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Abstract
Objectives: To quantify the stage-shift with prostate-specific membrane antigen (PSMA) PET/CT imaging in metastatic prostate cancer and 
explore treatment implications.
Methods: Single-centre, retrospective analysis of patients with newly diagnosed [18F]PSMA-1007 or [68Ga]Ga-PSMA-11 PET/CT-detected metastatic 
prostate cancer who had baseline bone scintigraphy between January 2015 and May 2021. Patients were subclassified into oligometastatic and 
polymetastatic disease utilizing the STAMPEDE2 trial (ISRCTN66357938/NCT06320067) definition. Patient, tumour, and treatment characteristics were 
collected. PSMA PET/CT concordance with conventional imaging (bone scintigraphy and low-dose CT of PET) was identified by number and site of metas
tases, and subgroup assigned. Spearman’s rank correlation and linear regression modelling determined the association between the imaging modalities.
Results: We analysed 62 patients with a median age was 72 years (range 48-86). On PSMA PET/CT, 31/62 (50%) patients had oligometastatic 
disease, and 31/62 (50%) had polymetastatic disease. Prostate radiotherapy was delivered in 20/31 (65%) patients with oligometastatic disease 
and 17/31 (55%) with polymetastatic disease. 23/62 (37%) patients were reclassified as M0 on conventional imaging. PSMA PET/CT had a 
2.9-fold increase in detecting bone metastases. Bone metastases concordance was found in 10/50 (20%) by number and 30/33 (91%) by site. 
PSMA PET/CT had a 2.2-fold increase in detecting nodal metastases. Nodal metastases concordance was found in 5/46 (11%) by number and 
25/26 (96%) by site. There was significant positive correlation between PSMA PET/CT and conventional imaging for detecting bone [R2 ¼ 0.25 
(P< 0.001)] and nodal metastases [R2 ¼ 0.19 (P<0.001)]. 16/31 (52%) had oligometastatic disease concordance.
Conclusion: The magnitude of PSMA PET/CT-driven stage-shift is highly variable and unpredictable with implications on treatment decisions, 
future trial design, and potentially clinical outcomes.
Advances in knowledge: The magnitude of “frame-shift” with PSMA PET/CT imaging is highly variable and unpredictable which may unreliably 
change treatment decisions dependent on image-defined disease extent. Prospective randomized trials are required to determine the relationship 
between PSMA PET/CT-guided treatment choices and outcomes.
Keywords: oligometastatic disease; polymetastatic disease; PET/CT; prostate-specific membrane antigen; stereotactic ablative body radiotherapy. 

Introduction
Traditionally, conventional imaging with CT and bone scin
tigraphy is standard of care for prostate cancer staging. 
However, conventional imaging is limited by suboptimal de
tection of loco-regional and metastatic disease.1-3 The prefer
ential overexpression of prostate-specific membrane antigen 
(PSMA) protein has become the fore of interest for its use as 
a target for imaging with radio-labelled molecules collectively 
referred to as PSMA PET/CT.4 The proPSMA study was the 
largest, prospective randomized trial to report on the superior 
accuracy of PSMA PET/CT compared to conventional imag
ing for the initial staging of prostate cancer.5 Moreover, the 
role of PSMA PET/CT in biochemically recurrent disease has 

been established6-8 with subsequent integration of PSMA 
PET/CT imaging in international guidelines.9,10

PSMA PET/CT therefore offers a more sensitive means of 
detecting low volume metastatic disease. This is pertinent to 
treatment approaches relying on defining disease extent. In 
synchronous oligometastatic disease, prostate radiotherapy 
has shown overall survival benefit.11,12 Additionally, promis
ing results for metastasis directed therapy with stereotactic 
ablative body radiotherapy (SABR) have been demonstrated 
in metachronous oligometastatic disease.13-17 PSMA PET/CT 
in these settings may potentially influence clinical decision- 
making, though the impact on overall outcomes is unknown. 
Most studies have focussed on the detection of occult 

Received: 12 March 2024; Revised: 18 October 2024; Accepted: 2 November 2024 
© The Author(s) 2024. Published by Oxford University Press on behalf of the British Institute of Radiology.  
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which 
permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited. 

