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Funding Of'Prostate MRI Leads To Fewer Biopsies And Potential Savings To Health Systems In The

Management Of Prostate Cancer

Abstract

Objectives: To.assess the impact of introduction of multi-parametric MRI of the peogtgiMRIp)

on the numberiof prostate biopsies performed in Australia

Materials‘and Methods: Australian Medicare published statistics frof July 2007 to 30 June

2019 were obtained from publically available databases for PSA, prostate biopsy and mpMRIp
Analysis ‘was divided into 3 time periods broadly based on availability of mpgMRie Australian
public: 2007-2012 (no mpMRIp), 2012-2018 (mpMRIp available, privately funded), and 2018-2019
(mpMRIp available with Medicare funding). Introduction of mpMRIp was hypothesised uoadhe
number of prostate biopsies performed. Prostate specific antigen (P&#9 mesnbers were used as

a control. Themeconomics model, proposed by the Medical Services Advisory Committee MSAC
was analysed for cost savings.

Results: Aceounting for variations in PSA testing, the introduction of mpMRIp from 20lricicEd

with reduction.in.the number of prostate biopsies by an average of 354.7/month (95%,%34.4
p<0.001). Whilst the number of mpMRIp performed for the initial 12 months was underestinyat
MSAC (38,470.vs. 20,149, +$8.3M), we estimate the annual savings from reduced numbes biopsie
and biopSy-associated complications to be $13.2+9.6M

Conclusion: Availability of mpMRIp in Australia has correlated with a significaetiuction in
prostate biopsy rates, with an estimated annual saving of $13.2+9.6M. Government afrithisg

diagnostic service has the potential to improve health equity and save on health expenditure.
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I ntroduction

Introduction of multiparametric magnetic resonance imaging of the prostapdRIp) has
transformed diagnosis of prostate cancer (PCa). Prior to this diagnostic aitbddiadt relied upon
clinical examination and prostate specific antigen (PSA) scredi3 Confirmation of PCa via
biopsy, historically involved non-targeted systematic sampling of the entire. gleimd resulted in

overdiagnosis and overtreatment of PCa (4, 5).

Multiple studies have demonstrated that mpMRIp performed prior to biopsy improvesviserit
biopsy compared to non-targeted TRUS prostate biopsy, and conveys a high negativeepvatliet
(PROMIS) (6). Itimproves detection of clinically significant prostate cancer with lesigificant
cancer found (PRECISION) (7). A standardized reporting tool for mpMRIp, &eosnaging—
Reporting and [Data System (PI-RADS) version 1 and the current vers$ianebeen validated to
increase thewpositive and negative predictive value of performing a bi6gd€). Multiple studies
show good correlation of mpMRIp grading to final histopathology confirmed waitiical
prostatectomy“specimens (10-12). Long term follow-up of patients with low-riskirfeiicates men
on active surveillance can avoid protocol biopsies in favour of mpMRI and PSgilsunse with

targeted biopsies‘where indicated (13).

Advances in both/hardware and software, along with the wider accessibilitpngest3 Tesla (3T)
magnets and.multiparametric sequences have allowed better quality mpMRIp andafuligo the
patient unfriendly, endorectal coil. In Australia, from 2012 mpMRIp was incrdgsuitgized by
patients with_financial means whilst patients without resources contimuaddergo non-targeted
prostate biopsy. After prolonged consultation, in December 2017 the Medical eSeAdwisory
Committee (MSAC), a division of the Australian Government Department ottHeatommended
government funding for mpMRIp (14). Two item numbers were apprawed341 and#63543) to

aid diagnosis of men suspected of prostate cancer and for men on active surv@Bnuetocols
reimbursed at.$450 per service. There was no provision for usage in preegeatistaging, as this
off-label use offers little advantage over conventional imaging, and is supersegexttaye specific
membrane_antigen (PSMA) positron emission tomography (PET) (12, 15). In their egtboaget,
MSAC projectedsa total of 20,149 mpMRIp leading to 10,984 subsequent prostate biopsies (assuming
biopsy rate_of 0.52 for diagnosis and 0.59 A&8), in the first year of introduction. Costs were
expected to be.offset by $8.1M, with anticipated fewer prostate biopsies and the complicadiogs ari

from biopsy(14).

