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Scientific summary
Background
Increasing numbers of men are being referred for prostate biopsy with suspected prostate cancer in the
UK, mainly as a result of the increased use of serum prostate-specific antigen (PSA) testing in healthy men.
Many of the cancers currently diagnosed are clinically non-significant (CNS) (i.e. are unlikely to have any
clinical impact on the individual during his remaining life). If left unchecked, the existing diagnostic
pathway will result in a further rise in the number of CNS cases identified and in the associated costs and
harms of treatment, without necessarily reducing the risk of dying from the disease.
The standard diagnostic procedure is transrectal ultrasound (TRUS)-guided biopsy. Unlike procedures in
other solid cancers, this technique is ‘blind’ to the location of the suspect lesion, because ultrasonography
serves only to locate the prostate and cannot differentiate between cancerous and non-cancerous tissue.
The unguided placement of the needles means that CNS cancers may be detected and clinically significant
(CS) cancers may be missed.
A diagnostic method more specific to CS prostate cancer could reduce the unnecessary harms and costs
associated with overdiagnosis and overtreatment of CNS cancers.

Objectives
The purpose of the PROstate Magnetic resonance Imaging Study (PROMIS) was to trial the use of
multiparametric magnetic resonance imaging (mpMRI) in the diagnosis of prostate cancer. The main
objectives were to:
l
l
l

assess the ability of mpMRI to identify men who can safely avoid unnecessary biopsy
assess the ability of a diagnostic pathway incorporating mpMRI to improve detection of CS cancer
compared with TRUS-guided biopsy
use economic modelling to identify the most efficient and cost-effective diagnostic strategy in men with
suspected localised prostate cancer from the perspective of the UK NHS.

Methods
Diagnostic study
PROMIS was a validating paired-cohort study in men at risk of prostate cancer undergoing a first prostate
biopsy, conducted at 11 NHS hospitals in England. To compare the diagnostic accuracy of mpMRI (the index
test) and TRUS-guided biopsy (the current standard), both were individually compared with a reference
standard: template prostate mapping (TPM) biopsy. All participants underwent all three tests (mpMRI,
TPM-biopsy and TRUS-guided biopsy). Multiparametric magnetic resonance imaging was carried out first.
TPM-biopsy followed by TRUS-guided biopsy was carried out as a combined biopsy procedure (CBP) at a
subsequent visit. The CBP was carried out for the purposes of the study only and is not proposed for use in
clinical practice. Each test was conducted blind to the results of the other tests and was reported
independently of them.
The eligible population was adult men at risk of prostate cancer who had been advised to have a prostate
biopsy and had a serum PSA level of ≤ 15 ng/ml within the previous 3 months, had a suspected stage of
≤ T2 on a rectal examination (i.e. organ confined) and were fit for general/spinal anaesthesia. Men with a
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PSA level of > 15 ng/ml were excluded as the higher prevalence of prostate cancer in this subgroup means
that mpMRI is unlikely to be used as a triage test in these men.
Multiparametric magnetic resonance imaging was carried out according to a standardised protocol in
which T1-weighted, T2-weighted, diffusion-weighted (apparent diffusion coefficient maps and long-b
scan) and dynamic gadolinium contrast-enhanced imaging was acquired using a 1.5-T scanner and a
pelvic phased array. Radiologists used a standard reporting form to derive a 1–5 score on the Likert
scoring system to indicate the suspicion level for CS cancer. TRUS-guided biopsies were taken as per
international guidelines and incorporated 10–12 core biopsies. TPM-biopsy was carried out in accordance
with a standardised protocol.
The primary definition of CS cancer in this trial used a histological target condition on TPM-biopsy that
incorporated the presence of a Gleason score of ≥ 4 + 3 and/or a cancer core length of ≥ 6 mm in any
location. This was chosen because nearly all physicians would agree that any man with this burden of
cancer would require treatment. A secondary definition was also investigated: cancer core length of
≥ 4 mm and/or a Gleason score of ≥ 3 + 4. The primary magnetic resonance imaging (MRI) outcome
measure (i.e. the threshold against which the Likert scores were given) was defined as a prostate cancer
volume of ≥ 0.2 ml and/or a Gleason score of ≥ 3 + 4. Two analyses were carried out: (1) using a Likert
score of ≥ 3 to indicate a positive MRI result (primary analysis) and (2) using a cut-off point of ≥ 4.
The primary outcome measure was the diagnostic accuracy of mpMRI, TRUS-guided biopsy and TPMbiopsy as measured by sensitivity, specificity, positive predictive value (PPV) and negative predictive value
(NPV) using the primary definition of CS cancer. The same parameters using combinations of alternative
definitions of disease for each test were investigated as secondary outcomes. The other outcomes reported
were inter-rater agreement between tests and serious adverse events (SAEs). Information on health-related
quality of life (HRQoL) was collected using the EuroQol-5 Dimensions, three-level version questionnaire
after each test and at the final visit and was used in the economic evaluation.
The primary analysis was based on all evaluable data, excluding men without all three test results and any
data rejected by the quality control/quality assurance process. For each comparison, 2 × 2 contingency
tables were used to calculate the diagnostic accuracy estimates with 95% confidence intervals (CIs).
McNemar’s tests were used for the head-to-head comparisons of sensitivity and specificity between
mpMRI and TRUS-guided biopsy. Because the PPVs and NPVs are dependent on disease prevalence, a
generalised estimating equation logistic regression model was used to compare these values for mpMRI
and TRUS-guided biopsy against those for TPM-biopsy.

