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Abstract

Introduction Different types of mastectomies leave different amounts of residual breast tissue. The significance of the
residual breast volume (RBV) is not clear. Therefore, we developed an MRI tool that allows to easily assess the RBV. In
this study we evaluated factors associated with RBV after skin or nipple sparing mastectomy (SSM/NSM) in breast cancer
BRCA pathogenic variant (PV) carriers who underwent both therapeutic and risk reducing SSM/NSM and its relation to
breast cancer outcomes using an innovative MRI-based tool.

Methods Data of breast cancer BRCA PV who were treated between 2006 and 2020 were retrieved from of the oncogenet-
ics unit databases. Only patients who underwent SSM/NSM and had a postoperative breast MRI available for analysis were
included. Data collected included demographics, clinicopathological features, and outcomes. The MRI tool was developed
by a breast cancer imaging laboratory. A logistic regression test and 95% confidence interval (CI) were used to assess the
associated risk of increased RBV. A forward stepwise linear regression was used to correlate tumour-patient specific factors
and RBYV, and a Kaplan—Meier curve to show the probability of locoregional relapse.

Results A total of 84 patients undergoing 89 mastectomies were included. At a median follow-up of 98 months, 5 local,
2 regional, and 4 distant recurrences were observed. RBV was not significantly related with breast cancer outcomes (p
value=NS). A higher body mass index (BMI) was associated with a higher RBV (p <0.0001). A larger number of involved
axillary nodes was associated with a smaller RBV (p =0.025). The RBV on the risk-reducing mastectomy side was signifi-
cantly higher compared to the breast cancer side (p value=0.007). Local recurrences occurred in the vicinity of the primary
tumour.
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Introduction

Residual breast tissue after mastectomy can be found in
more than 50% of patients [1-4]. The extent of residual
breast tissue is associated with breast density, breast size,
body mass index (BMI), surgical expertise, type of mas-
tectomy, surgical approach (e.g. more in case of inframam-
mary incision), extent of axillary surgery, and method of
evaluation (e.g. imaging type) [1-3, 5—7]. Evaluation of
the amount and location of residual breast tissue after

We dedicate this work to Hagar Bareket, a BRCA1 carrier, who
passed away from breast cancer at the age of 27.
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mastectomy have largely been done using imaging (e.g.
breast magnetic resonance imaging, MRI) [8—13] and/or
histologic examination [2, 4, 14-25]. Residual breast tis-
sue has been identified after all types of mastectomies,
and in all breast quadrants, regardless of preservation of
the skin/nipple (skin or nipple sparing mastectomy, SSM/
NSM) [3, 26, 27]. Nevertheless, SSM and NSM are asso-
ciated with more residual breast tissue compared to total
or modified radical mastectomy due to the nature of the
surgical procedure [1, 2, 10, 28]. To preserve the breast
skin in SSM, the surgeons need to separate the mammary
gland from the subcutaneous fat at the level of the superfi-
cial fascia. This fascia is a very delicate and discontinuous
structure that cannot usually be clearly identified at during
surgery, so the plane is developed based on the estimated
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thickness of the subcutaneous fat layer [1, 2]. Underneath
the nipple and areola complex (NAC), there is no fat layer,
and the ducts extend from the glandular tissue into the
nipple. Therefore, in case of NSM, to avoid harming the
blood supply to the nipple, part of the glandular tissue
might be preserved. The greater the amount of breast tis-
sue left behind beneath the NAC the lower the risk of
ischaemic necrosis, causing some surgeons to leave behind
a substantial amount of breast tissue in order to minimize
this risk [29]. Furthermore, the skin flap thickness may be
also subjected to surgeon’s bias by aiming to achieve bet-
ter aesthetic outcomes with a natural appearing neo-breast
with thicker skin flaps [1, 2, 27].

The SKINI trial showed that surgical expertise, i.e. high-
volume surgical practice, is important for obtaining a thin
flap and desired aesthetic results without higher complica-
tion rates [1]. Nevertheless, residual breast tissue after mas-
tectomy can reach a volume of 7.3% of the intact breast
volume even in expert centres [1-3, 10]. Imaging studies
show that the thicker the flap (skin and subcutis), the more
residual glandular breast tissue remains behind, and some
describe that the goal of removing all breast glandular tissue
via SSM/NSM is an “unattainable goal” [7, 28]. The rela-
tionship of skin flap thickness to breast cancer free survival
is not clear; however, a few reports suggest that non-radical
surgery may be related to increased rates of breast cancer
recurrence [30-32].

In our study on breast cancer patients who are BRCA 1
or BRCA2 pathogenic variants (PV) carriers, we reported
that the cumulative incidence of ipsilateral breast tumour
recurrence (local recurrence) as first failure was more com-
mon in patients who underwent SSM/NSM and did not
receive postoperative radiation therapy (RT). The rates of
local recurrences in this SSM/NSM group without RT were
significantly higher than generally reported in the literature
and higher than those of BRCA PV carriers breast cancer
patients who underwent breast conserving therapy (BCT)
(15.3% after SSM/NSM without RT versus 5.2% after BCT,
p=0.049). None of the SSM/NSM group that were treated
with postmastectomy RT had a local recurrence, even though
this group had a higher tumour/nodal stage and the longest
follow-up compared to SSM/NSM group [30].

