The future of PSMA-PET and WB-MRI as next generation imaging tools in prostate cancer
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Abstract
Radiolabelled prostate-specific membrane antigen (PSMA)-based Positron emission
tomography-computed tomography (PET-CT) has been shown in numerous studies to be
superior to conventional imaging in the detection of nodal or distant metastatic lesions.
®Ga-PSMA PET-CT is now recommended by many guidelines for the detection of
biochemically relapsed disease after radical local therapy. PSMA radioligands can also
function as radiotheranostics, namely Lu-PSMA has been shown to be a potential new line of
treatment for metastatic castrate resistant prostate cancer. W hole-body MRI (WB-MRI)
has been shown to have a high diagnostic performance in the detection and monitoring of
metastatic bone disease. Prospective, randomized, multi-centre studies comparing %Ga-
PSMA PET-CT and WB-MRI for pelvic nodal and metastatic disease detection are yet to be
performed. Challenges for interpretation of PSMA include tracer trapping in non-target
tissues and urinary excretion of tracers confounding image interpretation at the
vesicoureteral junction. Additionally , studies have described how long-term androgen
deprivation therapy (ADT) affects PSMA expression and could, therefore, reduce tracer uptake
and visibility of PSMA-positive lesions . Furthermore, ADT of short duration might increase
PSMA expression, leading to the PSMA flare phenomenon, which makes it challenging to
accurately monitor treatment response to ADT with PSMA-PET. Scan duration, detection of
incidentalomas and presence of metallic implants are some of the major challenges with WB-
MRI. Emerging data supports the wider adoption of PSMA-PET and  WB-MRI for
diagnosis, staging, disease burden evaluation and response monitoring, though their
relative roles in the standard of care management of patents is yet to be fully defined.

Key points
e Next-generation imaging techniques have been found to affect prostate cancer
disease state classifications as their increased sensitivity can result in stage
migration.



e PSMA-PET has been shown to have higher sensitivity and specificity in detecting
nodal and metastatic lesions than conventional imaging. PSMA-derived tumour
volume (PSMA-TV) and total lesion PSMA (TL-PSMA) are experimental quantitative
volumetric measures for whole-body tumour burden with good prognostic value for
progression-free survival and can be used in treatment response assessment.

e 7Lu-labelled PSMA is a potential new line of therapy in patients with metastatic
castration-resistant prostate cancer (mnCRPC) who have progressed on at least one
line of chemotherapy.

e WB-MRIis showing increasing promise as an ‘all-in-one” modality for cancer
diagnosis and staging without the need for radiation exposure. WB-MRI-derived
markers include apparent diffusion coefficient (ADC), Signal fat fraction (sFF) and
proton density fat fraction (PDFF). ADC values are especially useful for assessing
bone metastases; PDFF and sFF are emerging quantitative imaging biomarkers that
might be useful in assessing nodal and bone marrow metastases.

e Limitations of PSMA-PET include tracer trapping in non-target tissue, PSMA flare
phenomenon, limited availability and radiation exposure related to radiotracers.
Limitations of WB-MRI include long acquisition time, metal-related and motion-
related artefacts, fat—water swapping, incidentalomas, differential diagnoses of
findings and limited availability.

e Well-designed, powered, randomized multi-centre studies are needed to assess the
value of PSMA-PET, WB-MRI and standard imaging for disease detection, disease
burden evaluation and survival across different prostate cancer disease states.

[H1]introduction

Prostate cancer is the second most common cancer in men globally, with more than 1.4
million men (14.1% of new cancer cases) diagnosed in 2020 and is one of the major causes of
cancer-related mortality worldwide®. The initial presentation of prostate cancer is categorized
into a number of disease states based on tumour characteristics as evidenced on digital
rectal examination, Gleason score and serum PSA measurement?. These parameters
enable categorization of prostate cancer into localised, locally advanced and metastatic
disease. The metastatic disease state can be subdivided into oligometastatic and poly-
metastatic groups® Biochemical classification based on testosterone levels being in the normal
range (hormone-sensitive disease) or low (castration-resistant disease) levels is also an
important stratifier* Hormone-sensitive disease that is initially responsive to ADT can progress
to a refractory state: castration-resistant prostate cancer (CRPC)>  27-53% of those patients
who initially present with localised prostate cancer will go on to develop biochemical
recurrence (BCR) following local therapy, a disease state which predicts the development
of subsequent overt metastatic disease and adverse survival outcome®

Accurate diagnosis and evaluation of disease burden are essential for early planning of
treatment strategies to ensure the best possible outcomes. Unfortunately, conventional
imaging tools such as CT and bone scan which are used for primary staging, detection of
recurrent and metastatic disease and response assessment, have several limitations, including
low sensitivity to detect small-volume disease and the inability to differentiate between
osteoblastic healing and early disease progression in bone lesions (also known as flare
phenomenon)’ . Several advanced imaging techniques have now emerged and evidence for
their use is maturing. Collectively termed ‘next generation imaging (NGI)’ in the uro-oncology
community, these techniques are now being translated into clinical routine to fulfil the unmet
need for better accuracy for disease detection and response evaluation.



WB-MRI and PSMA-PET are two potential forerunners in NGI for prostate cancer, both of
which are increasingly available in clinical practice. WB-MRI and PSMA-PET have overlapping
(generally whole-body) coverage and the potential to provide comprehensive disease
assessment of the prostate, pelvis, nodal and other distant sites, with incremental value
beyond conventional imaging. Indeed, in  other tumour contexts such as non-small cell lung
cancer, colorectal cancer and multiple myeloma, WB-MRI and PET (using an FDG tracer) have
been compared against each other with respective accuracy scrutinised %1, The Streamline
L and Streamline C trials are two multicentre trials comparing the diagnostic accuracy of WB-
MRI as a one-step staging modality versus the standard staging pathway (which includes a
combination of CT, MRI PET CT and biopsy) in newly diagnosed non-small cell lung
cancer(NSCLC) and colorectal cancer respectively. Data from Streamline L for newly diagnosed
NSCLC showed that WB-MRI has higher sensitivity compared to standard staging pathway
(54% vs 50%), has a similar agreement rate with the MDT team's final decisions (99% vs 98%),
requires less time to complete staging compared to standard pathway(13 days vs 19 days) and
is more cost-effective (mean cost per patient was £317 vs £620)2. Similarly, the Streamline C
trial® showed that WB-MRI is more sensitive compared to standard messpathways (67% vs
63%) in newly diagnosed colorectal cancer and requires a shorter staging time (8 days vs 13
days) and costs(£216 vs £285). The data regarding imaging of prostate cancer is evolving,
and experience and evidence with both WB-MRI and PSMA PET are accumulating. An in-depth
understanding of both techniques might help individual clinicians and centres to navigate the
choice of imaging techniques  until a definitive and clear consensus can be achieved.

In this article, we review the current evidence for the use of PSMA-PET and WB-MRI,
describing their current uses across various disease states in prostate cancer and how the
limitations of each modality could affect clinical decision-making. Furthermore, we consider
the evolving use of PSMA-PET-derived and WB-MRI-derived quantitative biomarkers and
attempts made at their standardisation. In addition to the diagnostic aspects of NGI, PSMA-
PET has additional benefits as a potential predictive marker for efficacy and response
evaluation using Lu-177 PSMA radionuclide therapy, which has shown early promise. Finally,
we make recommendations for future clinical trials that could generate high-level evidence
for adoption of these imaging modalities into routine clinical practice.

[H1]Roles of NGl in various settings

The following section provides an overview on the roles of PSMA PET and WB-MRI in
various disease states of prostate cancer.

[H2]Newly diagnosed high-risk disease

Diagnosis of localized or locally advanced disease is typically = made based on PSA test, age-
based screening or by patient request in men with a strong family history %12, Before a
decision is made regarding radical treatment particularly in high-intermediate risk patients,
whole-body imaging is required to determine whether any nodal or distant metastases are
present. Conventional imaging with CT and bone scan are known to be insufficient in assessing
nodal or distant disease especially in patients with low serum PSA levels 3. This means NGls
are now regarded as important imaging tools in guiding treatment options in this setting.
American Society of Clinical Oncology (ASCO) guidelines recommend the use of NGls in the
evaluation of high-risk locally advanced prostate cancer, in which conventional imaging is



negative, indeterminate or suspicious*. A number of studies’> ! have shown that PSMA-PET
outperforms conventional imaging in identifying nodal and metastatic bone disease, with up
to 27% greater diagnostic accuracy (92% [88—95] versus 65% [60—69]; p<0-0001) compared
with conventional CT and bone scan. In a 2020 systematic review including 18 trials and 969
patients assessing PSMA PET for primary lymph node staging®, the weighted sensitivity,
weighted specificity and positive predictive values were 59%, 93% and 20-100% (greater than
80% in the majority of trials), respectively (compared with 42%, 82% and 32% for CT). Studies
have shown that WB-MRI provides a high level of diagnostic accuracy for both nodal and
metastatic bone disease, with a higher sensitivity to detect bone metastases than bone scan
and performs as well as ®F-choline PET/CT?>%, The reported mean sensitivity and specificity
of WB-MRI for N1 disease were 100% and 96%, respectively, compared with 100% and 82%
for F-choline PET/CT, whereas for M1b disease the mean sensitivity and specificity of WB-
MRI, 8F-choline PET/CT, and bone scan were 90% and 88%, 80% and 92%, and 60% and 100%,
respectively®.