Economic evaluation
The economic analysis aimed to identify the most efficient and cost-effective diagnostic strategy in men
with suspected localised prostate cancer from the perspective of the UK NHS. It considered all feasible
combinations of TRUS-guided biopsy, mpMRI and TPM-biopsy, within the various definitions and cut-off
points for CS cancer.
The efficient diagnostic strategies were those that detected the most men with CS cancer (i.e. sensitivity)
per £1 spent on testing. The cost-effective strategies were those that achieved the most health benefits,
expressed as quality-adjusted life-years (QALYs), per £1 spent over the patients’ expected lifetime.
The cost-effective strategies were identified for the values of health opportunity cost, also known as
cost-effectiveness thresholds, typically used in the UK NHS (i.e. £13,000, £20,000 and £30,000 per QALY).
The cost-effective strategy for a given health opportunity cost is the strategy that achieves the most health
benefits net of the health displaced given its additional costs.
A new decision-analytic model was developed to combine the information generated in PROMIS with
external evidence as appropriate. For the short term, the model calculates the proportion of CS cancers
detected by each strategy and the costs and HRQoL consequences of the tests. The model assumed that
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biopsies, both TRUS-guided and TPM, detect only cancer, either CS or CNS, if cancer is present. Therefore,
the specificity of each strategy is always perfect.
For the long term, the model calculates the health outcomes and costs of men with no cancer and low-risk,
intermediate-risk and high-risk cancer, by diagnostic classification (no cancer, CNS cancer and CS cancer).
Men classified as having CS cancer were assumed to receive radical treatment [radical prostatectomy (RP)],
whereas men classified as having CNS cancer were monitored in secondary care (active surveillance) and
men classified as having no cancer were followed in primary care. Therefore, the model calculates the
health outcomes and costs of diagnosis and treatment of the men with CS cancer who were correctly
identified, as well as misdiagnosis and delayed treatment of men with CS cancer who were not identified.

