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Summary of key challenges/questions reported in  
this review: 
1. Traditional definitions of prostate cancer recurrence do not reflect modern UK clinical practice

2. There are no set of universally adopted and implemented PSA thresholds to denote recurrence by 
reporting laboratories, across the UK. This is important for post treatment follow-up care.

3. Clinical recurrence can be detected by novel imaging modalities, in the presence of very low levels 
of PSA, but long-term outcomes are unclear

4. It is also unclear what number and proportion of UK patients suffer from local/regional/metastatic 
recurrence following radical treatment (across different imaging modalities)

5. Challenges remain in the treatment selection and management of patients after recurrence

Disclaimer: This review does not endorse specific imaging techniques or treatment. For readers 
interested in clinical guidance, Prostate Cancer UK’s Specialist Nurses provide men with the support 
they need. Our published guides are also available through our website.  
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1.0 Introduction
Prostate cancer is the most common male cancer in the UK, with an average of 52,000 men diagnosed 
with prostate cancer every year and an average of 12,000 deaths attributed to prostate cancer every 
year (1). Approximately 10,000 men are also diagnosed with stage 4 prostate cancer which indicates 
cancer spread to nearby tissues, lymph nodes and in some cases distant organs (2). 

The number of new cases of prostate cancer is estimated to increase to 214,452 in Western Europe by 
2040; this will place additional burden on primary and secondary care services (3). An increase in the 
incidence of prostate cancer may also lead to a surge in the detection of localised disease and primary 
curative treatments such as radical prostatectomy and radiotherapy.  Radical treatments have previously 
been shown to be effective, with the Prostate Testing for Cancer and Treatment (ProtecT) trial reporting 
a 97% survival rate after a median follow-up of 15 years (4–6). These treatments also bring down levels 
of prostate-specific antigen (PSA) in blood. More specifically, PSA levels become undetectable within 
several weeks after radical prostatectomy unless residual cancer is present (7). While patients treated 
with radiotherapy or brachytherapy reach their nadir (lowest PSA value) between 18 months to three 
years after treatment when treated without Androgen Deprivation Therapy (ADT).  In either case, the 
lowest recorded PSA can be used as a new baseline for future observations.  

In the UK, patients are monitored regularly after treatment using established PSA thresholds. For 
example, patients treated with radiotherapy have blood tests every six months for the first five years 
and then every year after that if levels remain stable within the acceptable range (8–11). Nonetheless, 
some patients (with or without symptoms) go on to suffer from biochemical recurrence, which is 
signified by a rise in PSA (12,13).  

Crucially, biochemical recurrence only raises the suspicion of prostate cancer, which in turn triggers the 
need for further investigations. Clinical recurrence, on the other hand, refers to the return of cancer, 
as determined by imaging or biopsy. Clinical recurrence may occur concurrently with or following 
biochemical recurrence. In this scenario, imaging helps determine if the cancer is localised, regional 
or metastatic, as part of the restaging process (Figure 1). Imaging can also inform treatment choices, 
including local salvage therapies (14–16). 

However, despite a plethora of studies on recurrence and the availability of UK clinical guidelines 
on recurrence, routinely collected national data (real-world data) on recurrence has historically not 
been available. This has limited, among other things, our ability to optimise treatments for UK patients 
with different characteristics and pre-treatment 
risk features (17–22). This lack of real-world data 
and evidence has led to recent efforts to develop 
investigative tools/models, using routinely collected 
and linked datasets, on cancer diagnoses, treatments, 
and outcomes (23). 

Therefore, this review aims to detail some key 
challenges in recurrence, focusing on the advent of 
novel imaging techniques and the potential utility of 
real-world datasets. 
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2.0 Prostate cancer recurrence definition and  
clinical challenges
Biochemical recurrence can be defined as a repeated rise in PSA (0.2ng/mL) in a post-radical 
prostatectomy setting (24,25). Similarly, definitions of recurrence by the Radiation Therapy Oncology 
Group and American Society for Therapeutic Radiology and Oncology group Phoenix Conference have 
helped inform clinical practice. More specifically, according

to this consensus, biochemical recurrence, also called radiorecurrent prostate cancer (after the use 
of external beam therapy), can be defined as a rise in PSA by 2 ng/mL or more above the nadir (26,27). 
This definition also factors in benign rises in PSA, which can occur through a phenomenon known as 
‘PSA bounce’. PSA bounce may be observed 21 months after radiotherapy (including brachytherapy and 
external beam therapy) but does not indicate cancer or cancer progression (26,28).

