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Abstract

Objectives Abbreviated breast MRI (AB-MRI) was introduced to reduce both examination and image reading times and to

improve cost-effectiveness of breast cancer screening. The aim of this model-based economic study was to analyze the cost-

effectiveness of full protocol breast MRI (FB-MRI) vs. AB-MRI in screening women with dense breast tissue for breast cancer.

Methods Decision analysis and a Markov model were designed to model the cumulative costs and effects of biennial screening in

terms of quality-adjusted life years (QALYSs) from a US healthcare system perspective. Model input parameters for a cohort of

women with dense breast tissue were adopted from recent literature. The impact of varying AB-MRI costs per examination as

well as specificity on the resulting cost-effectiveness was modeled within deterministic sensitivity analyses.

Results At an assumed cost per examination of $ 263 for AB-MRI (84% of the cost of a FB-MRI examination), the discounted

cumulative costs of both MR-based strategies accounted comparably. Reducing the costs of AB-MRI below $ 259 (82% of the

cost of a FB-MRI examination, respectively), the incremental cost-effectiveness ratio of FB-MRI exceeded the willingness to pay

threshold and the AB-MRI-strategy should be considered preferable in terms of cost-effectiveness.

Conclusions Our preliminary findings indicate that AB-MRI may be considered cost-effective compared to FB-MRI for screen-

ing women with dense breast tissue for breast cancer, as long as the costs per examination do not exceed 82% of the cost of a FB-

MRI examination.

Key Points

* Cost-effectiveness of abbreviated breast MRI is affected by reductions in specificity and resulting false positive findings and
increased recall rates.

* Abbreviated breast MRI may be cost-effective up to a cost per examination of 82% of the cost of a full protocol examination.

* Abbreviated breast MRI could be an economically preferable alternative to full protocol breast MRI in screening women with
dense breast tissue.
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Abbreviations MRI Magnetic resonance imaging

AB-MRI  Abbreviated breast MRI PSA Probabilistic sensitivity analysis

DBT Tomosynthesis QALY Quality-adjusted life year
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Introduction

The superior accuracy of breast MRI in comparison with con-
ventional imaging techniques in screening women at high risk
for breast cancer has been suggested by a number of studies;
several recent prospective multi-center trials have compared
breast MRI to conventional imaging techniques, such as con-
ventional mammography (XM) and ultrasound (US),
underlining a higher sensitivity at comparable specificity
levels [1-3]. However, current international guidelines still
do not recommend breast MRI as a screening tool outside of
high-risk screening collectives [4—6].

Apart from high-risk collectives, the superior diagnostic
performance has also been confirmed in screening women at
intermediate risk of breast cancer due to their elevated breast
density [7, 8]. Dense breast tissue is associated with an in-
creased risk of breast cancer along with a decreased sensitivity
in conventional breast imaging (ACR BI-RADS categories C
or D) [9].

In order to cope with the scarcity in resource allocation and
to make breast MRI more affordable, abbreviated protocols
(AB-MRI) have been introduced offering similar sensitivity in
comparison to full protocol breast MRI (FB-MRI), yet at the
expense of decreased specificity. Initially, AB-MRI was de-
fined as solely pre- and post-contrast sequences with
subtracted and maximume-intensity projection images [10].
Recently, a variety of abbreviated protocols have been evalu-
ated. These included additional T2-weighted images, ultrafast
contrast-enhanced sequences, or diffusion-weighted images
as a contrast-free alternative — all reporting varying specific-
ities [11-14].

The prospective trials of Comstock and Bakker et al have
reported similar sensitivities of AB-MRI and FB-MRI in
women of intermediate risk. Comstock et al described a spec-
ificity of AB-MRI of 87%, whereas Bakker et al found a
specificity of 92% for the full protocol, in line with prior
findings [10].

The lower specificity of AB-MRI is associated with a
higher number of false positive findings and increased recall
rates. Both techniques have been described to be cost-
effective in screening women at intermediate risk with an
incremental cost-effectiveness ratio (ICER) below commonly
accepted willingness to pay thresholds of $100,000 per
quality-adjusted life year (QALY) gained [15-17].