[H2]Biochemical recurrence

#8Ga-PSMA has established itself as the optimal imaging tool for diagnosis in the biochemical
relapse (BCR) and biochemical persistence settings after radical local treatment. The modality
has gained USA FDA approval for its use in the investigation of BCR after radical prostatectomy
or radiotherapy, and many national and international guidelines typically = recommend itin
this setting. Despite these developments, %Ga-PSMA might not be readily accessible in many
hospital practices , as regulatory requirements in different geographical regions affect the
availability of tracers. Although ®8Ga is used for other clinical indications, such as detection of
neuroendocrine tumours, availability of the ®Ga PSMA tracer is not ubiquitous. Instead,
validation of ®F-PSMA which is more available might help alleviate the accessibility
concerns with #Ga-PSMA. One major requirement for %Ga is the need for an onsite generator
for its production. The longer half-life of 8F (approximately 110 minutes) compared with %G
(approximately 68 minutes) makes central production and then distribution of ¥F PSMA
tracersto  sites without a cyclotron much easier??.

The detection rate of biochemically recurrent prostate cancer using PSMA-PET following
primary radiotherapy varies with serum PSA levels: detection rate is 77.8% for PSA 0.5—<1.0
ng/ml, 76.7% for PSA 1-<2.0 ng/ml, and 90.6% for PSA >2.0 ng/ml|?3. The use of %Ga-PSMA-
PET for detection of biochemical recurrence in patients whom ®F-choline-PET did not
demonstrate recurrent disease revealed detection rates of 28.6%, 45.5%, and 71.4% for serum
PSA levels of 20.2-1 ng/mL, 1-2ng/mL and >2 ng/ml, respectively?. In a study comparing WB-
MRI and ®8Ga-PSMA PET-CT following radical prostatectomy, %Ga-PSMA PET-CT detected 56
of 56 lesions (100%) in 20 of 28 patients with biochemical recurrence (71.4%), whereas WB-
MRI detected 13 lesions (23.2%) in 11 of 28 patients (39.3%)%. Results of the LOCATE?® trial
evaluating the diagnostic accuracy of WB-MRI in BCR following radiotherapy are imminent

[H2]Oligometastatic disease

The oligometastatic disease state has been shown to have a more favourable outcome
following metastasis-directed therapy (MDT) than poly-metastatic disease 27282939 No
consensus definition of oligometastatic prostate cancer is available; however, the most
commonly accepted definitions of oligometastatic disease include the presence of three or
fewer, four or fewer, or five or fewer metastatic or recurrent lesion3>3233that could be treated
by local therapy to improve prognosis. The various definitions also disagree on the types
and/or numbers of involved organ sites. Commonly used criteria are based on large clinical
trials such as the CHAARTED trial®*, which classifies individuals with >4 bone metastases
(at least 1 in the non-axial skeleton) or visceral metastases as having a high metastatic burden,



whereas all others are classified as having a low metastatic burden. CHAARTED definition is
commonly used due to the need for less clinical information to arrive at a determination of
disease volume.

Results from many studies have shown the efficacy of metastasis-directed therapy (MDT) in
patients with oligometastases. For example, the SABR-COMET trial*’ is a multicentre,
randomised trial involving 99 patients with a controlled primary malignancy (breast, lung,
colorectal, prostate or other types) and 1-5 oligometastases randomised to receive MDT with
stereotactic ablative body radiotherapy (SABR) to all metastatic sites or palliative
radiotherapy. The results from SABR-COMET demonstrated that patients who received SABR
had longer median survival (41 months versus 29 months) compared to patients who received
palliative radiotherapy. However, only a subset (16 out of 99) of patients in the SABR-COMET
trial?’ had prostate cancer. Outcomes from the STOMP trial?®, which compared MDT versus
surveillance in 62 patients with biochemical recurrence following primary prostate cancer
with curative intent and three or fewer asymptomatic, extracranial metastases also
demonstrated that MDT using either surgery or SABR significantly improved 5-year ADT-free
and CRPC-free survival compared with surveillance alone. An evaluation of the national SABR
service in the UK, in which 28.6% of patients had prostate cancer, showed that patients with
various primary solid organ cancers and <3 extracranial metastatic lesions who had MDT had
a high overall survival (0S 92.3% at 1 year)®. Furthermore, data from the ORIOLE study*°,
which involved 52 men with recurrent hormone sensitive prostate cancer with
oligometastases (1 to 3 metastases) who had not received ADT within 6 months randomised
to receive SABR or observation only, showed that 19% of patients who had MDT with SABR
had progression at 6 months compared with 61% in the observation group (p=0.005). To date,
no prospective study of WB-MRI-guided MDT for oligometastatic prostate cancer has been
reported in the literature.

Studies of the use of SABR for the treatment of oligometastatic disease with higher disease
burden(4-10 lesions) that use NGI for patient selection are ongoing?’. Future randomized trial
designs have been proposed whereby patients identified as having MO disease on
conventional imaging are scanned with NGIs and, based on NGI reports, are classified into
non-metastatic, oligometastatic and poly-metastatic disease states. Outcome measures of
such studies could be metastasis-free survival (MFS) and overall survival.®

[H2]Management of metastatic disease

NGI seems to be increasingly used for monitoring in metastatic disease, despite a lack of
prospective randomised clinical trials showing outcome benefits over conventional imaging?.
Even so, they could have an important role in this scenario, especially when they are
performed at baseline. NGls could facilitate future comparison and disease assessment or be
valuable when a change in treatment might be imminent owing to clinical suspicion but when
conventional imaging is equivocal. Although clinical parameters such as PSA or established
criteria such as RECIST are still standard tools used in the clinic, PSA might not accurately
predict response in some patients, especially in PSA-non-secreting disease®. Application of
RECIST criteria is often hampered by the requirement for presence of bone metastases with
soft tissue components measuring = 10 mm on conventional imaging3®°,

The few studies that have reported using NGI for response assessment are either
retrospective or are very small, unpowered feasibility studies. For example, a retrospective
study that assessed concordance in treatment response between PSA and %Ga-PSMA,
between PSA and CT, and between %Ga-PSMA and CT in 23 patients showed that concordance
was 56%, 33% & 58%, respectively, in predicting treatment outcome®. A 2014 study of
patients with bone metastases from primary breast or prostate tumours (n=7) assessed
treatment response to various anti-cancer therapies with semi-automatic segmentation of
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whole-body diffusion-weighted imaging using a Markov random field model. Responding
patients demonstrated a larger increase in global ADC (median +0.18, range-0.07 to
+0.78x10-3 mmz2/s) after treatment than non-responding patients (median change-0.02,
range-0.10 to +0.05x10-3 mm?2/s, p=0.05*.. Further prospective data regarding the role of
NGIs in the management of metastatic disease are required. PET and MRI might enable
disease quantification and categorisation*?, for instance into ‘complete responders’, ‘partial
responders’ or ‘stable disease’ based on age-standardised imaging interpretation tools. This
approach might provide more objective disease assessment or quantifiable assessment of
therapeutic benefit than interpreting images without standardised protocols which are
subject to interobserver variability. Such disease or response quantification steps are already
being taken in diseases such as multiple myeloma*, in which WB-MRI or PET imaging have
important roles.

[H1]PSMA tracers used in prostate cancer

PSMA is a type Il membrane glycoprotein (100-120kDa) that is expressed 100-1,000-fold
higher in prostatic adenocarcinoma than other PSMA-expressing tissues, such as the benign
prostate, kidney, proximal small intestine or salivary glands, making it a valuable clinical
biomarker of prostate cancer*. As described in table 1, small molecules, antibodies and
antibody fragments that target PSMA have been generated and radiolabelled for molecular
imaging. This includes *Ga-labelled PSMA tracers, such as ®8Ga-PSMA-HBED-CC (also known
as %8Ga-PSMA-11), %8Ga-PSMA-617 and ®8Ga-PSMA I&T. Others include 2F-labelled PSMA
tracers, such as F-DCFPyL, ®F-DCFBC and ®F-PSMA-1007, and ®*Cu-PSMA-617%. Among
these, the ®8Ga-HBED-CC ligand is one of the most widely used PSMA PET tracers. Its structure
is based on a urea backbone, and it binds to the extracellular domain of PSMA with high
affinity, after which it is efficiently internalized®. ®Ga-PSMA-11 radiotracer uptake within
normal organs is highest in kidney and salivary glands, whereas the spleen, liver, lacrimal gland
and bowel show moderate uptake*’. A growing body of evidence supports the use of ®%Ga-
PSMA-11 both in preoperative staging and evaluation of biochemical recurrence following
primary therapy.

