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Changes in patient management after preoperative
MRI for newly diagnosed breast cancer: a multicentre
prospective observational study

Michael L Marinovich' © , Nehmat Houssami™?

, Andrew Spillane??, Gregory B Mann*>®, Donna Taylor"®, Michelle Reintals®™ @ |

Nadine Phillips*™, Max K Bulsara", Patsy Siok Hwa Soon™", Tracey Dickens®, Christobel M Saunders*®

The known: Preoperative breast MRI has higher sensitivity than
conventional imaging, but little evidence confirms which patient
subgroups are likely to benefit.

The new: MRI was most frequently requested for women with
dense breasts. There was an absolute increase in mastectomy of

13 percentage points following MRI, and increases were seen for

all subgroups except women aged = 70 years and those for whom
neoadjuvant therapy was already planned. The majority of changes
in surgery plans (85%) were potentially justified by the final
pathology findings.

The implications: MRI for selected women where conventional
imaging is suboptimal may improve surgical planning and thus
afford better outcomes. MRl is less likely to change outcomes in
older women.

A J

procedure in female patients with early breast cancer,!

providing similar survival outcomes to mastectomy when
combined with radiotherapy.? About 20-30% of women undergo
further surgery due to involved or close surgical margins.>” The
ability to offer BCS depends on preoperative imaging confirming
tumour extent. Conventional imaging (mammography,
ultrasound) offers good anatomical information; however,
contrast-enhanced imaging may be better for locally staging the
index cancer for optimal surgery.®

Breast—conserving surgery (BCS) is the commonest surgical

Magnetic resonance imaging (MRI) has superior sensitivity
compared with mammography and/or ultrasound,” detecting
additional cancer foci in about 16% of women,'* and detecting
contralateral disease.!! However, there has been concern that
the sensitivity of MRI may increase mastectomy rates with
uncertain clinical benefit.!’ Randomised controlled trials (RCTs)
of preoperative MRI have not consistently shown improved
surgical outcomes in unselected women, and it is unclear which
subpopulations may benefit.!**

Internationally, studies including the Multicenter International
Prospective Analysis (MIPA) trial'® address whether and how
MRI affects breast cancer surgery. Preoperative staging MRI
was more likely to be used in younger women, those with
lobular pathology, dense breasts or larger tumours, and those
for whom mastectomy had been planned based on conventional
imaging (22.4% in the MRI group versus 14.4% in the no MRI
group).® MRI led to conversion from BCS to mastectomy in
11.6% of women (prompted by additional MRI findings in 9.1%)
and mastectomy to BCS in 0.3% of women. Compared with
women who had conventional staging, those in the MRI group
had a lower reoperation rate (8.5% versus 11.7%). Meta-analyses

Abstract

Objectives: To understand whether and how breast magnetic
resonance imaging (MRI) at cancer diagnosis influences treatment
planning, and whether subpopulations of patients with newly
diagnosed breast cancer benefit in terms of most appropriate
management.

Design: Multicentre prospective observational study.

Setting: Seven centres across New South Wales, Victoria and
Western Australia during the period 15 September 2020 to 14 July
2022.

Participants: Patients with newly diagnosed early breast cancer
meeting predefined criteria for whom multidisciplinary team normal
practice deemed MRI would aid treatment planning.

Intervention: Preoperative contrast-enhanced MRI.

Main outcome measures: Reasons for requesting MRI; pre-MRI
versus post-MRI changes in treatment plans; changes justified by
pathology findings.

Results: 387 eligible participants were enrolled. MRI was most
frequently requested for dense breasts (252 [65%]), clinical and/or
radiological size discrepancy (161 [42%)]), multifocality (108 [28%)])
and young age (105 [27%]). Change in treatment plan after MRI
occurred for 198 participants (51% [95% Cl, 46-56%]), including

a change in breast surgery plan for 119 participants (31% [95%

Cl, 26-36%]). More mastectomies were planned after MRI (15%
v28%; absolute risk difference [RD], 13 percentage points [95%
Cl, 9-17]; P<0.001), including unilateral mastectomy (14% v 24%;
RD, 10 percentage points [95% Cl, 6-14]; P< 0.001) and bilateral
mastectomy (1% v 4%; RD, 3 percentage points [95% Cl, 1-5];
P<0.001). No increases in planned mastectomies occurred for
women aged =70 years (RD, -3 percentage points [95% Cl, -15 to
9]; or in those for whom neoadjuvant therapy was planned (RD,

2 percentage points [95% Cl, -11to 14]). Change in surgery was
deemed justified by pathology findings in 75 of 88 women who
experienced a change (85% [95% Cl, 75-91%]).