The current Brilliant study was designed to develop a
breast MRI-based artificial intelligence (AI) system that
allows objective identification of residual breast tissue after
mastectomy and implant-based breast reconstruction in large
cohorts of patients. The aim of this BRILLIANT-BRCA
pilot study was to apply this Al tool in our breast cancer
BRCA PV cohort [30], in order to (1) evaluate the residual
breast volume (skin flap volume) after SSM/NSM, (2) deter-
mine factors associated with a higher residual volume, and
(3) assess if a higher flap volume was associated with ipsilat-
eral locoregional relapses, or any other breast cancer event.
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Methods

All procedures performed in this study were in accordance
with the ethical standards of the institutional research com-
mittee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. Two ethics
approvals were obtained by Sheba Medical Center ethics
committee, one to develop the Al system which allowed
us to process images, the second for retrieving images and
patient information from the medical record. As this is a
non-interventional study without direct patient contact,
it was exempt from obtaining patients’ written informed
consent.

Development of Al-based segmentation of residual
breast tissue

In short, programming was performed by Al programmer
experts at the Breast Cancer Imaging Laboratory, depart-
ment of diagnostic imaging at Sheba Medical Center (DP,
KC, DA). An Al-based algorithm was developed to auto-
matically segment residual breast tissue (fat and glandular
tissue). Training was performed using anonymized non-fat
suppressed T2-weighted breast MR images of intact breast,
patients after breast augmentation, and after mastectomy and
implant-based reconstruction. In the training set of MRIs
after implant breast reconstruction, the residual breasts were
manually segmented by two expert breast radiologists (RF,
MSL), including repeated output reviews and corrections,
to ensure accurate results of the Al-based segmentation to
the “ground truth” (=breast radiologist). Subjective expert
review and dice coefficient were used to assess the output
of the system and correct the system repeatedly as needed.
After the segmentation by the algorithm achieved a dice
score of 94% agreement with an expert breast radiologist
(validation process), and the breast radiologist approved
correct segmentation, the system was used to evaluate the
residual volume in the Brilliant BRCA study cohort. A full
description of the Al process and system will be published
upon completion of the project in compliance with recom-
mendations for transparency in developing Al systems [33].

Breast cancer BRCA PV patient cohort

A detailed description of the clinical data collection pro-
cess has been published earlier [30]. Briefly, updated data of
breast cancer BRCA PV carriers who were treated between
2006 and 2020 were retrieved from of the oncogenetics unit
databases at Sheba Medical Center [30]. The MRIs were
retrieved from Merav Center at Sheba, a multi-professional
centre that includes breast imaging and high-risk clinics.
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Merav’s imaging protocol BRCA high risk after risk reduc-
ing mastectomy or breast cancer surgery includes a breast
MRI 6 months after surgery alternating every 6 months with
breast ultrasound and mammography [34].

Only patients who underwent implant-based reconstruc-
tion, for whom full data were available in the database, and a
postoperative breast MRI was available at our institution for
Al analysis, were included in this study. Recurrences were
recorded as first event: local recurrences occurring synchro-
nous with a distant event (i.e. <3 months) or after a distant
event were not recorded as local or regional recurrence but
as distant event.

For evaluating the residual breast tissue volume, the first
breast MRI done after mastectomy was used (~up to one
year from surgery) to reduce the possibility of atrophy of
the residual tissue following therapy such as RT and effects
of ovarian suppression.

Residual breast volume measurement

The images used were retrospectively retrieved from a
picture archiving and communication system (PACS, ©
Koninklijke Philips). All patient’s and imaging data were
anonymized as follows: patient’s case report forms (CRF)
and their images were given the same sequential “case
number”. In case of bilateral breast cancer or contralateral
risk-reducing mastectomy, each breast side was applied the
same ‘“case number” with a letter indicating the side of the
breast (e.g. patient 12L, patient 12R). The residual breast
volume analysis was done blindly to the clinicalpathological
information and was blinded to whether or not it was a risk
reducing mastectomy or a therapeutic mastectomy. Non-fat
suppressed T2 MRI was used for the automatic segmenta-
tion on all axial levels and provided the residual breast tissue
volume (cc/ml) (not including the implant).

Statistical analysis

Descriptive statistics were used to describe study popula-
tion, including for residual breast volume (percent, standard
deviation, mean, median, etc.). T-test was used to evaluate
the differences between patients’ characteristics (those with
and without locoregional relapse), residual volume of right
versus left breast cancer side, and the differences between
the residual breast volume in risk-reducing mastectomy
compared to the mastectomy breast cancer side with bilat-
eral implant positioning. Logistic regression and 95% con-
fidence interval (CI) were used to assess the associated risk
of increased residual volume with relapse using an estimated
Odds Ratio (OR) for an increase of 100 ml in volume. A
forward stepwise linear regression was used to search for
possible associations, and a correlation was calculated for
tumour-patient specific factors. Covariates examined for

explaining the residual breast volume included BMI, age at
diagnosis, breast cancer diagnosis during pregnancy or lac-
tation, diagnosis year, diagnosis via imaging versus palpa-
tion, tumour grade, tumour stage, nodal stage, receptor status
(oestrogen receptor positive, HER2 positive, triple negative),
axillary surgery, number of positive pathological nodes,
number of removed nodes at surgery, chemotherapy, and
RT. The dependent variable in the regression analysis was
residual breast volume. Statistical significance was reported
at the 5% level. Kaplan—-Meier curve was used to show the
probability of locoregional relapse per follow-up time for
the whole cohort. Owing to low number of events, ipsilateral
local and regional recurrences were evaluated together.