In primary staging, identification of metastatic disease is crucial for treatment decision
planning and prognosis. The commonest sites for extraprostatic spread are lymph nodes and
bone®.Traditionally, imaging tools such as CT and Tc-99m bone scintigraphy have an
important role in the initial staging of prostate cancer, although they are unlikely to yield any
diagnostic information in patients with prostate cancer who are clinically asymptomatic for
bone metastasis and have serum PSA <20.0ng/ml*. Introduction of PET/CT using tracers such
as ¥F-choline or !C-choline offer increased imaging resolution and diagnostic confidence to
rule out metastatic disease; however, their sensitivity and specificity profile remain
suboptimal at low PSA levels both for diagnosis and response monitoring, with a reported
detection rate of 36% in patients with PSA < 1 ng/mI*°.

PSMA-PET is superior to conventional imaging at identifying both nodal disease'1617:1819 and
bone metastases®. Its promising clinical utility is further supported by results from the
proPSMA trial, which involved 302 men with high-risk localised prostate cancer who were
randomly assighed to imaging using ®3Ga-PSMA-PET or conventional imaging techniques (CT
plus bone scan). PSMA-PET had higher sensitivity (85% versus 38%) and specificity (98% versus
91%) than conventional imaging at detecting pelvic nodal and distant metastatic disease, and
consequently more often prompted a change in treatment intent?®,



Unlike conventional imaging tools, PSMA PET has been demonstrated to be particularly
suitable to detect recurrences owing to its ability to detect lesions that might be amenable to
therapy, even when serum PSA is very low. In a 2018 meta-analysis®, the pooled detection
rate of PSMA-PET was 50% with a restaging PSA as low as 0.2-0.49 ng/ml; however, the
detection rate increased with increased PSA levels®. ®8Ga-PSMA has higher sensitivity and
specificity profiles than choline-based tracers at all PSA levels in the biochemical recurrence
setting °*>> Thus, the EAU guidelines recommend using ®Ga-PSMA PET (if available) or
fluciclovine or choline PET in patients with biochemical recurrence at low serum PSA levels
(PSA<1ng/L).

Subsequently, novel second-generation PSMA probes including 8F-DCFPyL, ¥F-PSMA-1007
and [*8Ga] THP-PSMA have demonstrated superiority to conventional imaging at detecting
metastases (Table 1).  Ongoing trials®®* are assessing the performance of these novel
PSMA tracers at diagnosis, staging and detecting metastatic disease.

[H1]PSMA-derived biomarkers

Quantitative image biomarkers derived from PSMA PET include molecular tumour volume
(PSMA-TV) and total lesional PSMA expression (TL-PSMA), which provide a useful
measurement of the total tumour burden with prognostic value and can assist clinical decision
making across all prostate cancer stages.

[H2]PSMA-derived tumour volume and total lesion PSMA.

Molecular tumour volume (PSMA-TV) is a biomarker derived from PSMA PET imaging and is
defined as the sum of all PSMA-avid lesions with standard uptake value (SUV) > 3, in which
SUV is a quantitative measurement of PSMA tracer uptake. Total lesional PSMA expression
(TL-PSMA) is calculated as the product of PSMA-TV and SUVmean (PSMA-TVXSUVmean). These
values are quantitative volumetric measurements of whole-body tumour burden and are
useful parameters to assist clinical decision-making across all prostate cancer stages. A study
of 88 patients undergoing initial staging for prostate cancer reported a moderate correlation
between serum PSA and PSMA-TV and a high correlation between TL-PSMA and serum PSA%&,
Other studies have shown that both PSMA-TV and TL-PSMA correlate well with Gleason score
and are good predictors of progression-free survival 59,6061 pSMA-TV and TL-PSMA have
also been shown to be beneficial in the context of treatment response assessment, in which
changes in both parameters are concordant with PSA changes (biochemical response)
following treatment®%63645 |n 3 study of 19 prostate cancer patients treated with Lu-177 PSMA
I&T, PSMA-TV values were decreased in 12 patients (63%), and TL-PSMA values were decreased in
15 patients (79%) following treatment. Accordingly, the SUVmax and the PSA values also
decreased in 14 (74%) and 10 (53%) patients, respectively®>. However, follow-up data in patients
with PSMA-TV are lacking. Moreover, histological assessment of PSMA-avid lesions that
enables correlation with PSMA-derived volume measurement is not feasible in all cases due
to ethical issues and patient distress related to invasive biopsy procedure particularly in
relapse settings where repeat biopsies are not often clinically indicated as their results would
not affect clinical management. Thus, these approaches remain in their infancy and further
prospective trials are needed to reveal the full potential of these PSMA-PET-derived
parameters.

[H1]Standardized imaging interpretation tools



Agreement on standards of interpretation and processing of PSMA PET images is required to
ensure consistent quality and reproducibility of reporting to support clinical decision making
or for the radiological findings to be used in research and clinical trials. Standardized imaging
interpretation tools such as PERCIST, PROMISE, PSMA-RADS and E-PSMA have been proposed
for this purpose.

[H2]PERCIST, PROMISE and PSMA-RADS

PET response criteria in solid tumours (PERCIST) is a group of molecular criteria that were
initially formulated for response evaluation of fluorodeoxyglucose PET-CT (FDG PET-CT)® (Box
1). The creation of these criteria aimed to address the limitations of anatomical tumour
response metrics such as RECIST — for instance, potential loss of valuable information by
reducing continuous tumour information into four categories (complete response, partial
response, stable or progressive disease) — and enabling quantitative assessment of PET
response.

The PERCIST criteria have been specifically adapted for PSMA PET response evaluation®,
showing that for ®Ga-PSMA PET-CT response evaluation, molecular criteria outperformed
morphological criteria in patients with metastatic prostate cancer with PSA progression. In
particular, a drop of 230% in the highest SUVnax was considered a partial response; a 230%
increase was considered progressive disease and the detection of a new PSMA-avid lesion was
also considered as progressive disease. Similar to the original PERCIST 1.0, detected changes
between partial response and progressive disease were considered as stable disease (or stable
metabolic disease)

PERCIST has been evaluated in a number of FDG-PET trials but is yet to be validated in prostate
PSMA studies. A reason for this omission might be because the patterns of tracer uptake on
PSMA scans are different from the FDG-PET scans as PSMA is a receptor-based tracer, unlike
FDG-PET, which shows metabolic changes. Concerns around incidental physiological uptake
that could sometimes be mistaken for disease have led experts in the field to consider the
design of standardized reporting and interpretation systems for PSMA. One of these systems
— Prostate Cancer Molecular Imaging Standardized Evaluation (PROMISE) — is proposed for
use in staging and the other system — PSMA reporting and Data system (PSMA-RADS) — is
proposed for use in lesion characterisation. PROMISE assigns a visual scoring system (0-3)
relative to SUV in liver and blood pool, whereas PSMA-RADS applies scores 1-5 where 1
signifies normal tissue or a benign lesion and 5 indicates a malignant lesion with a high
certainty®. Neither of these tools has yet been tested in multicentre randomised studies.

[H2]E-PSMA

E-PSMA is a standardised PSMA reporting guideline supported by the European Association
of Nuclear Medicine, which contains consensus statements proposed by selected panellists
consisting of PSMA-PET experts worldwide®®. E-PSMA provides guidance on the standard
reporting of suspected prostate cancer sites by region including prostate, prostatic bed,
and metastasis (lymph nodes, bone, or visceral soft tissue), as well as the reporting of PSMA-
PET imaging in various prostate cancer settings: primary staging, recurrent setting, advanced
setting, and assessment of treatment response to systemic therapy. Implementation of E-
PSMA could contribute to uniform and reproducible image interpretation, which should lead
to more consistent reporting in clinical practice and increased data reproducibility in clinical
trials. The E-PSMA criteria has been applied as the reporting criteria in some clinical
studies’®’%, however more robust validation of the criteria is awaited.



[H1]Limitations of PSMA PET

Although PSMA-PET performs well for detecting metastases in prostate cancer, it does have
some pitfalls and limitations that complicate its implementation in evaluation of disease
burden and assessment of treatment response  The effects of these limitations mentioned
could complicate interpretation of PSMA-PET imaging in general, however especially for the
scenario of treatment response assessment to ADT — explained below.] . These include tracer
trapping, PSMA flare, radiation exposure and limited availability.

[H2]Tracer trapping.