Conclusions: Preoperative MRI findings led to changes in surgical
management for a third of selected women with early breast
cancer, increasing the mastectomy rate. In most cases, the changes
were deemed appropriate. MRI findings did not change planned
\mastectomy in those aged =70 years, indicating that these women

may not experience changes in surgical plans after such testing.

suggest that preoperative MRI in unselected women may
increase mastectomy rates,”” but have also shown that study
findings vary in terms of the effects of preoperative MRI on
local and distant recurrence-free survival and other surgical
outcomes,'™” and that preoperative MRI might lead to fewer re-
excisions for lobular cancers.”’

The effect of MRI in defined clinical scenarios at the time of
cancer diagnosis is unclear®?? and access in many settings is
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limited. In Australia, government funding by Medicare (items
63533 and 63534) is contingent on further Australian data
showing whether and in whom MRI may improve treatment
planning and outcomes, with the Medicare rebate for breast MRI
limited to specialists.”

To address this uncertainty, we undertook a prospective,
multicentre study to describe reasons why preoperative MRI is
requested in Australia and the associated changes in treatment
that occur, with the aim of characterising patient subpopulations
that may benefit.

Methods

Study design and eligibility criteria

This was a multicentre prospective observational study of
systematically collected data on consecutively recruited
women with newly diagnosed breast cancer, for whom the local
multidisciplinary team (of at least a surgeon and a radiologist)
recommended breast MRI to better plan treatment, as per usual
documented practice. The study was registered prospectively
with the Australian New Zealand Clinical Trials Registry
(ACTRN12620000282987; 3 March 2020). We report our study
according to the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines (Supporting
Information).?*

Recruitment took place over 23 months (15 September 2020 to
14 July 2022) at seven centres in Australia (Mater Hospital and
Bankstown-Lidcombe Hospital in Sydney; Royal Melbourne
Hospital and St Vincent’s Hospital in Melbourne; Fiona Stanley
Hospital, Royal Perth Hospital and St John of God Subiaco
Hospital in Perth), with 43 surgeons participating. Eligible
patients included those for whom the treating team deemed
MRI would aid treatment planning for one or more of the
following reasons: ultrasound, mammography and/or clinical
examination results were discrepant in size or focality; the
woman was younger than 70 years and had invasive lobular
cancer; the woman was younger than 50 years; and the woman
had mammographically dense (Breast Imaging Reporting and
Data System category C or D) breasts. Patients were excluded if
they: had distant metastases; had locally advanced inoperable
cancer; had previously had cancer on the same side; had classical
lobular carcinoma in situ; had other non-malignant systemic
diseases that would prevent breast surgery with curative intent;
had undergone MRI before registration; or were unable to
undergo MRI. Women recommended for neoadjuvant systemic
therapy before or after final imaging assessment were not
excluded. Patients had conventional imaging, and may have had
three-dimensional or contrast-enhanced mammography. As the
very rare cases of breast cancer in male patients almost always
undergo mastectomy, the target recruitment population for this
study was women with breast cancer (biological females and
others identifying as women).

MRI procedures

Contrast-enhanced MRI was performed on a 1.5 Tesla or 3
Tesla machine, using dedicated breast coils and site-specific
protocols (full diagnostic or abbreviated) that met the technical
recommendations of the American College of Radiology. The
intravenous contrast agent used was gadobutrol (Gadovist,
Bayer Group), which was given at a dose of 0.1mL/kg at
2-3 mL per second, using a power injector, and followed by a
saline flush.

Data collection

Patient demographic data, the reason(s) for requesting MRI and
a pre-MRI treatment plan completed by the multidisciplinary
team were recorded at recruitment. Demographic data included
age, body mass index, country of birth, primary language, and
socio-economic status (derived from the Australian Bureau
of Statistics Index of Relative Socio-economic Advantage and
Disadvantagezs). Multiple reasons for ordering MRI could be
recorded. The pre-MRI treatment plan included: planned breast
and axillary surgery; expected radiotherapy fields; and probable
systemic therapy (including neoadjuvant chemotherapy). The
treatment plan was reviewed and recorded after MRI results
were available, by the multidisciplinary team. The primary
outcome was change in surgical treatment plan after MRI.