BJR|Open, 2024, 6(1), tzae040 
https://doi.org/10.1093/bjro/tzae040 
Advance access publication: 8 November 2024 
Research Article 

https://orcid.org/0000-0003-2755-4532


metastatic disease in intermediate- and high-risk loco-re
gional prostate cancer.

In this study, we quantitatively analyse the stage-shift with 
PSMA PET/CT compared to conventional imaging staging in 
newly diagnosed PSMA PET/CT-detected metastatic prostate 
cancer and review the potential impact of this disease stage 
shift informing treatment decisions.

Materials and methods
Study population
We reviewed the first PSMA PET/CT imaging performed for 
all patients with any prostate cancer disease stage at our insti
tution. Men with newly diagnosed PSMA PET/CT detected 
metastatic prostate cancer who had a baseline bone scintigra
phy within 182 days (6 months) of the PSMA PET/CT were 
analysed. The baseline PSMA PET/CT had to be carried out 
within 182 days (6 months) of commencing androgen depri
vation therapy (ADT).

Data on patient and tumour characteristics at time of diag
nosis were collected and included: patient’s age, presenting 
prostate-specific antigen (PSA), the International Society of 
Urological Pathology (ISUP) grade group, and tumour stag
ing defined using the TNM 8th edition staging system.

Data were collected on treatment given included use of 
ADT, additional systemic therapy with docetaxel or andro
gen receptor pathway inhibitor (ARPI) (or both), and exter
nal beam radiotherapy.

Subgroup classification
Patients were classified into oligometastatic and polymetastatic 
disease subgroups on PSMA PET/CT and conventional imag
ing. Oligometastatic disease was defined as 5 or fewer bone 
and/or extra-pelvic (non-regional) lymph node metastases. 
Polymetastatic disease was defined as more than 5 bone and/or 
extra-pelvic lymph node metastases, or the presence of visceral 
metastases. The subgroup definition was based on 
the STAMPEDE2 trial (ISRCTN66357938/NCT06320 
067) definition.

Imaging acquisition
PSMA PET/CT imaging
PSMA PET/CT images were acquired on a PET/CT scanner 
(Gemini TF; Philips or Biograph mCT; Siemens) 60 min after 
the injection of a 150 MBq [68Ga]Ga-PSMA-11, or 250 MBq 
[18F]PSMA-1007 respectively. Data were acquired either for 
2 min ([18F]PSMA-1007) or 3 min ([68Ga]Ga-PSMA-11) per 
bed position. Both Biograph mCT and Gemini TF PSMA 
PET data were reconstructed using 3-dimensional ordered 
subsets expectation maximization algorithm incorporating 
time-of-flight.18

Conventional imaging
Conventional imaging was denoted by the cross-sectional im
aging from the low-dose CT component of the PSMA PET/ 
CT and bone scintigraphy. For both PSMA PET/CT scanners, 
low-dose CT imaging was performed for localization and at
tenuation correction. Parameters were 120 kVp, reference 
mAs of 50 mAs, 3 mm slice width and separation. For bone 
scintigraphy, whole-body dual headed planar gamma camera 
imaging was performed approximately 3 h after administra
tion of 99mTc labelled phosphonate using an Intveo (Siemens 
Healthineers) system with the following acquisition 

parameters: 140 ± 7.5% keV photopeak, 256 × 1024 matrix, 
20 cm per minute speed, low energy high-resolution 
collimators.

Multiparametric MRI prostate and pelvis
Multiparametric MRI (mpMRI) was carried out at 3 T or 
1.5 T (Magnetom Skyra or Sola systems, Siemens 
Healthineers Erlangen). Standard protocols include axial T1- 
weighted images of the pelvis along with axial and coronal 
T2-weighted small field of view images of the prostate, axial 
diffusion weighted imaging (b50, b600m b1050, and calcu
lated b1400) and corresponding apparent diffusion coeffi
cient map. Dynamic contrast enhanced imaging was with a 
Dixon gradient echo sequence following the injection of 
0.2 mL/kg gadolinium at 3 mL/s and temporal resolution 
of <15 s.