Tracer trapping refers to the accumulation of tracer activity in non-target tissue — in the case
of PSMA PET, some normal tissue also expresses PSMA receptors, which could, therefore,
show tracer activity during imaging, resulting in false positive findings. For example, the
coeliac and stellate sympathetic ganglia can exhibit sufficient PSMA tracer uptake such that
they can mimic lymph node metastases’>’3. Various benign lesions can also display vivid tracer
uptake, including bone-related conditions such as fibrous dysplasia’ and healing fractures’;
benign tumours such as thyroid adenomas’ and desmoid tumours; and pulmonary
inflammation and infections’®. A variety of malignant neoplasms also express PSMA, such as
renal cell carcinoma, lung cancer, CNS glioma, gastric and pancreatic adenocarcinomas’. Such
lesions are rarely misinterpreted as metastases as these are very atypical sites, but they can
occasionally be challenging for physicians to ascertain whether they represent a synchronous
pathology. Detection of cancer recurrence at the prostate bed, which is fundamentally
important for treatment response monitoring, is also complicated by the accumulation of
tracer in the bladder and urethra, and, in patients who have received high-intensity focused
ultrasound (HIFU), in the cavities formed from the therapy. MRI has been found to provide
better structural information on the prostate bed than PSMA-PET.”’

[H3]Tracer excretion in the urine.

Urinary excretion is the major elimination pathway for most PSMA PET tracers. Thus, excreted
radiotracer activity in the ureters can confound interpretation of small retroperitoneal and
pelvic lymph nodes close to the ureters. In BCR settings, intense radiotracer activity in the
urinary bladder can obscure the evaluation at the vesicourethral junction’®, which is
particularly problematic given that this is the most frequent site for local recurrence. The use
of tracers with lower urinary excretion could be used to counter this. For instance, 18F-
rhPSMA-7 has been shown to have a higher tumour-to-bladder ratio than 68Ga-PSMA-11,
including in cases with local recurrence’. F-PSMA-1007 with liver-dominant excretion has
been shown to increase confidence of diagnosing small locoregional lesions adjacent to the
urinary tract compared with other PSMA tracers®. However, in both studies, the test agents
were associated with increased detection of falsely PSMA-positive lesions elsewhere, which
were deemed to be benign or non-specific by experts, particularly in the skeleton. Switching
of the tracer type might, therefore, introduce other errors and difficulties with longitudinal
comparison. Moreover, availability of these specific tracers is limited for some centres due to
variations in licensing, commissioning and supply chain constraints.

Other strategies have also been attempted to overcome the challenge of urinary excretion,
including the use of diuretics such as furosemide®, the urographic (delayed)®*®* phase of
iodinated contrast CT, dual point PET imaging (to look for persistent PET-avid lesions at the
bladder neck)® or early dynamic PET imaging (to capture early tracer perfusion and avidity in
local recurrent disease prior to arrival of excreted urinary tracer activity) in some centres &8,
Correlation of PSMA PET findings with mpMRI, including the use of integrated PET-MRI
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platforms might also be useful®”#. These approaches have been met with variable success,
but confident diagnosis of vesicourethral junction recurrence remains a challenge (Fig. 1; Fig.
2)

[H2]PSMA flare and false positive uptake.

In vitro studies® and data from mouse xenograft models®® have shown that cellular PSMA
expression is quantitatively increased by short-term androgen depletion. This phenomenon
has been confirmed in human patients by the work of Hope et al. In one patient with
castration sensitive metastatic prostate cancer, PSMA PET Imaging demonstrated an increase
in ®Ga-PSMA-11 SUVmax from 2.9 + 3.0 to 11.8 + 6.9 (707% + 689%) across 22 measurable
lesions (P < 0.001) 4 weeks after initiation of ADT. °1. The upregulation of PSMA expression is
evident even in androgen-independent prostate cancer cell lines that are refractory to
treatment with antiandrogens®2. However, in vivo animal studies show that while the amount
of PSMA per cell increased, the overall size of the tumour decreased in response to castration
and enzalutamide®. Thus, PSMA uptake on imaging does not necessarily correspond with
tumour size measurements, which can render treatment response monitoring challenging and
less accurate in this setting.

Conversely, a study in humans of 31 metastatic prostate cancer lesions in 10 patients who
were imaged with PSMA-PET before and after continuous long-term ADT treatment (mean 7
months, range 5 to 11 months) showed that PSMA uptake was significantly reduced in 71%
and increased in 12.9% of the metastatic prostate cancer lesions after continuous ADT
treatment®. Some studies have shown a significant association between a positive PSMA PET
result (that is, detection of at least one lesion indicative of prostate cancer) and ADT*#%,
whereas others reported no significant change in detection efficacy®®This difference could be
due to the heterogeneity in study setup: some studies involved only hormone-sensitive® or
castrate resistant prostate cancer patients®® in analysis, while othersincluded both groups®*%;
the timing of PSMA PET imaging following initiation of ADT could also play a role - for instance,
Emmett et al. detected a significant increase in SUVmax in castrate resistant prostate cancer
patients after 9 days of initiating ADT which plateaued after day 28, whereas no PSMA flare
phenomenon was reported on imaging by Plouznikoff et al. at a median follow up of 3 months,
however an early and short lived flare cannot be excluded. Finally, the numbers of patients
included in these studies were small

Clearly, these findings have implications for the application of PSMA-PET in treatment-
response monitoring for ADT. The exact effect of ADT on PSMA PET results is being elucidated
by ongoing trials  suchas  the ADTPSMA2 study®’, which compares the mean increase of
SUVmax of prostate cancer lesions in 18F-PSMA 1007 PET before and 3 weeks after the
initiation of GNRH antagonist in 35 men with newly diagnosed metastatic prostate cancer. The
same cohort would undergo yearly follow-up PSMA PET scans until the time of progression to
castrate-resistant prostate cancer. The study is estimated to be completed by March 2023.

PSMA expression in non-prostatic tissue could have a substantial effect on clinical decision
making’#8. For example, a patient with known prostate cancer with PSMA scan that shows
avidity in a lung nodule might be wrongly diagnosed as having pulmonary metastases (Fig. 3A-
D), unless biopsy sampling is available to confirm whether the lung lesion is a squamous cell
lung carcinoma. This result on PSMA PET could, therefore, affect patients without an
opportunity for a histological confirmation. PSMA uptake in the stellate, coeliac and sacral
ganglia can sometimes be difficult to differentiate from suspicious or avid cervical,

10



retroperitoneal or pelvic lymph nodes (Fig. 3e-k) 7>%°. These pitfalls should be recognised and
mitigated as much as possible by corroborative data from other investigations where
available.

[H2]Radiation exposure.

Inevitably, PSMA PET scans are associated with ionising radiation; the estimated dose of
radiation for receiving one scan is 8-4 mSv, with the highest radiation received by the kidney®.
As a comparison, the UK average background radiation dose experienced by an average
person over a year is 2.7 mSv, with the majority (48%) originating from radioactive radon gas
from the ground®. Although the dose associated with PSMA PET is much lower than what
patients might have received from radiotherapy, the serial and longitudinal nature of follow-
up imaging studies to assess treatment response mean the overall radiation dose received by
patients from having the scans is not insignificant compared with modalities such as WB-MRI,
which does not involve the use of ionising radiation..

[H1]PSMA theranostics in prostate cancer

In addition to providing high-quality, highly specific prostate cancer PET imaging, PSMA
radioligands have also been used in targeted radionuclide therapy with encouraging results,
which gives PSMA radioligands a unique added benefit compared with other non-PSMA based
tracers such as ®F FDG or *®F Choline!®* .

In two large multicentre studies, [Y’Lu]Lu-PSMA-617 (Lu-PSMA) has been shown to be a
potential new line of therapy in patients with mCRPC who have progressed on at least one
line of chemotherapy. The TheraP trial was a randomised phase 2 trial that compared Lu-
PSMA with Cabazitaxel in 200 men with mCRPC%? and recruited and triaged men based on
their ®Ga-PSMA PET status. Patients were admitted into the study if they had a SUVmax of >20
at a single site or SUVmax>10 other sites of measurable disease (size210mm. Patients with
disease sites that have discordant FDG-positive and PSMA-negative findings were also
excluded. The primary end point for the study was 250% reduction in PSA from baseline levels;
PSA response was shown to be 66% in the Lu-PSMA arm versus 37% in the cabazitaxel arm
(p=10.0001).

