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Abstract

Background: The current recommendation of using transrectal ultrasound-guided bi-
opsy (TRUSB) to diagnose prostate cancer misses clinically significant (CS) cancers. More
sensitive biopsies (eg, template prostate mapping biopsy [TPMB]) are too resource
intensive for routine use, and there is little evidence on multiparametric magnetic
resonance imaging (MPMRI).
Objective: To identify the most effective and cost-effective way of using these tests to
detect CS prostate cancer.
Design, setting, and participants: Cost-effectiveness modelling of health outcomes and
costs of men referred to secondary care with a suspicion of prostate cancer prior to any
biopsy in the UK National Health Service using information from the diagnostic Prostate
MR Imaging Study (PROMIS).
Intervention: Combinations of MPMRI, TRUSB, and TPMB, using different definitions
and diagnostic cut-offs for CS cancer.
Outcome measurements and statistical analysis: Strategies that detect the most CS
cancers given testing costs, and incremental cost-effectiveness ratios (ICERs) in quality-
adjusted life years (QALYs) given long-term costs.
Results and limitations: The use of MPMRI first and then up to two MRI-targeted TRUSBs
detects more CS cancers per pound spent than a strategy using TRUSB first (sensitivity =
0.95 [95% confidence interval {CI} 0.92–0.98] vs 0.91 [95% CI 0.86–0.94]) and is cost
effective (ICER = £7,076 [s8350/QALY gained]). The limitations stem from the evidence
base in the accuracy of MRI-targeted biopsy and the long-term outcomes of men with CS
prostate cancer.
Conclusions: An MPMRI-first strategy is effective and cost effective for the diagnosis of
CS prostate cancer. These findings are sensitive to the test costs, sensitivity of MRI-
targeted TRUSB, and long-term outcomes of men with cancer, which warrant more
empirical research. This analysis can inform the development of clinical guidelines.
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1. Introduction

Multiparametric magnetic resonance imaging (MPMRI) is

increasingly being recommended for the diagnosis of

clinically significant (CS) prostate cancer, if the initial

biopsy proves negative [1,2]. An alternative approach is to

begin with MPMRI imaging to inform who needs a biopsy

and, in those who need it, how it might be best conducted

[3]. Recent studies have reported encouraging results on the

performance of MPMRI in detecting CS prostate cancer [3–

5]. The Prostate MR Imaging Study (PROMIS) was the largest

accuracy study on the use of MPMRI and transrectal

ultrasound-guided biopsy (TRUSB) in the diagnosis of

prostate cancer [4]. Using template mapping biopsy (TPMB)

as the reference standard, it was found that MPMRI had

better sensitivity for CS prostate cancer compared with

TRUSB but worse specificity [4]. It is therefore necessary to

explore how best to combine these tests and the

consequences of incorrect diagnosis on health outcomes.

This study aims to identify the combinations of tests—

diagnostic strategies—that detect the most CS cancers per

pound spent in testing and achieve the maximum health

given their cost to the healthcare service.

2. Patients and methods

The target population was men at risk of prostate cancer referred to

secondary care for further investigation [4,6]. The perspective was the

UK National Health Service (NHS). Costs were expressed in pound

sterling from a 2015 price base. The time horizon is the population’s

predicted lifetime. Costs incurred and health outcomes attained in the

future were discounted to present values at 3.5% per annum [7].

2.1. Diagnostic strategies

The diagnostic strategies consisted of clinically feasible combinations of

MPMRI, TRUSB, and TPMB, in addition to the use of TRUSB and TPMB in

isolation (Table 1; details in the Supplementary material, section 1.1).

These included strategies using MPMRI to decide whether a TRUSB or

TPMB is necessary and target the TRUSB, and strategies starting with

TRUSB and using MPMRI to decide whether a repeat biopsy is warranted.

A diagnosis of CS cancer requires a biopsy, hence strategies were defined

to always end with a confirmatory biopsy. Within each test combination,

there are alternative ways each test can be used, following the definitions

used in PROMIS (see Tables 2 and 3). Each of the 32 test combinations

were tested for the alternative classifications and cut-offs, returning a

total of 383 strategies.

2.2. Model structure

The model had a diagnosis and a long-term component (Supplementary

Fig. 1). For diagnosis, a decision tree combined the information on

diagnostic accuracy of the tests to determine the accuracy of the test

combinations (Fig. 1). The long-term outcome component calculated the

long-term health outcomes and costs of men with CS cancer, non-CS

cancer, and no cancer, by whether they were correctly diagnosed or

missed. Their diagnosis determined their clinical management, as either

immediate radical treatment if CS cancer is diagnosed or surveillance if

not. The long-term outcome component was a cohort Markov, with two

health states for men with no cancer (alive and dead) and three states for

men with cancer: localised cancer, metastatic cancer, and death. The

decision model was developed in Microsoft Excel.