Results

During the study period, of the 255 breast cancer BRCA PV
mutation carriers, a total of 84 patients was eligible for the
analysis. Overall, 89 breasts with breast cancers and implant-
based reconstruction (5 synchronous cases), and 75 risk-
reducing mastectomies with implant-based reconstruction
were available. Of the 75 risk-reducing mastectomies, 44
(59%) were done at time of the breast cancer surgery, and
the rest were performed within 12 months. Clinicopatho-
logical characteristics are shown in Table 1. All cases were

Table 1 Clinicopathological characteristics of the whole cohort

Age at diagnosis

Median (range) 38.4 years (28-63.5)
Germline mutations n (%)
BRCA 1 58 (69%)
BRCA 2 24 (28.6%)
Both 1(1.2%)
Unknown BRCA type 1(1.2%)
Breast cancer side n (%)

Left breast 43 (51.2%)
Right breast 36 (43%)
Bilateral 5(5.8%)
Histology n (%)

Pure DCIS 13 (15.5%)
IDC 59 (70.2%)
ILC 3(3.6%)
DCIS +IDC 8(9.5%)
IDC+ILC 1(1.2%)

Tumour grade of invasive cancer n (%)
Grade 1 -

Grade 2 12 (17%)
Grade 3 59 (83%)

IDC invasive ductal carcinoma, ILC invasive lobular carcinoma,
DCIS ductal carcinoma in situ
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reported to have pathologically confirmed tumour-free sur-
gical margins.

At a median follow-up of 98 months (range 33-190
months), out of 89 mastectomies, 5 (5.6%) had local recur-
rences and 2 (2.2%) had regional recurrences. Of the 84
patients, 4 (4.7%) had a distant recurrence. Table 2 lists the
clinicopathological characteristics of patients who had a
locoregional relapse versus those who did not.

The average residual breast volume measured by the Al
system among those who had a locoregional relapse was
426.6 ml (SD =154.8) versus 395.1 ml (SD=197.1) in those
without locoregional relapse (p value=0.682). Figure 1
shows the algorithm segmentation in two patients, one with
a thick flap (Fig. 1A) and one with a thin flap (Fig. 1B), also
demonstrating that thickness varies between the breasts and
at specific locations within the reconstructed breast.

Table 2 Patient and tumour characteristics among those who had a locoregional relapse and those who did not

Total No locoregional recurrence Locoregional recurrence  p
N N N
Median age at diagnosis in years (IQ range) 89 38.7 82 38.7 7 37.0 0.1476
(34.2-44.6) (34.5-44.9) (28.9-40.7)
BMI median (kg/mz) (IQ range) 81 23.6 75 23.6 6 23.2 0.9281
(21.3-27.3) (21.3-27.3) (20.8-32.2)
Residual breast volume (ml)* 89 368.4 82 3734 7 348.6 0.5421
median (IQ range) (235.9-521.5) (233.3-521.5) (303.4-619.5)
Diagnosis by Palpation N (%) 89 30 82 27 7 3 0.6370
Imaging N (%) (33.7) (32.9) (42.9)
89 52 82 49 7 3
(58.4) (59.8) (42.9)
Grade3 N (%) 89 63 77 59 6 4 0.5828
(75.9) (76.6) (66.7)
Triple-negative breast cancer N (%) 89 52 81 50 6 2 0.1711
(59.8) 61.7) (33.3)
Pregnant or lactation® N (%) 89 11 82 10 7 1 0.8718
(12.4) (12.2) (14.3)
Chemotherapy N (%) 89 60 82 58 7 2 0.0223
(67.4) (70.7) (28.6)
Radiation therapy N (%) 89 22 82 22 7 0 0.1142
(24.7) (26.8) -

“Breast cancer side, 50% IQ interquartile range

Pregnant or lactation—at time of breast cancer diagnosis

A

Fig.1 A, B The breast volume segmented by the Artificial Intelli-
gence system (Colour wash in the upper panels, non-fat-suppressed
T2 MRI) and the Breast MRI used for the segmentation (lower pan-
els, T1 gadolinium MRI) are presented to illustrate the volumes of the
flap of two cases. A A case of left-side breast cancer (residual breast
tissue volume measured 742 ml), with right-side risk reducing mas-
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tectomy (residual breast tissue volume measured 708 ml). The white
arrows show the perforating blood vessels that supply the breast tis-
sue. B A case of left-side breast cancer (residual breast tissue volume
measured 233 ml), right-side risk reducing mastectomy (residual
breast tissue volume measured 290 ml)
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Areas that tend to have most residual tissue were found to
be located lateral, cranial, and caudal to the implant (Fig. 1).
There were no significant differences in the residual breast
volume for left (median: 372 ml) versus right therapeutic
mastectomies (median: 368 ml) (p value =0.74).

A logistic regression to assess the Odds Ratio (OR) for
locoregional relapse (per breast side) per increase of 100
ml in volume resulted in an OR of 1.08 (95% CI 0.74-1.59;
p value =0.68). After censoring for RT and ductal carci-
noma in situ (DCIS) because of no local recurrences in these
groups (n=>54) from the logistic regression analysis, the
estimated OR per 100 ml increase of volume was 1.03 (95%
CI 0.68-1.56; p value=0.89).

To analyse the association of residual breast volume with
any breast cancer outcome (local, regional, and distant),
women who had cancer on both sides were included once.
There was a total of 12 breast cancer events (14.3%) in 84
patients during the follow-up period. The average volume
among those who had any breast cancer event was 415.4 ml
(SD=193.8) versus 401.7 ml (SD = 198.0) in those without
any breast event (p value=0.78). The estimated OR for an
increase of 100 ml in volume was 1.05 (95% CI 0.78-1.43;
p value =0.73) for any breast cancer event.

