clinical utility of PSMA-PET/CT in staging
patients with newly diagnosed high-risk PCa compared to conventional
imaging [99]. The primary endpoint, MFS after three years, aims to
demonstrate whether PSMA-PET-guided staging leads to improved clinical
outcomes.

- The STAR-TRAP trial will evaluate the role of PSMA-PET and WB-MRI-
directed MDT in men with oligometastatic disease at biochemical failure or
after initiation of systemic therapy for polymetastatic disease, provided
they have a good but incomplete response [100]. This research aims to
determine the value of PSMA-PET and WB-MRI for radiotherapy
consolidation and the treatment of early disease recurrence.

- The PATRON (NCT04557501) trial compares conventional imaging with
PSMA-PET-guided treatment intensification (radiotherapy or surgery) in
patients with high-risk, untreated PCa or biochemically recurrent PCa,
aiming to provide Level 1 evidence on whether PSMA-PET-guided
management improves 5-year failure-free survival [101].

- The DECREASE trial will compare darolutamide only versus darolutamide
+ local consolidation radiotherapy to PSMA+ sites in patients with
conventional imaging-defined non-metastatic (M0) CRPC.

- The NCI-2023-00612 (NCT05683964) Phase 2 trial is investigating whether
a short course of standard ADT induces a PSMA “flare” phenomenon,
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Major research questions

Clinical trials

- What is the role of PSMA-PET in guiding systemic therapy selection and
sequencing for identifying patients who might benefit from PSMA-
targeted therapies?

- What imaging response criteria for PSMA-PET predict clinical outcomes
in patients undergoing RLT?

- How does the greater sensitivity of PSMA-PET, when used to monitor
RLT, improve long-term patient outcomes compared to using
conventional imaging alone?

- In what ways can brief administration of standard androgen receptor
antagonists and the associated PSMA “flare” phenomenon be utilised to
augment PSMA expression, thereby improving the efficacy of PSMA-
targeted radioligand therapy?

- How can WB-MRI play an additional role, especially when there is
disagreement between PSMA-PET and PSA, or when evaluating for the
potential development of non-PSMA-avid disease?

Disease monitoring and response assessment

- How do you distinguish between actual disease progression and
therapy-induced “flare phenomena” on PSMA-PET scans, given that
systemic therapies may alter PSMA expression?

- What are the optimal response criteria for PSMA-PET and WB-MRI that
reliably predict clinical outcomes in metastatic prostate cancer? What level
of change in PSMA or WB-MRI biomarkers best predicts clinical benefit?
- What are the optimal timings for PSMA-PET and WB-MRI in metastatic
treatment response settings versus PSA, and do these differ between
mHSPC and mCRPC?

- Does the earlier detection of biochemical recurrence or treatment failure
using PSMA-PET or WB-MRI and treatment switching lead to improved
long-term outcomes?

- What are the roles of serial PSMA-PET and WB-MRI assessments for
monitoring suboptimal response, disease progression, and for earlier
treatment switching? Do earlier therapy changes lead to clinically
meaningful patient outcomes?

potentially providing a new approach to enhance PSMA expression for
more effective PSMA-targeted RLT [102]. It also examines the effectiveness
of PSMA PET/CT-guided para-aortic radiation therapy combined with
short-term androgen suppression therapy for oligorecurrent disease.

- Several randomised phase 2/3 trials are exploring whether combining
various types of systemic therapies (ADT +/— ARPI) with MDT to
oligometastatic disease or progression identified on PSMA-PET. Examples
include the ADOPT trial (MDT + ADT versus ADT) [103], the PROMETHEAN
trial (MDT + ADT versus MDT) [104], the VA STARPORT trial

(MDT + ADT +/— ARPI versus ADT +/— ARPI) [105], and the PERSIAN trial
(MDT + ADT + ARPI versus ADT + ARPI) [106]. These trials will assess
several outcomes such as OS, rPFS, MFS, and QoL.

- Phase 3 trials, such as UpFrontPSMA [107] and PSMAddition [108], are
examining its use in patients with PSMA-positive mHSPC, comparing
outcomes like rPFS and OS between those receiving PSMA-targeted RLT
plus standard of care and those receiving standard of care alone.

- The Phase 3 STAMPEDE? trial (NCT06320067, ISRCTN66357938) includes
an embedded imaging sub-study that will evaluate treatment response
after PSMA-targeted RLT, using paired PSMA-PET and WB-MRI, with
endpoints of rPFS and OS.

- The ADRRAD trial investigates the correlation between WB-MRI-based T1-
weighted signal intensity changes and clinical outcomes, such as survival
[109].

- The PSMAtrack trial evaluates the efficacy of serial PSMA-PET/CT scans in
monitoring treatment responses and identifying correlations between
residual PSMA-avid disease and biomarkers, such as PSA [110].

- The PEACE-6 study examines PSMA-PET-guided treatments, comparing
standard continuous androgen blockade with intermittent blockade in
patients who are deep PSA responders without employing PSMA-PET in
assessments [111]. However, it also explores the intensification of therapy
with PSMA-targeted RLT for patients who are poor responders to standard
therapies.

ADC apparent diffusion coefficient, ADT androgen deprivation therapy, ARPI androgen receptor pathway inhibitor, BCR biochemical recurrence, CRPC castration-
resistant prostate cancer, FDG fluorodeoxyglucose, MDT metastasis-directed therapy, MET-RADS-P METastasis Reporting and Data System for Prostate Cancer, MFS
metastasis-free survival, mHSPC metastatic hormone-sensitive prostate cancer, OS overall survival, PCa prostate cancer, PET positron emission tomography, PPP PSMA
PET progression, PSA prostate-specific antigen, PSMA prostate-specific membrane antigen, PSMA-TV PSMA-derived tumour volume, QoL quality of life, rFF relative fat
fraction, RLT radioligand therapy, RECIP Response Evaluation Criteria in PSMA PET/CT, rPFS radiographic progression-free survival, SUVmax maximum standardised
uptake value, TL-PSMA total lesion PSMA, WB-MRI whole-body magnetic resonance imaging

metachronous mHSPC setting, especially when informed
by PSMA-PET/CT [56-58].

The PEACE V-STORM study showed that the MDT
approach may not be equally applicable to oligo-
metachronous PET-detected nodal recurrences. In this
Phase 2 randomised study comparing MDT and regional

radiotherapy, metastasis-free survival was better with
regional radiotherapy, presumably because microscopic
metastatic disease is not seen [59]. This result is consistent
with the findings of the POP-RT study, which also noted that
pelvic node radiotherapy cannot be omitted based solely on
negative PSMA-PET/CT results, given the low node
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Fig. 1 Improved sensitivity of PSMA-PET/CT leading to upstaging. An 81-year-old man with Grade Group 4 prostate cancer previously treated with
radiotherapy and now with biochemical recurrence (PSA 4.9 ng/mL). A Maximum-intensity projection (inverted grey scale) image of PSMA-PET shows
PSMA-expressing retroperitoneal, mediastinal, and left supraclavicular lymph nodes (arrows). On axial images, fused PET/CT (middle) and CT (right)
images show that these nodes are not enlarged (B, C left supraclavicular; D, E mediastinal; F, G left paraaortic), demonstrating upstaging from MO (on CT)

to M1a (on PSMA-PET/CT)

detection sensitivity of 58% (95% confidence interval,
50-66%) [60, 61]. The role of MDT for oligoresidual disease
and oligoprogressive disease is under investigation (Table 2).

Optimising radiotherapy fields and surgical approaches
MRI-guided focal boost radiotherapy involves delivering a
higher dose of radiation to specific areas of the prostate,
identified as tumours on MRI This treatment improves
treatment outcomes, such as biochemical disease-free
survival, and potentially reduces the risk of recurrence,
without significantly increasing side effects [62].
PSMA-PET/CT can play a significant role in refining
radiotherapy by enhancing target identification and dose
escalation to the disease that may not have been visible
with conventional imaging [63]. The long-term treatment
outcomes of PSMA-PET/CT-guided radiotherapy plans
are currently under investigation (Table 2). Although
WB-MRI using diffusion-weighted sequences is excellent
for depicting the location of all lymph nodes, its use for
radiotherapy planning has not been explored due to its
poor sensitivity for detecting involved nodes.
PSMA-radioguided surgery may also assist surgeons
in identifying involved lymph nodes in patients

undergoing extended pelvic lymph node dissection and
for sentinel lymph node sampling [64, 65]. However,
further follow-up data are needed to assess the impact of
PSMA-radioguided surgery on long-term oncological
outcomes.