In UK clinical practice, biochemical recurrence, following radical prostatectomy, can be defined as i) 
two consecutive rises in PSA, with a PSA >0.1 ng/mL or ii) three consecutive PSA rises (29). Whereas, in 
patients treated by radiotherapy (with or without hormone therapy), recurrence can be defined by the 
presence of PSA > nadir plus 2ng/mL (26).

However, many uncertainties and challenges remain (30–36). For example, various definitions of prostate 
cancer recurrence have been used across treatment trials, making trial comparisons more difficult. 
Moreover, traditional definitions of biochemical recurrence do not i) apply to all treatment modalities, 
including focal therapies such as cryosurgery, ii) correlate with disease progression or severity and iii) 
reflect advancements in imaging. These definitions were also developed at a population level (26). As a 
result, the clinical value of these definitions to Black men, whose baseline levels of PSA may differ from 
the general UK population, and to transgender women (receiving oestrogen), are not clear (37–39).

Various clinical challenges have also been highlighted in follow-up care. Some of these were detailed in 
a patient testimony by Dr Neil MacLachlan, at Prostate Cancer UK’s Specialist Conference (March 2024), 
which led to a failure to detect biochemical recurrence following radical prostatectomy treatment. For 
example, under current practice, it is possible for PSA test referrals initiated by a GP, with a detailed 
knowledge of patient treatment history, to be misinterpreted by another GP. This issue may also occur 
if the GPs operating in primary practice change in the years following a patient’s initial treatment. 
This is an important consideration as many years can pass between treatment and recurrence, which 
would require GPs to look at years of notes. Moreover, this issue may be compounded by the fact that 
laboratory reports are not provided under specific post-treatment thresholds, with laboratories relying 
instead on the GP to provide accurate clinical interpretation. This occurs because there is currently  
no set of universally adopted and implemented PSA thresholds, by reporting laboratories, to  
indicate recurrence.

For Dr Neil MacLachlan, such issues resulted in the detection of prostate cancer, 9 years after his 
initial diagnosis, and only after an investigation was conducted following conversations with another 
patient and his clinician. Also, in Dr Neil MacLachlan’s case, prostate cancer recurrence was detected 
after a prostate-specific membrane antigen (PSMA) positron-emission tomography (PET)/Computed 
Tomography (CT) scan but not after a Magnetic Resonance Imaging (MRI) scan. These issues led Dr 
Neil MacLachlan to feel ‘let down’ and call for improvements in reporting and care. Dr Neil MacLachlan 
suggested possible solutions such as i) the use of a ‘survivorship care plan’ which can be given to the 
patient on discharge from secondary care, and then shared with the GP, along with handover notes from 
the surgeon and ii) the inclusion of treatment history in PSA test referral forms.
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3.0 The role of imaging technology in the detection and 
management of prostate cancer recurrence
Conventional imaging modalities include CT and Technetium-99m bone scans that check for cancer 
spread to the bone, nodes and other areas. MRI of the prostate can also determine the presence of 
localised recurrence (40–42). However, more sensitive modalities have subsequently emerged, making 
it possible to detect local recurrence in up to 50% of men with a PSA rise (43). 

More recent imaging modalities include PET/CT scans, which are composed of images from CT 
scans and signals from radioactive tracers in areas of the body with cancer cells. Different types of 
radiotracers can be used for PET/CT, including 18F-Fluciclovine, radiolabelled choline and prostate-
specific membrane antigen (PSMA) tracers. PSMA tracers, for example, work by targeting PSMA, a 
protein that is elevated in prostate cancer cells and can be used as part of PET/CT to image soft tissue 
and perform whole-body imaging. Tracers can be used in different scenarios within the recurrence 
setting, such as post-radical prostatectomy and prostate bed radiotherapy, with trade-offs linked to 
the selection of specific radiotracers (44).

Various studies have helped assess the performance of tracers across different levels of PSA. For 
example, PSMA-based tracers such as Gallium-68 (68Ga), have been shown to produce relatively high 
contrast images, compared to radiolabelled choline, with superior performance reported at relatively 
low levels of PSA including at <1ng/mL. One sequential imaging study also reported that 43.8% of 
patients with negative F-choline-PET/CT had sites of recurrent disease detected using 68Ga-PSMA-
PET/CT (45). Similarly, 68Ga-PSMA-PET/CT has been reported to be superior at detecting prostate 
cancer at PSA levels of 1.0-1.9ng/mL when compared to 18F-fluciclovine PET/CT (46). Such findings 
have helped inform guidance, produced by the Royal College of Radiologists, based on i) treatment 
history, ii) PSA levels, and iii) availability of different tracers, which may be impacted by factors such as 
radiotracer half-life as well as sites/scale of manufacture (44,47–49).

