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Abstract
Background: The introduction of multiparametric magnetic resonance imaging 
(mpMRI) and MRI-guided biopsy has improved the diagnosis of prostate cancer. 
However, it remains uncertain whether it is cost-effective, especially in a population-
based screening strategy.
Methods: We used a micro-simulation model to assess the cost-effectiveness of an 
MRI-based prostate cancer screening in comparison to the classical prostate-specific 
antigen (PSA) screening, at a population level. The test sensitivity parameters for the 
mpMRI and MRI-guided biopsy, grade misclassification rates, utility estimates, and 
the unit costs of different interventions were obtained from literature. We assumed 
the same screening attendance rate and biopsy compliance rate for both strategies. A 
probabilistic sensitivity analysis, consisting of 1000 model runs, was performed to 
estimate a mean incremental cost-effectiveness ratio (ICER) and assess uncertainty. 
A €20,000 willingness-to-pay (WTP) threshold per quality-adjusted life year (QALY) 
gained, and a discounting rate of 3.5% was considered in the analysis.
Results: The MRI-based screening improved the life-years (LY) and QALYs gained 
by 3.5 and 3, respectively, in comparison to the classical screening pathway. Based 
on the probabilistic sensitivity analyses, the MRI screening pathway leads to total 
discounted mean incremental costs of €15,413 (95% confidence interval (CI) of 
€14,556–€16,272) compared to the classical screening pathway. The corresponding 
discounted mean incremental QALYs gained was 1.36 (95% CI of 1.31–1.40), result-
ing in a mean ICER of €11,355 per QALY gained. At a WTP threshold of €20,000, 
the MRI screening pathway has about 84% chance to be more cost-effective than the 
classical screening pathway.
Conclusions: For triennial screening from age 55–64, incorporation of mpMRI as a 
reflex test after a positive PSA test result with a subsequent MRI-guided biopsy has 
a high probability to be more cost-effective as compared with the classical prostate 
cancer screening pathway.
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1  |   BACKGROUND

Despite the presence of compelling evidence regarding the ben-
eficial effects of prostate-specific antigen (PSA) screening from 
a trial and modeling studies,1–3 almost no country implemented 
PSA screening at a population level.4 This is mainly due to the 
fact that PSA screening is associated with high risk of overdi-
agnosis and overtreatment. However, the European Urology of 
Association (EAU) recently stated that the European union can 
no longer overlook prostate cancer, and the introduction of PSA 
screening at a European level needs to be rediscussed by taking 
into consideration the current evidences about prostate cancer 
screening.5 A recent brief correspondence to the European 
Association of Urology (EAU) emphasized the importance of 
introducing organized PSA screening at a population level in 
order to reduce mortality from prostates cancer.6 The authors 
indicated that multiparametric magnetic resonance (mpMRI) 
should be used as a reflex test after a positive PSA test result to 
select men for biopsy.

The introduction of mpMRI and targeted biopsy has im-
proved the diagnosis of prostate cancer. Several studies re-
ported that the use of mpMR as a triage before biopsy and 
followed by MRI-guided biopsy can substantially reduce the 
detection of low-grade prostate cancers and also result in a 
better detection of clinically significant cancers compared to 
the classical screening with an upfront transrectal ultrasound-
guided biopsy (TRUSGB) for all men with a positive PSA 
test result.7–11 While the benefits of using mpMRI with a 
subsequent MRI-targeted biopsy have become more clear, its 
cost-effectiveness remains uncertain, especially for a screen-
ing strategy at a population level.

Although some studies reported the cost-effectiveness of 
mpMRI and subsequent targeted biopsy,12–15 to our knowl-
edge, no study has yet quantified the cost-effectiveness in 
a population-based screening strategy, particularly in the 
European situation. Screening at a population level should 
have a clear starting and stopping age of screening and in-
tervals to screen. A study by Barnett et al.16 that modeled 
screening from 55–69 at 2  years intervals reported the 
cost-effectiveness of mpMRI and targeted fusion biopsy. 
However, the setting is in the USA, where the costs of MRI 
are much different from the costs in Europe. The aim of this 
study was to investigate the cost-effectiveness of MRI-based 
prostate cancer screening pathway compared to the classical 
screening pathway at a population level, using a base model 
which was calibrated to the European Randomized Study 
of Screening for Prostate Cancer (ERSPC) data and Dutch 
prostate cancer incidence and mortality data.17 In this study, 
the MRI screening pathway represents a positive PSA test 
(≥3 ng/ml) followed by mpMRI test and MRI-guided biopsy 
(for those men positive on mpMRI test), whereas the classical 
screening pathway refers to a positive PSA test (≥3 ng/ml) 
followed by TRUSGB.