A second study, VISION, was a phase 3 trial in 831 men that compared [Y’Lu]Lu-PSMA-617 in
men with mCRPC who have progressed on at least one line of androgen receptor pathway
inhibitor agent and one or two taxane chemotherapy regimens®. Lu-PSMA was given with
protocol-permitted standard of care (permitted treatments included but were not restricted
to the approved hormonal treatments, bisphosphonates, radiation therapy, denosumab, or
glucocorticoid at any dose but not chemotherapy, immunotherapy, radium-223 (223Ra), and
investigational drugs due to the lack of safety data combining Lu-PSMA with these agents)
and compared against patients who received standard of care alone. Alternate primary
endpoints were imaging-based progression-free survival (PFS) and overall survival. Median
PFS was 8.7 months in the Lu-PSMA arm versus 3.4 months for standard of care (HR 0.4, 99.2%
C10.29t0 0.57, p<0.001). Median overall survival was 15.3 months in the Lu-PSMA arm versus
11.3 months for standard of care (95% Cl 0.52 to 0.74, p<0.001).

With the high mortality rate of mCRPC patients being driven by resistance to hormonal
therapy'®, a new line of therapy for this particular patient subset is needed. The results from
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the TheraP and VISION trials demonstrated that Lu-PSMA is an effective new line of therapy
for patients with mCRPC with a higher PSA response and longer overall survival compared to
current standard of care.

The possibility of carrying out Lu-PSMA therapy without having a prior PSMA PET scan has also
been considered as a possible management strategy. . In the VISION study, patients were
eligible if they had at least one PSMA-positive metastatic lesion and no PSMA-negative lesions
according to the protocol criteria 1. A PSMA-positive lesion was defined as *8Ga-PSMA-11
uptake greater than that of liver parenchyma in one or more metastatic lesions of any size, in
any organ system; a PSMA-negative lesion was defined as uptake equal to or lower than that
of liver parenchyma in any lymph node with a short axis of at least 2.5 cm; in any metastatic
solid-organ lesions with a short axis of at least 1.0cm; or in any metastatic bone lesion with a
soft-tissue component of at least 1.0 cm in the short axis'®®. Approximately 87% of patients
met these criteria in VISION, meaning that the majority of the real-world mCRPC patient
population would have met the criteria and benefited from treatment with Lu-PSMA even if
pre-treatment PSMA scans were not performed to identify them. . Due to challenges with
costs and availability of either tracer, some argue that PSMA scans might not be needed
before Lu-PSMA therapy'®. However, bypassing the pre-treatment PSMA PET scan would
mean that about 13% of patients with nil or low pre-treatment PSMA expression  receiving
Lu-PSMA therapy which they are unlikely to respond to, potentially costing more in the long
term..

[H1]WB-MRI and its changing landscape in prostate cancer

Whole-body MRl is showing increasing promise as an ‘all-in-one” modality for cancer diagnosis
and staging without the need for radiation exposure. Interest in this technique is growing for
use across different cancer sites; in multiple myeloma WB-MRIlis  an established modality
for skeletal assessment. Some studies have shown  higher sensitivity of WB-MRI compared
to 18FDG-PET-CT for the detection of both focal and diffuse bone involvement.'%

WB-MRI is now being developed for routine clinical use in prostate cancer'®. In a study
assessing the diagnostic accuracy of WB-MRI in newly diagnosed intermediate-risk and high-
risk disease?®, the mean sensitivity and specificity for N1 disease were 1.00 and 0.96,
respectively, whereas for M1b disease, the mean sensitivity and specificity were 0.90 and
0.88, respectively. In a subgroup of 53 patientswith biochemical recurrence after local
treatment, the overall sensitivity and specificity of WB-MRI were 0.94 and 0.83, respectively,
and the sensitivity and specificity at bone, lymph node and visceral levels were 1.00 and 0.91,
0.79 and 0.97 and 0.60 and 1.00, respectively.'%” In addition, interobserver reliability has been
shown to be high: in a prospective cohort study of 56 patients, WB-MRI imaging data were
reviewed by two radiologists, showing that WB-MRI had an interobserver concordance (k) of
0.79, 0.68, and 0.58 for N1, M1a, and M1b diseases, respectively?. The Advanced Prostate
Cancer Consensus Conference (APCCC) and the EAU have recognised that WB-MRI is more
sensitive than conventional imaging techniques for detecting bone metastases, hence
providing alternative methods other than PET based imaging for disease assessment
Current advances in WB-MRI sequence acquisitions are now making it feasible to acquire WB-
MRI scans in less than 60 minutes, which helps to reduce patient waiting times, anxiety and
potentially increase the efficiency of WB-MRI as a next generation imaging technique 1%,
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Data on cancer detection rates in localised prostate cancer are limited, possibly because WB-
MRI is not the initial modality used for diagnosis and/or surveillance at early stages of prostate
cancer and the research and clinical interests are concentrated around staging and/or
detection of metastases. Thus, cancer detection rate for localised prostate cancer was not

included in studies?®,1%7

[H2]Sequences commonly used in WB-MRI

Common and routinely used sequences in WB-MRI include T1l-weighted, T2-weighted,
diffusion-weighted imaging and Dixon imaging!® .  Dixon sequence is a chemical shift-
based technique that enables fat-only and water-only images, providing improved lesion
conspicuity as well as fat quantification in malignant and benign tissues.

[H2]Standardisation of WB-MRI acquisition, interpretation and reporting

Patient-specific and disease-specific standardisation of WB-MRI protocol has been addressed
by the UK Quantitative WB-DW!I Technical Workgroup, METRADS-P!® and MY-RADS*}, which
involved a panel of experts with experience in physics, clinical imaging and oncology and
provided recommendations to promote standardisation and reduce variabilities in image
acquisition, qualitative interpretation and reporting of WB-MRI.

The interobserver repeatability of radiologists’ reporting using MET-RADS-P (Table 3) has been
evaluated in one study!! in which two independent radiologists, a board-certified senior
radiologist with 9 years experience and a resident with 6 months training were asked to report
50 consecutive paired WB-MRI examinations. The senior radiologist reported 249 metastatic
regions compared with 251 by the resident. For the MET-RADS-P primary RAC pattern
assessment, excellent agreement was seen for many regions including the cervical, dorsal and
lumbosacral spine, as well as the pelvis, limbs, lungs and other sites (k 0.81- 1.0). Substantial
agreement was seen for thorax, retroperitoneal nodes, other nodes and the liver (k 0.61 -
0.80). Similarly, substantial agreement was reported for the secondary RAC pattern for
cervical (k 0.93) and retroperitoneal nodes (k 0.89) and moderate agreement for dorsal spine,
pelvis, thorax, limbs and pelvic nodes(k 0.61-0.80)*%.

[H2]Superparamagnetic iron oxide nanoparticles

Use of superparamagnetic iron oxide (SPIO) nanoparticles, including ultrasmall particles of
iron oxide (USPIO) has been shown to further enhance accuracy for nodal disease assessment
in prostate cancer!'?1!® These agents are taken up by normal lymph nodes leading to a T2
shortening effect and meaning that these normal nodes appear low in signal on MRI, whereas,
by contrast, abnormal lymph nodes with low uptake of the agent would remain high in signal
intensity. Limited data exists comparing the use of SPIO MRI with PET-CT*Y, but a 2021 head-
to-head comparison with 68Ga PSMA PET-CT showed overall higher nodal detection using
SPIO MRI but with a substantial discordance rate!'®, These data illustrate the potential
complementary roles of the modalities, but use of SPIO MRl is  limited due to its availability,
lack of regulatory approval in some jurisdictions and the skill set required for its
implementation. For instance SPIO has been reported to cause local infusion site inflammation
and can cause a systemic complement activation-related reaction when injected too
rapidly!'® . The FDA recommends its use under continuous blood pressure monitoring!*.The
role of SPIO MRI in prostate cancer assessment in the WB-MRI setting and beyond nodal
assessment requires further evidence before its role can be truly defined!'>.  Whether using
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this technique could augment (or even interfere with) assessment of the primary lesion and
non-nodal metastases is yet to be explored??%12,

[H2]WB-MRI derived markers

Imaging biomarkers derived from WB-MRI include ADC, signal fat fraction (sFF) and proton
density fraction (PDFF), which quantify tissue features (water diffusion and fat content
respectively) and thus provide information that characterises disease states.

[H3]ADC for assessing bone metastases

DWI can enable categorisation of treatment response in prostate cancer bone using ADC
values, whereas bone scintigraphy and CT are only able to identify disease progression???

. .ADC also known as apparent diffusion coefficient is a biomarker derived from DWI
which could help quantify the diffusivity of water molecules in extracellular compartment of
biological tissues. Diffusion of water is restricted with increased cellularity within tissue as
seen in cancers thus leading to low ADC. The reverse is seen in normal cells or in cellular
necrosis, which in turn permits increased diffusivity of water between cells and hence a high
ADC 123124, Studies have shown that the mean and median bone ADC values increase
following response to treatment!?12641 Similar findings have been demonstrated regarding
bone involvement in other cancers such as multiple myeloma, breast, pancreatic and
colorectal cancers 124127 Spatial heterogeneity is seen within the metastasis, with the centre
of the lesion having a greater increase in ADC values compared to periphery. This spatial
heterogeneity can be assessed by performing whole-tumour volumetric texture analysis on
ADC maps, facilitating the monitoring of treatment response'?,

[H3]Signal fat fraction and proton density fat fraction

According to the RECIST v1.1 criteria, a pathological node must meet the criterion of a short
axis of diameter of 215mm on CT*%. However, 10-20% of normal-sized lymph nodes will
contain tumour deposits and 30% of enlarged nodes are benign'?’; furthermore, normal
structures and other pathological processes can mimic nodal disease.