A forward stepwise linear regression was used to assess
clinicopathological factors possibly affecting the residual
volume. None of the covariates listed above were found
relevant, except BMI and the number of involved axillary
nodes found at surgery. A higher BMI was associated with
a higher residual breast tissue volume (p <0.0001), and a
larger number of involved axillary nodes was associated
with a smaller residual breast tissue volume (p =0.025). The
model performance was strong for both (R>=0.51). Figure 2
plots the relation between BMI and residual breast volume,
showing a strong correlation between residual breast volume
and high BMI (kg/m?).

Comparison of the residual breast volume in risk-reduc-
ing mastectomy (median 410 ml, range: 106—1023 ml)
versus therapeutic mastectomy (median 386.4 ml, range:
90-1080 ml) showed that the risk-reducing mastectomy
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Fig.2 The correlation between body mass index (BMI) and residual
tissue volume (per 100 ml)

had a significant higher volume compared to the breast can-
cer side (p value =0.007). The difference in volumes had a
reasonable symmetric distribution, and these results were
similar when using a non-parametric test.

The time to locoregional recurrence is shown in Fig. 3,
indicating that the locoregional relapses occurred early after
surgery (most within 1.5 years). Of the 5 local recurrences, 3
cases had both the pre-therapy diagnostic images and images
after local recurrence available for review. In all 3 cases, the
recurrence occurred early, at the same breast quadrant/axial
plane as the primary tumour.

Figure 4 shows the MRI at time of diagnosis and local
recurrence, showing the recurrence at the same plane as the
primary tumour.

The patient underwent “lumpectomy” for the recurrence
with implant preservation, followed by postoperative RT to
the reconstructed breast, with a boost to the tumour bed.

Discussion

In this BRCA PV breast cancer cohort, the evaluated residual
breast volume after SSM/NSM was high and was positively
associated with high BMI and risk reduction mastectomy,
and negatively associated with the number of removed posi-
tive nodes. No differences were found between left side and
right side in the therapeutic mastectomies. None of the
patients had a positive margin reported after surgery. High
residual breast volume was not found to be associated with
a higher rate of locoregional relapse or any breast cancer
event. Locoregional events occurred early after primary sur-
gery, and most local recurrence occurred in proximity to the
primary tumour bed, and no locoregional relapses occurred
when postoperative RT was given. Suggesting that the early

1.001

0.90

0 05 1 1 2 25 3 35 4 45 5

5 2 23 3 35
Years from Diagnosis

Probability of no locoregional relapse

Number at risk
{8 88 8 83 83 81 80 80 79 76 68

0 05 1 15 2 25

Years from Diagnosis

Fig.3 Kaplan—Meier curve showing the probability of locoregional-
free survival per follow-up time
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Fig.4 T1 gadolinium injected
fat suppressed non-subtracted A
MRI done at diagnosis, showing
a tumour at upper central right
breast, B MRI done at time of
local recurrence, showing a
tumour at the upper part of the
right reconstructed breast, at the
same axial level of the primary
tumour

recurrences emerged from residual cancer cells left behind
at primary surgery.

Breast MRI is considered the leading imaging-based
assessment for breast tissue, but it may overestimate the
residual glandular tissue as it often includes the subcutane-
ous tissue as part of the estimation [8, 11]. The breasts are
not equal in size in many females, (left breasts tend to be
larger) and the distribution of the glandular tissue (i.e. glan-
dular density) varies within the breast. A high breast glandu-
lar density was described to be most often in the upper outer
quadrant [35]. In our series, we did not find a significant
difference in the residual volume for the left versus the right
breast. The highest volume within a specific location/breast
quadrant was not evaluated.

Our estimated residual breast volume after SSM/NSM
was relatively high compared to reports of an intact breast
volume on MRI (intact breast volume reported in a range of
112 to 2127 ml [5]). However, our measurement included the
subcutaneous fat which also explains the association with
BMI. The residual breast volume in our study is within the
range of residual breast volume after SSM/NSM reported by
Dietzel et al. [5], who found a mean residual breast volume
of 427 ml and a maximum volume of 1078 ml after SSM/
NSM. The volume of the true residual glandular component
of the breast tissue is probably much lower than the “residual
breast volume” [5]. However, the Al system is intentionally
trained to include the subcutis. This was mainly due to two
issues: (1) the histopathology assessment by Tramm et al.
[25], showing that the limits of anatomic extension of the
fibroglandular tissue may be imprecise and breast glands
may intertwine with skin adnexa, adding that the thick-
ness of the subcutis is variable and glandular tissue may
be found in various amounts within the subcutis. (2) The
abilities of commercially available breast MRI sequences
cannot provide accurate volumes of glandular breast tissue
only. Future developments in MRI, such as metabolic MRI
and MR spectroscopic, might allow for a better estimation by
more precisely discrimination glandular from fat tissue [36].