2.3. Diagnostic performance

The model explicitly reflects the sensitivity and specificity of TRUSB and

MPMRI in detecting prostate cancer. Tables 2 and 3 show the diagnostic

performance of the tests, calculated from the individual level data

collected in the PROMIS [4] (details in the Supplementary material,

section 2). The men’s true disease status was classified in four subgroups,

according to the TPMB results and their serum prostate-specific antigen

(PSA) level [1]:

1. No cancer

2. Low risk: PSA �10 ng/ml and Gleason score �6, who should be

classified as having non-CS cancer

3.

Patient summary: We found that, under certain assumptions, the use of multiparametric
magnetic resonance imaging first and then up to two transrectal ultrasound-guided biopsy
is better than the current clinical standard and is good value for money.

© 2017 European Association of Urology. Published by Elsevier B.V. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Table 1 – Diagnostic strategies

Test Strategies

MPMRI

First test M1–M7; N1–N7

Second test after TRUSB T5–T9; P5–P9

TRUSB

First test T1–T9; P2–P9

Repeat TRUSB in men with no cancer detected T2, T4

Repeat TRUSB in men with non-CS cancer detected T3, T4

Second test after MPMRI: MRI-targeted TRUSB,

in men with lesions visible at the MPMRI

M1–M7

Repeat MRI-targeted TRUSB in men with no

previous cancer or non-CS cancer at first

MRI-targeted TRUSB, but with lesions visible

at MRI

M3–M7; T5–T9;

N3–N7

TPMB

First test P1

Second test P2–P4; N1–N4

Third test P5–P9; N3–N7

MPMRI = multiparametric magnetic resonance imaging; TRUSB = transrectal

ultrasound-guided biopsy; TPMB = template prostate mapping biopsy;

CS = clinically significant. MRI-targeted TRUSB is a TRUSB informed by a

prior MPMRI. All TRUSB post-MPMRI are assumed to be MRI-targeted TRUSB.

Diagnostic strategies were labelled according to their test combination first

(M1–M7, N1–N7, T1–T9, P1–P9), and then their biopsy TRUSB definition (1 or

2), MPMRI definition (1 or 2), and cut-off (2 to 5). T strategies start with

TRUSB, M strategies start with MPMRI, P strategies are the same as T

strategies, and N strategies are the same as M strategies but have TPMB as

the last biopsy. For example, strategy M1 125 refers to test combination M1,

in which all men were first assessed using MPMRI definition 2 and cut-off

5 and then followed up with biopsy definition 1 for those with a suspicion of

CS cancer. See the Supplementary material, section 1, for full details on the

test sequences for each diagnostic strategy.
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Intermediate risk: PSA 10–15 ng/ml or Gleason score 7, who should be

classified as having CS cancer

4. High risk: Gleason score �8, who should be classified as having CS

cancer

2.4. Management post diagnosis

The long-term outcomes of men with cancer were based on the Prostate

Cancer Intervention Versus Observation Trial (PIVOT) [8], a randomised

controlled trial comparing radical prostatectomy and watchful waiting

in men with localised prostate cancer, by risk subgroup as defined

above. The information from PIVOT was combined with that from the

STAMPEDE study (metastatic subgroup) [9] in a calibration model in

order to estimate the probability of transition between the Markov

model health states. Since the diagnostic strategies are perfectly specific,

only men with intermediate- or high-risk cancer are classified as having

CS cancer and receive treatment. Details are provided in the Supple-

mentary material, section 3.

2.5. Health-related quality of life and costs

For health-related quality of life (HRQoL), the model considers the direct

impact of TPMB, obtained from the patient-reported EQ-5D collected in

the PROMIS [4]. TRUSB is assumed to have no impact on HRQoL given

that no effect was found in a large European screening study

[10]. Regarding costs, the model included the direct cost of the tests

and the costs associated with managing their related complications

[11,12].

In the long term, the model considers the reduction in HRQoL from

any metastatic disease [13] and ageing [14]. The model included the

direct cost of radical prostatectomy and surveillance, the costs of their

complications, and the costs of metastatic disease [8]. Details are

Table 3 – Diagnostic performance of MPMRI

Subgroups No cancer Low-risk cancer Intermediate-risk cancer High-risk cancer

Cut-off Definition NC non-CS CS NC non-CS CS NC non-CS CS NC non-CS CS

�2 1 0.00 0.23 0.77 0.00 0.20 0.80 0.01 0.06 0.93 0.00 0.00 1.00

2 0.00 0.07 0.93 0.00 0.08 0.92 0.01 0.01 0.98 0.00 0.00 1.00

�3 1 0.33 0.41 0.26 0.28 0.40 0.32 0.08 0.18 0.74 0.00 0.00 1.00

2 0.33 0.17 0.50 0.28 0.16 0.56 0.08 0.05 0.87 0.00 0.00 1.00

�4 1 0.86 0.08 0.06 0.75 0.14 0.11 0.30 0.24 0.46 0.00 0.06 0.94

2 0.86 0.03 0.11 0.75 0.04 0.21 0.30 0.04 0.65 0.00 0.00 1.00

=5 1 0.96 0.02 0.02 0.98 0.01 0.01 0.60 0.17 0.23 0.23 0.16 0.61

2 0.96 0.01 0.03 0.98 0.00 0.02 0.60 0.03 0.38 0.23 0.00 0.77

CS = clinically significant; MPMRI = multiparametric magnetic resonance imaging; NC = no cancer; PROMIS = Prostate MR Imaging Study.