The lack of a broadly accepted definition for both tech-
niques — abbreviated as well as full-scale protocols — makes
the evaluation of AB-MRI in general difficult as every ap-
proach leads to a different diagnostic accuracy.

Based on recent data, reductions in specificity that are
associated with abbreviating breast MRI protocols were
assumed as the key determinant to model the differences
between full-scale and abbreviated protocols in the present
study.
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Consecutively, we aim to investigate the role of AB-MRI
in screening women with dense breast tissue in relation to FB-
MRI with a focus on the following objectives:

1) To evaluate the economic potential of AB-MRI compared
to FB-MRI,

2) To examine various constellations of diagnostic perfor-
mance parameters and costs with regard to cost-effec-
tiveness, and

3) To determine a “cut-off” value that would allow AB-MRI
to be cost-effective.

Material and methods
Screening collective and input parameters

This cost-effectiveness analysis is based on recently
published data on AB-MRI and FB-MRI, evaluated in
prospective, multi-center screening trials and compared
to x-ray-based techniques, i.e., x-ray mammography
(XM) and digital breast tomosynthesis (DBT) [7, 8].
The underlying studies revealed unprecedented data on
screening women at intermediate risk of breast cancer
due to dense breast tissue. Both average age and pre-
test probability of a malignant lesion were comparable
in the screening collectives, which were reported at
about 55 years and 1.6%, respectively. While the sensi-
tivity of AB-MRI and FB-MRI was equivalent at 95.7%
and 95.2%, respectively, the specificity of AB-MRI was
significantly lower compared to a full protocol exami-
nation (86.7% and 92.0%, respectively). Diagnostic per-
formance of XM was estimated based on recent litera-
ture [2, 3, 18-20].

Input parameters

Input parameters for this economic evaluation were collected
from recent literature (Table 1) closely following international
recommendations on the conduct and methodological practice
of cost-effectiveness analyses [22, 33, 34].

Estimates for the quality of life (QOL) of each state of the
model were extracted from literature. Based on the size of the
tumor and stage of disease, lower levels of utility were as-
sumed for larger tumors in order to reflect therapy-related
differences in quality of life [26-28]. Long-term QOL was
assumed to be impaired in patients with extensive surgery
and systemic treatment as opposed to QOL after treatment of
small tumors. The absence of breast cancer was characterized
by unimpaired utility levels.

Medicare current procedural terminology (CPT) codes and
reported average costs were used to model the costs of
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Table 1 Model input parameters.

Model input parameters for the Variable Estimation Source
decision analysis and Markov
modelling that have been Pre-test probability of malignant lesion 1.62% [7, 8]
published recently and refined for Average age at screening 55 [7, 8]
t}11is alnalysis and patient collective Screening interval 2 years
15,171 Incidence of breast cancer 0.40% [21]
Assumed WTP $ 100,000 [22]
Discount rate 3.00% [22]
Diagnostic test performances
Sensitivity of XM 41.2% [2, 19, 20]
Specificity of XM 90.0% [18]
Sensitivity of DBT 39.1% [7]
Specificity of DBT 97.4% [7]
Sensitivity of AB-MRI 95.7% [7]
Specificity of AB-MRI 86.7% [7]
Sensitivity of FB-MRI 95.2% [8]
Specificity of FB-MRI 92.0% [8]
Costs
Cost of XM $101.52 Medicare (G0202)
Cost of DBT $214.20 [23, 24]
Cost of FB-MRI $ 314.00 Medicare (CPT code 77047)
No further action (true negative) $0.00 Assumption
Biopsy $1,536.00 Medicare (CPT code 19083)
Cost of treatment for tumor < 1 cm $ 60,637 [25]
Cost of treatment for tumor > 1 cm $ 82,121 [25]
Cost of treatment for advanced stage breast malignancy $ 129,387 [25]
Utilities
QOL of patients without detected tumor 1.00 Assumption
QOL of patients with detected tumor < 1 cm 0.87 [26]
QOL of patients with detected tumor > 1 cm 0.74 [27]
QOL of patients with detected regional breast cancerinan  0.62 [28]
advanced stage
QOL of patients post simple treatment 0.99 Assumption
QOL of patients post intensive treatment 0.95 Assumption
Reduction in QOL due to false positive finding 0.01 Assumption
Death 0.00 Assumption
Transition probabilities
Risk of death without tumor (yearly) Age adjusted ~ US Life Tables 2017, women
of all ethnicities
[29]
Risk of death with undetected tumor 10.00% in Assumption
10 years
Risk of death with detected < 1 cm tumor 0.11% [30]
Risk of death with detected > 1 cm tumor 0.78% [30]
Risk of death with detected tumor in advanced stage 1.81% [30]
Probability of initial RO resection < 1 cm 100.00% Assumption
Probability of initial RO resection > 1 cm 90.00% [31]
Proportion of N+ in < 1 ¢cm tumors 0.00% Assumption
Proportion of N+ in > 1 cm tumors 40.00% [32]
Proportion of successfully treated tumors < 1 cm if 100.00% Assumption

