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Abstract

Rationale: Increased attention to cancer care has instigated altered systems for

screening, diagnosis, and management of various types of cancer, such as in the prostate.

While such systems very likely have improved the quality of cancer care, they also result

in the altered use of specific services, such as magnetic resonance imaging (MRI).

Aims and Objective: To study the change in the use of prostate MRI in the

Norwegian health care system from 2013 to 2021 and to investigate some reasons

for and potential implications of this change.

Method: Data from the Norwegian Health Economics Administration (HELFO), The

Cancer Registry of Norway and Cause‐of‐death registry at the Norwegian Institute

of public health and the health registry of Vestfold Hospital Trust were used for

descriptive statistical analysis.

Results: The number of MRIs of the prostate increased threefold from 2013 to 2021,

representing an extra cost of 2 million USD in 2020. The incidence of prostate cancer

was stable at about 5000 cases per year, corresponding to 178 per 100,000 men,

indicating no increased overdiagnosis. However, the clinical staging has changed

substantially during this period, indicating stage and grade migration. The number of

negative biopsies was reduced, and there are three MRIs per reduced negative biopsy.

The number of persons on active surveillance increased during the period. However,

these changes are partly independent of the increase in the number of MRIs.

Conclusion: There was a substantial increase in the number of prostate MRIs and

thus an increase in costs. This appears to have contributed to the reduction of

negative biopsies, improved staging and increased active surveillance. However, as

these effects are partly independent of the increase in MRIs, we need to document

the outcomes for patients from prostate MRIs as their opportunity costs are

substantial.
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1 | INTRODUCTION

Prostate cancer (PCa) is the second most frequent diagnosed cancer

among men worldwide, and it is the sixth leading cause of cancer

death in men.1 However, a large proportion of PCa is indolent and

does not lead to any experienced symptoms, disease, or death if

undetected, and the median age by death of PCa in Norway is

83 years.2 Low‐risk cases can after careful consideration be managed

through active surveillance (AS).3 Clinically significant cancers on the

other hand need to be treated to avoid metastasis and PCa‐related

deaths.3 In Norway, about 5000 men are diagnosed with PCa each

year and the number of new cases has been stable the last decade.4

Likewise, the mortality rate is stable on about 1000 PCa‐related

deaths each year.5

Blood tests on prostate‐specific antigen (PSA) are the main

entrance test for subsequent diagnostic procedures. It has been

estimated that between 2.3% and 15.4% of patients diagnosed via

PSA are overdiagnosed, harbouring a clinically insignificant cancer.6

The best imaging procedure to locate and stage PCa tumours is bi‐ or

multiparametric magnetic resonance imaging (b/mpMRI),7,8 which is

thought to avoid unnecessary and potentially harmful biopsies.9

However, due to the poor accuracy of PSA, b/mpMRI yields many

suspicious findings calling for further investigations.3,10–12 A prostate

biopsy is necessary to establish the diagnosis.3,10–12 Hence, many

elevated PSA tests not due to PCa may lead to unnecessary

b/mpMRIs with false‐positive results, resulting in unnecessary

biopsies.13,14 Further, the indolent nature of many PCas makes

practices with PSA, MRI and biopsies lead to the unnecessary

diagnosis of clinically insignificant tumours and apparent reduction of

mortality rates due to the treatment of many milder cases.15

AS has helped reduce the overtreatment of PCa, but over-

diagnosis is still a problem16–18 and may be enhanced by stage and

grade migration.19 Patients may be under AS for many years, living

with the diagnosis of PCa for a long time, with a potential negative

impact on their lives.20 Interestingly, there has been a substantial

increase of low‐risk PCas on AS in Norway, from about 20% in 2009

to about 80% in 2018.4 Thus, AS has the potential to be a high‐

volume driver for MRI utilisation when used for follow‐ups.

In 2015, after early adoption in some hospitals, the Norwegian

government introduced a fast‐track system (pathway) to secure fast

diagnosis and startup of treatment without unnecessary delays. This

change may have caused an increased focus on PCa diagnosis and a

change in the utilisation of MRI in the prostate.

MRI is a key instrument in (a) diagnosis of PCa, (b) staging of

PCa and (c) AS. As MRIs in PCa are quite resource‐intensive, can lead

to overdiagnosis, distress and anxiety for the patient and result in

increased opportunity costs, it is crucial to evaluate the use.