Image interpretation
Interpretation of the baseline PSMA PET/CT, bone scintigra
phy and mpMRI images was performed through retrospec
tive review of the clinical imaging reports and/or documented 
review at centralized multi-disciplinary team meetings. The 
low-dose CT images were independently reviewed by a dual 
trained radiologist and nuclear medicine physician, blinded 
to the PSMA PET/CT imaging report.

Imaging concordance
Concordance of PSMA PET/CT with mpMRI was deter
mined for T (tumour) and N (nodal) disease stage. 
Concordance of PSMA PET/CT with conventional imaging 
was determined for M (metastases) disease stage for bone, 
nodal, visceral metastases, and subgroup assigned. Per- 
patient concordance on both modalities was defined by:

i) The same number of metastases detected. 
ii) The same site of metastases detected. 
iii) The same subgroup assigned. 

The total count of metastases was determined for each of 
bone and nodal metastases on PSMA PET/CT and conven
tional imaging. Patients with 10 or more metastases were 
placed in a single grouping. The detection ratio for bone me
tastases between both modalities was determined accounting 
for metastases considered equivocal on conventional imaging 
as negative or positive.

Statistical analysis
Concordance was reported using descriptive analysis. The 
per-patient correlation between PSMA PET/CT and conven
tional imaging for nodal and bone metastases was examined 
utilizing the Spearman’s rank correlation coefficient and lin
ear regression modelling to determine the relationship be
tween the number of metastases on each imaging modality. 
For the correlation analysis, equivocal bone metastases on 
conventional imaging were considered negative. Statistical 
analysis was performed using Stata statistical software ver
sion 17.0 (StataCorp, College Station, TX, USA).

The study was carried out as a retrospective audit. Access to 
collected data was approved by the Committee for Clinical 
Research and Development at our institution (Reference 
SE1111).
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Results
Study population
Between January 2015 and May 2021, 2023 patients had 
PSMA PET/CT imaging at any stage of their prostate cancer 
diagnosis. We excluded 1782 patients with PSMA PET/CT 
confirmed intermediate-risk localized disease (n¼74), high- 
risk localized disease (n¼641), castrate-resistant disease 
(n¼144), recurrent disease (n¼ 919), and subsequent non- 
prostate cancer diagnosis (n¼4). Of the remaining 241 
patients, we excluded 179 with newly diagnosed prostate 
cancer who had baseline PSMA PET/CT only. Our analysis 
consisted of 62 patients.

The median age at presentation was 72 years [range 48-86, 
interquartile range (IQR) 66-76], and the median PSA was 
42 ng/mL (range 4.8-5400, IQR 17-100). The most common 
ISUP Grade group was group 5 in 44/62 (71%) patients. T3a 
or higher disease was identified in 58/62 (94%) patients on 
mpMRI prostate and pelvis, and 54/62 (87%) on PSMA 
PET/CT. T stage concordance between mpMRI prostate and 
pelvis and PSMA PET/CT was observed in 42/62 (68%) 
patients. Pelvic nodal disease was detected in 34/62 (55%) on 
mpMRI prostate and pelvis, and in 42/62 (68%) patients on 
PSMA PET/CT. N stage concordance between mpMRI pros
tate and pelvis and PSMA PET/CT was observed in 51/62 
(82%) patients. Table 1 summarizes tumour characteristics 
and TNM staging on mpMRI, PSMA PET/CT, and bone 
scintigraphy imaging modalities. The significant TNM 

staging shift between conventional imaging and PSMA PET/ 
CT imaging is demonstrated in Figure 1.

The type of PSMA PET/CT imaging performed were 
[68Ga]Ga-PSMA-11 in 44/62 (71%) and [18F]PSMA-1007 in 
7/62 (11%).

The median interval time between the baseline bone scin
tigraphy and PSMA PET/CT was 30 days (IQR 18-45). The 
median interval time between commencing ADT and the 
baseline PSMA PET/CT scan was 18 days (IQR 8-39). A total 
of 46/62 (74%) patients had commenced ADT prior to 
PSMA PET/CT scan with a median time of 20 days (IQR 
14-41).

Bone metastases
Bone metastases were detected in 50/62 (81%) patients on 
PSMA PET/CT, and in 33/62 (53%) on conventional imag
ing. Concordance by the number of bone metastases detected 
for each imaging modality is shown in Figure 2A.