detected within 1 screening interval
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diagnostic procedures and breast cancer therapy [23-25].
Since commonly accepted costs per examination of AB-
MRI are unavailable, Medicare costs of a regular MRI exam-
ination of both breasts were applied in the base case analysis
and varied in sensitivity analyses. Breast cancer incidence and
tumor-unrelated as well as tumor-related death rates and the
probability of RO resection and nodal disease were extracted
from literature [21, 29-32].

Economic modelling and cost-effectiveness analysis
Decision model

In order to integrate results in a broader perspective and to
allow for a translational comparison, we included not only
MR-based screening modalities but also x-ray-based tech-
niques. A decision model including the screening

a
True positive
Breast cancer <[ —— —
True negative
No breast cancer <[ == 2o
True positive
Breast cancer <[ o=
H : True negative
Screening in No breast cancer < ———
women with P

dense breast True posit
positive
tissue Breast cancer <: False negative
True negative
No breast cancer <[ ===
True positive
------ »  Breastcancer <—— negaive

> FB-MRI
True negative
------ » No breast cancer < - ooine
b

) @

No breast Undetected
malignancy breast malignancy
QOL 1.0 QOL 1.0

‘-+| Death t: Tumor-related death
Death

Detected breast
malignancy <1 cm
QOL 0.87

A

Post uncomplicated
treatment
QOL 0.99

LDI Death

Tumor-related death

Detected breast
malignancy > 1 cm
QOL 0.74

A

Post complicated
treatment
QOL 0.95

L—P| Death

Tumor-related death

Detected breast
malignancy in an
advanced stage
QOL 0.62

Tumor-related death

Death

Fig. 1 a Decision-tree including the four screening strategies and the
corresponding outcomes true positive, false negative, true negative, and
false positive. b Markov model with Markov states and their
corresponding quality of life (QOL). The likelihood of detecting a
breast tumor in two-yearly screening depends on the sensitivity of the
screening method. Death is possible at any state. The Markov model has
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been published recently and refined for this analysis and patient collective
[15,17]. AB-MRI, abbreviated breast magnetic resonance imaging; DBT,
digital breast tomosynthesis; FB-MRI, full protocol breast magnetic
resonance mammography; QOL, quality of life; XM, x-ray
mammography
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modalities was designed, and the outcomes true positive,
false positive, true negative, and false negative were de-
fined for each screening strategy (Fig. 1a). The probability
of each outcome depended on the pre-test probability of a
malignant lesion and the diagnostic accuracy of each
modality.