Herein, we assess the impact of availability of mpMRIp on prostate biogaysimalia, and evaluate

the proposed MSAC budget 1 year after introduction of a government rebate for mpMRIp.
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M ethods:

The Australian Government Department of Human Services maintains a puldwaiysible online
database of Medicare funded services (16). This database records service® thicgkin either
public and private health systems, where a government (medicare) rebate exdiss Ihot
differentiate where the service is performed (i.e. public or private system). This databasecessed
to assess the total numbers of mpMRIp item numbers (#636#dical suspicion of PCa, based on
family history;"PSArelevation, and examination; and #635A%) performed (appendix 1). To assess
the effect of mMpMRIp on the number of prostate biopsies (#37219), with potentialndaf PSA
testing (#66655), data was obtained for each respective service.

Data was divided/nto three time periods based on differing availability of mpMRIp:
a) 2018-2019: mpMRIp government rebate
b) 2012-2018: MRI available - no government rebate

c) 2007-2012: no MRI (very limited use, 1.5T magnets with endorectal coil was used
minimally and infrequently due to patient discomfort and paucity of data on efficémy

simplicity we have referred to this time period as ‘no MRI available)

The Medicare ltem Report database was accessedoduBb2019 (16) for data during the period
01/01/2007"31/06/2019. During our study period, in 2012 the United States PreventativEdrask
issued a Grade.D'recommendation against PSA screening (17). As this statgniiécdrgly altered
PSA screeningspractices (18) and subsequent downstream biopsy patterns, our anahdjissteds
to account for the impact of PSA testing. Modelling of the continuous moathtome (biopsigs
used a general linear model with correlated errors; this used an autoregressios fof lag one, and
the explanatory variables included time, monthly PSA rate and MRI time period. alysisand

modelling was.dene in Minitab 19 and GenStat (version 16).

Financial analysis

Financial.analysis was calculated by adding the direct savings draduction in biopsies being
performed tortherprojected savings from reduced readmissions for bedamdrcomplications over a
financial year(RY). This was calculated by multiplying the annual biopsytieduate by the cost

of performing.aprostate biopsy in a public hospital. Prostate biopsies iralfeuate conducted in an
operating theatre under sedation. There may be variation between hospitals when acfoutigng
costs of consumables, staffing, and theatre time. For purposes of modelling, we assigneaf a cost
$2,400 to prostate biopsies, based on the value utilised by the MSAC - Public Summary
Document (14). MSAC assumed re-hospitalisation rates of biopsy complications to be 0.4-5.5%.

However, for broader inference we used global readmission rates from systeniatis 1@&v0-6.3%
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(19). Due to rising sepsis rates caused by increasing antimicrobial resestdecision was made to
use both the lower (0.4%) and upper (6.3%) limit of readmission rates 2395354, 0.4-6.3%) (20)
In a previous publication using Australian data, Roth et al reported average dérsjly due to
biopsy-related infection at 4 days with a total cost of $7,362 per admission (24)cot was
adjusted for inflation to $7,747 (Figure 2a). This figure does not includéesisecostly but more

common complications of haematuria or urinary retention presentations (19).

A cost analysisswas®performed, generating a cost-benefit ratio (cost of MRgsaVAS this was a
publically ayvailable database of de-identified data with a retrospectivesenalyplied it was not
subject to ethies"approval.

Figure 1a Model for estimated savings due to mpMRIp

Results:

The general linear model showed a reduction of an average 501.6 biopsies/month (95% CI
327.6,675.6y"p<0:001) after the introduction of mpMRIp from 2012 (analysis based on July 2007 t
June 2019).,, To.model for the effect of PSA testing on prostate biopsies, the ¢jararamodel

(with correlated“errors) showed for every 1,000 PSA tests there were an avkHYy@ prostate
biopsies (C.I. 7.6=13.7, p<0.001). Hence, the impact of mpMRIp, accounting for changes in PSA
testing, stillsdemonstrates a decline of prostate biopsies by an average of 354.706oHt
175,534.4; p<0.001) (Table 1).