Across all patients, 230 bone metastases were detected on 
PSMA PET/CT, and 79 bone metastases were detected on 
conventional imaging. When equivocal bone metastases were 
considered negative, the detection ratio was 2.9:1 in favour 
of PSMA PET/CT. When equivocal bone metastases were 
considered positive, 84 bone metastases were detected on 
conventional imaging, resulting in a detection ratio of 2.7:1 
in favour of PSMA PET/CT. Concordance by the site of bone 
metastases for each imaging modality was present in 30/33 
(91%) patients. Results of the Spearman’s rank correlation 
suggested evidence of a significantly positive correlation be
tween PSMA PET/CT and conventional imaging for detecting 
bone metastases [rs ¼ 0.48 (95% CI 0.27-0.65, P< 0.001), 
R2¼ 0.25 (95% CI 0.004-0.47, P<0.001)] (Figure 3A).

Table 1. Patient and tumour characteristics at baseline.

Tumour characteristics N (%)

ISUP Grade Group Non-histological diagnosis 4 (6)
Group 2 4 (6)
Group 3 8 (13)
Group 4 2 (3)
Group 5 44 (71)

mpMRI TNM stage
T stage T1a-T2c 4 (6)

T3a 13 (21)
T3b 30 (48)
T4 15 (24)

N stage Nx 1 (2)
N0 27 (43)
N1 34 (55)

M stage Mx 36 (58)
Equivocal M1b 10 (16)
M1a 1 (2)
M1b 15 (24)

PSMA PET/CT TNM stage
T stage Tx 2 (3)

T1a-T2c 6 (10)
T3a 17 (27)
T3b 30 (48)
T4 7 (11)

N stage N0 20 (32)
N1 42 (68)

M stage M1a 11 (18)
M1ba 45 (72)
M1cb 6 (10)

Bone scintigraphy
M stage M0 29 (47)

M1b 33 (53)

aIncludes 18/45 (40%) patients with M1a disease (extra-pelvic nodal 
metastases) in addition to M1b (bone metastases) simultaneously.

bIncludes 3/6 (50%) patients with M1a disease (extra-pelvic nodal 
metastases), and 5/6 (83%) patients with M1b disease (bone metastases) in 
addition to M1c disease (visceral metastases) simultaneously.

Figure 1. Sankey plot demonstrating the TNM stage shift between 
conventional imaging and PSMA PET/CT staging and the potential impact 
on treatment decision change. Standard of care at the time of diagnosis 
for this cohort for stage T any N any M0 was radical treatment with up to 
3 years of androgen deprivation therapy (ADT) and prostate ± loco- 
regional radiotherapy. For stage T any N any M1a was long-term ADT, 
additional systemic therapy with docetaxel or androgen receptor pathway 
inhibitors (ARPIs) and prostate only radiotherapy. For stage T any N any 
M1b was long-term ADT, additional systemic therapy and prostate only 
radiotherapy if 3 or fewer bone metastases were confirmed on 
conventional imaging. For stage T any N any M1c standard of care 
treatment was long-term ADT and additional systemic therapy.
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Nodal metastases
Pelvic and/or extra-pelvic nodal metastases were present in 
46/62 (74%) patients on PSMA PET/CT, and in 26/62 (42%) 
patients on conventional imaging. Concordance in the num
ber of nodal metastases identified by each imaging modality 
is shown in Figure 2B.

Across all patients, PSMA PET/CT detected 209 nodal me
tastases and conventional imaging detected 94 nodal metasta
ses, resulting in a detection ratio of 2.2:1 for nodal 
metastases in favour of PSMA PET/CT.

Concordance by the site of nodal metastases for each imag
ing modality was present in 25/26 (96%) patients. Results of 
the Spearman’s rank correlation suggested evidence of a sig
nificantly positive correlation between PSMA PET/CT and 
conventional imaging for detecting nodal metastases [rs ¼
0.48 (95% CI 0.26-0.65, P<0.001), R2 ¼ 0.19 (95% CI 
0.05-0.42, P<0.001)] (Figure 3B).

Visceral metastases
Visceral metastases were present in 6/62 (10%) patients on 
PSMA PET/CT, and 4/62 (67%) on conventional imaging 

(Figure 2C). 2/6 (33%) patients with visceral metastases 
detected on PSMA PET/CT only had penile shaft metastases.