Markov model

As described in previous publications, we adapted a Markov
model for two-yearly screening programs for this study [15,
35]. Markov states included the absence of disease, undetect-
ed and detected breast cancer, long-term follow-up after initial
treatment and death (Fig. 1b). False positive findings resulted
in follow-up examinations and loss in quality of life. False
negative findings resulted in delayed detection of breast ma-
lignancy and increased likelihood of advanced disease with
more invasive and costly therapies. Positive findings in XM,
DBT, and FB-MRI were histologically clarified by biopsy
whereas positive findings of AB-MRI were verified or follow-
ed up by a full protocol examination and in case of a con-
firmed finding, resulted in biopsy. A screening interval of 2
years was assumed for the collective of women with dense
breast tissue.

Economic analysis

The model-based cost-effectiveness analysis was conduct-
ed with a dedicated software for economic modelling and
decision analysis (TreeAge Pro 2020, TreeAge Software).
The perspective of the US healthcare system was chosen
and costs were measured in US-$. Outcomes were modeled
by using QALYs in order to consider both the length and
quality of life. International recommendations for
discounting costs and outcomes at an annual discount rate
of 3% were applied [22]. Various willingness to pay (WTP)
thresholds of $ 50,000 per QALY and $ 100,000 per QALY
were assumed [36, 37]. Costs and effects were simulated for
a time frame of 30 years.

Modelling outcomes and value of AB-MRI

In the base case scenario, costs per examination of AB-MRI
were assumed to equal a full protocol MRI acquisition. In
subsequent deterministic sensitivity analyses, costs were re-
duced and the resulting cost-effectiveness was evaluated.
Since the reported specificity is the main difference between
abbreviated and FB-MRI, and a range of values has been
reported recently, specificity was varied within plausible
ranges in the sensitivity analyses.

When the cost per examination of AB-MRI is assumed
smaller than the cost of FB-MRI, the incremental cost-
effectiveness ratio can be calculated. When reducing the

costs per examination of AB-MRI below a certain value
(threshold 1), the average cumulative costs of the AB-
MRI-strategy will become smaller than those of the FB-
MRI-strategy. Due to its superior effectiveness, FB-MRI
will still be cost-effective at a WTP threshold of $ 50,000
per QALY ($ 100,000 per QALY), until the cost per exam-
ination of AB-MRI is reduced below threshold 2 (threshold
3). AB-MRI will be the dominant strategy if costs per ex-
amination of AB-MRI are below threshold 2 or threshold 3,
depending on the WTP.

In order to indicate the economic value of AB-MRI for
varying costs per examination and specificity of AB-MRI,
a two-way sensitivity analysis was conducted to deter-
mine the preferred modality in terms of the net monetary
benefit.

Results
Cost-effectiveness analysis

Assuming the same cost per examination for AB-MRI as
for a full protocol examination in the base-case analysis,
i.e., $ 314 per examination, AB-MRI and FB-MRI resulted
in average cumulative costs of $ 9,779 and $ 9,283 and
outcomes of 19.25 and 19.26 QALYs, respectively. AB-
MRI performed worse than FB-MRI in this simulation
due to its inferior diagnostic performance, hence increased
false positive findings and higher expenses for follow-up
examinations.

To put the results in a broader perspective, we respectively
included cumulative costs and outcomes for conventional im-
aging as well: cumulative costs and effects over a time horizon
of 30 years were larger for MR-based diagnostic procedures
than for x-ray-based procedures in the base case analysis
(Table 2 and Fig. 2).

Abbreviating breast MRI

In the next step, the assumed cost per examination of AB-MRI
was reduced and the model outputs and the resulting cost-
effectiveness were evaluated accordingly.

Reducing the cost per examination of AB-MRI resulted in
decreased discounted cumulative costs over the time horizon
of 30 years and improved cost-effectiveness in terms of [CER
and net monetary benefits (Table 2, Fig. 3 and Fig. 4).