The fibroglandular tissue extending into the subcutis and
skin adnexa is of significance for local recurrence. Tramm
et al. [25] showed how DCIS, an in situ neoplasia, seemed
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like it was “invading” the skin due to involvement of the
breast glands embedded within the subcutis and reaching
up to the dermis. Moreover, a study evaluating the rate of
residual tumour cells in the skin and the subcutaneous tis-
sue (10 mm thickness) of total mastectomy specimens with-
out dermal involvement reported that 20% of the cases had
tumour cells within 10 mm below the skin [37]. These resid-
ual tumour cells were mostly found in the subcutis superfi-
cial to the primary tumour [37-39]. This might explain the
location of the local recurrences observed in our study. Even
though all cases reported to have “negative margins”, the
pathology report did not include the superficial margins of
the mastectomy specimen, and a negative “margin” does not
exclude the possibility of residual fumour cells in the skin
flap, which raises the concern that a thick flap has a higher
chance of containing additional tumour foci [31, 37-39].
As patients who were treated with postmastectomy RT did
not experience any local recurrences after SSM/NSM at the
study follow-up, it is highly possible that the RT applied was
sufficient to eradicate any residual tumour foci.

Our findings of a thicker flap in the risk-reducing mas-
tectomy side, and a thinner flap associated with the number
of involved nodes, are suggestive of the existence of a sur-
geon’s bias of radicality according to breast cancer stage.
Our study did not find a correlation between the residual
volume and breast cancer outcomes, including local recur-
rences. However, we should be cautious about concluding
that the residual volume does not influence breast cancer
outcomes, as one of the caveats of our study is the small
sample size, overall similar volumes, and a low absolute
number of breast cancer events.

Nevertheless, the finding of 5.6% local recurrences,
mostly occurring early after primary surgery is of great
concern, as the rates of local recurrences after mastectomy
reduced over time due to better management and are gener-
ally estimated to be 3% at 10 years [40, 41].

In case of risk-reducing mastectomy, there are no
guidelines if follow-up should include imaging as part of
surveillance, if the flap thickness should be assessed or
what should be the management in case of a thick flap
[34, 42]. In our country, there are differences in screening
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and follow-up protocols among BRCA high-risk clinics
[43]. Overall, the rate of breast cancer occurrence after
risk reducing surgery is reported to be low, ranging from
0 to 5% [44-46]. It is unknown if a thicker flap poses a
higher risk for breast cancer in this population [7, 34].
In our cohort, none of the patients experienced breast
cancer in the risk-reducing side, but this might be due to
the limited number of patients, competing events, protec-
tive effects of the oncological treatments for the primary
cancer site (such as ovarian suppression), and a limited
follow-up time.

This pilot study has several limitations, as it is retrospec-
tive with a limited number of patients and events, and the
distribution of the residual breast volume was similar for the
whole population (limited number of surgeons). We did not
evaluate the differences between SSM and NSM (assuming
NSM bare more residual tissue), pre/post-pectoral position,
surgical incision site, surgeons’ expertise, nor if the differ-
ences between risk reducing and therapeutic mastectomy
were due to different surgeons. The effect of tumour-related
factors on local recurrences such as focality, distance from
skin, or the presence of lymphovascular invasion was not
done. As a tertiary centre that provides RT, oncogenetics,
and medical oncology services, not all surgeries were per-
formed at our hospital; therefore, not all information was
available for the analysis.

While the generalizability of the results to other centres
is uncertain, as much is dependent on surgical expertise and
patient selection [2], this study is reporting a high residual
breast volume after SSM/NSM, and a high local recurrence
rate after SSM/NSM, occurring early after surgery. Even
though no correlation found between an increase in residual
volume and local recurrence event, this possibility could
not be excluded.

The RT group did not have any local recurrences; how-
ever, RT should not be a salvage solution for non-radical
surgery (radicality in terms of removing all tumour foci).
Radiation therapy in case of implant-based reconstruction
may lead to significant complications and implant loss [47].
Breast cancer surgery mandates expertise [2], and surgical
approach should be pre-planned to achieve negative margins,
including superficial margins. Radiation therapy should be
offered only in cases where it is truly indicated after mas-
tectomy [48, 49].

The BRILLIANT study is ongoing, and the system is
planned to be able to assess the volume of the native breast
prior the surgery, residual breast volume, and a tumour foci.
This work complimentary to the SECRET study (Spatial
location of breast cancer local rECurRence aftEr mastec-
tomy, NCT06130111) is done in collaboration with the
National Cancer Registry in the Netherlands (https://iknl.
nl/en/ncr). The BRILLIANT Al system is aimed to assist
in diagnosis, follow-up, and RT planning. We call for a

multidisciplinary effort to improve the outcomes of locore-
gional therapies for breast cancer.

Acknowledgements Statistical analysis was done as paid service by
the Gertner Institute for Health Policy and Epidemiology at Sheba
Medical Center.

Author contributions Concept and development of the research for
residual tissue OKP, PP, LJB, BVO Idea of the Al Project OKP Super-
vision/official Mentors by ASCO of the Al and project PP, MM Clinical
Data collection and imaging RF, MSL, RBM, DA Al development KC,
DP, DA, OKP Drafting of the manuscript OKP Review, revisions, con-
tribution to the written manuscript All authors “funding by ASCO”—
directly involved in the ACSO grant work (submission of the grant,
supervision, etc.) or funded.

Funding Open access funding provided by Tel Aviv University. Sup-
ported by the American Society of Clinical Oncology (ASCO) Conquer
Cancer Award and Israel Cancer Research Fund (ICRF).

Data availability Data sharing is not possible as this system is still
under development for additional features and in IP submission process.