PSMA-theranostics

PSMA-targeted radioligand therapy (RLT) specifically
targets PSMA expressed on the surface of malignant cells.
PSMA-PET imaging plays a pivotal role in identifying
suitable candidates for treatment by enabling the visuali-
sation of PSMA expression in disease sites. The prog-
nostic and predictive value of baseline PSMA-PET
imaging with PSMA-targeted RLT is being established
[66—68]. Patients with metastases demonstrating a higher
degree of PSMA expression are considered to have a
greater likelihood of benefiting from PSMA-targeted RLT
[69]. The predictive ability of PSMA uptake was not
shown for the combined use of ARPI and RLT [70]. The
European Association of Nuclear Medicine (EANM) and
Society of Nuclear Medicine and Molecular Imaging
(SNMMI) have published procedure guidelines for the use
of PSMA-targeted RLT, encompassing eligibility criteria,



Woo et al. European Radiology

Page 12 of 19

Fig. 2 WB-MRI (inverted b-900 maximum-intensity projection images) demonstrating the emergence of an aggressive clinical phenotype after targeted
therapy. A A 65-year-old man with synchronous polymetastatic locally advanced prostate cancer (Grade Group 5 with PSA 8.3 ng/mL, T3bNTM1aM1b).
The primary prostate tumour, nodal metastases, and bone metastases are annotated with blue, purple, and yellow arrows, respectively. B, C After an
initial response to androgen deprivation therapy and docetaxel (Response Assessment Category (RAC) 1, PSA 0.1 ng/mL), progression occurred 9 months
after initiation of systemic therapy (RAC 5, PSA 9.3 ng/mL). D Four months after subsequent treatment with an androgen receptor pathway inhibitor,
rapid progression was noted (RAC 5, PSA 83.3 ng/mL) with widespread disease involving nodes, bones, and the liver (red arrow). Note: Response
Assessment Categories (RACs) on WB-MRI grade metastatic disease: RAC 1-2 indicates the extent of likely response, RAC 3 is stable disease (active or
inactive), and RAC 4-5 indicates the extent of likely progression. These are assessed using morphology and DWI (including ADC values) for bone and soft
tissue, compared against a baseline or nadir scan, consistent with RECIST v1.1 principles

patient selection, the treatment process, and follow-up
[71]. While PSMA-PET is valuable in its own right, evi-
dence suggests that combining FDG-PET with PSMA-
PET, although not mandatory, may enhance patient
selection and better predict treatment outcomes com-
pared to using PSMA-PET alone by excluding patients
who have discordant PSMA-negative and FDG-positive
disease [71, 72]. Readers should note that PSMA-targeted
RLT is currently approved based on PSMA-PET positivity
alone [73-76].

Disease monitoring and response assessments

Evaluating the treatment response of PCa patients with
metastatic bone disease is challenging. BS-CT report on the
interactions of marrow disease with mineralised bone, pri-
marily through osteolytic and osteosclerotic mechanisms,
which may not reliably indicate treatment efficacy [77].
Apparent worsening of BS-CT (“flare reactions”) is fre-
quently observed when patients respond clinically [78]. On
the contrary, clinical deterioration not observed with BS-CT
is also common [79]. Furthermore, BS/CT progression
without PSA progression has also been repeatedly

demonstrated in mHSPC with ADT alone and combined
with enzalutamide and apalutamide treatments [46, 47, 80].
These findings support the NCCN v1.2025 guideline for
periodic imaging to monitor treatment of mHSPC, which
currently does not endorse the use of PET imaging in this
context. However, both PSMA-PET/CT and WB-MRI can
overcome these limitations because the tumour response
within the marrow space is directly depicted [23, 81].

PSMA-PET

PSMA-PET response assessment criteria, such as PSMA
PET Progression (PPP) and Response Evaluation Criteria
in PSMA PET/CT (RECIP), were developed to standardise
interpretations of responses to RLT [82, 83]. Progression
using the PSMA PET-specific criteria after PSMA-
targeted RLT has been significantly associated with
shorter overall survival (OS) [84, 85]. The RECIP frame-
work employed an evidence-based approach that con-
siders changes in total tumour volume (TTV). RECIP 1.0
categorises scans into response assessment categories
based on changes in PSMA-positive TTV and the
appearance of new lesions. RECIP 1.0 has prognostic
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value for OS and exhibits excellent interreader agreement
for both visual and quantitative assessments [86]. It was
initially developed for late-stage mCRPC but has been
successfully used in mHSPC for monitoring ARPI use
[87]. The Prostate Cancer molecular imaging standardised
evaluation (PROMISE) v2 framework proposes standar-
dised parameters for longitudinal reporting of PSMA-PET
using PPP, RECIP, and tumour volume assessments [88].

Tumour response assessments after ADT or ARPI may
pose a specific challenge for PSMA-PET. Suppression of
androgen receptor signalling can increase PSMA expres-
sion (“flare phenomenon”) even as the tumour responds,
especially in mCPRC [89]. On the other hand, this can
also cause a decrease in PSMA expression [90]. Such
modulations in PSMA expression can make it difficult to
interpret changes in PSMA uptake reliably, and further
studies are needed to clarify the role of PSMA-PET in this
context. There is emerging data on PSMA-PET for
monitoring chemotherapy response [91]. The optimal
timing for end-of-treatment versus interim imaging
remains under investigation, and clear guidelines for
timing have yet to be established. Data on PSMA-PET as a
response biomarker for other systemic therapies (e.g.,
PARP inhibitors, Radium-223) are limited, with early
studies suggesting a potential role [92], but further
investigations are required.

WB-MRI

Multiparametric tumour response assessments using WB-
MRI potentially offer more precise differentiation of bone
metastasis response with a lesser susceptibility to flare
responses compared to those using PSMA-PET. Multiple
WB-MRI studies have reported that changes in tumour
volume, ADC values, and rFF% are associated with clinical
response [44, 45]. These parameters are incorporated into
the METastasis Reporting and Data System for Prostate
Cancer (MET-RADS-P) [93]. Garcia-Ruiz et al [94] eval-
uated quantitative WB-MRI biomarkers for their ability to
predict bone disease progression in patients with meta-
static PCa treated mainly with ARPL. An increase in
tumour fat was the most powerful prognostic factor for a
more extended response. Interestingly, changes in ADC
values were not predictors of survival benefits. In addition,
response assessment categories (RACs) - which include
multiparametric assessments of morphological findings,
ADC, and rFF% were predictive of treatment benefits in a
secondary analysis [22].

A prospective study of 109 patients with mHSPC
receiving enzalutamide reported a high bone response rate,
with 80% achieving complete/partial responses (RAC 1-2)
at 6-12 months [95]. PSA responses were consistent with
MRI in 78.5% of cases (Cohen’s k of 0.324). Critically, lower
RAC scores correlated with a lower risk of death, with a
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hazard ratio of 0.15. The interrater agreement for RAC
scoring for bone disease is substantial to excellent [96].

RECIP and MET-RADS-P represent distinct frame-
works for assessing treatment response, distinguished by
their underlying principles and practical requirements.
RECIP quantitatively assesses changes in TTV against a
baseline scan and is sensitive for tracking only PSMA-
positive disease; however, as noted above, its reliance on
measuring the therapeutic target itself makes it vulnerable
to therapy-induced biomarker modulation and potentially
blind to PSMA-negative resistance. In contrast, the
therapy-agnostic MET-RADS-P framework assesses the
downstream biological effects of treatments, such as
changes in tumour cellularity (ADC) and marrow com-
position, comparing against either baseline or nadir scans
to robustly detect actual cell death and repair mechanisms
regardless of the treatment mechanism. This fundamental
difference extends to their implementation: RECIP’s
volumetric analysis may need specialist software for
clinical trials (although visual assessments may be equally
effective for clinical practice [86]. MET-RADS-P uses
standard radiological tools, making it highly accessible
and practical for routine clinical practice. While both
assessment methods are superior to conventional ima-
ging, there is a lack of comparative analysis between
PSMA-PET and WB-MRI [84, 97].