Signal fat fraction (sFF) and proton density fat fraction (PDFF) are quantitative imaging
biomarkers under investigation that estimate tissue fat content. Normal lymph nodes are
composed of a fatty hilum surrounded by a cellular rim®3°. This hilar fat is often lost in
metastatic infiltration . The in-phase and out-of-phase images on the Dixon sequence
can be used to generate fat-only and water-only images, which could then be used to calculate
the signal fat fraction. 3132, Adeleke et al. showed that mean sFF was significantly lower for
PET-positive (0.63) compared with negative nodes (0.79) (p<0.0001) in patients with radio-
recurrent prostate cancer. 131Similarly, Appayya et al. demonstrated that the mean FF was
lower in PET-positive (mean FF= 43.1%) than in PET-negative (mean FF= 59.2%) nodes
(p<0.001)132.In addition, sFF can act as a quantitative measure for treatment response. In an
analysis of 28 lymph nodes across 13 patients who had received ADT, the baseline median sFF
was lower in treatment responders than patients in the non-responder group®*3. PDFF is also
useful in assessing vertebral bone marrow lesions to distinguish benign lesions from bone
marrow metastases— in a retrospective review of 192 spinal MRI examinations, PDFF values
were significantly lower in benign vertebral bone marrow lesions compared with
metastases13.

[H1]Limitations of WB-MRI

Although many studies have demonstrated the superior performance of WB-MRI over
established diagnostic methods such as CT and bone scan, a number of challenges to
implementation remain. The main disadvantages of WB-MRI include the relatively long
acquisition times and contraindication in certain patient sub-groups. Imaging distortion and

14



motion artefacts, differential diagnosis of findings, incidentalomas and limited availability of
WB-MRI technology still remain some of its major challenges

[H2]Metallic implants, scan duration & claustrophobia.

Although MRI is an imaging modality with excellent tissue resolution and no radiation
exposure, it can be inconvenient to patients. The duration of a WB-MRI scan is long — 40-60
minutes on average. This long reporting time for each individual scan means this could
further lengthen time to treatment decisions. and reduce accessibility to the scan due to the
limited capacity of radiology departments to perform MRI scans at any given time.

The use of MRIis  contraindicated in patients with metal implants that are labelled as MRI-
unsafe®®, owing to risk of heating or implants becoming dislodged causing MRI projectile
injuries. MR-conditional implants could be scanned only under very specific conditions
provided in their labelling. Metal implants could also cause image distortion around the metal
due to distortion to the magnetic field homogeneity around the implant (Fig. 4).
Approximately 5-30% of patients report distress when undergoing an MRI 3¢, The relatively
long acquisition time and the requirement to remain still can be anxiety-inducing to patients
with claustrophobia, who might consequently acquire motion artefacts on their imaging,
need sedation or alternative imaging methods in severe cases®3®,

[H2]Limited Availability.

For a number of reasons, the availability of WB-MRI is currently limited. Performing WB-MRI
examination requires MRI scanners with an adapted WB-MRI protocol, which is not available
in every centre and sometimes needs MRI physics input to set up which is specialised and not
always available;Furthermore, WB-MRI is not a commonly used technique, few (though
growing number of) radiologists are trained to interpret WB-MRI examinations®®’. Finally, the
relatively long duration of a WB-MRI scan means that many centres will currently struggle to
routinely fit WB-MRI  scans into their scan schedules.

[H2]Incidentalomas.

Several studies have shown that WB-MRI scans can lead to incidental finding of a malignancy
or other finding'3®13%14% A study that evaluated the clinical value of using WB-MRI for the
health screening of the general adult population scanned 22 adults, and reported a range of
incidental findings including one malignant lesion, and findings of unknown or no significance,
most commonly hydroceles (in 61% of men), followed by benign bone lesions (32%) and
others such as non-specific lymph nodes and cysts in various locations'*°. A separate study**
reported that 32% of incidental findings on WB-MRI are potentially relevant and require
subsequent investigation. These incidentalomas complicate communication with patients,
especially when the risk of false positives might create unnecessary medical interventions and
patient distress.

[H2]Image distortion on DWI and Dixon images.

When using DWI, Echo-planar imaging (EPI) has been the preferred pulse sequence for
readout of diffusion-weighted data owing to its short imaging time and tolerance to motion®*.,
However, EPI is very sensitive to inhomogeneities in the magnetic field such as the regions
near the boundaries separating bone, fat and soft tissues, resulting in localised geometric
distortion along the phase-encoding direction!*2. This distortion effect can also result in
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misalignment of functional DWI imaging with anatomical imaging sequences by several
millimetres*®, limiting its accuracy in the affected regions.

The Dixon method is a popular method for fat—water separation that relies on the chemical
shift difference between water and fat'**. However, presence of multiple and variable fat
peaks within tissue of interest and magnetic field inhomogeneities, especially in regions of the
body with air—tissue interfaces such as the head and neck, mean that fat-water inversion —
in which fat-only and water-only voxels are swapped — can occur (Figure 5). This artefact
affects 5-10% of Dixon MRIs'®.Fat-water artefacts can mimic soft-tissue lesions and
oedematous changes'*® and can also invalidate the quantitative measurement of the fat
fraction#7:148,

[H2]Differential diagnosis of findings.

Although a modality with high sensitivity, some benign lesions detected on MRI could mimic
malignancy, leading to false positives , unnecessary biopsies and inaccurate clinical
assessments. Inflammation, such as from chronic prostatitis*****° or granulomatous prostatitis
following BCG treatment®!, is known to mimic prostate cancer lesions on MRI. MRI can also
cause false positive findings in the assessment of bone metastasis. MRI identifies bone
metastases by detecting the replacement of the normal bone marrow content with neoplastic
cells, which leads to alteration of the signal intensity on the morphological sequences and
alteration of water diffusivity on DWI sequences>2. Bone marrow reconversion is a process in
which areas of yellow marrow are replaced by red marrow, usually occurring at times of
physiological stress 3. Bone marrow reconversion produces similar appearances to bone
metastases on MRI and can be misleading in patients with malignant tumours®>*1>5,

[H1]Next generation imaging: implications for overall survival

Despite encouraging results regarding the accuracy of PSMA and WB-MRI, no large
prospective, multicentre, randomised studies to date have demonstrated the superiority of
WB-MRI compared with conventional imaging or head-to-head comparison of WB-MRI with
PSMA, for improvement in overall survival or patient-reported outcome measures (PROMs).
Although there is debate as to the necessity of producing such data in order to change practice
for an imaging modality in prostate cancer. The ability  to change clinical guidelines in favour
of using these NGI over conventional imaging would be further strengthened by such studies
demonstrating clinical benefit, improved patient survival, health economic benefit and
improved PROMs.

Although PSMA PET is  approved in an increasing number of settings'®®, the research on its
use focuses heavily on the diagnostic accuracy of the modality. PSMA PET has been shown to
be more sensitive than conventional imaging and PSMA-avid lesions can be detected at very
low PSA levels >, This discrepancy between imaging techniques can result in stage migration
and a subsequent change in management plan for that patient. However, a change in
management plan has not been demonstrated to translate to an increase in disease-free
survival or overall survival. The biological and clinical significance of the presence of small
PSMA-avid lesions remains unknown and, as a result, the upstaging of patients with small
PSMA-avid lesions and potential change in their treatment away from radical therapy might
deny these patients a chance of cure'*.
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[H1]Cost and accessibility of PSMA versus MRI

In addition to their clinical benefits, cost and accessibility of PSMA PET and WB-MRI scans are
also important factors in future implementation of these imaging modalities in routine clinical
practice. This section explores the estimated costs involved in setting up and performing
PSMA-PET and WB MRI scans, although formal health-economic analyses are awaited.