Declarations
Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Papassotiropoulos B, Guth U, Dubsky P, Tausch C (2019) ASO
author reflections: a call for surgeon experience and surgical
radicality to prevent residual breast tissue after skin- and nipple-
sparing mastectomy. Ann Surg Oncol 26:694-695

2. Papassotiropoulos B, Giith U, Chiesa F, Rageth C, Amann E,
Baege A, Elfgen C, Varga Z, Moskovszky L, Endhardt K et al
(2019) Prospective evaluation of residual breast tissue after skin-
or nipple-sparing mastectomy: results of the SKINI-Trial. Ann
Surg Oncol 26(5):1254-1262

3. Kaidar-Person O, Boersma LJ, Poortmans P, Sklair-Levy M,
Offersen BV, Cardoso MJ, de Ruysscher D (2020) Residual glan-
dular breast tissue after mastectomy: a systematic review. Ann
Surg Oncol 27(7):2288-2296

4. Torresan RZ, dos Santos CC, Okamura H, Alvarenga M (2005)
Evaluation of residual glandular tissue after skin-sparing mastec-
tomies. Ann Surg Oncol 12(12):1037-1044

5. Dietzel F, Kolberg L, Vesper AS, Hoffmann J, Nestle-Kramling
C, Zwiefel K, Friebe V, Sawicki LM, Bruckmann NM, Jannusch
K et al (2023) Factors influencing residual glandular breast tissue
after risk-reducing mastectomy in genetically predisposed individ-
uals detected by MRI mammography. Cancers (Basel) 15(3):829

@ Springer


https://iknl.nl/en/ncr
https://iknl.nl/en/ncr
http://creativecommons.org/licenses/by/4.0/

366

Breast Cancer Research and Treatment (2024) 208:359-367

10.

12.

13.

14.

15.

17.

18.

19.

20.

21.

Mohrmann S, Kolberg L, Jiger B, Hoffmann J, Nestle-Kramling
C, Zwiefel K, Friebe V, Sawicki LM, Bruckmann NM, Jannusch
K et al (2023) Impact of surgical variables on residual glandu-
lar tissue in risk-reducing mastectomies: Results of a retrospec-
tive monocentric study from a center of the German consor-
tium for hereditary breast and ovarian cancer. Eur J Surg Oncol
49(11):107031

Andersson MN, Sund M, Svensson J, Bjorkgren A, Wiberg R
(2022) Prophylactic mastectomy - Correlation between skin flap
thickness and residual glandular tissue evaluated postoperatively
by imaging. J Plast Reconstr Aesthet Surg 75(6):1813-1819
Zippel D, Tsehmaister-Abitbol V, Rundstein A, Shalmon A, Zbar
A, Nardini G, Novikov I, Sklair-Levy M (2015) Magnetic reso-
nance imaging (MRI) evaluation of residual breast tissue follow-
ing mastectomy and reconstruction with silicone implants. Clin
Imaging 39(3):408-411

Vanderwalde LH, Dang CM, Tabrizi R, Saouaf R, Phillips EH
(2011) Breast MRI after bilateral mastectomy: is it indicated? Am
Surg 77(2):180-184

Giannotti DG, Hanna SA, Cerri GG, Bevilacqua JLB (2018)
Analysis of skin flap thickness and residual breast tissue after
mastectomy. Int J Radiat Oncol Biol Phys 102(1):82-91

. Woitek R, Pfeiler G, Farr A, Kapetas P, Furtner J, Bernathova

M, Schopf V, Clauser P, Marino MA, Pinker K et al (2018) MRI-
based quantification of residual fibroglandular tissue of the breast
after conservative mastectomies. Eur J Radiol 104:1-7

Grinstein O, Krug B, Hellmic M, Siedek F, Malter W, Burke C,
Schmutzler R, Maintz D, Rhiem K (2019) Residual glandular tis-
sue (RGT) in BRCA1/2 germline mutation carriers with unilateral
and bilateral prophylactic mastectomies. Surg Oncol 29:126-133
Wu WP, Lai HW, Liao CY, Lin J, Huang HI, Chen ST, Chou CT,
Chen DR (2023) Use of magnetic resonance imaging for evalu-
ating residual breast tissue after robotic-assisted nipple-sparing
mastectomy in women with early breast cancer. Korean J Radiol
24(7):640-646

Griepsma M, de Roy van Zuidewijn DB, Grond AJ, Siesling S,
Groen H, de Bock GH (2014) Residual breast tissue after mas-
tectomy: how often and where is it located? Ann Surg Oncol
21(4):1260-1266

Dreadin J, Sarode V, Saint-Cyr M, Hynan LS, Rao R (2012) Risk
of residual breast tissue after skin-sparing mastectomy. Breast J
18(3):248-252

. van Verschuer VM, van Deurzen CH, Westenend PJ, Rothbarth J,

Verhoef C, Luiten EJ, Menke-Pluijmers MB, Koppert LB (2014)
Prophylactic nipple-sparing mastectomy leaves more terminal
duct lobular units in situ as compared with skin-sparing mastec-
tomy. Am J Surg Pathol 38(5):706-712

Stolier AJ, Wang J (2008) Terminal duct lobular units are scarce
in the nipple: implications for prophylactic nipple-sparing mastec-
tomy: terminal duct lobular units in the nipple. Ann Surg Oncol
15(2):438-442

Gui GP, Behranwala KA, Abdullah N, Seet J, Osin P, Nerurkar
A, Lakhani SR (2004) The inframammary fold: contents, clinical
significance and implications for immediate breast reconstruction.
Br J Plast Surg 57(2):146-149

Cao D, Tsangaris TN, Kouprina N, Wu LS, Balch CM, Vang
R, Argani P (2008) The superficial margin of the skin-sparing
mastectomy for breast carcinoma: factors predicting involvement
and efficacy of additional margin sampling. Ann Surg Oncol
15(5):1330-1340