Imaging can also inform treatment choices in the biochemical recurrence setting to stop disease 
progression of localised disease (Figure 1), alongside other measures/factors such as treatment 
history, PSA doubling time (PSADT), disease characteristics (stage and grade), quality of life including 
sexual function and patient treatment tolerability and preferences (43,50–53). In particular, imaging 
can help determine the suitability of (as well as guide) salvage treatment options (54). For example, 
a single-centre, open-label, phase 2/3 EMPIRE-1 trial examined the use of 18F-fluciclovine-PET 
over conventional imaging in guiding salvage radiotherapy, based on the selection of target volume, 
guided by 18F-fluciclovine-PET uptake. As a result, improved event-free survival was reported after 
a median follow-up of 3.52 years. Similarly, 68Ga-PSMA-PET/CT imaging can be used to guide salvage 
radiotherapy to the prostate bed, due to improved sensitivity and specificity over conventional 
imaging, in the detection of metastatic and lymph node cancer at recurrence (16,55,56). However, it is 
important to note that the UK follows international consensus, which recommends, among other things, 
not to rely solely on imaging to inform treatment decisions (52).

Furthermore, the long-term survival outcomes for patients whose cancer was detected by PSMA-
PET/CT, and who were then subsequently treated, have yet to be elucidated (57). There is also limited 
prospective evidence on the long-term clinical value of salvage treatments, i.e. in treating localised 
recurrence in the context of 10-year life expectancy (58–60). Of relevance, salvage treatments are 
also associated with an increase in the severity of side effects when compared to primary curative 
treatment (61). This is explored in detail elsewhere (29,54,61–64). Also, although beyond the scope of 
this review, several other treatment options have been studied, which may complement or be used 
instead of salvage treatment. This poses significant challenges in treatment selection and management 
of patients. For example, questions remain on the optimal use of ADT (such as the duration of use 
and patient preference) and hormone-based strategies more generally (54,65–67). Furthermore, 
the management of prostate cancer recurrence disease continues to evolve, with studies such as 
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the Efficacy Study of Enzalutamide Plus Leuprolide in Patients With Nonmetastatic Prostate Cancer 
(EMBARK) trial study, proposing the use of treatment intensification regimen in patients with high-
risk biochemically recurrent disease i.e. in those with PSADT ≤9 and PSA ≥2 ng/mL above nadir after 
radiation (68,69).

Localised and 
locally advanced 
prostate cancer

Staging at diagnosis

+ risk (of recurrence) 
group assignment

Curative treatment 
- surgery

Biochemical 
recurrence

Salvage radiotherapy 
+/- hormone therapy

Salvage prostatectomy  
(e.g. radical prostatectomy)  
/re-irradiation using SBRT/ 
Cryotherapy/HIFU/ 
Brachytherapy

Curative treatment 
- radiotherapy 
(EBRT)

Radiorecurrence

Post-treatment risk 
stratification e.g. based 
on nomograms such 
as PSADT + imaging to 
restage disease and 
guide treatment

Figure 1.  Curative and salvage treatment options for men with localised and locally advanced 
prostate cancer. Curative treatments include radical prostatectomy and external beam radiation therapy 
(EBRT). EBRT includes dose-escalated intensity modulated radiation therapy with image-guided RT. Risk 
stratification includes PSA doubling time (PSADT). In the localised radio-recurrent scenario, there are 
several treatment options available, including stereotactic body radiotherapy (SBRT), brachytherapy, 
high-intensity focused ultrasound (HIFU) and cryotherapy. Crucially, for patients, not all treatment 
options are available outside certain centres and trial studies.

4.0 Real-world data challenge: How big of a problem is  
prostate cancer recurrence in the UK?
International studies have previously cited that biochemical recurrence can occur in i) around 30% 
of patients treated with radical prostatectomy (35,70) and in up to 50% of patients treated with 
radical localised treatment (within 10 years) (69). However, these often-cited values do not reflect the 
complexity of real-world practice. In particular, they do not distinguish between patients who have 
been i) stratified according to their risk of disease progression pre-and/or post-treatment and ii) who 
have undergone different levels (intensity) of treatment. For example, in a meta-analysis study known as 
Leviathan, a model was developed which demonstrated that the mean time from local failure (following 
radiotherapy) to distant metastases was 23.6 (7.1-54.8) months for high-risk patients and 37.4 (6.5-
61.4) months for intermediate-risk patients, after a median follow-up of 11 years (71). Similarly, another 
study found that distant failure rates were as low as 4% in a high-risk patient cohort who went on to be 
treated with a radiation dose of 78 Gy, over a median follow-up period of 9 years, while patients treated 
with 70 Gy were associated with distant failure rates of 19% and were more likely to die from prostate 
cancer (72,73).