2  |   MATERIALS AND METHODS

2.1  |  Model overview

In the present study, the micro-simulation screening analysis 
(MISCAN) prostate cancer model was used.3,18,19 Taking 
variation into account, the model simulates life histories for 
each individual starting from birth to death. Everyone in the 
simulation starts with no prostate cancer. Once a malignant 
prostate tumor initiated in any individual in the model, the 
progression of the cancer is simulated as a sequence of 
preclinical and clinical states. In combination with three 
stages (T1, T2, and T3), three Gleason scores (7, less than 7, 
and greater than 7), and three metastatic states (local-regional 
and distant), the model has 18 preclinical states. There is also 
a chance for the tumor to progress from each preclinical state 
to the next T-stage, or change to a higher Gleason score, or 
it may be clinically diagnosed (Figure S1). Furthermore, the 
tumor has a chance to metastasize from a local-regional state 
into a distant state. For every individual, two life histories are 
projected by the model: one without screening and the other 
with screening. A screen-detected cancer that would not lead 
to a clinical diagnosis in case of no screening is considered as 
an overdiagnosed cancer.11

Using Surveillance, Epidemiology, and End Results 
(SEER) data (1983–1986), baseline prostate cancer survival 
(without screening and localized treatment) in the model was 
determined at clinical diagnosis.20 In order to model death 
other than prostate cancer, we used a life table of Dutch 
population.21 To model the effects of treatment on localized 
prostate cancer, a 0.56 relative risk of dying was assumed 
for radical prostatectomy (RP) as compared to watchful wait-
ing.22 We assumed the same treatment benefit for radiation 
therapy (RP). The distributions of treatments were based on 
age, stage, and Gleason score.2,23 The benefit of PSA screen-
ing on prostate cancer mortality was simulated as a function 
on lead time based on a lead time-dependent cure probabil-
ity.2 The years by which cancer detection using screening 
precede clinical detection is termed as a lead time.11 Detailed 
information about the model including calibration and vali-
dation can be found on literature3,17,18 and using: https://cis-
net.flexkb.net/mp/pub/cisnet_model​profi​le_prost​ate_erasm​
us_001_12152​009_69754.pdf

2.2  |  Screening protocol

The screening intervals, start and end age in the present 
study was based on the optimal screening strategy reported 
in a cost-effectiveness analyses using the same base model, 
which is from age 55–64 at 3  years interval with an 80% 
screening attendance.17 A 90% biopsy compliance rate with 
a biopsy sensitivity 90% was assumed based on the ERSPC 
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Rotterdam data.24,25 We kept this screening protocol for the 
classical screening pathway of the current study. For the 
MR screening pathway, we added mpMRI as triage test be-
tween a positive PSA test and biopsy. This means, men after 
a positive PSA test were further selected using an mpMRI 
test before biopsy, and only those men positive at mpMRI 
(PIRADS scores of 3–5) went to biopsy. Furthermore, for 
the MRI screening pathway, we replaced the TRUSGB with 
MRI-guided biopsy (Figure S2). The screening attendance 
rate and biopsy compliance rate that we used in the MRI 
screening pathway are the same as in the classical screening 
pathway. The test sensitivity parameters for the mpMRI and 
MRI-guided biopsy were obtained from literature, mainly 
meta-analyses (Table  1). Misclassification of grades (mis-
classifying a clinically significant cancer into an insignifi-
cant cancer at biopsy) was also included in the model both 
for the MRI-guided biopsy and TRUSGB. We used an 8.7% 
misclassification rate for the MRI-guided biopsy.8 For the 
TRUSGB biopsy, we obtained different values from litera-
ture,8,26,27 and used the intermediate 36.3% (16.8%–60%).

2.3  |  Costs

All the unit costs included in this study were obtained from 
literature and reported in Euros (Table  1). The number of 
screening visits, positive biopsies, diagnoses, treatments, 
and life years were estimated by the model. In order to deter-
mine the number of negative biopsies, we calculated the total 
number of biopsies based on detected cancers and a positive 
predictive value of a biopsy as described on literature.11,17 
Indirect costs were not included in this study. A 3.5% dis-
counting rate was used for both costs and effects.