A clinical review of planned treatment, locally reported imaging
results, delivered treatment and final pathology reports was
undertaken by the senior investigator (CMS), supported by other
authors, to assess whether final pathology findings justified
changes in surgical treatment. Changes could be from an
initial pre-MRI plan of less extensive surgery to more extensive
surgery (from BCS to BCS plus oncoplasty, from BCS or BCS
plus oncoplasty to mastectomy, or from unilateral to bilateral
mastectomy) or from more extensive surgery to less extensive
surgery. The three criteria used to classify a change as justified
were: diagnosis of proven contralateral cancer found on MRI
necessitating bilateral (more extensive) surgery; diagnosis of
multifocal or extensive cancer on MRI but not initial imaging,
and confirmed by final pathology as >4cm of tumour and/or in
>1 quadrant, with these features assuming justification of more
extensive surgery; and diagnosis of less extensive cancer on
MRYI, and confirmed on final pathology, justifying less extensive
surgery. In addition, the number of re-excisions for close or
involved margins within 12 months of initial surgery were
recorded. Further, patient-reported outcome data were recorded,
but these will be reported separately.

Data analysis and synthesis

The a priori target sample size was 400 women to estimate
a 15 percentage point difference between the pre-MRI and
post-MRI proportions of women for whom mastectomy or
BCS was planned, with an absolute precision of 4 percentage
points. Participant characteristics were summarised as mean
(standard deviation [SD]) or median (interquartile range)
values for continuous variables, and as proportions and 95%
exact confidence intervals for categorical variables. Differences
in age between state-based recruitment sites were tested
with analysis of variance (ANOVA). Specific treatment plan
proportions (subclassified under breast surgery, axillary
surgery, radiotherapy and systemic therapy) were compared
before and after MRI with McNemar’s test. Generalised linear
regression (PROC GENMOD with the REPEATED statement,
binomial distribution and identity link in SAS) was used to
compare pre-MRI versus post-MRI mastectomy treatment plan
proportions, estimated as absolute risk differences (RDs) with
Wald 95% confidence intervals. Interaction terms were included
to explore changes by state and age group (<40 years; 40-49
years; 50-59 years; 60—-69 years; >70 years). Multiple reasons for
ordering MRI could be recorded per participant; hence, separate
models were conducted to investigate the change in proportion
for each reason.

The proportions of changes in surgical management that were /

(

deemed justified by final pathology findings were computed. \
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Changes were classified as either to less extensive surgery or
to more extensive surgery, and the proportions of justified
changes were compared using Fisher’s exact test. Justification for
mastectomy was assessed by absolute tumour size >4cm and by
multifocality and centricity.

All tests of statistical significance were two-sided. The level
chosen for statistical significance was P <0.05. Analyses were
conducted in SAS version 9.4 (SAS Institute) and Stata version
18.0 (StataCorp).

Ethics approval

This research was approved by the Western Australian
Department of Health, South Metropolitan Health Service
Human Research Ethics Committee (RGS0003657). All
participants provided written consent prior to entering the
study.

Results

Participant characteristics

A total of 406 participants were recruited and followed for 2
years +6 months. After exclusions, 387 women had both pre-MRI
and post-MRI documented treatment plans (Box 1). Participant
characteristics are described in Box 2. Most participants were

enrolled in New South Wales (155 [40%]) or Victoria (158 [41%)),
with the remainder recruited in Western Australia (74 [19%)]).
Mean participant age was 54.9 years (SD, 10.6 years); participants
in WA were significantly younger (mean age, 50.5 years [SD, 10.7
years]) than in NSW (mean age, 56.1 years [SD, 11.5 years]) and
Victoria (mean age, 55.9 years [SD, 8.9 years]) (overall ANOVA,
P <0.001).