Subgroup classification
On PSMA PET/CT imaging, 31/62 (50%) patients had oligo
metastatic disease, 31/62 (50%) had polymetastatic disease. On 
conventional imaging, 23/62 (37%) patients had M0 disease, 
32/62 (52%) had oligometastatic disease, and 7/62 (11%) had 
polymetastatic disease. Figure 4 shows the subgroup classifica
tion for each imaging modality.

Table 2 summarizes the treatments given for the entire co
hort and for each subgroup based on PSMA PET/CT staging.

Oligometastatic disease concordance of PSMA PET/CT 
with conventional imaging is shown in Figure 5.

Among the 31/62 (50%) patients with polymetastatic disease 
on PSMA PET/CT, 14/31 (45%) patients had 6 to 10 metasta
ses. Of those, 9/14 (64%) had oligometastatic disease, and 4/14 
(29%) had M0 disease on conventional imaging.

11/31 (36%) had polymetastatic disease on PSMA PET/ 
CT, with more than 10 metastases. Of those, 2/11 (18%) 
patients had polymetastatic disease, 5/11 (45%) patients had 

Figure 2. Venn diagrams showing the per-patient concordance of PSMA PET/CT with conventional imaging based on the detected number of (A) bone, 
(B) nodal (pelvic and extra-pelvic), and (C) visceral metastases. 10/50 (20%) patients had the same number of bone metastases, 5/46 (11%) had the same 
number of nodal metastases, and 4/6 (67%) had the same number of visceral metastases detected on both imaging modalities.

Figure 3. Scatterplot demonstrating the correlation between PSMA PET/CT and conventional imaging for detecting (A) bone metastases and (B) nodal 
metastases with positive correlation between the imaging modalities.
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oligometastatic disease, and 4/11 (36%) patients had M0 dis
ease on conventional imaging. Figure 6 demonstrates an ex
ample patient with M0 disease on conventional imaging 
reclassified with polymetastatic disease on PSMA PET/ 
CT imaging.

Discussion
PSMA PET/CT imaging in prostate cancer allows potential 
treatment modification. This study assessed the impact of 
PSMA PET/CT on treatment decisions in the metastatic set
ting, focussed around the M0/M1 boundary on conventional 
imaging where the potential for management change is great
est. Our results demonstrated a significant PSMA PET/CT- 
driven “right-shift” in disease stage with 37% of patients 
reclassified as M0 on conventional imaging. The study con
firmed superior detection rates of PSMA PET/CT for bone 
and nodal metastases, corroborating existing literature.5-8

The stage reclassification in our study with PSMA PET/CT 
imaging has significantly influenced clinical decisions. We ob
served variability in systemic therapy choices and delivery of 
external beam radiotherapy between subgroups. This high
lights the challenges associated with the uncertainty when ap
plying current evidence-based treatment to PSMA PET/CT 

Figure 4. CONSORT diagram. Subgroup classification on PSMA PET/CT and reclassification on conventional imaging.

Table 2. Treatment characteristics guided by PSMA PET/CT staging.

Treatment characteristics Oligometastatic disease Polymetastatic disease All cohort

n/N (%) 31/62 (50) 31/62 (50) 62 (100)
ADT 31 (100) 31 (100) 62 (100)
Additional systemic treatmenta

Docetaxel 11 (36) 10 (32) 21 (34)
Abiraterone 7 (23) 6 (19) 13 (21)
Enzalutamide 11 (36) 9 (29) 20 (32)
Apalutamide 0 (0) 1 (3) 1 (2)
None 5 (16) 6 (19) 11 (18)
External beam radiotherapy
Prostate only 14 (45) 14 (45) 28 (45)
Prostate and pelvic LN 3 (10) 1 (3) 4 (6)
Prostate, pelvic LN and BM 3 (10) 1 (3) 4 (6)
Prostate and BM 0 (0) 1 (3) 1 (2)
SABR to BMb 1 (3) 0 (0) 1 (2)
Palliative radiotherapy 1 (3) 3 (10) 4 (6)
None 9 (29) 11 (36) 20 (32)

a4/62 (6%) patients switched between additional systemic therapies due to treatment-related toxicity.
bThis one patient received SABR to metastases in addition to prostate and pelvic LN radiotherapy.