Parameter inputs are presented as point estimates (mean). See the Supplementary material, section 2, for 95% confidence intervals.

The diagnostic performance of MPMRI was obtained from the individual patient data of the PROMIS [4]. For interpretation of MPMRI, the definitions for CS

cancer were a radiologist estimation of (1) lesion volume �0.5 cc and/or Gleason score �4 + 3, and (2) lesion volume �0.2 cc and/or Gleason score �3

+ 4. Suspicion of a lesion meeting these definitions was scored on a Likert scale (1–5, 1 being highly likely benign and 5 being highly likely malignant). This scale

was also used to score the image for whether any cancer (whether considered CS or not) is present.

Table 2 – Diagnostic performance of TRUSB

Subgroups Low-risk cancer Intermediate-risk cancer High-risk cancer Source

Type Definition NC non-CS CS NC non-CS CS NC non-CS CS

1 1 0.65 0.35 0.00 0.24 0.42 0.34 0.00 0.00 1.00 PROMIS [4]

2 0.65 0.35 0.00 0.24 0.17 0.59 0.00 0.00 1.00

2 1 0.55 0.45 0.00 0.55 0.25 0.20 0.55 0.00 0.45 [22]

2 0.55 0.45 0.00 0.55 0.10 0.35 0.55 0.00 0.45

3 1 0.00 1.00 0.00 0.00 0.75 0.25 0.00 0.75 0.25 [23]

2 0.00 1.00 0.00 0.00 0.75 0.25 0.00 0.75 0.25

4 1 0.80 0.20 0.00 0.20 0.37 0.43 0.00 0.00 1.00 PROMIS [4]

combined with [16]

2 0.79 0.21 0.00 0.15 0.11 0.74 0.00 0.00 1.00

5 1 and 2 0.68 0.32 0.00 0.05 0.08 0.87 0.05 0.08 0.87 [16]

CS = clinically significant; MPMRI = multiparametric magnetic resonance imaging; NC = no cancer; PROMIS = Prostate MR Imaging Study; TPMB = template

prostate mapping biopsy; TRUSB = transrectal ultrasound-guided biopsy.

Key:

1: TRUSB before MPMRI

2: TRUSB after a TRUSB that did not detect cancer

3: TRUSB after a TRUSB that detected CNS cancer

4: TRUSB after a suspicious MPMRI

5: TRUSB after a TRUSB that did not detect cancer and a suspicious MPMRI

Parameter inputs are presented as point estimates (mean). See the Supplementary material, section 2, for 95% confidence intervals and details on the data

sources.

The diagnostic performance of the first TRUSB (i.e. TRUSB type 1) was obtained from the individual patient data of the PROMIS [4]. For TRUSB and TPMB, the

histological CS cancer definitions were (1) dominant Gleason pattern �4 and/or any Gleason pattern �5 and/or cancer core length �6 mm (histology definition

1) and (2) any Gleason pattern �4 and/or cancer core length �4 mm (histology definition 2). Since the PROMIS collected information on blind first TRUSB,

external evidence was used on the sensitivity of repeat TRUSB and MRI-targeted TRUSB, as either first or second TRUSB [16,22,23].
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provided in the Supplementary material, sections 4 (HRQoL) and 5

(costs).

2.6. Main outcomes and measures

The main outcomes were cost effectiveness of diagnosis, defined as the

strategies that detect the most CS cancers for a given pound spent in

testing, and long-term cost effectiveness, defined as the strategies that

achieve the most health outcomes given their costs, for alternative cost-

effectiveness thresholds: £13 000 (s15 398), £20 000 (s23 689), and

£30 000 (s35 534)/quality-adjusted life year (QALY) gained [7,15]. The

results are probabilistic in that they are the average of over 1000 Monte

Carlo simulations. A number of sensitivity analyses were conducted on

the aspects of the short- and long-term components of the model (see

the Supplementary material, section 6, for details).

3. Results

3.1. Base-case analysis

3.1.1. Detection of CS cancers per pound spend in diagnosis

Figure 2A plots the detection of CS cancers and cost of

testing for each of the 383 strategies defined (see the

Supplementary material, section 8, for details, including

costs in euro). Out of all the 383 strategies, the figure

highlights the 14 strategies that are expected to detect the

most CS cancers per pound spent in testing (red circles).

These define a frontier of valuable diagnostic options. The

remaining strategies are not expected to represent a good

value. Owing to the uncertainty around diagnostic accuracy

and costs, some of these retain the possibility of being in the

frontier, that is, of being valuable (black circles).