Conclusion

The increasing availability of PSMA-PET/CT and WB-MRI
has undeniably transformed the detection and character-
isation of APC. While these tools offer detailed biomarker
information, their potential to fundamentally alter the dis-
ease course and improve long-term patient outcomes
via treatment adaptations remains unproven. While their
strong rule-in ability for identifying new disease sites makes
therapy escalations generally safer, radiologists and clinicians
must exercise caution with therapy de-escalations, given
their moderate rule-out capability [98]. The availability of
treatments for micrometastatic disease detected by PSMA-
PET/CT and WB-MRI may not inherently translate into an
altered clinical risk-to-benefit ratio for all patients, under-
scoring the urgent need for robust studies that integrate
imaging with therapeutic interventions. Furthermore, the
common discordance between clinical assessments, PSA
measurements, and BS-CT in accurately depicting bone
disease progression highlights a critical need for vigilance
and regular, protocol-based response assessments. Both
PSMA-PET/CT and WB-MRI offer a more accurate
reflection of treatment-induced changes, encompassing both
response and progression, with their respective response
criteria currently undergoing validation and demonstrating
prognostic value (Table 3). Prospective clinical trials will be
required to evaluate whether higher accuracy imaging can



Woo et al. European Radiology

Page 14 of 19

Table 3 ESUR statements on the use of PSMA-PET and WB-MRI in advanced prostate cancer

Clinical Domain

Statements

Disease detection and staging

Disease characterisation

Impacting treatment management

Disease monitoring and response
assessment

Initial staging:

- PSMA-PET preferred and recommended for newly diagnosed high-risk and locally advanced prostate
cancer to detect metastatic disease, often as a front-line tool, with conventional imaging not always a
prerequisite.

- All-in-one prostate and WB-MRI enhances staging accuracy and risk stratification compared to
conventional imaging.

Detection of locoregional and distant metastases:

- PSMA-PET consistently demonstrates superior sensitivity and specificity compared to conventional
imaging for detecting both nodal and distant metastatic lesions. PSMA-PET outperforms WB-MRI in distant
staging accuracy.

- WB-MRI is highly effective for detecting metastatic disease, particularly bone metastases, often
outperforming bone scintigraphy and identifying higher rates of bone-only, high-volume, high-risk, and de
novo metastatic disease compared to conventional imaging.

Enhanced tumour characterisation:

- PSMA-PET provides detailed tumour assessments of metastatic sites, with various PET parameters
correlating with disease aggressiveness and outcomes such as progression-free and overall survival.

- WB-MRI provides multiparametric quantitative insights with high specificity for the presence of active
disease and genomic characterisation.

Supporting advanced radiotherapeutic approaches:

- The diagnostic precision afforded by both PSMA-PET and WB-MRI enables advanced therapeutic
approaches, including metastasis-directed therapy for patients with oligometastatic disease.
Metastasis-directed therapy:

- The ability to accurately identify small, previously undetected lesions on conventional imaging with
PSMA-PET/CT can guide highly focused therapies, such as stereotactic body radiation therapy, to specific
regions of concern.

- PSMA-PET is indispensable for guiding MDT in patients with oligometastatic prostate cancer, which can
lead to favourable disease-free and overall survival outcomes, particularly for bone disease in
metachronous settings.

Optimising radiotherapy and surgical approaches:

- PSMA-PET plays a significant role in refining radiation prescriptions by improving target identification and
dose management for nodal and metastatic sites, enabling “precision radiotherapy” and dose escalations.
PSMA-PET findings have informed the development of guidelines for pelvic lymph node contouring.

- The detailed anatomical and functional information from PSMA-PET, with or without prostate MRI (for
dominant tumour location), allows for a more personalised approach to local prostate cancer
management.

- Imaging findings from PSMA-PET have been shown to lead to changes in management (including
treatment intent, modality, or delivery) in a significant proportion of patients.

Theranostics patient selection:

- PSMA-PET is used for patient selection for PSMA-targeted radioligand therapy, as it can visualise PSMA-
positive lesions.

Before deciding on radioligand therapy, contrast-enhanced CT, WB-MRI or FDG-PET can be considered to
detect the presence and extent of PSMA-negative disease.

Detection of biochemical recurrence or failure:

- PSMA-PET excels in detecting the location of BCR after primary curative treatment, even at low PSA levels,
outperforming conventional imaging methods. MRI is also practical for detecting local recurrent cancer
after primary therapy.

- WB-MRI is less effective for detecting nodal disease recurrence.
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Clinical Domain Statements

Monitoring treatment response:

- PSMA-PET and WB-MRI are promising for tracking disease progression in suboptimal PSA responders in

mHSPC and evaluating treatment response in mCRPC, where PSA response assessment becomes less

reliable.

- WB-MRI provides quantitative insights into tumour and host responses to effective therapies, especially in

bone metastases (better than bone scan and CT).

- PSMA-PET can be utilised to assess the response to RLT, indicating whether the therapy suppresses viable

tumours or if resistant disease is emerging before clinical or biochemical failure becomes apparent.

BCR biochemical recurrence, CT computed tomography, FDG fluorodeoxyglucose, MDT metastasis-directed therapy, MRI magnetic resonance imaging, PCa prostate
cancer, PET positron emission tomography, PPP PSMA PET progression, PSA prostate-specific antigen, PSMA prostate-specific membrane antigen, PSMA-TV PSMA-
derived tumour volume, RLT radioligand therapy, RECIP response evaluation criteria in PSMA PET/CT, TL-PSMA total lesion PSMA, WB-MRI whole-body magnetic

resonance imaging

genuinely improve clinically relevant endpoints for patients
through precise treatment adaptations.

Abbreviations

ADC Apparent diffusion coefficient

ADT Androgen deprivation therapy

APC Advanced prostate cancer

ARPI Androgen receptor pathway inhibitor
ASCO American Society of Clinical Oncology

BS-CT Bone scan and computed tomography

cT Computed tomography

DWI Diffusion-weighted imaging

EANM European Association of Nuclear Medicine
EAU European Association of Urology

HU Hounsfield Units

mCRPC Metastatic castration-resistant prostate cancer
MDT Metastasis-directed treatment

MET-RADS- METastasis Reporting and Data System for Prostate Cancer
P

mHSPC Metastatic hormone-sensitive prostate cancer
NCCN National Comprehensive Cancer Network

oS Overall survival

PCa Prostate cancer

PCWG 3 Prostate Cancer Working Group 3

PET Positron emission tomography

PPP PSMA PET Progression

PROMISE  Prostate Cancer Molecular Imaging Standardized Evaluation
PSA Prostate-specific antigen

PSMA Prostate-specific membrane antigen

RAC Response assessment category

RECIP Response Evaluation Criteria in PSMA PET/CT
RECIST Response Evaluation Criteria in Solid Tumours

rFF Relative fat fraction

rPFS Radiographic progression-free survival

SNMMI Society of Nuclear Medicine and Molecular Imaging
SUVmax Maximum standardised uptake value

v Total tumour volume
WB-MRI Whole-body magnetic resonance imaging

Acknowledgements
Open access to this paper was made possible via the donations raised by the
Paul Strickland Scanner Centre charity.

Funding
The authors state that this work has not received any funding.

Compliance with ethical standards

Guarantor
The scientific guarantor of this publication is Anwar R. Padhani.