Furthermore, several factors can have influenced the use of prostate

MRIs, such as increased access to MRI, implementation of a fast‐track

system for diagnosis and possible changes in the management and

follow‐ups for PCa, such as in AS. Correspondingly, the changed use

of MRIs may have resulted in a changed incidence of PCa, staging of

PCa and the number of biopsies. Therefore, the objective of this article

is to study the change in the use of prostate MRI in the Norwegian health

care system from 2013 to 2021 and to investigate potential reasons for

and implications of this change. Accordingly, we address the following

research questions:

1. How has the number of MRIs of the prostate changed in Norway

from 2013 to 2021?

2. How has the number of new cases of PCa per year changed

during this period?

3. How has the clinical staging of PCas changed?

4. How have the numbers of negative biopsies and the number of

persons on AS changed during this period?

2 | METHODS

The total number of out‐patient prostate MRI examinations and the

economic reimbursement registered at the Norwegian Health

Economics Administration (HELFO) for the period 2013–2021 were

retrieved in terms of codes in the Norwegian Classification of

Radiological Procedures (NCRP) (i.e., codes SKE0AG and KE0AG) and

costs (in NOK). The data included outpatient examinations performed

at public hospitals and private institutions, but not in‐patient

examinations or examinations paid out‐of‐pocket.

Data on the incidence of PCa were retrieved from The Cancer

Registry of Norway's online statistics (https://sb.kreftregisteret.no/

insidens/, 14 June 2022).4,21

Data on mortality was retrieved from the cause‐of‐death registry

at the Norwegian Institute of public health (NPI, http://

statistikkbank.fhi.no/dar/, 14 June 2022).5

As national data on biopsies are not available, we analysed

data from Vestfold Hospital Trust which covers 5% of the

Norwegian population and fairly represents the Norwegian

population (age, gender, rural/urban). To directly compare the

biopsy data from Vestfold, we also included MRI data from

Vestfold Hospital Trust.

Simple descriptive statistical analyses were performed in Micro-

soft Excel 2016.22 A Pearson correlation was used to determine the

relation between the number of MRIs of the prostate and the number

of persons included in the fast‐track pathway, persons diagnosed

with PCa, under AS and the number of negative biopsies.

Costs were calculated as the sum of three sources: (1)

reimbursement (HELFO); (2) copay (user fee, data retrieved from

www.helsenorge.no) + (3) lump sum (40% of total, according to the

Directorate of Health in Norway).

3 | RESULTS

3.1 | Change in number of MRIs (Q1)

The number of MRIs of the prostate has more than tripled in Norway

from 2013 to 2021 (Figure 1). The costs for prostate MRIs

2 | HOFMANN ET AL.
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quadrupled from 2013 to 2020 and amounted to 2.77 million USD in

2020, 2.03 million USD more than in 2013.

These results raise the question of whether the increased

number of MRIs can have influenced the incidence or staging of PCa.

3.2 | Incidence and staging of PCa from 2013 to
2020 (Q2 +Q3)

The incidence of PCa increased slightly after the introduction of the

fast‐track system in 2015 and decreased back to its previous level after

2018 as shown in Figure 2. The incidence of PCa has been stable at about

5000 cases per year, corresponding to 178 per 100,000 men since 2011.

As expected, the mortality rate was stable during the study period, and

there was an 8.8% reduction in the average number of PCa deaths for

2015–2020 compared to 2000–2014.

Investigating the change in cancer classification, we found that

the distribution between cancers classified as localized, regional and

metastatic was as shown in Figure 3. The results do not indicate any

relationship between the number of MRIs and the classification.

Scrutinising the influence of the introduction of the fast‐track

system, we found the number of persons included in the fast‐track

pathway for PCa in Norway, as shown in Figure 4. There was a strong

correlation between the number of MRIs and persons included in the

fast‐track pathway between 2015 and 2021 (r = 0.82, p = 0.024).

There also was a strong correlation between MRIs and the number of

persons under AS (r = 0.76, p = 0.049). As can be seen from Figure 4,

the increase in MRIs started before the fast‐track pathway.