At a cost per examination of $ 263 for AB-MRI (84% of
the MEDICARE cost of a FB-MRI examination), the average
cumulative costs of both MR-based strategies were compara-
ble (Fig. 3). When the cost per examination of $ 259 was
assumed for AB-MRI (82% of the cost of a FB-MRI exami-
nation), the average cumulative costs decreased to $ 9,249.
Comparing FB-MRI to AB-MRI in a collective of 1,000
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Table 2 Results of cost-effectiveness analysis. Results of the base-case cost-effectiveness analysis and of variations of the price per examination of

AB-MRI. All values reference a common baseline (XM)

Strategy (cost per Cumulative discounted

Incremental costs

Cumulative discounted Incremental effects ICER

examination in US-$) costs (US-$) (US-$) effects (QALYSs) (QALYs) (US-$/QALY)
XM 8,718 n/a 19.22 n/a n/a

$ 102

DBT 8,815 97 19.22 0.005 19,785
$214

AB-MRI

$314 9,779 1,062 19.25 0.037 28,458
$ 300 9,644 927 19.25 0.037 24,840
$ 280 9,452 734 19.25 0.037 19,671
$ 260 9,259 541 19.25 0.037 14,501
$ 240 9,066 348 19.25 0.037 9,332
$ 220 8,873 155 19.25 0.037 4,163
$ 200 8,680 -38 19.25 0.037 n/a
FB-MRI 9,283 565 19.26 0.038 15,018
$314

ICER, incremental cost-effectiveness analysis; QALY, quality-adjusted life year; XM, x-ray mammography; DBT, digital breast tomosynthesis; AB-MRI,
abbreviated breast magnetic resonance imaging; FB-MRI, full protocol breast magnetic resonance mammography

women, this resulted in incremental costs of $ 31,827 and
incremental effects of 0.32 QALY's for FB-MRI, which is
reflected by an ICER of $ 100,000 per QALY (WTP thresh-
old). Reducing the cost of AB-MRI below $ 259, the average
cumulative costs over the time horizon of 30 years were re-
duced even further, so that the ICER of FB-MRI compared to
AB-MRI exceeded the WTP threshold of $ 100,000 per
QALY and the AB-MRI strategy ought to be preferred. This
means that the cost per examination of AB-MRI would be
required not to exceed $ 259 (82% of the cost of a FB-MRI

9800 T

examination), in order to stay cost-effective. Any cost above
this threshold would deem FB-MRI a feasible and cost-
effective alternative.

Sensitivity analysis

Abbreviating breast MRI affects the performance of the tech-
nique mainly in terms of specificity, i.e., its reduced specificity
and a higher number of false positive findings. To evaluate the
impact of varying specificities on the model outputs,

Fig. 2 Cost-effectiveness graph @ s314
for the screening strategies. 9700 4
Varying costs per examination of @ s300
abbreviated breast MRI (AB- 9600 =
MRI) from US-$ 220 to US-$ 314 9500 4 @ AB-MRI
were assumed, which equals the @ 5280
cost of a full protocol breast MRI . 9400 T ¢ FBMRI
(FB-MRI). MR-based screening :)? 9300 4 B osT
modalities result in higher 2 $260
effectiveness compared to x-ray- B 9200 4+ A Xm
based modalities, but also higher 8 0100 4
average costs. AB-MRI, @ 3240
abbreviated breast magnetic 9000 4
resonance imaging; DBT, digital
breast tomosynthesis; FB-MRI, 8900 T @ 5220
full protocol breast magnetic 8800 +
resonance mammography;
QALY, quality-adjusted life year; 8700 : : } : |
XM, x-ray mammography
19.21 19.22 19.23 19.24 19.25 19.26

Effectiveness (QALYs)

@ Springer



European Radiology (2022) 32:7409-7419

7415

200,000 -

Fig. 3 One-way sensitivity
analysis for varying costs per
examination of abbreviated breast 1
MRI (AB-MRI). The resulting
incremental cost-effectiveness
ratio (ICER) of full protocol
breast MRI (FB-MRI) compared
to AB-MRI is indicated for
varying specificities of FB-MRI
(a) and varying specificities of

100,000

ICER (US-$ per QALY)

——— FB-MRI, specificity 89%
—— FB-MRI, specificity 92% (Bakker et al. 2019)