Conflict of interest

1.G.S. is co-chair of the PI-RADS steering committee, a full panel member of the
European Association of Urology PCa guidelines. T.P. is funded in part by the
Berlin Institute of Health (BIH) and receives funding from Berlin Institute of
Health (Advanced Clinician Scientist Grant, Platform Grant), Ministry of
Education and Research (BMBF, 01KX2021 (RACOON), 01KX2121 ("NUM 2.0",
RACOON), 68GX21001A, 01222315D), German Research Foundation (DFG, SFB
1340/2), European Union (H2020, CHAIMELEON: 952172, DIGITAL,
EUCAIM:101100633). T.P. also declares relationships with the following
companies: research agreements (no personal payments) with AGO, Aprea AB,
ARCAGY-GINECO, Astellas Pharma Global Inc. (APGD), Astra Zeneca, Clovis
Oncology, Inc, Holaira, Incyte Corporation, Karyopharm, Lion Biotechnologies,
Inc,, Medimmune, Merck Sharp & Dohme Corp, Millennium Pharmaceuticals,
Inc,, Morphotec Inc., NovoCure Ltd,, PharmaMar S.A. and PharmaMar USA, Inc,,
Roche, Siemens Healthineers, and TESARO Inc, fees for a book translation
(Elsevier B.V.), fees for speaking engagements (Bayer Healthcare). JW. reports
grants/contracts from Exact Imaging; and personal/consulting and/or advisory
fees/honoraria from A3P, AAA/Novartis, ANNA/C-TRUS, Astellas Pharma
Europe, AstraZeneca, Bayer, Blue Earth Diagnostics, BXTA, Curium US LLC,
Intuitive Surgical, Ipsen, Janssen Cilag EAME, Lightpoint Medical, Lucida, Telix,
and Veracyte Inc. M.E. reports research funding from Blue Earth Diagnostics
and Bayer, patent application for rhPSMA; consulting fees from Blue Earth
Diagnostics, Novartis/Advanced Accelerator Applications, Telix
Pharmaceuticals, Bayer, RayzeBio, Point Biopharma, and Janssen
Pharmaceuticals; payment or honoraria for lectures, presentations, speakers
bureaus, manuscript writing, or educational events from Novartis/Advanced
Accelerator Applications, Janssen Pharmaceuticals, Blue Earth Diagnostics,
Bayer, and Eckert & Ziegler; fees for image review for Parexel and Bioclinica;
payment for expert testimony from Blue Earth Diagnostics, Novartis, Telix
Pharmaceuticals, and Bayer; support for attending meetings and/or travel from
Blue Earth Diagnostics; participation on a data and safety monitoring board or
advisory board for Blue Earth Diagnostics, Novartis, Telix Pharmaceuticals, and
Bayer; and leadership or fiduciary role for the European Association of Nuclear
Medicine. W.P.F. reports fees from SOFIE Bioscience (research funding), Janssen
(consultant and speaker), Perceptive (consultant and image review), Bayer
(consultant, speaker, and research funding), Novartis (speaker and consultant),
Telix (speaker), GE Healthcare (speaker and consultant), Eczacibasi Monrol
(speaker), Abx (speaker), Amgen (speaker), Urotrials (speaker), and Lilly
(consultant). S.G. received personal honoraria for participation in advisory
boards for Sanofi, Orion, Roche, Amgen, and MSD; received other honoraria
from RSI (Televisione Svizzera ltaliana); is an invited speaker for ESMO, Swiss
group for Clinical Cancer Research (SAKK), Swiss Academy of Multidisciplinary
oncology (SAMO), Orikata academy research group, and the China Anti-Cancer



Woo et al. European Radiology

Association Genitourinary Oncology Committee (CACA-GU); is a member of
the Speaker’s bureau for Janssen Cilag; received a travel grant from
ProteoMEdiX; received institutional honoraria for advisory boards for Bayer,
Janssen Cilag, Roche, AAA International including Indipendent Data
Monitoring Committee and IDMC and Steering Committee member for
Amgen, Menarini Silicon Biosystems, Astellas Pharma, Tolero Pharmaceutcials,
MSD, Pfizer, Telixpharma, BMS, and Orion; received patent royalties and other
intellectual property for a research method for biomarker W0O2009138392.
RP.L. declares research funding by AstraZeneca and Roche; she participates in
the steering committee of a clinical trial sponsored by Roche. F.L. is a
consultant, has received a research grant, and is on the speakers’ bureau of GE
HealthCare. T.D.B. received speaker fees from Bayer. AR.P. declares stock
options in Lucida Medical. Research agreements with Lucida Medical and
Siemens Healthineers. The other authors of this manuscript declare no
relationships with any companies, whose products or services may be related
to the subject matter of the article.

Statistics and biometry
No complex statistical methods were necessary for this paper.

Informed consent
Not applicable.

Ethical approval
Not applicable.

Study subjects or cohorts overlap
Not applicable.

Methodology
« Not applicable

Author details

'Department of Radiology, NYU Grossman School of Medicine, NYU Langone
Health, New York, NY, USA. 2Diparﬂmen‘[o Diagnostica per Immagini e
Radioterapia Oncologica, Fondazione Policlinico Universitario A. Gemelli IRCCS,
Rome, Italy. *Dipartimento Universitario di Scienze Radiologiche ed
Ematologiche, Universita Cattolica del Sacro Cuore, Rome, ltaly. “Department
of Radiology, Royal Marsden NHS Foundation Trust, London, UK. “Department
of Radiological Sciences, Oncology and Pathology, Sapienza University of
Rome, Rome, Italy. ®Department of Experimental Medicine, Sapienza University
of Rome, Rome, Italy. "Department of Radiology, Oncologic Imaging, Hospital
Clinico Universitario de Santiago de Compostela, Santiago de Compostela,
Spain. ®Department of Radiology, The Netherlands Cancer Institute,
Amsterdam, The Netherlands. “Department of Radiology and Nuclear
Medicine, Erasmus University Medical Center, Rotterdam, The Netherlands.
'%Division of Radiology, IEO European Institute of Oncology, IRCCS, Milan, Italy.
""Department of Oncology and Hemato-Oncology, University of Milan, Milan,
Italy. "”Department of Radiology, Mount Vernon Cancer Centre, Paul Strickland
Scanner Centre, Northwood, UK. "’Department of Radiology, Charité
Universitdtsmedizin Berlin, Berlin, Germany. “Berlin Institute of Health, Berlin,
Germany. "*Department of Radiology, The First Affiliated Hospital of Nanjing
Medical University, Nanjing, Jiangsu, China. '®Department of Urology, Institut
Paoli-Calmettes Cancer Centre, Marseille, France. ”Departmem of Nuclear
Medicine, Klinikum Rechts Der Isar, Technical University of Munich, Munich,
Germany. "®Department of Nuclear Medicine, University of Duisburg-Essen,
Essen, Germany. "“German Cancer Consortium (DKTK) University Hospital
Essen, Essen, Germany. “°Oncology Institute of Southern Switzerland, Ente
Ospedaliero Cantonale, Bellinzona, Switzerland. 2'Faculty of Biosciences
Universita della Svizzera Italiana, Lugano, Switzerland. ?’Radiomics Group, Vall
d'Hebron Institute of Oncology, Barcelona, Spain. **Department of Medical
Imaging, Institut de Recherche Expérimentale et Clinique, Institut du Cancer
Roi Albert II, Cliniques Universitaires Saint-Luc, Université Catholique de
Louvain, Brussels, Belgium. **Department of Radiology, Charing Cross Hospital,
Imperial College Health Care NHS Trust, London, UK.

Received: 30 June 2025 Revised: 17 September 2025 Accepted: 20
September 2025

Page 16 of 19

Published online: 05 November 2025

References

1.