2.4  |  Utilities and quality of life

Most of the utility values and duration of health states were 
obtained from literature,18 (Table 1). The loss in utility was 
calculated by subtracting the utility value from 1. The prod-
uct of the number of men in a given health state with the loss 
in utility and duration of the health state gives the loss in 
quality of life.17

2.5  |  Analysis

For both strategies, the undiscounted LY gained, QALYs 
gained, and the number of men biopsied were from a single 
model run. The net effects and costs in each strategy were 
compared with a no screening strategy. The mean discounted 
total net costs of screening, diagnosis, and treatment, and 
palliative care, the mean discounted net QALYs gained and 

the mean total incremental net costs along with 95% CI, the 
mean incremental cost-effectiveness ratio (ICER), and the 
mean incremental net monetary benefit (iNMB) were based 
on probabilistic sensitivity analyses. To estimate the ICER, 
we divided the difference in total net costs between the MRI 
screening pathway and the classical screening pathway by 
the difference in net QALYs gained between the two strat-
egies. A willingness-to-pay threshold (WTP) of €20,000, 
which is a common Dutch WTP,28 was used to determine 
the cost-effective of a given strategy. If the ICER of a given 
strategy is lower than this WTP, it is cost effective. The mean 
iNMB was calculated by multiplying the incremental net ef-
fects (QALYs) with a WTP (€20,000) and subtracting the 
incremental net costs.

In the probabilistic sensitivity analyses, we performed 
1,000 simulations in which selected model parameters were 
varied (based on distribution) simultaneously. A large sample 
size (10 million men) was used in each simulation, which 
eliminated stochastic noise in the model. The parameters in-
cluded in the probabilistic sensitivity analyses were mainly 
those parameters which are not common in the two strategies. 
This includes the test sensitivity values of mpMRI, sensitiv-
ity values of MRI-guided biopsy, costs of mpMRI, costs of 
MRI- guided biopsy, and costs of TRUSGB. The test sensi-
tivity values were varied using their base value and standard 
deviation. For the costs, we used a Pert distribution with the 
most likely (base) value and an assumption of ±15% for the 
minimum and maximum values (Table 1). The uncertainty 
around utility values and remaining costs were tested only 
using a one-way sensitivity analysis (because of labor con-
straints). The baseline utility values were varied using their 
favorable and unfavorable estimates, obtained from litera-
ture,18 and the costs were varied by ±15%.

For postprocessing of the outputs, we used R software to-
gether with the Bayesian cost-effectiveness analysis (BCEA) 
and ggplot2 packages to obtain the cost-effectiveness plain 
with mean ICER and the cost acceptability curves.29 We used 
Rmisc package30 to obtain the mean incremental net costs 
and effects with their 95% CI based on the 1,000 model runs 
for the probabilistic sensitivity analysis.

3  |   RESULTS

3.1  |  Undiscounted effects from the base 
model

For triennial screening from age 55–64, the MRI screening 
pathway resulted in additional 3.5 life-years gained and 3 
additional QALYs gained per 1,000 men invited to screen-
ing and followed over their lifetime period. Furthermore, 
the number of biopsied men reduced by 30% when the MRI 
screening pathway was used (Table 2).
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T A B L E  1   The test sensitivity values for the MRI pathway, the utility values and durations of the health states, and the unit costs of 
interventions

Parameters included in the probabilistic sensitivity analyses

Variables Values Sources

Sensitivity of mpMRI for HGCa  0.94 (SD: 0.06)d  Sathianathen 
et al 201938

Overall sensitivity of mpMRIb  0.74 (SD: 0.06)d  de Rooij et al. 201439

Sensitivity of MRI-guided biopsy for HGC 0.91 (SD: 0.05)d  Schoots et al. 201534

Sensitivity of MRI-guided biopsy for LGCc  0.44 (SD:0.05)d  Schoots et al. 201534

Unit costs of mpMRI €345 (min = €293, max = €397)e  de Rooij et al. 201413

Unit costs of MRIGB €800 (min = €680, max = 920)e  de Rooij et al. 201413

Unit costs of TRUSGB €247 (min = €210, max = €284)e  Heijnsdijk etal 20153

Remaining unit costs in Euro used in the model (common for both strategies)

Variables Values
Heijnsdijk et 
al 20153

PSA screening 35

Staging 290

Radical prostatectomy (RP) 17,119

Radiation therapy (RT) 20,568

Active surveillance (AS) 2,303

Follow-up 218

Advanced disease (Palliative treatment) 17,800

Utility values and duration of health states used in the model Heijnsdijk et al 201218 (common for both strategies, except biopsy and 
mpMRI)

