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1. Summary of the impact

Research at UCL has led to the introduction of magnetic resonance imaging (MRI) into the
prostate cancer detection pathway which has transformed the diagnosis and risk-stratification of
one of the world’s most common cancers. MRI is now recommended as standard-of-care in
national and international clinical guidelines, resulting in 1-in-4 men (250,000 men in Europe
alone) avoiding an unnecessary biopsy. Since its roll-out, detection rates of important prostate
cancers have doubled (48% to 93%) and over-diagnosis has been halved (10% to 5%). These
two improvements have been achieved with less harm to the patient and reduced costs to
healthcare systems.

2. Underpinning research

For the last 50 years, men at risk of prostate cancer have been assessed using prostate specific
antigen (PSA) as a trigger for biopsy of the prostate. The random deployment of needles through
the rectum into the prostate was inaccurate (both missed and misclassified cancers) and
resulted in harm (bleeding and sepsis). The UCL research group was first to identify and publish
on a method of improving healthcare outcome by incorporating MRI into the diagnostic pathway
(R1). Since then, UCL researchers have undertaken a comprehensive health technology
development programme to demonstrate the value of MRI in men suspected of having prostate
cancer. They built consensus among clinicians (R2) and provided evidence to support its use
(R3). This body of work has culminated in two multi-centre studies: PROMIS (R4) and
PRECISION (R5). These two pivotal studies created the level-one evidence that was required to
change practice globally.

The PROMIS trial was a multicentre, paired-cohort study to test diagnostic accuracy of
multiparametric-MRI (MP-MRI) against the practice standard (trans-rectal ultrasound guided
[TRUS] biopsy) by invoking a reference test (template prostate mapping biopsy [TPM-biopsy]).

In total, 576 men were recruited from 11 UK hospitals. The results changed our understanding of
prostate cancer diagnosis by revealing that the existing practice standard performed poorly and
could be replaced by MRI. In PROMIS, MRI was found to be twice as good at detecting clinically
significant disease compared to the practice standard: 93% (95% CIl 88-96%) versus 48% (42-
55%; p<0-0001). In addition, MRI was shown to have a role in safely reassuring men that they
did not have clinically significant prostate cancer by virtue of the high negative predictive value of
97%. This single attribute would permit just over one quarter of men to avoid a biopsy.

The study showed that using MP-MRI to triage men should allow 27% of patients to avoid a
primary biopsy and diagnosis of 5% fewer clinically insignificant cancers. If subsequent TRUS-
biopsies were directed by MP-MRI findings, up to 18% more cases of clinically significant cancer
might be detected compared with the standard pathway of TRUS-biopsy for all. MP-MRI, used
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as a triage test before first prostate biopsy, could reduce unnecessary biopsies by a quarter
(R4). The PRECISION trial randomised 500 men into two groups: an MRI-targeted biopsy group
and a TRUS biopsy group. Clinically significant cancer was detected in 38% of men in the MRI-
targeted biopsy group, compared with 26% in the TRUS biopsy group. Fewer men in the MRI-
targeted biopsy group received a diagnosis of clinically insignificant cancer indicating that MRI
would be helpful in reducing over-diagnosis. PRECISION showed that the MRI group had fewer
missed diagnoses, despite fewer men biopsied overall. This improved detection efficiency was
associated with more representative pathology and less harm to the patient (R5). Having
demonstrated the effectiveness of MRI in the diagnostic pathway for prostate cancer, the UCL
group developed a standardised methodology for image acquisition and high-quality image
interpretation (R6), identifying specific sequences that form the basis for standardised MRI-
guided stratification of prostate cancer (R7).
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4. Details of the impact

The use of MRI has transformed diagnosis of prostate cancer allowing

specialists to identify tumours in the prostate without the need for invasive, risky and sometimes
unnecessary procedures. Millions of men every year are benefitting from having MRI
incorporated into the diagnostic pathway now that clinical guidelines both in the UK and
internationally recommend its use. The benefits include: fewer men biopsied, fewer needle
deployments, fewer missed important cancers, a reduction in the risk of over-diagnosis, less
harm and less cost. In Europe alone, one million men per year are able to derive these benefits.

National and international guidelines for prostate cancer diagnosis

Following the UCL led research, in May 2019, the National Institute of Clinical and Care
Excellence (NICE) amended their recommendation for the diagnosis of prostate cancer and
identified MRI as a cost-effective intervention in the diagnostic pathway for a man at risk. The
following specific recommendations were made, “1.2.2 Offer multiparametric MRI as the first-line
investigation for people with suspected clinically localised prostate cancer. 1.2.3

Offer multiparametric MRI-influenced prostate biopsy to people whose Likert score is 3 or

more. [2019]. 1.2.4 Consider omitting a prostate biopsy for people whose multiparametric MRI
Likert score is 1 or 2 (normal scan).” (81). The European Association of Urology, representing
15,000 members from over 130 countries, amended their guidance on MRI to match the NICE
recommendations almost word for word and said in a statement: “As a result of the PRECISION
trial and a number of other high-profile studies, the 2019 European Association of Urology and
2019 UK National Institute for Health and Care Excellence Guidelines in Prostate Cancer now
recommend performing an MRI before prostate biopsy in biopsy-naive men” (82). A panel from
the American Urological Association and Society of Abdominal Radiology states: “Data support
its use in men with a previous negative biopsy and ongoing concerns about increased risk of
prostate cancer. Sufficient data now exist to support the recommendation of magnetic resonance
imaging before prostate biopsy in all men who have no history of biopsy.” (83).

Benefits to patients and healthcare services

All men at risk of prostate cancer living in UK, Europe and the US are benefiting from this
innovation. The PROMIS study (R4) demonstrated that a quarter of men could avoid an
unnecessary biopsy. This translates to 1-2 million men globally year-on-year avoiding the
unnecessary puncture of their prostate. This represents a significant reduction in the costs and
harms associated with the procedure.