Reasons for requesting MRI

Reasons for requesting MRI were recorded from predefined
criteria, with multiple reasons permitted per participant.
Overall, high breast density was the most recorded reason
(252/387 women [65%)]), followed by size discrepancy in prior
imaging or clinical assessment (161 [42%)]), multifocality (108
[28%]) and young age (<50 years) (105 [27%)]) (Box 2). Consistent
with overall younger mean age, young age was a more frequent
reason for ordering MRI in WA (36/74 [49%]) compared with
NSW (53/155 [34%]) and Victoria (33/158 [21%]). Size discrepancy
and multifocality were less frequently recorded reasons in
Victoria (20 [13%] and 28 [18%)], respectively) than in NSW (106
[68%] and 51 [33%]) and WA (35 [47%] and 29 [39%]).

Changes in surgical treatment plan

Overall, the treatment plan was changed after MRI assessment
for 198 participants (51% [95% CI, 46-56%]), including changes

1 Flow diagram of participants

4 N
Patients recruited to the study from
September 2020 to July 2022

N = 406
~ = s 2
l EXCLUDED (n =12)
s ™ Ineligible (n = 6)
Registration o Metastatic breast cancer (n = 2)
Treatment plan before breast MRI recorded e Unable to undergo MRI (n = 2)
) ¢ Incomplete pre-MRI documentation (n =1)
i » | ¢ Investigator decision (n =1)
-~ ~ Eligible but not included (n = 6)
Breast MRI % further imaging and biopsy e Protocol non-compliance (n = 2)
n =394 e Chose to have surgery at a different hospital (n = 1)
g Y, ¢ Declined MRI after consent and registration (n = 3)
l e I\
EXCLUDED (n=7)
Treatment plan after breast MRI recorded o
— Ineligible (n = 3)
n= e Metastatic breast cancer (n = 3)
i » | Eligible but not included (n = 4)
-~ ~ L ¢ Protocol non-compliance (n = 4) )
Satisfied eligibility criteria
n =387 (" D
_ Y, NO DOCUMENTED TREATMENT
I » | INCLUDED IN ANALYSES (n=5)
+ e Chose to have surgery at a different hospital (n = 2)
( N « Withdrew (n = 2)
Treatment documented (surgery, chemotherapy, e Lost to follow-up (n = 4)
radiotherapy, hormone treatment) J
9 n=382 ) Ve ~
[ » | NODOCUMENTED HEALTH OUTCOMES
+ INCLUDED IN ANALYSES (n = 6)
: . h e Lost to follow-up at 12 months (n = 2)
Health and patient outcomes documented e Lost to follow-up at 24 months (n = 4)
n=376 - /
S %

MRI = magnetic resonance imaging. 4




2 Descriptive statistics for all patients

Number (%)*
Total number participants 387
Characteristics
Age in years, mean (SD) 54.9 (10.6)

BMI in kg/m?, median (IQR) 257 (22.5-29.8)

Country of birth

Australia 230 (59.4%)
Overseas 157 (40.6%)
Main language spoken

English 356 (92.0%)
Other 31(8.0%)
IRSD quintile

Q1 (most disadvantaged) 30 (7.8%)
Q2 43 (11%)
Q3 51(13%)
Q4 83 (21%)
Q5 (least disadvantaged) 180 (46.5%)
State (institution location)

New South Wales 155 (40.1%)
Victoria 158 (40.8%)
Western Australia 74 (19%)
Reason for MRI"

Young age 105 (27.1%)

Size discrepancy 161 (41.6%)

Dense breasts 252 (65.1%)
Multifocality 108 (27.9%)
Lobular cancer 71(18%)
Mutation carrier 3 (1%)
Neoadjuvant therapy planned 63 (16%)
Patient request 1(0.3%)

BMI = body mass index; IQR = interquartile range; IRSD = Index of Relative Socio-economic
Disadvantage; MRI = magnetic resonance imaging; SD = standard deviation. * Data are
number (%) unless otherwise specified. T Total does not sum to 100% because multiple
reasons could be specified. 4

in type of surgery, radiotherapy, systemic therapy, and
combinations thereof (Box 3). In total, 119 participants (31% [95%
Cl, 26-36%]) had a change in breast surgery treatment plan.
There was a significant increase in the proportion of participants
with any planned mastectomy (unilateral or bilateral), from 57
before MRI (15%) to 107 after MRI (28%) (RD, 13 percentage points
[95% CI, 9-17]; P <0.001) (Box 4), including increases in unilateral
mastectomy (RD, 10 percentage points [95% CI, 6-14]; P <0.001)
and bilateral mastectomy (RD, 3 percentage points [95% CI, 1-5];
P <0.001) (Box 3). Concomitantly, there was a significant decrease
in participants with planned BCS, from 269 (70%) before MRI to
219 (57%) after MRI, with the difference mirroring the change in
mastectomy rate (RD, —13 percentage points [95% CI, 17 to 8];
P <0.001) (Box 3). There was no evidence of a difference in plans
for oncoplastic breast surgery (defined as volume displacement
or replacement >20%) (Box 3).