[H2]Cost of setup

Availability of PSMA PET radiotracers varies between countries according to factors including
limited access to tracers, constrained scanner capacities and expertise. Most clinically used
radiotracers are typically produced using a cyclotron, availability of which can be a limitation
to its usage. However, Gallium-68 can be eluted from a radionuclide generator (a self-
contained system housing an equilibrium mixture of a parent—daughter radionuclide pair,
which is designed to provide the daughter radionuclide formed by the decay of the parent
radionuclide) whereby the parent isotope Ge-68 can be decayed to produce Ga-68. This
approach can be implemented in PET facilities that do not own a cyclotron®%,

The initial outlay cost of Ga-PSMA PET/CT is in the region of £150k—170k (USD$201k— $228k)
owing to the cost of the system needed to generate the radioisotope, including a Gallium
generator and cassette. The cassette needs to be replaced regularly, every 10-12 months on
average. However, unlike Ga-68, other radiopharmaceuticals, including ¥F-DCPFyL and *8F-
PSMA-1007, have a longer half life?® and thus the potential for centralised, large-scale
production that can be distributed to sites without a cyclotron , which could reduce
costs. Additional costs stem from the requirement for specialised trained nuclear medicine
physicists to handle nuclear material. The handling, storage and disposal of ®Ga-PSMA and
other PSMA-conjugated radiotracers is regulated by government policies. Furthermore, the
costs of safe disposal of nuclear material are relatively high in the USA and Europe. The
average cost of a single PET/CT scanner ranges from USD$225k for basic 16-slice scanners to
USDS750k for 64+ slice scanners with feature-rich images!®. The hope is that as more data
emerges , this could influence policy decisions around radioisotope usage and handling,
making it more practical for widespread use.

For WB-MRI, a 1.5 T or 3T magnet scanner is required. The average cost of a new commercial
MRI machine manufactured after 2009 is estimated at USDS3 million for a 1.5T scanner and
at least $4.9 million for a 3T scanner ! Factoring in installation costs and maintenance of the
MRI suite, , the total cost can reach $3.6—-6million®%%2, However, many hospitals already
have MRI scanners or have access to mobile imaging services that could be adapted to carry
out WB-MRI examinations after installation of a WB-MRI software protocol.

[H2]Cost of a single scan

According to the NHS England reference cost dataset!®® one WB-MRI scan without contrast
costs, on average, £202 ($270). Conventional imaging modalities such as bone scan and CT
cost £288 ($386) and £117 ($157), respectively. No direct cost was listed in the NHS dataset]
for a PSMA PET scan; however, a PET/CT scan involving more than three body areas costs
£762 ($1,020) and a choline-PET test costs £884 ($1,184), and the cost of PSMA-PET would
be expected to be similar to these, if not higher. A 2021 Australian health economic analysis
using data from the proPSMA trial'® estimated the cost of a single ®Ga-PSMA PET scan to be
AUDS1,203 (~GBP£648, $869), which is cheaper than the cost of conventional imaging (CT and
bone scan) at AUDS$1412( ~GBP£760, $1019); however, this estimation is sensitive to the
efficiency of the Gallium generator and, therefore, might only be generalisable to countries
with local on-site production.
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Considering the cost of set-up and individual scans, WB-MRI is likely to be cheaper overall
than PSMA-PET; if WB-MRI were to replace the combination of conventional imaging
techniques, this might confer a cost saving overall®°. Formal health economic evaluation
should be performed to compare PSMA PET/CT, WB-MRI and conventional imaging
techniques.

The future roles of WB-MRI and PSMA PET-CT

For patients with biochemical relapsed disease after radical prostatectomy, PSMA has become
the imaging modality of choice, where available. However, for relapse after radiotherapy with
high serum PSA levels (>2 Ng/ml),PSMA PET, WB-MRI or even choline PET all have an active
role. The result of an ongoing study?® comparing the use of WB-MRI with ¥F-Choline PET in
radiorecurrent disease is awaited .

For patients with hormone-sensitive, oligometastatic disease who might be amenable to
metastasis-directed therapy, PSMA-PET has demonstrated disease detection and disease free
survival  superiority over PET scanning with choline and fluciclovine®. However, no single
study of metastasis-directed therapy has used WB-MRI for patient identification during the
enrollment process, possibly owingto  lack of data'®®'®’comparing the diagnostic accuracy
of WB-MRI to PSMA or other NGI technologies in the setting of oligometastatic disease. The
use of non-PET based NGI to offer alternative metastasis-directed therapy options in centres
or patients who are unable to have a PSMA study due to lack of accessibility would be
desirable in the future.

WB-MRI might have a major role in the poly-metastatic hormone-sensitive or mCRPC states,
in which NGI might be indicated when disease progression is clinically suspected despite
conventional imaging showing no changes, especially in patients with bone metastases.
Taking into account the high sensitivity of the DWI protocol in the detection of bone
metastases and evaluation of treatment response'®® plus the additional advantage of not
requiring radiation, WB-MRI has some advantages over PSMA in this setting.

Well-designed, powered, randomized multicentre comparative studies would be desirable
to assess the value of ®Ga-PSMA PET, WB-MRI and conventional imaging for disease
detection, disease burden evaluation and survival across different prostate cancer disease
states, though equipoise and obtaining funding to run such studies is a challenge. In
addition, , WB-MRI & PSMA-derived indices including ADC, sFF, PSMA-TV, and TL-PSMA
should be evaluated, in order to better evaluate to patient outcomes.

Identification of the specific patient population who might benefit from metastasis-directed
therapy is important and NGI will play a major role in this process. Accurate evaluation of
disease and location is required before offering SABR and other focal metastasis-directed

therapies to ensure the best oncological outcomes. Ideally, trials should evaluate
differential outcomes in survival between patients treated based on CT, PSMA, WB-MRI and
other NGls. The next 5-10 years will be an exciting time for the health

technological evaluation of these NGls and other upcoming candidates.

[H1]Conclusions

18



The role of NGls across the disease spectrum in prostate cancer is gradually evolving. With
much of the emerging data supporting imaging techniques with improved diagnostic accuracy
over standard-of-care imaging in the form of CT and bone scan. NGIs have an increasingly
important role in disease staging. Two of these imaging modalities: PSMA PET-CT and WB-MRI
show particular promise. However, their relative roles in patients with prostate cancer are yet
to be fully defined and future studies that consider oncological outcomes would be
desirable and may help to define their role for detection, disease burden evaluation
and response monitoring  across different prostate cancer disease states

Glossary

e (B0):The BO in MRI refers to the main static magnetic field (scanner magnetic field) used to
polarize spins and is measured in teslas (T). The majority of MRI systems in clinical use are
1.5T or 3T.

® Echo-planar imaging (EPI): An MRI pulse sequence in which data for the entire image is
collected following a single radiofrequency (RF) excitation. It has the advantage of rapid image
acquisition but with poorer resolution.
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Table 1 | PSMA tracers in clinical use or preclinical development* [Au: | have moved the columns around and reformatted the table to meet our House

style — Thank you!]

Study

Type of study
(n)

Advantages

Limitations

%8Ga-HBED-CC or PSMA-11
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Hofman et al. ¥

Giesel et al. *6°

Pernthaler B et
a|170

Emmett et al.'”*

Morigi et al*”?

Calais et al.'”?

Schwenck et
a|_174

Randomised prospective
study (n=302)

Prospective analysis
(n=21)

Prospective analysis
(n=58)

Prospective, multisite
study (n=91)

Prospective study (n=38)

Prospective study (n=50)

Prospective study
(n=123)

More sensitive than CT based 3D
volumetric lymph node evaluation
in determining the node status of
patients with recurrent prostate
cancer

Significantly higher detection rate
of prostate cancer lesions than 8F-
Fluciclovine, **C-Choline and &F-
fluoromethylcholine

Physiologic uptake on PET in
cervical, celiac, and sacral ganglia
of the sympathetic trunk
Accumulation of tracer in urinary
bladder and thus less sensitive at
detecting localised recurrence
Discordant findings of lymph node
and bone lesions which may affect
TNM staging

34



18F_DCFPyL

Dietlein et al.*”

Prospective comparative Minimal non-target tissue uptake e Reduced binding affinity in vitro
study (n=14) at or after 1h post injection
Higher mean SUVmax and tumour to
background ratio compared to
Prospective study 68Ga-HBED-CC
(n=9) Labelling of PSMA tracers with 8F
Szabo et al."”* offers advantages include
improved image resolution, longer
Prospective study, Phase half-life, and increased production
I1/111 (n=385) yields
Pienta et al.”” Low hepatic uptake allowing the
detection of liver lesions
Demonstrates disease localisation
Prospective, Phase Il in the setting of negative standard
Morris et al. 178 trial (n=208) imaging, resulting in change of
intended management
[*8F]CTT1057
Behr et al.'”® Phase | trial (n=20) Potentially lower radiation e Unexpectedly slow excretion

exposure of the kidneys and
salivary glands

kinetics - imaging at 90 minutes or
later seems to be a prerequisite
for high contrast imaging.
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[**F]DCFBC

Turkbey B et Prospective analysis Above a threshold PSA value of e Slow blood clearance and thus
al.180 (n=13) 0.78 ng/mL, ®F-DCFBC was able to high background activity
identify recurrence with high e Compared with ®F-NaF PET/CT,
reliability. 18F_DCFBC PET/CT detected
Cho et al.™® Prospective analysis Relatively low *F-DCFBC PET significantly fewer bone lesions in
(n=5) uptake in benign prostatic the setting of early or metastatic
hypertrophy lesions, compared castrate-sensitive disease on
- with cancer in the prostate, which treatment.
Harmon et al. Prospective analysis may allow more specific detection e Sensitivity of ®F-DCFBC for
(n=28) primary prostate cancer was less
than MR imaging
Mena et al.’
Prospective study (n=41)
Rowe et al.’®*
Prospective study (n=13)
%4Cu-PSMA-617
Hoberlick S et al. | Prospective study (n=16) Easily synthesized, exhibit a e Slow clearance for kidney and

185

Cantiello et al.
186

Observational study
(n=43)

favourable biodistribution in PSMA
positive tumours

®4Cu has imaging physics more
similar to '®F than ®Ga - Better
quality pictures on imaging

high liver uptake
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More sensitive than 8F PET/CT
especially at low PSA values

e '8F-PSMA-1007

Giesel et al.'®”

Malaspina et al.