—— FB-MRI, specificity 95%

AB-MRI (b). For a specificity of 0
92%, FB-MRI is cost-saving if
the cost per examination of AB-

MRI is larger than $ 263
(threshold 1). The ICER of FB-
MRI is below a willingness to pay
threshold of $100,000 per QALY
if the cost per examination of AB-
MRI is between $ 259 and $ 263 b
(threshold 2), indicating AB-MRI

to be cost-effective below $ 259. T
AB-MRI, abbreviated breast
magnetic resonance imaging; FB-
MR, full protocol breast
magnetic resonance
mammography; ICER,
incremental cost-effectiveness
ratio; QALY, quality-adjusted life

200 o
220 +
240 +

200,000 -

100,000 4+

ICER (US-$ per QALY)

260 T
280 +
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Cost of AB-MRI (US-$)

~——— AB-MRI, specificity 83.7%

——— AB-MRI, specificity 86.7% (Comstock et al. 2020)

—— AB-MRI, specificity 89.7%

year

I
_
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220 +
240 —+
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300 T
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Cost of AB-MRI (US-$)

sensitivity analyses were conducted. The cost cut-off at which
the AB-MRI strategy may be considered cost equal to the FB-
MRI strategy (threshold 1) and the threshold at which AB-
MRI should be preferred over FB-MRI (threshold 2) were
simulated (Table 3). For example, at a specificity of 95% for
FB-MRI and 87% for AB-MRI, the cumulative costs of both
strategies were equal when the cost per examination of AB-
MRI was set to $ 260 (83% of the cost of a FB-MRI

Fig. 4 Two-way sensitivity 95% 7

analysis of the net monetary
benefit for varying cost per
examination and varying
specificity of abbreviated breast
MRI (AB-MRI). The color-coded
area indicates the dominant
strategy at a given cost and
specificity of AB-MRI. The
smaller the cost and the higher the
specificity of AB-MRI, the more
likely it ought to be preferred to
full protocol breast MRI (FB-
MRI). AB-MRI, abbreviated
breast magnetic resonance

90%

85%

80%

Specificity of AB-MRI

75% =

examination). Below costs per examination of $ 253 (81%),
FB-MRI was no longer a cost-effective alternative based on a
WTP threshold of $ 100,000 per QALY. This emphasizes the
need for AB-MRI to not exceed $ 253 in order to stay cost-
effective in this scenario.

Figure 4 indicates which strategy was to be preferred in
terms of net monetary benefit when cost per examination of
AB-MRI and specificity of AB-MRI were varied.

I AB-MRI

[ FB-MRI

imaging; FB-MRI, full protocol
breast magnetic resonance
mammography

1 |
I T
o =}
S I
« N

240 =
260 +
280 <+
300 =+
320 -

Cost of AB-MRI (US-$)
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Table 3 Cost threshold analysis.
Cost threshold analysis for

varying specificity of AB-MRI
and full protocol breast MRI (FB-

Specificity of AB-MRI

Specificity of FB-MRI

MRI). If the cost per examination 839% 86% 89% 92% 95%

of AB-MRI was higher than

thresll(ljokl)d 1, the FB'MII{;‘Etrategy 81% $ 249 (79%), $ 246 (78%), $ 241 (77%), $ 237 (75%), $ 232 (74%),

would be cost-saving. If the cost

per examination of AB-MRI was $ 249 (79%), $ 244 (78%), $ 238 (76%), $ 231 (74%), $ 225 (72%),

higher than threshold 2 or $249 (79%)  $242(77%)  $235(75%)  $227(2%)  $219 (70%)

threshold 3, FB-MRI would be 83% $255@81%),  $250(80%),  $246 (78%),  $241(77%),

COSt'thrfecﬁlvlz atfa$ ";glgz)%ness'to' $254 81%),  $248 (79%),  $242 (T7%),  $236 (75%),

pay threshold o ,000 per

QALY or $ 100,000 per QALY, $ 254 (81%) $ 246 (78%) $ 238 (76%) $ 231 (74%)