3 Pre-MRI and post-MRI treatment plans
Number (%)*

Pre-MRI Post-MRI P
Total number of participants 387 387
Breast surgery
Unilateral mastectomy 53 (14%) 91 (24%) <0.001
Bilateral mastectomy 4 (1%) 16 (4.1%) <0.001
Breast conserving surgery 269 (69.5%) 219 (56.6%) <0.001
Breast conserving surgery with 59 (15%) 64 (17%) 0.63
level 2 oncoplastic technique
Axillary surgery
Axillary clearance 32 (8.3%) 42 (11%) 0.02
Sentinel lymph node biopsy 310 (80.1%) 309 (79.8%) >0.99
Other’ 9 (2%) 12 (3.1%) 0.58
Radiotherapy
Chest wall 29 (7.5%) 40 (10%) 0.08
Breast 319 (82.4%)  272(70.3%) <0.001
Regional nodes 33(8.5%) 41 (1%) 0.12
Other* 7 (2%) 1(0.3%) 0.03
Systemic therapy
Chemotherapy 86 (22%) 84 (22%) 0.88
Human epidermal growth 33(8.5%) 35(9.0%) 0.77
factor receptor 2 directed
Endocrine 263(68.0%) 280 (72.4%) 0.01
Neoadjuvant 66 (17%) 81(21%) 0.01
Other® 10 (2.6%) 5 (1%) 018
MRI = magnetic resonance imaging. * Data are number (%) unless otherwise specified.
T Targeted axillary dissection; targeted axillary dissection and sentinel node biopsy;
targeted axillary dissection and fine needle aspiration, pending further investigations;
left breast axillary clearance; bilateral. ¥ Pending further investigations; supraclavicular
fossa; radiotherapy to breast and regional nodes. § Pending further investigations;
immunotherapy (Neo-N trial).

Changes in mastectomy by age, state and MRI reason

Descriptive stratified analyses by age group, state and type
of planned surgery are shown in Box 4. Increases in any
mastectomy recommendation after MRI were observed for
age groups <40 years (RD, 10 percentage points [95% CI, -10 to
30]), 40-49 years (RD, 18 percentage points [95% CI, 10 to 27]),
50-59 years (RD, 10 percentage points [95% CI, 4 to 16]) and
60-69 years (RD, 19 percentage points [95% CI, 9-29]) (Box 4,
Box 5). There was no evidence of an increase in mastectomy
recommendation after MRI in women aged > 70 years (RD, -3
percentage points [95% CI, -15 to 9]). The same pattern of results
was generally observed for unilateral mastectomy only (Box 4).

There was an increase in mastectomy recommendation after
MRI in all states, but the magnitude varied. Similar increases
were observed in NSW (RD, 10 percentage points [95% CI, 3 to 17])
and Victoria (RD, 8 percentage points [95% CI, 3 to 13]), with a
larger increase in WA (RD, 30 percentage points [95% CI, 18 to 41]).
Results for unilateral mastectomy and for any mastectomy
(unilateral and bilateral combined) were similar (Box 4).

Increases in mastectomy recommendation were observed |
for all reasons for requesting MRI except pre-MRI planned
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ordering MRI

Total number (% [95% Cl]) for whom mastectomy (% [95% ClI]) for whom mastectomy

Number of patients

Number of patients

4 Absolute differences between pre-MRI and post-MRI changes in mastectomy proportion by age group, state and reason for

Percentage point
difference (95% Cl)