Four of 14 red strategies detect at least 80% of the CS

cancers: M7 223, T7 223, M7 222, and P4 2 (strategies 10–14

in Fig. 2A). In M7, all men receive MPMRI and men with a

suspicion of CS cancer receive an MRI-targeted TRUSB. Men

in whom MRI-targeted TRUSB did not detect CS cancer

receive a second MRI-targeted TRUSB. M7 223 detects 85%

(95% confidence interval [CI] 81–89%) of CS cancers and

costs £628 (95% CI £597–660); M7 222 detects 95% (95%CI

92% to 0.98%) and costs £807 (95%CI £777 to £833). This

MPMRI definition and cut-off refer to MRI-targeted TRUSB

in 96% of men: all men with high-risk CS cancer, 98% with

intermediate-risk CS cancer, 92% with low-risk non-CS

cancer, and 93% with no cancer. T7 consists of testing all

men with TRUSB, followed by MPMRI in men in whom CS

cancer was not detected, and a repeat MRI-targeted TRUSB

in men with negative TRUSB if there is a suspicion of CS

cancer at the MPMRI. T7 223 detects 91% (95% CI 86–94%) CS

cancers and costs £709 (95% CI £688–730); P4 2 consists of

TRUSB for all men and TPMB for those in whom TRUSB did

not detect CS cancer. It has perfect sensitivity but costs

£1332 (95% CI £1278–1385).

3.1.2. QALYs per NHS spent

Figure 2B shows the expected lifetime health outcomes and

costs achieved by each strategy per man referred for testing

Strategie s star� ng w ith MPMRI Strategie s star� ng w ith TRUSB

First te st Seco nd te st Thir d test
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Fig. 1 – Schematic of decision tree. The diagram represents the decision tree used to predict the outcomes of the diagnostic strategies. The diagram

shows only the general structure of the tree for diagnostic strategies composed of MPMRI and TRUSB; a similar tree was used for strategies including

TPMB. In the model, men can have a sequence of up to three tests. The black lines represent the possible test classifications. The red lines with a

question mark represent decisions. Different decisions constitute different sequences of tests and hence different strategies. The diagram highlights

strategies M7 (left side) and T7 (right side). In M7, men receive MPMRI and are classified as having no suspicion of cancer (no cancer; NC), suspicion of

non-CS cancer, or suspicion of CS cancer. Men with a suspicion of CS cancer receive an MRI-targeted TRUSB, and are classified as having no cancer

(NC), non-CS cancer, and CS cancer. Men in whom CS cancer was not detected, but had a suspicion of CS cancer at the MPMRI, receive a second

MRI-targeted biopsy. In T7, men receive a TRUSB, and are classified as having no cancer (NC), non-CS cancer, and CS cancer. Men in whom CS cancer

was not detected receive an MPMRI, and are classified as having no suspicion of cancer (NC), suspicion of non-CS cancer, or suspicion of CS cancer.

Men classified as having a suspicion of CS cancer based on MPMRI results receive a second TRUSB—this time MRI-targeted TRUSB since there is now

information from the MPMRI. CS = clinically significant; MPMRI = multiparametric magnetic resonance imaging; TPMB = template mapping biopsy;

TRUSB = transrectal ultrasound-guided biopsy.
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Fig. 2 – (A) Detection of CS cancers per pound spent in diagnosis. (B) Quality-adjusted life years (QALYs) per NHS spend. Each bubble represents one of

the 383 diagnostic strategies evaluated; their size is directly related to the probability that the strategy is cost effective and therefore forms the

frontier (ie, forms the red line). The red bubbles represent the 14 diagnostic strategies that form the frontier at expected values. This means that, on

average, these are the best strategies per pound spent. The black bubbles represent the strategies that do not form the frontier at expected values, but

that have some probability of being in the frontier given their distribution of costs and outcomes. The grey bubbles represent the strategies that do

not form the efficiency frontier at any simulation. Given the distribution of parameter inputs, these strategies are never efficient or cost effective.

CS = clinically significant; NHS = National Health Service.
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(see the Supplementary material, section 9, for details,

including costs in euro). The line linking the cost-effective

strategies (in red) is the cost-effectiveness frontier, and its

slope corresponds to the incremental cost-effectiveness

ratio (ICER) of a strategy versus the next best (to its left); the

strategies on the frontier and their ICERs are shown in

Table 4. The strategy attaining the greatest expected health

outcomes was P4 2, and the next best strategy is M7

222. The ICER of P4 2 versus M7 222 was £30 084/QALY.

Next best to M7 222 is T7 223, and the ICER of M7 222 versus

T7 223 is £7076/QALY gained, making it a cost-effective

strategy in the UK setting. These results are consistent with

the cost-effectiveness acceptability frontier (Supplementa-

ry Fig. 1), in which M7 222 is the strategy most likely to be

cost effective for cost-effectiveness thresholds between

£7250 and £30 000/QALY.