188

Dietlein et al.*®

Alberts et al. 1

Witkowska-
Patena et al **

Retrospective analysis
(n=251)

Prospective analysis
(n=79)

Prospective analysis
(n=27)

Retrospective analysis
(n=244)

Prospective study (n=40)

Does not appear in the ureters and
bladder within the imaging time
interval — better delineation of
local recurrence or pelvic lymph
node metastasis

Greater sensitivity in nodal staging
of primary prostate cancer than
did WB-MRI with DWI or CT

A higher liver uptake, which is
caused by its higher lipophilicity
Uptake in muscle, submandibular
and sublingual gland, spleen,
pancreas, liver, and gallbladder
may decrease the interpretability
of skeletal lesions compared to
other renally excreted PSMA
tracers.

significantly greater rates of
uncertain findings and false
positive findings when compared
to 8Ga-PSMA-11
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[®®Ga] THP-PSMA

Derlin et al.? Cohort study (n=25)

AfagAetal.' | phase Il trial (n=49)

194

Kulkarni et al. Prospective study

(n=118)

Stable in human serum for more
than 6h and showed specific
binding to PSMA-expressing cells
Simplified radiolabelling compared
to other ®®Ga-PSMA conjugates
Safe to use with no serious adverse
events

Influences clinical management in
a significant number of patients

Two incidences of minor adverse
events (rash and pruritus)

68Ga-PSMA-I&T

38



Bluemel et al.

Schmuck et al.**®

Asokendaran et
aI 197

Retrospective analysis
(n=125)

Prospective study (n=20)

Retrospective analysis
(n=150)

%8Ga-PSMA I&T PET/CT identified sites
of recurrent disease in 43.8% of the
patients with negative ®F-choline
PET/CT scans

Tracer uptake significantly higher in
prostate cancer compared to other
benign prostate tissue and the tumour
to nontumour ratio increases
overtime

No information found in literature to date

e 18F-rhPSMA-7

Oh et al.*®®

Kroenke M et
al.”?

Retrospective analysis
(n=202)

Retrospective matched-
pair comparison (n=160)

e An early imaging point (50-70
mins) is recommended for 18F-
rhPSMA-7 to achieve highest
imaging quality

e Similar biodistribution to
established PSMA glands and
stable tumour uptake

e Lower urinary excretion compared
to ®8Ga-PSMA-11

More frequent bone marrow
uptake and increased negative
impact on clinical decision making
if uptake time is increased
Slightly more frequent uptake in
benign areas compared to %Ga-
PSMA-11

e 18F-JK-PSMA-7
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Hohberg et al.’*®

Dietlein et al*®

Prospective study (n=10)

Retrospective analysis
(n=128)

Fast excretion via blood in a similar
order of magnitude to [*®F]-DCFPyL
and reduced background enrichment
High detection rate in patients with
PSA level greater than 0.3ng/ml under
ADT

Physiologic radiotracer accumulation
in the salivary and lacrimal glands,
liver, spleen, and intestines

18F-PSMA-11

Piron et al. 2% Prospective study (n=6) e Lower mean effective dose (12.8 £ | No information found in literature to date
0.6 uSv/MBq), therefore lower
total radiation dose than for other
PSMA PET agents and in the same

Piron et al.?%? Prospective study (n=44) range as ‘F-DCFPyL

PSMA-I&F (DOTAGA-k(Sulfo-Cy5)-y-nal-k-Sub-KuE) *
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Schottelius et al
203

Preclinical study in mice
and organ cryosections

High affinity for PSMA and same
for internalisation

Low accumulation in target organs
Can be conjugated with Sulfo-Cy5
dye and is thus useful for
intraoperative guidance

No information found in literature to date

*Preclinical only

*Table is non-exhaustive, with some of the less commonly applied tracers not included.

41



Box 1 | PERCIST 1.0 Criteria of metabolic response

Progressive metabolic disease (PMD)

Increase of >30% in SULpeak and absolute increase of 0.8SULgeak Units or a new FDG-avid lesion

Stable metabolic disease (SMD)

Response between PMD and PMR; no new lesions.

Partial metabolic response (PMR)

Reduction of >30% in SULpeak and absolute drop of 0.8SULgeak units.

Complete metabolic response

Complete resolution of FDG uptake within all lesions to a level <mean liver activity

FDG, fluorodeoxyglucose; SUL, standardised uptake value corrected for lean body mass; SULeak, peak SUL in a spherical 1cm? volume of interest.

Figure 1: Clinical case demonstrating use of alternative PSMA tracers and PET MRI to identify disease recurrence in the vesicourethral junction
region.
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1a

A 77-year-old man with an initial diagnosis of pT2 NO Gleason 6 prostate adenocarcinoma, presenting with serum PSA 5ng/ml, and treated with
prostatectomy 16 years ago. He now presents with biochemical recurrence with PSA 4.2 ng/ml, but negative CT and bone scan. ¥F-PSMA-1007
PETMRI scan shows a persistent focus of uptake (red arrow) at the left side of the bladder neck separate from the main bladder lumen on both
maximum intensity projection (MIP) image (1a) and separate pelvic views (1b), suspicious of prostatectomy bed recurrence.

Figure 2: Clinical case demonstrating the use of alternative PSMA tracers and multiparametric MRI to identify disease recurrence in the

vesicourethral junction region
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PSMA-PET MR (2a, 2b) and mpMRI images (2¢c,2d) from a 70- year -old man who underwent salvage radical prostatectomy (RALP) after initial HIFU.
2 months after RALP, serum PSA was 0.04 ug/L. Surgical resection was recorded as difficult but with a good end result and margins were clear on
pathology. At 10 months after RALP, serum PSA had risen to 0.18ug/L and the 18F-PSMA-1007 PET MR study (2a and 2b) demonstrated a focus of
uptake at the bladder neck with added soft tissues on the right side (red arrow) suspicious for recurrence. 2a — maximum intensity projection (MIP)
image; 2b - fused *®Ga PSMA PET/CT, pelvic view. Note that the intensity is higher than excreted urine in the bladder lumen (yellow arrow).| There
was also uptake at the right iliac crest (2a-red arrow head) with no clear morphological correlate, this was thought to be benign and incidental.
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Dedicated mpMRI confirms soft tissues at prostate bed with possible restricted diffusion (2c-red arrow) and early enhancement (2d-red arrow). The
patient underwent further cystoscopic resection. The lesion was confirmed to be benign prostatic tissue with no cancer identified. His serum PSA has

not risen further since the resection.

Figure 3: Clinical cases demonstrating PSMA uptake in prostate cancer metastases and physiological variant uptake in ganglia

3a
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A 59-year-old male with biochemical recurrence post prostatectomy Ga® PSMA PET (Fig 3a MIP, Fig 3b-3d axial PET-CT and Fig 3e-3g axial PET images).
There is a small left iliac bone metastasis on MIP images (3a-red arrow). Corresponding levels marked with red dotted lines on PET/CT images (b-d)
and PET images(e-g) of the same patient. Paired red arrows indicate physiological PSMA uptake in (b,e) stellate, (c,f) coeliac and (d, g)sacral ganglia.

Figure 4| Motion artefact and image distortion around a metallic hip implant in WB-MRI.

4a Motion artefact from physiological respiratory motion on WB-MRI in a patient with prostate cancer, coronal view, with blurring of the image.
4b Metallic implant artefact of right hip prosthesis (dark area with red arrow) on Dixon sequence, coronal view; there is also an area of fat-water
swap (4b -red arrow head).
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Figure 5: Fat-water swap artefacts in Dixon sequence in WB-MRI. Fat—water swap artefacts on Dixon sequences. Red arrows indicate regions or
boundaries of fat—water swap

Fig 5

a) at the base of the neck
b) at the left arm

c) across the lower face
d) the right gluteal region
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