of patients was planned before MRI was planned after MRI (pre-MRI v post-MRI)
Any mastectomy (unilateral or 387 57 (15% [11% to 18%]) 107 (27.6% [23.2% to 32.1%]) 13(8.7t017)
bilateral)
By age group
<40 years 29 9 (31% [14% to 48%)]) 12 (41% [24% to 59%]) 10 (<10 to 30)
40-49 years 93 17 (18% [10% to 26%]) 34 (37% [27% to 46%]) 18 (10 to 27)
50-59 years 146 19 (13% [7.6% to 18%]) 34 (23% [16% to 30%]) 10 (4.4 t0 16)
60-69 years 83 7 (8% [3% to 14%]) 23 (28% [18% to 37%)]) 19 (9.0 to 29)
>70 years 36 5 (14% [3% to 25%)]) 4 (11% [0 to 21%)]) -3(-15t09)
By state
New South Wales 155 (17% [11% to 23%)]) 41(26% [20% to 33%]) 10 (2.6 to 17)
Victoria 158 13 (8% [3.9% to 13%]) 26 (16% [11% to 229%]) 82(33t013)
Western Australia 74 18 (24% [15% to 34%)]) 40 (54% [43% to 65%]) 30 (18 to 41)
By MRI reason
Size discrepancy 161 29 (18% [12% to 24%)) 57 (35% [28% to 43%)]) 17 (9.4 to 25)
Density 252 39 (15% [11% to 20%]) 65 (26% [20% to 31%)]) 10 (5.6 to 15)
Multifocality 108 28 (26% [18% to 34%]) 45 (42% [32% to 51%]) 16 (5.7 to 26)
Lobular histology 71 12 (179% [8.2% to 26%)]) 19 (27% [17% to 37%]) 10 (2 0 18)
Neoadjuvant therapy 63 21(33% [22% to 45%]) 22 (35% [23% to 47%]) 2 (-1to14)
Unilateral mastectomy 387 53 (14% [10% to 17%]) 91 (24% [19% to 28%]) 9.8 (5.6 to 14)
By age group
<40 years 29 8 (28% [11% to 44%]) 9 (31% [14% to 48%]) 3 (<17 to 24)
40-49 years 93 15 (16% [8.7% to 24%)]) 27 (29% [20% to 38%]) 13 (4.4 1o 21)
50-59 years 146 18 (12% [7.0% to 18%)]) 28 (19% [13% to 26%]) 6.8(13t012)
60-69 years 83 7 (8% [3% to 14%]) 23 (28% [18% to 37%)]) 19 (9.0 to30)
270 years 36 5 (14% [3% to 25%)]) 4 (1% [1% to 21%]) -3(-15t09)
By state
New South Wales 155 26 (17% [11% to 23%]) 38 (25% [18% to 31%)]) 77 (1.0 to 15)
Victoria 158 13 (8.2% [3.9% to 13%]) 23 (15% [9.1% to 20%]) 6.3(1.5to )
Western Australia T4 14 (19% [10% to 28%)]) 30 (41% [29% to 52%]) 22 (9.0to 34)
By MRl reason
Size discrepancy 161 26 (16% [10% to 22%]) 49 (30% [23% to 38%)) 14 (6.6 t0 22)
Density 252 37 (15% [10% to 19%]) 56 (22% [17% to 27%)]) 7.5(2.7to 12)
Multifocality 108 27 (25% [17% to 33%)]) £41(38% [29% to 47%)]) 13(3.0t023)
Lobular histology 71 11 (15% [71% to 24%]) 18 (25% [15% to 35%]) 10 (20 18)
Neoadjuvant therapy 63 21(33% [22% to 45%]) 22 (35% [23% to 47%)]) 2 (-11to14)

Cl = confidence interval; MRI = magnetic resonance imaging. 4

neoadjuvant therapy (Box 4). The largest increases were for
size discrepancy (any mastectomy RD, 17 percentage points
[95% CI, 9 to 25]; unilateral mastectomy RD, 14 percentage
points [95% CI, 6 to 22]) and multifocality (any mastectomy RD,
16 percentage points [95% CI, 6 to 26]; unilateral mastectomy
RD, 13 percentage points [95% CI, 3 to 23]). There was no
evidence of an increase in unilateral mastectomy in patients

with planned neoadjuvant therapy (RD, 2 percentage points
[95% CI, 11 to 14]).