Tilki D, van den Bergh RCN, Briers E, Van den Broeck T, Brunckhorst O,
Darraugh J (2024) EAU-EANM-ESTRO-ESUR-ISUP-SIOG Guidelines on
Prostate Cancer. Part [1-2024 Update: treatment of relapsing and
metastatic prostate cancer. Eur Urol 86:164-182

Cornford P, van den Bergh RCN, Briers E, Van den Broeck T, Brunckhorst
O, Darraugh J (2024) EAU-EANM-ESTRO-ESUR-ISUP-SIOG Guidelines on
Prostate Cancer-2024 Update. Part I Screening, diagnosis, and local
treatment with curative intent. Eur Urol 86:148-163

Padhani AR, Schoots IG (2023) Imaging-based diagnostic and ther-
apeutic strategies for prostate cancer in the coming decades. Radiology
307:€222990

Anttinen M, Ettala O, Malaspina S, Jambor |, Sandell M, Kajander S (2021)
A prospective comparison of (18)F-prostate-specific membrane
antigen-1007 positron emission tomography computed tomography,
whole-body 1.5 T magnetic resonance imaging with diffusion-weighted
imaging, and single-photon emission computed tomography/com-
puted tomography with traditional imaging in primary distant metas-
tasis staging of prostate cancer (PROSTAGE). Eur Urol Oncol 4:635-644
Van Damme J, Tombal B, Collette L, Van Nieuwenhove S, Pasoglou V,
Gérard T (2021) Comparison of 68Ga-prostate specific membrane
antigen (PSMA) positron emission tomography computed tomography
(PET-CT) and whole-body magnetic resonance imaging (WB-MRI) with
diffusion sequences (DWI) in the staging of advanced prostate cancer.
Cancers (Basel) 13:5286

Fang AM, Gregg JR, Pettaway C, Ma J, Szklaruk J, Bathala TK (2025)
Whole-body MRI for staging prostate cancer: a narrative review. BJU Int
135:13-21

Halabi S, Guo SS, Roy A, Rydzewska L, Godolphin P, Hussain MH (2023)
The relationship between a priori defined prognostic risk groups and
overall survival (OS) in men with metastatic hormone sensitive prostate
cancer (mHSPQ). J Clin Oncol 41:5073

Kyriakopoulos CE, Chen YH, Carducci MA, Liu G, Jarrard DF, Hahn NM
(2018) Chemohormonal therapy in metastatic hormone-sensitive pros-
tate cancer: long-term survival analysis of the randomized phase I
E3805 CHAARTED trial. J Clin Oncol 36:1080-1087

Clarke NW, Ali A, Ingleby FC, Hoyle A, Amos CL, Attard G (2019) Addition
of docetaxel to hormonal therapy in low- and high-burden metastatic
hormone sensitive prostate cancer: long-term survival results from the
STAMPEDE trial. Ann Oncol 30:1992-2003

Fizazi K, Tran N, Fein L, Matsubara N, Rodriguez-Antolin A, Alekseev BY
(2017) Abiraterone plus prednisone in metastatic, castration-sensitive
prostate cancer. N Engl J Med 377:352-360

Gandaglia G, Karakiewicz PI, Briganti A, Passoni NM, Schiffmann J, Tru-
deau V (2015) Impact of the site of metastases on survival in patients
with metastatic prostate cancer. Eur Urol 68:325-334

Halabi S, Kelly WK, Ma H, Zhou H, Solomon NC, Fizazi K (2016) Meta-
analysis evaluating the impact of site of metastasis on overall survival in
men with castration-resistant prostate cancer. J Clin  Oncol
34:1652-1659

Wenzel M, Wagner N, Hoeh B, Siech C, Koll F, Cano Garcia C (2024)
Survival of patients with lymph node versus bone versus visceral
metastases according to CHAARTED/LATITUDE criteria in the era of
intensified combination therapies for metastatic hormone-sensitive
prostate cancer. Prostate 84:1320-1328

Parker CC, James ND, Brawley CD, Clarke NW, Hoyle AP, Ali A (2018)
Radiotherapy to the primary tumour for newly diagnosed, metastatic
prostate cancer (STAMPEDE): a randomised controlled phase 3 trial.
Lancet 392:2353-2366

Burdett S, Boevé LM, Ingleby FC, Fisher DJ, Rydzewska LH, Vale CL
(2019) Prostate radiotherapy for metastatic hormone-sensitive prostate
cancer: a STOPCAP systematic review and meta-analysis. Eur Urol
76:115-124

Miszczyk M, Fazekas T, Rajwa P, Matsukawa A, Tsuboi I, Leapman MS
(2025) Prostate-specific antigen response as a prognostic factor for
overall survival in patients with prostate cancer treated with androgen



Woo et al. European Radiology

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

receptor pathway inhibitors: a systematic review and meta-analysis. Eur
Urol Focus S2405-4569:00075-00076

McManus HD, Howard L, Crowell KA, Hyslop T, Autio KA, Rathkopf D
(2025) Relationship between undetectable PSA nadir and outcomes for
patients with metastatic hormone-sensitive prostate cancer (mHSPC) in
IRONMAN, the International Registry for Men with Advanced Prostate
Cancer. J Clin Oncol 43:65

Han S, Woo S, Kim VI, Lee JL, Wibmer AG, Schoder H (2021) Con-
cordance between response assessment using prostate-specific mem-
brane antigen PET and serum prostate-specific antigen levels after
systemic treatment in patients with metastatic castration resistant
prostate cancer: a systematic review and meta-analysis. Diagnostics
(Basel) 11:663

Kleiburg F, de Geus-Oei LF, Luelmo SaC, Spijkerman R, Goeman JJ,
Toonen FaJ (2024) PSMA PET/CT for treatment response evaluation at
predefined time points is superior to PSA response for predicting sur-
vival in metastatic castration-resistant prostate cancer patients. Eur J
Radiol 181:111774

Giunta EF, Caroli P, Scarpi E, Altavilla A, Rossetti V, Marini | (2024) Cor-
relation of [68GalGa-PSMA PET/CT response and PSA decline in first-line
enzalutamide for metastatic castration-resistant prostate cancer
patients. Eur J Nucl Med Mol Imaging 52:326-334

Esen B, Seymen H, Tarim K, Koseoglu E, Bolukbasi Y, Falay O (2023)
Diagnostic performance of 68Ga-PSMA-11 positron emission tomo-
graphy/computed tomography to monitor treatment response in
patients with metastatic prostate cancer: the concordance between
biochemical response and prostate-specific membrane antigen results.
Eur Urol Focus 9:832-837

Van Damme J, Tombal B, Michoux N, Van Nieuwenhove S, Pasoglou V,
Triqueneaux P (2024) Value of whole-body magnetic resonance ima-
ging using the MET-RADS-P criteria for assessing the response to
intensified androgen deprivation therapy in metastatic hormone-naive
and  castration-resistant  prostate  cancer. Eur  Urol  Oncol
8:689-69952588-931100238-4

Perez-Lopez R, Mateo J, Mossop H, Blackledge MD, Collins DJ, Rata M
(2017) Diffusion-weighted imaging as a treatment response biomarker
for evaluating bone metastases in prostate cancer: a pilot study. Radi-
ology 283:168-177

Vapiwala N, Hofman MS, Murphy DG, Williams S, Sweeney C (2019)
Strategies for evaluation of novel imaging in prostate cancer: putting
the horse back before the cart. J Clin Oncol 37:765-769

Sundahl N, Gillessen S, Sweeney C, Ost P (2021) When what you see is
not always what you get: raising the bar of evidence for new diagnostic
imaging modalities. Eur Urol 79:565-567

Connor MJ, Winkler M, Ahmed HU (2020) Survival in oligometastatic
prostate cancer-a new dawn or the Will Rogers phenomenon?. JAMA
Oncol 6:185-186

Han S, Woo S, Kim YJ, Suh CH (2018) Impact of 68Ga-PSMA PET on the
management of patients with prostate cancer: a systematic review and
meta-analysis. Eur Urol 74:179-190

de Feria Cardet RE, Hofman MS, Segard T, Yim J, Williams S, Francis RJ
(2021) Is prostate-specific membrane antigen positron emission
tomography/computed tomography imaging cost-effective in prostate
cancer: an analysis informed by the proPSMA Trial. Eur Urol 79:413-418
Holzgreve A, Unterrainer M, Calais J, Adams T, Oprea-Lager DE, Goffin K
(2023) Is PSMA PET/CT cost-effective for the primary staging in prostate
cancer? First results for European countries and the USA based on the
proPSMA trial. Eur J Nucl Med Mol Imaging 50:3750-3754

Lecouvet FE, Geukens D, Stainier A, Jamar F, Jamart J, d'Othée BJ (2007)
Magnetic resonance imaging of the axial skeleton for detecting bone
metastases in patients with high-risk prostate cancer: diagnostic and
cost-effectiveness and comparison with current detection strategies. J
Clin Oncol 25:3281-3287