3.2. Sensitivity analysis

The cost-effective strategy changed from M7 222 to T7 222,

T9 222, or P4 2 in response to a reduction in the sensitivity

of MRI-targeted TRUSB and an increase in the sensitivity of

the MRI-targeted second TRUSB. The cost-effective strategy

changes to P4 2 if the sensitivity of the MRI-targeted second

TRUSB reduces, as this does not reduce its the CS cancer

detection rates. Increases in the cost of MPMRI coupled with

reductions in the cost of TRUSB result in strategies starting

with TRUSB becoming cost effective, while reductions in the

cost of TPMB favour strategies involving TPMB for all or a

large proportion of men. The cost-effective strategy

changed to less costly, less sensitive strategies (T7

223 and T6 222) if radical prostatectomy is less cost

effective, for example, due to reduced effectiveness, higher

HRQoL burden or greater costs. Conversely, the cost-

effective strategy changed to more sensitive strategies

(P4 2) in men incorrectly classified as no cancer has worse

health outcomes. For full results, see the Supplementary

material, section 9.

4. Discussion

A diagnostic strategy consisting of MPMRI first and up to two

MRI-targeted TRUSB at the more sensitive definitions

(definition 2) and cut-offs is more likely to be cost effective

at cost-effectiveness thresholds at and below £30 000. For

MPMRI, this is lesion volume �0.2 cc and/or Gleason score

�3 + 4 (likely benign or above); for TRUSB this is any Gleason

pattern �4 and/or cancer core length �4 mm. The most

clinically effective strategy is testing all men with TRUSB

at definition 2 and retesting men in whom CS cancer

was not detected with TPMB; however, this is not cost

effective at current cost-effectiveness thresholds and will

not be clinically feasible to deliver across the board in

any healthcare setting. These findings can directly inform

UK policy, but they can also be generalised to similar,

international, settings. The extent to which the cost

effectiveness results can be generalised to other jurisdictions

depends on the similarities of the population, outcomes,

health systems, and pricing.

Table 4 – Cost-effectiveness results

Strategy ICER/QALY

M1 115: MPMRI for all men definition 1 cut-off 5; TRUSB in men suspicious of CS cancer definition 1 Reference

M1 215: MPMRI for all men definition 2 cut-off 5; TRUSB in men suspicious of CS cancer definition 1 £3081

M3 215: MPMRI for all men definition 2 cut-off 5; TRUSB in men with suspicion on CS cancer definition 2; men with CNS at first biopsy

receive second TRUSB definition 2

£3630

M4 225: MPMRI for all men definition 2 cut-off 5; TRUS-guided in men with suspicion of any cancer definition 2; men with suspicion of CS

cancer at MPMRI and in whom CNS cancer was detected at the first biopsy receive second TRUSB definition 2

£3738

M7 225: MPMRI for all men definition 2 cut-off 5; TRUSB definition 2 in men with suspicion of CS cancer; rebiopsy with TRUSB definition

2 in those in whom CS cancer was not detected

£3867

M3 224: MPMRI for all men definition 2 cut-off 4; TRUSB definition 2 in men with suspicion on CS cancer; men with CNS at first biopsy

receive second TRUSB definition 2

£3921

M4 224: MPMRI for all men definition 2 cut-off 4; TRUSB definition 2 in men with suspicion of any cancer; men with suspicion of CS

cancer at MPMRI and in whom CNS cancer was detected at the first biopsy receive second TRUSB definition 2

£4031

M7 224: MPMRI for all men definition 2 cut-off 4; TRUSB definition 2 in men with suspicion of CS cancer; rebiopsy with TRUSB definition

2 in those in whom CS cancer was not detected but MPMRI had suspicion of CS cancer

£4250

T6 223: TRUSB definition 2 for all men; men classified to have CNS receive an MRI definition 2 cut-off 3; men with suspicion of CS cancer

receive a second TRUSB definition 2

£4393

T6 222: TRUSB definition 2 for all men; men classified to have CNS receive an MRI definition 2 cut-off 2; men with suspicion of CS cancer

receive a second TRUSB definition 2

£4633

M7 223: MPMRI for all men definition 2 cut-off 3; TRUSB definition 2 in men with suspicion of CS cancer; rebiopsy with TRUSB definition

2 in those in whom CS cancer was not detected

£5501

T7 223: TRUSB definition 2 for all men; men classified to have NC or CNS receive an MPMRI definition 2 cut-off 3; men with suspicion of CS

cancer receive a second TRUSB definition 2

£5778

M7 222: MPMRI definition 2 cut-off 2 for all men; TRUSB definition 2 in men with suspicion of CS cancer; rebiopsy with TRUSB definition

2 in those in whom CS cancer was not detected but MPMRI had suspicion of CS cancer

£7076

P4 2: TRUSB definition 2 in all men and TPMB in men in whom CS cancer was not detected £30 084

CS = clinically significant; ICER = incremental cost-effectiveness ratio; MPMRI = multiparametric magnetic resonance imaging; QALY = quality-adjusted life year.

TPMB = template prostate mapping biopsy. TRUSB = transrectal ultrasound-guided biopsy.