Appropriateness of changes in surgical plan

For 88 patients with a change in surgical management (excluding
31 patients who received neoadjuvant therapy before surgery or



09 Mastectomy plans
0.8 |
07

06

05

Probability

04

03 +

02

01 |

0= | | | )
<40 40-49 50-59 60-69 >70

Age group (years)

09

Unilateral mastectomy plans

07 |

05

Probability

03

01 [

0= L | | | |
<40 40-49 50-59

Age group (years)

5 Pre-MRI versus post-MRI surgical plans by type of surgery and age group: probability with 95% confidence interval

09 Breast-conserving surgery plans
08
07 +

0.6 -

05

Probability

0.4

03

0.2

01

0= | | | )
<40 40-49 50-59 60-69 >70

Age group (years)

09 Bilateral mastectomy plans

—@— Before MRI
—&— After MRI

0.7 -

05 -

Probability

03

i —— i

50-59
Age group (years)

MRI = magnetic resonance imaging. 4

had a change in axillary surgery only), final pathology findings
were reviewed to assess whether the change was justified. Based
on clinical review, the change in management was deemed
justified in 75 patients (85% [95% CI, 75-91%]). Box 6 describes
the changes in surgical management after MRL; a change to
more extensive surgery (73/88 women; 83% [95% CI, 74-90%)])
was more frequent than a change to less extensive surgery
(15/88 women; 17% [95% CI, 10-27%)]). The proportion of justified
changes was larger in the less extensive group (15/15; 100% [95%
CI, 78-100%]) than in the more extensive group (60/73; 82%
[95% CI, 71-90%)]), although this difference was not statistically
significant (P = 0.11) suggesting MRI accurately predicted who
could avoid mastectomy in all our cases.

Re-excision

The overall re-excision rate was 14% (95% CI, 11-18%) (53 of the
379 women who had breast surgery). Of these 53 patients, 35

(66% [95% CI, 52-79]) had a single re-excision and still achieved
breast conservation, but the remaining 18 (34% [95% CI, 22-48%])
underwent mastectomy as second, third or fourth surgery. The
re-excision rate was comparable at 15% (95% CI, 8-24%; 13/88)
in those for whom a change in surgical treatment was made
following MRI, irrespective of whether this change was deemed
justified or not.

Discussion

Preoperative breast MRI has the potential to improve outcomes
for selected women with breast cancer by detecting additional
disease and leading to changes to more appropriate treatments.
Primarily, it may be useful for optimising surgery to reduce
the risks of missed cancer and of needing re-excision due to
involved margins. Despite this, the role of MRI in improving
outcomes has been unclear, with evidence from RCTs and
meta-analyses variable, and concern about the potential for an
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6 Surgical changes justified by pathology findings

Total number of

Change in surgery justified by pathology findings

Number of patients with Percentage of patients with

patients with change justified change justified change (95% Cl)

All surgical changes after MRI 88 75 85% (75-91%)
Less extensive surgery after MRI 15 15 100% (78-100%)
BCS and oncoplasty to BCS 6 6 100% (54-100%)
Unilateral mastectomy to BCS 4 4 100% (40-100%)
Unilateral mastectomy to BCS and oncoplasty 5 5 100% (48-100%)
More extensive surgery after MRI 73 60 82% (71-90%)
BCS to BCS and oncoplasty 23 18 78% (56-93%)
BCS to unilateral mastectomy 34 29 85% (69-95%)
BCS and oncoplasty to unilateral mastectomy n 10 91% (59-100%)
BCS and oncoplasty to bilateral mastectomy 1 1 100% (3-100%)
Unilateral mastectomy to bilateral mastectomy 4 2 50% (7-93%)

BCS = breast-conserving surgery; Cl = confidence interval; MRI = magnetic resonance imaging.

unfavourable benefit-harm ratio and a poor cost trade-off from
increases in mastectomy after MRI. To our knowledge, we report
the first analysis of Australian data describing patients with
predefined criteria for whom MRI was deemed useful by the
treating clinical team, along with associated changes in planned
management. High breast density was the most frequently
reported reason for requesting MRI, usually with an additional
reason; other common reasons included a size discrepancy on
prior workup, multifocality and young age. A change in breast
surgery occurred in about one-third of patients, with an absolute
increase in mastectomy (and decrease in BCS) of 13 percentage
points. There was no observed increase in mastectomy in older
women (aged =70 years) or women for whom neoadjuvant
therapy was planned. Based on clinical review, the majority (85%)
of surgical changes were deemed justifiable by final pathology
findings. As expected, MRI did not change plans for axillary
surgery (determined by preoperative pathology findings that
confirm involved nodes) or systemic treatment (determined by
tumour biology).