Hofman MS, Lawrentschuk N, Francis RJ, Tang C, Vela |, Thomas P (2020)
Prostate-specific membrane antigen PET-CT in patients with high-risk
prostate cancer before curative-intent surgery or radiotherapy
(proPSMA): a  prospective, randomised, multicentre study. Lancet
395:1208-1216

Hope TA, Benz M, Jiang F, Thompson D, Barbato F, Juarez R (2023) Do
bone scans overstage disease compared with PSMA PET at Initial

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Page 17 of 19

Staging? An international multicenter retrospective study with masked
independent readers. J Nucl Med 64:1744-1747

Unterrainer LM, Hope TA, Fendler WP, Grogan T, Ndlovu H, Armstrong
W (2025) Low- and high-volume disease in metastatic hormone-
sensitive prostate cancer: from CHAARTED to PSMA PET-an international
multicenter retrospective study. J Nucl Med 66:54-60

Lecouvet FE, EI Mouedden J, Collette L, Coche E, Danse E, Jamar F
(2012) Can whole-body magnetic resonance imaging with diffusion-
weighted imaging replace Tc 99m bone scanning and computed
tomography for single-step detection of metastases in patients with
high-risk prostate cancer?. Eur Urol 62:68-75

Nieuwenhove SV, Lhommel R, Pasoglou V, Damme JV, Michoux N, Tri-
queneaux P (2025) Fast (< 30 min) “All-in-One” whole-body MRI for TNM
staging in high-risk prostate cancer (PCa): feasibility and comparison to
68Ga-prostate specific membrane antigen (PSMA)-PET/CT. Eur J Radiol
186:112033

Hassan MA, Anpalakhan S, Campione M, Maniam A, Atsumi N, Acharige
S (2025) Magnetic resonance or computed tomography and bone scan
for staging metastatic hormone-sensitive prostate cancer. Clin Med
Insights Oncol 19: 11795549251335166

Yoshida S, Takahara T, Ishii C, Arita Y, Waseda VY, Kijima T (2020)
METastasis reporting and data system for prostate cancer as a prog-
nostic imaging marker in castration-resistant prostate cancer. Clin
Genitourin Cancer 18:¢391-e396

Yamamoto S, Yoshida S, Ishii C, Takahara T, Arita Y, Fukushima H (2021)
Metastatic diffusion volume based on apparent diffusion coefficient as a
prognostic factor in castration-resistant prostate cancer. J Magn Reson
Imaging 54:401-408

Abida W, Armenia J, Gopalan A, Brennan R, Walsh M, Barron D (2017)
Prospective genomic profiling of prostate cancer across disease states
reveals germline and somatic alterations that may affect clinical deci-
sion making. JCO Precis Oncol 2017:P0.17.00029

Smits M, Ekici K, Pamidimarri Naga S, van Oort IM, Sedelaar MJP,
Schalken JA (2020) Prior PSMA PET-CT imaging and Hounsfield unit
impact on tumor yield and success of molecular analyses from bone
biopsies in metastatic prostate cancer. Cancers (Basel) 12:3756

de Jong AC, Smits M, van Riet J, Futterer JJ, Brabander T, Hamberg P (2020)
68Ga-PSMA-guided bone biopsies for molecular diagnostics in patients
with metastatic prostate cancer. J Nucl Med 61:1607-1614

Donners R, Fotiadis N, Figueiredo |, Blackledge M, Westaby D, Guo C
(2022) Optimising CT-guided biopsies of sclerotic bone lesions in cancer
patients. Eur Radiol 32:6820-6829

Donners R, Figueiredo I, Tunariu N, Blackledge M, Koh DM, de la Maza M,
de LDF (2022) Multiparametric bone MRI can improve CT-guided bone
biopsy target selection in cancer patients and increase diagnostic yield
and feasibility of next-generation tumour sequencing. Eur Radiol
32:4647-4656

Donners R, Figueiredo I, Westaby D, Koh DM, Tunariu N, Carreira S (2023)
Multiparametric bone MRI targeting aides lesion selection for CT-guided
sclerotic bone biopsies in metastatic castrate resistant prostate cancer.
Cancer Imaging 23:121

van Steenbergen TRF, Smits M, Scheenen TWJ, van Oort IM, Nagarajah J,
Rovers MM (2020) 68Ga-PSMA-PET/CT and diffusion MRI targeting for
cone-beam CT-guided bone biopsies of castration-resistant prostate
cancer patients. Cardiovasc Intervent Radiol 43:147-154

Armstrong AJ, Szmulewitz RZ, Petrylak DP, Holzbeierlein J, Villers A, Azad
A (2019) ARCHES: a randomized, phase Il study of androgen deprivation
therapy with enzalutamide or placebo in men with metastatic
hormone-sensitive prostate cancer. J Clin Oncol 37:2974-2986
Sweeney CJ, Martin AJ, Stockler MR, Begbie S, Cheung L, Chi KN (2023)
Testosterone suppression plus enzalutamide versus testosterone sup-
pression plus standard antiandrogen therapy for metastatic hormone-
sensitive prostate cancer (ENZAMET): an international, open-label, ran-
domised, phase 3 trial. Lancet Oncol 24:323-334

Chi KN, Agarwal N, Bjartell A, Chung BH, Pereira de Santana Gomes AJ,
Given R (2019) Apalutamide for metastatic, castration-sensitive prostate
cancer. N Engl J Med 381:13-24

Quintanal-Villalonga A, Chan JM, Yu HA, Pe'er D, Sawyers CL, Sen T
(2020) Lineage plasticity in cancer: a shared pathway of therapeutic
resistance. Nat Rev Clin Oncol 17:360-371



Woo et al. European Radiology

50.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

de Kouchkovsky |, Chan E, Schloss C, Poehlein C, Aggarwal R (2024)
Diagnosis and management of neuroendocrine prostate cancer. Pros-
tate 84:426-440

Tosoian JJ, Gorin MA, Rowe SP, Andreas D, Szabo Z, Pienta KJ (2017)
Correlation of PSMA-targeted 18F-DCFPyL PET/CT findings with
immunohistochemical and genomic data in a patient with metastatic
neuroendocrine prostate cancer. Clin Genitourin Cancer 15:e65-e68
Shen K, Yu M, Ji Y, Zhou X, Liu B, Zhang W (2023) 18 F-FDG PET/CT
imaging in neuroendocrine prostate cancer: relation to histopathology
and prognosis. Prostate 83:1167-1175

Pouliot F, Saad F, Rousseau E, Richard PO, Zamanian A, Probst S (2024)
Prognostic value of FDG, PSMA, and DOTATATE uptake on PET imaging
in metastatic castration-resistant prostate cancer (mCRPC). J Clin Oncol
42:31

Dragonetti V, Colandrea M, Travaini L, Airo Farulla LS, Ceci F, Mattana F
(2025) PSMA-PET guided radiotherapy in prostate cancer: a critical
review of current applications and future directions. Semin Radiat Oncol
35:317-324

Tosoian JJ, Gorin MA, Ross AE, Pienta KJ, Tran PT, Schaeffer EM (2017)
Oligometastatic prostate cancer: definitions, clinical outcomes, and
treatment considerations. Nat Rev Urol 14:15-25

Palma DA, Olson R, Harrow S, Gaede S, Louie AV, Haasbeek C (2020)
Stereotactic ablative radiotherapy for the comprehensive treatment of
oligometastatic cancers: long-term results of the SABR-COMET phase |I
randomized trial. J Clin Oncol 38:2830-2838

Ost P, Reynders D, Decaestecker K, Fonteyne V, Lumen N, De Bruycker A
(2018) Surveillance or metastasis-directed therapy for oligometastatic
prostate cancer recurrence: a prospective, randomized, multicenter
phase Il trial. J Clin Oncol 36:446-453