The strategies in the cost-effectiveness frontier are shown, together with their ICERs versus the next best strategy. TRUSB after an MPMRI is assumed to be an

MRI-targeted TRUSB, as information on the location of the lesion is provided by the MPMRI.
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The sensitivity of MPMRI and TRUSB depends on their

definitions and cut-offs. An MPMRI cut-off of 2 and above

refers 96% of men to biopsy, but ensures that only 2% of men

with intermediate-risk cancer and none of the men with

high-risk cancer are missed. Furthermore, it means that

most men receive a more sensitive TRUSB, since MRI-

targeted TRUSB is thought to be more sensitive than the

standard [16]. The recent guidance based on the Prostate

Imaging Reporting and Data System (PI-RADS) suggests that

men with PI-RADS 1 or 2 should not be referred for biopsy

given concerns about overdiagnosis [17]. This may not be

equivalent to the cut-off recommended here, since the

PROMIS diagnostic study did not use PI-RADS, which is a

limitation. Nonetheless, higher MPMRI cut-offs, whilst

reducing the proportion of men receiving biopsy, also

reduce the proportion of CS cancers detected and treated.

This is the first study comparing all possible ways of

using MPMRI, TRUSB, and TPMB to diagnose CS prostate

cancer, using data from PROMIS, the largest study on

MPMRI and TRUSB [4]. A limitation of PROMIS, and of this

study, is that it did not include other tests, such as

transperineal biopsies, or the combination of additional

clinical and genetic characteristics for diagnosis and risk

stratification. This is an area for future research. Another

area for future research is the sensitivity of the first and

second MRI-targeted TRUSBs, since these parameters were

key cost-effectiveness drivers. Previous cost-effectiveness

studies compared up to two ways of using MPMRI, either

as a first test to determine which men should receive

MRI-targeted TRUSB [1,18], as MRI-targeted TRUSB for all

men [1], or for men with previous negative biopsy

[19]. For these reasons, this study is the most comprehen-

sive cost-effectiveness analysis to date of alternative

diagnostic strategies for prostate cancer.

The appropriate MPMRI cut-off, and ultimately the

optimal diagnostic strategy, depends on the cost effective-

ness of early diagnosis and treatment. Although this study

did not include radiotherapy, it tested the impact of changes

on the cost effectiveness of treatment. If cost effectiveness

of radiotherapy is similar to or more favourable than that of

radical prostatectomy, highly sensitive strategies such as

M7 222 are cost effective. Highly sensitive diagnostic

strategies may not be cost effective if radical treatment is

not as cost effective in the manner modelled here. The cost

effectiveness of treatment is less favourable if (1) treatment

is less effective, (2) it impacts negatively on HRQoL, or (3)

it is costlier than that assumed for this study.

Management of men classified as having no cancer or

non-CS cancer also has an impact on the scope for

investment in diagnosis. More sensitive monitoring proto-

cols improve the cost effectiveness of less sensitive and less

costly diagnostic strategies. There is a dearth of evidence on

the effectiveness of repeated testing protocols, which

constitutes an important limitation of the current evidence

base in support of policy, and meant that these analyses

could not formally evaluate the use of such protocols.

In order to evaluate the cost effectiveness of diagnostic

tests, evidence is required on the long-term outcomes of

patients who are correctly diagnosed and those who are

misclassified, given their true disease status. The extensive

literature searches conducted for this study did not identify

evidence on the outcomes of patients and the effectiveness

of treatments when true disease status is known (eg, using

TPMB to identify and risk stratify patients). The existing

studies used TRUSB to diagnose and risk stratify patients

[8,20,21]; hence, some individuals may have been under-

diagnosed. As a consequence, their long-term quality-

adjusted survival may have been overestimated, and the

cost effectiveness of treatment may have been under-

estimated. This issue can only be resolved with better-

quality evidence on the outcomes of men with prostate

cancer, based on a perfect test such as TPMB for their

diagnosis and classification.

5. Conclusions

MPMRI is cost effective as the first test for the diagnosis of

prostate cancer, when followed by an MRI-targeted TRUSB

in men in whom the MPMRI suggests a suspicion for CS

cancer, and a second TRUSB if no CS cancer is found, under

the most sensitive CS cancer definitions and cut-offs. These

findings are sensitive to the cost of each test, sensitivity of

MRI-targeted TRUSB, and long-term outcomes of men with

cancer, which warrant more empirical research.

Author contributions: Rita Faria had full access to all the data in the study

and takes responsibility for the integrity of the data and the accuracy of

the data analysis.

Study concept and design: All authors.

Acquisition of data: All authors.

Analysis and interpretation of data: All authors.

Drafting of the manuscript: Faria.

Critical revision of the manuscript for important intellectual content: All

authors.

Statistical analysis: Faria, Soares, Spackman.

Obtaining funding: Ahmed, Kaplan, Emberton, Sculpher.

Administrative, technical, or material support: Faria, Soares.

Supervision: Soares, Sculpher.

Other: None.