To investigate how the increase in MRIs is distributed amongst

the various institutions, we analysed the geographical variations in

the number of MRIs performed. Figure 5 illustrates a fairly evenly

increase in the distribution amongst the various radiological depart-

ments. However, as some of the public health care departments were

overwhelmed by prostate MRIs in the fast‐track system, MRIs were

outsourced to private institutes (commissioned by the public health

care system, thus denoted ‘private’).

F IGURE 1 Number of MRI of the prostate
in Norway 2013–2021 with details for where
they are performed. ‘Public’ means public
hospitals or radiological departments. ‘Private’
means privately run imaging centres that are
commissioned by the public health care
system for these examinations. As they,
therefore, are not ‘private’ in the ordinary
sense, they are marked with ‘Private’.

F IGURE 2 Incidence and mortality of prostate cancer in Norway 2000–2020

HOFMANN ET AL. | 3
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4 | NUMBER OF NEGATIVE BIOPSIES
AND NONREPRESENTATIVE BIOPSIES (Q4)

To assess whether the increasing number of MRIs changed biopsy

practice, we applied data from Vestfold Hospital Trust. The number

of negative biopsies decreased steadily from 2010 to 2020. There

was, however, an increase in the number of biopsies taken after the

diagnosis of PCa was registered from 2013 to 2017, before declining.

The number of biopsies before the diagnosis of PCa decreased from

2016 (see Figure 6).

The number of negative biopsies was reduced by 46.2% from the

period from 2010 to 2014 and to the period from 2016 to 2020. The

total number of biopsies was reduced by 35% from 2016 to 2020 and

the number of biopsies for diagnosis per new diagnosed cancer was

reduced from around 2 (2010–2014) to around 1.7 (2017–2020),

which is 15% reduction. The total number of biopsies per diagnosed

cancer was reduced by 4.7% for the same period (see Figure 7).

Hence, the increased number of MRIs can have contributed to the

reduction of negative biopsies.

Moreover, the number of MRIs per new PCa diagnosis increased

from 1.61 to 4.94 from 2010 to 2020 (206.8% increase) and the

number of MRIs per biopsy increased from 0.66 in 2010 to 1.1 in

2019 (66.7% increase). There was a weak negative correlation

between the number of MRIs and the number of negative

biopsies (r = −0.30).

As the increased use of MRI can also change its use for detection,

staging, or AS, we investigated the data on MRIs at Vestfold hospital

trust, which is shown in Figure 8. While the number of MRIs for

staging did not change much from 2010 to 2020, MRIs for detection

and for AS increased with 121.8% and 900%, respectively.

5 | DISCUSSION

The results show that the number of MRIs of the prostate has

increased substantially in Norway from 2010 to 2021 (Q1). The

incidence of metastatic PCa (Q2) has decreased, probably partly due

to the dilution of more cases and early diagnosis. The number of local

advanced PCa, for example, non‐organ confined (cT3) tumours or

regional lymph node positive disease (cN +), has increased (Q3). This

is probably due to better staging with MRI, as earlier imaging was

insensitive for these stages and was accordingly staged as a localized

disease.

The number of negative biopsies decreased by 46.2%, while the

total number of biopsies decreased by 15% in one hospital trust

(Vestfold). However, the corresponding number of MRIs doubled

(99% increase) during the same period (Q4). The number of MRIs per

biopsy quadrupled, both because the number of biopsies has

dropped, but also due to increasing use of MRI as part of AS and

staging.

Prostate biopsies are related to infectious complications, and

alternatives for the detection and surveillance of PCa have been

welcomed. As biopsies may be abandoned in some patients with

negative MRI and may be replaced in AS by surveillance MRI,23 the

F IGURE 4 Total magnetic resonance
imaging examinations of the prostate and the
number of persons included in fast‐track
pathway for prostate cancer as well as the
number of persons in active surveillance in this
programme from 2013 to 2020.

F IGURE 3 The proportion in percent of prostate cancers
classified as localized, regional and metastatic from 2013 to 2020

4 | HOFMANN ET AL.
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F IGURE 5 Number of MRI examinations per hospital and 'private' provider from 2013 to 2020

F IGURE 6 Number of biopsies and MRIs for Vestfold Hospital Trust from 2010 to 2020. The orange line shows the number of biopsies that
did not result in PCa diagnosis, the grey shows biopsies made after the diagnosis of PCa, the yellow where biopsies resulted in PCa diagnosis, the
blue line shows the number of new PCa in total and the green line shows the number of MRIs. Bx, biopsies; MRI, magnetic resonance imaging;
PCa, prostate cancer.