Comparing time periods 2007-2012 (no MRI available) to FY18/19 (government rebate)wts a
decline of @an average 414 biopsies/month (95%CI 120,708; p=0.007). However, there was no
statistically significant difference between time period 2012-2018 (no governmabate) and
FY18/19 (government rebate) (Table 1).

In the year peost:introduction of government funding (July 2018-2019), thereavtasl 38,470
mpMRIp performed, grossly costing $17.3M. The majority (82.5%) were for diag(#88541,
n=31750) andsonly 17% were for active surveillance (#63543, n=6,720). Over the timeframe
analysed (2007<2019), both prostate biopsy and PSA testing steadily declined (Higrhere were
919,975 PSA tests and 24,647 prostate biopsies for FY07/08, down to 692,021 PSA tests and 19,923
biopsies for FY18/19. With respect to prostate biopsies this was an indrd#&&e compared to
FY17/18 (18,758 biopsies).

MSAC estimates for active surveillance funding were close, with a savi$$&850. However,

funding for mpMRIp used for diagnosis was grossly underestimated by 18,474 servicese g
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an $8.2M deficit. This was offset by estimated savings due to biopsiededvand subsequent
complications attributable to mpMRIp of $13.2M (+ $9.6M) (Table 2, Figure 2b), which gax&t-a ¢
benefit ratio of 1.31.

Figure 2: shows that over time there has been a decline in the number of biopsies) buthes
number offPSASI There appears to be a drop in the number of biopsies followingoithgctian of
MRI.

Figure 1b; Estimated savings due to mpMRIp

Discussion:

The landscape of prostate cancer diagnosis and treatment has changed dramatigsiiplia (22)

Since the introduction of mpMRIp to Australia in 2012 our analysis shows there has lmemaye
reduction of 504, biopsies/month (p<0.001). To account for the coinciding USade @
recommendation for PSA screening (17), which resulted in decreased PSA testiggis amas
performed to control for this. Our results suggest PSA screening accounts for 10i&skimpsvery
1,000 tests (p<0.001) and when controlling for reduced PSA testing there was gsiilifeagit
reduction in biopsies we attribute to mpMRIp. Our analysis suggests a reduction of 414
biopsies/month (95%CI 120-708, p=0.007), (or 4,968 +3,528 biopsies anntaliglating to the
availability of*"mpMRIp prostate. The study period encompasses PI-RADS v1. and v2, though bot
have beensvalidated to have a high negative predictive value (82% for PCa, and 88PCfISUP

>2]), with PI-RADS v2 having equivalent specificity but improved sensitivity bing clinicians to

use a “rule ouit” strategy for avoiding invasive prostate biopsies, which may explain this result (8, 10,
23, 24).

When specifically examining the 12 months since the introduction of the governefeté rfor
mpMRI prostate, 'we found no statistically significant difference in biopssradn raw numbers
there havesbeensmore biopsies since the introduction (1,165 services) lhabie#ly and the data
too scarcertormake precise inferences. With widespread uptake of mpMRlIp iecnferred that
more radiologists, including those with limited experience are reporting theesstThere is clear
evidence thatwincreased experience with PIRADS v2 reporting improves spedi#ibity and
inexperienced readers are more likely to report equivocal PIRADS 3 lesions, winiddh nesult in
biopsy (26).“This could potentially contribute to the increased biopsy mt€¥18/19. MSAC also
noted that the availability of mpMRI could increase the attractiveness of RSi#dor screening and
therefore increase rates of PSA testing. MSAC suggested that it may rbedificult to deter
clinicians from inappropriately using PSA testing for screening purposies fbllow-up test is non-

invasive in nature (mpMRIp).
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MSAC underestimated the demand for diagnostic mpMRIp by 18,474 services. The initialnsurge i
mpMRIp numbers might be akin to the harvest effect of the 1990s when PCapeaakesl after
introduction of PSA testing (27). There would have been a large pool of men whmooualfford to
self-fund their mpMRIp waiting. Similarly, with the government rebate immjmaah who may have
self-funded their mpMRIp may have deferred having the test. Thus, the demand for mpMRIp should
stabilize in the.fellowing years. A second reason could be “item number leakage”. MSAC expressed
concern with_unintended off-label use, such as operative planning and staginginussage with
suspected RCa.with a negative biopsy, and use in men with suspected recurrence pest twgatm
curative intent, It is not possible to obtain this level of clinicbdrimation from the Medicare data.
Eligibility criteriajy whilst having verifiable PSA levels, also allow for “abnormal digital rectal
examination™which is a subjective assessment and known to have poor specificity (28). Large
centrally collated databases are only as valid as the data supplied, and bayMBS orchestrated

item number-audit, there is no way to confirm authenticity of billing.