Financial disclosures: Rita Faria certifies that all conflicts of interest,

including specific financial interests and relationships and affiliations

relevant to the subject matter or materials discussed in the manuscript

(eg, employment/affiliation, grants or funding, consultancies, honoraria,

stock ownership or options, expert testimony, royalties, or patents filed,

received, or pending), are the following: Rita Faria, Marta O. Soares, Eldon

Spackman, Louise Brown, Richard Kaplan, and Mark J. Sculpher have no

conflict of interests. Hashim U. Ahmed receives trial funding from

Sophiris Biocorp, Trod Medical, and Sonacare Inc., and fees for lectures

and proctoring from Sonacare Inc. Mark Emberton receives trial funding

from Sophiris Biocorp, Trod Medical, Steba Biotech, Immodulon, and

Sonacare Inc.; fees for lectures and proctoring from Sonacare Inc.; and

consulting fees from Sonacare Inc., Steba Biotech, and Sophiris Biocorp.

Mark Emberton has shares in Nuada Medical Ltd.

Funding/Support and role of the sponsor: This study was funded by the

UK National Institute for Health Research Health Technology Assessment

programme. The funders had no role in the design and conduct of the

study; collection, management, analysis, and interpretation of the data;

E U R O P E A N U R O L O G Y X X X ( 2 0 17 ) X X X – X X X 7

EURURO-7527; No. of Pages 8

Please cite this article in press as: Faria R, et al. Optimising the Diagnosis of Prostate Cancer in the Era of Multiparametric Magnetic

Resonance Imaging: A Cost-effectiveness Analysis Based on the Prostate MR Imaging Study (PROMIS). Eur Urol (2017), http://dx.

doi.org/10.1016/j.eururo.2017.08.018

http://dx.doi.org/10.1016/j.eururo.2017.08.018
http://dx.doi.org/10.1016/j.eururo.2017.08.018


preparation, review, or approval of the manuscript; or decision to submit

the manuscript for publication. Mark Emberton receives research

support from the United Kingdom’s National Institute of Health Research

(NIHR) UCLH/UCL Biomedical Research Centre. He holds NIHR Senior

Investigator status (2015 to date). This work was supported by the

Medical Research Council grant reference MC_UU_12023/28.

Acknowledgements: The authors would like to thank Sarah Willis for

useful discussions and sharing of information about the cost-effective-

ness modelling in prostate cancer. The authors would also like to thank

every man who agreed to take part in the PROMIS.

Appendix A. Supplementary data

Supplementary data associated with this article can be

found, in the online version, at http://dx.doi.org/10.1016/j.

eururo.2017.08.018.

References

[1] National Institute for Health and Care Excellence (NICE). Prostate

cancer: diagnosis and management. Clinical guideline. London, UK:

NICE; 2014.

[2] Mottet N, Bellmunt J, Briers E, et al. Guidelines on Prostate Cancer.

European Association of Urology; 2015.

[3] Fütterer JJ, Briganti A, De Visschere P, et al. Can clinically significant

prostate cancer be detected with multiparametric magnetic reso-

nance imaging? A systematic review of the literature. Eur Urol

2015;68:1045–53.

[4] Ahmed HU, El-Shater Bosaily A, Brown LC, et al. PROMIS—a validat-

ed confirmatory study assessing diagnostic accuracy of multi-

parametric MRI and TRUS biopsy in prostate cancer. Lancet.

http://dx.doi.org/10.1016/S0140-6736(16)32401-1.

[5] Thompson J, van Leeuwen P, Moses D, et al. The diagnostic perfor-

mance of multiparametric magnetic resonance imaging to detect

significant prostate cancer. J Urol 2016;195:1428–35.

[6] Bosaily AE-S, Parker C, Brown L, et al. PROMIS—prostate MR imaging

study: a paired validating cohort study evaluating the role of multi-

parametric MRI in men with clinical suspicion of prostate cancer.

Contemp Clin Trials 2015;42:26–40.

[7] National Institute for Health and Care Excellence (NICE). Guide to

the processes of technology appraisal. London, UK: NICE; 2014.

[8] Wilt TJ, Brawer MK, Jones KM, et al. Radical prostatectomy

versus observation for localized prostate cancer. N Engl J Med

2012;367:203–13.

[9] James ND, Spears MR, Clarke NW, et al. Survival with newly diag-

nosed metastatic prostate cancer in the “Docetaxel Era”: data from

917 patients in the control arm of the STAMPEDE trial (MRC PR08,

CRUK/06/019). Eur Urol 2015;67:1028–38.

[10] Essink-Bot M-L, de Koning HJ, Nijs HG, Kirkels WJ, van der Maas PJ,

Schröder FH. Short-term effects of population-based screening for

prostate cancer on health-related quality of life. J Natl Cancer Inst

1998;90:925–31.

[11] Rosario DJ, Lane JA, Metcalfe C, et al. Short term outcomes of

prostate biopsy in men tested for cancer by prostate specific anti-

gen: prospective evaluation within ProtecT study. BMJ 2012;344:

d7894.

[12] Pepe P, Aragona F. Morbidity after transperineal prostate biopsy in

3000 patients undergoing 12 vs 18 vs more than 24 needle cores.