HOFMANN ET AL. | 5
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number of MRIs per PCa diagnosis consequently has more than

tripled. Our results interestingly show that the number of MRIs has

not been reduced during the pandemic year 2020 in Vestfold.

Numbers for 2021 were not available at the time of submission.

The results raise the question of the value of the substantial

increase in MRI utilisation. One potential consequence is an increase

in the already substantial overdiagnosis of insignificant PCa.6,18 While

the results (as shown in Figure 2) have the typical signature of

overdiagnosis, that is, a substantial increase in incidence without any

mortality reduction24 for the period 2002–2011, this is not so clear

for the period 2013–2020. Noticeable, the small change in mortality

during the same period is not very informative due to a substantial

median expected survival for PCa of almost 15 years and the arrival

of new medications increasing survival.

On the other hand, the substantial increase in MRI use without an

increase in incidence may indicate overuse. That is, the increased

number of MRI prostate do not contribute to the detection of new

cases of cancer (Figures 1 and 2). Cancer in Norway shows an increasing

percentage of locally advanced PCa at the expense of localized PCa over

the last 20 years4 (Figure 3). This obviously indicates a stage migration

due to better staging with the increasing utilisation of MRI after the year

2000 and not a true increase. This is also demonstrated by the

decreasing percentage of metastatic PCa driven by a rise in the

incidence of 35% from 2005 to 2015. However, we found the main

increase of MRIs is in detection and AS. This underlines that MRI has

become an essential tool in the total management of PCa. MRI has

made staging more accurate and biopsies more targeted with the result

of changing the diagnostic spectrum.

The geographical variations in the number of MRIs indicate local

practice variations and Figure 5 places Vestfold in a national context.

Moreover, the increased commissioning of private imaging centres

suggests that the MRI capacity at several radiological departments in

public hospitals was depleted.

5.1 | Why do MRIs increase threefold from 2013
to 2021?

There might be several reasons for the substantial increase in

prostate MRIs. One reason is the liberal use of PSA tests (despite

F IGURE 7 Number of biopsies per
detected prostate cancers, number of biopsies
per new prostate cancer and number of MRIs
per new prostate cancer for each year at
Vestfold Hospital Trust from 2010 to
2020. MRI, magnetic resonance imaging.

F IGURE 8 Number of MRIs used for
detection, staging and AS at Vestfold Hospital
Trust from 2010 to 2020. AS, active
surveillance; MRI, magnetic resonance imaging

6 | HOFMANN ET AL.
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recommendations). Breidablik et al.18 demonstrated substantial

geographical variations in the use of PSA tests and a correlation

between the number of PSA tests and the incidence of PCa in

Norway in 2013. Hence, although there is no official screening

programme for PCa in Norway, liberal PSA testing is a trigger for

entering the public cancer care pathway for PCa and generates many

extra MRIs.

The incidence of PCa increased until 2011, whereafter it was stable

(Figure 2), indicating a minimal effect of MRI on PCa detection. However,

the Vestfold data indicate that the number of MRIs for detection was

increasing (Figure 8), and the number of MRIs per new PCa was

increasing as well (Figure 7).

A second reason for the increase in MRIs could be the change

in the diagnostic pathway resulting from the implemented fast‐

track system in Norway. According to its description, men with

increased PSA or other symptoms consistent with PCa are referred

to a urologist who assesses the inclusion in the fast‐track system

based on PSA, clinical examination, including rectal exploration,

comorbidity assessment and patient's general condition.25 To

diagnose patients, the pathway includes b/mpMRI, a biopsy if

indicated and supplemented by a staging protocol MRI in case of

high‐risk disease. The patients should be diagnosed or declared

cancer‐free within 34 days after the hospital receives the

referral.25 Interestingly, the implementation of the cancer path-

ways did not change the waiting times for treatment signifi-

cantly.26 Hence, the fast‐track system may have facilitated a faster

track to MRI but not to treatment.