Medicare budgeted $9.1M for mpMRIp, spent $17.3M, witonsequent deficit of $8.2M. However,
we estimate.savings related to decreased hospital admissions from friogtsyeto be $13.2+9.6M.
Given that ‘mpMRIp in Australia is relatively low cost this represents aifisignt saving.
Furthermoregsthere may further savings this analysisdoesn’t account for the wider economic
burden of time away from the workplace. Prior to introduction of the governmabate, men were
self-funding=the=mpMRI with the government benefitting with fewer biopsiesoeeid and
subsequently fewer biopsy related readmissions. Unavailability of the self-funded ImphMiRbers
does not impact=conclusions drawn from this study, as it is a time series analysés.the
introduction of a rebate, with government now shouldering the cost of mpM&bhpesents a
significant public_health policy. Furthermore, the rebate also assists Meditaime one of its
priorities in gproviding equitable universal health care by giving vulnerabl@ disadvantaged
populationstaccess to mpMRIp.

Estimates for funding AS imaging were accurate, which is to be expected, gisenritore defined
population with fess unknowns than screening for diagnosis. Men on AS are allocated a repeat
mpMRIp at“12 months and every three years beyond that point. There has not been @ gavisi
frequency of repeat mpMRIp for diagnosis and MBS is open to excessive billing meglaird. This

may be due to a_paucity of quality data on optimal re-scanning timeframes. ¢tpwere is now
growing evidence to support rescanning of equivocal PIRADS lesions one tgedhaffirst negative

biopsy (29).

There is another item number for PSA testing in men who have a diagnosed prostats 68€56.
This was excluded from analysis as it includes not only men on AS, but men who hase had

prostatectomy, management with radiation therapy, or ADT. Men on AS protreokhought to
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make up a small proportion of total biopsies, of which it was not possilgaantify in this paper,
however, overseas data suggests 20% of total biopsies may be due to.ABu(Hdy is limited by

the constraints of a population database. Analysis of the effect on radical treatment, or “over
treatment”, was initially attempted but Medicare does not differentiate radiotherapy coding between
different organs. gWith such a large treatment group unavailable, we felt any analysig
examining radieal prostatectomy would be inadequate. The ability of mpMRIp to aid cancer mletectio
both with improved detection of clinically significant cancer and decreased detetctieignificant

cancers, was;hot.assessable using this dataset.

Our analysis ofithe financial impact is based on overall figures and estimates the readmission rate post
prostate biopsy based on historical figures. However, this data is recent and fraagpastralian

data so we believe it remains relevant. Our modelling calculated a cost-benefiifraiB1, which
suggests far every $1 spent by government on an mpMRp, a return of investmédt wofas
achieved. In its predictive modelling, MSAC performed economic evaluation using a @ost-uti
analysis with a 25-year time horizon, to estimate an incremental cost-effexds/ratio, expressed in
guality adjusteddlife years (QALY). As mpMRIp has only been available (ackable) for one year,

a times series_analysis was utilized, dividing the total time analyse@ idiscrete periods, based on

the status ofsmpMRIp. Thus, other techniques such as cost effectiveness or cost coaseeygenct
performed, but we envisage these will become possible to perform with fotiger-up of mpMRIp

data. Furtherscost: effectiveness analysis using QALY or using incremental featitrehess ratios,

may be possibleswith longer follow-up of this data, which could help inform ®Rtings. Cost
consequéncemcan be inferred when prostate cancer diagnoses are known and the number

mpMRIp/year stabilises.

In our model, the unit cost for a prostate biopsy was $2,400, based on the initial lfsrelne
(14). In Australia, prostate biopsies are performed in the operating thegtrgnaesthetic support
for intravenous®sedation. In countries where prostate biopsy is performkd outpatient setting
under local{anaesthetic, the unit cost will be considerably lower and hence our cgsis aralilts

would need to be remodelled.