Goldman LD, Goldwyn RM (1973) Some anatomical con-
siderations of subcutaneous mastectomy. Plast Reconstr Surg
51(5):501-505

Barton FE Jr, English JM, Kingsley WB, Fietz M (1991) Glandu-
lar excision in total glandular mastectomy and modified radical

Springer

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

mastectomy: a comparison. Plast Reconstr Surg 88(3):389-392
(discussion 393-384)

Kryvenko ON, Yoon JY, Chitale DA, Lee MW (2013) Preva-
lence of terminal duct lobular units and frequency of neoplastic
involvement of the nipple in mastectomy. Arch Pathol Lab Med
137(7):955-960

Temple WIJ, Lindsay RL, Magi E, Urbanski SJ (1991) Technical
considerations for prophylactic mastectomy in patients at high risk
for breast cancer. Am J Surg 161(4):413-415

Slavin SA, Schnitt SJ, Duda RB, Houlihan MJ, Koufman CN,
Morris DJ, Troyan SL, Goldwyn RM (1998) Skin-sparing mastec-
tomy and immediate reconstruction: oncologic risks and aesthetic
results in patients with early-stage breast cancer. Plast Reconstr
Surg 102(1):49-62

Tramm T, Christiansen P, Offersen BV, Madsen KB, Poortmans
P, Kaidar-Person O (2021) Superficial margins in skin sparing
and nipple sparing mastectomies for DCIS: A margin of potential
concern. Radiother Oncol 161:177-182

Robertson SA, Rusby JE, Cutress RI (2014) Determinants of opti-
mal mastectomy skin flap thickness. BrJ Surg 101(8):899-911
Kaidar-Person O, Kuhn T, Poortmans P (2020) Should we
worry about residual disease after mastectomy? Lancet Oncol
21(8):1011-1013

Wiberg R, Andersson MN, Svensson J, Rosén A, Koch F, Bjork-
gren A, Sund M (2020) Prophylactic mastectomy: postoperative
skin flap thickness evaluated by MRT, ultrasound and clinical
examination. Ann Surg Oncol 27(7):2221-2228

Agha RA, Al Omran Y, Wellstead G, Sagoo H, Barai I, Rajmo-
han S, Borrelli MR, Vella-Baldacchino M, Orgill DP, Rusby JE
(2019) Systematic review of therapeutic nipple-sparing versus
skin-sparing mastectomy. BJS Open 3(2):135-145
Bernstein-Molho R, Laitman Y, Galper S, Jacobson G, Boursi B,
Gal-Yam EN, Kaufman B, Friedman E, Kaidar-Person O (2021)
Locoregional treatments and ipsilateral breast cancer recurrence
rates in BRCA1/2 mutation carriers. Int J Radiat Oncol Biol Phys
109(5):1332-1340

Jacobson G, Shapira-Rotenberg T, Galper S, Gal Yam E, Zippel
D, Sklair-Levy M, Kaufman B, Kaidar-Person O (2020) Immedi-
ate breast reconstruction for all? Plast Reconstr Surg Glob Open
8(5):e2822

Kaidar-Person O, Hermann N, Poortmans P, Offersen BV,
Boersma LJ, de Ruysscher D, Tramm T, Kuhn T, Engberg
Damsgaard T, Gentilini O et al (2021) A multidisciplinary
approach for autologous breast reconstruction: a narrative (re)
view for better management. Radiotherapy Oncol 157:263-271
Balasubramaniam N, Kauppinen M, Rannisto A, Hiekkanen
K, Kujala S (2023) Transparency and explainability of Al sys-
tems: from ethical guidelines to requirements. Inf Softw Technol
159:107197

Kanana N, Ben David MA, Nissan N, Yagil Y, Shalmon A,
Halshtok O, Gotlieb M, Faermann R, Klang E, Samoocha D et al
(2021) Post-mastectomy surveillance of BRCA1/BRCA?2 mutation
carriers: outcomes from a specialized clinic for high-risk breast
cancer patients. Breast J 27(5):441-447

Chen JH, Liao F, Zhang Y, Li Y, Chang CJ, Chou CP, Yang TL, Su
MY (2017) 3D MRI for quantitative analysis of quadrant percent
breast density: correlation with quadrant location of breast cancer.
Acad Radiol 24(7):811-817

Sharma U, Jagannathan NR (2022) Magnetic Resonance Imaging
(MRI) and MR spectroscopic methods in understanding breast
cancer biology and metabolism. Metabolites 12(4):295

Ho CM, Mak CK, Lau Y, Cheung WY, Chan MC, Hung WK
(2003) Skin involvement in invasive breast carcinoma: safety of
skin-sparing mastectomy. Ann Surg Oncol 10(2):102-107
Kaidar-Person O, Giasafaki P, Boersma L, De Brouwer P, Wel-
tens C, Kirkove C, Peignaux-Casasnovas K, Budach V, van der



Breast Cancer Research and Treatment (2024) 208:359-367

367

39.

40.

41.

42.

43.