Radwan N, Phillips R, Ross A, Rowe SP, Gorin MA, Antonarakis ES (2017) A
phase Il randomized trial of Observation versus stereotactic ablative Radia-
tlon for OLigometastatic prostate CancEr (ORIOLE). BMC Cancer 17:453
Ost P, Siva S, Brabrand S, Dirix P, Liefhooghe N, Otte FX (2025) Salvage
metastasis-directed therapy versus elective nodal radiotherapy for oli-
gorecurrent nodal prostate cancer metastases (PEACE V-STORM): a phase
2, open-label, randomised controlled trial. Lancet Oncol 26:695-706
Stabile A, Pellegrino A, Mazzone E, Cannoletta D, de Angelis M, Barletta
F (2022) Can negative prostate-specific membrane antigen positron
emission tomography/computed tomography avoid the need for pelvic
lymph node dissection in newly diagnosed prostate cancer patients? A
systematic review and meta-analysis with backup histology as reference
standard. Eur Urol Oncol 5:1-17

Murthy V, Maitre P, Kannan S, Panigrahi G, Krishnatry R, Bakshi G (2021)
Prostate-only versus whole-pelvic radiation therapy in high-risk and very
high-risk prostate cancer (POP-RT): outcomes from phase Ill randomized
controlled trial. J Clin Oncol 39:1234-1242

Dornisch AM, Zhong AY, Poon DMC, Tree AC, Seibert TM (2024) Focal
radiotherapy boost to MR-visible tumor for prostate cancer: a systematic
review. World J Urol 42:56

Furman B, Falick Michaeli T, Den R, Ben Haim S, Popovtzer A, Wygoda M
(2024) Pelvic lymph node mapping in prostate cancer: examining the
impact of PSMA PET/CT on radiotherapy decision-making in patients
with node-positive disease. Cancer Imaging 24:96

Schilham MGM, Somford DM, Kisters-Vandevelde HVN, Hermsen R, van
Basten JPA, Hoekstra RJ (2024) Prostate-specific membrane antigen-
targeted radioguided pelvic lymph node dissection in newly diagnosed
prostate cancer patients with a suspicion of locoregional lymph node
metastases: The DETECT Trial. J Nucl Med 65:423-429

Quarta L, Stabile A, Chiti A, Montorsi F, Briganti A, Gandaglia G (2025)
Radioguided surgery for prostate cancer. Eur Urol Focus 11:29-32
Hartrampf PE, Hittmann T, Seitz AK, Kibler H, Serfling SE, Schistelburg
W (2023) SUVmean on baseline [18F]JPSMA-1007 PET and clinical
parameters are associated with survival in prostate cancer patients
scheduled for [177LulLu-PSMA 1&T. Eur J Nucl Med Mol Imaging
50:3465-3474

Seifert R, Seitzer K, Herrmann K, Kessel K, Schafers M, Kleesiek J (2020)
Analysis of PSMA expression and outcome in patients with advanced
Prostate Cancer receiving 177Lu-PSMA-617 Radioligand Therapy. Ther-
anostics 10:7812-7820

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Page 18 of 19

Gafita A, Calais J, Grogan TR, Hadaschik B, Wang H, Weber M (2021)
Nomograms to predict outcomes after 177Lu-PSMA therapy in men
with metastatic castration-resistant prostate cancer: an international,
multicentre, retrospective study. Lancet Oncol 22:1115-1125

Buteau JP, Martin AJ, Emmett L, Iravani A, Sandhu S, Joshua AM (2022)
PSMA and FDG-PET as predictive and prognostic biomarkers in patients
given [177Lu]Lu-PSMA-617 versus cabazitaxel for metastatic castration-
resistant prostate cancer (TheraP): a biomarker analysis from a rando-
mised, open-label, phase 2 trial. Lancet Oncol 23:1389-1397

Emmett L, Papa N, Subramaniam S, Crumbaker M, Nguyen A, Joshua
AM (2025) Prognostic and predictive value of baseline PSMA-PET total
tumour volume and SUVmean in metastatic castration-resistant
prostate cancer in ENZA-p (ANZUP1901): a substudy from a multi-
centre, open-label, randomised, phase 2 trial. Lancet Oncol
26:1168-1177

Kratochwil C, Fendler WP, Eiber M, Hofman MS, Emmett L, Calais J (2023)
Joint EANM/SNMMI procedure guideline for the use of 177Lu-labeled
PSMA-targeted radioligand-therapy (177Lu-PSMA-RLT). Eur J Nucl Med
Mol Imaging 50:2830-2845

Seifert R, Telli T, Hadaschik B, Fendler WP, Kuo PH, Herrmann K (2023) Is
18F-FDG PET needed to assess 177Lu-PSMA therapy eligibility? A
VISION-like, single-center analysis. J Nucl Med 64:731-737

Hofman MS, Emmett L, Sandhu S, Iravani A, Buteau JP, Joshua AM (2024)
Overall survival with [177Lu]Lu-PSMA-617 versus cabazitaxel in meta-
static castration-resistant prostate cancer (TheraP): secondary outcomes
of a randomised, open-label, phase 2 trial. Lancet Oncol 25:99-107
Sartor O, de Bono J, Chi KN, Fizazi K, Herrmann K, Rahbar K (2021)
Lutetium-177-PSMA-617 for metastatic castration-resistant prostate
cancer. N Engl J Med 385:1091-1103

Morris MJ, Castellano D, Herrmann K, de Bono JS, Shore ND, Chi KN
(2024) 177Lu-PSMA-617 versus a change of androgen receptor pathway
inhibitor therapy for taxane-naive patients with progressive metastatic
castration-resistant prostate cancer (PSMAfore): a phase 3, randomised,
controlled trial. Lancet 404:1227-1239

Szidonya LK, Barwick TD, Challapalli A, Naik M, Eccles A, Barbon D (2024)
PSMA radiotheranostics in prostate cancer: principles, practice, and
future prospects. Radiographics 44:2240080

Cook GJR, Goh V (2020) MoleculaR Imaging of Bone Metastases and
Their Response to Therapy. J Nucl Med 61:799-806

Conteduca V, Poti G, Caroli P, Russi S, Brighi N, Lolli C (2021) Flare
phenomenon in prostate cancer: recent evidence on new drugs and
next generation imaging. Ther Adv Med Oncol 13:1758835920987654
Rao A, Scher HI, De Porre P, Yu MK, Londhe A, Qi K (2020) Impact of
clinical versus radiographic progression on clinical outcomes in meta-
static castration-resistant prostate cancer. ESMO Open 5:000943
Fukuokaya W, Yanagisawa T, Mori K, Urabe F, Rajwa P, Briganti A (2025)
Radiographic progression without corresponding prostate-specific
antigen progression in patients with metastatic castration-sensitive
prostate cancer receiving apalutamide: secondary analysis of the TITAN
trial. Eur Urol Oncol 8:263-269

Padhani AR, Tunariu N, Perez-Lopez R, Tombal B, Lecouvet FE (2024)
Evaluating prostate cancer bone metastases response with whole-body
MRI: What we know and still need to know. Eur Radiol 34:7564-7566
Fanti S, Hadaschik B, Herrmann K (2020) Proposal for systemic-therapy
response-assessment criteria at the time of PSMA PET/CT imaging: the
PSMA PET progression criteria. J Nucl Med 61:678-682

Gafita A, Rauscher |, Weber M, Hadaschik B, Wang H, Armstrong WR
(2022) Novel framework for treatment response evaluation using PSMA
PET/CT in patients with metastatic castration-resistant prostate
cancer (RECIP 1.0): an international multicenter study. J Nucl Med
63:1651-1658

Gafita A, Rauscher |, Fendler WP, Murthy V, Hui W, Armstrong WR (2022)
Measuring  response in  metastatic ~ castration-resistant  prostate
cancer using PSMA PET/CT: comparison of RECIST 1.1, aPCWG3, aPER-
CIST, PPP, and RECIP 1.0 criteria. Eur J Nucl Med Mol Imaging
49:4271-4281

Fanti S, Goffin K, Hadaschik BA, Herrmann K, Maurer T, MacLennan S
(2021) Consensus statements on PSMA PET/CT response assessment
criteria in prostate cancer. Eur J Nucl Med Mol Imaging 48:469-476



Woo et al. European Radiology

86.

87.

88.

89.

90.

91

92.

93.

94.

95.