MSAC appreved-funding for mpMRIp expressly for two purposes: to minimise excessivéediops
and reduce_expenditure relating to this; and decrease rates of clinically inaignifrostate cancer
Our analysis shows the introduction of mpMRIp has been associated with a corresponditignreduc
in prostatesbiopsy rates and can save the health system money. PSMA-PHibvinasnsproved
specificity and sensitivity detecting metastatic disease and biochemicakremithan conventional
imaging, and may supersede mpMRIp in initial diagnosis (15, 31). There are alozadly
conducted trials assessing PSMA-PET ability to either replace or complement mpMiRip, may

represent the future (32). The cost of MRI in Australia remains low compared to,brdpsi is
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often performed in an outpatient setting overseas. However, this stuilytdraational implications
for countries looking to improve access and affordability to appropriate sogeand diagnostic

models for at risk men (33).

Conflict of interest: The authors have no conflicts of interest to disclose.

Appendix 1
63541 MRI prostate (clinical suspicion of cancer): July 2018ne 2019

- “a) adigital rectal examination (DRE) which is suspicious for prostate cancer; or

- b) in.a person aged less than 70 years, at least two prostate speiifin §RISA) tests
performed:within an interval of 1- 3 months are greater than 3.0 ng/ml, and the free/total PSA
ratio.is.less than 25% or the repeat PSA exceeds 5.5 ng/ml; or

- ¢) inga"person aged less than 70 years, whose risk of developing prostatebeesecenpn
familyshistory is at least double the average risk , at least Bfotests performed within an
interyal of 1- 3 months are greater than 2.0 ng/ml, and the fredA8raratio is less than
25%n0r

- d)ina“person aged 70 years or older, at least two PSA tests performedawithterval of

1- 3 months'are greater than 5.5ng/ml and the free/total PSA ratio is less than 25%.”(34)

63543 MRI prostate (active surveillance): July 2061Rine 2019

- “a) the_patient is under active surveillance following a confirmed diagnosis of prostate

cancerrby,biopsy histopathology; and

b) the patientis'not planning or undergoingitment for prostate cancer.”’(34)
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Table 1: Model of monthly biopsies, accounting for reduction in PSA testisigg MRI asan

explanatory variable

MRI Time Period Comparisons Mean Difference

(Early period minus later period) (biopsies/mo) 95% Cl P-value
2007-12 (na/MRI) minus 2012-18 (self-

funded) 354.7 175,534.4 <0.001
2007-12 (no MRI) minus FY18/19

(Medicare) 414 120, 708 0.007
2012-18 (selfsfund) minus FY18/19

(Medicare) 60 -212.4,332.4 0.669

*a positive difference‘indicates a decrease over time

Cost Analysis

Table 2: MSAC Predicted Numbers vs Actual Numbers Funded for 12 months (June 2018-July 2019)

budgetary impact

Cost Difference

Deficit

MSAC
predicted
Iltem (n) Cost Actual (n)
63541 (dx) 13,276 $5,974,200
63543 (AS) 6,873 53,092,850 6,720

31,750 $14,287,500

$3,024,000 -153

18,474 $8,313,300

-$68,850
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Total Savings = decreased biopsies [x1] + decreased readmissions from complications [x2]
X1 = [biopsies saved] x [cost of biopsy, $2,400]

X2 = [biopsies saved] x [readmission rate, 0.0335 * 0.0295] x [cost of admission, $7,477]

Figure 1a: Modelfor estimated savings due to mpMRIp
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Figure 2: sho over time there has been a decline in the number of biopsies, but also in the number

of PSAs. Th ars to be a drop in the number of biopsies following the introduction of MRI.
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Total Savings = decreased biopsies [x1] + decreased readmissions from complications [x2]
[biopsies saved] = [414+294] x 12 months = 4,968 + 3,528
X1=4,968 + 3,528 x [$2,400] = $11,923,200 * $8,467,200

X2 =[4,968 +3,528] x [0.0335 + 0.0295] x $7,477 = $1,244,382 + $1,095,799

Total Savings = X1 + X2 =$13,167,582 * $9,562,999

Figure 1b: Estimated savings due to mpMRIp
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