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Abstract

Purpose The health impact and cost-effectiveness of the biomarker test SelectMDx were evaluated when used in combina-
tion with MRI, in two US populations: biopsy naive men and men with a previous negative biopsy.

Methods Using a decision model, the current MRI strategy was compared with two SelectMDx strategies: SelectMDx used
before MRI to select men for MRI and SelectMDx used after a negative MRI to select men for biopsy. Parameters were
informed by the literature most relevant for both populations. Differences in quality-adjusted life years (QALYs) and costs
between the current strategy and the SelectMDx strategies were calculated using two different assumptions regarding PCa-
specific mortality (SPCG-4 and PIVOT).

Results In biopsy naive men, the use of SelectMDx before MRI results in a gain of 0.004 QALY per patient under the
SPCG-4 scenario, and a gain of 0.030 QALY under the PIVOT scenario. The cost savings are $1650 per patient. When used
after MRI, SelectMDx results in a QALY gain per patient of 0.004 (SPCG-4), and 0.006 (PIVOT) with $262 in cost savings.
In the previous negative population, SelectMDx before MRI results in a QALY gain of 0.006 (SPCG-4) and 0.022 (PIVOT),
with $1281 in cost savings per patient. SelectMDx after MRI results in a QALY gain of 0.003 (SPCG-4) and 0.004 (PIVOT)
with $193 in cost savings.

Conclusion Application of SelectMDx results in better health outcomes and cost savings. The value of SelectMDx was
highest when used before MRI to select patients for MRI and subsequent biopsy.
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Introduction

Opportunistic prostate-specific antigen (PSA) testing
is widely used to detect PCa at an early stage. Typically,
men with elevated PSA are offered a systematic transrectal
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Increasing evidence supports the use of magnetic reso-
nance imaging (MRI) when used as a localization tool to
guide MRI-targeted techniques since it increases the detec-
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of MRI is supported by most guidelines for patients with a
previous negative biopsy and in some guidelines for biopsy-
naive patients [8—11].

While the use of MRI improves detection of clinically
significant PCa, there remains a significant risk of PCa over-
diagnosis and overtreatment [12]. Our previous study found
that the application of a 2-gene biomarker test that targets
HOXC6 (cell proliferation gene) and DLXI (progression
gene) improves health outcomes and lowers the costs asso-
ciated with PCa when used to select patients for systematic
biopsy [13]. This SelectMDx test can also be combined with
MRI to optimize the population of men for whom biopsy is
most indicated, thereby reducing overdiagnosis and over-
treatment, while detecting the majority of clinically signifi-
cant PCa. To this end, we evaluated health outcomes and
cost-effectiveness of SelectMDx in combination with MRI
strategies.

Materials and methods
Target populations

For this assessment two target populations were defined:

Biopsy naive

US men with an initial clinical suspicion of PCa based on an
elevated PSA and/or abnormal digital rectal exam (DRE). In
a previous study, it was estimated that 311,879 men undergo
initial prostate biopsy for elevated PSA and/or abnormal
DRE, each year [13].

Previous negative biopsy

US men with continued suspicion of PCa after a previous
negative systematic biopsy. It was estimated that yearly
26,853 men receive a repeat biopsy. This was based on 41%
negative first biopsies with 21% of men with a first negative
who receive repeat biopsy [12, 14].

Both population estimates are probably conservative as
the total number of biopsies (including monitoring) was esti-
mated to be over 1 million each year [15].

Strategies

Within the two target populations, the current MRI strategy
was compared with two strategies in which SelectMDx was
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used. Appendix A gives an overview of the current MRI
strategies and the two SelectMDx strategies:

Current MRI strategy

For patients within both target populations (biopsy naive
and prior negative biopsy) MRI is performed. In men with
a positive MRI, a systematic biopsy is then conducted, tar-
geting suspicious lesions with additional cores (targeted
biopsy). Positive MRI is defined as PI-RADS 3-5. For this
assessment, we included MRI-TRUS fusion as the method
for performing targeted biopsies, as this seems the most used
method of targeted biopsy. Patients with a negative MRI (PI-
RADS 1-2) underwent systematic biopsy only.

SelectMDx strategy 1

SelectMDx before MRI: Patients in both target populations
undergo a SelectMDx test up front to select patients for MRI
and subsequent biopsy. This means patients with a positive
SelectMDx will then undergo MRI with the same conse-
quence as described in the current MRI strategy. Patients
with a negative SelectMDx do not move forward with either
MRI or biopsy.