respectively. If the cost per 85% $264 (84%), $260(83%), $255@81%), $250(80%),

gxiimin;tion of /(\jB-N{IRIdwaS $264 (84%),  $258(82%),  $252(80%),  $ 246 (78%),
elow the second or thir

threshold-value, AB-MRI should $ 265 (84%) $ 257 (82%) $ 250 (80%) $ 242 (77%)

be preferred since FB-MRI would 87% - $ 268 (85%), $ 265 (84%), $ 260 (83%),

not be cost-effective. The cost $268 (85%), $262(83%), $256 (82%),

thresholds are reported in absolute
values in US-$ and in relation to
the cost of a FB-MRI 89%
examination, which was defined
at $ 314 according to Medicare
CPT codes

$ 268 (85%)

$261 (83%)
$ 273 (87%),
$ 273 (87%),
$272 (87%)

$253 (81%)
$ 270 (86%),
$ 266 (85%),
$ 264 (84%)

Discussion

The superior diagnostic performance of breast MRI in screen-
ing women with dense breast tissue for breast cancer in com-
parison to x-ray-based techniques has been investigated and
confirmed in recent prospective multi-center studies [7, 8].

A significant reduction in interval cancer rates as an accept-
ed surrogate marker for mortality [38] was observed in the
DENSE trial when screening women with elevated breast tis-
sue densities with breast MRI compared to XM [8]. A recent
publication demonstrated that additionally to its diagnostic
benefit, FB-MRI may also be considered cost-effective in this
setting, evaluating long-term costs and outcomes of screening
women at intermediate risk of breast cancer due to their ele-
vated breast density [15].

AB-MRI was introduced in 2014 in order to reduce both
examination as well as image reading time, i.e., the costs per
examination, while maintaining an acceptable diagnostic per-
formance for reasons of cost-effectiveness [10]. The initial
concept by Kuhl et al comprised only one pre- and one post-
contrast acquisition with computation of a first post-contrast
subtracted image and a maximum-intensity projection-image.
In the following years, various protocols with and without
contrast agent, some only based on diffusion-weighted imag-
ing or ultrafast contrast-enhanced sequences, have been pro-
posed in order to make breast MRI supposedly less expensive
and thereby more cost-effective [11-14]. However, the reduc-
tion in examination costs at the expense of reduced specificity
must economically be considered a trade-off.

@ Springer

Recently, Comstock et al demonstrated a significantly
higher rate of breast cancer detection for AB-MRI compared
to DBT [7]. Instead of applying only one method of abbrevi-
ation, Comstock et al accepted various abbreviated protocols
in their multi-center study with 48 participating imaging cen-
ters, with pre- and post-contrast sequences and T2-weighted
imaging as long as a total examination time of 10 minutes was
not exceeded. A recent publication demonstrated that AB-
MRI may be cost-effective compared to DBT in screening
women with dense breast tissue [17].

From an economical perspective, however, the degree of
abbreviation and the resulting cost-effectiveness of the differ-
ent forms of abbreviating protocols is of major interest when
extending MR-based breast cancer screening to a population
level. This led to the main goal of the present study as to
determine the optimal balance of price vs. specificity of AB-
MRI — assuming a standard Medicare reimbursement for
breast MRI of $ 314.

A reduction of imaging specificity resulted in an increase
of false positive findings and follow-up scan rates as well as a
reduction in quality of life of the affected women. These
downsides need to be put in relation to these cost reductions
achieved by AB-MRI. However, AB-MRI has only rarely
been investigated within clinical trials investigating
intermediate-risk collectives. Up to this day, there is no broad-
ly accepted definition as to the effective reduction of costs by
applying different sets of abbreviated protocols. We therefore
varied the costs per examination of AB-MRI in our study
within our sensitivity analyses.
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Comparing the specificities for breast MRI in a screening
setting for women with dense breast tissue, we were able to
determine a cut-off value of approximately 80% of the
Medicare reimbursement of a FB-MRI examination ($ 259).