Although there is a strong correlation between the number of

MRIs and persons included in the fast‐track pathway between 2015

and 2021, the increase in the number of MRIs started before

implementing the fast‐track system. Meaning that new MRI routines

were commenced before the start of the new pathway. This indicates

that professional change is a key driver of increased MRI use.

A third reason for the increased number of MRIs is imaging's role

in reducing unnecessary biopsies. The number of negative biopsies in

Vestfold declined from 2010 to 2020. Further, the incidence of

metastatic cancers (M+) decreased while the number of cancers with

positive regional lymph nodules (N+) increased, suggesting better and

more sensitive diagnostics. However, although national data are not

available, the results from this representative hospital trust clearly

indicate that the number of biopsies per diagnosed cancer is reduced

by 15%. In comparison, the number of MRIs per diagnosed cancer

increased by 238% from 2013 to 2020. A question that cannot be

directly answered from this study is how many MRIs it takes to

reduce one unnecessary biopsy, as MRIs are used for many purposes.

A fourth explanation for the increase can be that MRIs are often

used during AS and sometimes follow‐ups post treatment. MRI in AS

in Norway has been introduced gradually since 2012.27 However, as

shown in Figure 4, the increase in MRIs does not follow the increase

in AS. One explanation can be that many patients are followed up

with MRIs for many years.

A fifth explanation could be that MRI has improved the staging of

PCa, which has increased the number of examinations. More accurate

classification of cancers is experienced as a great benefit by

professionals and may result in more targeted follow‐up (reduced

number of biopsies, less invasive procedures and more persons on

AS). However, at the same time, MRIs can advance stage and grade

migration (see below).

Finally, the increased number of MRIs could be due to

increased focus on PCa in terms of fast‐track implementation,

political emphasis on cancer care and various patient organisation

initiatives. Further, belief in advanced technology may be a factor

for both patients and referrers, contributing to increased MRI

utilisation.28

Hence, MRI increase are mainly in detection and AS, and there

are many reasons for this increase. Accordingly, we need to pay

attention to the implications of these findings.

5.2 | What are the implications of the increased
number of MRIs?

A trifold use of MRIs comes at an extra cost of about two million USD

per year, an reduced access to MRI services for other patient groups

as the access to MRIs have not increased correspondingly. Hence, the

costs must be balanced against the benefits.

As the number of biopsies is reduced even when the number of

MRIs is unchanged, other factors seem to influence the number of

biopsies more than the number of MRIs. Hence, more precise data

are warranted to show if and how MRIs reduce the number of

unnecessary biopsies.

Moreover, applying better initial tests29 and fostering better

adherence to guidelines18 may reduce the number of unnecessary

MRIs and biopsies. 97.9% of PCas are morphologically verified (either

histologically or cytologically),30 so the risk of misclassification is low.

However, as long as PSA is used liberally and results in a great many

false positives, the number of MRIs will be high.

One benefit of the extensive MRI use is the improved staging.

At the same time, there is a shift in disease classification. The men

diagnosed with PCa are getting younger and live longer, while the

proportion with regional cancers is somewhat increasing. The

median age at diagnosis during 2015–2019 was 69.0 years

compared to 74.0 during 1985–1999 and 70.0 between 2000 and

2005. This is mainly attributed to earlier diagnosis.31 Correspond-

ingly, the 5‐year relative survival rate has increased from 65.4%

from 1990 to 1994 to 95.5% from 2015 to 2019, which has been

attributed to improved diagnostics and treatment.31 While more

precise classification is good, disease spectrum shifts may foster an

illusion of improved outcomes.

This means that the increased number of MRIs of the prostate may

contribute to the reduction of biopsies. Still, MRIs are used for staging

and AS so it is difficult to say how many MRIs are needed to avoid one

unnecessary biopsy. However, it is legitimate to ask whether all MRIs

are helpful,32 which is why MRIs of the prostate have been targeted by

the ChoosingWisely Initiative (https://www.choosingwisely.org/patient-

resources/imaging-tests-for-early-prostate-cancer/). Our results also

HOFMANN ET AL. | 7
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align with an assessment of the Norwegian fast‐track system, which

concludes that many unnecessaryMRIs do not improve patient trajectory

or outcomes.13

It is important to acknowledge that prostate MRIs appear useful

for clinicians in all three aspects (detection, staging, AS) although the

predictive value is low.33 The important challenge is to demonstrate

the outcomes for these uses.