SelectMDx strategy 2

SelectMDx after negative MRI: Patient in both target popu-
lations first undergo MRI. Patients with a positive MRI (PI-
RADS 3-5) will undergo biopsy as described in the current
MRI strategy. Patients with a negative MRI will receive
SelectMDx. When the SelectMDx test is positive, patients
will undergo systematic biopsy. Patients with a negative
SelectMDx after negative MRI will not undergo biopsy.

Model

A decision analytical model was developed to simulate the
strategies under comparison. The model starts with a deci-
sion tree, representing the diagnostic and treatment pathway
of each strategy under evaluation (schematic overview in
Appendix B). In the decision tree, the model stratifies the
target population into groups with no cancer, Gleason 3 +3
disease, Gleason 3 +4 disease and Gleason >4+ 3 disease. |
disease prevalence was based on studies that used systematic
and targeted biopsies as the reference test (i.e., that resem-
bles the current MRI strategy). Next, cancer detection was
simulated based on the diagnostic accuracy of the included
diagnostic modalities (i.e., MRI and SelectMDx). In the cur-
rent MRI strategy, all patients undergo biopsy, and there-
fore, all cancers are detected. In the SelectMDx strategies,
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SelectMDx is used to select patients for MRI and/or biopsy.
Therewith, the test could prevent unnecessary MRIs and
biopsies and reduce detection and treatment of Gleason 3 + 3
cancers. A potential risk is that Gleason >3 +4 are missed
in SelectMDx negative cases, and consequently, treatment
will be delayed.

A Markov model to simulate the consequences of the
diagnostic and treatment pathway over an 18-year time hori-
zon followed the decision tree (Appendix B). The Markov
model consists of health states, and every cycle (1 year)
patients can move to a different health state. Survival and
long-term quality of life were included for the different
health states.

Model inputs

The model was used to synthesize various sources of evi-
dence. Model parameters were informed by the literature
estimates most relevant for a contemporary cohort of
patients within the two target populations. PCa prevalence
and MRI accuracy were different for both target popula-
tions. Other input parameters were assumed to be similar
for the target populations. Overviews of the inputs are given
in Appendix C.

PCa prevalence

PCa prevalence within the two target populations was based
on a US study that assessed the detection rate of PCA using
the current standard MRI pathway (i.e., systematic biopsies
with additional targeted biopsies in case of a positive MRI)
[12]. Appendix C.1 shows the PCa prevalence within two
target populations.

MRI accuracy

The accuracy of MRI was based on the same US study that
was used to estimate PCa prevalence [12]. Accuracy of MRI
within the two target populations is presented in Appendix
C.1

SelectMDx accuracy

Accuracy of SelectMDx was shown in a study that used
systematic and targeted biopsies as the reference test [16].
SelectMDx accuracy for the different Gleason groups is pre-
sented in Appendix C.1

Treatment strategies
Distribution of treatments was based on the Comparative

Effectiveness Analysis of Surgery and Radiation cohort
(CEASAR) [17]. The distribution of the low risk group from

CEASAR was included for the Gleason 3 + 3 cancers, while
we included the distribution of treatments in the intermedi-
ate and high-risk group (weighted average) for the Glea-
son >3 44 cancers (Appendix C.1).

Mortality

Mortality comprised both PCa-specific mortality and
other cause mortality. PCa-specific mortality was based on
Gleason score and whether the disease was detected. Two
scenarios were used, the SPCG-4 scenario in which PCa
mortality was based on the SPCG-4 trial and the PIVOT
scenario in it was based on the PIVOT trial [18, 19]. Both
trials assessed PCa-specific mortality after prostatectomy
and watchful waiting (i.e., no curative treatment). Weighted
PCa-specific mortality after prostatectomy for intermediate-
and high risk PCa was assigned to diagnosed Gleason 3 +4
and Gleason >4 + 3 prostate cancers. Mortality for detected
Gleason 3 + 3 cancers was based on the low risk cancers in
the prostatectomy group. For missed PCa, the mortality of
the watchful waiting groups was included. Cumulative mor-
tality from SPCG-4 (18 years) and PIVOT (20 years) was
recalculated to annual probabilities (Appendix C.2). Other
cause mortality was based on annual population-based death
probabilities from age 65 [20].

Quality of life

Quality of life was related to diagnostic strategy and treat-
ment. To calculate quality-adjusted life years (QALYs),
quality of life was expressed as a utility (valued quality of
life in which O represents death and 1 represents perfect
health). These utility values were calculated by subtract-
ing disutilities from the maximum value of 1, as shown by
Heijnsdijk et al. [21] Appendix C.3 shows the disutilities
included for diagnosis and treatment. It was assumed that
extra-targeted biopsies did not influence disutility for biopsy.