Abbreviations: ADT ¼ androgen deprivation therapy; BM ¼ bone metastases; LN ¼ lymph nodes.

Figure 5. Concordance of PSMA PET/CT with conventional imaging in 
oligometastatic disease. PSMA PET/CT confirmed oligometastatic 
disease in 16/32 (50%) patients. Of the remaining, 16/32 (50%) with 
oligometastatic disease on conventional imaging, PSMA PET/CT 
confirmed polymetastatic disease with up to 10 metastases in 9/16 
(56%) patients.
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staged disease and how it should be modified, as it undoubt
ably is.

[68Ga]Ga-PSMA-11 and [18F]PSMA-1007 PET/CT imag
ing were both included in our analysis given their comparable 
clinical impact19 and interchangeable recommendations in in
ternational clinical guidelines,9,10 despite reported differences 
in their production, biodistribution, spatial resolution, clini
cal accessibility,20 and higher rates of bone false positivity 
with [18F]PSMA-1007 which could be circumvented by expe
rienced reporting clinicians.21

Most therapeutic trials have traditionally relied on conven
tional imaging for treatment evidence.22 Current interna
tional guidelines recommend prostate radiotherapy in men 
with low burden metastatic disease on conventional imag
ing9,10 defined by the CHAARTED criteria.23 This is based 
on results from the STAMPEDE M1RT comparison which 
showed significant survival gains.11,12 Secondary analyses in
dicate the effectiveness of prostate radiotherapy beyond 3 
bone metastases,24 with quantitative bone metastatic burden 
predictive of response.25

PSMA PET/CT staging may reclassify patients with low- 
burden metastatic disease as having widespread metastases, 
potentially leading to the omission of prostate radiotherapy. 
In M0 disease, where the survival benefit from prostate radio
therapy is known,26,27 the role of PSMA PET/CT remains 
under investigation. Current evidence, derived from non- 
randomized studies has shown that PSMA PET/CT detects 
distant metastases in 6%-9% of patients, with 13%-20% re
quiring treatment modification, such as radiotherapy dose es
calation or pelvic lymph node irradiation.28-32 However, 
PSMA PET/CT could also risk under-dosing or omission of 
radiotherapy. The optimal treatment approach for these 
groups, whether based on conventional or PSMA PET/CT 
staging, remains unclear.

First described in 1995,33 oligometastatic disease definitions 
varied across trials.11,23,34 We defined oligometastatic disease 
utilizing the STAMPEDE2 trial (ISRCTN66357938/ 
NCT06320067), derived from secondary analyses of the 

STAMPEDE M1RT comparison,24 to align with published con
sensus classifications.35,36 Studies have demonstrated the role of 
SABR in metachronous oligometastatic prostate cancer, identi
fied through various imaging modalities.13-17 In the ORIOLE 
trial, SABR showed the greatest benefit when delivered to all 
PSMA PET/CT detected metastases.14 Conversely, the higher 
sensitivity of PSMA PET/CT in detecting early metastases may 
result in “lead-time bias,” persuading clinicians to potentially 
overtreat patients who may otherwise have indolent disease 
with excellent outcomes.37 Additionally, the emerging evidence 
of “triplet therapy” with docetaxel in addition to ARPI also 
means that volume of metastatic disease is a potential driver for 
treatment intensification in some patients, exposing some 
patients to avoidable long-term side effects.38,39

The utility of PSMA PET/CT imaging poses significant impli
cations on future trial recruitment as extrapolation of current 
evidence to the PSMA PET/CT era remains unclear. Prospective 
clinical trials should consider the implementation of standard
ized reporting frameworks to objectively interpret PSMA PET/ 
CT imaging.40 A recent UK-based survey indicated that many 
sites do not use PSMA PET/CT for initial staging, suggesting 
heterogenous practice is likely to remain for the medium-term 
pending construction of new imaging capacity.41 Similar varia
tions exist internationally.42 The STAMPEDE2 SABR trial 
(ISRCTN66357938/NCT06320067) will test SABR in synchro
nous oligometastatic disease defined by conventional imaging. 
An embedded next generation imaging sub-study will aim to 
bridge the evidence gap between the imaging modalities as 
shown in Figure 7.