Health states
Utility estimates
(Favorable, Unfavorable) Duration

PSA screening attendance 0.99 (1, 0.99) 1 week

mpMRI 0.9640 1 week

TRUSGB 0.90 (0.94, 0.87) 3 weeks

MRIGBf  0.95 (0.97, 0. 93) 3 weeks

Diagnosis 0.80 (0.85, 0.75) 1 month

RP 0.67 (0.90, 0.56) 2 months

RT 0.73 (0.91, 0.71) 2 months

AS 0.97 (1, 0.85) 7 years

2 months to 1 year RP 0.77 (0.91, 0.70) 10 months

2 months to 1 year RT 0.78 (0.88, 0.61) 10 months

Postrecovery period 0.95 (1, 0.93) 9 years

Palliative therapy 0.60 (0.24, 0.86) 30 months

Terminal illness 0.40 (0.24, 0.56) 6 months

Abbreviations: max, maximum; min, minimum; mpMRI, multiparametric magnetic resonance imaging; MRI, magnetic resonance imaging; TRUSGB, transrectal 
ultrasound-guided biopsy.
aHGC=high-grade cancer
bAssumed as a sensitivity of mpMRI for LGC.
cLGC=low-grade cancer
dThe standard deviations are based on de Rooij et al. 201413

eThe base value is varied by ±15% for the max and min
fBecause usually less biopsy complications are associated with MRIGB than TRUSGB, we assumed a 50% lower utility loss due to MRIGB than TRUSGB.
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3.2  |  Probabilistic sensitivity analysis

The results show that the mean discounted incremental costs 
of screening, diagnosis and treatment, and palliative care 
of the MRI screening pathway versus the classical pathway 
were €76,300, €-59,793, and €-1,105, respectively, resulting 
in a total mean incremental costs of €15,413 (95% confidence 
interval of €14,556–€16,272) for 1,000 men invited. The as-
sociated discounted mean incremental QALYs gained was 
1.36, with a 95% confidence interval of 1.31–1.40 (Table 2). 
The mean ICER of the MRI screening pathway versus clas-
sical screening pathway was €11,355 (Table 2 and Figure 1). 
The cost-effectiveness plane (Figure  1) shows the uncer-
tainty around the mean ICER estimate, and the majority of 
the incremental net cost-effect pairs gathered in the north-
eastern part of the plane below the WTP threshold line. In the 
northeast part of the plane, the MRI strategy is more effective 
and more expensive. The probabilities that the incremental 
cost-effect pairs of the MRI pathway, compared to the clas-
sical screening pathway, to fall in northeast and southeast 
quadrants were 85.2% and 11.3%, respectively (Figure S3).

The cost-effectiveness acceptability curves at Figure  2 
show that the MRI screening pathway had a high probability 
of being more cost-effective (84%) compared with the clas-
sical screening pathway, using a €20,000 WTP threshold per 
QALY gained. At this WTP threshold, the MRI screening 
pathway has also a positive mean iNMB of €11,735 com-
pared with the classical screening pathway (Table 2).

The one-way sensitivity analysis did not change the ICER 
substantially, ranging only between €10,000 and €13,700 
(Table S1). Although the change is not substantial, the cost-
effectiveness became better for the MRI-based screening 
strategy when the utility estimates for biopsy, diagnosis, 
treatments, palliative care, and advanced disease were un-
favorable. Similarly, the ICER decreased when the costs of 
staging, treatment, and advanced disease care increased.

4  |   DISCUSSION

The results from the model that accounts for long-term pre-
diction of costs and effects suggest that the use of MRI 
screening pathway is more cost-effective than the classi-
cal prostate cancer screening pathway. The MRI pathway 
reduced the diagnosis and treatment costs by 19% and that 
of palliative care by 2% in comparison to the classical 
pathway. This reduction in diagnosis and treatment costs 
is mainly due to the lower sensitivity of mpMRI and MRI-
guided biopsy for low-grade prostate cancer that reduces 
unnecessary biopsy and treatment. Generally, mpMRI and 
MRI-guided biopsy have lower sensitivity for low-grade 
cancer and higher sensitivity for clinically significant can-
cer 31–33 than the traditional random biopsy (TRUSGB).34 
The latter can explain the reduction in the costs of the pal-
liative care reported in the current study which in turn re-
duces the occurrence of advanced prostate cancer (prostate 

T A B L E  2   Estimated life time screening outcomes and results of probabilistic sensitivity analysis per 1000 men invited

Classical pathway (C) MRI pathway (M) Difference (M-C)

Screening outcomes from single run

Number biopsied 396 278 −118 (30%)

Life years gained* 81.5 85 +3.5 (4%)

Quality-adjusted life years gained* 77.2 80.2 +3.0 (4%)

PS analysis outcome, 3.5%
discounted

Mean net costs (in €) of *

Screening 80,118 156,429 +76,311 (49%)