44,

Leij F, Vonk E et al (2023) Mapping the location of local and
regional recurrences according to breast cancer surgery and radia-
tion therapy: Results from EORTC 22922/10925. Radiother Oncol
185:109698

Kaidar-Person O, Poortmans P, Offersen BV, Siesling S, Sklair-
Levy M, Meattini I, de Ruysscher D, Kuhn T, Boersma LJ (2020)
Spatial location of local recurrences after mastectomy: a system-
atic review. Breast Cancer Res Treat 183:263-273

Nichol A, Raman S, Truong P, Lovedeep G, Speers C, Tran E,
Chan EK, Lohrisch C (2019) The effect of bolus on local control
for patients treated with mastectomy and adjuvant radiotherapy.
Int J Radiat Oncol Biol Phys 105(1):S9

Nichol A, Narinesingh D, Raman S, Germain F, Chan EK, Tran
E, Gondara L, Speers C, Lohrisch CA, Truong P (2021) The effect
of bolus on local control for patients treated with mastectomy and
radiotherapy. Int J Radiat Oncol Biol Phys 110:1360-1369
Bevers TB, Niell BL, Baker JL, Bennett DL, Bonaccio E, Camp
MS, Chikarmane S, Conant EF, Eghtedari M, Flanagan MR et al
(2023) NCCN Guidelines® Insights: Breast Cancer Screening and
Diagnosis, Version 1.2023. J Natl Compr Canc Netw 21(9):900-909
Hermann N, Mor P, Kaidar-Person O, Bernstein-Molho R, Brod-
sky M, Madorsky Feldman D, Flugelman AA, Aboody Nevo H,
Meshoulam Avital D, Sklair-Levy M et al (2023) Variations in
practice and geographic disparities between dedicated multidis-
ciplinary clinics for BRCA1/BRCA2 mutation carriers in Israel.
Isr Med Assoc J 25(1):18-22

Jatoi I, Kemp Z (2021) Risk-reducing mastectomy. JAMA
325(17):1781-1782

Authors and Affiliations

45.

46.

47.

48.

49.

Heemskerk-Gerritsen BAM, Jager A, Koppert LB, Obdeijn Al,
Collée M, Meijers-Heijboer HEJ, Jenner DJ, Oldenburg HSA, van
Engelen K, de Vries J et al (2019) Survival after bilateral risk-
reducing mastectomy in healthy BRCA1 and BRCA2 mutation
carriers. Breast Cancer Res Treat 177(3):723-733

King MC, Marks JH, Mandell JB (2003) New York Breast Cancer
Study G: Breast and ovarian cancer risks due to inherited muta-
tions in BRCA1 and BRCAZ2. Science 302(5645):643-646

de Boniface J, Coude Adam H, Frisell A, Oikonomou I, Ansa-
rei D, Ljung Konstantinidou A, Liu Y, Abo Alniaj B, Wallmon
P, Halle M et al (2022) Long-term outcomes of implant-based
immediate breast reconstruction with and without radiotherapy:
a population-based study. BrJ Surg 109(11):1107-1115

Ebctcg, McGale P, Taylor C, Correa C, Cutter D, Duane F, Ewertz
M, Gray R, Mannu G, Peto R et al. (2014) Effect of radiotherapy
after mastectomy and axillary surgery on 10-year recurrence
and 20-year breast cancer mortality: meta-analysis of individual
patient data for 8135 women in 22 randomised trials. Lancet
383(9935):2127-2135

Early Breast Cancer Trialists’ Collaborative Group (EBCTCG)
(2023) Radiotherapy to regional nodes in early breast cancer: an
individual patient data meta-analysis of 14 324 women in 16 trials.
Lancet 402(10416):1991-2003

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Orit Kaidar-Person'?3 . Renata Faermann'*° - Dor Polikar’ - Kfir Cohen’ - Rinat Bernstein-Molho'%7 -

Monica Morrow?® - Liesbeth Jorinne Boersma>? - Birgitte Vrou Offersen'® - Philip Poortmans

Miri Sklair-Levy'*> . Debbie Anaby®

D

Orit Kaidar-Person
orit.kaidarperson @sheba.health.gov.il

School of Medicine, Faculty of Medical & Health Sciences,
Tel-Aviv University, Tel-Aviv, Israel

Breast Radiation Unit, The Jusidman Cancer Center, Chaim
Sheba Medical Center, Tel-Hashomer, Ramat-Gan, Israel

GROW-School for Oncology and Reproduction, Maastricht
University, Maastricht, The Netherlands

The Merav High-Risk Clinic - Chaim Sheba Medical Center,
Tel-Hashomer, Ramat-Gan, Israel

Department of Diagnostic Imaging, Sheba Medical Center,
Tel-Hashomer, Ramat-Gan, Israel

Breast Cancer Institute, The Jusidman Cancer Center, Chaim
Sheba Medical Center, Tel-Hashomer, Ramat-Gan, Israel

112,

Oncogenetics Unit, Institute of Genetics, Chaim Sheba
Medical Center, Tel-Hashomer, Ramat-Gan, Israel

Breast Service, Department of Surgery, Memorial Sloan
Kettering Cancer Center, New York, NY, USA

Department of Radiation Oncology (Maastro), GROW
Research Institute for Oncology and Reproduction,
Maastricht University Medical Centre+, Maastricht,
The Netherlands

Department of Experimental Clinical Oncology, Aarhus
University Hospital, Aarhus, Denmark

Department of Radiation Oncology, Iridium Netwerk,
Wilrijk-Antwerp, Belgium

Faculty of Medicine and Health Sciences, University
of Antwerp, Wilrijk-Antwerp, Belgium

@ Springer



	A BRILLIANT-BRCA study: residual breast tissue after mastectomy and reconstruction
	Abstract
	Introduction 
	Methods 
	Results 

	Introduction
	Methods
	Development of AI-based segmentation of residual breast tissue
	Breast cancer BRCA PV patient cohort
	Residual breast volume measurement
	Statistical analysis

	Results
	Discussion
	Acknowledgements 
	References