Costs

Cost assessment was performed from the health care system
perspective and relevant health care costs were included.
Costs were based on Medicare payments published in prior
US cost-effectiveness studies. Costs were adjusted to 2021
levels, using medical cost inflation figures, when necessary
[22]. Appendix C.4 provides an overview of the included
costs and the literature sources.

Analysis

For the two target populations, the consequences of all
strategies with respect to the number of performed MRIs,
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Table 1 QALYs and costs of the included strategies

Strategy QALY  Costs QALY Costs
SPCG-4 SPCG-4 PIVOT PIVOT
(a) Biopsy naive population—QALYs and costs per patient
Current MRI strategy 10.603 16,640 10.937 $16,760
SelectMDx 1: before MRI ~ +0.004 —$1650 +0.030 — $1654
Difference with current
strategy
SelectMDx 2:after negative +0.004 —$262  +0.006 — $263
MRI
Difference with current
strategy

(b) Previous negative biopsy population—QALYs and costs per
patient

10.956  $10,912
+0.006 —$1,281

11.166  $10,983
+0.022 — $1284

Current MRI strategy

SelectMDx 1: before MRI
Difference with current
strategy

SelectMDx 2:after negative +0.003 —$193  +0.004 — $194
MRI
Difference with current

strategy

number of performed biopsies, and number of detected pros-
tate cancers (Gleason 3 + 3, Gleason 3 +4, Gleason >4+ 3)
were assessed. Based on these consequences, we calculated
difference in QALY and costs between the current MRI
strategy and the two SelectMDx strategies. QALYs and
costs were calculated using the two PCa-specific mortal-
ity scenarios (SPCG-4 and PIVOT). Appendix D shows an
overview of the analyses. In sensitivity analyses, the impact
of different values with respect to current detection rates,
percentages of Active Surveillance in Gleason 3 + 3 cancers,
PCa-specific mortality of Gleason 3 4+4 cancers and MRI
accuracy was assessed.

Results
Population: biopsy naive men
SelectMDx strategy 1: before MRI

Using SelectMDx to select patients for MRI and biopsy
results in a reduction of 350 MRIs and 350 biopsies per
1000 patients compared to the current MRI strategy, while
1000 extra SelectMDx tests are performed. The detection of
Gleason 3 + 3 cancers is reduced by 75 cases. These benefits
come at the cost of missing 22 Gleason 3 +4 cancers and 15
Gleason >4+ 3 cancers.

These consequences result in a gain of 0.004 QALY
and a cost reduction of $1650 on average per patient under
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the SPCG-4 scenario over the modeled time period of
18 years (Table 1a). For the yearly population of 311,879
biopsy naive men, this translates in an increase in QALY
of about 1248 QALY and $515 million in cost savings. In
the PIVOT scenario, the QALY gain is 0.030 on average
per patient with a reduction in costs of $1654, translating to
9356 QALY and $516 million for the population.

SelectMDx strategy 2: after negative MRI

When SelectMDx is performed after negative MRI to select
patients for systematic biopsy, 170 men undergo a Select-
MDx test per 1000 men in the target population. With this
strategy, the number of biopsies is reduced with 81 biopsies,
and detection of Gleason 3 4 3 cancers is reduced with 12
per 1000 men in the target population. One would expect
to miss one Gleason 3 44 cancer and one Gleason >4+ 3
cancer using this strategy.

With this strategy 0.004 QALY are gained in the SPCG-4
scenario, with $262 savings per patient (Table 1a). For the
yearly population of 311,879 men, this translates to a gain
of 1248 QALY and an estimated cost savings of $82 million.
In the PIVOT scenario 0.006 QALY is gained and $263 are
saved with SelectMDx after negative MRI, corresponding
to 1871 QALYs and nearly $82 million in cost savings for
the yearly population.

Population: previous negative biopsy
SelectMDx strategy 1: before MRI

The number of MRIs is reduced with 434 MRIs and 434
biopsies per 1000 patients compared to the current MRI
strategy. In this strategy, all 1000 patients undergo Select-
MDx. The detection of Gleason 3+ 3 cancers is reduced
by 50 cases. These benefits come at the cost of missing 12
Gleason 344 cancers and 11 Gleason >4+ 3 cancers.

QALY gain was 0.006 per patient with $1281 in cost sav-
ings in the SPCG-4 scenario, and a 0.022 QALY gain and
$1284 cost savings in the PIVOT scenarios (Table 1b). For
the yearly population with previous negative biopsies of
26,853 men, this translates into 161 QALY and 591 QALY
gained in the SPCG-4 and PIVOT scenarios, respectively,
with approximately $34 million in cost savings for each
yearly cohort of patients.