In our study, 50% of patients with oligometastatic disease 
on conventional imaging were reclassified as polymetastatic 
disease on PSMA PET/CT. This observed shift confirms how 
treatment decisions are critically dependent on imaging and 
the concept of oligometastatic disease is elastic, heavily reli
ant on imaging, significantly impacting what is otherwise a 
simple trial question.

Our results showed bone metastases detection was 2.9 
times higher with PSMA PET/CT than conventional imaging. 

Figure 6. Example patient with “right-stage” shift with PSMA PET/CT staging. Seventy-seven-year-old patient, Gleason score 4þ5¼9 (ISUP grade 
group 5), presenting PSA 15 ng/mL, and T3b disease with equivocal left superior pubic ramus lesion on MRI (not shown in figure). (A and B) Baseline 
bone scintigraphy with SPECT/CT (not shown in figure) reported non-specific degenerative changes. (C-K) [68Ga]Ga-PSMA-11 PET/CT performed 30 days 
from bone scintigraphy showed the primary tumour and multiple bone metastases in (C) left scapula, (D, E, G, H) thoraco-lumbar spine (F) ribs, (I-J) pelvic 
bones, (K) right femur. Abbreviations: ISUP ¼ International Society of Urological Pathology; PSA ¼ prostate-specific antigen; PSMA ¼ prostate-specific 
membrane antigen; SPECT/CT ¼ single-photon emission computed tomography/CT.
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The high concordance at the lesion level implies that PSMA 
PET/CT scans are detecting the same metastatic sites and ad
ditional ones. However, and very importantly, while the 
overall ratio of PSMA PET/CT to conventional metastasis de
tection was 2-3, the range of ratios was broad and inconsis
tent, suggesting that a simple “frame-shift” model is not 
feasible, thus the relationship of conventional imaging to 
PSMA PET/CT stage is unpredictable.

The dichotomous association between androgen signalling 
and PSMA expression suggests potential up- or down- 
regulation of PSMA expression within a few days of com
mencing ADT and ARPI.43-45 Our findings may indicate 
upregulation of PSMA, explained by the increased number of 
metastases detected, given most of our patients (74%) had 
commenced ADT at the time of PSMA PET/CT scan. Further 
studies are needed to evaluate the complexity of this associa
tion to accurately assess the most appropriate time for PSMA 
PET/CT imaging and understand the implications of different 
treatments on PSMA expression.

The limitations of the study include its retrospective design, 
dependence on imaging reports and reviews from multi- 
disciplinary team meetings for baseline PSMA PET/CT and 
bone scintigraphy, and the absence of histopathological 
confirmation of metastases. We analysed the non-contrast low- 
dose CT due to the unavailability of contrast-enhanced staging 
CT. The low-dose CT was utilized to assess for nodal metasta
ses which might be sufficient as suggested by Marchetti et al.46

However, we acknowledge this is not the ideal scenario and 
may not be fully informative. To minimize this limitation, the 
low-dose CT was independently reviewed by an experienced 
radiologist. Finally, the inclusion of patients with metastatic 
disease on conventional imaging with negative PSMA PET/CT 
scans was beyond the scope of the study.

Our study has documented the magnitude and inconsistency 
of PSMA PET/CT-driven stage shift. PSMA PET/CT imaging 
will inevitably present treatment decision challenges for 
clinicians and patients as it is yet to be determined whether the 
application of known conventional imaging-based treatments 
will be validated when applied to potentially different disease 
stages.47 Additionally, the reclassification of patients and 
interpretation of oncological outcomes can result in apparent 
outcome improvements that are artefactual—the Will Rogers 
phenomenon.48

Conclusion
PSMA PET/CT imaging has higher detection rate for metastases 
over conventional imaging in metastatic prostate cancer. The 
substantial, but variable, PSMA PET/CT-driven magnitude of 
“right stage” shift observed had a significant impact on treat
ment decision-making with unpredictable consequences. Future 
work within prospective randomized clinical trials should inte
grate cross comparison of the imaging modalities with standard
ized PSMA PET/CT reporting frameworks to ascertain the true 
impact of PSMA PET/CT imaging on clinical outcomes.
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