5.3 | What can and should we do?

While the increased number of MRIs can be related to the reduced

number of negative biopsies, more advanced staging and extended

AS, the exact benefit of extended MRI use is difficult to document.

This is crucial as the many extra MRIs burden imaging departments,

as they generate significant opportunity costs in terms of delayed

access, diagnosis, an for other groups of patients.

Applying better entrance tests or improved urological assess-

ment13 may be one way to limit the harm. Several biomarkers have

been introduced (EAU guidelines) and are recommended as a pre‐

MRI and prebiopsy test to reduce the diagnostic burden,29 but

actually have its highest accuracy in combination with MRI. A

European initiative has also proposed an algorithm based on PSA and

risk calculators.34 Whether this will reduce the number of

unnecessary MRIs is yet to be seen.

5.4 | Limitations

We have limited national MRI data to 2013–2021 as the data are

of poorer quality from 2000 to 2012 as there was a shift in

examination codes and registration procedures. Nonetheless,

there was a steady increase in the number of MRI examinations

of the prostate from 2000 to 2012 and the presented data concur

with other studies.35

As indicated, a data registry‐based study cannot assess the value

of individual MRI examinations, and we can only infer about the

mechanisms behind our findings. Furthermore, this study does not

include in‐patient examinations, hence providing only a partial picture

of the use of MRI for PCa. However, the use of in‐patient prostate

examinations in Norway is low.

For biopsy data, we only have access to data from one

hospital trust (Vestfold), representing 5% of the Norwegian

population. Although this appears representative (age, gender,

rural/urban), we cannot infer from these to the national biopsy

numbers. Moreover, there may be flaws in the data. For example,

2020 appears to have a very low number of detected PCa, which

may be an outlier. Nonetheless, the numbers are valuable for

reflection on the mechanisms. Moreover, we provide numbers for

both MRIs and biopsies in one region, facilitating more detailed

reflections.

The study has only used descriptive statistics and basic

correlations (Pearson). More advanced statistics may reveal

connections between various factors but also be subject to criticism

of data dredging. Therefore, this study has been conservative. Costs

were calculated as reimbursement costs + copay + lump sum, which in

2020 was 203 USD. This is somewhat lower than in other countries.

A recent study reported MRI costs in the Netherlands to be EUR 345,

in the United States to be USD 524 and in Canada to be 900 USD.36

Hence, the real costs can be significantly higher than the ones

calculated here. However, as no better cost estimates are available,

we report the official numbers.

We acknowledge potential underlying selection bias and con-

founding. One possible confounding factor is temporal changes in

MRI technique, which has been discussed above. Another is health

insurance billings over time, which is not likely to have influenced the

practice in Norway. There may also be different disease character-

istics between the MRI and non‐MRI users, and there may be a

difference between MRI used as a staging procedure or as a

diagnostic tool. However, in a small country like Norway, the same

persons are doing various procedures.

As this is a descriptive study, we have not said anything about what

would be appropriate use of MRI for the prostate.37–39 Nonetheless, the

study provides input for discussions on (in)appropriateness.

6 | CONCLUSION

This study shows that the number of MRIs of the prostate has

tripled from 2013 to 2020 (Q1) with a substantial opportunity cost

and that the increased utilisation started before the introduction of

a fast‐track system for PCa care in Norway. The incidence of PCa

has been stable at about 5000 cases per year which corresponds to

178 per 100,000 men (Q2), hence there is no typical signature of

overdiagnosis from the increased MRIs. The clinical staging has

changed substantially during this period (Q3), resulting in potential

stage and grade migration. The number of negative biopsies is

somewhat reduced (Q4). The number of persons on AS has

increased during this period (Q4). However, these changes are only

partly due to the increase in the number of MRIs, as they occur

even when the number of MRIs is stable. While we have identified

many reasons for the rise in prostate MRIs, little evidence exists of

their outcomes for patients.

Therefore, we need more evidence of how the increase in MRI

examinations improve the detection and staging of PCa and how the

increased number of MRIs due to AS contributes to improving

people's health, i.e., that it is worth the extra costs.
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