NHS England National Cancer Registration and Analysis Service (NCRAS) contains routinely collected 
data on primary tumours diagnosed within the NHS. NCRAS can also be used to link multiple datasets, 
including recurrence data from the Cancer Outcomes and Services Dataset (COSD) and imaging data 
and has the potential to provide more accurate population-wide data on the prevalence of recurrence 
in England. Leveraging such data may improve care by reducing heterogeneity in practice across the 
country and aid in individual patient management. In particular, real-world data may help to reduce 
rates of recurrence and disease progression (74), particularly for those at high-risk of biochemical 
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recurrence (21,22,75–77) and patient populations associated with worse outcomes. For instance, a UK 
study reported that the likelihood of receiving radical treatment is influenced by ethnicity and age 
(78,79). Such disparities may in turn, translate to differences in rates of recurrence (80,81).

Historically, codes for recurrence have not been embedded into routinely collected national datasets. 
However, more recent COSD releases include recurrence codes which can be used to inform real-world 
studies. Despite this, there are several challenges related to the use of this data in the short term, 
including the fact that this data has not yet reached maturity due to i) the number of patients with 
coded data and ii) the length of time it takes for recurrence to emerge post-treatment. Consequently, 
this reduces the ability of researchers to conduct meaningful and robust analyses of relevant datasets.

However, one UK-based epidemiological study funded by the National Institute for Health and Care 
Research (NIHR) and led by Dr Kate Walker and Professor Jan van der Meulen from the London School  
of Hygiene & Tropical Medicine aims to examine patient data (England) sourced from cancer registries  
and national cancer audits, to ultimately establish a reliable method for identifying (initially) bowel 
cancer recurrence (23).

More specifically, the project aims to construct linked datasets which capture patient journeys, using 
diagnostic processes, imaging, treatment pathways, and mortality data. It also seeks to compare 4 
indicators to detect recurrence including a set of clinical rule-based indicators, unsupervised machine 
learning (a sub-domain of machine learning), prognostic modelling and supervised machine learning. 
Data from a subset of patients will then be validated and compared to a proxy measure of prostate 
cancer recurrence, namely cancer death within 3 plus years of receiving localised treatment. The 
optimal indicator, identified from statistical modelling and machine learning, will then be applied to 
breast and prostate cancer recurrence. In so doing, the investigators hope to facilitate future studies 
by e.g. investigating long-term outcomes of patients with recurrence and producing prediction models 
which facilitate treatment selection. This study is due to be completed by 2025. 

5.0 Strengths
To the best of our knowledge, this review is the first to detail both the research and clinical challenges 
related to the application of modern imaging modalities and acquisition of real-world datasets in the 
recurrence setting. Key challenges related to the definition of prostate cancer recurrence are also 
distilled, along with clinical challenges in care and reporting, highlighted via patient testimony. Finally, 
this review spotlights research which aims to tackle the lack of real-world data and evidence in 
recurrence, within the UK.

6.0 Limitations
This review has several limitations. For example, this review was not supported by a wide and formalised 
consultation process and was also not evidenced by survey data/Freedom of Information Act request. 
Therefore, the conclusions made in this review are not supported by data which is representative of 
modern UK clinical practice. Furthermore, as this is a narrative review and not a systematic review, it is 
subject to selection bias and may not include an exhaustive list of recent and relevant developments.
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7.0 Conclusion
Failure to cure localised prostate cancer disease by either surgery or radiotherapy may lead to 
prostate cancer recurrence. Imaging helps to detect recurrence and aids in restaging disease 
and informing treatment selection. The emergence of newer imaging modalities and associated 
radiotracers, such as 68Ga-PSMA-PET/CT, provides the advantage of increased sensitivity for the 
detection of recurrent disease at low levels of PSA. However, the widespread availability of novel 
imaging technologies such as PSMA-PET/CT and radiotracers, across the UK, has yet to be reported 
and may exacerbate existing inequalities. Questions also remain on how to manage patients with 
contradictory results from the use of different imaging modalities and the long-term outcomes of 
decisions informed by imaging.

Furthermore, the historic absence of patient codes for prostate cancer recurrence creates 
significant barriers to the accurate identification, collection and analysis of patient datasets. This 
limits our ability to conduct population-wide studies and i) estimate the risk of and ii) evaluate the 
effect of prostate cancer recurrence. The proposed creation of clinical indicators and validated 
proxy measures for prostate cancer recurrence may, in the future, help to harness the power of 
real-world data by, among other things, facilitating our ability to conduct long-term clinical trial 
follow-up studies and to assess treatment efficacy and quality of care in the UK.
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