Diagnosis and treatment 317,999 258,206 −59,793 (19%)

Palliative care −60,145 −61,250 −1,105 (2%)

Mean total net costs 337,972 353,385 +15,413 (4.4%)

Mean QALY gained* 24.09 25.45 +1.36 (5.3%)

Mean incremental total net costs with 95% CI in the 
bracket

— 15,413 (14,556; 16,272) +15,413 (14,556; 
16,272)

Mean incremental QALYs gained with 95% CI in the 
bracket

— 1.36 (1.31, 1.40) + 1.36 (1.31, 1.40)

Mean ICER — 11,355 +11,355

Mean incremental net monetary benefit (iNMB) — 11,735 +11,735

Abbreviations: CI, confidence interval, M, MRI pathway, PS analysis, Probabilistic sensitivity analysis, C, classical pathway.
*Compared to no screening
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cancer with clinical symptoms). In comparison to the clas-
sical screening pathway, the MRI pathway also resulted 
in additional LY gained and QALYs gained. Reduction in 
biopsy procedure, overlooking of low-grade cancer, and 
better detection of clinically significant cancer 34,35 due to 
the MRI pathway could explain these findings. Whether 
the MRI screening strategy is cost-effective than the clas-
sical screening pathway depends on the WTP threshold, 
and according to our results at €20,000 cut-off, the MRI 
screening pathway is most cost-effective in the majority of 
the model runs (84%) done for the probabilistic sensitivity 
analyses. The reduction in biopsy costs due to avoiding un-
necessary biopsies, treatment costs due to avoiding over-
treatment, and the reduction in palliative cares costs due 

to improved detection of clinically significant cancers, as 
well as the modest increment of the QALYs gained in the 
MRI screening pathway explain how this strategy leads to 
a high probability to be cost-effective as compared to the 
regular screening pathway.

Although their screening strategies differed, some pub-
lished studies showed that the use of mpMRI and MRI-
guided biopsy is cost-effective,12,13 which is in agreement 
with our findings. A cost-effectiveness analysis from the 
USA reported a higher ICER than the current finding,16 and 
this could be mainly because of the costs of MRI in the USA 
are much higher than the costs in Europe that we used in this 
study. It should be noted that the results may not be directly 
comparable with the present study due to several reasons 
(such as screening strategies, model performance, data used, 
and follow-up period), but the general conclusions are consis-
tent. The 30% reduction in biopsy procedure due to the MRI 
screening pathway in this study is consistent with a recent 
MRI study.10

Major strength of the present study is that we determined 
the cost-effectiveness of the MRI screening pathway at pop-
ulation level which was not reported before, particularly in 
the European situation. Another strength of the present study 
is that the MISCAN prostate model, we used in this study, 
includes the unobservable prostate cancer natural history, and 
also allows us to estimate effects of screening over life time 
periods, which is unlikely in trial studies, and most of other 
modeling cost-effectiveness studies.12,13,15

This study is also subjected to certain limitations. First, 
we did not account costs of biopsy complications. There is 
more risks of complication and subsequent increment of 
health care costs due to TRUSGB biopsy than MRI-guided 
biopsy.36,37 Therefore, the cost-effectiveness would be even 
more in favor of the MRI screening pathway if these costs 
were included. Second, assumptions were made for certain 
model parameters when data are not available. Another lim-
itation of the present study is that treatment options were as-
sumed to be the same and will not change in both strategies. 
However, how diagnosed cancer should be treated may de-
pend on the MRI outcome, and also treatment behavior may 
alter in time. More studies are needed to assess whether it 
is effective to make treatment decisions based on MRI test 
results.

In conclusion, our study suggests that for triennial screen-
ing from age 55 to 64, incorporating mpMRI as a triage test 
in prostate cancer screening before biopsy with subsequent 
MRI-guided biopsy has a high probability to be more cost-
effective than the classical screening pathway.

ETHICS APPROVAL
Not applicable (No human or animal subjects were involved 
in this study. It is a modeling study).

F I G U R E  1   Cost-effectiveness plain of the MRI screening 
pathway versus the classical pathway at a WTP threshold of €20,000. 
In the northeast quadrant, the MRI screening pathway is more effective 
and more costly; in the southeast quadrant, it is more effective and 
less costly (dominant); in the northwest quadrant, it is less effective 
and more costly (dominated); and in the southwest quadrant, it is less 
effective and less costly than the classical screening pathway

F I G U R E  2   Cost-effectiveness acceptability curves for the MRI 
screening pathway and classical (regular) pathway
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