SelectMDx strategy 2: after negative MRI

With SelectMDx, 182 men would receive a SelectMDXx test
per 1000 men. The number of biopsies is reduced by 92, and
the detection of Gleason 3+ 3 cancers is reduced by 8 per
1000 men in the previous negative population. One Gleason
3 +4 and one Gleason >4 + 3 are missed.
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Using this strategy 0.003 QALY is gained in the SPCG-4
scenario with anticipated cost savings of $193 per patient.
In the PIVOT scenario, the QALY gain was 0.004 with $194
in cost savings per patient (Table 1b). For the yearly popula-
tion of 26,853 men, this means a QALY gain of 81 in the
SPCG-4 scenario and 107 in the PIVOT scenario, with about
$5 million in cost savings.

Sensitivity analyses

Sensitivity analyses (Appendix E) showed that the percent-
age of patients with Gleason 3 + 3 cancers who go into active
surveillance could influence the outcomes in one scenario. If
active surveillance was to be used in > 60% of Gleason 3 + 3
patients, QALY is lost when SelectMDx is used before MRI
in the SPCG-4 scenario. In all other scenarios, SelectMDx
results in QALY gain and cost savings even when active
surveillance would be used in 100% of patients with Gleason
3+ 3 cancers.

Discussion

The results suggest that using SelectMDx for patient selec-
tion for biopsy, accounting for MRI use, improves health
outcomes and saves costs in both biopsy-naive and previous
negative biopsy populations.

A previous modeling assessment showed SelectMDx's
benefit in patient selection for systematic biopsy [13]. The
4 M study which compared MRI and SelectMDx showed a
higher net benefit with MRI than SelectMDx alone [16]. In
this study, cost-effectiveness of SelectMDx was shown when
used in a combined strategy with MRI.

Several factors merit consideration. First, mortality for
missed PCa was based on the watchful waiting groups (no
curative treatment) from the SPCG-4 and PIVOT trials. In
reality, some of the missed significant cancers would be
found at curable stage. Therefore, mortality of missed dis-
ease is likely overestimated.

Second, we used a strategy in which PI-RADS 1-2
lesions received (systematic) biopsies as the ‘Current MRI
strategy’ which is stated by NCCN as the most used strategy.
However, some advocate for excluding systematic biopsy in
PI-RADS 1-2 lesions or only perform biopsies in patients
with high PSA-density. Using other strategies as the compar-
ator will result in different outcomes since in these situations
already less biopsies and treatments are performed. On the
other hand, the use of SelectMDx might increase detection
of significant cancers in these scenarios.

Third, we used the study of Filson et al. for the detection
rates and MRI accuracy as this study also used systematic

biopsies in PI-RADS 1-2 lesions. This study showed rela-
tive low detection rates, especially in the positive MRI
cases and relative high numbers of cancer in PI-RADS 1-2
lesions, compared to other studies [23, 24]. In the sensitiv-
ity analyses, we showed that the overall detection rate (of
59%) could be increased to 65% (SPCG-4 scenario) and
88% (PIVOT scenario) for the SelectMDx strategy to be
still dominant. Furthermore, to assess the impact of higher
MRI accuracy, we performed a sensitivity analysis using
data from the 4 M study [24].

Fourth, the proportion of patients with low-risk prostate
cancer in active surveillance continues to increase. None-
theless, rates of active surveillance even in contemporary
series remain low. In sensitivity analyses, we demonstrated
the impact of a higher percentage (i.e., 60% instead of
25%) of active surveillance. Also, we showed the threshold
of active surveillance at which SelectMDx still resulted in
both health gain and cost savings. With 60% active surveil-
lance, QALY are lost under the SPCG-4 scenario when
SelectMDx would be used before MRI. In all other strate-
gies and scenarios, SelectMDx resulted in health gain and
cost savings, even when active surveillance was used in all
patients with Gleason 3 4+ 3 cancers.

Fifth, we used the same diagnostic accuracy of Select-
MDx for patients with PI-RADS 1-2 as for the total group.
In practice, this accuracy could be different resulting in
different outcomes.

Last, this assessment is performed in the context of the
US with input data that was aimed to provide a general
picture for the US. As input data for the model will dif-
fer in other countries, the results of this assessment are
only to a limited extent generalizable to other countries.
Furthermore, the results will differ as well when the cost-
effectiveness of SelectMDx will be assessed in the context
of a specific US center.

Conclusion

This study shows that SelectMDx could have value in
reducing overdiagnosis and overtreatment without exces-
sively compromising the detection of significant cancers
when used in MRI strategies. Using SelectMDx before
MRI to select patients for MRI and biopsy resulted in
higher cost savings and higher impact on health outcomes
compared to using SelectMDx after negative MRI.
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