Urology 2013;81:1142–6.

[13] Torvinen S, Färkkilä N, Sintonen H, Saarto T, Roine RP, Taari K.

Health-related quality of life in prostate cancer. Acta Oncol

2013;52:1094–101.

[14] Ara R, Brazier JE. Populating an economic model with health state

utility values: moving toward better practice. Value Health

2010;13:509–18.

[15] Claxton K, Martin S, Soares M, et al. Methods for the estimation of

the National Institute for Health and Care Excellence cost-effective-

ness threshold. Health Technol Assess 2015;19:1–503.

[16] Schoots IG, Roobol MJ, Nieboer D, Bangma CH, Steyerberg EW,

Hunink MM. Magnetic resonance imaging–targeted biopsy may

enhance the diagnostic accuracy of significant prostate cancer

detection compared to standard transrectal ultrasound-guided

biopsy: a systematic review and meta-analysis. Eur Urol

2015;68:438–50.

[17] Weinreb JC, Barentsz JO, Choyke PL, et al. PI-RADS prostate imaging-

–reporting and data system: 2015, version 2. Eur Urol 2016;69:16–

40.

[18] Cerantola Y, Dragomir A, Tanguay S, Bladou F, Aprikian A, Kassouf W.

Cost-effectiveness of multiparametric magnetic resonance imaging

and targeted biopsy in diagnosing prostate cancer. Urol Oncol

2016;34:119, e1–e9.

[19] Mowatt G, Scotland G, Boachie C, et al. The diagnostic accuracy and

cost-effectiveness of magnetic resonance spectroscopy and en-

hanced magnetic resonance imaging techniques in aiding the loca-

lisation of prostate abnormalities for biopsy: a systematic review

and economic evaluation. Health Technol Assess 2013;17:306.

[20] Bill-Axelson A, Holmberg L, Garmo H, et al. Radical prostatectomy

or watchful waiting in early prostate cancer. N Engl J Med

2014;370:932–42.

[21] Hamdy FC, Donovan JL, Lane JA, et al. 10-year outcomes after

monitoring, surgery, or radiotherapy for localized prostate cancer.

N Engl J Med 2016;375:1415–24.

[22] Roehl KA, Antenor JAV, Catalona WJ. Serial biopsy results in prostate

cancer screening study. J Urol 2002;167:2435–9.

[23] Barzell WE, Melamed MR, Cathcart P, Moore CM, Ahmed HU,

Emberton M. Identifying candidates for active surveillance: an

evaluation of the repeat biopsy strategy for men with favorable

risk prostate cancer. J Urol 2012;188:762–8.

E U R O P E A N U R O L O G Y X X X ( 2 0 17 ) X X X – X X X8

EURURO-7527; No. of Pages 8

Please cite this article in press as: Faria R, et al. Optimising the Diagnosis of Prostate Cancer in the Era of Multiparametric Magnetic

Resonance Imaging: A Cost-effectiveness Analysis Based on the Prostate MR Imaging Study (PROMIS). Eur Urol (2017), http://dx.

doi.org/10.1016/j.eururo.2017.08.018

http://dx.doi.org/10.1016/j.eururo.2017.08.018
http://dx.doi.org/10.1016/j.eururo.2017.08.018
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0120
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0120
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0120
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0125
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0125
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0130
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0130
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0130
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0130
http://dx.doi.org/10.1016/S0140-6736(16)32401-1
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0140
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0140
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0140
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0145
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0145
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0145
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0145
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0150
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0150
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0155
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0155
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0155
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0160
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0160
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0160
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0160
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0165
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0165
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0165
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0165
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0170
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0170
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0170
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0170
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0175
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0175
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0175
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0180
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0180
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0180
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0185
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0185
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0185
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0190
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0190
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0190
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0195
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0195
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0195
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0195
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0195
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0195
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0200
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0200
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0200
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0205
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0205
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0205
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0205
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0210
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0210
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0210
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0210
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0210
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0215
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0215
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0215
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0220
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0220
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0220
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0225
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0225
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0230
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0230
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0230
http://refhub.elsevier.com/S0302-2838(17)30711-X/sbref0230
http://dx.doi.org/10.1016/j.eururo.2017.08.018
http://dx.doi.org/10.1016/j.eururo.2017.08.018

	Optimising the Diagnosis of Prostate Cancer in the Era of Multiparametric Magnetic Resonance Imaging: A Cost-effectiveness...
	1 Introduction
	2 Patients and methods
	2.1 Diagnostic strategies
	2.2 Model structure
	2.3 Diagnostic performance
	2.4 Management post diagnosis
	2.5 Health-related quality of life and costs
	2.6 Main outcomes and measures

	3 Results
	3.1 Base-case analysis
	3.1.1 Detection of CS cancers per pound spend in diagnosis
	3.1.2 QALYs per NHS spent

	3.2 Sensitivity analysis

	4 Discussion
	5 Conclusions
	Appendix A Supplementary data
	References