The magnitude of increase in mastectomy observed in our study
(13 percentage points) is consistent with international findings
such as the MIPA trial, in which an 11.3 percentage point
increase in mastectomies was reported in the MRI group,'® and
is comparable to the range of reported study-level increases
(increases of 1.4 to 16.2 percentage points in 14 studies)."” RCTs
have failed to show any clinical utility in MRI in all-comers —
that is, any women with newly diagnosed early breast cancer
but without a specific reason to believe conventional imaging is
inadequate to locally stage the disease.'**!” Our study targeted
only patients for whom the treating clinical team believed MRI
may be useful, and indeed demonstrates that MRI has clinical
utility in the subgroups of patients currently recommended
this — those with clinical or conventional imaging discrepancy
or dense breasts, young women, and those with lobular or
multifocal cancers. Although the numbers were small, it is
notable that MRI does not seem to change surgical outcomes
for women aged 70 years or older. The fact that MRI did not
change mastectomy recommendations in those undergoing
| neoadjuvant chemotherapy was expected, as these women often
have a predicted excellent response to treatment that depends

on cancer biology rather than anatomical size. MRI may
provide useful information regarding response to neoadjuvant
chemotherapy, but assessing this was not the purpose of this
study.

Of interest from our data was the lack of change from BCS to
oncoplasty. This may have been an expected result if MRI
findings had shown more extensive disease, and is worthy of
further study.

The re-excision rate in our study is lower than that reported
in 2018 national breast surgery audit data,” but accords with
current audit data from some of the current study institutions
(unpublished data, Christobel Saunders).

Studies that assess changes in management are surrogates
for potential improvements in patient outcomes. Implicit in
inferences about improved outcomes are assumptions that a
new test (ie, MRI) improves accuracg of management decisions
and thereby leads to clinical benefit.”® RCTs are the ideal type of
study to evaluate this, but they may be cumbersome, expensive
and impractical.” Assessing the impact of better diagnostic
tools onlong term cancer outcomes is challenging, so conducting
before-after studies such as this, enrolling consecutive patients
with a well defined question, is a pragmatic alternative that
allows changes in planned management to be quantified.”” We
also included an assessment of the “correctness” of information
provided b7y MRI to enhance inferences about potential clinical
benefit.?*” Our finding that most surgical changes were
justified accords with findings that have demonstrated MRI’s
accuracy in detecting additional cancer foci and contralateral
disease.”®

Consistent with international data,'® MRI is most frequently
used in women with high breast density and those who are
young.” The current Medicare rebate refers to patients in
whom “there is a discrepancy between the clinical assessment
and the conventional imaging assessment of the extent of the
malignancy” and “the results of breast MRI imaging may alter
treatment planning”.’® Our study contributes to defining the
role of MRI in improving outcomes in subgroups of patients at
high risk of recurrence, including those younger than 70 years



with dense breasts, lobular cancer, multifocal cancer and/or
clinical and radiological disparity in tumour extent. Without
long term follow-up and a larger dataset, the effects of MRI on
cancer recurrence will remain unknown.

In the time since our trial began, the PROSPECT trial of
women aged 50 years or older with clinical early stage cancer
was published.” Its findings indicate that MRI may also be
useful for identifying women with unifocal cancer in whom
radiotherapy may be safely omitted, suggesting potentially
important roles of preoperative MRI beyond that investigated
in our study.

Limitations

We did not include a comparison group who did not have
MRI, but data from contemporaneous patients in participating
institutions who did not receive MRI are being evaluated and
will be reported; however, patient and tumour characteristics
are likely to vary between those who did and did not have MRL
An inherent limitation in diagnostic before—-after study designs
is that the pre-test management plan is somewhat hypothetical®”
so it may differ if MRI is not planned or not available. Increasing
use of contrast mammography may dilute some advantages of
MR, although we do not yet know which women would benefit
more from which modality. Finally, although final pathology
findings were carefully reviewed against defined criteria for
the justification of a change in surgery, this was performed
retrospectively and draws on clinical judgement. Prospective
data collection and independent review by multiple clinicians
would have strengthened our findings.

Conclusion

Preoperative MRI led to changes in surgical plans in about a
third of selected women with operable early breast cancer, with
an increase in mastectomy rate of 13 percentage points. In most

cases, changes were appropriate, but for some individuals MRI
may lead to unnecessarily extensive surgery.
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