96.

97.

98.

99.

Gafita A, Djaileb L, Rauscher |, Fendler WP, Hadaschik B, Rowe SP (2023)
Response evaluation criteria in PSMA PET/CT (RECIP 1.0) in metastatic
castration-resistant prostate cancer. Radiology 308:€222148

Shagera QA, Karfis |, Kristanto P, Spyridon S, Diamand R, Santapau A
(2023) PSMA PET/CT for response assessment and overall survival pre-
diction in patients with metastatic castration-resistant prostate cancer
treated with androgen receptor pathway inhibitors. J Nucl Med
64:1869-1875

Seifert R, Emmett L, Rowe SP, Herrmann K, Hadaschik B, Calais J (2023)
Second version of the prostate cancer molecular imaging standardized
evaluation framework including response evaluation for clinical trials
(PROMISE V2). Eur Urol 83:405-412

Gafita A, Schroeder JA, Ceci F, Oldan JD, Khandani AH, Lecouvet FE
(2025) Treatment response evaluation in prostate cancer using PSMA
PET/CT. J Nucl Med 66:995-1004

Emmett L, Yin C, Crumbaker M, Hruby G, Kneebone A, Epstein R (2019)
Rapid modulation of PSMA expression by androgen deprivation: serial
68Ga-PSMA-11 PET in men with hormone-sensitive and castrate-
resistant prostate cancer commencing androgen blockade. J Nucl Med
60:950-954

Shagera QA, Artigas C, Karfis |, Critchi G, Chanza NM, Sideris S (2022)
68Ga-PSMA PET/CT for response assessment and outcome prediction in
metastatic prostate cancer patients treated with taxane-based che-
motherapy. J Nucl Med 63:1191-1198

Shagera QA, Gil T, Barraco E, Boegner P, Kristanto P, El Ali Z (2025)
Evaluating response to radium-223 using 68Ga-PSMA PET/CT imaging
in patients with metastatic castration-resistant prostate cancer. Ann
Nucl Med 39:208-216

Padhani AR, Lecouvet FE, Tunariu N, Koh DM, De Keyzer F, Collins DJ
(2017) METastasis Reporting and Data System for Prostate Cancer:
practical guidelines for acquisition, interpretation, and reporting of
whole-body magnetic resonance imaging-based evaluations of multi-
organ involvement in advanced prostate cancer. Eur Urol 71:81-92
Garcia-Ruiz A, Macarro C, Zacchi F, Morales-Barrera R, Grussu F,
Casanova-Salas | (2024) Whole-body magnetic resonance imaging as a
treatment response biomarker in castration-resistant prostate cancer
with bone metastases: the iPROMET clinical trial. Eur Urol 86:272-274
Dalla Volta A, Valcamonico F, Zivi A, Procopio G, Sepe P, Del Conte G
(2024) Whole-body diffusion-weighted magnetic resonance imaging for
assessment of the bone response rate in patients with metastatic
hormone-sensitive prostate cancer receiving enzalutamide. Eur Urol
86:268-271

Pricolo P, Ancona E, Summers P, Abreu-Gomez J, Alessi S, Jereczek-Fossa
BA (2020) Whole-body magnetic resonance imaging (WB-MRI) report-
ing with the METastasis Reporting and Data System for Prostate Cancer
(MET-RADS-P): inter-observer agreement between readers of different
expertise levels. Cancer Imaging 20:77

Tunariu N, Avesani G, Russo L, Porta N, Withey S, Abramowicz K (2024)
METRADS-P vs. RECIST/PCWG criteria to detect disease progression in
metastatic castration-resistant prostate cancer (mCRPC). J Clin Oncol
42:5070

Mazzone E, Cannoletta D, Quarta L, Chen DC, Thomson A, Barletta F
(2025) A comprehensive systematic review and meta-analysis of the role
of prostate-specific membrane antigen positron emission tomography
for prostate cancer diagnosis and primary staging before definitive
treatment. Eur Urol 87:654-671

PROSTATE CANCER UK (2025) Can PSMA PET scans improve the way we
treat high-risk prostate cancer? Grant information (Reference: MA-TIA23-

Page 19 of 19

006). [cited 2025 Jun 1]; Available from: https://prostatecanceruk.org/
research/research-we-fund/ma-tia23-006

100. Institute of Cancer Research Clinical Trials and Statistics Unit (ICR-CTSU)
(2025) Using targeted radiotherapy to postpone the need to change
treatment in men diagnosed with metastatic prostate cancer. [cited
2025 Jun 1]; Available from: https://www.isrctn.com/ISRCTN 16448082

101.  Ménard C, Young S, Zukotynski K, Hamilton RJ, Bénard F, Yip S (2022)
PSMA PET/CT guided intensification of therapy in patients at risk of
advanced prostate cancer (PATRON): a pragmatic phase Ill randomized
controlled trial. BMC Cancer 22:251

102.  Einstein DJ. Androgen Receptor Signaling and Prostate-Specific Mem-
brane Antigen Expression. In: ClinicalTrials.gov. Updated August 16,
2024. Accessed June 8, 2025. Available from: https://clinicaltrials.gov/
study/NCT05683964

103. Janssen J, Staal FHE, Brouwer CL, Langendijk JA, de Jong IJ, van
Moorselaar RJA (2022) Androgen deprivation therapy for oligo-recurrent
prostate cancer in addition to radioTherapy (ADOPT): study protocol for
a randomised phase Il trial. BMC Cancer 22:482

104.  Koontz BF, Karrison T, Pisansky TM, Posadas EM, Ballas LK, Berlin A (2023)
NRG-GUO11: A phase Il double-blinded, placebo-controlled trial of
prostate oligometastatic radiotherapy with or without androgen
deprivation therapy in oligometastatic prostate cancer (NRG PRO-
METHEAN). J Clin Oncol 41:TPS283

105.  Solanki AA, Schroth CA, Authier C, Carlson K, Garraway |, Haegerich T
(2024) Veterans affairs seamless phase II/1ll randomized trial of standard
systemic therapy with or without PET-directed local therapy for oli-
gorecurrent prostate cancer (VA STARPORT). J Clin Oncol 42:TPS5120

106. Francolini G, Di Cataldo V, Garlatti P, Caini S, Bruni A, Simoni N (2025)
PERSIAN trial: Early results from a randomized phase Il trial testing
apalutamide and stereotactic body radiation therapy for low-burden,
metastatic, hormone-sensitive prostate cancer. J Clin Oncol 43:160

107.  Azad AA, Bressel M, Tan H, Voskoboynik M, Suder A, Weickhardt AJ
(2024) Sequential [177LulLu-PSMA-617 and docetaxel versus docetaxel
in patients with metastatic hormone-sensitive prostate cancer
(UpFrontPSMA): a multicentre, open-label, randomised, phase 2 study.
Lancet Oncol 25:1267-1276

108.  Kim H, Tagawa S, Sartor A, Saad F, Reid A, Sakharova O (2024)
PSMAddition: phase 3 trial of [177Iu] Lu-PSMA-617 plus standard of care
(SoQ) vs. SoC alone in patients with metastatic hormone-sensitive
prostate cancer. Int J Radiat Oncol Biol Phys 120:e546

109.  Giacometti V, Grey AC, McCann AJ, Prise KM, Hounsell AR, McGarry CK
(2024) An objective measure of response on whole-body MRI in
metastatic hormone sensitive prostate cancer treated with androgen
deprivation therapy, external beam radiotherapy, and radium-223. Br J
Radiol 97:794-802

110.  Jacene HA. PSMAtrack-tracking Changes in PSMA-PET During Initial
Therapy for Metastatic Hormone-sensitive Prostate Cancer. In: Clinical-
Trials.gov. Updated February 5, 2025. Accessed June 8, 2025. Available
from: https:/clinicaltrials.gov/study/NCT06479187

111, Grisay G, Turco F, Litiere S, Fournier B, Patrikidou A, Gallardo E (2024)
EORTC 2238 "De-Escalate” a pragmatic trial to revisit intermittent
androgen deprivation therapy in the era of new androgen receptor
pathway inhibitors. Front Oncol 14:1391825

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