In other words: Assuming a reduced specificity of AB-MRI
in an intermediate-risk population, the cost of AB-MRI should
not exceed $ 259 in order to be preferred in terms of cost-
effectiveness. This analysis may be considered the first step
towards an understanding of the economic potential of AB-
MRI on a population-based level.

However, some limitations of the model-based economic
evaluation need to be considered:

The selected WTP thresholds of $ 50,000-$ 100,000 have
been subject to scientific debate, yet have been applied to the
U.S healthcare system by the majority of economic evalua-
tions and represent the commonly accepted standard.

A Markov model can only represent an approximation of
clinical reality and is characterized by its input parameters.
The values of the diagnostic performance are based on two
randomized prospective multi-center studies that were con-
ducted in slightly different populations with different baseline
risks: the DENSE trial included women with breast density
category D, whereas Comstock et al included women with
categories C and D. Breast tissue density hereby represents
certainly only one risk factor among others that can contribute
to an intermediate risk profile.

Importantly, sensitivity and specificity of breast MRI are
independent from mammographic breast tissue density [39].
Therefore, the absolute values of diagnostic performance re-
ported by Comstock and Bakker could reasonably be applied
to this study population. An average pre-test probability of
malignancy as reported by Comstock and Bakker and an av-
erage incidence rate were included into the economic model
for comparing both screening strategies in order to deal with
the heterogeneity of the two underlying studies. Further, the
study design was independent from breast density as diagnos-
tic performances of both FB-MRI and AB-MRI are unaffected
by breast tissue density; the goal was merely to compare dif-
ferent specificity levels of the underlying methods of exami-
nation. Comparing different risk-stratified screening strategies
across various screening populations with different grades of
breast tissue density was not an aim of this analysis. The
comparison of MR-based techniques with XM and DBT
was not feasible since performance measures of x-ray-based
techniques were acquired from different populations with di-
vergent breast tissue densities.

In the DENSE concept biennial screening with convention-
al mammography was supplemented with breast MRI.
Comstock et al on the contrary applied annual screening.
Evidence-based recommendations on the selection of appro-
priate screening intervals for screening women with dense
breasts with MRI are so far unavailable. We therefore selected
a biennial screening interval for our economic evaluation,

until prospective data comparing annual with biennial in terms
of diagnostic performance and effects on mortality are scien-
tifically explored further. Recent literature has suggested the
potential economic value of a 4-year screening interval [40].
However, we did not include overly distant screening intervals
of 4 years or more into our analysis since empirical outcome
data on the interval cancer rates and stages of screening-
detected breast cancer are unavailable as of today.

Additionally, both studies only describe the results of only
the first screening round. However, recent findings of the sec-
ond screening round of the DENSE trial indicate a decrease of
false positives when breast MRI is routinely applied as a
screening tool [41]. Even though the initial definition of pro-
tocol abbreviation as described by Kuhl et al suggested a FB-
MRI examination after an initially suspicious finding, abbre-
viated protocols have not been clearly defined or standardized
so far. Comstock et al included varying protocols as defined
above and did not consider appending a FB-MRI examination
in case of unclear findings.

Just as FB-MRI is merely defined by its fixed reimburse-
ment and not ultimately by the composition of its protocol,
further research as to the optimal degree of abbreviation and
set of sequences is needed.

Further studies are required in order to analyze the role of
other sources of varying specificity, such as reader experience.

At the same time, technical advances, e.g., by parallel im-
aging, allow for shorter examination times without possible
detriments to diagnostic performance [42]. Hence, the gap
between abbreviated protocols and full protocols may dimin-
ish to some extent in the future. Based on these developments,
we deem recommendations on the role of AB-MRI in screen-
ing women with dense breasts premature as of today.

In conclusion, our preliminary findings offer a first delin-
eation of the economic value of AB-MRI compared to FB-
MRI and indicate certain cost thresholds that should not be
exceeded in order to maintain a preferable cost-effectiveness
of AB-MRI over FB-MRI.
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