Reducing unnecessary pathology tests: Each of the 12-24 million biopsy needle deployments
that are no longer necessary would generate tissue that requires processing, reporting on, and
storage. Where biopsy is necessary, MRI allows targeted sampling, which means 4 needles
suffice rather than the standard 12 (R4), reducing needle deployments by a further 24-32 million.
This is a huge reduction in unnecessary tissue retrieval and processing, equating worldwide to
approximately 35-50 million biopsy cores each year. Savings to the NHS are approximately
GBP10,000,000-15,000,000 year on year, based on 200,000 MRI exposures per year conferring
a 25% reduction in biopsy rates and a reduced needle deployment rate in those biopsied
(assuming cost of biopsy GBP10 per core). In the USA, with predicted MRI exposures of 1
million, the cost savings are approximately USD600,000,000 year on year based on the same
assumptions and a cost of USD100 per core. This reduction in pathology tests also represents a
significant reduction in waste (these are unnecessary biopsies) in a specialty that is already
under strain due to staff shortages.

Reducing harm for the patients: The MRI diagnostic approach provides a better patient
experience and reduces side-effects associated with biopsy, reducing the need for further
engagement with the healthcare system and associated potential loss in earnings. The results
from the PRECISION study (R5) give a comparison of the harm profile for MRI-based diagnosis
versus systematic TRUS biopsy. Side-effects were reduced significantly: blood in urine (63%
reduced to 30%); blood in semen (60% reduced to 32%); blood in faeces (22% reduced to 14%);
sexual problems (16% reduced to 11%) and pain (23% reduced to 13%) (R5). Given that
approximately 5 million men are assessed each year, these data translate to millions of men
avoiding a biopsy-related harm.
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Reducing risk of under-diagnosis: Because MRI detection is positively associated with tumour
grade, tumour stage and tumour volume it detects all truly important cancers. In the PROMIS
study all Gleason dominant pattern 4 tumours or worse were identified. These are the very
tumours that have been shown to be associated with premature death in the recent 29-year
update of the Swedish SPCG-4 study (S4) which shows that prior to MRI, about half the men
being assessed were given the ‘all clear’ incorrectly. The results of the PROMIS (R4) study
demonstrate that such mis-diagnoses are now a thing of the past.

Surgery tailored to the individual: MRI scanning of the prostate means prostate surgery is
now tailored to the individual rather than inevitably resulting in total removal of the prostate.
Surgical MRI pre-planning alerts the surgeon to the exact location of the tumour. Surgery is
targeted to the tumour itself and a wide margin around it (S5), reducing the need for further
treatments in many cases, whilst at the same time preserving more of the prostate, thereby
reducing the chance of side-effects (S6). Radiotherapists have also been able to exploit the
information from MRI to better control the dose of radiotherapy to the tumour and decrease the
dose to the normal tissue, thereby reducing toxicity (S7). Regular MRI scanning has also
replaced the need for follow up biopsies in men identified at low risk. Moreover, the UCL team
has recently shown that the grading and stratification data the MRI scan provides can help
predict the likelihood of disease progression, providing a novel and powerful prognostic
biomarker (S8).

Tissue preservation therapies: By exploiting the information provided by MRI, the UCL team
has taken tissue preserving therapies with a number of energy sources, including Padeliporfin
vascular-targeted photodynamic therapy, from Phase | through to Phase Il studies (89, S$10).
Many are now in widespread use as a safer and better-tolerated alternative to standard whole
gland treatments. The benefits to patients of tissue-preserving therapy include less urinary
incontinence and sexual dysfunction, reduced from 3 in 5 men to 1 in 20 men (S5).

MP-MRI for prostate cancer underpins new era for treatment and therapeutic platforms
The MRI diagnostic technology developed at UCL underpins an ecosystem of new technology
and pharma companies that have been set up to exploit the new phenotypic information arising
from the images. These new companies cover several domains and include many new SMEs
(university spin out companies as well as some of the largest commercial entities in healthcare,
such as Watson Elementary Ltd; Philips Dynacad; Siemens Healthineers [FDA approved Aug
2020]); over 10 image-registration companies (MIMM-Soft; Koelis; Philips Uronav); therapy
companies (Sonacare Medical; Angiodynamics; artificial intelligence companies (Enlitic Inc.);
biotech (Nanospectra); and pharma (STEBA Bio).

The Chief Commercialization Officer at Sonacare Medical said: “The work Professor Mark
Emberton, of University College Hospital, has spearheaded and championed throughout the
years incorporating mpMRI into the diagnostic pathway and its continued reported clinical
outcomes (through the PROMIS and PRECISION trials) has resulted in an entire new eco-
system of companies seeking to fully explore the new information on tumor location, disease
progression focalized precision-based treatment and post-operative monitoring. ... PROMIS and
PRECISION have supported, with strong clinical data and advocacy of proper technique, the
birth and steady growth of companies like Sonacare Medical and have brought to urology a
whole new class of diagnosis and precision guided treatment of prostate cancer.” (S11).

5. Sources to corroborate the impact

S1 NICE Guidelines NG131 (2019)
https://www.nice.org.uk/quidance/ng131/chapter/Recommendations#assessment-and-diagnosis

S2 European Association of Urology guidelines
https://uroweb.org/gquideline/prostate-cancer/?type=summary-of-changes. EAU press statement
10 October 2019 Results of EAU RF PRECISION study lead to changes in international prostate
cancer diagnosis guidelines https://uroweb.org/results-of-eau-rf-precision-study-lead-to-
changes-in-international-prostate-cancer-diagnosis-quidelines/.
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