Results
Diagnostic study
A total of 740 men were registered to the trial, of whom 164 subsequently withdrew before completing
all three tests. Most withdrawals took place before the combined biopsy and the most common reason for
withdrawal was the discovery of a large prostate volume (> 100 ml). A total of 576 men were included in
the final analysis.
The prevalence of any cancer as assessed by the reference test, TPM-biopsy, was 71% (95% CI 67% to
75%). The prevalence of CS cancer according to the primary definition (a Gleason score of ≥ 4 + 3 and/or
cancer core length of ≥ 6 mm) was 40% (95% CI 36% to 44%). TRUS-guided biopsy showed sensitivity
for CS cancer of 48% (95% CI 42% to 55%) and specificity of 96% (95% CI 94% to 98%). The PPV
was 90% (95% CI 83% to 94%) and the NPV was 74% (95% CI 69% to 78%). The sensitivity of mpMRI
for CS cancer was high at 93% (95% CI 88% to 96%) and the NPV was 89% (95% CI 83% to 94%).
However, its specificity was 41% (95% CI 36% to 46%), with a PPV of 51% (95% CI 46% to 56%).
A negative mpMRI scan was recorded for 158 men (27%). Of these, 17 men were found to have CS
cancer on TPM-biopsy.
We considered the implications of using mpMRI in clinical practice by comparing the current standard
strategy (TRUS-guided biopsy for all men) with two alternative strategies: (1) mpMRI would be used as a
triage test and only men with a suspicious mpMRI result (Likert score of ≥ 3) would go on to biopsy and
(2) the remainder would receive active surveillance or would be discharged. Under the worst-case scenario,
a standard TRUS-guided biopsy would be carried out but mpMRI would not be used to direct it. Under the
best-case scenario, the TRUS-guided biopsies would be guided by the mpMRI findings and it would be
assumed that targeted biopsies would achieve a similar diagnostic accuracy to that of TPM-biopsy. For both
of these scenarios, 158 out of 576 men (27%) would avoid a primary biopsy, because they would be
categorised by mpMRI as having either no cancer or CNS cancer, but 17 men in this group would have a
CS cancer missed. For the worst-case scenario, an absolute reduction in the overdiagnosis of CNS cancers
might be seen, with 28 out of 576 fewer cases (5%) [relative reduction of 31% (95% CI 22% to 42%)
compared with the current standard]. Under the best-case scenario, overdiagnosis might be increased to
21% [i.e. there would be 31 out of 576 more cases (5%)]. However, it might also lead to 102 out of 576
more cases (18%) of CS cancer being detected compared with the standard pathway of TRUS-guided
biopsy for all.
Agreement between radiologists for the detection of CS cancer according to the primary definition was
80%. This corresponded to a Cohen’s kappa statistic of 0.5, indicating moderate agreement.
There were 44 reports of SAEs during the study, including 10 cases of sepsis (of which nine occurred after
CBP, equating to a post-CBP risk of 1.5%). As emphasised earlier, CBP is not proposed for use in
clinical practice.
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Economic evaluation
Multiparametric magnetic resonance imaging, TRUS-guided biopsy and TPM-biopsy can plausibly be used
in 32 different combinations to diagnose prostate cancer. These were evaluated for different diagnostic
definitions and cut-off points, forming 383 diagnostic substrategies. Strategies using the secondary
TRUS-guided biopsy definition (definition 2) and primary mpMRI definition (definition 2) detected more
CS cancers. Of the 383 substrategies, 14 were efficient in that they detected the most CS cancers per
£1 spent. Of these, four substrategies detected ≥ 80% of CS cancers. These substrategies involved mpMRI,
either as the first or the second test, and up to two biopsies.
In the base case, the cost-effective strategy at the health opportunity costs of £13,000, £20,000 and
£30,000 per QALY gained involves testing all men with mpMRI using definition 2 and cut-off point 2 for
CS cancer (a less restrictive definition than used in the primary outcome of PROMIS, leading to more
men receiving a biopsy, but fewer CS cancers being missed by the initial MRI) and using MRI-targeted,
TRUS-guided biopsy and definition 2 to detect CS cancer and rebiopsying those men in whom CS cancer
was not detected. This strategy detects 95% of CS cancers (95% CI 92% to 98%), achieves 8.72
discounted QALYs (95% CI 8.40 to 9.04 discounted QALYs) and costs £5367 (95% CI £4947 to £5876).
This sequence of tests constitutes the proposed PROMIS strategy, albeit using the TRUS-guided biopsy
definition 1 and mpMRI cut-off point 3. At this definition and cut-off point, this strategy detects 82% of
CS cancers (95% CI 75% to 87%), achieves 8.65 discounted QALYs (95% CI 8.35 to 8.95 discounted
QALYs) and discounted costs of £5027 (95% CI £4609 to £5512). The standard care strategy without
mpMRI is TRUS-guided biopsy in all men and rebiopsy for those in whom CS cancer was not detected,
both using definition 1. This strategy detects 52% of CS cancers (95% CI 45% to 61%), achieves 8.49
discounted QALYs (95% CI 8.19 to 8.80 discounted QALYs) and has discounted costs of £4603 (95% CI
£4174 to £5044). The strategy recommended by the National Institute for Health and Care Excellence
involves TRUS-guided biopsy in all men. Men in whom CS cancer using definition 1 is not detected receive
mpMRI. Men with suspected CS cancer on mpMRI using definition 2 and cut-off point 3 receive a second
TRUS-guided biopsy, evaluated using definition 1. This detects 85% of CS cancers (95% CI 78% to 91%),
achieves 8.66 discounted QALYs (95% CI 8.36 to 8.97 discounted QALYs) and has discounted costs of
£5173 (95% CI £4755 to £5664).
Sensitivity analysis suggests that the main drivers of cost-effectiveness are the unit cost of each test, the
improvement in sensitivity of MRI-targeted, TRUS-guided biopsy compared with blind TRUS-guided biopsy
and the cost-effectiveness of radical treatment and active surveillance.

Conclusions
The current standard, TRUS-guided biopsy, performs poorly as a diagnostic test for CS prostate cancer. Our
findings suggest that if mpMRI were used as a triage test prior to biopsy in all men with an elevated serum
PSA level then one-quarter of men might safely avoid a biopsy, thus reducing the problem of unnecessary
biopsies in men with a low risk of harbouring CS cancer. A negative mpMRI result infers a high probability of
no CS cancer. Triage with mpMRI might also reduce the diagnosis of CNS cancers and improve the detection
of CS cancers compared with the current standard of TRUS-guided biopsy for all men with suspected localised
prostate cancer. However, the lower specificity and PPV of mpMRI demonstrates that a biopsy, with the
needles deployed based on the mpMRI findings, is still needed in those men with suspicious mpMRI findings.
The economic evaluation used the results from PROMIS alongside external evidence to ascertain the value
of using these tests in sequence to support treatment decisions (when patients diagnosed with CS
cancers would be referred for RP). It found that a strategy starting with mpMRI for all men and up to two
TRUS-guided biopsies in men with suspected CS cancer using the most sensitive definitions (definition 2
and cut-off point 2) detects the most CS cancers per £1 spent and is cost-effective. These findings are
sensitive to the costs of the tests and the assumptions made on the long-term management of men with
unidentified cancers.
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Trial registration
This study is registered as ISRCTN16082556 and NCT01292291.
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